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ABSTRACT

During the dry and rainy seasons, determinationstomatal resistance and transpiration of five iogh crops

were carried out: guarana (Paullinia cupana Kuntlkehffee (Coffea arabica L.), cashew (Anacardiumidmttale

L.), guava (Psidium guajava L.) and rubber (Heveasiiensis Muell. — Arg.) trees. Experimental dgsivas done
at randomized complete blocks with five replicadioBuring the dry season there was a decrease lnegaof

stomatal resistance in the following order: guaramaoffee> cashew> guava > rubber, with values fr@®5 to

30.0 s.crit. During the rainy season the stomatal resistaraleas varied from 1.5 to 3.0 s.¢niThe guarana and
coffee crops showed higher resistance to waterspaation when compared to other crops. During they

season, the rubber tree continued to present I@i@natal resistance and, consequently, higher paagon.
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INTRODUCTION anatomical and physiological characteristics that
either look for adaptation or act as a buffer against
Water deficit has been considered as the mo#te negative water deficit effects. In water deficit
important factor, limiting the carbon absorption,conditions, the water vapor loss occurs through
growth and consequently, the primary liquidtwo parallel ways, the stomatal and the cuticular,
production in plants. When the water is in lowbeing the stomatal participation more significant in
supply, the water loss by transpiration may exceethie transpiration loss mechanism than cuticular
the water absorbed by the roots during the day d¢karcher, 1980). When the water supply is
season, especially for plants with great canopkeduced, the stomatal guard cells lose solutes,
and/or restricted stomatal control (Dawson, 1993)ncreasing their water potential, thus, causing
When the demand exceeds the supply, perenniegduction of their pressure potential and
plants can regulate the water use found isubsequent stomatal closure (Awad and Castro,
additional water sources or find other ways tol992). In plants with adequate water supply, the
conserve water for both metabolism and growtistomatal opening reduces drastically the water exit
needs. There is a great variety of morphologicaresistance from the inner of the leaves towards the
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atmosphere. In these conditions when the guagkanut crops were observed in hotter periods than
cells receive solar energy there will be fixation ofin the mild ones (Hirose et al., 1994). In Central
CO,, with a consequent reduction o€0O, Amazon, Piedade et al. (1994), observed that
concentration in the inner of the cells resulting inEchinochloa polystachyaa C4 grass, had a 50%
H* active excretion and quick ‘Kabsorption and decrease on stomatal conductance in the dry period
subsequently, stomatal opening. The abscisic acahd a 35 % depression on the relation to, [e@f
(ABA) can inhibits the Hextrusion which inhibits external concentration / GO intercellular
the K" absorption, reduction of pressure potentialconcentration, when compared to regular water
reduction of the guard cells” slowness, resulting imvailability. Santrucek (1991) also studied C3 and
stomatal closure (Hartung, 1983; Castro et alC4 species for its good water economy. He
2002). The amount of this substance in both monwerified that the C4 plants studied showed better
and dicotyledoneoukeaves increase substantially transpiration efficiency with the increase of air
when the leaves go through water stress (Salisburglative humidity than the C3 onedi¢otiana
and Ross, 1992), either in detached leaves t®abacumandDatura stramonium

attached ones. It has also been verified that thEhe stomata are decisive regulators of the
increase of ABA concentration causes stomataiffusion processes. The variation in the stomatal
closure in various species, causing them to kegpore opening will simultaneously lead to the £LO
closed in the light as well as in the dark for manyentrance control to the leaf and water vapor
days. Plant roots taken to water stress can alselease. The stomata resistance to diffusion
form ABA, which is transported by the xylem toincreases greatly with the reduction of the pore
the leaves causing stomatal closure as apening (Larcher, 1980). The opening capacity is
mechanism of protection against dryness. greater in dicotyledonous herbal leaves, in
The stomatal transpiration and resistance leveldeciduous leaf trees and tropical forest trees.
may vary daily or seasonally according to theHowever it is low in plants with thick and hard
species or plant variety. Higher levels of stomataeaves. Chartzoulakis et al. (1992), studying water
conductance can be observed in the morning in hdeficit in kiwifruit crop, verified that water stress
seasons of tropical regions, if compared to othereduced the photosynthesis level from 53 % to 64
periods of the day (Harding et al., 1992; Robert%b in relation to plants with adequate water supply.
and Rosier, 1993). The stomatal conductanc&hat decline was due to the stomatal closure. In
declining during the year can be negativelythis same study the relation root/aerial part of less
correlated to the soil water deficit. In tropicalstressed plants was 3.5 bigger than in plants with
conditions, it is predictable that reduced stomatalater deficit, showing that water stress in kiwifruit
conductance periods (high stomatal resistance)ter the dry matter distribution pattern, favoring
may be related to a residual cuticular conductandfe roots. On another hand, significant differences
(cuticular transpiration), low water potential of of stomatal conductance were not verified for the
cells and stomatal closure (Roberts and RosieMaranthes corymborapecies in the morning and
1993). The less negative cell water potentials magvening (Eamus et al., 1993).

represent greater water availability or a better plarGrowth and performance reduction by water stress
ability to retain water for certain plant specieshas been very well documented (Fischer, 1980;
Transpiration may also vary according to solaKriedemann and Barrs, 1981), although different
radiation; as a strategy to keep the photosynthegiysiological processes have been proposed to
levels meeting the system’s biochemical demandsxplain these reductions. Initially, the stress may
(Larcher, 1980; Yang et al., 1990), in high lightcause loss of cellular hardenir(@fisiao et al.,
intensity and high temperature, some species shol®76), concurring to reduce gas changes and the
lower leaf temperature than the environmentaleaf lengthening. Both are hardening process
temperature. Comparing native and introduced Cdependent (Bradford and Hsiao, 1982). The result
grasses, Baruch and Fernandez (1993), verified a decrease in growth levels, since this factor is a
that Hyparrhenia rufa an invasive species, function of photosynthesis and of leaf area
presented higher stomatal conductancgChartzoulakis et al. 1992).

transpiration, leaf water and osmotic potential thabespite of the higher level of potential
the native one, putting in evidence the lowemphotosynthesis under optimal conditions in
tolerance of the invasive plant to stress conditionselation to C3 plants, the C4 species are more
Higher levels of stomatal resistance for the fieldabundant in semi-arid tropics and sub-tropics,

Brazilian Archives of Biology and Technology



Transpiration and Stomatal Resistance VariatiorResénnial Tropical Crops 227

where its occurrence has been attributed to its highee > coffee > cashew> guava > rubber. On the
efficiency in using water than to its high other hand, it was less evident during rainy season
photosynthetic potential (Jones et al., 1992). Aftefor both variables, being the rubber crop the one to
studying Prunus cerasoidesCeltis australisand present smaller stomatal resistance and greater
Grewia oppositifoliaplants, Bhatt (1990) verified transpiration. This period’'s transpiration values
that light potential absorption was identical for thevaried from 13.0 to 23.0 ug.cmi*.s* and
three species, presentirfg. cerasoidesand C. stomatal resistance ones from 1.5 to 3.0 8,cm
australis respectively, the maximum and thebeing observed the following tendency in crescent
minimum transpiration level. The transpirationorder: 1. transpiration: rubber> cashew > guava >
level was positively correlated to the conductancguarana > coffee (Fig. 1); 2. stomatal resistance:
for water vapor of the adjacent air layer to the leafguarana tree > coffee > cashew > guava > rubber

(Fig. 2).

Independenty of the evaluation period, the species
MATERIAL AND METHODS could be divided into two distinct groups; Group 1

(coffee and guarana) and Group 2 (rubber, guava
The experiment was carried out at Cropand cashew), since they presented statistically
Production Department of Escola Superior ddlifferent behavior for the analyzed variables
Agricultura "Luiz de Queiroz", Piracicaba, Sao(Tables 1 and 2). However, during the water
Paulo. Adult plants were used of following deficit periodthe differences among the species
species: guaran@@ullinia cupanaKunth) (GR), groups became greater, in relation to rainy
coffee (Coffea arabica L. (CF), cashew evaluation periods (Fig. 3). Because of guarana
(Anacardium occidentale.) (CJ), guavaRsidium and coffee crops presented greater stomatal
guajaval.) (GO) and rubberHevea brasiliensis resistance in relation to the remaining cultures,
Muell. - Arg.) (SER). During the dry especially in the dry period, it coluld be presumed
(September/94) and the rainy (November/94jhe acting of physiological mechanisms for these
seasons, determinations of stomatal resistance &pecies under water stress conditions, resisting to
cm?) and transpirationpg.cmi'.s) were carried water loss and resulting in better adaptation to
out with the different species. The environmentafirought for more superficial root system species.
average temperature in the dry season during tie these conditions it is expected that the partial
evaluation period was 32°C + 1.04, and 35.9C  stomatal closure, with the objective of restraining
+ 1.41 in the rainy season. The evaluations werd€ water vapor loss and minimizing the energy
performed with a Li-Cor 1600 porometer, from 1010ss by transpiration, may also restrain the,CO
a.m to 2:00 p.m. in a low foggy day, using adult$€ntrance, resulting water economy and reduction
leaves from the medium third of plants in branche8f defoliation.
exposed to light. Experimental design was done ash€ remaining cultures, mainly the ones more
randomized complete blocks with five replications?dapted to dry weather and high temperatures,
and the data was submitted for variance analységshew, guava and rubber, probably have

and average comparative test (Tukey 5 %). physiological mechanisms as more efficient or and
deep root systems that permit to be more tolerant

even thought less resistant to water loss or in
RESULTS AND DISCUSSION partial stomatal closure conditions and to use and
extract more efficiently the water available in the
Significant differences for transpiration andSoil. Thus, a higher tolerance of these species to
stomatal resistance values were observed amoM@iter deficit conditions and high temperatures,
species, especially during water deficit perioeSPecially during summer in tropical regions,
(Figs. 1 and 2).During this period, the could be expected.
transpiration values varied from 2.0 to 1jdgcm
s and the stomatal resistance from 2.5 to 30.0
s.cm', for the different species, presenting
crescent transpiration values and decreasing
stomatal resistance in the following order: guarana

Brazilian Archives of Biology and Technology



228 Sena, J. O. A. et al.
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Figure 1— Transpiration for the studied tropical speciedrduthe dry and rainy seasons. Average
of 5 replications.

Table 1— Transpiration average pg.cm?.s*) among species and Tukey test.

SPECIES MEANS"*
Rubber tree 15.11a

Gava tree 13.48a
Cashew tree 11.60a
Coffee tree 4.85b
Guarana tree 3.80b

Transformed data (log x). Means followed by distinct letteredi&mong themselves by the Tukey test at 5 % level. V.C = 11.5 %
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Figure 2 — Stomatal resistance for the studied tropical sgediging the dry and rainy seasons.
Average of 5 replications.
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Table 2— Stomatal resistance means (s¥mmong species and Tukey test.

SPECIES MEANS!
Guarana tree 6.46a
Coffee tree 6.13a
Cashew nut tree 2.40b
Guava tree 2.16b
Rubber tree 1.85b

Transformed data (log x). Means followed by distinct letter@di&mong themselves by the Tukey test at 5 % level. \2&6-%
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Figure 3 —Light intensity (A), temperature and average reéahumidity (B) during the dry and
rainy evaluation periods. Mean of 5 replications

CONCLUSIONS RESUMO

Under water suppression conditions, cashew) experimento foi realizado no Departamento de
guava and rubber species were less resistant Bsoducdo Vegetal da Escola Superior de
water loss, but they were more tolerant probablAgricultura "Luiz de Queiroz", ESALQ/USP,
by other mechanisms as depth of root systems. Riracicaba, S&o Paulo, Brasil, utilizando-se as
was probable that because of high stomatalulturas de guaranazeiroPdullinia cupana
resistance and low transpiration the coffee an&unth), cafeeiro Coffea arabica L), cajueiro
guarana were less tolerant to soil water deficit bufAnacardium occidentale..), goiabeira Psidium
more resistant to water loss. guajava L.) e seringueira Hevea brasiliensis
Muell. — Arg.). No periodo de seca (setembro/94)
e de chuvas (novembro/94), realizaram-se
determinagfes de resisténcia estomatica (RE) (s
cm™) e transpiracéo (Tug cm® s%) nas diferentes
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espécies. O delineamento experimental foi erhlarding, R.J.; Hall, R.L; Swaminath, M.H. and
blocos casualizados com cinco repetigdes. A partir Srinivasa Murthy, K.V. (1992), The soil moisture
das andlises dos dados pode-se concluir; 1.regimes beneath forest and agricultural crop in
diferencas significativas entre espécies, em termoszou'thtehrn 'gd'at' meaSL;rfemeI:tsl ar:dt_ mOde'é“@?-l In-
das variaveis avaliadas no periodo de deficiéncia - oW and water use ot forest plantations, eds. 1.

S .~ . Calder; R. L. Hall; P. G. Adlard. John Wiley,
hidrica, com valores decrescentes de resisténcCiapichester 0p. 244-269

estomatica e crescente de transpiracdo na seguip;grtung W. (1983), The site of action of abscsiid
ordem: guaranazeiro > cafeeiro > cajueiro > gt the guard cell plasmalemma falerianella

goiabeira > seringueira; 2. Nas aguas as diferengasocusta Plant Cell Environ, 16, 427-428.

entre espécies, para ambas as variaveis, forasirose, T.; lkeda, M. and lzuta, T. (1994), Storhata
menos evidentes, continuando a cultura da oscilation in peanut leaves observed under field
seringueira a apresentar menor resisténciaconditions.Japan. J. Crop Sci63(1), 162-163.
estomatica e maior transpiracdo dentre as espéciéi§iao, T.C.; Acevedo, E.; Fereres, E. and Henderson
3. As culturas de guarana e café apresentaranp'w' (1976), Stress metabolism: water siress, drowt
maior resisténcia a perda de agua, em relacdo élgnd osmotic adjustmenkhil. Trans. R. Soc. Lon

d . It 73 479-500.
emais cufturas. Jones, M.B.; Long, S.P. and Roberts, M.J. (1992),

Synthesis and conclusions. In- Primary productivity
of grass ecosystems of the tropics and subtropits,
REFERENCES S. P. Long; M. B. Jones; M. J. Roberts. Chapman and
Hall, London, pp. 212-255.
Awad, M. and Castro, P. R. C. (1992), Introducdo &riedemann, P.E. and Barrs, H.D. (1981), Citrus
fisiologia vegetal, Nobel, Sdo Paulo. orchards. In- Water deficit and plant growth, edTT
Baruk, Z. and Fernandez, D.S.(1993), Water relation Kozlowski. Academic Press, New York, pp. 325-417.
of native and introduced C4 grasses in a neotrbpicdarcher, W. (1980), Physiological plant ecology.

savannaQecologia 96, 179-185. Springer-Verlag, Berlin.

Bhatt, R.K.(1990), Seasonal variation in light Piedade, M.T.F.; Long, S.P. and Junk, W.J. (1994),
absorption and transpiration iRrunus, Celtisand Leaf and canopy photosynthetic CO2 uptake of a
Grewia. Indian Journal of ForestrL3, 118-121. stand of Echinocloa polystachyaon the central

Bradford, K.J. and Hsiao, T.C. (1982), Physiologica Amazon floodplain. Are the high potential rates
responses to moderate water stress. In- Physialogic associated with the C4 syndrome realized under the
plant ecology - Water relations and carbon near-optimal conditions provided by this exceptlona
assimilation, eds. O. Lange; P. S. Nobel; C. B. natural habitat®ecologia 97, 193-201
Osmond; H. Zeigler. Encyclopedia of PlantRoberts, J. and Rosier, P.T.W. (1992), Physioldgica
Physiology. Springer, v. 12B., pp. 263-324. studies in youndeucalyptusstands in southern India

Castro, P.R.C.; Sena, J.O.A. and Kluge, R.A. (2002) and derived estimates of forest transpiration.
Introducdo a fisiologia do desenvolvimento vegetal, Agricultural Water Managemen®4, 103-118
Eduem, Maringa. Salisbury, F.B. and Ross, C. (1992), Plant Phygiolo

Chartzoulakis, K.; Noitsakis, B. and Therios, 1992), Wadsworth Publishing, Belmont, California.
Photosynthesis, plant growth and dry matteSantrucek, J. (1991), Transpiration efficiency and
distribution in kiwifruit as influenced by water apparent cuticular transpiration in some C3 and C4
deficits.Irrigation Sciencel4, 1-5. plants.Biologia Plantarum33(3), 192-199

Dawson, T.E. (1993), Hydraulic lift and water use b Yang, X.; Short, T.H.; Fox, R.D. and Bauerle, W.L.
plants: implications for water balance, performance (1990), Transpiration, leaf temperature and stomata
and plant-plant interaction®ecologia 95, 565-574. resistance of a greenhouse cucumber crop.

Eamus, D.; Berryman, C.A. and Duff, G.A. (1993), Agricultural and Forest Meteorology61(3-4), 197-
Assimilation, stomatal conductance, specific lagha 209
and chlorophyll responses to elevated ,COf
Maranthes corymbosaa tropical monsoon rain forest
specie Aust. J. Plant Physiolog@0, 741-755.

Fischer, R.A. (1980), Influence of water stresscoop Re?é\\’l?:édf_’g;g‘é):rf 0133 2285);:
yield in semi arid regions. In- Adaptation of planb Accepted: December 20, 2006,
water and high temperature stress, eds. T. C. Turne
P. Kramer. Willey and Son, New York, pp. 323-340.

Brazilian Archives of Biology and Technology



