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Abstract. The�link�between�plants�and�gypsum�soil�dates�back�to�the�19th�century.�In�recent�years,�an�increasing�num-
ber�of�articles�have�dealt�with�this�very�special�type�of�flora�from�various�perspectives.�The�existence�of�crusts�on�the
soil,�xericity�and�nutritional�imbalances�that�these�plants�–�some�of�which�are�mineral�accumulators�–�are�submitted
to,�have�turned�them�into�interesting�subjects�of�study�at�different�levels,�from�the�molecular�to�the�biogeographical
and�macroecological�ones.�These�plants�might�represent�a�relevant�model�for�research�on�vegetal�evolution�and�spe-
cialization,�due�to�the�high�number�of�endemisms�that�concentrate�on�gypsum,�some�of�them�very�local�and�seriously
endangered�in�many�cases.�As�a�matter�of�fact,�the�Habitats�Directive�in�the�E.U.�does�not�only�include�several�gyp-
sophile�species,�but�it�also�considers�gypsum�outcrops�priority�habitats.�The�creation�of�a�global�gypsophytes�check-
list�may� favour� the�possibility� to� increase�knowledge�about� this� interesting� flora� further.�Nevertheless,�as� there�are
many�gypsum�territories�in�the�world,�the�elaboration�of�such�a�list�demands�the�participation�of�an�ever�growing�num-
ber�of�researchers�and�local�experts.�Four�aspects�have�been�deemed�of�interest�in�this�research�for�the�creation�of�a
checklist:
Firstly,�discussion�about�whether�to�consider�“gypsum-tolerant�plant”�and�“gypsophyte”�(gypso-�from�the�Greek,�gyp-
sum�and�–phyte,�plant)�as�synonymous�terms�or�not,�as�happens�with�“salt-tolerant�plant”�and�“halophyte”�(or�“salt�tol-
erance”�and�“halophily”).�In�the�second�place,�there�is�the�terminological�question�that�affects�all�those�words�derived
from�the�root�gyps-�(gypsophile,�gypsicolous,�gypsovag�…)�which�should�be�standardized�so�as�to�facilitate�scientific
communication.�The�third�question�is�related�to�the�gypsiferous�soils,�or�maybe�it�would�better�to�call�them�gypsic�hori-
zons�as�the�gypsum�contents�of�these�can�be�critical�in�order�to�discriminate�between�gypsophytes�and�plants�that�are
not�so.�The�fourth�aspect�deals�with�the�possibility�to�use�chemical�composition�or�stoichiometry�in�order�to�discrimi-
nate�between�gypsophytes�and�the�rest�of�plants,�or�at� least,� to�discriminate�between�the�accumulative�strategy�and
other�nutritional�strategies.�Finally,�a�fifth�aspect�remains�to�be�discussed,�highlighting,�at�least�superficially,�which�ter-
ritories�(in�this�case,�countries)�are�those�where�the�putative�existence�of�gypsophile�flora�is�believed�to�appear.
Having�examined�these�questions�through�the�revision�of�91�papers�resulting�from�a�search�on�Scopus�it�is�clear�that
gypsum-tolerance� and�gypsophily� cannot� be� accepted� as� synonyms.� In� addition,� gypsophytes,� at� least� for� the� time
being,�cannot�be�defined�in�any�other�way�but�resorting�to�the�classical�or�inductive�criterion,�i.e.,�plants�growing�exclu-
sively�on�gypsum.�As�regards�soils,�the�level�of�gypsum�gypsophile�vegetation�can�tolerate�is�frequently�over�50%.
Apart�from�that,�although�the�accumulator�strategy�is�common�among�gypsophytes,�especially�of�Ca�and�S,�this�is�not
a�trait�that�can�be�generalized,�as�is�not�the�fact�that�these�minerals�should�concentrate�on�leaves.�Roots,�at�least�in�the
case�of�Ca,�can�also�accumulate�large�quantities.�So�far,�research�on�gypsophily�has�focused�on�around�ten�countries,
which� is�noteworthy�when�compared� to� the�75�where� references�or� signs�of�gysophile� flora�have�been� found;� this
makes�it�even�more�interesting�to�elaborate�a�checklist�that�could�broaden�knowledge�in�this�area.
Keywords: gypsophile;�gypsophyte;�gypsicolous;�gypsovag;�global�checklist;�flora;�accumulator�strategy.

[es]�Base�conceptual�para�un�catálogo�global�de�gipsófitos�verificado

Resumen. El�vínculo�entre�las�plantas�y�los�suelos�de�yeso�(gipsofilia)�puede�remontarse�hasta�el�siglo�XIX.�Durante
los�últimos�años�ha�sido�creciente�el�número�de�artículos�que�se�han�ocupado,�desde�diferentes�puntos�de�vista,�de�esta
flora�tan�peculiar.�La�existencia�de�costras�en�el�suelo,�la�xericidad�y�los�desequilibrios�nutricionales�que�afrontan�estas
plantas,�algunas�de�ellas�acumuladoras�de�ciertos�minerales,�las�convierte�en�interesantes�objetos�de�estudio�a�diferen-
tes�escalas,�desde�la�molecular�a�la�biogeográfica�y�macroecológica.�Estas�plantas�pueden�representar�un�interesante
modelo�para�el�estudio�de�la�evolución�y�especiación�vegetal�por�el�gran�número�de�endemismos�que�se�concentran�en
los�yesos,�algunos�de�ellos�muy�locales�y�en�no�pocos�casos�seriamente�amenazados.�De�hecho,�la�Directiva�Hábitats
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Introduction

The�interest�in�plants�species�present�on�espe-
cial�substrates�has�grown�considerably�during
recent�years.�Halophytes�and�serpentinophytes
are� a� good� evidence� for� that.� Salt� tolerance
refers� to� various� morphological,� physiologi-
cal,� and� biochemical� adaptations� that� enable
plants�to�survive�and�complete�their�life�cycles
in�saline�environments.�Such�plant�species�are
often� referred� to� as� halophytes� (Saslis-
Lagoudakis &�al.,�2014).�For�the�study�of�this
type�of�plants,�a�database�was�started�and�com-
piled�by�James�Aronson�during�the�1980s:�his
‘HALOPH,�a�Data�Base�of�Salt�Tolerant�Plants
of�the�World’�was�published�in�1989�(Santos &
al.,�2016).�The�primary�criterion�for�inclusion
in�HALOPH�was�“known�or�presumed� toler-
ance� to� electrical� conductivity�measuring� (or
estimated�to�be)�at�least�7.8�dS�m-1,�during�sig-
nificant� periods� of� the� plant’s� entire� life”
(Aronson,� 1989).� Since� the� publication� of,
information� has� been� updated� (Menzel� &
Lieth,�2003)�and�nowdays� it� is�available�as�a
webpage� which� is� continuously� growing
(Santos�&�al.,�2016;�http://www.sussex.ac.uk/
affiliates/halophytes/index.php).�According�to

the� way� this� checklist� is� elaborated,� a� halo-
phyte�is�a�plant�that�completes�its�life�cycle�in
a�salty�environment;�many�survive�in�seawater
or�even�higher�concentrations�of�salt.�
In�the�case�of�serpentines,�it�is�possible�to

find� the� International� Serpentine� Ecology
Society;�yet,�according�to�the�available�infor-
mation,�it�is�not�running�the�development�of�a
data�base�about�plants�growing�on�this�type�of
substrate.� Despite� this,� a� number� of� mono-
graphs�have�been�so�far�published�worldwide
(Baker�&�al.,�1992;�Roberts�&�Proctor,�2013)
as�well�as�many�articles�about�species�that�are
able� to� accumulate� heavy� metals� (Baker� &
Brooks,� 1989;�Baker &�al.,� 1994;�Galardi�&
al.,�2007;�Sheoran &�al.,�2011),�a�widespread
trait� in� serpentinophyle� plants.� Boyd� &� al.
(2009)�mention� different� points� of� biological
interest� for� the� study� of� serpentine� outcrops,
mainly:� soil� characterization,� the� knowledge
of� their� peculiar� biota,� the� species-area� rela-
tionship� and� (edaphic)� island� biogeography,
phylogenetic�and�evolutionary�aspects�related
to� adaptation� (serpentine� syndrome)� and
endemicity,� the�genetic�basis�of� the� tolerance
to� hostile� environment� (xericity� and� metal
hyperaccumulation),� ecophisiological� and

de�la�UE�no�sólo�incluye�varias�especies�gipsófilas,�sino�que�considera�a�los�afloramientos�de�yeso�un�hábitat�priorita-
rio.�La�creación�de�un�catálogo�o�checklist�de�gipsófitos�a�nivel�global�puede�impulsar�el�conocimiento�de�esta�intere-
sante�flora.�Sin�embargo,�puesto�que�existen�muchos�territorios�yesíferos�repartidos�por�todas�las�regiones�de�la�Tierra,
la�elaboración�de�este�listado�requiere�la�participación�de�un�gran�número�de�investigadores�y�expertos�locales.�Para
construir�esa�checklist,�cuatro�aspectos�fueron�considerados�de�interés�en�esta�investigación.
En�primer�lugar�la�discusión�en�torno�a�si�pueden�ser�considerados�sinónimos�“planta�gipso-tolerante”�(capaz�de�cre-
cer�sobre�el�yeso)�y�gipsófito,�por�analogía�con�“planta�resistente�a�la�salinidad”�y�halófito�(o�“tolerancia�a�la�salini-
dad”�y�“halofilia”).�Esta�discusión�se�extendería�a�los�conceptos�de�gipso-tolerante�y�gipsofilia.�En�segundo�lugar�está
la�cuestión�terminológica�que�afecta�sobre�todo�a�las�palabras�derivadas�de�la�raíz�gyps- (gipsofilo,�gipsicola,�gypso-
vago,…),�así�como�a�toda�una�serie�de�adjetivos�complementarios�(estricto,�verdadero,�preferente,�extendido,…).�En
este�caso�la�cuestión�fundamental�es�si�gipsofito�y�gipsofilo�pueden�emplearse�indistintamente.�La�tercera�cuestión�está
relacionada�con�los�suelos�yesíferos�o�quizás�sea�mejor�decir�con�los�horizontes�gípsicos�ya�que�el�contenido�en�yeso
de�los�mismos�puede�ser�crítico�a�la�hora�de�discriminar�entre�un�gipsófito�y�una�especie�que�no�lo�sea.�El�cuarto�aspec-
to�tiene�que�ver�con�la�posibilidad�de�utilizar�la�composición�química�o�estequiométrica�para�distinguir�a�los�gipsófi-
tos�de�las�plantas�que�no�lo�son�o,�al�menos,�para�separar�la�estrategia�acumuladora�de�otras�estrategias�nutricionales.
Y�quedaría�un�quinto,�poner�sobre�la�mesa�aunque�sea�de�forma�somera,�aquellos�territorios�(en�este�caso�países)�de
los�que�se�tiene�noticia�que�pueden�tener�una�flora�gipsófila.
Tras�examinar�estas�cuestiones�a�través�de�la�revisión�de�91�artículos�obtenidos�de�una�búsqueda�en�Scopus,�es�evi-
dente�que�no�se�pueden�considera�sinónimos� la�gipso-tolerancia�y� la�gisofilia.�Además,� los�gipsófitos,�al�menos�de
momento,�no�pueden�definirse�de�otra�manera�que�no�sea�recurriendo�al�criterio�clásico�o�inductivo,�i.e.,�plantas�que
crecen�exclusivamente�en�el�yeso.�Por�lo�que�respecta�al�suelo,�el�nivel�de�yeso�que�soporta�la�vegetación�gipsófila
suele�estar�frecuentemente�muy�por�encima�del�50%.�Por�otra�parte,�aunque�entre�los�gipsófitos�es�frecuente�la�estra-
tegia�acumuladora,�en�especial�de�Ca�y�S,�no�es�un�rasgo�generalizable�como�tampoco�lo�es�que�esos�minerales�se�con-
centren�exclusivamente�en�las�hojas.�Las�raíces,�al�menos�en�el�caso�del�Ca,�también�pueden�acumular�grandes�canti-
dades.�Hasta�ahora�la�investigación�sobre�la�gipsofilia�se�ha�concentrado�en�unos�10�países,�lo�que�contrasta�con�los�75
en� los�que�se�han�encontrado� referencias�o� indicios�que�pueden�albergar� flora�gipsófila,�circunstancia�que�pone�de
manifiesto�el�interés�de�elaborar�una�checklist�para�favorecer�el�conocimiento�de�este�tipo�de�flora.
Palabras clave: gipsófilo;�gipsícola;�gipsófito;�gipsovago;�lista�verificada global;�flora;�estrategia�acumuladora.
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environmental� aspects� linked� to� the� mineral
uptake,�accumulation,�translocation�and�exclu-
sion� as� well� as� applied� aspects� such� as� land
biogeochemical� exploration,� phytoremedition
and�conservation�biology.�
Undoubtedly,� the� potential� use� of� these

plants�as�phytoremediators�is�one�of�the�main
points� of� interest� of� this� kind� of� flora
(Dushenkov�&�al.,�1997;�Sheoran�&�al.,�2011;
Khan�&�Sajad,�2013),�a�feature�that�can�also�be
extended�to�halophytes,�whose�high�potential�to
accumulate�different�elements�(Hasanuzzaman
&�al.,�2014)�has�been�demonstrated.�In�some
cases,�this�ability�has�been�used�even�with�the
aim� to� carry� out� biogeochemical� prospection
of�valuable�minerals�(Reid�&�Hill,�2010;�2013;
Reid�&�al.,�2008).
Moreover,�halophilous�flora�allows�its�very

study� from� different� points� of� relevance,
including�economical�ones�(Hameed�&�Khan,
2011).�Perhaps�the�most�relevant�aspect�which
is� constantly� emphasized� is� the� need� to
increase� productivity� of� the� wide� arid� and
saline�areas�from�the�Earth�under�challenging
environmental� conditions� so� as� to� feed� the
global� population� (Bennet &� al.,� 2013;
Bromham,�2014).
In�the�case�of�gypsophily research�(Parsons,

1976),�all�the�aspects�cited�before�are�present,
regarding�the�interest�and�utility�of�these�spe-
cial�floras.�For�instance,�given�that�up�to�0.7�%
of� the� terrestrial� surface� harbor� gypsum� out-
crops�and�that�most�of�them�are�present�in�arid
regions� (IUSS�Working�Group�WRB,� 2015),
their� genetic� background� can� be� used� to
improve�the�crop�productivity�in�low�produc-
tivity�environments.�In�addition�to�this,�there�is
no� doubt� about� their� usefulness� in� restoring
degraded�lands�and�facing�climatic�change,�as
these�plants�are�regarded�as�the�most�resistant
to� drought� (Merlo� &� al.,� 2011).� Moreover,
although� little� exploited,� these�plants� show�a
high�potential�as�phytorremediators,�since�they
can�accumulate�high�levels�of�minerals�such�as
Boron� (Babaoglu� &� al.,� 2004)� or� Strontium
(Mota &�al.,�2017),� this� last�with�radioactive
isotopes� (Dushenkov� &� al.,� 1997;
Kartosentono�&�al.,�2001;�Singh�&�al.,�2004).
Additionally,� their� presence� can� be� useful� to
detect�new�mineral�resources,�such�as�gypsum
(Escavy� &� al.,� 2012).� Recently,� it� has� been
demonstrated� that� these� plants� are� able� to
extract�crystalline�or�structural�water�(Palacio
&�al.,�2014),�a�property�that�could�be�used�in
hostile� environments�where� there� is� no� other

way�to�access�this�resource,�as�would�happen
in�the�still�distant�case�of�Mars.�Following�an
analogy� with� other� physical� processes� to
extract� water� from� gypsum� (Van� Der� Gaag,
2008),� one� could� speak� of� “water� phytomin-
ing”.�All�these�reasons�and�others�that�will�be
presented� below,� can� be� drawn� to� encourage
the�creation�of�a�database�of�plants�present�on
gypsum�outcrops.�
This�idea�was�recently�presented�at�the�first

GYPNET�meeting,� a� network� of� researchers
working� on� gypsum� ecosystems,� that� has
recently� taken� place� in� Aranjuez� (Madrid,
Spain),� and� was� conducted� by� Sara� Palacio
(Instituto� Pirenaico� de� Ecología,� Jaca)� and
Adrian�Escudero�(Rey�Juan�Carlos�University,
Madrid).� However,� before� undertaking� this
titanic� task,� it� would� be� important� to� clarify
some�basic�points�related�to�“gypsum�tolerant
plants”,�an�expression�relating�to�“salt�tolerant
plants”,� which� was� included� in� eHALOPH.
Previously,�Golubic�(1980)�pointed�at�the�dif-
ference� between� “halotolerance”� and
“halophily”,� as� the� distinction� between
halophilic� (Na+-requiring)� and� halotolerant
organisms�is�not�suitable�to�describe�the�entire
spectrum�of�adaptations�to�salt.�Silva-Graca�&
al.�(2003)�go�further�when�they�affirm�that�in
the�case�of�yeast�while�halotolerance�is�a�clear,
well�established�concept,�halophily�may�be�a
concept� of� very� limited� nature� and� thus,� of
doubtful�use.�For�a�better�understanding�of�the
question,�it�could�be�rephrased�as�follows:�Are
a� “halophyte”� and� “salt� tolerant� plant”� the
same?�If�this�were�true,�a�“gypsophyte”�would
be� the� same� as� a� “gysum� tolerant� plant”� and
“gypso-tolerance”� could� be� denominated� as
“gypsophily”.� This� question� is� much� more
important� and� transcendent� than� it� seems� to
be,�as�the�term�“gypsophyte”�has�been�used�to
refer�to�plants�growing�exclusively�on�gypsum
soils�or�gypsisols�(cf.�Merlo�&�al.,�1998,�2009;
Escudero &� al.,� 1999;� Cerrillo� &� al.,� 2002;
Mota &�al.,� 2003).�Therefore,� a� first� point� to
solve�arises�before�the�development�of�a�data-
base�on�gypsum�plants.�Is�it�necessary�to�look
for� species� capable� of� completing� their� live
cycle� on� gypsum� soils,� or� plants� that� grow
exclusively�on�this�kind�of�soils?�For�example,
and�according�to�the�first�criterion,�there�would
be� hundreds� of� gypsum� tolerant� species� in
Spain,�but�only�a� few�more� than�30�“growing
exclusively�on�gypsum�soils”.�Therefore,�such
widely� distributed� species� in� Spain� as
Macrochloa tenacissima or� Helianthemum
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syriacum are�clearly�gypsum�tolerant�plants,�to
the�extent� that� they�can�be�some�of� the�most
abundant� species� in� terms�of� coverage� in� the
Iberian�gypsum�(Mota�&�al.,�2010).�However,
none�of� them�can�be�considered�exclusive�of
gypsum� outcrops� (Mota &� al.,� 2009;� 2011).
Also,�there�could�be�further�discussion�on�the
ecological�behavior�of�species�such�as�Lygeum
spartum or� different� species� of� Limonium
genus.�All�of�them�could�be�grouped�under�the
definition� of� “halophytic� gypsophiles”
(Parsons, 1976),� “gypsohalophytic� species”
(Denaeyer-De� Smet,� 1970)� or� “halothio-
phores”� (Duvigneaud� &� Denaeyer-De� Smet,
1968).� The� existence� of� a� close� contact
between�gypsum�and�saline�areas�(e.g. Esteve
&�Varo,�1975;�Escudero &�al.,�2000)�blurs�at
times�the�frontier�between�salt� tolerant�plants
and� those� exclusive� of� gypsum� (Sánchez� del
Pino� &� al.,� 1999;� Maldonado� &� al.,� 2001).
The�fact�that�sodium�rich�soils�contain�signifi-
cant�amounts�of�sulfate�and�gypsum�(Waisel,
1972)�does�not�help�either.
The� terminology� used� regarding� gypsum

plants�is�a�second�key�aspect.�This�terminolo-
gy� can� not� only� make� the� results� of� the
research� more� diffuse,� but� can� also� hinder
communication� among� researchers.� For
instance,� both� Escudero &� al.� (1999)� and
Eugenio�&� al.� (2012)� use� the� terms� “gypso-
phytes”�and�“gypsophiles”�in�the�same�publi-
cation� and� with� similar� meaning.� The� same
can� be� found� in�Waterfall� (1946)�with� “gyp-
sophilous”�and�“gypsophile”,�although�in�this
case�they�were�used�as�adjectives.�A�high�num-
ber�of� authors�use� the� latter� term� to�describe
“species� confined� to� gypsum� soils”� (e.g.
Parsons,� 1976;� Northington,� 1976;� Meyer,
1986;�Moore &�Jansen,� 2007;�Hadjikyriakou
&�Hand,�2011;�Palacio�&�al.,�2012).�In�other
words,�“gypsophile”�can�be�regarded�as�a�syn-
onym�of�“gypsophyte”.�As�a�result�of�the�use
of� “gypsophile”� as� a� noun� (actually,� it� is� an
substantivated� adjective),� many� anglo-saxon
authors,�among�which�“gypsophile”�is�widely
used,�have�been� forced� to� look� for�“another”
adjective�in�order�to�refer�to�the�fact�of�living
on� gypsum� environments;� “gypsophilous”,
above�mentioned,� and� “gypsophilic”� fall� in
this�category.�In�addition,�it�is�be�possible�to
add�a�lot�of�adjectives�to�express�the�degree
of� “gypsophily”� of� a� plant� (gypsicolous,
gypsocline,� gypsovags,� gypsophobe� …).
Additionally,� it� is� very� common� to� associate
terms� such� as� “gypsophytes”� and� “gyp-

sophiles”� to� adjectives� like� “specialist”,
“obligate”,� “genuine”,� “true”,� “full”,�…� (e.g.
Pueyo�&�al.,�2007;�Palacio�&�al.,�2007;�Meyer
&�al.,�1992;�Escudero�&�al.,�1997;�Drohan�&
Merkler,�2009;�Douglas�&�Manos,�2007).�All
this� has� led� to� the� increase� in� terminological
confusion� (Mota &� al.,� 2011),� and� has� hin-
dered�scientific�communication.�Still,�the�most
worrying�thing�might�be�that�this�terminologi-
cal�tangle�has�also�helped�to�hide�the�existing
and�persisting�difficulties� in� the�definition�of
what�gypsophily�is,�or�in�more�precise�words,
which�the�real�reason�is�behind�the�restriction
of� some� plants� to� gypsiferous� soils� or� the
underlying� mechanism� involved� in� gypsum
tolerance.�
Another�important�question�has�to�do�with

determining� the� existence�of� the� exact� corre-
spondence� between� “gypsum� soils”,� an
expression�that�most�of�the�authors�who�have
studied� gypsophily� use,� and� the� so� called
“gypsisols”�(Spaargaren,�2008).�For� instance,
Bogdanovic�&�al.� (2008)�and�Martínez-Duro
&�al.�(2010)�refer�specifically�to�gypsisols�as
the� substrate� of� gypsophytes.� This� is� not� a
minor�issue,�as�formal�definition�of�gypsisols
“soils�with�a�significant�accumulation�of�pedo-
genetic�gypsum�(CaSO4 ·�2H2O)�in�the�solum”
(Driessen�&�al.,�2001),�is�ambiguous.�What�is
exactly� “a� significant� accumulation”?� To
answer�this,� it�would�be�necessary�to�refer�to
the� terms� considered� by� the� IUSS� Working
Group� WRB� (2015).� This� Group� mentions
three�types�of�gypsic�horizonts:�gypsic,�with�a
gypsum�content�above�5%;�hypogypsics,�with
gypsum� content� lower� than� 25%,� and� hyper-
gysic,� if� this� content� is� higher� than� 50%.
However,�Van�Alphen�&�Rios�Moreno�(1971)
refer� to� the� term�“gypsiferous� soils”� to� those
containing�more�than�2%�gypsum.�Curiously,
for�many� gypsophily� researchers� (Bridges�&
Burnham,� 1980;� Escudero &� al.,� 1999),� the
limit�of�25%� in�gypsum�has�become�a� refer-
ence� value.� This� percentage� began� to� settle
since�Van�Alphen &�Rios�Romero�(1971)�con-
cluded�that�up�to�25%�of�gypsum�has�little�or
no� effect� on� crops� unless� it� is� cemented.
According�to�these�authors,�wherever�the�gyp-
sum�content�is�over�25%�there�are�problems�of
ion� imbalance� and� impaired� water� holding
capacity,�whilst�cementation�by�gypsum�is�an
obstacle�to�the�penetration�of�roots�and�water.
Moreover,�Verheye�&�Boyadgiev�(1997)�con-
sider� that� the�percentage�in�gypsum�in�which
physical� surface� crusts� are� present� is� over
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25%.�More�recently,�the�IUSS�Working�Group
(2014)� has� stated� that� even� soils� containing
25%�powdery�gypsum�or�more�could�still�pro-
duce� excellent� yields� of� alfalfa� and� others
crops,�if�irrigated�at�high�rates�in�combination
with�forced�drainage.�Five,�25�and�50�percent-
ages�could�be�very�interesting�reference�values
in�the�study�of�gypsophily,�but�it�is�important
to� bear� in� mind� that� they� refer� to� cultivated
soils� and� that,� as� in� FAO� classification� (and
other�related),�they�belong�to�the�field�of�agri-
culture.�Sadly,�there�are�very�few�studies�that
have�tried�to�establish�the�link�between�plants
and�gypsum�soil�percentage,�but�some�of�them
might� be� of� use� when� discussing� these� per-
centages� more� in� depth� (Merlo� &� al.,� 2009;
Salmerón &�al.,�2014).�In�any�case,�there�is�an
increased� difficulty� that� has� been� presented
when� talking� about� the� halogypsophilous
character�of�some�species,�which�is�related�to
typically�saline�soils�such�as�the�solonetz�and
the�solonchaks�in�which�gypsic�horizon�may�also
occur.�This�horizon,�although�less�frequently,�is
also�found�in�gleysols,�vertisols,�andosols,�cher-
nozems,�kastanozems,�phaeozems,�durisols,�cal-
cisols,� lixisols,� luvisols� and� leptosols� (IUSS
Working�Group�WRB,�2015).
Classic� works� about� Spanish� and

Northafrican�gypsum�plants�mention�the�abili-
ty�of�many�of� them�to�accumulate�Ca,�S�and
Mg�(Boukhris�&�Lossaint,�1970,�1973,�1975).
This�is�also�one�of�the�most�redundant�aspects
in� the�most�recent�papers.� In�a�historical�sur-
vey� on� the� study� of� the� relations� between
plants�and�gypsum,�it�is�possible�to�recognize
two�types�of�factors�which�have�been�consid-
ered� determinant� to� explain� gypsophily.� On
the�one�hand,�the�chemical�or�nutritional�fac-
tors,�and�on�the�other�hand�the�physical�ones;
the� latter� are� linked� to� the� crusting� that� gyp-
sum�can�suffer�and�the�xeric�water�regime�of
these�soils� (Merlo &�al.,�1998;�Moore�&�al.,
2014;�Escudero�&�al.,�2015).�This�dichotomy
when�characterizing�gypsophily�phenomenon
is� already� present� in� the� seminal� work� of
Parsons�(1976).�However,�and�perhaps�due�to
the� great� influence� of�Meyer’s� (1986)� paper,
the�mineralogical�or�stereochemical�composi-
tion�of�gypsophile�plants�was�pushed�into�the
background�and�physical�factors�became�dom-
inat� in� research� (e.g.� Romão� &� Escudero,
2005;�Pueyo�&�al.,�2007).�Despite�this,�some
of� the�more� recent� papers� about� this� subject
have� encouraged� research� on� gypsophytes’
capability�to�accumulate�specific�mineral�ele-

ments� (Palacio� &� al.,� 2007;� Drohan &
Merkler,� 2009;� Salmerón� &� al.,� 2014).� Two
recent� reviews� about� gypsophily� have� taken
this� point� into� account� (Moore &� al.,� 2014;
Escudero�&�al.,�2015),�dubbed�by�Merlo�&�al.,
(1998)�as�“chemical�hypothesis”.�Although�the
accumulative� ability� of� certain� gypsophile
species� is� probably� not� the� only� nutritional
strategy� that� these� plants� can� follow� to� cope
with�gypsic�mineral�imbalanced�soils,�it�is�evi-
dent� that� it� represents�a� trait�of�great� interest
from�the�physiological,�ecological�and�evolu-
tionary�points�of�view,�as�well�as�practical�due
to�the�different�posibilities�that�it�could�offer�in
phytoremediation.�However,�only�few�authors
have�insisted�on�the�need�to�establish�more�or
less� accurate� limits� and� objectives� according
to�which�plants�could�be�considered�as�accu-
mulators.� Unlike� the� research� dealing� with
heavy� metal� accumulating� plants� (Baker� &
Brooks,�1989).�In�fact,�only�a�few�researchers
after� Parsons� (1976)� have� remembered� the
“old”� limits� pointed� by�Boukhris &�Lossaint
(1970,� 1973,� 1975)� and� Duvigneud� &
Denaeyer�de-Smet�(1966,�1968,�1973)�in�their
publications,� perhaps� with� the� exception� of
Drohan�&�Merkler�(2009).�Establishing�a�ref-
erence� threshold� between� “common”� plants
and�gypsophytes�(accumulators)�can�be�useful
for�the�progress�in�the�research�of�gypsophily.
The� main� objective� of� this� research� is� to

establish� a� conceptual� baseline� for� a� global
checklist� of� gypsophytes.� To� achieve� this
objective�it�is�fundamental�to:

1.-�Clarify� the�existing� relationships�between
the� concepts� “gypsum-tolerance”� and� “gyp-
sophily”�and,�therefore,�between�“gypsum�tol-
erant� plants”� and� “gypsophytes”� (or� “gyp-
sophiles”).�This�regards�establishing�the�defi-
nition�of�what�a�gypsum�tolerant�plant�is�and
linking�this�idea�with�the�fact�that,�in�addition,
it�grows�exclusively�(or�almost)�on�this�kind�of
substrate.

2.-�Standardize�nomenclature�associated�with
gypsophily� and� to� which� degree� this� can� be
found;�moreover�bearing�in�mind�the�existence
of� many� plants� able� to� survive� on� gypsum
(gypsum�tolerant),�without�being�exclusive�of
this�kind�of�substrate.

3.-�Establish�which�the�gypsum�percentage�in
soils� should� be,� that� could� determine� the
growth� and� survival� capability� of� plants� that
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are�not�specifically�adapted,�starting�from�the
information�available�and�taking�into�account
that� gypsophily� is� a� phenomenon� linked� to
gypsum�substrates.

4.-�Characterize�the�phenomenon�of�gypsophi-
ly,� according� to� the� available� information,
through� the� adaptative� syndromes� that� this
geobotanical�phenomenon�produces�on�plants,
especially�as� regards�mineral�composition,� in
order� to� identify�gypsophile�plants�or�gypso-
phytes�according�to�the�most�objective�criteria.

5.-�Contribute�information�about�the�existence
of� gypsophyly� and,� thus,� of� gypsophytes� in
different�countries�around�the�world�according
to� the� recent� revision� of� Pérez-García� &� al.
(2016)� and� other� data� sources� with� the� final
aim�of�favouring�the�creation�of�a�global�data-
base�and�international�involvement.�The�struc-
ture� of� this� database� will� be� based� on� e-
HALOPH�(Santos�&�al.,�2016).

To�achieve�these�objectives,�in�the�case�of
the�first�four,�a�revision�of�over�90�papers�con-
tained� in� SCOPUS� database� (accessed� on
24/02/16)�has�been�carried�out,� that�are�more
or� less� deeply� concerned� with� gypsophily.
Moreover,�and�regarding�the�diferential�ability
of�gypsophytes� to� accumulate� some�minerals
(Ca,� S� and�Mg)� in� organs� other� than� leaves,
unpublished� data� until� now� about� mineral
composition�of�the�root�of�some�plant�species
are� shown.�All� togehter,� concepts� and� ideas
discussed�here�are�useful�in�order�to�construct
a� database� of� gypsophile� flora,� which� could
serve� all� researchers� interested� in� more� than
local� works,� and� for� planning� phylogenetic,
evolutionary,� ecophisiological� and�macroeco-
logical�studies

Material and Methods

Ninety� one� papers� dealing� with� gypsophily
and�gypsophile�flora,�included�in�SCOPUS,�a
citation� database� of� peer-reviewed� scientific
literature,� have� been� reviewed.� Key� words
used�in�this�bibliographical�search,�which�took
place� in� 24/02/16� were:� “gypsocline”,� “gyp-
sophile”,� “gypsophilic”,� “gypsophilous”,
“gypsophily”,� “gypsophobe”,� “gypsophyte”,
“gypsovag”� and� “gypsum-tolerant”.� These
papers� are� marked� with� *� among� the� refer-
ences� (and� in� the�Appendix).� In� addition� to
these,� some� classic� papers� have� also� been

taken� into� account� (e.g.� Johnston,� 1941;
Parsons,� 1976).� Within� each� of� these� refer-
ences�definitions�of�“gypsophily”�and�the�rest
of�related�terms,�as�well�as�those�that�could�be
considered� synonyms� or� deriving� from� them
have� been� searched.� In� the� latter� case,� com-
pound� terms� associated�with� those� used� as� a
basis for� the� search�were� common� (e.g.� “true
gypsophile”,� “near� gypsophile”,� “wide� gyp-
sophile”�…).�From�that�point,�the�present�study
has� tried� to�establish� if� there�are�any�accurate
definitions�of�basic�terms�such�as�“gypsophily”,
“gypsophyte”� or� “gypsophile”� to� keep� on
enlarging� the� knowledge� of� gypsum� plants.
Accuracy� of� these� terms� and� their� degree� of
acceptance�and�use�among�expert�researchers�in
gypsum� plants� are� two� key� questions� for� the
progress�in�this�research�field.
On�the�other�hand,�and�given�that�edaphic

characteristics� are� an� essential� element� with
respect�to�the�gypsophily�phenomenon,�defini-
tions�that�IUSS�Working�Group�WRB�(2015)
offers�about�gypsiferous�soils�or�gypsisols�as
well�as�about� the�gypsic�horizons�were�taken
into�account.�
In�addition�to�the�nature�of�the�soil,�chemi-

cal� plants� composition� was� also� recurrently
present� in�some�definitions�of� the�terms�used
to�refer�to�gypsum�plants.�All�available�infor-
mation�about�the�mineral�composition�of�these
plants�has�been�considered�here�(e.g.�Palacio�&
al.,�2007;�Moore�&�al.,�2014).�Special�atten-
tion� was� paid� to� those� papers� where� both
aspects,� soil� and� plant� (mineral� composition
and� abundance)� were� jointly� referred� to� (cf.
Merlo�&�al.,� 2009;�Salmerón-Sánchez�&�al.,
2014).�In�the�case�of�the�chemical�composition
of�plants,�all�references�found�(with�the�excep-
tion�of�Tuyukima,�2009�and�Mota�&�al.,�2017)
mentioned�leaves.�However,�it�has�been�found
that� roots� can� even� develop� a� main� role� in
order�to�explain�the�existing�link�between�soil-
plant�in�gypsum�outcrops�(Rincón &�al.,�2008;
Alguacil�&�al.,�2009a,�2009b,�2012;�Özdemir
&�al.�2010;�Palacio &�al.,�2012;�Torrecillas�&
al.,� 2014)� and� even� stems� (Weinert�&�Sakri,
1977).� For� this� reason,� complementary� data
have� been� added� to� this� research� regarding
mineral�contents�of�the�roots�from�15�species
belonging� to� Almeria’s� classic� locations� for
gypsophile�flora:�Sierra�de�Almagro,�Venta�de
los�Yesos�and�Karst�en�Yesos�de�Sorbas�(Mota
&�al.,�2011),�during�winter�of� the�year�2010.
Determinations�were�performed�following�the
methods� from� Servicio� de� Ionómica� of
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CEBAS (Centro� de� Edafologia� y� Biologia
Aplicada� del� Segura;� CSIC,� Murcia,� Spain),
from�a�solid,�dried�and�grinded�sample. Total
Carbon� and� total� Nitrogen� analysis� was� per-
formed� through� an� Elemental� Analyzer.
Furthermore,� 29� cations� were� measured� by
means�of� ICP-OES�(Inductively�coupled�plas-
ma�atomic�emission�spectroscopy),�where�plas-
ma� acts� as� ionization� source,� along� with� an
optic�emission�spectrophotometer�(OES).�This
methodology�presents�excellent�detection�limits
and�lineal�dynamic�range,�multi-element�capa-
bility,� low�chemical� interference� and� a� stable
and�reproducible�signal.

Results and Discussion

Gypsum tolerance vs gypsophily

Parsons�(1976),�in�which�could�be�considered
the�foundational�paper�for�the�modern�study�of
gypsophily,�defines�this�phenomenon�as�“The
widespread� occurrence� of� plant� species� con-
fined� to� gypsum� soils� (gypsophiles)� […]”.
Following�Mota &�al.�(2011),�Parsons�adopted
an�inductive�approach�according�to�which�the
gypsophile� character� of� a� species� would� be
reinforced�the�more�the�number�of�cases�were
documented� in� which� the� presence� of� this
species� on� gypsum� outcrops� increases,� and
never� (or� only� accidentally)� if� this� happened
out� of� this� kind� of� substrate.�This� is� directly
related�to�the�fidelity�shown�by�plants�to�gyp-
sum�without�pointing� to�an�explicative�cause
of� this� behaviour.� In� this� case,� documented
observations�of�experts�are�valuable�informa-
tion� sources� such� as� bibliographic� references
that�forthrightly�indicate�the�presence�of�plants
on� gypsum� (floristic� or� sintaxonomical)� and
herbaria� vouchers� that� explicitly� mention� the
linkage� between� plant� and� gypsum� (Martínez-
Hernández�&�al.,�2009,�2011,�2015).�Likewise,
the�presence�of�any�species�on�gypsum�would
not�be�enough�to�indicate�whether�it�is�a�gypso-
phyte�(or�gypsophile),�especially�if�it�is�also�fre-
quent�in�other�types�of�substrate�i.e., if�it�is�not
confined�to�gypsum.�According�to�Douglas�&
Manos� (2007),� these� species� would� be� gyp-
sum-tolerant.� In� fact,� gypsovags� or� gypsum-
tolerant�species�are�often�more�abundant�with-
in�vegetation�associated�to�gypsum�than�strict
gypsophytes�(Mota�&�al.,�2010).�In�gypsiferous
territories�where� complete� floristic� catalogues
are�available,�the�percentage�of�known�plants
that� grow� exclusively� on� gypsum� is�minimal

(Emerson,� 1935;� Waterfall,� 1946;� Barber,
1979,� Buckallew,� 2015;� Caddell� &� al.,� 2013;
Akpulat� &� al.,� 2005;� Rick, 2012;� Dehshiri� &
Jozipoor,� 2014;� Martínez-Hernández,� 2013).
However,�in�all�these�cases�it�is�also clear�that
there� are� some� species� which� occur� only� on
gypsum�and�are�endemic�to�these�territories.�
It� is� evident� that� the� inductive� criterion

does�not�provide� any�explanation� about�gyp-
sophily� phenomenon.� Although� it� would� be
ideal�to�understand�all�the�causes�for�this�con-
finement� to�gypsum,� these�have�not�yet�been
fully� established� (Palacio� &� al.,� 2007).� By
defining� a� species� as� gypsophytes� (or� gyp-
sophiles),�hypotheses�are�put�forward�to�seek
explanations� for� the� phenomenon� of� gyp-
sophily,�or�according�to�Popper,�hypotheses�to
falsify�it�(Popper,�1959).�One�of�this�hypothe-
sis� confronts� two� ideas,� refuge� vs� specialist
plants,�which�has�not�been�suggested�exclusive-
ly�for�gypsophile�flora�(Mota�&�al.,�2017).�The
latter� suggests� that� plants� growing� on� special
substrates� (serpentine,� gypsum,� dolomite,� …)
present�ecophysiological�and�morpho-anatomi-
cal�adaptations�to�support�the�limitations�of�this
type�of�soils�(xericity,�nutritional�unbalance,�…),
i.e. these�plants�would�be�specialists.�If�this�were
so,�gypsophytes�could�be�easily�recognized�as
such.�This�idea�can�be�taken�further�if�it�is�con-
sidered�that�plants�inevitably�need�this�kind�of
substrate�(or�the�resources�that�it�contains)�to
thrive.�In�the�case�of�gypsum,�for�instance,� it
could�be�large�quantities�of�Ca.�Strictly�speak-
ing,�this�would�be�the�“true�gypsophily”�but�so
far,�no�one�has�openly�proposed�such�an�idea.�
Escudero�&�al.� (2015)�have� criticized� the

development�of�a�gypsophytes�checklist�from
expert� criteria� based� on� the� knowledge� of
botanists� familiar� with� the� flora� of� gypsum
outcrops�(Mota�&�al.,�2009,�2011).�According
to� their� approaches,� there� is� an� obvious� link
between�the�extent�of�the�distribution�of�some
plants�and�their�specific�strategies�for�living�in
gypsum,�due�to�their�capacity�to�perforate�the
soil�crust�(Romão�&�Escudero,�2007)�and�their
ability�as�accumulators�of�Ca�and�S�(Palacio�&
al.,� 2007);� recent� researches� call� in� question
this� so� direct� and� suggestive� relationship
(Moore�&�al.,�2014;�Bolukbasi &�al.,�2016).
Following� this� idea,� “wide� gypsophiles”
would� be� specialist� in� overtaking� edaphic
crusts�and�Ca�and�S�accumulator,�while�“nar-
row�gypsophiles”�would�show�a� less�specific
profile� and� would� be� refugee� species
(Escudero� &� al.,� 2015).� Thus,� narrow� gyp-
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sophiles�exhibit�a�very�similar�strategy�to�that
of� the� gypsovags� or� gypsum-tolerant� species
without� the� ability� to� accumulate� Ca,� S� and
other�minerals.�However,� only� in� the� Iberian
Peninsula� it� is� possible� to� find,� at� least,� five
distribution� patterns� in� gypsophytes� (Pérez-
García� &� al.,� 2011).� The� wider� distributed
species� would� be� those� from� the� circun-
mediterranean�area�(or�even�greater,�reaching
C.�Asia),�as�is�the�case�of�Campanula fastigia-
ta. With�a�more�restricted�area,�but�exceeding
Iberian� territories,� iberomaghrebian� elements
are� found� such� as� Lepidium subulatum,
Helianthemum squamatum or�Ononis tridentata
s.l. All�these�species�are�qualified�as�“wide�gyp-
sophiles”�(Palacio�&�al.,�2007;�Escudero�&�al.,
2015),�as�is�the�case�of�Gypsophila struthium s.l.
or�Herniaria fruticosa despite�the�fact�that�these
latter� species� are� Iberian� endemisms.� Species
like� Santolina viscosa,� Thymus lacaitae,
Centaurea hyssopifolia or� Chaenorrhinum
grandiflorum s.l.� are� regional� endemisms,
whereas�Teucrium turredanun,�T. lepicephalum
o�Heliathemum alypoides could�be�considered
as�local�endemisms.�Considering�all� the�men-
tioned�species�and�other�gypsophytes,�very�dif-
ferent� strategies� for� living�on�gypsum� (Merlo
&�al.,�1998;�Moore�&�al.,�2014)�can�be�found
and� it� is� possible� to� find�plants� that� could�be
considered� as� accumulators� (in� roots� and
leaves)� like� Helianthemum syriacum among
gypsovag� species.� Since� not� all� species
respond�to�the�same�nutritional,�macroecologi-
cal�or�biogeographical�patterns,�it�will�be�nec-
essary�to�expand�the�study�of�this�type�of�plants
to�a�global�scale�before�generating�a�consistent
theory� as� occurs� with� halophily.� To� date,
according�to�the�cases�reviewed,�the�inductive
approach� is�nearly�always�backing� the�plants
indicated� as� gypsophytes� (or� gypsophiles;
Table� 1).�Although� in� the� study� of� halophily
the� concepts� “salt� tolerant� plant”� and� “halo-
phyte”� overlap� greatly� (Szota &� al.,� 2015),
this� does� not� happen� in� gypsophily,� when
speaking� of� “gypsum� tolerant� plants”� and
“gypsophytes”.

Gypsophytes, gypsophiles and related
terms

In� the� definition� of� gypsophily� by� Parsons
(1976),� the� term� “gypsophile”� is� also� clearly
defined.�This�was� the�most�widely�used� term
(56%� of� the� reviewed� articles)� to� deal� with
gypsum� plants� (Table� 1)� even� over� “gypso-

phyte”�(54%).�Other�terms�also�related�to�the
study�object�in�this�type�of�researches�such�as
“gypsophilous”�or�“gypsophily”�are�only�pres-
ent� in� one� third� of� the�works� (37� and� 31%).
Indeed,�“gypsophile”�corresponds�to�an�adjec-
tive,� although� its� use� is� common� as� a� noun
(Mota�&�al.,�2011).� In� this� latter�case,� it� is�a
nominalized�adjective�whose�use�is�legitimate
and�frequent,� following� the� tradition� initiated
by�Parsons�(1976),�although�Waterfall�(1946)
did�use�this�term�previously�(along�with�gyp-
sophilous�and�gypsophytes)�as�well.�However,
in�a�strict�sense,�“gypsophile”�was�used�for�the
first� time�by�Reyes�Prósper� (1915)�and�some
years� later� by� Huguet� del� Villar� (1925),
although� both� implemented� it� in� their� native
language,�Spanish.
According�to�the�“gypsophytes”�and�“gyp-

sophiles”�wide�use�as�nouns,� it�would�proba-
bly�be�advisable� to�maintain� them�to� refer� to
gypsum� plants.� Nevertheless,� the� “gyp-
sophile”�concept�is�broader�due�to�the�fact�that
it�could�make�reference�to�any�living�being,�for
instance�to�an�animal,�a�fungus,�or�a�prokary-
ote.� This� happens� for� example� with
“halophile”� (Golubic,� 1980;� Edbeib &� al.,
2016).� In� this� sense,� if� what� is� wanted� is� to
designate�a�vascular�plant,�it�would�be�prefer-
able� to� use� “gypsophyte”� (gypso- from� the
ancient� Greek,� gypsum� and� -phyte,� plant)� or
“gypsophile� plant� (s)”.� The� use� of� “gyp-
sophile”� (gypso-,� gypsum� and� -phile,� lover)
solely�would�be�restricted�as�an�adjective�and
would� remain� synonymous� with� “gyp-
sophilous”� and� “gypsophilic”,� terms� far� less
used.� In�any�case,� in�order� to�perform�a�web
indexing�of�papers�and�bibliographic�databas-
es,�it�may�be�advisable�that�researchers�ensure
the�presence�of� the� terms�“gypsophytes”� and
“gypsophiles”,�at� least� in� the�main� title,�key-
words�or�abstract�of�the�publication.
It� is�frequent�to�find�that� in�those�papers�in

which� “gypsophile”� is� used� as� a� noun� ,� other
adjectives�are�used�as�well�to�express�the�“gyp-
sum-lover”� quality� (e.g.� Lowrey� &� al.,� 1994;
Ferriol &�al.,�2006;�Moore�&�al.,�2007;�Nesom
&� al.,� 2007;� Martínez-Duro� &� al.,� 2012;
Aguirre-Liguori� &� al.,� 2014;� Dehshiri� &
Jozipoor,� 2014;� Porras-Alfaro� &� al.,� 2014).
Among�them,�“gypsophilous”�is�the�most�used
(37%),� followed� distantly� by� “gypsophilic”
(12%)�and�“gypsicolous”�(2%).�In�fact,�out�of�22
times� that� “gypsophyte”� and� “gypsophile”� are
used� in� the� same� paper,� only� in� tree
(Hadjikyriakou�&�Hand,� 2011;�Queiroz�&�al.,
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2012;� Dehshiri� &� Jozipoor,� 2014)� there� is� no
Spanish�coauthor�present.�In�two�of�the�papers
(Escudero &�al.,�1999;�Matesanz�&�al.,�2009),
“gypsophyte”�and�“gypsophile”�are�used�indis-
tinctly�as�nouns.�In�two�additional�ones,�despite
the�fact�that�in�the�text�the�term�“gypsophiles”�is
used�exclusively,�it�is�also�possible�to�find�“gyp-
sophytes”�among�the�keywords�(Palacio�&�al.,
2007;�Bolukbasi�&�al.,�2016).�Only�Queiroz�&
al.�(2012)�consider�that�“gypsophytes”�is�a�gen-
eral�concept�that�can�be�subdivided�in�two�cate-
gories:�“gypsophiles”�and�“gypsovags”.
Merely�this�last�term�puts�on�the�table�what

could� be� denominated� “degree� of� gypsophily”
(Mota� &� al.,� 2009,� 2011),� an� idea� already
advanced� in� the� work� of� Huguet� del� Villar
(1925),�who�introduced�terms�such�as�“subgyp-
sophile”� and� “gipsoades”� (gypsum-tolerant).
With�regard�to�this�issue,�the�term�“gypsovags”

can�be�found�among�the�most�used�in�literature
(25%).� In� fact,� using� different� terms� with� the
root�“gypso-”�it�would�be�possible�to�establish
the�degree�of�gypsophily.�Starting�with�the�high-
est� gypsum� preference,� there� would� be� those
species�considered�as�“gypsophiles”� (Table�1),
followed�by�“gypsoclines”�(term�used�in�7%�of
the�revised�papers;�e.g.�Meyer,�1986;�Meyer�&
al.,�1992;�Mota�&�al.,�2009;�Drohan�&�Merkler,
2009;� Escudero� &� al.,� 2015;� Robins� &� al.,
2014),�followed�by�“gypsicolous”�(Mota�&�al.,
2004,� 2010),� “gypsovags”� (Meyer,� 1986;
Escudero &� al.,� 1997;� Cerrillo� &� al.,� 2002;
Ferriol &�al.,�2006;�Palacio�&�al.,�2007;�Romão
&�Escudero,�2005),�and�finally�“gypsophobes”
(2%,�Meyer,�1986;�Escudero &�al.,�2014).�The
same� scale� could� be� used� considering� other
terms�such�as:�“true”,�“obligate”,�“strict”,�“gen-
uine”�or�“full”�gypsophiles�(e.g. Oyonarte &�al.,
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Table�1. Concepts�in�the�reviewed�papers�on�gypsophily

Concepts

DEFINITION (gypsophily or gypsophile)

GYPSOPHILY

GYPSOPHYTE

GYPSOPHILE

GYPSOPHILOUS

GYPSOPHILIC

NON-GYP

HALO-GYP / SALT / SALINE

GYPSOVAG

GYPSUM-TOLERANT

GYPSOCLINE

SUBGYPSOPHYTE

GYPSICOLOUS

GYPSOPHOBES

NEAR-GYPSOPHILES

WAIF / ACCIDENTAL

STRICT

SPECIALIST / MODEL

OBLIGATE

GENUINE

TRUE

FULL

DOMINANT

FACULTATIVE

PREFERENT / PREFERENTIAL

REFUGIA / REFUGEES / MODEL

WIDE

NARROW / LOCAL / ENDEMICS

GENERALIST

INSULAR

EDAPHISM

Number of papers %

46,15

30,77

53,85

56,04

37,36

12,09

20,88

4,40

25,27

3,30

6,59

3,30

2,20

2,20

1,10

3,30

18,68

20,88

12,09

8,79

5,49

1,10

4,40

4,40

5,49

5,49

3,30

9,89

1,10

6,59

42

28

49

51

34

11

19

4

23

3

6

3

2

2

1

3

17

19

11

8

5

1

4

4

5

5

3

9

1

6

2 2,20



2002;�Drohan�&�Merkler,�2009),�“preferential”,
“near”� or� “sub-gypsophiles”� (Meyer,� 1986;
Cerrillo�&�al.,�2002),�“facultative”�or�“general-
ist”�gypsophiles�(Oyonarte�&�al.,�2002;�Moore
&� Jansen,� 2007),� “waif”� or� “accidental”� gyp-
sophiles� (Meyer,�1986;�Mota�&�al.,�2009)�and
“non-gypsophiles”�(Northington,�1976;�Mota�&
al.,�2003;�Table�1).�The�term�“gypsophile”�can
also� be� found� along� with� other� adjectives,
although�not�to�indicate�the�degree�of�gypsophi-
ly� in� a� plant� species,� but� other� characteristics
like� its� distribution“narrow”,� “local”,� “endem-
ic”,�“wide”�or�“insular”�(e.g.�Pueyo &�al.,�2008;
Castillejo� &� al.,� 2011;� Soriano� &� al.,� 2014;
Cañadas�&�al.,�2014)�or�abundance�(Eugenio�&
al.,�2012;�Soriano�&�al.,�2014;�Cañadas�&�al.,
2014);�still,�as�has�been�described�above,�some
of�this�characteristics�are�associated�to�the�eco-
logical�behavior�of�these�plants�(e.g.�Palacio�&
al.,�2007; Escudero�&�al.,�2015).

Gypsisols and gypsum soil content

Taking� into� consideration� the� 91� references
included� in� this� review,� almost� 50%� of� them
hold� a�more� or� less� accurate� definition� of� the
gypsophily� phenomenon.�Within� these� defini-
tions,�it�is�possible�to�establish�two�large�typolo-
gies.�On�the�one�hand,�those�that�refer�to�the�sub-
strate�(gypsum)�or,�more�specifically,�to�the�type
of� soil� (32� papers)� where� this� gypsum-lover
plants�grow�(gypsisols);�and�on�the�other�hand,
those�mentioning�some�ecological�or�physiolog-
ical�characteristics�(13�papers)�that�these�plants
present.� In� the� case� of� soils,� IUSS� Working
Group�WRB�(2015)�considers� three�key�levels
regarding�gypsum�content�to�interpret�gypsophi-
ly:�5%,�25%�and�50%.�Among�them,�25%�has
been�the�most�recurrent�value�used�(Escudero�&
al.,� 1999,� 2014;� Romão� &� Escudero,� 2005).
This�threshold�is�based�on�the�work�developed
by� Van Alphen� &� Rios� Romero� (1971),� who
concluded�that�up�to�25%�of�gypsum�has�little�or
no� effect� on� crops� unless� it� is� cemented.
According� to� these� authors,�wherever� gypsum
content� is�over�25%�there�are�problems�of� ion
imbalance�and�impaired�water�holding�capacity,
whilst�cementation�by�gypsum�is�an�obstacle�to
the� penetration� of� roots� and� water.� However,
IUSS� Working� Group� WRB� (2015)� indicates
that� even� soils� containing� 25%� powdery� gyp-
sum�or�more�could�still�produce�excellent�crop
yields� if� irrigated� at� high� rates� in� combination
with�forced�drainage.�Apart�from�agriculture�and
cultivated�plants,�there�is�very�little�information

that� links�natural�vegetation�to� the�percentages
in�gypsum�of�the�soil�directly.�
Table�2�has�been�elaborated�based�on�these

data� reported� by� Merlo� &� al.� (2009)� and
Salmerón�&�al.�(2014).�In�it,�it�is�possible�to�see
some�summarized�data�of�coverage�and�richness
of�species�considered�as�gypsophile� in�relation
to� the� percentage� of� gypsum� in� soil.� Gypsum
content�of� these� soils�varies�between� less� than
3%�and�over�90%.�The�percentage�of�gypsum�in
soils� where� two� species� considered� as� gyp-
sophile�are�dominant�is�higher�than�75%,�where-
as� the� minimum� value� is� above� 50%� and� the
limit�of�quartile�1� is� about�65%.�These�values
decrease� to� 54,� 8� and� 22%� (approximately),
when�the�most�abundant�species�is�a�gypsophyte
and� the� codominant� one� is� a� gypsovag.
Whenever�coverage�of�the�set�of�gypsophytes�is
over� 50%,� the� average� percentage� of� gypsum
reaches�about�87%.�In� this�case,� the�minimum
value� is� around� 72%� and� the� first� quartile
exceeds�80%.�Perhaps,� the�most� significant� of
these�values�is�the�percentage�for�gypsum�found
in�those�soils�in�which�coverage�of�gypsophytes
presents�values�below�50%.�In�these�cases,�the
average�value�is�near�41%,�the�minimal�value�is
under� 3%� and� 18%� for� the� first� quartile.� The
existing�relation�between�gypsophytes’�richness
(number�of�species)�and�percentage�of�gypsum
also�shows�very�interesting�results.�Among�the
12�samples�considered�here,�richness�in�gypso-
phytes� was� never� higher� than� 50%� (Table� 3).
The�maximum�value�was�40%�and�the�average
was�around�27%.�Vegetation�samples�with�a�per-
centage�of�gypsophile�species�higher�than�25%
showed� soils�with�an�average�62%� in�gypsum
content,�a�minimal�value�of�22%�of�and�of�45%
for�the�first�quartile.�In�samples�where�the�per-
centage� of� gypsophytes� (richness)� was� below
25%� (6� samples),� values� were� 48.2� and� 7%
respectively.�Among�all�present�gypsophytes�in
at� least� one� third� of� the� samples� (4� relevés),
Helianthemum squamatum (7�samples)�was�the
species�with�higher�average�levels�of�gypsum�in
soils�(79%)�and�Hernaria fruticosa (9�samples)
for� the� lower�ones,�but�near� to�50% (Table�3).
No�other�gypsophyte�showed�values�lower�than
50%.� The� average� value� for� these� six� gypso-
phytes�considered�was�of�almost�63%.�Among
gypsovags�present� in�at� least�4�of� the�samples,
values�were�much�higher� than�50%�in�average
gypsum�content�and�species�such�as�Macrochloa
tenacissima (6�samples)�or�Lithodora fruticosa
(4 samples)�were�present�on�soils�with�an�aver-
age�gypsum�content�above�65%.
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Regarding� gypsiferous� soils,� it� is� clear� that
the�“gypsisol”�concept�is�not�useful�in�gypsophi-
ly�research�without�more�information�about�gyp-
sum� content� percentage� and� other� physical-
chemical�parameters�(as�the�presence�of�NaCl).
At� least,� that� is� obvious� from� the� above� data
which�relate�gypsophile�vegetation�and�soils.�It�is
evident�that�values�found�in�the�literature�on�the
effects�of�the�percentage�in�gypsum�are�related�to
crops�and,�therefore,�subjected�to�artificial�condi-
tions.�Without� denying� the� great� value� of� this
information,� gypsophily� research� should� also
focus�on�wild�plants�because�it�is�in�them�that�the
phenomenon�is�defined.�From�this�point�of�view,
it�would�be�very�important�to�know�abundance
and�proportion�of�gypsophile�plants�present�on
this�kind�of�substrate.�

Curiously,�while�H. squamatum is�the�most
frequent� species� among� all� those� in� the� 116
phytosociological� tables� studied� by Mota� &
al.,� (2010),�among�the�first� ten�samples�there
are�no�strictly�gypsophile� (gypsovag)�species
such� as� Helianthemum syriacum,� Launaea
fragilis, Teucrium capitatum, Rosmarinus
officinalis,�Atractylis humilis or� Sedum sedi-
forme.� The� above�mentioned�M. tenacissima
and�L. fruticosa may�be�found�among�the�first
fifteen.� However,� it� is� important� to� bear� in
mind�that�all�these�species�which�are�not�strictly
gypsophile�display�a�distribution�that�in�many
cases�comprises�most�of�the�Iberian�Peninsula
and� that,� among� gypsophytes,� only� species
such� as� Ononis tridentata,� Helianthemum
squamatum, Herniaria fruticosa,� Lepidium
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TOTAL

(12)

2 GPHY

(5)

GPHY-

GVAG (3)

C_GPHY

S > 50 (4)

C_GPHY

S < 50 (8)

R_GPHY

S > 25 (7)

R_GPHY

S < 25 (5)

MEAN 56,24 77,18 54,35 86,90 40,91 62,01 48,16

Q1 33,43 66,78 21,47 83,40 18,08 45,27 7,91

Q2 63,02 79,25 72,10 89,19 45,27 54,71 71,33

Q3 81,08 89,65 79,05 92,69 58,87 85,14 72,10

MAX 97,10 97,10 91,22 97,10 79,05 97,10 87,16

MIN 2,32 53,12 7,91 72,10 2,32 21,47 2,32

Table�2. Gypsum�percentage�in�soils�(from Merlo�&�al.,�2009�and Salmerón�&�al.,�2014).�2�GPHY�=�sam-
ples� with� 2� dominants� gypsophytes;� GPHY-GVAG� =� samples� with� a� gypsophyte� and� a� gypsovag� as
codominants�species;�C_GPHY�=�gypsophtes�covert;�R_GPHY�=�gypsophytes�richness.�In�brackets�the

number�of�samples�(n)

Table�3. Mean�gypsum�%� in� soils� for� some�gypsophile�and�gypsovag�species� (data� from�Merlo &�al.,
2009� and� Salmerón� &� al.,� 2014).�Abbreviations� are:� G:� tentative� gypsophily� degree;� CG:� Gypsovag;

NG:�narrow-gypsophile;�WG:�wide�gypsophile

SPECIES G n % GYPSUM sd

Helianthemum squamatum WG 7 79,02 14,38

Macrochloa tenacissima GV 6 67,10 74,81

Lithodora fruticosa GV 5 65,36 20,27

Gypsophila struthium subsp. struthium WG 9 64,73 31,15

Thymus vulgaris GV 4 63,01 41,36

Launaea fragilis GV 6 63,00 26,11

Helianthemum syriacum GV 5 62,89 22,73

Koeleria valesiana subsp. castellana NG 5 62,16 33,81

Lepidium subulatum WG 6 56,45 25,94

Ononis tridentata WG 8 51,03 35,64

Jurinea pinnata GV 10 50,62 32,40

Sedum sediforme GV 4 48,25 43,90

Herniaria fruticosa WG 9 47,41 32,63



subulatum or�Gypsophila struthium s.l.�show�a
comparable� geographic� amplitude.� These
“wide� gypsophiles”,� in� the� sense� given� by
Palacio� &� al.� (2007)� and Escudero� &� al.,
(2015),�are�among�the�ten�most�frequent�taxa
on� gypsum.� These� five� species� are� also� the
taxa�with�a�larger�total�coverage�in�the�Spanish
gypsum� outcrops� according� to� the� review� of
Mota�&�al.� (2010),� although�R. officinalis is
placed� in� the� fourth� place� ahead� of�H. fruti-
cosa.� Among� the� ten� most� abundant� gypso-
vags� species� in� Iberian� gypsum,� the� above
mentioned� H. syriacum and� Brachypodium
retusum are� also� present.� In� 83.63%� of� the
studied� tables� by�Mota &�al.,� (2010)� a� strict
gypsophyte� was� dominant� or� codominant,� a
value�that�is�near�to�that�obtained�when�the�12
samples�considered�here�are�analyzed�(11/12).
Very�rarely�are�gypsophytes�predominant�in

gypsum� vegetation� regarding� species� richness
(number� of� species),� although� they� are� where
coverage�is�concerned.�These�can�be�more�inter-
esting�situations�for�the�study�of�gypsophily,�as
the� selective� effect� of� gypsum� is� doubtless� in
them.�With� respect� to� percentages� of� gypsum
collected�from�literature,�it�is�clear�that�the�5%
threshold� lacks� interest�as� is� rarely�near� to� the
percentage� of� gypsum� that� supports� predomi-
nantly� gypsophilous� vegetation,� at� least� in
Iberian�Peninsula�case.�The�25%�does�not�seem
to�be�a�very�selective�value�either,�as�in�this�case
gypsovags�species�are�usually�predominant.�It�is
striking� that� the�minimum� percentage� of� gyp-
sum�to�get�a�majority�of�gypsophytes�coverage
must�be�of�at�least�75%.�According�to�the�infor-
mation�provided,�a�gypsophyte�should�be�able�to
live�in�soils�with�very�common�gypsum�percent-
ages� above� 50%,� i.e.,� hypergypsics� horizons.
Furthermore,�Poch�&�al.�(1998)�found�that�roots
are�seldom�found�in�horizons�with�gypsum�con-
tent�higher�than�60%.�It�is�risky�to�precise�this
value�further�as�the�analysis�was�performed�with
a� reduced� number� of� cases� and� all� of� them
restricted�to�Spanish�gypsum�outcrops,�although
those� 12� soils� considered� here� are� spread
throughout� all� the� Iberian�geography� in�which
gypsum�is�present.

Gypsophytes as Ca, S and Mg accumulators,
towards a deductive rule?

As�has�been�commented�above,�almost�half�of
the� reviewed� papers� offer� a� definition� (or� at
least� they� try� to)� of� gypsophily� or� of�what� a
gypsophile� species� is.� In� 13� papers,� authors

refer�to�gypsophytes�as�plants�capable�of�accu-
mulating�calcium�or�sulfur�(even�magnesium),
but� in� none� of� them� is� the� limit� mentioned
from�which�a�species�can�be�considered�an�accu-
mulator.�An� exception� is�Drohan�&�Merkler’s
paper�(2009),�despite�the�fact�that�they�commit�a
mistake�when�considering�the�values�shown�by
Parsons�(1976)�to�establish�the�limit�according
to� which� a� plant� is� regarded� as� gypsophile.
However,�these�levels�are�clearly�established�in
the� case� of� heavy� metals� hyperaccumulators,
especially� in� the� case� of� leaves� (Baker� &
Brooks,�1989;�Baker &�al.,�1994).
Not� even Escudero� &� al.� (2015)� in� their

recent�review�of�gypsophily,�refer�to�these�lim-
its.�Neither�Palacio�&�al.�(2007),�nor�Moore�&
al.� (2014)�or�Bolukbasi &�al.� (2016),�despite
their� studying� foliar� stoichiometry� of� some
gypsophytes.� What� it� is� possible� to� find� in
some� of� these� cited� references� are� compar-
isons�with�the�contents�in�other�plants�or�par-
tial�mentions�to�the�data�originating�from�clas-
sical� works� of� [values� provided� by]
Duvigneaud &� Denaeyer de-Smet,� 1968;
Boukhris� &� Loisant,� 1970,� 1972� and� 1975).
However,� in� these� classics� papers,� the� limits
that�can�be�considered�as�“normal”�are�neither
reflected.� This� separation� threshold� can� be
very�important.�High�concentrations�of�heavy
metals,� especially� Ni� are� frequent� among
plants�that�grow�on�serpentine�(Megoni�&�al.,
2010).�According� to�Baker�&�Brooks� (1989)
the�criterion�for�hyperaccumulation�varies�for
different�metals�and�represents�a�concentration
in�above-ground�dry�matter�greatly� in�excess
of� “normal”� or� physiological� levels.� This
accumulation�is�present�not�only�in�leaves,�but
also�in�roots�(Galardi &�al.,�2007).�
The�revised�papers� that�deal�with�gypsum

plants�rarely�refer�to�determinate�levels�of�Ca,
S�or�Mg,�a�fact�from�which�it�could�be�possi-
ble�to�confirm�that�a�species�is�an�“accumula-
tor”.�This�criterion�can�be�essential�in�order�to
interpret�gypsophily.�To�solve�this�question,�in
addition�to�the�critical�review�of�classical�texts
(e.g.�Duvigneud�&�Denaeyer-de�Smet,� 1968;
Boukhris�&�Loissant,�1970,�1972),�alternative
approaches� can� be� of� great� interest.� One� of
them�consists�in�exploring�publications�about
plant� nutrition� that� offer� general� data� about
which� values� are� considered� “standard”
regarding�these�elements�in�plants�(e.g.�Lizon
&� al.,� 1979).� Those� reviews� which� collect
abundant� data� on� foliar� contents� after� the
analysis�of�which�generalizable�average�values
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(Watanabe� &� al.,� 2007� and� Houba� &
Uittenbogaard,� 1994)� can� be� obtained,� may
also�be�of�great�interest.�Thus�values�above�3
3-3.5%�(Ca),�1�(S)�and�0.75-1%�(Mg),�approx-
imately� are� almost� three� times� higher� than
those�offered�by�Duvigneud�&�Denaeyer� de-
Smet� (1966,� 1968,� 1973)� and� Boukhris &
Lossaint,� 1970;� 1973,� 1975),� which� could
serve�as�a�reference�to�consider�a�plant�Ca,�S
or�Mg�accumulators,� respectively.�These�val-
ues� are,� in� all� the� cases� above,� averages� that
could�be�obtained�from�Watanabe�&�al.�(2007)
and�Houba�&�Uittenbogaard�(1994)
Although�those�limits�could�be�discussed�in

every� case,� trying� to� establish� them� may� be
helpful�considering,�as�it�seems�to�be,�that�they
could�work�as�a�discriminating�criterion�(e.g.
Drohan &� Merkler,� 2009).� The� above� men-
tioned� thresholds� would� fit� quite� well� with
those� recorded� for� “thiophores”� species,
among�which�most�of�gypsophytes�(Boukhris
&�Loissant,� 1975)�would� be� included.� Some
may� argue� against� this� idea� that� those� limits
would� be� lower� than� those� indicated� for
“macrothiophores”� (Boukhris� &� Loissant,
1972)� or� for� eu-gypsophytes� (Duvigneaud &
Denaeyer�de-Smet,�1973),�but� it� is� important
to� remember� that� in� these� categories� only
encompassed� tree� species� remain,� following
the�cited�authors.�Therefore,�Erodium glauco-
phyllum would�be�a�macrothiophore,�whereas
Gypsophila hispanica and�Ononis tridentata
would�be�eu-gypsophytes.�However,�these�val-
ues� are� well� suited� to� those� ranges� that
Boukhris� &� Loissant� (1972)� established� for
“mesothiophore”�species,�among�which�“clas-
sic”� gypsophytes� can� be� found� such� as
Lepidium subulatum,�Helianthemum squama-
tum or�Herniaria fruticosa.
According� to� data� compiled� by�Moore�&

al.� (2014)� only� “wide� gypsophiles”,� in
Palacio’s� &� al.� (2007)� sense,� would� present
values� higher� than� the� above� mentioned,
although�it�would�be�necessary�to�exclude�two
species�with�a�large�presence�on�gypsum�from
this�category�such�as�Frankenia thymifolia and
Sedum gypsicola.� In�fact,�Frankenia thymifo-
lia shows� the� highest� Ca� content� known� in
leaves�to�date,�for�the�Spanish�gypsophile�flora
(but� see� Mota� &� al.,� 2017).� Also,
Helianthemum syriacum,� a� gypsovag,� could
be� in� the� threshold� of� the� considered� values.
According�to�these�criteria�the�so-called�“nar-
row�gypsophiles”�would�be�excluded�from�the
accumulator� gypsophytes� list,� at� least� which

would�be�so� if�only�foliar�contents�published
until� now,� are� taken� into� account� (Palacio�&
al.,�2007;�Moore�&�al.,�2014).�However,�that
is�not�the�case�when�considering�roots.�As�can
be�seen�in�Table�4�many�of�them�exceed,�in�the
case�of�Ca,�3%�dry�weight.�
It� has� already� been� pointed� out� that� there

may�be�accumulations�of�Ca�and�other�miner-
als�in�other�plant�organs�different�from�leaves,
such� as� the� stems� and� roots� (Yang &� al.,
1999).�In�the�case�of�Gypsophila genus,�druse
crystals� have� already� been� detected� in� roots
(Özdemir�&�al.,�2010)�as�well�as�high�Ca�and
S� levels� (Mota� &� al.,� 2017).� Table� 4� shows
that� this� is� not� an� exception.�This� accumula-
tion�does�not�only�occur�in�wide�gypsophiles,
such� as� Ononis tridentata or� Gypsophila
struthium,�but�is�also�present�in�a�large�number
of� narrow� gypsophiles,� like� Teucrium
torredanum and�T. balthazaris. This�pattern�is
also�recognizable� in�some�gypsovags�such�as
Helianthemum syriacum and� Anthyllis cyti-
soides (Table�4).� It� seems� logical� to�consider
that�within� the� gypsophily� phenomenon,� any
plant�organ�may�be�considered�as�an�accumu-
lator�of�any�of�these�three�elements,�although
it�should�be�noted�that�neither�S�nor�Mg�appear
to�be�in�roots�at�the�same�levels�as�they�appear
in� the� leaves.� Mota� &� al.� (2017)� also� add
another� mineral� element� to� consider� when
studying�gypsophily;�that�is�Sr,�in�which�gyp-
siferous�soils�are�so�rich�(Rosell�&�al.,�1998;
Kasprzyk,� 2013).� In� fact,� according� to� the
established� limits� for� some� heavy� metals
(Baker &� Brooks,� 1989),� some� gypsophytes
could�be�considered�even�as�Sr�hyperaccumu-
lators.� In� Teucrium turredanun (unpublished
data)� and,� especially,� Gypsophila struthium
(Mota�&�al.,� 2017), high� percentages� of� this
element�have�already�been�found�in�roots.
Although�Ca,�S�and�Mg�levels�in�plant�tis-

sue�might�be�of�great�help� to� identify�gypso-
phytes,�a�word�of�caution�is�needed�about�their
use�as�discriminants.�To�begin�with,�there�is�an
effect�that�could�be�called�“taxonomical”,�rep-
resented�in�the�case�of�S�in�crucifers�and�other
related�families�(e.g.�Resedaceae).�Richness�in
this�element�in�secondary�metabolites�makes�it
so� that� almost� all� the�members�of� the� family
show�high�levels�of�this�element.�In�addition�to
this,�a�physiological�effect�might�be�highlight-
ed�in�the�case�of�Ca,�a�nutrient�playing�many
different� roles� in�plants� as� a�whole.�Some�of
these� functions,� as� those� performed� as
osmoregulator�(Knight,�2000;�Ahanger�&�al.,
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2014)� make� this� very� abundant� in� vacuoles
(Gallaher,�1975;�Beebo�&�al.,�2009)�of�species
belonging� to� Sedum (Crassulaceae)� genus
(Ardelean�&�al.,�2011).�Additionally,�calcium
oxalate�has�proven�to�be�useful�in�the�defence
against� herbivory� (Molano-Flores,� 2001;
Nakata,� 2003)� and� that� reason�might� explain
the�high�Ca�levels�in�gypsovags�legume�fami-
ly�such�as�Anthyllis terniflora and�A. cytisoides
when� they� are� growing� on� gypsum� (un-
published� data).� Mota� &� al.� (2017)� suggest

that� this� accumulation� of� Ca� could� also� be
behind� the� low� rates� of� herbivory� found� by
Megias�&�al.�(2011)�both�for�Ononis tridenta,
a�legume,�and�Gysophila struthium,�two�gypso-
phytes� forming� druses� (Grigore� &� al.� 2011;
Palacio� &� al.� 2014a).�Also� among� the� halo-
phytes,�accumulation�of�Ca,�S�and�Mg�(Merlo
&� al.,� 2001)� is� common,� although� in� these
cases� the� gypsophytes� separation� is� easy
because�they�do�not�accumulate�large�amounts
of� Na.� However,� it� is� clear� that� there� is� an
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Table� 4. Root� mineral� composition� of� the� studied� species.� Abbreviations� are:� Loc:� Locality;
AL:�Almagro;� SO:� Sorbas;� VY:� Venta� de� los�Yesos;� G:� tentative� gypsophily� degree;� CG:� gypsovag;

NG:�narrow-gypsophile;�WG:�wide�gypsophile.

Species Loc G C (%) N (%)
Ca

(%)
K (%)

Mg

(%)

Na

(%)
P (%) S (%)

Anthyllis cytisoides AL GV 45,74 0,77 2,48 0,25 0,15 0,01 0,04 0,09

Anthyllis cytisoides SO GV 48,73 0,92 4,01 0,31 0,23 0,02 0,02 0,18

Coris hispanica SO NG 49,74 0,76 2,84 0,42 0,16 0,19 0,03 0,95

Coris hispanica VY NG 48,11 0,54 1,10 0,59 0,09 0,10 0,02 0,53

Frankenia thymifolia VY WG 46,57 1,37 1,79 0,18 0,13 0,08 0,02 0,72

Gypsophila struthium SO WG 35,82 0,71 7,63 0,60 0,06 0,03 0,02 0,50

Gypsophila struthium VY WG 40,37 0,61 7,45 0,63 0,04 0,04 0,01 0,32

Helianthemum

alypoides
SO NG 52,20 0,48 1,43 0,12 0,07 0,02 0,02 0,37

Helichrysum stoechas SO GV 50,91 1,02 0,48 1,02 0,02 0,08 0,07 0,32

Helianthemum

squamatum
AL WG 46,37 0,51 2,68 0,18 0,21 0,02 0,02 0,51

Helianthemum

squamatum
SO WG 46,61 0,62 1,84 0,19 0,23 0,29 0,02 0,57

Helianthemum

squamatum
VY WG 45,39 0,71 2,99 0,30 0,13 0,03 0,04 0,63

Helianthemum

syriacum
AL GV 48,80 0,61 3,77 0,21 0,14 0,03 0,02 0,21

Helianthemum

syriacum
SO GV 47,91 0,44 4,00 0,17 0,06 0,02 0,02 0,37

Helianthemum

syriacum
VY GV 43,97 0,64 5,56 0,25 0,10 0,03 0,03 0,35

Lepidium subulatum VY WG 48,35 0,92 0,45 0,30 0,05 0,01 0,04 0,52

Ononis tridentata AL WG 46,14 0,73 4,17 0,13 0,27 0,02 0,01 0,38

Ononis tridentata SO WG 45,50 0,72 5,70 0,11 0,11 0,02 0,01 0,43

Rosmarinus officinalis AL GV 52,93 0,53 0,66 0,34 0,08 0,09 0,01 0,23

Rosmarinus officinalis SO GV 50,20 0,47 0,32 0,17 0,02 0,03 0,01 0,09

Schoenus nigricans AL GV 44,54 0,31 2,70 0,11 0,05 0,06 0,00 1,41

Santolina viscosa AL NG 50,36 0,87 2,37 0,40 0,28 0,06 0,03 0,26

Santolina viscosa SO NG 51,73 0,75 2,10 0,36 0,04 0,06 0,03 0,49

Santolina viscosa VY NG 50,58 0,82 2,65 0,30 0,06 0,21 0,02 1,16

Teucrium balthazaris AL NG 47,77 1,63 3,94 0,66 0,24 0,02 0,02 0,54

Teucrium turredanum SO NG 47,86 1,70 4,14 0,60 0,07 0,24 0,03 0,55

Teucrium turredanum SO NG 47,60 1,66 4,08 0,57 0,06 0,23 0,03 0,54



intermediate� strategy� long� known
(Duvigneaud� P� &� Denaeyer-de� Smet,� 1968,
1973;� Boukhris,� &� Lossaint,� (1972,� 1975)
which�allows�for�the�use�of�terms�such�as�halo-
phytic�gypsophiles,�halogypsophiles�or�haloth-
iophores� (Parsons,� 1976).�Despite� these� cau-
tions,�data�about�accumulation�of�the�four�ele-
ments� indicated� before�may� be� of� interest� to
understand�the�gypsophily�phenomenon.

Proposal for the structure of the database

Notwithstanding� the� fact� that� some� of� the
reasons� for� the� global� implementation� of� a
checklist� of� gypsophytes� have� already� been
introduced,�one�last�aspect�remains�to�be�dis-
cussed.� The� 90� articles� reviewed� here� are
restricted� to� only� 10� countries� around� the
world.�This�figure�is�very�low�when�compared
to�the�71�that�Pérez-García�&�al.�(2016)�men-
tioned,�which� indicated� the� presence� of� gyp-
sophile� plants.� Specifically,� these� researchers
state�the�certain�existence�of�this�type�of�flora

in�50�countries.�This�database�includes,�so�far,
678�species�and�it�will�certainly�be�expanded
in� the� future.� These� figures� are� above� those
found� in� the� article� by Parsons� (1976),� who
barely�cites�a�dozen�countries�with�gypsophile
flora.�Still� it� is�clear�that�much�work�remains
to�be�done�and�many�aspects�to�be�discussed.
For�example,�some�species�have�been�consid-
ered�gypsophytes�in�some�countries�while�not
in� others.� Lygeum spartum (Boukhris� &
Loissant,� 1970)� or� Diplotaxis harra s.l.
(Benabadji &�al.,�2009)�are�clear�examples�of
this.�The� involvement� of� local� experts� in� the
global�gypsophile�plants�checklist�will�be�cru-
cial�in�advancing�knowledge�of�this�interesting
type�of�edaphism.�The�creation�of�a�database,
on�which�the�authors�of�the�present�study�are
working,� and� which� was� inspired� by� e-
HALOPH,�can�be�helpful�in�starting�this�task.
Awaiting� suggestions,� the� structure� of� this
database�is�reflected�in�Table�5.

Conclusions

The�most�widespread�criterion�to�define�what
a� gypsophile� plant� or� a� gypsophyte� is� was
inductive� and� based� on� direct� observation� of
such� plants� on� gypsum� soils,� although� never
(or�hardly�ever)�out�of�them.�Actually,�it�is�dif-
ficult�to�establish�another�criterion�as�there�are
no�data�available�or�any�indisputable�evidence
to�discriminate�between� this� type�of�plants�and
those� which� accompany� them� in� the� gypsum
soils;� the� latter�can�be�considered�as�gypsum
tolerant� or� gypsovags.� In� short,� gypsum� toler-
ance�and�gypsophily�cannot�be�made�synonyms.
To� continue� advancing� knowledge� about� gyp-
sophila�flora,�it�is�necessary�to�rely�on�the�defini-
tion�offered�by�Parsons�(1976),�which�seems�not
to� have� lost� force� as� it� is� commonly� applied
when�new�gypsophile� taxa� (e.g.�Akhani, 2004;
Yildirim�&�Crespo,�2014;�Alexander&�al.,�2014;
Güemes &� al.,� 2016;� Dehshiri� &� Goodarzi,
2016;� Salazar� &� al.,� 2016)� are� described.� In
short,�gypsum�tolerance�and�gypsophily�cannot
be�considered�synonymous.
Terminology� around� plants�with� a� prefer-

ence� for� gypsum� has� multiplied� over� time
since�Reyes Prósper�(1915)�first�used�the�word
“yipsófila”.� It�was� probably� Johnston� (1941)
who� first� used� the� term� “gypsophily”,�which
was� accompanied� by� gypsophile,� used� as� a
noun,�and�“gypsophilous”�as�an�adjective.�The
tradition�in�the�use�of�“gypsophile”�has�lasted
until�today,�but�when�referring�to�a�plant,�it�is
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Database fields

1 Family

2 Genus

3 Species

4 Author

5 Image

6 Plant type

7 Life form

8 Ecotypes

9 Soil maximum gypsum content

10 Germination / Plant nursery

11 Excretory glands

12 Photosynthetic pathway

13 Molecular data

14

Microbial interactions and mycorrhizal

status

15 Bioremediation / Restoration ecology

16 Antioxidants

17 Secondary metabolites

18 Stoichiometry

19 Habitat

20 Fitosociology /accompanying species

21 Bioclimatology

22 Economic use

23 Distribution

24 References

25 Comments

Table� 5. Proposed� fields� for� the� gypsum� plants
database



22 Mota, J.F.; Garrido-Becerra J.A.; Pérez-García F.J.; Salmerón-Sánchez E.; Sánchez-Gómez P.; Merlo E. Lazaroa 37 2016: 7-30

probably�more�accurate�to�use�the�term�“gypso-
phyte”�since�gypsophile�is�also�widely�used�as�an
adjective.�Other� terms�with� the�same�root�(lex-
eme)�as�the�above�can�be�helpful�in�establishing
the� degree� of� a� species’� gypsophily,� an� idea
already� advanced�by�Huguet� del�Villar� (1925),
and�can�serve�to�clarify�the�ecological�behaviour
of�these�species.�In�fact,�the�degree�of�gypsophi-
ly� of� a� species�may�vary� from�one� territory� to
another,�and� it� is�an�aspect�of� interest� to�better
understand�this�geobotanical�phenomenon.
According�to�the�edaphic�data�available�for

gypsophile� vegetation,� the� concept� of� gyp-
sisol,� without� referring� to� the� percentage� of
gypsum�in�the�soil,�seems�clearly�insufficient
to�discuss�the�gypsophile�character�of�plants.�It
is� evident� that� gypsophile� vegetation,� or
rather,�that�with�a�good�representation�of�gyp-
sophile�plants�in�terms�of�coverage�and�species
richness,�occurs� in� soils�with�a�high�percent-
ages�of�gypsum,�as�happens�with�conductivity
values�to�establish�halophily.�As�soon�as�infor-
mation�on�the�abundance�of�gypsum�in�the�soil
becomes�available,�it�may�be�possible�to�estab-
lish�a�minimum�level�of�this�mineral�as�a�dis-
criminating� criterion� for� gypsophily.� In� any
case,� the�data�provided�here� already�advance
future� difficulties� in� the� study� of� gypsophily
and�the�relationship�between�this�phenomenon
and�gypsiferous�soils.�It�will�also�be�necessary
to�delve�deeper�into�this�latter�subject�follow-
ing�the�guidelines�outlined�by�researchers�with
extensive�experience�in�this�soil�type�(Herrero
&�al.,�2009;�Poch�&�al.,�1998).
As� happens� with� gypsum� percentage� in

soils,� the� contents� of� Ca,� S� and� Mg� in� gyp-
sophile�plants�can�be�helpful�criteria�to�deepen
the�knowledge�of�gypsophily.�Although�the�use
of� percentages� of� these� elements� in� different
plant�organs�may�be�suggested�as�a�deductive
criterion� for� gypsophily,� at� the� moment� there
are� not� many� plants� analyzed� outside� Spain
(Palacio� &� al.,� 2007;� Moore &� al.,� 2014),
Tunisia� (Boukhris�&�Loisant,� 1970,� 1972�and
1975),�USA�(Drohan�&�Merkler, 2009),�Turkey
(Bolukbasi� &� al.,� 2016),� Russia� (Tuyukina,
2009)� and� Italy� (Mendoza� &� al.,� 2016).

However,� it� is� clear� that� not� all� gypsophile
species�have�this�accumulator�strategy�and�even
some� gypsovags� are� able� to� accumulate� large
amounts�of�any�of�these�elements�in�both�leaves
and�roots.�The�latter�deserve�much�more�atten-
tion�than�has�been�given�them�so�far.�Sr�may�be
another� element� of� interest� in� gypsophily
research�(Mota�&�al.,�2017).�Anyhow,�even�if�the
accumulator�is�not�the�ultimate�trait�to�establish
gypsophily,�it�is�a�very�important�fact�that�should
be� investigated� in� all� gypsophile� species.
Likewise,� trying� to� establish� boundaries� that
separate�more�or�less�clearly�what�can�be�under-
stood�as�normal�mineral�percentages�and� those
typical�of�the�gypsophytes�can�help�in�the�inves-
tigation.� Some� values� are� proposed� here� as
thresholds�to�be�discussed:�over�3�3-3.5%�for�Ca,
above�1%�for�S�and�higher�than�0.75-1%�for�Mg.
For� Sr.� levels� above� 500� ppm� can� already� be
clear�deviants,�even�lower.�However,�in�this�case,
more�than�in�any�other,�it�is�necessary�to�expand
the�known�information�before�setting�a�limit.
Until�research�on�gypsophily�progresses�in

the�search�for�its�causes,�it�will�be�difficult�to
use� genetic,� physiological� or� ecological
(edaphic)�criteria�(Mota &�al.,�2011)�to�estab-
lish�with�guarantees�what�a�“true”�gypsophyte
is.� Considering� that� the� investigation� of� this
geobotanical� phenomenon� has� concentrated
much�in�some�countries�and�in�a�very�limited
group� of� species,� it� would� be� necessary� to
extend�the�study�of�this�type�of�flora�to�other
countries�and�territories,�as�well�as�to�different
climatic�conditions.�Creating�a�database�avail-
able�to�all�researchers�may�be�a�decisive�step
towards�understanding�gypsophily.
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