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ABSTRACT 
 

Background: Mulching systems are at the spotlight of sustainable soil management as nature-
based solutions for combating desertification. 
Aims: We tested how living mulch systems based on rainfed Thymbra capitata [(L.) Cav.], can be 
established under different pressure from drought and weeds in dryland carob plantations.  
Study design: 10 thyme plots in semi-arid climate (SKR); 11 plots in arid climate (VRY); different 
weed competition intensity (60 thymes per plot). 
Place and Duration of the Study: South-eastern Cyprus, between December 2019 and 2022.  
Methodology: Survival and soil cover for 1260 T. capitata seedlings (3-5 cm tall, 16 seedlings per 
m2) was assessed at the end of 3 dry seasons (d.s.) together with weed community composition, 
weed abundance (w.a.) and biomass. Climate data and De Martone’s Aridity Index (DMAI) were 
used to assess drought severity. 
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Results: Around 80% of the thymes survived at the end of the first d.s, that followed a very rainy 
year (ca. 600 mm annual precipitation; P; ca. +50% than normal; ca. 19 DMAI). Thyme survival 
appeared unaffected by w.a. in both sites. After a severe drought that occurred the second year 
(ca. 300 mm P; ca. -22% than normal; ca. 9.5 DMAI) thyme survival rates dropped at the end of the 
d.s. to ca. 20% at the site with 3 times higher w.a./ biomass (mostly from Avena sp.). However, they 
were unaffected under low w.a. creating a 29% soil cover (vs.7% in VRY). These results remained 
till the end of the third d.s.  
Conclusions: To combat desertification and drought intensification under climatic change, rainfed 
T. capitata as living mulch appears unaffected by weeds during wet years, or in very dry years 
under low w.a. However, under high w.a., a weed management system is required if climate is arid. 
 

 
Keywords: Nature-based solutions; living mulch; weeds; Mediterranean; dryland; climate change. 
 

1. INTRODUCTION 
 
Aridity, which is increasing worldwide because of 
climate change, affects the structure and 
functioning of dryland ecosystems [1].  Drylands 
cover 41% of the Earth’s surface. The 
sustainable management of these soils is critical 
as they are particularly susceptible to 
desertification [2]. The increase in dryland 
expansion rate will likely lead to drylands 
covering half of the global land surface by the 
end of this century [3]. One example is the 
Mediterranean region and its agroecosystems 
which are considered particularly vulnerable to 
drought [4].  
 
Average temperatures in this region are 
predicted to increase by 20 percent, precipitation 
to decline between 4-22 percent and droughts 
are expected to be 5-10 times more frequent [5]. 
These conditions will likely increase irrigation 
requirements between 4 and 18% [4], while 
negatively impacting the quality and yield of 
agricultural crops [5]. Thus, strict management of 
water resources, along with the restoration of 
soils and vegetation to reduce ecosystem 
vulnerability, are urgently needed both in the 
Mediterranean region and globally to address 
current and future desertification challenges [3].  
 
Intensive agricultural practices can lead to 
degradation of crucial regulating and supporting 
ecosystem services [6] and can adversely impact 
soil’s crucial physicochemical properties, such as 
its aggregate stability and organic content [7]. At 
the same time these practices can speed up soil 
erosion thousand times faster than natural 
processes [8], while reducing microbial activity. 
Nature-based solutions, on the other hand, focus 
on enhancing long-term ecosystem services to 
address socio-economic and environmental 
challenges such as described above, while 
reducing dependence on non-renewable 

resources [9]. Regenerative, low-input 
agricultural methods, such as reduced tillage and 
the establishment of living and dry mulching 
systems, are nature-based solutions known to 
increase carbon sequestration, enhance 
biodiversity, facilitate nutrient cycling, prevent soil 
erosion and increase water infiltration and 
availability [6].  
 
Under rainfed conditions, mulching permits the 
mitigation of soil temperature extremes, soil 
moisture retention, weed control and promotes 
crop productivity [10], [11]. Dry organic mulching 
can be applied using different organic materials, 
such as crop residue (straw and grass clippings), 
woodchips, sawdust and compost among others 
[12], [13]. Living mulches are cover crops 
interplanted or under sown with a main crop. 
Advantages of living mulches over dead cover 
crops may include increased weed suppression, 
reduced erosion and leaching, better soil health, 
and greater resource-use efficiency [14]. 
Compared to synthetic mulches, living mulches 
may enhance agroecosystem biodiversity and 
suitability for a wider range of cropping systems 
[14]. Moreover, incorporating aromatic plants into 
tree-based agroforestry systems as living mulch, 
has the potential to increase commercial value 
[15], increase soil organic matter and water 
content [16] and improve soil health and crop 
performance [17]. Furthermore, a multifunctional 
agroecosystem based on living mulch could be 
upscaled to represent a nature-based solution 
that can provide enhanced socioeconomic in 
addition to its environmental benefits [9]. The 
above are top priorities for making dryland 
agroecosystems more sustainable under climatic 
change. 
 

Thymbra capitata [(L.) Cav.], [synonym of 
Thymus capitatus (L.) Hoffmanns. & Link.] is an 
aromatic plant adapted to extreme drought stress 
found in the thermo-Mediterranean vegetation 
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belt. It is typical of garrigue or phrygana 
vegetation. T. capitata makes very conservative 
use of soil moisture [18] enabling it to grow on 
marginal and saline soils [19]. Such properties 
make it an ideal candidate as a living mulch for 
dryland agroforestry systems, as competition 
with the tree crop is likely to be low. However, T. 
capitata, despite being drought adapted, is also a 
slow growing plant. The latter makes it 
vulnerable to competition from fast growing 
weeds.   
 

This paper is the first to evaluate the 
establishment potential of living mulch systems 
based on T. capitata (Thyme system) under 
rainfed conditions in drylands, as a nature-based 
solution for sustainable soil management under 
climate change. Our analysis spanned over a 
duration of three years and covered the effects of 
very wet, normal as well as very dry years in arid 
and semi-arid conditions of Mediterranean 
climate. The influence of a changing climate was 
tested together with different competition from 
weeds to determine under which combination of 
climate type and weed pressure can the Thyme 
system become successfully established.  
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Sites  
 

The field experiments were conducted under 
rainfed conditions in carob agroforestry systems. 
Trees were planted at 7 m distance from each 
other (7x7 m planting density: 204 trees / ha) in 
two sites of different edaphological and climatic 
conditions on the island of Cyprus in the 
southeast Mediterranean. They lasted from 
winter 2019 (December) till winter 2022 
(December) (Fig.1). The first site included two 
neighboring agricultural plots located in Skarinou 
(SKR), Larnaca district [(i) 34°48'37.68"N 
33°21'20.57"E, (ii) 34°48'40.75"N 33°21'14.62"E] 
at ca. 189 m elevation. The second site was 
situated in Vrysoulles (VRY), Ammochostos 
district (35°04'42.2"N 33°52'46.7"E) at 32 m 
elevation. Both regions are classified as prone to 
desertification (Fig.1; see also 2.4 Climate data). 
At site SKR 20-year-old carob trees were 
selected. Since planting they had been drip 
irrigated at the base of their stem during the dry 
months up to summer 2019. Thereafter, irrigation 
stopped so as not to affect the experiments. At 
site VRY 18-years old carob trees were selected 

that had only been irrigated during the first two 
years of establishment. Prior to the experiment, 
conventional soil and weed management in both 
locations was performed, with 3 to 4 ploughing 
applications every year depending on seasonal 
rainfall and growth of weeds.  
 
The soil at SKR site is classified as calcaric-lithic-
Leptosols (65% carbonate) with a pH of 7.84 and 
3.43% organic matter (Table 1). The soil at VRY 
site is classified as calcaric-leptic-Regosols 
dominated by red clay (24% carbonate) with a 
pH of 7.93 and 1.59% organic matter (Table 1). 
Soil analysis was performed at the Agricultural 
Research Institute of Cyprus. 
 

2.2 Experimental Design 
 
The experimental layout covered a ca. 3 x 1.2 m 
surface plot per tree with 60 thymes (ca. 3-5 cm 
tall) planted at the sun exposed side of each tree 
ca. 1.5 m away from the trunk (no shading from 
the tree on the thymes) at a density of ca. 16 
seedlings per m2, in late December 2019 till early 
January 2020 (Fig. 2). These Thyme systems 
were composed of 1260 T. capitata divided into 
21 plots in total (10 plots in SKR with lower weed 
abundance; 11 plots in VRY higher weed 
abundance; Fig. 2). No weeding took               
place in the plots throughout the duration of the 
experiment. 
 
To determine the pressure that competing         
weeds exercised on the Thyme system in each 
site, weed composition and abundance                 
as well as weed biomass were assessed. 
Assessment was performed using 32 quadrats of 
1 m2 randomly placed on unmanaged wild 
vegetation within SKR and VRY sites, not more 
than 2 m away from carob trees (weed plots).  20 
weed plots (8 plots for SKR, 12 for VRY in May 
2020) were used to assess plant                      
composition and abundance and 12 plots (4 plots 
for SKR, 8 for VRY in June 2020) to assess 
weed biomass. This design permitted to 
independently test weed abundance from weed 
biomass. If our weed plots were correctly 
selected as representative of weed conditions 
within the sites, then any differences in weed 
abundance between SKR and VRY sites, would 
also need to be reflected as weed biomass 
differences. Indeed, this was found to be the 
case (see Results). 



 
 
 
 

Matsi et al.; Int. J. Environ. Clim. Change, vol. 14, no. 2, pp. 791-803, 2024; Article no.IJECC.113497 
 
 

 
794 

 

 
 
Fig. 1. (a) Location of the two experimental sites in Cyprus, Skarinou (SKR; b) and Vrysoulles 

(VRY; c) within carob agroforestry systems in regions prone to desertification (the highest 
desertification risk is for arid, the lowest for humid areas; SKR semi-arid; VRY arid; IACO [20] 

with calcareous soil in SKR and red clay soil in VRY. Altitude (alt.) 
 

Table 1. Soil properties of the two experimental sites, SKR and VRY prior to the establishment 
of experimental plots (Autumn 2019) 

 

Soil Property Site Method applied 

  SKR VRY   

Total nitrogen (%) 0.15 0.12 CHN elemental analyzer 
Total nitrogen (Kjeldhal) (%) 0.23 0.16 Kjeldahl (Kirk, 1950) 
Available phosphorus (ppm) 18.20 11.33 Olsen (Pierzynski, 2000) 
Exchangeable potassium (ppm) 179 333   

Calcium carbonate (CaCO3) (%)  65.2 24.2 
Bernard calcimeter 
(ASTM, 2014) 

Conductivity (μS/cm)  609 502   
Organic carbon (%)  1.99 0.92 CHN elemental analyzer 
Organic matter (%) 3.43 1.59   
pH  7.84 7.93   

Soil classification 
calcaric-lithic-
Leptosols 

calcaric-leptic-
Regosols 

  

Textural classification  Silty clay Silty clay loam 
Bouyoucos Hydrometer 
(Huluka and Miller, 2014)  
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Fig. 2. (a) Establishment of T. capitata (ca. 3-5 cm tall seedlings) as living mulch supported by 

ecologically engineered soil (Thyme system), (e) 60 thymes per plot (green dots) were installed 
at the sun exposed side of selected carob trees at sites of higher (b-d; VRY) and lower (f-h; 
SKR;) weed abundance. T = thyme. (b, f) April-May 2020, (c, g) October 2021, (d, h, i) March 

2022 
 
To potentially provide additional support to 
thymes for water and nutrient uptake under 
rainfed conditions, their soil was ecologically 
engineered by installing in each thyme planting 
hole 5 gr of attapulgite, a water absorbing porous 
granular clay (0.25-1.18 mm granules; AGLEV® 
SI 200 GEOHELLAS). Together, 5 gr of Micosat-
F Olivo (CCS) microgranular complex of 
beneficial microbes were added, slightly mixed 
with the soil at the bottom of the hole (Fig. 2). 
The aim was to utilize the synergy of arbuscular 
mycorrhizal fungi, plant growth promoting 
rhizosphere bacteria and saprophytic fungi with a 
mineral that could provide more space, water 
and nutrients for these microbes grow. 
Mycorrhizal fungi consisted of Glomus 
coronatum GO 01, Glomus viscosum GC 41 and 
Glomus intraradices GB 67 strains, while 
bacteria of Pseudomonas sp., Bacillus subtilis 

ΒΑ 41, Streptomyces sp. SA 51, saprotrophic 
fungi (Trichoderma sp., Trichoderma viride TV 
03, Trichoderma harzianum TH 01), and yeast 
(Picia pastoris). The above ecological soil 
engineering method is reported for the first time. 
 

2.3 Thyme Survival Rate and Soil Cover 
Estimation 

 
All living thymes (baring green leaves) were 
counted in each Thyme system plot and the 
thyme survival rate was estimated as the 
percentage of living thymes compared to the total 
number of thymes planted during establishment. 
Thyme survival rate was estimated three times 
during the duration of the experiment (February 
2021, May 2022 and December 2022), covering 
the recovery from the dry seasons of 2020, 2021 
and 2022.  
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Thyme cover was assessed following the second 
dry season during the third year of experiment 
(May 2022) by measuring the canopy of all 
thyme plants within a 1 m2 quadrat for each of 
the Thyme system plots in each site location. To 
estimate the soil covered by each thyme’s 
canopy, we measured the distance between 
thyme branches furthest extending from the 
central stem was measured (D1) as well as the 
distance perpendicular to D1 (D2). These 
measurements were used for calculating the total 
surface of each thyme’s canopy projected on the 
soil based on the equation: Thyme soil cover per 
plant = π*D1*D2 / 4. 
 

2.4 Climate Data 
 

Both areas are classified as dryland sites with a 
semi-arid (SKR) and an arid climate (VRY) [30], 
[32], [34]  (Table 2) experiencing a long dry 
season (rainfall below 5mm/month for the 5-6 
hottest months during the years studied). Normal 
rainfall for the hydrological year (Oct-Sep; 1981-
2010) is 425 mm for SKR and 331 mm for VRY 
(Cyprus Department of Meteorology). Climate 
data were used from the three meteorological 
stations closest to SKR and VRY sites belonging 
to the network of the Cyprus Department of 
Meteorology located within a distance smaller 
than 5 km from each experimental site, namely 
Skarinou (station number: 628, 34°49'17.22", 
33°21'19.45"), Dipotamos (station number: 633, 
34°51'08.24", 33°21'40.47"), and Frenaros 
(station number: 1845, 35°02'32.64", 
33°55'03.414") stations at 180, 175 and 78 m 
elevation respectively. For 2022, due to missing 
data in Dipotamos station, temperature data for 
SKR site was estimated based on regression 
analysis (R² = 0.997) using temperature data 
from the closest station (ca. 2 km distance from 
Dipotamos station, namely Kakoratzia station; 
number: 1634, 34°51'40.55", 33°22'57.10", at 
231 m elevation). 
 

As a measure of climatic dryness the De 
Martonne’s Aridity Index (DMAI) was calculated 

i.e. DMAI = r / (Ta + 10), [21] where r = total 
annual precipitation (mm) and Ta = annual mean 
temperature (°C) within the hydrological year 
(Oct-Sep) (Table 2).  A DMAI below 10 signifies 
arid conditions [21]. Such hydrological years 
occurred in 2020-21 and 2021-22 for VRY site, 
while SKR reached a marginal DMAI of 10 in 
2020-21. The year 2019-20 was a very wet year 
in both sites, although again SKR had wetter 
conditions compared to VRY (r=655 mm vs. 513 
mm; DMAI= 21.3 vs. 16.9; Table 2). 
 

2.5 Statistical Analysis 
 

To test for normality of the data sets the One-
Sample Kolmogorov-Smirnov Test was used. 
Since data were found to be non-normally 
distributed, the Kruskal-Wallis test was applied 
and medians were used in analysis. The means 
and standard error were also calculated and 
given as an additional reference. The level of 
significance used was set at P<.05. All statistical 
analysis was carried out using SPSS Statistics 
27 (SPSS, Chicago, IL, USA).  
 

3. RESULTS AND DISCUSSION 
 

3.1 Climate Assessment 
 

Our experiment spanned over a three-year 
monitoring period offering sufficient climatic 
variability to assess the optimal conditions for the 
establishment of the Thyme system under 
rainfed conditions. SKR site was classified as 
having a semi-arid climate under normal 
conditions (Table 2). However, plants in SKR 
experienced very wet conditions during the 
hydrological year 2019-20 (+54% than normal 
rainfall; 655 mm annual rainfall, De Martone’s 
Aridity Index; DMAI= 21.3) and very dry climate 
in 2020-21 (-27% than normal rainfall; 311mm 
annual rainfall, DMAI= 9.96) creating arid 
conditions for the particular year. Average 
climate conditions occurred in 2021-22 (+17% 
than normal rainfall; 490mm annual rainfall,

 
Table 2. Annual climate data for SKR and VRY by hydrological year (Oct-Sep). De Martonne’s 

Aridity Index = DMAI, r = rainfall in bold/italics for below/above the 1981-2010 mean, Ta = mean 
temperature 

 

Hydrological 
year 

r (mm) 
% change to 

previous year 
% of normal r Ta (°C) DMAI 

Site SKR VRY SKR VRY SKR VRY SKR VRY SKR VRY 

2019-2020 655 513     154 155 21 20.4 21.29 16.88 
2020-2021 311 289 -53% -44% 73 87 21 20.8 9.96 9.40 
2021-2022 496 283 59% -2% 117 85 20 20.3 15.77 9.33 
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DMAI= 15.8).  Climate, at the otherwise arid site 
of VRY, was likewise very wet during the 
hydrological year 2019-20 (+55% than normal 
rainfall; 513 mm annual rainfall, DMAI= 16.9), but 
arid for the two years that followed (2020-21; -
13% than normal; 289 mm, DMAI= 9.4; and 
2021-22; -15% than normal; 283 mm, DMAI= 
9.3; Table 2).  

 
3.2 Weed Assessment 
 
From the floristic analysis of weed plots, 15 weed 
taxa were identified in SKR and 12 in VRY with 
only 4 taxa in common (Table 3). The dominant 
taxa in SKR (above 10% plant population 
abundance; p. ab.) were Avena sterilis subsp. 
ludoviciana with p. ab. of 33.3 % and presence in 
63% of the sampled plots, Crepis foetida subsp. 
foetida with p. ab. of 18.1 % and presence in 
50% of the sampled plots, followed by Lactuca 
serriola (p. ab. of 10.9 % and presence in 63% of 
the sampled plots) and Lolium perenne (p. ab. of 
9.4 % and presence in 100% of the                         
sampled plots). On the other hand, site                       
VRY was dominated by only one taxon i.e. 
Avena sterilis subsp. ludoviciana with p. ab. of 
81.4 % and presence in 100% of the sampled 
plots (Table 3). Plant abundance (number of 
plants per m2) was 17.3 in SKR and 58.9 in VRY, 
meaning that weeds were 3.4 times more 
abundant in VRY than in SKR (P< .001; Fig. 3). 
These finding were also reflected in results from 
the weed biomass plots, which produced 2.7 
times higher plant biomass in VRY than SKR (P< 
.05; Fig. 3). 

3.3 Thyme Survival Rates 
 
After the first dry season of the wet climatic year 
2019-20, thyme survival rates were estimated at 
72% (median) in the arid site with higher weed 
abundance (VRY) and almost reached 90% 
(median) in the semi-arid site with lower weed 
pressure (SKR). These differences were not 
found to be statistically significant (P = 0.76; 
SKR; Fig. 4). However, during the dry climatic 
year of 2020-21 that followed, recorded thyme 
survival at the end of the dry season significantly 
dropped to 20% (median) in the arid site with 
higher weed abundance, representing a soil 
cover of 8%. Nevertheless, in the semi-arid site 
with lower weed pressure (SKR) thyme survival 
remained above 80% (median; significantly 
different to VRY site at P< .001). Thymes 
reached a soil cover of 29% (4.4 st. error), 
despite the very dry year experienced at the 
particular site creating arid conditions 
(DMAI=9.96; Table 2), vs. 7% soil cover (1.1 st. 

error) at VRY. The ca. 60% difference (P < .001) 
in thyme survival rates between the two sites 
was retained during the third year as well. After 
three dry seasons, thyme survival stabilized at 
ca. 20% (median) at the arid site. Nonetheless, it 
still remained at ca. 80% in the semi-arid site 
with lower weed pressure (Fig. 4). 
 
The Thyme system achieved high rates of 
establishment (ranging between ca. 70% to 90%) 
in both low and high weed abundance sites 
during the circumstantially very wet hydrological 
year that coincided with year one of experiments. 
Under such relatively very wet climate conditions 
(+ ca. 54-55% or ca. 185-205 mm more rainfall 
than normal) as a result of rainfall of the 
hydrological year reaching above 500 mm 
(DMAI>16.5; Fig. 3 and 4; Table 3) Avena sterilis 
does not appear to significantly affect thyme 
survival. Nonetheless, if the first year of the 
Thyme system’s establishment is dry, irrigation in 
wintertime may be considered, so as to replicate 
the conditions experienced by thymes in our 
experiments.  
 
During the very dry second experimental                  
year, rainfall, compared to the previous year, was 
reduced by 344 mm, which equals to a 53% 
decline in SKR. In VRY, rainfall was reduced by 
224 mm corresponding to a 44% decline               
(Table 2). Despite drought affecting both sites, 
thyme survival was retained at high levels (ca. 
80%) only at SKR, the site with low weed 
abundance (Fig. 3 and 4). This result was 
achieved despite climate shifting there to arid for 
the particular year (DMAI =9.96; [21] Table 2). 
Apparently, the higher weed abundance at VRY 
site, with Avena sterilis dominating (Table 3), 
most likely drove thyme survival to ca. 20%, a 
decline by 50% compared to the previous year. 
Thus, under conditions when rainfall may fall 
below 300 mm (DMAI< 9.5) the Thyme system 
cannot efficiently compete with Avena sterillis, 
which thrives as a weed on the red clay soils of 
the region. 
 
A. sterilis is among the most challenging weed 
species found to be growing in the Southern 
Mediterranean [22], [23]. Wild vegetation, acting 
most likely as the second driver influencing T. 
capitata establishment, exercised ca. 3 times 
higher competition pressure on the Thyme 
systems of VRY compared to SKR (Fig. 3). 
Weeds have been observed to almost always 
have an adverse effect on main crop yields [24], 
[25] reducing available soil moisture [26], [27]. 
Therefore, to establish the Thyme system under 
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arid conditions management of grass weeds is 
required to reduce competition for soil moisture. 
Towards this goal grazing by goats or other 
herbivores could be tested during dry years in 

spring as a nature based solution, if these 
animals are proven to show preference to grass 
weeds instead of thyme.  

 

 
 

Fig. 3. (a, b) Weed conditions in SKR (semi-arid) and (c, d) VRY (arid) sites. (e) Weed 
abundance and (f) biomass differences per experimental site (N=number). Different letters 

signify statistically significant differences 
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Table 3. Weed taxa and their abundance. In bold the species with abundance above 10% (considering the total n of plants per m2). n= number of 
plants 

 

Site Taxon 
Total n per 
taxon 

Abundance 

(n/m2) 
Abundance (%) Percentage of plots with taxon (%) 

SKR 

Avena sterilis subsp. ludoviciana 46 5.8 33.3 63 
Crepis foetida subsp. foetida 25 3.1 18.1 50 
Lactuca serriola 15 1.9 10.9 63 
Lolium perenne 13 1.6 9.4 100 
Dittrichia viscosa subsp. angustifolia 8 1.0 5.8 50 
Urospermum picroides 6 0.8 4.3 38 
Bromus rigidus 4 0.5 2.9 25 
Malva multiflora 4 0.5 2.9 25 
Crepis micrantha 4 0.5 2.9 25 
Ononis viscosa subsp. breviflora 3 0.4 2.2 13 
Papaver rhoeas subsp. rhoeas 3 0.4 2.2 25 
Sorghum halepense 3 0.4 2.2 25 
Sinapis alba 2 0.3 1.4 13 
Kickxia elatine subsp. sieberi 1 0.1 0.7 13 
Erigeron bonariensis 1 0.1 0.7 13 
Total 138 17.3     

VRY 

Avena sterilis subsp. ludoviciana 768 48.0 81.4 100 
Bromus rigidus 42 2.6 4.5 13 
Chrysanthemum coronarium 38 2.4 4.0 38 
Lolium rigidum subsp. rigidum 30 1.9 3.2 100 
Sonchus oleraceus 20 1.3 2.1 19 
Cynodon dactylon 17 1.1 1.8 6 
Convolvulus arvensis 16 1.0 1.7 13 
Lactuca serriola 4 0.3 0.4 25 
Urospermum picroides 3 0.2 0.3 13 
Hypericum triquetrifolium 3 0.2 0.3 6 
Malva multiflora 1 0.1 0.1 6 
Bromus scoparius 1 0.1 0.1 6 
Total 943 58.9     
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Fig. 4. Thyme survival (% of median) at each end of 3 dry seasons (d. s.). Precipitation for very 
dry hydrological years in red, very wet years in blue and normal conditions in green (see Table 

2). a-b and a-c statistically different at P< .001. s.c. = soil cover at the end of the 2rd d. s. The 
60% decline in thyme survival significant only at the arid site with higher weed abundance 

(VRY) during very dry years 
 
Vulnerability to climate change depends not only 
on overall climatic variability but also on the 
occurrence of extreme events [28]. As more 
regions are expected to become affected by 
climate change, the need for adaptation to 
drought and climatic extremes becomes 
imperative for agroecosystems in the global effort 
to combat desertification. The severe drought 
conditions that thymes experienced during the 
second year of establishment fall within the 
upper rainfall reduction range projected for 
regions of the Mediterranean towards the second 
half of the 21rst Century as a result of global 
warming [5]. This observation suggests that 
Thyme systems installed in semi-arid regions 
with low weed completion may be considered 
sustainable, even under a future drier climate 
driven by climate change. Note, however, that 
the ecologically engineered soil used could have 
played a role in supporting thyme establishment. 
Nonetheless, the lack of control in our 

experiments does not allow to draw conclusions. 
Thus, further testing using control plots is 
required. 
 
Living mulching systems can better regulate soil 
moisture and temperature extremes compared to 
organic dry mulching [31], [12]. Furthermore, 
they can provide additional advantages for 
dryland agroforestry and other agricultural 
systems. For instance, living mulch: a) Does not 
require yearly application, saving labour, energy 
and other costs, b) Provides permanent soil 
cover, securing soil, c) Offers additional 
ecosystem services e.g. facilitates pollinators, 
promotes biodiversity and sequesters carbon, d) 
Can potentially support farmer income as a 
secondary crop. Thus, dryland agroforestry, 
could benefit from the Thyme system                  
proposed in semi-arid calcareous regions 
threatened by desertification that fall within the T. 
capitata distribution range. Such regions cover 
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almost the entire span of the Mediterranean            
[29]. 

 
4. CONCLUSION 
 
In light of the urgent need for a transition towards 
more sustainable agricultural production, our 
findings provide insight into the application of a 
thyme based living mulch system as a nature-
based solution. Such systems may promote 
agroforestry and agricultural systems able to 
provide multiple ecosystem services and 
potentially combat desertification phenomena in 
drylands under climatic change. T. capitata was 
established without irrigation at a rate of ca. 80% 
within semiarid agroforestry systems, when 
competition with fast growing weeds was low 
under both very wet and very dry climate 
extremes. However, under ca. 3 times higher 
weed competition and arid conditions the 
establishment rate stabilized at ca. 20% after 3 
years. Thus, further research is required in 
identifying an optimum weed management 
system at sites with high weed abundance for the 
Thyme system to improve its establishment rates 
during arid years. 
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