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ABSTRACT

This work describes an adapted thermal-gradientblaith internal illumination, allowing experimenisth light-

requiring seeds. The temperature dependence stodyhe germination of the photoblastic Plantago totnea
seeds was carried out in order to test the perforoeaof the apparatus. With the aid of the modetriesd here,
some parameters related to the response of thesseddmperature could be estimated, showing trebpparatus
was suitable for the studies on the temperatureeddpnce of photoblastic seeds.

Key words: Temperature devices, thermal-biolo§antago tomentosa

INTRODUCTION growth cabinets which are expensive and occupy a
large space. In order to avoid this problem, many
It has been known that the growth and planauthors have designed thermal gradient devices,
metabolism are strongly temperature dependenmost of them consist of a aluminum (or other
The process of germination involves theheat-conducting material) bar which is heated at
interaction among the growth effector (theone end and cooled at the other, thus producing a
embryo), the diffusion barriers (the seed coat) antemperature gradient along the length of the
the source of potential energy (the seed reserveshaterial (Brites et al., 1986; Peters, 1990;
and is highly affected by the temperatureThompson and Whatley, 1984; Vasquez-Yanes,
(Labouriau, 1978). In general, both thel975;). The seeds or the experimental objects are
germinability and the germination rate aredisposed on the bar, whose surface is covered with
temperature dependent, hence the germinatigubstrate, usually a sheet of humid filter paper. A
assays must be carried out at defined temperaturgconvenient of this method is the continuous
regimes. In order to explore the entire rangdliffusion of water vapor from the hot to the cold
between the cardinal temperatures, many differestnd of the bar, causing one side of the device to
temperature experiments must by performedry and the other side to flood. Also, the air
simultaneously in order to overcome a possiblgonvection over the bar can minimize the
storage effect between successive experiments tgmperature gradient recorded within the bar, thus
germination (Labouriau, 1977). Thus, the studiegffecting the response of large seeds laid on it.
on the seed germination response to temperatuk@bouriau (1977) and Labouriau and Agudo
usually require the use of a large number 0€1987) reported thermal-gradient blocks whose
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design overcame the inconvenient referred abovégng aluminum tubes separated from each other by
but the devices was not useful for the seeds whosduminum plates (Fig. 1). Solid aluminum rods,
germination required relatively prolonged lightwhich crossed the plates above and below were
exposure, since the thermal stations of the blocksed for holding the series of tubes and plates
did not allow the illumination. Cardoso (1994)together with the aid of nuts for tightening the
designed a thermogradient bar with individualizedvhole set. Sixty aluminum tubes with a 50.8mm x
thermal stations and the advantage of allowing th8g.1mm ({0 2" x 1 %") rectangular section were
experimental objects to be exposed to lightused; 13 aluminum plates 300mm x 388mm X
However, that device presented a relatively high2.7mm; 6 aluminum rodsp(d 15.9mm) 606mm
heat lose between the insulated tanks filled withong; and 20 aluminum flat bars 300mm long x
thermal fluid and the useful area for the50.8mm width x 3.18mm thick, whose function
germination tests on the bar, thus making difficultyas to fill the spaces between the rods and upper
to obtain higher and lower extreme temperatures. and lower aluminum tubes. Thus, the main
Taking into account that the thermal-gradientifference between the block described here and
block described by Labouriau and Agudo (1987previous model (Labouriau and Agudo, 1987) was
has been proven to be an efficient device in thghe larger size of the aluminum tubes. This
studies of temperature dependence on seeflowed a better distribution of the light from the
germination (Santos and Cardoso, 2001; SouzZforescent tubes placed behind the block (see
and Cardoso, 2000), the main purpose of this workelow).
was to describe an adapted block with internaEach of the two lateral faces of the block received
illumination, allowing temperature assays with thean additional aluminum plate (300mm x 388mm x
seeds that needed light to germinate (photoblasti2. 7mm) through which the thermal fluid (20%
seeds). The prototype have been used in previouster solution of propylene glycol) flowed, driven
works (Machado-Neto et al., 2006; Cardoso andy a pump of a thermostatic bath. In previous
Pereira, in press) and proved to be a useful tool imodels (Labouriau and Agudo, 1987; Labouriau
temperature controlled experiments with eithesnd Cavalcanti, 1996), the thermal agent circulated
photoblastic or non-photoblastic seeds. In thishrough a copper coil tube, embedded in the
work some thermal parameters of the germinatioferminal aluminum plate. In the present model, a
of the photoblasticPlantago tomentosaseeds groove was milled on the internal surface of each
(Dousseau et al., 2008) were also described. additional plate, which was then glued to the
terminal plate at the both sides of the block (Fig.
1). Thus, the thermal fluid flowed in direct contac

MATERIALS AND METHODS with the plate, improving the heat exchange
between the fluid and the block. A copper tupe (
Biological Material = 6mm, 140mm long) was connected to the

The seeds of Plantago tomentosa Lam. additional plate through a nipple screwed to the
(Plantaginaceae) were collected from the plantsole on the lateral face of the plate both in the
growing on a grass field (22°23'25” S; 47°32'92” “input” and the “output” of the groove (Fig. 2).
W) at Unesp, Rio Claro, Sao Paulo State. The drguch copper tube was used to connect a silicone
fruits were removed from the inflorescence axisube through which the thermal fluid circulated
and passed through a fine sieve to remove thsetween the bath pump and the block.

seeds, which were stored at room temperature (2Zhe whole block rested on four wooden supports
26 °C) in glass vials up to one week before thewjithin a frame made with 3/4” x 1/87{19.5mm x

were used for the experiments. 3mm) profiles of galvanized iron and covered with
_ 1/16” (J 1.5mm) galvanized iron plates in a similar
Thermal-gradient block way to previously reported models (Labouriau and

An adapted apparatus is presented here which jyudo, 1987; Labouriau and Cavalcanti, 1996).
based on models previously developed anghe assembly was thermally insulated all around,

described in details by Labouriau and Agudqyith the exception of the back face, by a 50mm
(1987) and Labouriau and Cavalcanti (1996). lhick polystyrene sheet (Fig 1).

consisted of successive vertical sets of six 300mm-
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Figure 1 - Frontal view of the assembly of aluminum tubes @lates resting on wooden blocks

placed on the bottom of the frame (only two of fdlocks are displayed). I: frame
(490mm height x 675mm width x 440mm deep) made wittfiles of galvanized iron.

II: insulating polystyrene layers 50mm thick. libne of the six aluminum rods for

holding the plates and tubes. IV: one of the natgifhtening the assembly. V: input of

one of the

intermediate aluminum plates (388mm height x 300miaith x 12.7mm thick). VII:

the additional plate within which the thermal agetitculates. VI:

terminal plate at one side of the block. VIII: ditwhal plate glued to the terminal plate.

IX: one of the aluminum flat bars (300mm long x&8m width x 3,18mm thick). X:

one of the four wooden supports (only two can teeveid). XI: a column of rectangular

cross-section aluminum tubes (300mm depth x 50.8hmight x 38,1mm width),

representing a thermal station.

I

D

111

Scheme of an additional aluminum plate throudtictv the thermal fluid flows in a
groove (I) milled on the internal surface of thatpl II: A hole (15.9mm in diameter) for

passage of the holding rod.
nipple.

Figure 2 -

copper tulpe=(6mm) connected to the plate through a
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Each vertical set of aluminum tubes was referredirculation was provided by a 1/12 HP pump
to as a “thermal station” with six repetitions; $hu producing 1-1/2 to 2gpm at zero head and the
the tubes were arranged in ten columns, or thermaingle stage pump permited closed loop circulation
stations, and six rows or replicates. A set of sito an external vessel. The temperature variations
20W fluorescent tubes was placed between theithin the thermal stations were recorded with ten
rear face of the block and the rear iron platehwit PT100 temperature sensors (JK Instrumentos, ME,
each lamp disposed along a row. The fluorescemtiracicaba, SP), connected to an electronic
tubes were supported by two pieces of 25mm thermometer (JK model SK 010, JK Instrumentos,
50mm wood lath fixed to the inner face of theME, Piracicaba, SP). The light measurements were
frame according to the scheme (Fig. 3 and 4). Theaken with a point LI-190 SA Quantum sensor (LI-
internal surface of the removable lid at the frontaCOR) connected to a LI-1000 datalogger (LI-
face of the apparatus was covered by a mirrd€OR).

glued to the polystyrene layer (Fig. 4). The mirrofThe finishing of the entire apparatus is displayed
reflected the light from the fluorescent tubesat Fig. 5. Similarly to Labouriau and Cavalcanti
placed in the rear face of the block, thus imprgvin (1996), the thermal stations were 50mm behind the
the light distribution along the thermal stationsfront face of the frame and that space was
The circulation of the thermal fluid as well as theoccupied by the removable lid when the apparatus
control of the temperature gradient in the blockvas closed (Figs. 4 and 5). The galvanized iron
were provided by two Forma Scientific, modelplate at the rear face of the frame presented a
2095, thermo regulated baths. The model 2098eries of holes through which the temperature
was a 28.4L capacity bath with a temperatur@robes were inserted into the lowest row of the
range from —20 to +70 °C, maintaining a constanthermal stations, allowing the temperature to be
temperature f 0.02 °C) by means of an monitored continuously.

ultrasensitive thermoregulator. Constant

Figure 3 - Back view of the assembly showing the set ofX%V fluorescent tubes (I) supported
by two pieces of 25mm x 50mm x 480mm long wood I@th Ill: Output of the
thermal agent.
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Figure 4 - Lateral view of the block resting on the woodmipports (I) within the frame (Il),
showing the set of fluorescent tubes (lll) suppbidy the wood lath (1V) at the back
side of the apparatus. V: removable galvanized licb(620mm width x 400mm height
x 3mm thick) covered by a 50mm polystyrene layel. Mirror (480mm width x
300mm height) glued to the polystyrene layer. Bblystyrene layer. VIII: glass plate
(480mm width x 300mm height x 2mm thick) placedvmsdn the fluorescent tubes and
the thermal stations. I1X: temperature sensor iadeirt the lower row tubes (only one
sensor is displayed).
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Figure 5 - A. Finishing of the anterior face of the entigparatus, showing four thermal stations of thelblo
I: removable lid (partial view) (520mm width x 40@mheight) to allow access to the thermal
stations. Il: copper tubep(= 6mm) at the input of the groove in the additioplate. Covering
lateral (lll), superior (IV) and frontal (V) galvared iron plates (1.5mm thick) screwed to the
frame (inferior plate is not showed). VI: turnedged50mm depth) of the frontal covering plate.
VII: one of the fastening screws of the lid. Fimiinensions of the apparatus: 675mm width x
490mm height x 440mm depth. Dimensions of the “wint at the frontal face of the block for
accessing the thermal stations: 490mm width x 310raight. B. Back view of the apparatus with
holes (VII) through which temperature sensors (Vtikn be inserted in the lowest row of tubes.
IX: copper tube at the output of the groove inddéditional plate.
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Germination technique within the thermal stations were relatively small
The seeds were germinated in PVC 18mm wide §SE < 0.1 °C) (Fig. 6). Thus, if the room
9mm height x 250mm long wiring duct (referredtemperature was kept relatively constant, the
to as a tray) lined with three strips of qualitativ temperature gradient in the block was controlled
filter paper kept saturated with the distilled wate primarily by the thermostatic baths settings. & th
The trays were placed inside 25mm in diameter koom temperature was not controlled, the
250mm long glass assay tubes closed by stainlegsmperature within a given thermal station could
steel stoppers. A glass tube with a tray containingary according to the time of the day, as reported
50 seeds was inserted at each aluminum tube b Labouriau and Cavalcanti (1996). An increase
the block so that each of the six rectangular tubda the temperature by approximately 2.4 °C (mean
of each thermal station held a glass tube, with thealue for all the stations) was observed inside the
exception of the lowest tube within which wasblock when the fluorescent tubes inside the
inserted a PT100 probe for monitoring theapparatus were turned on with the temperature
temperature. Thus, a total of five replicates pesettings of 50 °C (“warm” bath) and 7 °C (“cold”
temperature with 50 seeds per replicate were useghth) and a thermal gradient from 10.5 °C to 40.8
The seeds were considered germinated once th€ (in darkness) (Fig. 7). Temperature is expected
radicle emerged and had geotropic curvaturgo arise with light on since the fluorescent tubes
Observations were made at 24 h intervals and th®@oduce a certain amount of heat even if the
germinated seeds were withdrawn as soon asectronic reactors are placed outside the block.
recorded. A germination test was also carried oudtherwise, the lighting inside the block did not
in climatized room at 2& 1 °C, with the seeds change the slope of the relationship between the
being germinated in Petri disheg £ 50mm) on temperature and the position of each thermal
three sheets of qualitative filter paper saturatedtation along the gradient block, that is, the
with distilled water. The dishes (three repetitiongemperatures along the block only rose when the
per treatment, with 50 seeds per repetition) weriaternal illumination of the block was on, whereas
kept under white light (41.5umol.m?s) and the variation of the thermal-gradient was similar
darkness. Darkness was obtained with the Petpioth under white light and darkness (Fig. 7). In
dishes being placed within black polyethyleneorder to assure the repeatability of the tempeeatur
boxes. The germination (radicle protrusion) wagradient when both light and darkness conditions
recorded as referred above. The germinatiowere required for the germination assay, it was
variables computed were the final percentage dfdvisable to use the block with the fluorescent
germinated seeds (germinability) and the averagébes on and wrapping the specimen tubes in
germination rate (Labouria® Osborn 1984). The aluminium foil or other suitable opaque material.
distributions of the cumulative germination!n the model presented here the average
percentages were analyzed and the parametdggnperatures fit a linear relationship with the
were determined through a thermal tim@)( position of the thermal stations along the block (R
model (Garcia-Huidobro et al. 1982). To find the> 0.98) under both white light and in darkness,
values of base temperaturepTmedian thermal thus repeating the performance of the gradient
time (Bs) and the standard deviatioog) of the blocks described by Labouriau (1977) and
thermal time distribution, the cumulative daily L@bouriau and Agudo (1987). The mirror glued to
germination percentages at 7.5, 10.0, 14.0, 17.8)¢ removable lid at the frontal face of the
20.0 and 23.0 °C were transformed to probit an@PParatus was an attempt to improve the irradiance
plotted against the respectifg (= [T-Tylty) on a distribution |'nS|de the alu'mlnlum t'ubes of each
logarithmic scale, where T was the experimentdf’€rmal station by reflecting the light from the
temperature and, the time for germination of a fluorescent tubes pla_lced at the back face of the
percentage (Bradford, 1995). block. How'ever., a light gradient was ob_served
when the irradiance was recorded at different
positions along the tube (Fig. 8). This feature

RESULTS AND DISCUSSION allowed the apparatus to be used to test light
gradients as well as thermo-gradiengsrelatively

L 2 1
Temperature recordings taken along the timéW irradiance £ 5umol.m".s’) was observed at a
showed that the temporal temperature variationdStance range up to 15cm from the front edge of
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the aluminium tube. Then the irradiance startedmall-seeded species) were sowed near to each
increasing and attaingd11 and 2fimol.n?.s*at  other on the opposite side of the tray relativehto
25cm and 30cm from the edge, respectively (Fignouth of the assay tube within which the tray was,
8). Thus, with the present set of fluorescent tubeassuring that the seeds inside a assay tube were
the maximum irradiance obtained was nearly 2&xposed to a similar irradiancg {1umol.m?s?).
umol.m?s® close to the glass plate at the backSuch a procedure is not advised for large seeds,
face of the thermal stations, near the light saurceince they occupy a relatively large space along
Such an irradiance level appeared to be enough tee tray and thus they would be subjected to a
promote the germination of a number ofgradient of light, as well as the seed itself may
photoblastic seeds, as shown by the small-seed#derfere with the distribution of light inside the
species Musanga  cecropioides Nauclea tube. Otherwise, an advantage of that gradient is
diderrichii andMilicia excels(Kyereh et al. 1999). that germination assays can be carried out with
In the present study, the seedsPoftomentosga  simultaneous variation of light and temperature.

y=2,6024x+ 33 346
R=0.98

Lemp erature (42

v=-1633Tx+21.728
R2= 099

thermal stations

Figure 6 - Upper series (): mean variations{ SE) of the temperature in the thermal stationt) wi
temperature of the thermostatic baths settled atG%nd 4 °C, respectively. Lower
series {): mean temperature{ SE) for observations taken 12h apart during 21sday

(temperature settings, 25 °C and 5 °C). Room teatpex around 22 °C and light
turned on within the thermal gradient block.

v (light) = -3,3903x+43 876
Ri=098

Lemp erature (72)

v (dark)= 3,3133x+ 41,14
10 1 Ri= 0,00

0 T T T T T
0 1 2 3 4 5 0 7 8 9

thermal stations

Figure 7 - Temperature recordings in the thermal statioitis the fluorescent tubes in the thermal-

gradient block turned oro) and off ¢). Temperature settings: “warm” bath, 50 °C;
“cold” bath, 7 °C.

Braz. Arch. Biol. Technol. v.53 n. 6: pp. 1267-12Rbv/Dec 2010



1274 Cardoso, V. J. M.

v=0,0019%3 -0,0552x2 +0,6617x - 04433
R2= 099

Irradiance (pmolan?2 s t)

Depth (cm)

Figure 8 - The measured irradiancesmfol.m-2.s-1) as a function of the sensor positaepth) in
the aluminum tubes of the thermo gradient blocklu¥a in the abcissae are the
distances (cm) from the frontal edge toward theklzadge of the tube. Symbols are the
means £ SE) of recordings taken at different each tubthefthermal stations.

The germinability ofP. tomentosaseeds in the irradiance of 41.5umol.m?s*. The germinability
thermal-gradient apparatus was higher than 80% atas 81% against 19% recorded for the seeds
14, 17 and 20 °C, and it decreased at both uppgrcubated at the same temperature in the thermo-
and lower temperatures, whereas the germinatiggradient block under a lower irradiance
rate appeared to decreases linearly withO 1lumol.m?%s?), thus suggesting that the
temperature in the range of 7.5 to 28 °C (Fig. 9kesponse ofP. tomentosaseeds to temperature
Although the highest value for the germinationcould be influenced by the irradiance. Bell (1994)
rate was obtained at 28°C, the germinability waseported that the effects of light exposure on the
only 2% and did not differ significativelly from germination of Eucalyptus marginata forest
zero (confidence intervaty = 0.05). Simdo et al. understorey species were most evident when the
(2007), working withHylocereus setaceuseeds, temperatures were above the optimum. That may
also reported that the highest germination rate wdase the case oP. tomentosabut more detailed
obtained at a temperature (45 °C) in which onlystudies are needed. Adaptations are necessary,
75% of the seeds germinated. Thus, theuch as the use of lamps with higher light
germination must be seen not only in terms of thintensities, in order to improve the irradiance
physiological homogeneity of the seed batch {evels inside the block, thus allowing the appasatu
measured by the germinability — but also as &hat can be used both for high and low-irradiance
kinetic process taking place with a certain raté anrequiring seeds. Otherwise, the conclusions drawn
is limited by different partial processesfrom the thermal-gradient block assays should be
(Labouriau, 1983). The treatments of 17, 20 andonsidered for a given irradiance, such Rs

23 °C forP. tomentosaeeds were also assayed inomentosaA base (or minimum) temperature,(T
darkness in the thermo-gradient and no germinatetfound 3 °C was estimated f@r tomentosaeeds,
seeds were observed in such treatmentsuggesting that the seeds could germinate at
suggesting thatP. tomentosaseeds have an relatively low temperatures. The plotting of the
absolute light requirement, as reported by Pongermination time courses on a thermal time scale
and Toorn (1988) foPlantago major In general, showed that the model could be applied to the
the results presented here were in agreement wigfermination studies with this species (Fig.10).
Dousseau et al. (2008) who reported tiat Once T, has been identified and the total thermal
tomentosa seeds were photoblastic (light-time to germination is known, the actual time to
requiring) and the germination was optimal at thgermination at any temperature can be calculated
constant temperatures of 15 and 20 °C. Fig. 9 alsgith the assumptions that the instantaneous
shows an assay performed withtomentosaeeds germination rate is independent of thermal history
germinated in climatized room at 26 °C under arffHardegree and Van Vactor, 1999). In the present
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study, a requirement of 108627 degrees-day was tso = 106/(T-3.1), the time for germination of 50%
found for 50% of theP. tomentosaseeds to of the seeds4{) at a given temperature (T) could
germinate from the relationship displayedbe estimated.

(FlglOB) If 950 = (T-Tb)t50 O t50 = 950/(T-Tb) O

100 - - 0.3
801 _ = - foas o
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temperature (°C)

Figure 9 - Temperature dependence on the germinabilitysjband germination rate (line) of
Plantago tomentosa seeds after 21 days under White (mean irradiance 10.7
pmol.m-2.s-1) (open bars) and darkness (dark bardje thermal gradient block. For
darkness (17 °C, 20 °C and 23 °C only) the glabedwvith the seeds were wrapped
with aluminum paper sheet. Experimental temperatufe °C; 10 °C; 14 °C; 17 °C;
20 °C; 23 °C; 26 °C; 28 °C; 30 °C and; 32 °C. Geration was null at 30 °C and 32
°C. Germinability (final percentage) at 261 °C in darkness (dark bar) and under

white light (open bar) (mean irradiance of 4uhol.m-2.s-1) of P. tomentosa seeds
kept in climatized room (R26) is also presented.
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100 4 7 B
<&
6 .
80 4 - 00
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£ 4 EER o &
5 E , ] y=89431x- 13,111
20 4 EX R:=0,72
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thermal time (* dav) thermal time (log)

Figure 10 - The course of cumulative germination in thertirale scale (A) at 7.5 °C (+), 10 °C
(0), 14 °C (*), 17 °C (), 20 °C ) and 23 °C §) for Plantago tomentosa seeds.
Thermal time @g) is the actual time (days) multiplied by the éiffnce between
experimental (T) and base temperature (Tb = 3.1 782 curve in (A) is derived from
the relationship between probit of the germinaaowl log ofég. Assays were carried

out in the thermal gradient block under white ligimean irradiance 104fmol.m-2.s-
1).
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One of the limitations pointed for the previousBradford, K. (1995), Water relations in seed
models of thermo-gradient blocks was the lack of germination. InSeed Development and Germination
internal illumination (Labouriau, 1977; Labouriau €d- J. Kigel and G. Galili. Marcel Dekker Inc, New
and Agudo, 1987), which did not allow the KOfk'%E’%'?’gG-t o CHS. Domi AN
germination assays with light treatments. Th&'tes V.L.C, Penteado, C.H.S, Domingos, RN e

. Luciano, E.A. (1986), Dispositivo para o estudo de
present thermo-gradient apparatus overcame to

AL ; 8preferéncias térmicas de insetd3ienc. Cult, 38,
large extent such a limitation, allowing the 167-170.

experiments  with  light-requiring seeds, ascardoso, V.J.M. (1994), Montagem de um sistema de
demonstrated for photoblastt: tomentosaeeds.  gradiente térmico para investigacdo da dependéncia
With the aid of the block described here, some da temperatura da germinagdo de semeArggs.biol.
parameters related to the temperature dependencéecnol, 37(4): 755-761.

on the germination of that species could bé&ardoso, V.J.M. and Pereira, F.J.M. (2009),
estimated, showing that the apparatus was suitablé?@Pendéncia térmica da germinacéo de sementes de
for the studies on the temperature dependence of2rymaria cordata(L.) Willd. Ex Roem. and Schult.

; ... (Cariophyllaceae)Acta Bot. Bras.in press
photoblastic seeds. On the other hand, a limitatio ousseal, S., Alvarenga, A.A., Arantes, L.O., Ofe

referring to the seed size persisted yet: the ligh DM. and Nery, F.C. (2008), Germination of
gradient within a thermal station restrained the us Pl.an'tago tomentosd.am. Seeds: influence of the

of larger seeds, thus, only small-seeded speciesemperature, light and substra@ienc. Agrotec.32,
could be assayed in order to avoid a repetition t0 438443

be exposed to a wide range of irradiance an@arcia-Huidobro, J., Monteith, JL. and Squire, GR.
assured that samples had a reasonable number qf1982), Time, temperature and germination of pearl
seeds. New adaptations are also needed in order tenillet  (Pennisetum  typhoides |.  Constant

improve the irradiance inside the block. temperaturel. Exp. Bot.33, 288-296.
Hardegree, S.P. and Van Vactor, 1299), Predicting
germination response of four cool-season range

grasses to field-variable temperature regimes.
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