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Abstract - The temperature of an inanimate object can be expressed as the sum of air temperature and a temperature
term called the ’thermal burden’. The thermal burden depends on the size and shape of an object and its environment.
The temperature of rice spikelets can be thought of in the same way except that they can offset some of the thermal bur-
den by transpirational cooling. Using simple theory and measurements we derive values of the thermal burden, the
boundary layer resistance and resistance to water loss of spikelets by comparing adjacent panicles, one of which had been
severed by a stem borer and was unable to transpire. Close to midday a spikelet at the top of the canopy had a thermal
burden of approximately 5 °C, the maximum achievable thermal burden was calculated to be approximately 20 °C.
Spikelet resistance to water vapour loss varied from 173 to 851 s m-1, boundary layer resistance was approximately
17 s m-1. The fertility of rice spikekets declines when the daily maximum air temperatures is above 33 °C, to zero at
40 °C. Because of the interaction between the thermal burden and spikelet transpiration, tissue temperature should be
used to describe thermal damage rather than air temperature. The objective of the work described was to develop a sim-
ple model of thermal exchanges that could be used to investigate thermal damage to rice spikelets. (&copy; Inra/Elsevier,
Paris.)
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Résumé - Température des épillets de riz : dégâts thermiques et le concept de charge thermique. La température
d’un objet inerte peut être exprimée comme la somme de la température de l’air et d’un terme appelé «charge
thermique ». La charge thermique dépend de la taille et de la forme de l’objet, ainsi que de son environnement. La tem-
pérature des épillets de riz peut être évaluée en considérant comme dépendante de ces deux termes excepté que dans le
cas des épillets une compensation partielle de la charge thermique est possible par le refroidissement lié a la transpira-
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tion. L’usage d’une approche théorique simplifiée et de mesures nous a permis d’évaluer la charge thermique, la résis-
tance de la couche limite et la résistance des épillets aux pertes d’eau par une comparaison avec les panicules adja-
centes, dont l’une d’elle, sévèrement attaquée par un insecte foreur de tige, était incapable de transpirer. Vers midi, un
épillet situé au sommet de la canopée a une charge thermique d’environ 5 °C. La valeur maximale pouvant être atteinte
par la charge thermique a été calculée à environ 20 °C. La résistance des épillets à l’évaporation a varié de 173 s m-1 à
851 s m-1. La résistance de la couche limite était d’environ 17 s m-1. La fertilité des épillets de riz décline lorsque la
température maximale journalière de l’air dépasse 33 °C, jusqu’à être nulle à 40 "C. En raison de l’interaction entre la
charge thermique et la transpiration des épillets, la température des tissus devrait être utilisée pour décrire les dom-
mages thermiques plutôt que la température de l’air. L’objectif des travaux décrits dans cet article est d’élaborer un
modèle d’échanges thermiques simples qui pourrait être utilisé pour étudier les dégâts causés par les fortes températures
aux épillets d’une panicule de riz. (&copy; Inra/Elsevier, Paris.)
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1. INTRODUCTION

In a world of doubled carbon dioxide concentra-

tion, a general warming of 1.5-4.5 °C is expected
in the latter half of the next century [18, 7]. In the
absence of increased transpiration, plant tempera-
tures will be higher and could cross thresholds for
damage more often. Air temperature is often a poor
guide to the temperature of an object and this is

particularly true for plant organs. Inanimate objects
do not transpire and their temperature can be
expressed as the sum of air temperature and a tem-
perature term called, for convenience, the ’thermal
burden’. The magnitude of the thermal burden is
largely a function of the size and shape of an object
and its environment; in particular, wind speed and
radiation. Thus, identical objects in air of the same
temperature may exhibit different surface tempera-
tures depending on the thermal burdens associated
with the two environments. The temperature of

plant organs can be thought of in the same way,
except that they can offset some of the thermal bur-
den by transpirational cooling, so that for a given
air temperature their temperature is less predictable
than that of a dry object.

For living plant organs to survive, they must
avoid experiencing temperatures above the thresh-
old temperatures at which irreversible thermal

damage commences. Threshold temperatures for
thermal damage to plant organs lie in the range
32-60 °C [11, 14, 28, 38]. Air temperature, radia-
tion, wind speed and transpiration all influence

organ temperature as does location within a crop,
canopy architecture and the orientation of organs.
Plant organs in sunflecks experience more exacting
circumstances for temperature control [30] than
organs at the very top of the canopy owing to their
larger boundary layer resistance and a limited abili-
ty to exchange longwave radiation with the sky.
Rackham [27] recorded heat damage on herba-
ceous plants in a sunfleck on the ground beneath a
tree canopy. Organs inside an enclosure experience
a different thermal environment from those grow-
ing in the field. The air temperature is often higher
and the longwave exchange with the sky is

replaced by exchange with the glass or plastic roof
and sides that are often at a much higher effective
temperature than the sky.

Thermal damage to rice spikelets results from
particular combinations of temperature, radiation,
wind speed and inadequate transpirational cooling.
Using enclosures of various sorts it has been

observed that the fertility of rice spikelets declines
from 100 % when the daily maximum air tempera-
tures is 33 °C to 0 % when that temperature is
40 °C [11, 28]. It is interesting to ask why at a tem-
perature of approximately 37.5 °C half of the
spikelets are found to be sterile and half are not.
There could be a number of possible answers: a)
flowering and pollination occur at different times
during the day and 50 % achieve it before tempera-
tures rise to a critical level; b) some spikelets are
more at risk from thermal damage because of their
location in the canopy; c) some spikelets can tran-



spire more rapidly than others and maintain a tem-
perature below the critical value for damage.
Transpirational cooling often prevents high temper-
ature damage and spikelet temperatures can fall
below air temperature [22].

For objects of simple shape, formulae modified
from engineering [13] can be used together with
values of wind speed to estimate boundary layer
resistance. Alternatively, a physical model can be
constructed from which heat loss can be measured

[3]. Neither of these approaches is easily applied to
the rice panicle. In this paper, we derive as a ’rule
of thumb’ an equation that defines the thermal bur-
den of a spikelet and test its usefulness, in particu-
lar for calculating the boundary layer resistance
which would be difficult to measure. We compare
theory and measurements and derive values of the
thermal burden, the boundary layer resistance and
resistance to water loss of spikelets by measuring
the temperature of adjacent panicles, one transpir-
ing and one not. Non-transpiring panicles were
available as the result of the activities of the stem
borer (Scirpophaga incertulas). The larva of this
moth bores through the sheath of the flag leaf and
completely severs the culm. Because the severed
point is deep within the leaf sheath, the panicle
remains in place, but without vascular connections
and is therefore unable to replace water lost. These
panicles dry out and ultimately lose colour and are
known as whiteheads. They provide panicles that
are not transpiring, but are otherwise similar in
boundary layer characteristics to the intact pani-
cles. A major objective was to determine if the
conceptual approach of the work described in this
paper was valid and justified a wider and more
detailed study of the issues surrounding thermal
damage to spikelets.

2. THEORY AND BACKGROUND

2.1. General considerations

The avoidance of thermal damage is one of our
principal interests, and so we concentrate on the
extreme case of a clear sky and a limited tempera-

ture range around the threshold temperatures for
thermal damage. These are the conditions com-
monly experienced during the dry season in the
tropics. Our principal objective in this paper is to
analyse thermal conditions of spikelets in a simple
manner. We adopt the view of Goudriaan [8] that
simple models which ’highlight the features’ have
great value and we approximate the physical prin-
ciples that have been analysed elsewhere [6, 10,
21, 23]. We assume that the two surfaces of a
spikelet, lemma and palea, have identical charac-
teristics. We begin by deriving an expression for
the thermal burden of a non-transpiring spikelet
and we use the concept of offsetting part of the
thermal burden by transpiration to describe the
temperature of a transpiring spikelet.

The energy balance of a wet object can be writ-
ten

where &Theta; is the thermal capacity of the object (mass
x specific heat capacity, J K-1), T is the temperature
of the object (°C), t is time (s), A is the total sur-
face area, &beta; is the fraction of solar (shortwave)
radiation absorbed, Rg is the incident global radia-
tion (Wm-2) , Rnetlw is the net longwave radiation
emitted or absorbed (W m-2) and FH is the sensible
flux density (W m-2), Fw is the water vapour flux

density (kg m-2 s-1) which when multiplied by the
latent heat of vaporization gives the latent heat flux
density (W m-2), cw is the specific heat capacity of
water (J kg-1 K-1), Ti is the temperature of the

incoming water (°C) and &lambda; is the latent heat of

vaporization of water (J kg-1).

The energy balance of a dry object is obtained
by setting Fw to zero and applying standard
micrometeorological theory. We assume that 80 %
of visible (400-700 nm) and 20 % of short-wave
infra-red radiation (700-2 400 nm) is absorbed and
the visible and infra-red components each com-

prise 50 % of the global radiation [20]. This is
equivalent in energy terms to assuming that the
spikelets absorb all incident visible radiation Ip.
Therefore the energy balance of an object such as a



spikelet on a panicle recently severed by a stem-
borer (whitehead) can be written

where I represents incident visible shortwave orphotosynthetically active radiation (PAR,
400-700 nm,W m-2) and &beta;Rg = Ip, the lemma and
palea are assumed to be leaf-like; Rw and R’lw are

the net longwave radiation exchanged with the
environment upwards and downwards (W m-2); p
is the density (kg m-3) and c is the specific heat
capacity of air (J kg-1 K-1); TS is spikelet tempera-
ture (°C) and TA is air temperature and rbh is the

boundary layer resistance to sensible heat for upper
and lower surfaces together, i.e. rbh = ra/2 where ra
is the boundary layer resistance for one side only.

For spikelets at the top of the canopy the upper
surfaces will be assumed to exchange longwave
radiation with the sky and the lower surfaces to
exchange longwave radiation with shaded leaves
assumed to be at air temperature. For clear skies,
the exchange of longwave radiation with the sky,
Rlw, can be calculated by combining the longwave
radiation emitted by the sky (1.2 &sigma; TKA - 171) as
summarized by Swinbank [33] as a function of air
temperature with the longwave radiation emitted
by the spikelet described by the Stefan-Boltzmann
law (&epsiv;&sigma;TKS4) where &sigma; is the Stefan-Boltzmann
constant and &epsiv; is the emissivity, assumed to be 1

for spikelets and the subscript K indicates tempera-
ture in Kelvin. For a limited range of temperature
both sky and spikelet longwave radiation emission
can be approximated by straight lines [19] and we
can write Rlw as the difference between those two
straight line approximations

where the units are Wm-2 for the intercepts of the
straight line approximations (c) and for the slopes
(m) are Wm-2 °C-1.

Similarly for the fluxes on the lower surface
when the shaded leaves are at air temperature

These relationships are shown in figure I.

Substituting in equation (2) and rearranging

This can be written as

where TB is the thermal burden.
For a limited temperature range relevant to high-

er air temperatures and spikelets close to the top of
the canopy &alpha; is approximately unity and we can
write

The thermal burden is equivalent to radiation
increment used by animal physiologists [21] and
can be written

In an undamaged spikelet transpiration can off-
set some part, f, of the thermal burden so that its
temperature, T’S, is given by



The principle of energy conservation can be
applied to the transpiring and non-transpiring
spikelet and the difference in sensible heat and
radiant heat must be equal to the difference in tran-
spiration. These terms are balanced by the energy
dissipated in transpiration, thus after some algebra
it can be shown that the latent heat dissipated in
transpiration by a spikelet, &lambda;FW (W m-2), is given
by

Given the thermal burden, the value of ’f’ for

any desired spikelet temperature can be computed
by setting T’S to Tcrit and rearranging equation (9)
as

The critical temperature can be the threshold

temperature at which thermal damage starts, or
simply TA to examine the conditions in which the
whole thermal burden is offset by transpiration. If
the value of ’f’ is greater than 1, then the thermal
burden is more than offset so that the spikelet is
cooler than the air. The value of fcrit will provide
maximum resistance, stomatal and cuticular, com-

patible with desired spikelet temperature, e.g. less
than 33 °C. From equation (10) we can write [9]

where es and ea are the vapour pressures inside the

spikelet and air, respectively, y is the psychrometric
constant, rbw is the boundary layer resistance for
water vapour and rSp is spikelet resistance.
Assuming that the upper and lower resistances are
the same then the total resistance for the spikelet is

(rSp + rbw)/2. It is convenient to have rbw in terms of

rbh. The factor converting boundary layer conduc-
tance for heat to that for water is 1.08 [13].
Converting for use with resistances rbw = (1/1.08)ra
= 0.926ra = 1.85 rbh, as rbh = ra/2. The spikelet
resistance (one side) can be written in terms of the

stomatal resistance, rs, and the cuticular resistance,

r

Substituting in equation (12) for TB (equation
(8)) and for rbw we obtain the value for spikelet
resistance (one side) at any value of f

Another useful equation describing the depen-
dence of the transpiration rate on radiation and the
fraction of the thermal burden offset by transpira-
tion can also be derived by rearranging equation
(10)

the simplest case is when spikelet and air tempera-
ture are equal (f = 1) and the rate of transpiration
would be approximately 0.17 g m-2 s-1 when Ip =

500 W m-2.

2.2. Spikelets in sunflecks

In general, considering the canopy as a homoge-
neous whole, I declines exponentially with depth
when depth in the canopy is measured as leaf area
index [13]. Similarly, mean wind speed decreases
logarithmically with depth so that rbh increases.

Thus, leaves deep in the canopy can have large rbh
but do not experience high temperature, unless
exposed in a sunfleck to large amounts of direct
beam PAR, Ipb. The solar disc subtends about 1/2°
of an arc at the earth’s surface or 5.98 x 10-5 stera-

dian. This is less than 0.001 % of the hemisphere
of the sky. A canopy hole of this size causes
penumbral effects [30] but even a hole of 5° diame-
ter occupies only 0.1 % of the hemisphere and a
circular hole has to be 36° in diameter to occupy
5 % of the sky. Thus, the longwave loss to the sky
is negligible. A spikelet in the canopy is exchang-
ing longwave radiation with leaves above and



below it. If the surrounding leaves are assumed to
be at air temperature the thermal burden can be cal-
culated as before omitting the term (csky - Cspik) asthere is no effective longwave radiation exchange
with the sky in the sunfleck and replacing Ip by Ipb
which gives

The difference between the thermal burdens in
the sunfleck and non-sunfleck cases is the result of
the difference between I pb and (Ip + csky - csp ik).
Thus, for peak values of radiation (Ipb &ap; 0.7 Ip,
csky - cspik = -117 W m-2) the difference between
the two thermal burdens arises more from differ-
ences in boundary layer resistance caused by dif-
ferences in wind speed between the top of the
canopy and its interior. The boundary layer resis-
tance for heat depends on the size of the plant part
and the wind speed [13]. Most values fall in the
range 10-100 s m-1. Values lower than this can
occur with small parts in high wind speeds.
Boundary layer resistances of 200 s m-1 or more

can occur only with very large leaves (e.g. banana)
with characteristic dimension, d, of 0.5 m and low
wind speeds (0.1 m s-1), or with normal leaves
(d = 0.01-0.1 m) and exceptionally still air

(< 0.01 m s-1). Deep in a leaf canopy there is little
air movement and rbh can be high: Woodward and
Sheehy [35] recorded 160 s m-1 at 0.1 m above

ground in a ryegrass canopy 0.3 m tall; at the top
of the canopy the resistance was 23 s m-1.

2.3. Temperature

The maximum air temperatures usually experi-
enced in rice growing areas are often no greater
than 35 °C; nevertheless, many of those areas
appear to have experienced exceptional tempera-
tures in excess of 40 °C [4]. The highest air tem-
peratures recorded are 49, 53, 54, 57 and 58 °C for
the land masses of South America, Australia,
Eurasia, North America and Africa, respectively
[1, 34]. Most of the highest temperatures are

recorded in or around the Sahara; conversely about
17 % of the earth’s land surface never experiences
temperatures above 40 °C [34].

2.4. Radiation

Solar radiation recorded at the earth’s surface
can be as high as 1 430 W m-2 [29], but a peak
value of about 1 000 W m-2 is generally observed.
This corresponds to an I value of 500 W m-2.

2.5. Resistances

Stomatal resistance to water movement for a leaf
of an individual species can be changed by 1-2
orders of magnitude as the aperture varies in size
but there is a considerable range of values across
different types of plant [13]; a value of 54 s m-1
was recorded for rice leaves [26]. The lemma and
palea have stomata [12]; however, OToole et al.
[25] reported that diffusive resistances for spikelets
remained at 150 s m-1 across a wide range of pani-
cle water contents suggesting that there was no
stomatal mechanism for controlling water loss.

2.6. The size of thermal burdens

The thermal burden as a function of boundary
layer resistance to heat is shown in figure 2 for a
spikelet at the top of the canopy. For most condi-
tions TB is in the range 2-20 °C, depending on rbn
and incident radiation. The observed differences
between temperatures of air and non-transpiring
leaves (thermal burdens) for leaves of 17 species in
the tropics and temperate regions given by
Stoutjesdijk and Barkman [31] range from 7.6 to
21.4 °C. Using the values described in the sections
above, Ip = 500 Wm-2, rbh = 23 s m-1, in equation
(7) the thermal burden of a spikelet is predicted to
be approximately 6.6 °C. If we assume commonly
observed values at IRRI for air temperature, 32 °C,
vapour pressure deficit, 1.8 kPa [4, 24], and the



spikelet resistance reported by OToole et al. [24] of
150 s m-1 and these are substituted in equation (14)
then the estimated value of f is 0.88. Spikelet tem-
perature is predicted from equation (9) to be 0.8 °C
above air temperature.

3. MATERIALS AND METHODS

Measurements were made in an experimental crop of
the cultivar IR72 grown at IRRI (Philippines, lat. 14"
21’ N, long. 121° 23’ E) during the dry season of 1977.
Those measurements were made on the 8 April 1997,
which was approximately mid-flowering, at the time of
flowering, between 1045 and 1200 hours. The crop was
transplanted on 27 January, it was irrigated and received
abundant fertilizer. Photosynthetically active radiation
(PAR, 400-700 nm) was recorded with a Sunscan probe
(&Delta;T devices, Barnwell, near Cambridge, UK), relative
humidity was read from a hygrothermograph and wind
speed measured with a three cup anemometer at the
adjacent meteorological station. The diameter and
lengths of ten spikelets were measured using vernier
calipers. Temperature measurements were made with a
thermocouple thermometer, no other suitable device
being available. The thermocouple, diameter 0.5 mm,
was brought into contact with the spikelet and the tem-
perature recorded when the meter reading was steady.
Bell and Rose [2] discussed the errors of measurement

resulting from such a technique which they suggested
could be as large as 1 K. Nevertheless to estimate the
error a comparison would have to be made of measure-
ments of spikelet temperature taken using infra-red ther-
mometry, infra-red thermal imaging and thermocouple
thermometry. Adjacent pairs of panicles were identified,
one of which had suffered a recent stem borer attack and
was identified as a whitehead. Measurements were
made consecutively on spikelets of both panicles and air
temperature adjacent to the panicles. Assuming that the
radiation error for the thermocouple, T&epsiv;, was approxi-
mately the same for spikelet and air temperature, then it
will cancel out when measurements on whiteheads are
used to calculate the thermal burden since

TB = (TS + T&epsiv;) - (TA + T&epsiv;), from equation (7).

4. RESULTS

Radiation conditions were clear and sunny
throughout the measuring period and 32 measure-
ments of PAR averaged 2 242 ± 1.6 &mu;mol m-2 s-1
(mean and standard error of readings, the absolute
error is approximately ± 3 %) which is equivalent
to 487 ± 0.4 W m-2 [17]. Relative humidity was
70 ± 3 % and wind speed was 1.8 ± 0.12 m s-1.

Spikelet diameter was 2.5 ± 0.1 mm and length
was 8.7 ± 0.5 mm (mean and standard error).

The temperature measurements are shown in
table I. Applying equation (7) gives estimates of
the thermal burden of the spikelets ranging from
4.8 to 5.4 °C. Then the boundary layer resistance
computed from equation (8) varies from 16.0 to
18.5 s m-1, values slightly lower than reported for
upper leaves of a grass canopy [35]. It is interesting
to note that the spikelets of one of the panicles has
a resistance to water vapour loss of 173 s m-1 in

fairly good agreement with the observations of
OToole et al. [25], but the spikelet resistances of
the remaining three were almost 4-6 times greater
than the reported value (table I). Ekanayake et al.
[5] observed that panicle resistance increased from
approximately 150 s m-1 in early flowering to
600 s m-1 in late flowering. There are approximate-
ly 40 000 spikelets per square meter [36] and if we
assume that they are cylindrical in shape with a
mean surface area of 78 x 10-6 m2 the mean rate of



transpiration from all of the spikelets in the crop is
approximately 0.8 mm h-1

5. DISCUSSION

The thermodynamic complexity of the relation-
ship between the temperature of a spikelet and its
environment can be much simplified using the con-
cept of a thermal burden. This formulation avoids
the difficulty of knowing the longwave fluxes or
the net radiation of the spikelet by using the
Swinbank [33] approximation for longwave radia-
tion emitted by the sky and straight lines for por-
tions of fourth order curves. The simplification
works because the equation is for the steady state
and is applied to limited conditions, i.e. higher
temperatures relevant to thermal damage, clear
skies, etc. The maximum thermal burden for vege-
tation is approximately 20 °C which when added to
air temperatures in excess of 20 °C would, in the
absence of transpiration, cause irreversible thermal

damage to rice and many plant species. At an air
temperature of 40 °C rice is completely sterile, at
approximately 37 °C it is 50 % sterile. The results
in this paper suggest that measuring air tempera-
ture is not the best way to assess thermal damage
because of the interaction between the thermal bur-
den and spikelet transpiration. The thermal burden
increases with absorbed radiation and boundary
layer resistance and so is influenced by depth with-
in the canopy. For example, close to midday in the
tropics a spikelet at the top of the canopy has a
boundary layer resistance of approximately
17 s m-1 and a thermal burden of approximately
5 °C. Within the canopy, the boundary layer resis-
tance could rise to 100 s m-1 and in a sunfleck the

thermal burden would rise to 17 °C putting the
spikelet at greater risk of thermal damage. Whether
damage occurs or not depends on the spikelet resis-
tance to water vapour loss and to avoid damage in
this example, the resistance would have to be
approximately 100 s m-1 which is less than the val-
ues estimated in this experiment and those of
OToole et al. [25]. It is interesting to note that



between 14 and 24 % of spikelets in IR72 remain
unfilled at IRRI and that the percentage can vary
from year to year even though the total number of
spikelets remains constant [36]. In contrast
Yoshida and Parao [37] observed that the percent-
age remained approximately constant (15 %)
across experimental treatments and years. It is

tempting to suggest that differences between years
in air temperature, irradiance and wind speed could
give rise to thermal burdens which cannot be off-
set. Air temperatures as great as 38 °C have been

reported for IRRI [4] so that thermal damage may
already be occurring and it needs to be investigated
in the field as a matter of some urgency.

The thermal burden in an enclosure might be
thought to be larger than in the natural environment
simply because the spikelet cannot lose longwave
radiation as effectively to the sky. However, the
transmission of solar radiation is often sufficiently
reduced by the supporting structure of the enclo-
sure to offset the longwave disadvantage so that
higher spikelet temperatures inside are, in many
conditions, primarily the result of higher air tem-
peratures in the greenhouse. Kennedy [15] has
shown that greenhouse experiments require careful
analysis to separate the effects of several environ-
mental factors altered at the same time; similar
conclusions can be reached for other types of
enclosure. This supports the suggestion above that
tissue temperatures would be a better guide to
physiological phenomena such as thermal damage
and spikelet sterility. Furthermore, it would enable
direct comparisons with field measurements of
spikelet temperature. Measurements made in both
environments with a short focal length infra-red
thermometer or a thermal infra-red camera would
be suitable.

Thermal damage is notable when it occurs
because it is exceptional. It requires most of the
following factors to be unfavourable together: high
air temperature, high solar radiation, low wind
speed (high boundary layer resistance), low vapour
pressure deficit (small driving force for transpira-
tion), panicles orientated for maximum radiation
receipt or in a sunfleck (high boundary layer resis-
tance). Nevertheless, as suggested above these cir-
cumstances may be more common than usually

assumed. As the rice crop flowers over a period of
approximately 20 days between the times of 1000
and 1200 hours, it would only take 5 days of high
thermal burden conditions to cause a 25 % loss of

fertility. Furthermore, thermal damage could
become more common in a world with a warmer
climate. In addition to higher air temperature, the
increased concentration of carbon dioxide can be
associated with higher water use efficiency and
higher stomatal resistance. Increases in stomatal
resistance and in leaf temperature have been
observed on plants grown in chambers with elevat-
ed carbon dioxide [16, 32, 39]. It is felt that a more
detailed field study of spikelet temperature would
be useful given that up to 30 % of them do not fill
in IR72 when grown at IRRI. As a consequence of
the results in this paper, a more detailed study of
the issue of thermal damage to spikelets in a range
of cultivars will be undertaken using a thermal
infra-red camera and infra-red thermometry. The
improved accuracy of the measurements will allow
an assessment of the contribution of factors influ-

encing the issue of thermal damage such as:
canopy architecture, panicle architecture, spikelet
colour, spikelet hairiness and spikelet resistance to
transpiration. The simple equations presented here
enable this topic to be more easily understood and
provide a simple methodology for studying the
possible effects of thermal damage to developing
spikelets.
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