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ABSTRACT

Three month old Coleus blumei plants in pots weratéd with different NaCl concentrations: 0.0®%).0.50 and
1.00%. To determine the water osmotic absorptibe,gdlants had their stems cut at 10 cm from thessoface.

The remaining stems were linked to glass tubeselsibfe rubber tubes. Readings of the water collewsl in the
glass tubes were performed at each 30 minutesgspanding to the water osmotic absorption, wittotlt of

eleven readings. Other Coleus blumei, with the sages received the NaCl concentrations, and wesduated
under field conditions in terms of transpirationdastomatal resistance. A randomized complete tdoeltysis was
used with five replications. An increase of osmabsorption was verified for all treatments up lioee hours after
application. Then a proportional reversion of osmadbsorption to the increases on saline concerdratvas
observed, with a higher effect in the treatmenhwaCl 1.00%, showing the increase of water losshieyroots.
During this period time, the treatment showed anmalrlinear growth of the osmotic absorption. Traingfon was

reduced proportionally to the increase of saliréyncentration.
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INTRODUTION xylem because of water loss in the vapor form.
Another contributing fact is the accumulation of
The xylem’s osmotic potential drops to its lowessolutes in the xylem’s sap, which makes Uits
levels in a leafless bushy plant whose transpiratioosmotic potential) smaller than its external
is zero. If it was connected by a manometer to theolution. The) value in the xylem’s sap does not
highest part of a pot plant, from where most of thelepend only on the solutes transportation intensity
shoots were removed, it could possible tdut also on the transpiration/exudation speeds. The
demonstrated the development of a positiveoncentration of substances dissolved in the xylem
pressure in the xylem by the water osmotids low when the plant exudes intensely and, high
absorption (Sutcliffe, 1980). The water potentialwhen there is no transpiration. Thus, whilst ghe
gradient that occurs between an external solutiopartly contributes for the xylem’s water potential
and the plant's xylem sap that is exudating is dugy plants that transpire rapidly, it becomes
to the tension development{ negative) in the important at low transpiration speeds, leading to
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the development of a positive root pressureolutes accumulation in the xylem’s sap leads to
(Sutcliffe, 1980; Sutcliffe and Baker, 1974). an osmotic potential reduction, pressure potential
It was observed that the water osmotic absorptioimcrease and then, a water potential decrease in the
might be more efficient than the passive absorptiorylem. This water potential decrease in the xylem,
under high humidity conditions. It was alsocauses a motor force to the water absorption,
observed that the calcium transportation occurrexesulting in positive hydrostatic pressure in the
more efficiently to the leaves covered with axylem. Thus, the whole root acts as a cell and the
transparent polyethylene bag than to the uncoveredulticelular radicular tissue behaves as an osmotic
one when the plant was kept in a nutritive solutioomembrane, establishing a positive hydrostatic
(Tibbitts, 1979). The water moves to the innehaft pressure in the xylem responding to the
leaf especially through the vascular tubes, whiclaccumulation of solutes. The radicular pressure is
form continuous channels from the root to the stermore evident in well-moisten (hydrated) plants
and through the petiole to the leaf's vascularrbe under low transpiration and humidity conditions.
The water moves from the vascular terminals to thin dryer conditions, when the transpiration level is
leaves from where the water loss in the vapor phasegher, the water is rapidly absorbed by the leaves
occurs. There are two water movements to the oaind is lost in the atmosphere, not developing a
of the plant. The first and the main one considerpositive pressure in the xylem. In spite of that
the water movement through the leaf parenchymauestions, the objective of this study was
towards the liquid-aerial interface in the innertpa evaluated the comportment dfoleus blumei

of leaf, and then in the vapor phase through tae leplants under stress salinity conditions.

intercellular filled with air towards the stomatal

pores of the leaf epidermis. The second way, which

is an auxiliary one and runs parallel to the filst, MATERIALS AND METHODS

can be verified through the parenchyma to the

liquid-aerial interface in the outer layer of theThe experiment was carried out at the Plant
epidermis cells and, during the vapor phase, througbhysiology laboratory of the Biological Science
the cuticle to the atmosphere. When there is Bepartment at ESALQ/USP, when three-months-
minimum transpiration, the water in the liquid phas old Coleus blumeplants were cultivated in pots
is transferred to the outer layer of the leaf andgvith 5.0 kg of soil. The shoots were cut at 10 cm
expelled like drops: this phenomenon is known affom the soil surface and the remaining stems
exudation. This phenomenon occurs by thénterlinked to glass tubes (3 mm x 1.20 m) by
hydathodes. It is produced by a positive pressutigexible rubber tubes (Figs. 1 and 2). Then, the
developed in the xylem as a consequence @fils were treated with different NaCl
radicular pressure. The volume of water exudatedoncentrations of 0.00; 0.25: 0.50 and 1.00 %.
by the phenomenon varies from a few drops tReadings were taken in a sunny day without
hundreds of milliliters, having an extremely vateab atmospheric turbulence at 12 p.m., 1:30 p.m., 3:00
composition (Wilkins, 1985). Generally, it can bep.m. and 4:30 p.m. The transpiration and stomatal
said that the roots function as passive absorptiorsistance were evaluated by using a Li-Cor 1600
surfaces by which the water is pushed up througporometer. The experiments were performed
developing forces in the stem loss surfacesandomly in linear blocks, with five replications,
However, when the transpiration level is low andand the data was submitted to variance analysis
the soil is humid, hot and aired, the roots work aand polynomial regression.

osmometers, producing radicular pressure, which

sometimes causes exudation (Kramer, 1983).

Water absorption can be affected by the variaioRESULTS AND DISCUSSION

in the solutes accumulation in the xylem, which

occurs as a result of metabolic fluctuation activityan increase of water osmotic absorption up to
(Hales, 1727; Arisz et al., 1951). This way, thethree hours after solutions addition for all of the
radicular pressure is reduced by the temperatufeatments with saline solutions, including the
decrease, inorganic nutrients retention andontrol was observed (Fig. 1). This showed that

metabolic inhibitors (Sutcliffe, 1980). the solutions were absorbed osmotically for a
The roots absorb ions from the diluted SOilcertain time independenﬂy of its saline

solution and transport them to the xylem. The
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concentration. Later on, a proportional reversion oThis would only be possible by using abscisic
osmotic absorption process to the NaChcid, one of the stomatal mechanism regulation
concentration increase was observed. factors. This way, the transpiration reduction seen
The equations showed greater reversion with 1%ith the applied NaCl concentrations increase, was
NaCl, medium reversion with 0.5% NaCl andprobably due to the increase of the ABA endogen
smaller reversion with 0.25% NaCl, compared taoncentration, which would act inhibiting the
control that presented a linear pattern of osmotiexpelling of H of the stomata guard cells,
absorption (Fig. 1)Coleus blumeplants, treated blocking the K absorption or speeding up its loss.
with the same solutions, appeared inverselyffhe consequences of the inhibitor's concentration
proportional to the NaCl concentration appliedincrease would be the closing of the stomata
(Fig. 2). Stomatal resistances appeared directimduced by the osmotic and water potentials
proportional to the used saline concentrationgicrease, and by the decrease of the pressure
(Fig. 3) These effects were probably due to gotential with the guard cells” hardening reduction
reduction on osmotic potentials and of pressurdAwad and Castro, 1992; Awang et al., 1993).
consequently reducing the cell water potential oBesides the ABA concentration increase (Zhao et
root surfaces and increasing the endogen abscisit, 1992; Mahmood and Quarrie, 1993), reduction
acid (ABA). As the volume of water applied in the of photosynthesis levels (Bethke and Drew, 1992),
soil and water leaf loss would be the same for akilteration on cell walls in tissues of the outer
of the treatments because of solar energhlayers, roots, and growth inhibition in plants under
absorption, it could be said that both the increaseonditions of salinity stress (Neumann et al., 1994)
of NaCl concentration added and the concentratiohave also been noticed. Besides salinity, stress as
of electrolytes in the soil solution, reduced themineral salts with lower movement in plants
cells’ water potential in the roots surface, whichdeficiency (calcium), water deficits and frost,
became more negative with the increase of salthich could promotes damage in plants, were
concentration. More water absorption would causeelated to the water disposable in the plant and
more electrolyte absorption. To reduce thavith osmotic absorption. The efficiency of root
excessive electrolyte absorption as in ldad Cl, pressure should be tested in herbs through the
which would harm the cells and would result inmethod adopted in this work to study possible
plant physiological problems, the reduction oftolerance or susceptibility of this plants to these
transpiration levels would be a good solution andstress conditions.

consequently an increase of stomatal resistance.

35 4

y = 2.85x +1.47

000 R? = 0.9989
30 m 0.25
A 0.50
25 - e 1.00 y =-0.149x2 + 3.58x - 0.37

R2 = 0.9956
20
15 4 y =-0.195x2 + 3.69x + 0,12
R2 = 0.9855

10

Height of water column (cm)

y =-0.313x2 + 4.17x - 0.12
R? =0.8396

6
Time (h)

Figure 1 - Water height column concerning the water osmotisogttion for Coleus blumeiin
relation to NaCl concentrations (%), in time
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Figure 2 - Transpiration ofColeus blumeplants according to NaCl concentrations (%) aratlireg
time. Average of 5 replications
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Figure 3 - Stomatal resistance i@oleus blumeplants according to NaCl concentrations (%) and
reading time. Average of 5 replications

CONCLUSIONS intensely in 1.00% NaCl concentration, reflecting
crescent water loss by the roots.

For all of the treatments, it was verified an

increase of osmotic absorption up to three hours

after the solutions addition. RESUMO

From this moment on, reversion of osmotic

absorption occurred proportionally to the salineMudas envasadas d€oleus blumei com trés

concentration increase. This happened mommeses de idade, foram submetidas a diferentes
concentracdes de cloreto de sédio (NaCl: 0,00;
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0,25; 0,50 e 1,00%). Visando determinar a@lahmood, A. and Quarrie, S. A. (1993), Effects of
absorcdo osmotica, as mudas tiveram seus caule§alinity on growth, ionic relations and physiolagic
cortados a 10 cm acima do solo. Os caules"a?ts of wheat, dis'omic addition Iine's from
remanescentes foram interligados a tubos de vidro Ninopyrum bessarabicumand two amphiploids.
por tubos flexiveis de borracha. Foram feitaﬁ,\lplaIrlt Breeding110: (4), 265-276.

X . P eumann, P. M.; Azaizeh, H. and Leon, D. (1994),
leituras (cm) a cada 30 minutos dos niveis dasHardening of root cell wall: a growth inhibitory
colunas de agua nos capilares, correspondentes 83sponse to salinity stressPlant, Cell and
absor¢bes osmoticas de agua, sendo ao tod@pyironmentl7: (3), 303-309.
realizadas onze leituras. Em outro momentosutcliffe, J. F. (1980)As plantas e a 4gus&o Paulo:
mudas deC. blumej com a mesma idade das EDUSP.
anteriores, receberam as mesmas concentragfesSuecliffe, J. F. and Baker, D. A. (1974pJants and
NaCl descritas anteriormente, e, ao ar livre, foram mineral salts London: Edward Arnold.
avaliadas em termos de transpiracéo e resisténdiaiz; L. and Zeiger, E. (1991)Plant physiology
estomatica, usando-se para isto porémetro |_|.Re.dwood City, California: Benjamin and Cummings.
1600. Usou-se delineamento  em bIocoér'bb'ttS’ T. W. (1979), Humidity and plants.

. . . BioSciencg29, 358-363.
casualizados, com cinco repeticdes, submetendo-ﬁﬁlkins M. B. (1985), Advanced plant physiology
os dados a andlise de variancia e regressaq ondon: Pitman. ’
polinomial. Verificou-se para todos os tratamentos
aumento da absor¢cdo osmotica até trés horas apos
a adicdo das solucdes. A partir desse momento Received: December 03, 2004;
observou-se reversdao da absorcdo osmdtica Revised: August 03, 2005;
proporcional ao aumento da concentracdo salina, Accepted: August 21, 2006.
sendo esse efeito mais pronunciado em 1,00 % de
NacCl, o que reflete perdas crescentes de agua pelas
raizes. No controle a absorcdo osmatica
apresentou comportamento crescente e linear com
0 passar do tempo. A transpiracdo foi
proporcionalmente reduzida com o aumento da
concentragao salina.

REFERENCES

Awang, Y. B.; Atherton, J. G. and Taylor, A. J. 989,
Salinity effects on strawberry plants grown in rock
wool. I. Growth and leaf water relation¥ournal of
Horticultural Science68: (5), 783-790.

Awad, M. and Castro, P. R. C. (1992)froducédo a
fisiologia vegetal S&o Paulo: Nobel.

Arisz, W. K.; Helder, R. J. and Van Nie, R. (1951),
Analysis of the exudation process in tomato plants.
Journal of Experimental Botang, 257-297.

Bethke, P. C. and Drew, M. C. (1992), Stomatal and
nonstomatal components to inhibition  of
photosynthesis in leaves 6fapsicum annunduring
progressive exposure to NaCl salinityPlant
Physiology99: (1), 219-226.

Hales, S. (1927)Yegetable staticsLondon: W and J.
Ineys and T. Woodward.

Kramer, P. J. (1983)\Water relations of plantsNew
York: Academic Press.

Brazilian Archives of Biology and Technology



