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Gypsophiles
accumulate Ca, Mg 
and S (Merlo et al. 
2019) and also N.
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• And…ecological strategies of gypsum plants  
(gypsophiles and gypsovags) are related to presence 
of root associated fungi as mycorrhiza fungi?

• High ability to uptake and re-cycle N as 
Lepidium subulatum (Palacio et al. 2014)

• Strategies to uptake more nutrients via associations 
with mycorrhiza fungi or other edaphic microorganims?

• Root associated fungi (Brundett, 2009):
- Arbuscular endomycorrhiza fungi (AMF)

- Ectomycorrhiza fungi (EMF)

- Specifical mycorrhiza fungi as ericoidal or orchideas.

- Non-mycorrhiza fungi, as endophytes fungi

• Mycorrhizal symbioses (AMF and EMF) can enhance plant growth through a number
of processes which include increased nutrient uptake (Richardson et al. 2009).
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Dark septate fungi were present in roots from
Mexico (Porras-Alfaro, 2014)

Torrecillas et al. 2014 AEM.

Gypsophiles

Gypsovag
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Modularity

Gypsovags have more fungal diversity and 
more arbuscular colonization -> better
absorption and growth on stressful soil
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• Gypsophiles and gypsovags have more arbuscular colonization in Spring than Autumn

-Quantified the presence in autumn (2017) and the next spring (2018) of:

mycorrhizal arbuscules (AC) vesicules (VC) fungal hyphae (FC) 

In 3 gypsophiles: Helianthemum squamatum, Lepidium subulatum and Gypsophila struthium

And 2 gypsovags: Matthiola fruticulosa and Helianthemum syriacum

-Quantified soil variables such contents of gypsum, soluble nitrate, soluble ammonium, total nitrogen, assimilable
phosphorus and organic matter. 

Hypothesis and objectives
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Percentage of Gypsum

(Range) Phenology

Autumn Spring Autumn Spring

Gypsophila hispanica 7,8 - 43,5 54,5 - 69,1 G G

Lepidium subulatum 48,2 - 72,0 50,2 - 76,8 G F

Matthiola fruticulosa 0,2 - 2,0 12,6 - 40,0 SD F

Helianthemum squamatum 46,9 - 80,3 31,7 - 67,4 G FB

Helianthemum syriacum 45,5 - 69,2 50,0 - 73,2 G FB

Sampled
November 28 of 2017  Autumn 2017
April 26 of 2018  Spring 2018
August 21 of 2018        Summer 2018
December 13 of 2018  Autumn 2018



Methodology

Following McGonigle et al. 1990 

Lab work
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Type (p-
value)

Season (p-
value)

Type*Season (p-value)

FC 0,948 0,001 0,074

VC 0,833 0,005 0,377

AC 0,449 0,518 0,069

lme(fixed=variable~type*season, random= ~1|specie

FC and VC are higher in spring than autumn
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Results: Arbuscular colonization AC values have been interpreted as indicative of active AMF 
simbiosis, since arbuscules are sites of resource exchange
between plant and fungi (McGonigle et al. 1990), however
not imply efficiency (Cavagnaro et al. 2005).Mean Fall’17 

(SD)
Mean Spring’18 
(SD)

GyHi 0,5 (±0,6) 0,3 (±7,0) 

HeSq 20,2 (±18,1) 11,1 (±17,2) 

HeSy 20,0 (±15,7) 24,7 (±12,7) 

LeSu 0,9 (±3,4) 3,1 (±4,6) 

MaFr 0,0 (±0,0) 10,7 (±4,1)

Arbuscules of LeSu roots in fall. By: Estephania

Matthiola fruticulosa (gypsovag and 
Brassicaceae) do not have arbuscules
in autumn



Results: Features of soil lme(fixed=variable~season, random= ~1|specie,data=data)

Mean Fall 
2018

Mean Spring
2018

Between season 
(p-value)

dissolved nitrate 6,16(±5,48) 1,18(±0,49) <0.001

dissolved ammonium(mg/Kg) 2,41(±2,02) 2,32(±1,48) 0.8504

assimilable
phosphorus(mg/Kg) 3,16(±5,63) 0,7(±0,45) 0,0059

organic matter (%) 1,13(±0,45) 1,25(±0,51) 0.3607
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2018
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(p-value)

dissolved nitrate 6,16(±5,48) 1,18(±0,49) <0.001

dissolved ammonium(mg/Kg) 2,41(±2,02) 2,32(±1,48) 0.8504

assimilable
phosphorus(mg/Kg) 3,16(±5,63) 0,7(±0,45) 0,0059

organic matter (%) 1,13(±0,45) 1,25(±0,51) 0.3607

Dissolved nitrate and 
assimilable
phosphorus are 
higher in autumn
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• With these 5 species, we have not found differences between gypsovags and 
gypsophiles on FC, VC and AC, whereas Palacio et al. (2012) did.

• Matthiola fruticulosa show a seasonal effect on arbuscular colonization, higher 
in spring during their flowering phase, as Alguacil et al. 2009 expected.

• We found seasonal effect on the amount of dissolved nitrate in soil as 
Delgado-Baquerizo et al. (2011) and also assimilable phosphorus, both higher 
in autumn.

Discussion

Next steps
• Analyze summer 2018 and autumn 2019 samples to complete the year
• Analyze leaf and root nitrogen concentration



Observational notes: Dark septate fungi

Dark septate hyphae of GyHi roots in fall. By: Estephania

*

*

DSF have more colonization in 
Helianthemum squamatum in spring
and in Matthiola fruticulosa in autumn



Observational notes: Crystals and seasonality

Gypsophila hispanica have crystals in fall and not
in spring. Other species do not have crystals.



Autumn 2017 Spring 2017
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