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ECOLOGICAL IMPLICATIONS OF BULLIFORM CELLS
ON HALOPHYTES, IN SALT AND WATER STRESS NATURAL
CONDITIONS
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ABSTRACT. Seven Romanian halophyte species were histo-anatomical investigated: Bolboschoenus maritimus
(L.) Palla ssp. compactus (Hoffm.) Dobrow, Carex distans L., Carex vulpina L. (Cyperaceae family), Juncus
gerardi Loisel. (Juncaceae), Agrostis stolonifera L., Alopecurus arundinaceus Poir. and Puccinellia distans (L.)
Parl. ssp. limosa (Schur) Jav (Poaceae). These species have been classified by the authors of the present study
as “amphibious” halophytes, related to the field observations and anatomical considerations. All the analyzed taxa
present bulliform cells at the foliar epidermis level. Despite the fact that there are different interpretations regarding
the bulliform cells role and functional significance, we correlate these structures with the ecological factors, salinity

and, respectively, drought conditions.
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INTRODUCTION

There are so many definitions of halophytes, but
often they are defined as those species that are able
to survive and reproduce in environments where the
salt concentration is around 200 mM NaCl or more
(Flowers and Colmer, 2008). As heterogeneous
complex ecological class, an ecological interpretation
of some anatomical features is far away to be easy to
make. Besides many controversial discussions, it seems
however like anatomical and morphological features
typical of halophytes are usually considered to be
adaptations to salinity (Poljakoff-Mayber, 1975).

In a nowadays, salt stress is the most intensely
studied of all abiotic stress types, because the salinity
is considered the main constraint for the agriculture
worldwide (Munns, 2002, 2005; Mittler, 2006; Bartels si
Sunkar, 2005; Marcum, 2002; Sairam and Tyagi, 2004;
Ashraf, 2004). As a rule, salinization and aridization
are complementary phenomena, through some common
pedologic processes, as well as by the fact that stress
caused by salinity is both dehydration stress and ionic
stress (Schulze, 2005). In fact, drought and salinity are
two major environmental factors determining plant
productivity and plant distribution. These two major
stressful factors affect more than 10 percent of arable land;
desertification and salinization are rapidly increasing on
a global scale decreasing average yields for most major
crops by more than 50 percent (Bray et al., 2000). Plant
responses to salt and water stress have much in common.
Salinity reduces the ability of plants to take up water, and
this quickly induces reduction in growth rate, along with
a suite if metabolic changes identical to those caused by
water stress.

Bulliform cells are structural features found
especially on species included in Poaceae (Duval-Jouve,
1875; Holm, 1891, 1892, 1895; Zhang and Clark, 2000;
Arriaga, 2000; Peterson, 2000; Tipping and Murray, 2000;

Khan, 2002; Kirkham, 2005; Gibson, 2009), Cyperaceae
(Duval-Jouve, 1871; Beal, 1886; Mazel, 1891; Metcalfe,
1971) and Juncaceae (Duval-Jouve, 1871). It looks like
these special cells do not occur on dicotyledons species.
Bulliform cells, sometimes named in various ways by
different authors over time, are large, regularly with thin
walled cell.

It is well know that many leaves are capable of
rolling up in dry, unfavourable, conditions and reopening
again under conditions when there is no water stress,
have special, thin-walled water-containing cells enable
them to make these movements (Cutler et al., 2007).
These are the bulliform or motor cells, which under
conditions of water deficit lose turgor and thus constrict
in upon themselves, causing lamina to fold or roll inward
edge to edge (Dickison, 2000).

Although bulliform cells also occur on non-
halophytic monocotyledons species — suggesting
probably an origin in a common ancestor — their
presence on species exposed both on drought and salinity
conditions requires a detailed and prudent analysis in
accordance with environmental factors.

MATERIAL AND METHODS

The sample material subjected to our analysis is
represented by leaves of halophytes, collected from
saline habitats, in plants anthesis phenophase. The
investigated taxa that were anatomically investigated
are: Bolboschoenus maritimus (L.) Palla ssp. compactus
(Hoffm.) Dobrow, Carex distans L., Carex vulpina L.
(Cyperaceae), Juncus gerardi Loisel. (Juncaceae),
Agrostis stolonifera L., Alopecurus arundinaceus Poir.
and Puccinellia distans (L.) Parl. ssp. limosa (Schur) Jav
(Poaceae). J. gerardi and B. maritimus were collected
from saline areas on Valea lui David (Iasi), and other taxa
- from Valea lui David (Iasi), during years of 2007-2008.
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With reference to halophytic character of these
species and considering also the categories in which
these halophytes may be included, it goes without saying
that here is no uniformity in this question. Anyway,
these halophytes have been classified as amphibious
halophytes (Grigore, 2008a; Grigore and Toma, 2010),
in a classification system which is based on halophytes
anatomical features and their relation with ecological
factors. The above mentioned taxa are regularly
hygrophylous species, but in some circumstances the
environments where they vegetate can be exposed to
more or less prolonged drought short seasons.

Thus, B. maritimus is aneohalophyte species (Bucur,
1961), preferential one (Topa, 1954), being included in
the second category by Prodan (1939); C. distans is a
preferential halophyte (Topa, 1954), mezohygrophyte,
facultative halophyte (Ciocarlan, 2000); C. vulpina was
characterized as a neohalophyte (Bucur, 1961); J. gerardi
was described as a euhalophyte (Bucur, 1960), preferential
halophyte (Topa, 1954), mezohygrohalophyte (Ciocarlan,
2000), included in the first category of Prodan (1939). 4.
stolonifera is a neohalophyte (Bucur, 1961), supporting to
salinity (Topa, 1954) and introduced in the first category
by Prodan (1939); A. arundinaceus is a preferential
halophyte (Topa, 1954), neohalophyte (Bucur, 1961)
and mezohygrophyte, facultative halophyte (Ciocarlan,
2000). P distans is considered an euhalophyte (Bucur,
1960), preferential halophyte (Topa, 1954), first category
including by Prodan (1939). It is obvious, considering
the above exposed information that these taxa have
been differently characterized by various plant biology
researchers. For further explanations and comments
regarding the terminology used by these botanists,

Fig. 1. Micrograph of cross section through the lamina of
B. maritimus (X 200)

On C. distans, the contour line of lamina has ,,V”
letter general form, with largely opened two lateral parts,
sometimes disposed even at the same level. The midvein
is well protruding on lower surface of the lamina; at this
level, the medial and the inferior epidermal cells have
papillae like hair aspect, with thick wall cells. The upper
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different classifications and equivalencies between them,
see the Grigore work (2008Db).

For subsequent histo-anatomical investigations, the
material was fixed and preserved in ethylic alcohol (70°).

Sectioning of the leaf samples was made using a
botanical razor and a microtome. The cross sections
thus obtained have been subsequently subjected to
the “classical” stages of a common histo-anatomical
procedure: immersion in sodium hypochlorite for 20-
30 min, washing with acetic water and drinking water,
then staining: first with iodine green (for 1 minute) and
washing in ethylic alcohol (90°) bath then second with
red carmine (for 20 min.), washing with water and finally
fixation in glycerol-gelatine.

After  obtaining  permanent  preparations,
micrographs have been taken using a NOVEX (Holland)
photonic microscope, with a Canon photo digital camera.

RESULTS AND DISCUSSION

After histo-anatomical analysis we found that all
investigated taxa have bulliform cells, at epidermis level
of the blade - if we are referring on Cyperaceae and
Poaceae taxa — and the leaf sheath level — referring on
Juncaceae species). These cells are regularly confined on
upper epidermis, distributed in isolated groups or in long
rows, forming bands of bulliform cells.

On  B. maritimus, epidermis has isodiametric
cells, the external cell wall being thicker than others and
covered by a thin cuticle; here and there, some stomata
could be also observed. In the midrib region, the epidermis
presents larger cells, which remind the bulliform-like cell
form. As we gradually are moving away from the midrib,
bulliform cells become less prominent (Fig. 1).

Fig. 2. Micrograph of cross section through the lamina of
Carex distans (X 200)

epidermal cells are very big, forming a bulliform cells
arch corresponding to the midvein (Fig. 2).

C. vulpina has bulliform cells clustering in the
midvein level, as in the case of previously mentioned
species. They are forming a more restricted arch,
regarding the number of cells (Fig. 3).
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Fig. 3. Micrograph of cross section
through the lamina of Carex vulpina (X 200)

On J. gerardi, the upper epidermis of leaf sheath
displays very large cells (Fig. 4), with external wall cell a
bitthicker than others. This kind of cells was not evidenced
in the case of two other Juncus species: J. acutus L. and
J. maritmus Lam. (Burduja C., Toniuc Angela, 1984);
the first mentioned species has been collected from
less wet sandy salinized soils, while the second, from
more wet and salinized depressions, localized between
maritime dunes of Saraturile - Dobrogea. Contrariwise,

Fig. 4. Micrograph of cross section through the leaf sheath
of Juncus gerardi (X 400)

the bulliform cells were observed on J. trifidus (Toma et
al., 1989), a species collected from subalpine region of
Ceahlau Mountains.

On A. stolonifera, the bulliform cells (Fig. 5) are
located in a small number at the bottom of some grooves
(Fig. 6), having a variable depth; these grooves form,
regularly, between the big vascular bundles. Moreover,
these grooves are protected, in the top, by short protecting
trichomes.

Fig. 6. Micr

Fig. 5. Micrograph of cross section through stolonifera

the lamina of Agrostis stolonifera (X 400)

ograph of cross section through the lamina of Agrostis
(X 200)
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A. arundinaceus has huge bulliform cells, disposed
in clusters consisting of 3-5 cells (Fig. 7), at the bottom of

Fig. 7. Micrograph of cross section through the lamina of
Alopecurus arundinaceus (X 400)
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small grooves (Fig. 8), localized between the mesophyll
areas comprising vascular bundles.

Fig. 8. Micrograph of cross section through the lamina of
Alopecurus arundinaceus (X 200)

P. distans shows enlarged bulliform cells (Fig. 9), confined on upper epidermis, in the line of some grooves
having various depth (Fig. 10).

Fig. 9. Micrograph of cross section through
the lamina of Puccinellia distans (X 400)

We have underlined in the background of this
work that the function and ecological significance of
these bulliform cells are still controversial and intensely
discussed.

Haberlandt (1914) included the Poaceae bulliform
cells among motor, hygroscopic system of plants; the
author stated that the leaves of many xerophilous grasses
become folded, or curl up, when they are insufficiently

Fi. 10. Micrograph of cross section through lamina of
Puccinellia distans (X 200)

supplied with water, in order to avoid excessive
transpiration. Other botanists have also assigned a similar
function of these cells, closely related with xerophytic
environment value. Beal (1886) called also these cells
“blister” cells; according to him, when dry, these cells
contract and aid in closing the leaf in two or three ways.
When moist the leaf expands again. Sometimes, their
role in leaves rolling in drought conditions is so intensely
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asserted, so authors such Mazel (1891) refers to “cellules
de plissement”, “appareil de plissement” or even “tissue
d’articulation”, related to their role among some Carex
species.

Brongniart (1860) is among the first botanist which
observed movements of leaves on a Poaceae species.
Nothing is mentioned about bulliform cells, but it is
interesting that the author was able to distinguish between
this kind of movement and typical, motor movement of
dicotyledons species.

Duval-Jouve (1875) has gone more deeply
concerning the presence and the role of bulliform cells
on Poaceae; moreover, he even proposed a classification
system of grasses, according to the number and
disposition of bulliform cells. This French botanist
discerned exactly that the rolling movement of grasses
leaves in drought conditions is different from that
expressed on dicotyledons. The movement induced by
bulliform cells is very slow and is involved in diminution
of leaves transpiration surface.

Kearney (1900) identified bulliform cells on some
grasses, observing that the margins of leaves become
more or less involute, when the supply of water is small,
becoming flat when moisture is plentiful.

Britton (1903) opined that the presence of bulliform
cells, considered by him “water-cells”, on grasses and
sedges represent one of the most interesting and striking
examples of special adaptations to xerophytic conditions.
These cells are found at the bottom of the grooves of the
upper surface of the leaf. The stomata are situated along
the slopes of the groove and when the bulliform cells
give up their water the grooves close up, thus preventing
in a large extent the further escape of water through the
stomata.

Warming (1909) considered that leaves rolling of
Poaceae and Cyperaceae species represents a manner
in which the transpiring surface is reduced. In these
movements a part is played by bulliform cells (called by
Warming “hinge-cells”) lying in furrows on the upper
face of the leaves. These cells are deeper than the other
epidermal cells and their cellulose walls are easily folded
as the leaf curls.

Fahn and Cutler (1992) stated that bulliform cells
of grasses are a xeromorphic adaptation. Moreover, the
bulliform cells were found to be more developed in
desert ecotypes than in mesophytic ecotypes of some
plants investigated (Waisel, 1963), clearly suggesting
that these cells are involved in plant adaptive response to
water and salt stress.

For other authors, these cells were considered as
water storage (Prat, 1948; Eleftheriou and Noistakis,
1978; Vecchia et al., 1998) and can participate in the
young leaf expansion. Their implication in leaf rolling
and/or folding of mature leaves was discussed by some
researchers (Shields, 1951; Jane and Chiang, 1991).
According to Esau (1965), during excessive water loss,

the bulliform cells, together with or without colorless
cells, became flaccid and enabled to leaf either to fold
or to roll. Clayton and Renvoize (quoted by Alvarez
et al., 2008), opined that bulliform cells favoured the
light entrance in the mesophyll cells. In some species,
bulliform cells were not actively or specifically related
to unfolding and hygroscopic leaf movement, since they
accumulated large amounts of silicon and their outermost
walls might thicken and cutinize, becoming stiff (Ellis,
1976).

It was shown that in water stress conditions, the
activity ofthese cells become more intensely. For instance,
Loudetiopsis chrysothrix and Tristachya leiostachya
showed leaf rolling of mature and young leaves during
water stress (Alvarez et al., 2008). According to Moulia
(1994) (quoted by Alvarez et al., 2008), the leaf rolling
is a xeromorphic characteristic and has adaptive value,
reducing light interception, transpiration and protecting
the leaf from dehydration and overheating. This it would
be a mechanism to minimize light exposition and water
transpiration, thus keeping the stomata in a microclimate
with higher humidity, preventing drought conditions
(Clarke, 1986; Silva et al., 2001).

Other species exposed to water stress show, among
different adaptations, bulliform cells, such as Carex
ligerica (Toma si Dumitru, 1973), Zea mays (Ristic et
al., 1991), common bean (Silva et al., 1999) and tomato
(Sam et al., 2000).

Nawazish et al. (2006) showed that on a species
collected from xeric and saline habitat, Cenchrus
ciliaris, the bulliform cells were well developed in
severe drought; it was assumed that these cells are very
crucial under moisture limited environments as these
are responsible for leaf curling and ultimately checking
water loss through leaf surface (Albernethy et al., 1998;
Alvarez et al., 2003).

But Ellis (1976) suggested caution in assigning
bulliform cells a role in leaf movement; Shields (1951)
described that the subepidermal sclerenchyma and
other elements of mesophyll rather than bulliform cells
contributed to involution in some xeric grasses.

Our ecological short notes in the field sustain the
above mentioned observations. Our investigated taxa are
mainly hygrophilous, some of them being salt marshes
species. The temporary characters of soil moisture and
atmosphere humidity induce anyway the necessity of
some xeromorphic adaptations, as a response to both
water stress and salt stress. It was already stated that salt
stress has a high dehydration component.

CONCLUSIONS

The results of our investigations, the ecological
observations in the field and the interpretations made
by many authors sustain the idea that bulliform cells
are involved in the way that halophytes response to
salt and water stress. These investigated taxa were
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nominated by us “amphibious halophytes”, because they
regularly vegetate in wet habitats, but sometimes these
environments could be exposed to drought conditions.
It is an integrative way to see these bulliform cells as a
logic adaptation to environmental factors.

Anyway, an opened vision must be followed;
we consider that some additional studies-mainly in
experimental conditions - are required in order to obtain
more exactly data regarding the role bulliform cells play
in halophytes strategies.

REFERENCES

Albernethy GA, Fountain DW, Mcmanus MT,
Observations on the leaf anatomy of Festuca novae-
zelandiae and biochemical responses to a water
deficit. New Zeal. J. Bot., 36 (1), 113-123, 1998

Alvarez JM, Rocha JF, Machado SR, Bulliform cells
in Loudetiopsis chrysothrix ~(Ness) Conert and
Tristachya leiostachya Nees (Poaceae): Structure in
relation to function. Braz. Arch. Biol. Technol., 51
(1), 113-119, 2008

Alvarez JM, Rocha JF, Machado SR, Ultrastructural
aspects of bulliform cells in two Cerrado Grass
species. Proc. Of the XIX Congr. Brazil. Soc.
Microscopy and Microanalysis (abstract), 2003

Arriaga MO, Austral South American species of
Eriochloa. In. Grasses. Systematics and evolution,
ed. by Jacobs SWL, Everett J, CSIRO Publishing,
Collingwood, 141-148, 2000

Ashraf M, Some important physiological selection
criteria for salt tolerance in plants. Flora, 199, 361-
376, 2004

Bartels D, Sunkar R, Drought and salt tolerance in plants.
Crit. Rev. Plant Sci., 24, 23-58, 2005

Beal WB, The bulliform or hygroscopic cells of grasses
and sedges compared. Bot. Gaz., 2, 321-326, 1886

Bray EA, Bailey-Serres J, Weretilnyk E, Responses to
abiotic stresses. In. Biochemistry and Molecular
Biology of Plants, ed by Buchnann WB, Jones
R, American Society of Plants Physiologists,
Rockville, MD, 1158-1249, 2000

Britton WE, Vegetation of the North Haven sand plains.
Bull. Torr. Bot. Club, 30, 571-620, 1903

Brongniart A, Note sur le sommeil des feuilles dans une
plante de la famille de Graminées, le Strephium
guianense. Bull. Soc. Bot. Fr., 7, 470-472, 1860

Bucur N, Dobrescu C, Turcu GH, Lixandru GH, Tesu C,
Contributii la studiul halofiliei plantelor din pasuni
si fanete de saraturd din Depresiunea Jijia-Bahlui
(partea a II-a). Stud. si Cerc. (Biol. si St. Agricole)
Acad. R.P.Romane, filiala Iasi, 11 (2), 333-347,
1960

SV

Bucur N, Dobrescu C, Turcu GH, Lixandru GH, Tesu C,
Contributii la studiul halofiliei plantelor din pasuni
si fanete de saraturd din Depresiunea Jijia-Bahlui
(partea a I1I-a). Stud. si Cerc. (Biol. si St. Agricole)
Acad. R.P.R., filiala Iasi, 12 (1), 169-190, 1961

Burduja C, Toniuc Angela, Données céno-écologiques
et histo-anatomiques sur les espéces Juncus acutus
L. et J. maritimus Lam. Acta Botanica Horti
Bucurestiensis. Volum omagial dedicat Centenarului
Herbarului Gradinii Botanice Bucuresti, 93-96,
1984

Ciocarlan V, Flora ilustratda a Romaniei. Ed.Ceres,
Bucuresti, 2000

Clarke JM, Effect of leaf rolling on leaf water loss in
Triticum spp. Can. J. Plant Sci., 66, 885-891, 1986

Cutler DF, Botha T, Stevenson DW, Plant Anatomy. An
applied approach. Blackwell Publishing, Australia,
2007

Dickison WC, Integrative Plant Anatomy. Harcourt
Academic Press, San Diego, San Francisco, New
York, Boston, London, Toronto, Sydney, Tokyo,
2000

Duval-Jouve J, Sur quelques tissus de Joncées, de
Cyperacées et de Graminées. Bull. Soc. Bot. Fr., 18,
231-239, 1871

Duval-Jouve J, Histotaxie des feuilles de Graminées.
Ann. Sci. Nat., 6 ser., Bot., 1, 294-371, 1875

Eleftheriou EP, Noistakis B, A comparative study on the
leaf anatomy of the grasses Andropogon ischaemum
and Chrysopogon gryllus. Phyton, 19, 27-36, 1978

Ellis RP, A procedure for standardizing comparative
leaf anatomy in the Poaceae. 1. The leaf-blade as
viewed in transverse section. Bothalia, 12, 65-109
(abstract), 1976

Esau K, Plant anatomy (second edition). John Wiley and
Sons, New York, London, Sydney, 1965

Fahn A, Cutler DF, Xerophytes. Handbuch der
Pflanzenanatomie (band XIII, teil 3), Gebriider
Borntraeger, Berlin, Stuttgart, 1992

Flowers TJ, Colmer TD, Salinity tolerance in halophytes.
New Phytol., 179, 945-963, 2008

Gibson DJ, Grasses and Grassland Ecology. University
Press, Oxford, 2009

Grigore M-N, Cercetari histo-anatomice cu implicatii
ecologice la specii de halofite din Moldova. Teza de
doctorat, Universitatea ,,Alexandru Ioan Cuza” Iasi,
Facultatea de Biologie, 2008a

Grigore M-N, Halofitotaxonomia. Lista plantelor de
saraturd din Romania. Edit. Pim, Iasi, 2008b

Grigore M-N, Toma C, Halofitele. Aspecte de anatomie
ecologica. Ed. Univ. ,,Al. I. Cuza”, lasi, 2010

790

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 21, issue 4, 2011, pp. 785-792
©2011 Vasile Goldis University Press (www.studiauniversitatis.ro)



! I!‘ Ecological implications of bulliform cells on halophytes, in salt and water stress natural conditions

Haberlandt G, Physiological plant anatomy. Macmillan
and Co, London, 1914

Holm T, A study of some anatomical characters of North
American Gramineae. Bot. Gaz., 16, 166-171, 219-
225,275-281, 1891

Holm T, A study of some anatomical characters of North
American Gramineae. Bot. Gaz., 17, 358-362, 1892

Holm T, A study of some anatomical characters of North
American Gramineae. Bot. Gaz., 20, 362-365, 1895

Jane WN, Chiang SHT, Morphology and development
of bulliform cells in Arundo formosana Hack.,
Taiwania, 36, 85-97, 1991

Kearney TH, The plant covering of Ocracoke Island: a
study in the cology of the North Carolina strand
vegetation. Contr. U.S. Nat. Herb., 5,261-319, 1900

Khan A, Plant Anatomy and Physiology. Kalpaz
Publications, 2002

Kirkham MB, Principles of soil and plant water relations.
Elsevier Academic Press, London, 2005

Marcum KB, Growth and physiological adaptations of
grasses to salinity. In Handbook of plant and crop
physiology, (second edition), ed. by Pessarakli M,
Marcel Dekker, Inc., New York, Basel: 623-636,
2002

Mazel A, Etudes d’anatomie comparée sur les organes
de végétation dans le genre Carex. These. Geneve,
Imprimerie Soullier, Rue de la Cité, 19, Université
de Geéneve

Mittler R, Abiotic stress, the field environment and stress
combination. Trends in Plant Sci., 11 (1), 15-19,
2006

Munns R, Comparative physiology of salt and water
stress. Plant Cell and Environ., 25, 239-250, 2002

Munns R, Genes and salt tolerance bringing them
together. New Phytol., 167, 645-663, 2005

Metcalfe CR, Anatomy of the Monocotyledons. V.
Cyperaceae, Clarendon Press, Oxford, 1971

Nawazish S, Hameed M, Naurin S, Leaf anatomical
adaptations of Cenchrus ciliaris L. from the Salt
Range, Pakistan against drought stress. Pakistan J.
Bot., 38 (5), 1723-1730, 2006

Peterson PM, Systematics of the Muhlenbergiinae
(Poaceae: Eragrostidae). In. Grasses. Systematics
and evolution, ed. by Jacobs SWL, Everett J, CSIRO
Publishing, Collingwood, 195-212, 2000

Poljakoff-Mayber A, Morphological and anatomical
changes in plants as a response to salinity stress.
In: Plants in saline environments, ed. by Poljakoff-
Mayber A, Gale J, Springer Verlag, Berlin,
Heidelberg, New York: 97-117, 1975

Prat K, General features of the epidermis in Zea mays.
Ann. Missouri. Bot. Garden., 35,341-351 (abstract),
1948

Prodan I, Flora pentru detrminarea si descrierea plantelor
ce cresc in Romania. II. (editia a II-a). Edit. Cartea
Romaneasca, Cluj-Napoca, 253-305, 1939

Ristic Z, Cass DD, Leaf anatomy of Zea mays L. in
response to water shortage and high temperature:
a comparison of drought-resistant and drought-
sensitive lines. Bot. Gaz., 152 (2), 173-185, 1991

Sam O, Jerez E, Dell’ Amico J, Ruiz-Sanchez MC, Water
stress induced changes in anatomy of tomato leaf
epidermis. Biol. Plant., 43 (2), 275-277, 2000

Sairam RK, Tyagi A, Physiology and molecular biology
of salinity stress tolerance in plants. Curr. Sci., 86,
407-421, 2004

Schulze E-D, Beck E, Miiller-Hohenstein K, Plant
Ecology. Springer Verlag, Berlin, Heidelberg, 2005

Shields LM, The involution mechanism in leaves of
certain xeric grasses. Phytomorphology, 1, 225-241,
1951

Silva H, Martinez JP, Baginsky C, Pinto M, Effect of
water deficit on the leaf anatomy of six cultivars of
the common bean, Phaseolus vulgaris. Rev. Chil.
Hist. Natural, 72 (2), 219-235, 1999

Silva S, Soares AM, Oliveira LEM, Magalhaes PC,
Respostas fisiologicas de gramineas promissoras
para  revegetacao ciliar de  reservatorios
hidreletricos, submetidas a deficiencia hidrica.
Ciencia Agrotecnica, 25, 124-133, 2001

Tipping Claudia, Murray DR, Effects of elevated
atmospheric [CO,] in Panicum species of different
photosynthetic modes (Poaceae: Panicoideae). In.
Grasses. Systematics and evolution, ed. by Jacobs
SWL, Everett J, CSIRO Publishing, Collingwood,
259-266, 2000

Toma C, Dumitru Emilia, Contributii la studiul histo-
anatomic al organelor vegetative de la Carex ligerica
J. Gay. Stud si Com. Muz. St. Nat. Suceava, 3, 5-18,
1973

Toma C, Motiu Tamara, Nitd Mihaela, Filipescu
Georgeta, Cercetari anatomo-ecologice asupra
unor plante ierboase din etajul subalpin al muntilor
Caliman. An. St. Univ. ,,Al. 1. Cuza” lasi, s. II a
(Biol.) (supl.), 35, 5-26, 1989

Topa E, Vegetatia terenurilor sarate din R.P.R., Natura, 6
(1), 57-76, 1954

Vecchia FD, Asmar TF, Calamassi R, Rascio N, Vazzana
C, Morphological and ultrastructural aspects of
dehydration and rehydration in leaves of Sporobolus
stapfianus. Pl. Growth Reg., 24, 219-228, 1998

Zhang W, Clark LG, Phylogeny and classification of the
Bambusoideae (Poaceae). In. Grasses. Systematics

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 21, issue 4, 2011, pp. 785-792
©2011 Vasile Goldis University Press (www.studiauniversitatis.ro)

791



Grigore M.N., Toma C.

and evolution, ed. by Jacobs SWL, Everett J, CSIRO
Publishing, Collingwood, 35-42, 2000

Waisel Y, Ecotypic differentiation in the flora of Israel.
III. Anatomical studies of some ecotype pairs. Bull.
Res. Counc. Israel, Sec. D, 11, 1963

SV

Warming E, Oecology of Plants. An introduction to
the study of plant-communities. Clarendon Press,
Oxford, 1909

792

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 21, issue 4, 2011, pp. 785-792
©2011 Vasile Goldis University Press (www.studiauniversitatis.ro)



