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Soil water repellency (WR) is commonly observed in forest areas showing wettable and water repellent patches with high spatial variability. This has important hydrological implications; in semiarid areas where water supply is limited, even slight WR may play an important role in infiltration patterns and distribution of water into the soil (Mataix-

Solera et al., 2007). It has been proposed that the origin of WR is the release of organic compounds from different plants species and sources (due to waxes and other organic substances in their tissues; Doerr et al., 1998). However, the relationship between WR and plants may not always be a direct one: a group of fungi (mainly mycorrhizal fungi) and

microorganisms could be also responsible for WR. The aim of this research is to study the factors involved in the patchy distribution of WR by analyzing the relationships between WR in soils under different plant cover with selected soil properties and the quantity of fungi and their exudates.

Figure 1: sierra de la Taja (Pinoso, Alicante). 

Materials and Methods

The study area is located in Southeast Spain,

“Sierra de la Taja”, Pinoso (Alicante), with a semiarid

Mediterranean climate (Pm=260mm). Samples were

taken in September 2011, when WR is normally

strongest after summer drought.

Results and Discussion

Water repellency

Figure 3. Water drops over water
repellent soil. Photo. V. Arcenegui

Soil samples were collected from the first 2.5cm of the

mineral A horizon at microsites beneath each of the four

most representative species (P. halepensis, R. officinalis, Q.

rotundifolia and C. albidus; n=15 per specie) and 5 samples

from bare soil with no influence of any species. The soil is a

Lithic Xerorthent (Soil Survey Staff, 2006)

Laboratory Methods

Water repellency was measured by the

Water Drop Penetration Time test (WDPT)

(Wessel, 1988) under controlled conditions

(20ºC and 50% of air humidity).

Glomalin analysis:  Easily extractable 

glomalin (EEG) was extracted from soil 

autoclaving with citric acid buffer and detected 

with a Braddford assay (Wright & Updahyaya, 

1998)

Pyrolysis-gas chromatography-

mass spectometry (Py-GC/MS)

consisted of a flash pyrolysis

(500ºC) on the glomalin extract.

Total lipids contents: Soil samples (10 g) were

Soxhlet extracted with a dichloromethane–methanol

(3:1). Total lipid contents were gravimetrically

determined and referred to as percentages of soil.

The free lipids were analyzed by gas

chromatography-mass spectrometry (GC-MS).

Soil organic content (Walkley & Black,1934)

pH (1:2.5 w/v)

Figure 2: sierra de la Taja (Pinoso, Alicante). 

Our result showed that the

occurrence of WR was higher

under P. halepensis (87% of

samples) and Q. rotundifolia

(60% of samples) (figure 6).

SOM content in soil revealed significant differences between species (figure 7). Positive significant correlations were found between WR and

SOM content for all species (figure 8), with the best correlations for Pinus and Quercus (table 1). The negative correlation found between pH and

persistence of WR seems to be related to soil organic matter (SOM) content for all vegetal species (see partial correlations in table 1)
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Glomalin exudates from arbuscular mycorrhizal fungi in soil revealed significant

differences between species (figure 9). Pearson’s correlations were significant between WR

and Glomalin for all species, but this relationship seems to be controlled by SOM as parcial

correlations indicate (table 2).The higher average content of Glomalin was found in

Rosmarinus officinalis (figure 9).
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Due to we observed that some samples with the

same SOM content (including some under the same

vegetation cover) showed different WR persistence. We

decided to do lipid extractions in order to elucidate if the

responsible of WR is the quality of the organic material.

18 samples (8 from Pinus and 10 for Quercus) were

selected for the analysis of extractable lipids (figure 12).

Total lipid contents
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Introduction

Figure 8: relationship between SOM content and WR (log

WDPT) of samples taken under the four species and bare

soil.
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The result showed a close relationship

between WR and lipids content (figure 13

and 14).

Figure 6: relative frecuency of water repellency clases (s) under four different species

and bare soil.

Table 1: Pearson’s correlations coefficients between WR and soil parameters for 

each species

Table 2: Pearson’s correlations coefficients between EEG and soil parameters for each species.

Figure 19: EEG  content under four different species and 

bare soil.
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Figure 7: EEG  content under four different species and bare 

soil.

Figure 13: WR and total lipids content for the selected samples studied

Figure 12: relationship between WR (logWDPT) and SOM content of

soil samples under Quercus and Pinus. Selection of samples with similar

SOM content and different WR.

Figure 14: relationship between total lipid contents and WR (log WDPT) for the

selected samples studied. ”r”= Pearson’s correlations coefficients
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Conclusions

Soil properties are strongly influenced by vegetation cover, which provides to the soil different input of organic material with different composition. From our first results, we can conclude that one of the main factor influencing the presence and persistence of WR in that type of soils is the quality of SOM content, it can be deduced for he total lipids

content in the soil. About fungi activity , the first results do not point to a direct relationship between EEG content and WR but we need to know more about specific components within the glomalin extract, which could be main factors affecting soil WR.

Factors responsible for the patchy distribution of natural soil water repellency 
in Mediterranean semiarid forest
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Figure 5: Soxhlet. Photography by E. 
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Figure 4:glomalin extracts

SOM pH WR
WR parcial 

(SOM)

Glomalin Pinus 0.491 -0.407 0.674** 0.563

Rosmarinus 0.679** -0.401 0.533* -0.012

Quercus 0.868** -0.268 0.763** -0.271

Cistus 0.895** -0.814** 0.732** 0.005

Bare soil 0.948* -0.823

SOM pH
WR parcial 

(SOM)

WR Pinus 0.855** -0.763** -0.552

Rosmarinus 0.770** -0.833** -0.766

Quercus 0.934** -0.373 -0.192

Cistus 0.817** -0.823** -0.460

The chromatograms of all samples were very similar, indicating

that this SOM fraction is a very homogeneous (figure 11). The

most abundant from the pyrolysis compounds are derived

from polysaccharides (A; 1, 2, 3, 5 ,6 , B; 1, 2, 6, 7, 9, 10, 13, 15, 21, C;

1, 3, 9, 10,) followed for aromatic non-specific (A; 4, 7, 9, 12, B; 4, 12,

16, 19, 22, C; 4-8, 12-14, 18, 19)

(mainlib) 1H-Imidazole, 4,5-dihydro-4-methyl-2-phenyl-
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Figure  11  : chromatograms of products released by pyrolisis (500ºC) of Glomalin extracted under Pinus and Quercus.

Figure 10  : 1H-Imidazole, 4, 5-dihydro- 4 methyl-2-phenyl

There are some components

derived form lignin (B; 11, 20 and C;

2). Despite glomalin is thought to be a

glycoprotein, there is only a pyrolysis

compound with possible protein

origin in Section C (15) (figure 10).


