
GYPNET – A GLOBAL NETWORK FOR THE STUDY OF GYPSUM PLANTS 

 

About this initiative 

Gypsum outcrops extend over 100 million ha throughout the globe, particularly in arid and 
semi-arid areas. Together with the arid conditions, gypsum soils show a suite of physical and 
chemical characteristics that render them particularly restrictive for plant life. Nevertheless, in 
spite of their limiting nature, they host a highly diversified and specialized flora that 
constitutes a global conservation priority. Plants growing on gypsum soils can be segregated 
into gypsum specialist plants (gypsophiles) and non-specialists plants (gypsovags, i.e. plants 
that grow both on and off of gypsum). Despite recent efforts devoted to understanding plant 
life on gypsum, the mechanisms displayed by plants to survive and become competitive on this 
special substrate are still not fully understood. 

Studies on gypsum plants have traditionally focused on a few parts of the world, with some 
areas being studied extensively while others remain nearly unexplored. However, a global 
approach is required to confirm whether the ecological and evolutionary patterns observed in 
studies conducted so far, which have been concentrated primarily in Mediterranean climates 
and the Chihuahuan Desert, are general to gypsum floras worldwide and hence might reflect 
general processes that accompany adaptation to gypsum. The main aim of this initiative is to 
create a network of scientists working on gypsum plants to collaborate on global studies of 
gypsum ecology and evolution. As an initial collaborative project, we propose an analysis of 
the chemical composition of gypsum plants (see background and details below). However, the 
network should serve as a platform to launch any other global project related to the study of 
gypsum plants. 

Although authorship criteria should be agreed and discussed by all members of the network in 
the future, we propose to be as inclusive as possible, so that anyone contributing substantial 
data merits authorship in the work(s) resulting from the publication of the global database. 

 

A global analysis of the chemical composition of gypsum plants 

Plants tightly regulate the intracellular concentrations of nutrients, particularly those with 
important metabolic functions. Consequently, plants growing on soils with an unbalanced 
nutrient composition (like gypsum soils, which show an excess of Ca, S or Mg and a deficit in N 
and P) must find mechanisms to regulate the intracellular concentrations of nutrients, coping 
with those in excess and favoring the uptake of the limiting ones. Such mechanisms are likely 
an important part of plant adaptation to live on gypsum. Understanding the different 
mechanisms that plants use to cope with the unusual nutrient content of gypsum, their extent 
and occurrence in different floras and regions, and their consequences on plant functioning is 
a crucial first step in the analysis of gypsophily.  

Early investigations showed that the chemical composition of gypsophiles and gypsovags 
differs, with the former showing an ability to accumulate certain nutrients (Ca, S, Mg) and total 



ashes. These results led to the identification of different strategies among plants growing on 
gypsum, namely the accumulation, assimilation or exclusion of certain elements. Some authors 
have further suggested that gypsophiles can be segregated based on geography into two 
groups that tend to differ in chemical composition and ecological strategy:  “narrow” 
gypsophiles, which grow on one or a few gypsum exposures over a restricted area within a 
given region, and “wide” gypsophiles, which are distributed broadly across many gypsum 
outcrops within a given region.  These authors have found differences in the elemental 
composition of narrowly and widely distributed gypsophiles from central and northeast Spain, 
with narrow gypsophiles being more similar to the chemical composition of gypsovags, which 
they interpreted as a sign of their lack of specialization to gypsum soils. Recently, a study of 
gypsum plants from central and northeast Spain using FTIR spectroscopy has shown that 
narrow gypsophiles share spectral features with gypsovags and wide gypsophiles that identify 
them as a separate group. In the same study, most of the wide gypsophiles were found to 
accumulate gypsum and calcium oxalate crystals in their leaves, although one species 
assimilated sulfates in organic molecules as a mechanism to cope with gypsum. In accordance 
with previous studies that have examined the elemental composition of gypsum plants, this 
spectral analysis concluded that gypsovags seem to be stress tolerant plants that tightly 
regulate the uptake of S and Ca by their roots. However, narrow gypsophiles were found to 
share the ability to accumulate excess Ca as oxalate, possibly indicating their incipient 
specialization to live on gypsum.  

The distinction between “wide” and “narrow” gypsophiles is likely directly related to the age of 
the gypsophilic lineage itself, with older gypsophilic lineages tending to be more widely 
distributed. Recent phylogenetic studies have helped to clarify the origin and relative ages of 
some gypsophilic lineages, principally in the Chihuahuan Desert region of North America.  
These studies have demonstrated that widely distributed gypsophiles usually belong to 
gypsum-restricted clades of 2-10 allopatrically distributed species. Such clades are typically 
quite morphologically distinct from their non-gypsophilic congeners, and these studies suggest 
that these gypsophilic clades first appeared in the latest Miocene and Pliocene.  In contrast, 
the same studies have found that narrowly distributed gypsophilic lineages tend to be 
monospecific, to have appeared much more recently, and to be morphologically much less 
distinct from their congeners.  Hence older gypsophilic lineages may have more and/or 
“better” ecophysiological adaptations to gypsum than younger, more narrowly distributed 
lineages. Moreover, these studies have documented a propensity for gypsophilic lineages to 
appear in certain plant families and groups (e.g., Brassicaceae, Asteraceae, Caryophyllales in 
general, etc.), and have found that multiple origins of gypsophily are common within a single 
genus of gypsum-tolerant plants.  These results suggest that certain lineages may be 
preadapted to growing on gypsum, and that replicated ecophysiological comparisons of 
congeneric or otherwise closely related gypsophiles and gypsovags may help to elucidate 
whether common adaptations to gypsophily exist. 

 

Aims and hypotheses of the study 



Here we propose to assemble a global network of researchers to identify the main nutritional 
strategies of gypsum plants from different regions of the world and to test the generality of 
the conclusions drawn from the gypsum flora of Central and NE Spain, validating them in other 
gypsum regions and in a phylogenetic context where possible. Specific hypotheses to be tested 
are as follows: 

- The specialization of plants to gypsum soils is related to the ability to accumulate S and Ca in 
plant tissues (and other inorganic elements such as Mg and total ash).  

- Narrow gypsophiles will generally be less prone to accumulate high concentrations of 
inorganic elements (S, Ca, Mg, total ashes) but may share with wide gypsophiles the ability to 
form Ca-OX crystals 

- Gypsovags, especially in genera that lack gypsophiles, will tolerate gypsum soils by avoiding 
the accumulation of Ca, S and other inorganics in their tissues. 

- Phylogenetic patterns of nutrient accumulation will exist. Members of widely distributed 
gypsophilic clades will accumulate high concentrations of S and Ca, and members of the same 
gypsophilic clade will share similar patterns of nutrient accumulation.  Gypsovags that are 
congeneric to these clades will show differing patterns of nutrient accumulation compared to 
the gypsophilic clades; however, there may be some similarities in their mechanisms of 
gypsum tolerance that may be evidence of preadaptation to gypsum soils. 

If these hypotheses are validated in other gypsophilic floras of the world, the next step would 
be to explore the adaptive meaning of the nutritional strategies of gypsum plants: i.e. what 
advantages (if any) do wide gypsophiles find in accumulating Ca and S in their tissues? Why not 
simply follow the gypsovag strategy of avoidance? 

 

Drafted protocol 

Species and site selection 

Gypsum soils are tricky because they are highly diverse and can be mixed with different 
materials, which may alter their effects on vegetation. To minimize uncertainty linked to soil 
conditions, areas selected as “gypsum sites” should have high gypsum contents, ideally above 
60%. Pure gypsum outcrops should be targeted, avoiding areas where gypsum mixes with 
marls or clays, since in such mixed substrates soil composition (gypsum content) may vary 
sharply at small distances. Soils at sampling sites should be described in detail, including a 
description of soil horizons and geological information to illustrate the extent (also in depth) 
and purity of the gypsum outcrops included in the study. Details on the type of gypsum 
outcrop, i.e. recent lacustrine deposit, ancient deposit exposed due to erosional processes, 
gypsum sand dunes, as well as on the presence of other salts in the soil from which plants 
were collected, should be provided. Five soil samples should also be collected from bare areas 
(uncovered by vegetation), trying to capture the variability in soil conditions within each 
sampling site. 



Plant species selected for this initial study should be perennial, avoiding geophytes. Woody 
species such as small shrubs or scrubs are desirable, but herbaceous perennials are also 
welcome. Further studies analyzing patterns in annual species are envisaged, but this will 
constitute a separate analysis. It is up to researchers from different regions to decide if they 
prefer to collect samples of annual species at this initial stage of the study, even though these 
species will not be prioritized in this first analysis. Taxa with taxonomic uncertainties should be 
avoided. Ideally, each region should include a balanced number of species of wide gypsophiles, 
narrow gypsophiles and gypsovags, with a mixture of congeneric gypsophiles and gypsovags 
where possible. Growth forms should be equally represented among the different groups. 
Borderline species or species whose restriction to gypsum is poorly understood should not be 
included in the study. Gypsum regions whose flora is better documented are preferred 
because this will minimize the risk of errors in the classification of plants into ecological 
groups. To reiterate, wide and narrow gypsophiles correspond to species that only grow on 
gypsum. The main distinction between the two groups of gypsophiles is the extent of their 
distribution area. Wide gypsophiles are species that occur in various gypsum outcrops within a 
given region (see map for G. eriocalyx in Turkey for an example). 

Gypsophila eriocalyx 

 

Narrow gypsophiles are also restricted to gypsum but occur only in a few localities within a 
given region (see map for Verbascum gypsicola) 

 

Verbascum gypsicola 

 



Gypsovags are species that grow both on and off of gypsum. For this study we seek species 
that are widespread both on gypsum and non-gypsum soils within a given region (see, as an 
example, the distribution map for Teucrium polium in Turkey): 

Teucrium polium 

 

 

For convenience, the number of sampling sites should be kept to a minimum, trying to collect 
as much species as possible from the same site. If, however, this is not possible for some 
species, additional sites may be included, taking into account the need to collect soil samples 
and provide an accurate description of the soil and geological conditions in each site. 

 

Plant and soil harvest 

Leaf samples from 5 different individuals of each species will be harvested during winter or at 
a time when plants are more inactive. A minimum of two populations will be sampled. It is 
quite crucial that leaf samples are collected when plants are steady since nutrient 
concentrations vary sharply during shoot elongation, hampering the comparison of samples 
collected at slightly different times. In the Mediterranean, the best time to collect samples is 
winter. In other regions of the world the time of collection should be adjusted to the month(s) 
prior to shoot growth, when plants still hold their leaves but are not growing. The timing of 
sampling will need to be adjusted depending on the life form of study species and their leaf 
habit. For example, winter-deciduous plants growing in temperate regions should be harvested 
at the end of summer, when leaves are mature, plants are not growing and nutrient 
withdrawal prior to autumn senescence has not started yet. We can assist collaborators in 
identifying the most suitable sampling times, provided some basic pheno-morphological 
information from each species is available. 

Green, mature leaves will be targeted, avoiding leaves that are senescing, damaged or too 
young. In Mediterranean-type chamaephytes (sub-shrubs), leaves of short overwintering 
branches will be targeted. The targeted type of leaves for other plant types will depend on the 
sampling time, the type of leaves present in the plant and their dynamism. At least 2 g dried 
weight, i.e. 4 g fresh weight, of leaves should be collected per individual sample. If individual 
plants are too small, leaves from different plants can be pooled into one composite sample. In 



any case, 5 replicates (either simple or composite samples) should be collected from each 
studied species. Leaf material should be dried at 60ºC for 3 days, and then sent to the 
Pyrenean Institute of Ecology (IPE-CSIC) for grinding and analyses. 

In addition, dried leaf samples of gypsophiles and gypsovags should be preserved for molecular 
phylogenetic analysis.  A few green, healthy leaves (or more, if leaves are particularly small) 
should be dried in the field (preferably using silica gel – otherwise dry at 40ºC in a stove) for all 
individuals sampled; senescing leaves or leaves with obvious signs of pathogens should be 
avoided.  Leaf material from each individual should be kept separate and not intermixed.  
Placing the leaves for each sample in separate coffee filters and then placing the filters in 
plastic bags with silica gel is one efficient way of drying the samples.  The amount of silica gel 
required depends upon the amount of water in the leaves; succulent leaves require more silica 
gel. Having multiple (5) individuals of gypsophiles and gypsovags per population will allow for 
discriminating phylogenetic and phylogeographic relationships among closely related taxa. 

For each population of each species sampled, voucher specimens should be collected in the 
field for herbarium preservation.  Ideally, enough voucher material should be collected for 
each population for 3-4 duplicate specimens, such that one specimen can be kept at the home 
institution/country of the researcher, and others can be distributed to other herbaria 
(including to taxonomic experts on various groups, if necessary). 

Five soil samples from the first 0-20 cm of the soil will also be collected from each study site 
(100 g of soil per sample is enough). If present, biological soil crusts or leaf litter will be 
eliminated prior to sample collection and samples will ideally be harvested below individuals of 
some of the targeted species. Soil samples will be air dried at room temperature for 2 weeks, 
sieved to pass a 2 mm sieve and then shipped to the IPE-CSIC for analysis. 

 

Chemical analyses 

Leaf samples will be milled in a ball mill to a fine powder and then analyzed for total ash, P, K, 
S, Ca, Na, Mg, Mn, Cu, Zn, Al, Fe, Co, Bo, Se, Ni, Sr (ICP-OES), C & N (C/N Elemental analyzer), 
Ca(OX) and gypsum (FTIR spectroscopy) in reference laboratories.  

Soil samples will be analyzed for P, K, S, Ca, Na, Mg, Mn, Cu, Zn, Al, Fe, Co, Bo, Se, Ni, Sr (ICP-
OES), C & N, pH, EC, carbonates, gypsum, organic matter, organic carbon and extractable 
phosphate.  

Phylogenetic analyses 

Ongoing phylogenetic analyses of Chihuahuan Desert gypsophiles will continue in the lab of M. 
Moore at Oberlin College.  Reconstructing the phylogenetic relationships of other global 
gypsophiles will require assembling leaf material of the gypsophiles (and related gypsovags) 
sampled for this project, as well as of other congeneric and/or closely related taxa.  Ideally, all 
or the vast majority of taxa within a genus containing gypsophiles should be included in the 
work, but for large genera (e.g. Teucrium, Gypsophila) it may be necessary to limit the scope of 
sampling to particular clades.  Herbarium sampling can be used to expand the list of taxa 



included in phylogenetic analyses.  Leaf tissue of herbarium specimens often yields useable 
DNA for arid and semi-arid adapted groups, including gypsophilic groups, provided that the 
specimen was dried quickly and preserved well (which can be assessed by the presence of 
green leaves on the specimen). The location of lab work and DNA sequencing is flexible 
depending on project participants, although M. Moore has funds available to support basic lab 
work and sequencing. 

 


