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Abstract

High temperatures, low average rainfall, drought, and high evapotranspiration are limiting factors in
arid lands. Therefore, when constructing landscapes (green spaces) in these regions, strategies should
be developed to mitigate these climatic influen€ase practical strategy is utilizing different types of
mulches on the surface of the soil. This study was conducted as a randomized complete block design
experiment with four replications during 2014 and 2015 to examine the performance of organic and
inorganic mulches as ndiving mulches and ground cover plants as living mulches. Ground cover
plants weréCarpobrotussp.,Potentilla reptansVinca minot Frankeniasp. and a mixed turfgrass. Non

living mulches were turfgrass clippings, wood chips, sawduavel, rubble and scoria (volcanic rock).

Bare soil was used as the control treatment. The results demonstrated the application of mulches could
modify soil temperature at 5 and 15 cm depths in different seasons of the year. The living mulches
especiallyCarpobrotussp. and turfgrass reduced the temperature more than tHezingnmulches.

The soil covered with sawdust and wood chips preserved soil moisture content over the soil covered
with other types of mulches. It would appear the selected mulch&bdrcrease the irrigation intervals
through increased water holding capacity of the soil. The outcomes of this research could assist
landscape managers operating in extreme climate conditions of arid ardrseregions to advance

the management of $anoisture and temperatures with the objective to improve sustainability.
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Introduction

Increasing urbanization and population growth increase the population's need for natural and
green environments in urban spaces (Hatami Natjat, 2011). Green spaces are key elements

for maintaining natural life in modern urbanism (Mortezai Nejad aedng&di, 2006). Green
spaces can provide aesthetic and pleasant plstmetegai Nejad and Etemadi, 200%zani et

al., 2010, clean air (Shabast al., 2009), and sustainable infrastructure for the development of
natural life in new urbanism (Mortezai Nejad and Etemadi, 2006; Sledlaan2009). In urban

green space developments, suitable soil and water can be limited resources (JiartBarjaki
2007). When bare soil is exposed to heat, the wind and other environmental factors, the soll
moisture is reduced through evaporation. Selecting appropriate mulches in green spaces can
significantly decrease the frequency of irrigation (Chakeott, 2007) Mulch is defined as

any natural or synthetic substance that cover the soil surface in green spaces; that protects and
promotes soil quality, and has a thickness between 1 to 4 inches (2346 cm) (Safari and
Kazemi, 2014). Mulches are divided intoa important categorge living mulches (ground
covers) and notiving which include organic and inorganic materigktefvardet al, 2003;

Singer and Martin, 2008 Ground cover vegetation is the group of plants with a high species

* Corresponding authormail: fatemeh.kazemi@um.ac.ir
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diversity, capability ér rapid growth in various locations and climates, and have a maximum
height of one meter. Ground covers can include creeping woody shrubs through to herbaceous
perennials (Safaret al, 2015a). The rate of evaporation from a soil surface covered with
muiches is less than that of bare s8itgwardet al, 2003;Singer and Martin, 2008). Mulches
retain moisture and available water within the root zone (Koshki and Jocobi, 2004). Utilizing
stone mulches, animal manure and a range of plant materials as sndécinet hinder the
penetration of water into the soil and can improve the ability of the soil to retain water (Ehalker
Scott, 2007). Noitiving mulches are a beautiful addition to the practical benefital{@r

Scott, 2007. In dry regions, water efficrey in landscaping can be increased by utilizing drip
irrigation, applying irrigation at night, reducing the level of turfgrass and selecting native plant
species within the landscape design. Other methods can include applyiad treatewater
(Kazemi anl Beechm2007). Bunnat al, (2011) found that wdm rice straw was utilized as a
mulch, the crop yield increased by 10% and water use efficiency increased up to 100%.
Whereas, soil moisture retention when using wheat straw as mulch ve@¥4d Bigher than

when black polyethylene was used as the mulch (Gabsah, 2006). In Litzow and Pellett's
experiments (1983) it was identified that the highest amount of soil moisture was recorded in
soil covered with wood chips and bark of Giant tr&eyioiadendrogiganteum and the least
amount of moisture was recodlim the surface of bare soilkhis study was carried out because

of the knowledge need on benefits and functionalities of living andiviog mulches in
extreme climate conditions including ariddasemiarid climates. The overall object was to
achievetemperaturend moisture content potential of the most common living anéiniog
mulches used in green spaces. This was done to achieve guidelines on the use of these materials
in the construction and maintenance of urban green spaces.

Materials and M ethods

This study was conducted as a randomized complete block design experiment with four
replications with different mulches as the treatments. The experiment was conducted in the
experimental fields at the Department of Horticultural Science and Landscape awsterdo
University of Mashhad during 2014 and 2015. In this experiment, ground cover plants were
considered as living mulches, and organic and inorganic mulches were consideretivasgion
mulches. Ground cover plants includ€arpobrotussp., Potentilla regans Vinca minor
Frankeniasp. and a sports turfgrass. Nloring mulches selected were wood chips including a
mixture of pruning from different tree species (length of particles: 60 mm, bulk density: 0.43
g/cm3), sawdust (length of particles: 5 mm, bdlnsity: 0.18 g/cm3), turfgrass clippings
(length of particles: 4 cm, bulk density: 0.10 g/cm3), gravel (diameter of particles: 0.8 cm, bulk
density: 2.51g/cm3), rubble (diameter of particles: 1.97 cm, bulk density: 2.70g/cm3), and
scoria (diameter of pacles: 2.44 cm, bulk density: 1.64 g/cm3) as a volcanic rock. Bare soll
was used as the control treatment. In this study, the temperature was measured by a thermometer
from the center of the plots at 5 and 15 cm depths of the soil at monthly intervals. Th
measurements were made on the 15th day of each month. It is expected that mulches could
balance soil temperatures over thear; they are expected to reduce temperatures in warm
seasons and increase temperatures in cold seasons. Therefore, the manthaxwmitum
temperaturesn warm seasons of spring and summer were chosen as the reference months for
comparison of the tempeuae in bare and mulched soils.addition,in the cooler seasons of
autumn and winter, represented months that presented tlee ooperatures at the time of the
measurement were selected as the reference m@nghk). This selection was made to help to
identify the mulches that could increase the temperature in cool seasons of the year to be able
to protect plant roots from the risk of frost. Soil moisture measurements were carried out by a
moisture sensor model (EXTH MO750, made in the USA) at soil depths of 5 cm and 15 cm
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on a monthly basis. Irrigation volume was similar for the plots containing each type of mulches
and was conducted every three days during warm seasons and every 12 to 14 days in cooler
seasons. &tistical analyses were carried out through the JMP 8.0 software package.
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Figure 1. a. Weather temperature; and,Humidity in different months during the experimental period
(source: synoptic weather station of Mashhad)

Results
Soil temperature
Temperature at 5 cm depth of the soil

Analysis of variance related to the temperature at 5 cm soil depth (Table 1) showed that the
effect of mulches on soil temperature at 5 cm depth was significantly different (p< 0.01). All
the twelve types of mulchesane available in the first three seasons of the experiment (summer,
autumn, and winter). However, the turfgrass clippings had completely decomposed by the end
of the winter season. Therefore, the degree of freedom was reduced to 10 (instead of 11 for the
other mulches in the other seasainsthe statistical analyses (Talle

Table 1.Analysis of variance for theemperaturat 5 cm depth of the soil as a function of mulch type
in different seasons
Analysis of variance df Summer Autumn  Winter  Analysisof variance df  Spring

Block 3  26.354" 10.472" 2.310" Block 3 321871
Mulch 11  9.675 2.219" 10.823" Mulch 10 35.518
Error 33 3.717 0.911 0.757 Error 30 3.218

** Significant at 1% level of probability, * Significant at 5% level of probabiliyNon-significant

The results of mean comparisons for the soil temperature of summer showed the highest
value of temperature was recorded in the bare soil, theismmer, all the mulches reduced the
soil temperature at 5 cm depth. Conversely, there were no significant differences between non
living and living mulches regarding the temperature at 5 cm depth of the soil. The lowest
temperature was recorded in the saVered byFrankeniasp. (Fig 2.a)The results of mean
comparisons for the soil temperature in autumn showed the highest temperatures were recorded
under sawdust and the lowest values were recorded under the lawn and the wood chips (Fig
2.b).

The results of the comparisons of the means of the soil temperature in winter showed that
the highest temperature was recorded uN@era minor The lowest temperature was recorded
under turfgrass andarpobrotussp. (Fig 2.c)Finally, in spring, the maximunog temperature
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at 5 cm soil depth was recorded under rubble, and the minimum temperature was recorded under

the ground coveCarpobrotussp. (Fig 2.d).
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Figure 2. Effect of nonliving and living mulches on the temperature at 5 cm soil depth; a. summer, b.

autumn, c. winter, d. spring
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Figure 3. Changes in temperature at 5 cm soil depth affected by living anliMranmulches

Figure 3 illustrates at 5 cm soil depth in summer and spring, different mulch types showed
the largest temperature fluctuationat the beginning of summer (July), the highest
temperatures were recorded under bare soil and equally, all the selettbdsmaduced soil
temperature. Whereas in spring and the subsequent seasonal climatic conditions, all the mulches
increased or decreased the soil temperature. In June, the rubble mulch increased soil

temperature more than the other types of mulché®reas living mulches reduced soill
temperature in the warmer months.

Temperature at 15 cm depth of the soil

The analysis of variance in all seasons (Table 2) showed that the mulches had significant effects
(P <0.01) on the temperature at 15 cm depth of the soil. Turfgrass clippings as one of the muich
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types decomposed by the fourth season of the experimemgsgresult in why the number
of degrees of freedom in the experiment was reduced to 10 in this season (Table2).

Table 2. Analysis of variance for temperature at 15 cm depth of the soil as a function of mulch type in
different seasons
Analysis of variane df Summer Autumn  Winter  Analysisof variance df  Spring

Block 3  6.456"™ 14750 7.076" Block 3 25.000"
Mulch 11 52.005" 5.522" 1.020" Mulch 10 27.504"
Error 33 2.904 0.704 0.333 Error 30 1.783

** Significant at 1% level of probability, * Significant at 5% level of probabiliyy Non-significant

The results of the comparisons of the means in summer showed that the highest temperatures
were recorded under gravel, rubble and wood chipsloitest temperature was recorded under
Carpobrotussp. and turfgrass (Fig 4.dj autumn, at 15 cm depth of the s@wdustand
scoria had the highest temperatures compared to the temperature of the bahe doikest
temperatures were recorded undlee turfgrass and the bare soil although this was not
statistically different from the temperature under the other types of the mulches (Fig 4.b).

The results also showedwinter, the soil under rubble 46 cm depth was associated with
the highestemperatureHowever, the lowest temperature was associated with the soil under
Carpobrotussp. although the soil temperature under many other types of mulches was not
significantly different from the soil temperature undearpobrotussp. (Fig 4.c)In auumn,
sawdust, scoria and rubble had the largest temperatures, whereas, bare soil dvadl ldhen
lowest temperature although this low temperature was not significantly different with the
temperature under the other types of mulches but bare soil aimal (§6gr4.d).

At 15 cm soil depth in warmer months, demonstrated mulching had a significantly different
effect on soil temperature compared to bare Baif-living inorganic mulches (rubble, gravel),
increased soil temperature while living mulch€arpobrotussp.) reduced soil temperature. In
colder months, mulches increased soil temperature compared to bare soil (Fig. 5).
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Figure 5. Changes otemperaturat 15 cm depth of the soil affected by living and+ivimg mulches

Soil moisture
Moisture at 5 cm depth of the saill

Analysis of variance (Table 3 and 4) showed that the mulches were significantly different
regarding soil moisture at 1% and 5% levels of probability. Turfgrass clipping decomposed by
the fourth season of the study, spring. The degree of freedom was reduced to 5 instead of 6
in this season (Table 3).

Table 3. Analysis of variance of moisture at 5 cm depth of the soil as a function of mulch type (non
living mulches) in different seasons

Analysisof variance df  Summer Autumn Winter Analysisof variance df  Spring
Block 3 0.619 95.666" 7.050" Block 3  1.644"
Mulch 6 36.821" 41.166" 12.624 Mulch 5 51.274
Error 18 5.757 4.227 4.438 Error 15 15.979

** Significant at 1% level of probability, * Significant at 5% level of probabilityNon-significant

Table 4. Analysis of variance of moisture at 5 cm depth of the soil as a function of mulch type (living
mulches) in different seasons

Analysisof variance df Summer Autumn Winter Spring
Block 3 0.703"s 91.819" 4.165" 6.163"
Mulch 5 29.641" 81.341" 40.169™ 27.118"
Error 15 3.841 11.825 7.165 4.093

** Significant at 1% level of probability, * Significant at 5% level of probabiliy Non-significant

In the summer season, at 5 cm depth, the soil usal@dust wood chips, and turfgrass
clippings showed the most amount of moisture whereas the bare soil at 5 cm depth presented
the least amount of moisture (Fig 6.a). Among the livindches, the higher soil moisture was
recorded under turfgrass, whereas, the lowest soil moisture was recordeé&ranéteniasp.

(Fig 9.a).The autumn season, among fimng mulches, the maximum soil moisture was
recorded undesawdustand wood chipsind the minimum soil moisture content was recorded
under rubble and bare soil (Fig 6.b). Figure 9.b showed thahdaxénum soil moisture was
recorded unddurfgrass and the minimum soil moisture content was recorded Erateéenia

sp. andvinca minor

In the winter season, among the Amng mulches, the lowest soil moisture was recorded
under rubble, and the highest soil moisture was recorded under sandusbod chips and
scoria (Fig. 6.c). Among the living mulches, the soil moisture uiMisza minorwas the
highest while the soil moisture underneath the other types of mulches was the lowest. The
moisture content underneafmankeniasp. wasbetween the moisture underneath these two
groups of mulches regarding quantity (Fig 6l0)the springseason, among the ntwing
mulches, maximum soil moisture at 5 cm depth was recorded under sandusbod chips
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and the minimum moisture content was recorded under rubble and scoria (Fig 6.d). Among the
living mulches, maximum soil moisture was readdunderPotentilla reptans and the
minimum soil moisture content was recorded urktankeniasp. andvinca minor(Fig 6.d).

In warmer months, soil moisture at 5 cm depth of the soil under living andivimon
mulches were significantly differeriirankenia sphad the lowest soil moisture during the year.
Sawdust kept high moisture in the soil in warmer morthghe summer, noefiving organic
mulches retained more moisture in the soil and compared to the bare soil (Fig 8).
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Figure 8. Changes on moisture at 5 cm deptlthefsoil affected by living and ndiving mulches

Moisture at 15 cm depth of the soil

Analysis of variance (Table 5 and 6) showed that there were significant differences (p<0.01) in
moisture content at 15 cm depth of the soil under different muldhefgrass clipping was
disappeared in the fourth season of the study, i.e. spring. That was why degree of freedom was
reduced to 5 instead of 6 in this season (Table 5).

Table 5. Analysis of variance of moisture at 15 cm depth of the soil as a functionloh type (non
living mulches) in different seasons

Analysisof variance df  Summer  Autumn Winter Analysisof variance df  Spring
Block 3 8.130™ 5.464"s 23.059" Block 3 85.497"
Mulch 6 21.166" 18.821 31.090° Mulch 5 246.28™
Error 18 3.436 6.075 9.551 Error 15 46.867

** Significant at 1% level of probability, * Significant at 5% level of probabilis/Non-significant

Table 6.Analysis of variance of moisture at 15 cm depth of the soil as a function of mulch type (living
mulches) in different seasons

Analysisof variance df Summer Autumn Winter Spring
Block 3 3.162" 25.152 98.547"s 61.007"s
Mulch 5 26.275" 33.441" 197.887 270.374"
Error 15 2.297 6.552 50.560 41.049

** Significant at 1% level of probability, * Significant at 5% level of probabilityNon-significant

In summer, among neliving mulches, the soil moisture under sawdust was the highest and
the soil moisture under bare soil was the lowest (Fig 9.a). Among the living mulches, the soill
moisture under the lawrRotentilla reptansand Vinca minorwere the higest and the soll
moisture in the bare soil and undearpobrotussp. andFrankeniasp. was the lowest (Fig
10.a).In autumn, among the ndiving mulches, maximum moisture at 15 cm soil depth was
recorded under sawdust and woodchips, and the minimumureocsintent was recorded under
rubble and bare soil (Figure 8.b). Among the living mulches maximum soil moisture was
recorded under lawn ar@arpobrotussp. and the minimum moisture content was recorded
underVinca minorandFrankeniasp. (Fig. 10.b).

In winter, among no#living mulches, the maximum soil moisture was under sawdust and
the minimum soil moisture was under the rubble (Fig 9.c). Among the living mulches, the soll
moisture undeNinca minorwas the highest, and it was the lowest under bailleand lawn
(Figure 10.c). In spring, at 15 cm depth of the soil, the moisture under wood chips and sawdust
were maximum. The lowest soil moisture was also recorded under rubble and scoria (Fig. 9.d).
Among living mulches, the highest soil moisture wesorded unddpPotentilla reptansand the
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lowest soil moisture was recorded un@arpobrotussp. and~rankeniasp. and then bare soill
(Fig. 10.d).

At 15 cm depth of the soil, in July, mulches had different effects in soil moistun@ost
months ofthe year, rubble and gravel retained little moisture compared to the other mulches, in

particular, the notiving organic mulches retained more soil moisture (Fig. 11).
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Figure 11.Changes on moisture at 15 cm depth of the soil affected by living add/imgnmulches

Discussion

Soil is the main component of the biosphere and the key factor for the life of the plants and
microorganisms (Bodagh Jamali, 2003). One of the fundamental factors in the soil which affects
the life of the plants, animals, and microorganisnthassoil moisture. This factor performs a
major role in the exchange of energy between the air and the ground track (Bodagh Jamali,
2003). The bare soil loses the moisture through evaporation when it is exposed to heat, wind,
or compression, and obtain thmisture through irrigation and rainfall (Chalksgott, 2007).

It is mentioned that success in agriculture depends on maintaining enough amounts of water
and moisture in the soil (Barker, 1990). At the same time, one of the most important and viable
straegies for sustainable wateonserving agriculture especially in arid regions with water
shortages is to reduce the amount of water evaporated (Nateini2019, ). Therefore, a
practical solution to maintain soil moisture for a longer period anchdoease water use
efficiency is to use mulches (Islami and Farzamnia, 2009; Safari and Kazemi., 2016; Kazemi
and Safari, 2018); and to understand water and moisture potential of different mulches under
different mulch types. These results showed that mgiffietypes of organic and inorganic
mulches had different effects on soil moisture retention at 5 and 15 cm soil depths. Among the
nortliving mulches studied in this experiment, the two mulches of wood chips and sawdust
retained more moisture at two depti$ and 15 cm than the other mulched andmutched
treatments. In addition, the three organicieimg mulches including sawdust, wood chips,

and turfgrass clippings performed better in terms of moisture retention than the three inorganic
nortliving mulches of gravel, rubble, and scoria. In all seasons of the year, the rubble, as an
inorganic mulch type, showed no statistically significant difference with control bare soll
treatments in terms of moisture content at 5 cm soil depth. Other studieal$meenfirmed

the positive effect of mulches on soil moisture retention. In a study byetell(2018), it was

found that pots covered with types of organic and inorganic mulches including bark chips,
compost, dry leaves, and white pebble averag@tl I3&tter in water retention than that in non
mulch pots (Stelliet al, 2018). In another experiment, using different types of organic and
inorganic mulches (viz bajra strayaize strawgrasses, brankad@hatoda vasicafarmyard

manure black polyethyler) increased soil moisture content at a depth5afm about2% to

5% compared to the control treatment. This increase in moisture was also observed at 15 to 25
cm depth of the soil. Thereforajth a positive effect of mulches on soil moisture retentioa,
amount of performance significantly increased in Eureka lemon compared to the same plant
planted in aontrol, bare soil treatment (Kharet al, 2015). Mulches prevent evaporation and
help return the moisture in the sdtgmakrishnaet al, 2006).Using the mulches on the soil
surface increases the diffusion of the water under the vapor pressure gradient during the
growing season. This factor increases the maximum water absorption under the mulches
(Kumar and Dey, 2011Research works also have dmmstrated that the moisture content
causes more cohesion in the soil structures, hence, reduces evaporation (Aggarwal and
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Goswami, 2003). Direct sunlight on the soil surface increases evaporation from the soil surface
and dries out the soil. However, thgeuof mulches as a protective layer on the soil surface,
prevents these events, and also reduces the pressure caused by the direct collision of the
raindrops on the soil surface and prevents the production of runoff on the soil surface. As a
result, the weer absorption and infiltration into the soil increases and then the soil moisture
content will increase (Safari and Kami, 2016). Mulches can keep the soil moisture by
avoiding direct sunlight exposure to the soil surface (Fda@am®s, 1997), preventqwater

from reaching the soil surface due to removing the capillary rise of the soil through increased
water infiltration. This even is mainly because of preventing runoff from the soil surface
(FariasLarios, 1997), and the efficient use of irrigationt@raand rainfall due to their high
absorption capacity (Faridsarios, 1997) While mulches reduce the water loss, their effects
greatly depend on the characteristics of the mulch typealkerscott, 2007 Riaz Hussairet

al., 2014). The volume of thesad water depends on the soil structure and texture, and also
the type of the used mulch (Aggarwal and Goswami, 20D3¢. results of this study also
confirm this opinion. It means that, in this study, the three organitiving mulches had better
performance in soil moisture retention than the three inorganidinioig types of mulches. As
mentioned earlier, the highest amount of moisture was recorded in the soil covered with wood
chips and sawdust mulches in different seasons of the year. Howevesgbese of inorganic
mulches to soil moisture retention varied in different seasons studied in this experiment. In
summer, three inorganic mulches including gravel, rubble, and scoria increased the soil
moisture compared to the control but this increasenoisture only showed a significant
difference with the control when scoria was used on the soil surface. The increase in soil
moisture in the other two inorganic mulches was not statistically significant compared with the
control treatment. In autumn,@ta and gravel mulch significantly increased the soil moisture
compared to the control treatment. In the spring, the soil covered with inorganic mulch retained
less moisture in the soil than the control treatment. However, there was no a statistically
significant difference between the treatments. These results showed that the moisture content
in the soil covered with organic mulches is much less varied than inorganic mulches during
different seasons. Other researchers have also confirmed the positorenpede of different

types of organic mulches in maintaining soil moist@alkerscott (2007) demonstrated that

the use of certain organic types of mulches, such as the bark and the jute, leads to the
regeneration of some compacted soils and increasepdrosity of the soil (Chalkescott,

2007). Using organic mulches of straw and grass clippings can help to maintain the soll
moisture (Chakrabortgt al, 2008), and temperature (Ramakrisknal, 2006), and increase

the crop production (Siczek andpkeic, 2011) by reducing the consumption and loss of water in
the soil (Zribiet al, 2015).1t is important to note that the organic mulches break down with
time and become a part of the soil. This decomposition and increase of organic matter in the
soil improve the water and nutrient retention in the soil and increases the water retention
capacity of the soil, which results in better plant growth. However, these types of mulches need
to be replaced frequentlgéfari and Kazemi, 201®ramaniket al, 2015) In this study, three
different types of organic neliving mulches were used. Among them, the remaining mulch of
turfgrass clippings was able to function as mulch just in three seasons of a year. This mulch
type was decomposed before the beginning o$gineg. The living mulches examined in this
experiment also showed different responses to soil moisture retention. In summer, lawn, bare
soil andPotentilla reptanseetained the highest amount of moisture in the soil underneath them.
In this season, the lowest moisture content was observed in the soil coveréeénaitkenia

sp. The use of lawn at the soil surface was associated with the highest amount of so# moistu
in the summer, autumn and spring seas@werpobrotus rossiin autumn andPotentilla
reptanseandCarpobrotus rossiin spring had higher moisture content than other groundcover
plants or the bare soil. In winter, both plant®ofentilla reptanseandCarpobrotus rossiwere
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able to retain the moisture in the s@omparing the findings of the soil moisture under the
living mulches in this study, it can be seen that in all seasons of the year except for winter, when
the lawn was grown as a living malcit was able to retain the soil moisture in different soil
depths. Observations in our study showed that this finding appeared to be mainly because of
creating a thatch layer under the lawn which could assist in preserving the moisture under the
soil suface(Rabbankt al, 2019) Thatch is formed by the accumulation of dead leaves, stems,
and roots, decomposing above the soil surface and under the green leaves of turfgrasses. The
highest percentage of thatch production is from the plant stems. Gragstatemn must be

done before thatch formation in plants. The rapid growth and not taking good care of
turfgrasses, increases the production of thatch in these @& 197p While it is believed

that lawn usually have higher water needs than ntbet ving mulches or ground cover plants
(Rabbankt al, 2019) and by planting lawns as living mulches an increase in water consumption
and a decrease in water use efficiency within urban landscaping may occur, our findings
confirmed that if lawns havieeen managed to produce thatch, they can act as efficient water
conserving living mulchesThe results of Liangt al (2017) also confirm the results of our
study. Lianget al (2017) found that the presence of thatch in red fescue and Kentucky blue
grasswas effective in increasing the absorption rate of water and the retention time of water in
the soil. Furthermore, the water penetrated more slowly in the thicker thatch. Also, the presence
of thatch in these two plant types at the rain time reducesceudaoff, and by allowing more

water to be absorbed by the soil, increased water penetration into the soil and water evaporation
from the soil surface decreased compared to that in the bare soil. In general, the presence of
thatch at the soil surface chyes the hydraulic processes near the soil surface, which also
influences the management conditions of these cultivated plants and their irrigation schedule
(Lianget al, 2017) Findings of the current study provided strong evidence that among the living
mulchesFrankeniasp. kept less moisture under the soil almost in all the studied seasons and
soil depths. It appears this plant species acted like a sponge in removing theenfimpsitthe

soil. However, it kept a high visual aesthetics during the period of this experiment. This finding
was less discussed in previous studies and may also require further deeper research
investigations in the future. However, previous studies lkcanéirmed very low water needs

of Frankeniasp which has made it a suitable plant candidate for wadaserving landscaping.

In an experiment conducted by Chegathal (2014), the growth of the ground cover of
Frankeniasp. in 70% field capacity humigittonditions was similar to the plant growth of the
control treatment (100% FC). The results of this study indicated that this plant had a favorable
growth in low moisture conditions (Chagkee al, 2014). Also, a study by Sadeghi (2017)
showed thaferankenia sp. tolerates reduced soil humidity down to 50% field capacity and
provides acceptable quality and visual quality in the green s@acke$i, 2017). Among the
groundcover types, this plant, after the turfgrasses, has the highest resiliencee (@lagah

2014). The low water requirement, low maintenance and cultivation capability in areas and
surfaces where cultivation of grass as a groundcover is almost impossible are the reasons to
replace the turfgrasses with Franker@hégahet al, 2014. Therefae, if Frankenia is planted
adjacent to lowwater need plants, low moisture content of the soil should not be a major issue.
As was previously mentioned, the use of mulches on soil surfaces led to protect the soil from
wind and water erosion. Using livimgulches in areas with steep slopes is more effective than
using norliving mulches (ChalkeBcott, 2007). In general, due to the high diversity among

the ground cover plants, obtaining plant species with lower water requirements for application
in green spce development should not be difficutt. addition to the practical aspects, the
groundcover plants have aesthetic features that enable them to create beautiful landscapes.
Beautiful contrasts using ground cover plants with turfgrasses and other piantstte high

variety of colors in these plants (ranges from gray to light green to grassy green, tanning to
purple, and green and gray or yellow or white), or having a variety of textures (frotaedine
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textures similar to turfgrasses such as the textuSagina subulatéo coarse texture plants

such as itHederasp. orHost asp) offers a unique and incredibly beautiful design with minimal
care and low water requirement in the green spaces (Safari and Kazemi, 2015a). If used scarcely
and as a backgrod, by establishing the principles of unity, these plants reduce distress and
anxiety due to the high diversity of elements; and, they have the ability to connect irrelevant
elements, and soften the edges and sharp angles of the objects in green gpas.eGlesind
covering plants are the best options for reductions of ups and downs and remove the uniformity
in the green spaces, and at the same time, they can influence the spatial perception of the design,
for example, depending on their color and textunake spaces smaller or larger than reality
(Safari and Kazemi, 2016Even in some cases, some positive plant associations within green
spaces may appear, including improved plant performance quality and water use efficiency of
other plants due to thgdositive neighboring effects (Butler and Orians, 20Thg use of other

living mulches may help their adjacent ornamental trees and shrubs to develop deeper root
systems and their access to the resources may become ddsiekerfzie 2003).
Razzaghmanesét al (2014) in a green roof study in Australia found that the ground cover
plant species afarpobrotus rossicould tolerate high temperatures and dry weather in South
Australia; hence, it could efficiently use water compared to the other plant spseies that
study.In arid regions, the soil temperature is important to provide a suitable environment for
plant establishment in different green space types (Kazemi and Mohorko, 2017). Very high and
low temperatures have bad effects on the root growtheoplants (Ghaemi Nia, 2011). Also,
higher temperatures in the soil can destroy the plant fibrous roots and may cause tension in the
root systems (Nasrollahzade Asl and Dast Parjin, 2015). In general, balancing the soil
temperature in extreme tempera&uwegimes can be beneficial for agriculture and urban green
space development (Nasrollahzade Asl and Dast Parjin, 2015). Previous studies, mainrly on non
living mulches, also have shown that a variety of organic and inorganic mulches can assist in
balancingthe temperature in root zone of the plants in green spaces in different seasons of the
year Stewardet al, 2003 Singer and Martin, 2008azemi and Safari, 2018\ccording to

the results of this study, the use of different living and-inang mulch had different effects

on soil temperature. In summeéierankeniasp. significantly reduced soil temperature at 5 cm
depth compared to the control treatment. However, in this season, at 15 cm depth, the soll
covered withCarpobrotus rossiiand lawn was recded to have the lowest temperature
compared to the control and other experimental treatments. In the two cold seasons of the year
(autumn and winter), the soil covered witerankeniasp., turfgrass clipping, and wood chips,
Vinca minorand rubble had higlr temperatures at 5 cm depth than the control soil. The use of
two inorganic mulches of scoria and rubble and the organic mulch of wood chipsnaad
minorat 15 cm depth increased the soil temperature compared to the control bare soil. From an
agriculural perspective, the soil temperature has a greater impact on plant growth than ambient
temperature (Faat al, 2012; Garet al 2013). The soil temperature variations are related to
the method of the mulch usage and the climatic conditions of the (&giorariahet al,, 2011).

The soil temperature changes are influenced by some various factors when applying the
mulches to the soil surface. It should be noted that the cooling or heating effects of mulches
depend on their ingredients and the light condgi(Hamet al. 1993).The results of this study
showed that generally use of inorganic #iwng mulches was more effective in increasing the

soil temperture than the other treatmerdg inorganic mulch such as polyethylene increased

the minimum and maximum soil temperature, however, the organic mulches reduce the
maximum soil temperature and increase the minimum soil temperature (PratanikR015).

In this study, two mulches of wd chips and sawdust balanced the soil temperature in different
seasons of the year in addition to maintaining the soil moisture during the experiment. The
straw mulch of different plants kept lower temperatures under the soil than that under the
inorganicor synthetic mulches (Faat al, 2012). These results are also in agreement with the
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results of our study. Two living mulches Bérankeniasp. andvinca minorwere also able to

raise soil temperature by 2 degrees centigrade in winter compared to titeé lwonmulched

soil. Other researchers have also confirmed the different effects of various types of mulches on
soil temperatures. Abdul Kadet al (2017) found that the use of mulches of straw, grass,
paper, and plastic at the soil surface reduceddiigemperature at 5 cm depths by 2 degrees
compared to the control treatment. This decrease in temperature was also recorded at the depths
of 15 and 25 cm to 0.5 °C. The soil under the straw and plastic mulch also retained more
moisture content at 5 aridb cm depths than the other treatments and the bare soil. Also, at 25
cm soil depth, the paper mulch performed better in maintaining soil moisture than the other
treatments. In another study, the use of different types of mulches at the soil surface had
different effects on soil temperature. The use of polyethylene mulch increased the soil
temperature at 5 and 10 cm about 6 and 4 °C, respectively. Plants in the soil covered with
polyethylene mulch and rice straw performed better than the other plants éxghriment
(Ramakrishnaet al, 2006). The use of organic and inorganic mulches increased soil
temperature in January compared to that in the control treatments. According to the material of
each mulch, the intensity of its impact on soil temperaturies.afhe use of two mulch types

of sawdust and rice straw on the soil surface increased the soil temperature compared to the
control treatment (Rachet al, 2018). In another study, it was found that among different types

of organic mulches such as risgaw, sorghum straw, sesame straw, Sudan grass, the sesame
straw mulch retains more soil moisture (Teagteal, 2017). Kamal and Singh (2011)
confirmed that the use of polyethylene mulch on soil surface increased soil temperature from
2.2 to 3.4 °C. Thalifferences in the results of these studies on soil temperature of different
mulches depending on their materials are consistent with the results of our study. In another
study, the use of different types of organic and inorganic mulches increased theistire
compared to the control treatment. Also, the use of mulch on the soil surface caused a soil
temperature balance in different months of the study. It is also noteworthy that the rate of
temperature change on the soil differs depending on the rtydel(Acharyya et al, 2019).
Non-living mulches especially sawdust and woodchips in this study reduced the soil
temperature and evaporation from the soil surfaces by creating a barrier at the soil surface and
reflection of solar radiation instead ofrisderring the heat energy into the soil depth; hence,
with less evaporation from the soil surface, more moisture could be retained in the soil, which
can remove the need forwatering in shorter intervals; and can cause an improved water use
efficiency n landscape and agricultural plantings (Sagaal, 2015b).This phenomenon was

also evident in the current study. To balance the temperature and maintain the soil moisture
throughout the different seasons, the sawdust and wood chips mulch had nureaties,

while the use of gravel mulch increased the soil temperature. Other studies have shown that the
use of straw mulch at the soil surface balanced tiktemperature change3he soil
temperature fluctuations are correlated with the soil end&@wance mechanisms. This
mechanism is affected by solar radiation, the soil temperature, the sensible and latent heat fluxes
between the mulched and the bare soil treatments (Kometriah 2011).This phenomenon

occurs due to the interaction of a higdflectance of the solar radiation and a low thermal
conductivity between the mulches and the soil surface (&wad, 2014), and also the lew
temperature capacity of the mulcheésnve et al 2014; Abdul Kadert al, 2017),which
probably causes a balanoghe soil temperature after using these types of mulches (Fourie and
Freitag, 2010). Soil mulching is an effective way to retain soil water and increase soil
temperature in annual and perennial plants (Zegiadaazuand and Berliner, 20 because

the functional activity of the roots is strongly affected by soil temperature chahigestraw

mulch improves the root growth of crops, leads to better root growth and provides the carbon
and the energy for the use of soil microorganisms by balancing swee $luctuations in soil
humidity and temperature (@shet al, 2006; Cagt al,, 2015). By modifying the hydrothermal
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regime in the root growth zone, the soil moisture retention increases and finally the weeds will
decrease, thereby, the productivifylee soil increases (Singf al, 2011). In addition, mulches
provide a combination of the optimum soil temperature and moisture content, resulting in an
increased soil microbial activity (Kaschekal, 2010).An experiment also showed that mulch
coveed soil affected the arthropod populatiofise population of some arthropods in the soil
covered with dried alfalfa mulch increased to almost twice (Datlak, 2016).The mulch on

the soil surface prolongs the process of evaporation from the sogeurfaich results in more

water remaining in the solil for a longer period of time (Safaai., 201%). Due to the existence

of sufficient moisture in the soil, the soil surface temperature will also decrease, which
illustrates the role of the moisture in balancing the soil temperature (Ngesah@019). Soil
moisture also plays a role as a deterberfiter and prevents soil from rapid temperature changes
caused by atmospheric temperature changes. Further, due to the heat of evaporation of water,
the presence of water in the soil in summer has a coolingt effiesoil temperature (Alizage

2008). In eher experiments, using mulches increased the subsoil moistures{Buirt2002).

In our experiment, the temperature of the soil covered with wood chips mulch increased during
the two cold seasons of the year and decreased in the two warm seasonyzai toenpared

to the control treatment. The results of soil moisture content also showed that the moisture
content in the underlying soil covered with this mulch was higher than that in the other
treatments during the whole year. Retaining the soil m@dtyrthis mulch in the soil might

have played an important role in balancing the temperature in different seasons of the year. It
is also noted thaferankeniasp., was able to increase the soil temperature in cold seasons
compared to the control treatmelaspite the low amount of the soil moisture. The high density

of the stems of this plant resulted in a dense cover on the soil surface, that possibly caused an
increase in the temperature during the cold seasons of the year due to the lack of heat transfe
from the underlying soil to the cold air due to this uniform and dense chvehigh amount

of moisture in the soil under the mulch is also likely due to reduced erosion and evaporation
from the soil surface and suppression of high soil temperatutedlions (Pandet al, 2005).
Therefore, mulch usage is classified as an effective method for soil preservationgSahets
2008). All in all, mulches protect and enhance the soil quality in the green space by covering
the soil surfaceSuitable soiltemperatures for optimum growth rates of different plants are
various (Pramanilet al, 2015). By considering different types of organic and inorganic
mulches and ground cover plants in this study, considering the influence of these mulches on
soil moistue and temperature and the unique properties of these mulch materials, the
appropriate mulches can be selected and used for cultivation of different plants in green spaces
and under diffeent environmental conditions.r@anic norliving mulches balance thsoil
moisture and temperature, decompose and become part of the soil, increase the soil nutrients,
which are effective in improving soil physical and chemical properties, and thereby, improve
the plants’ growth. However, it should be noted that these nmybes need replacement
(Pramaniket al, 2015). Also comparing the turfgrass mulch, red pumice and wood chips it was
identified that wood chips mulch had better aesthetic performance than the other two types of
mulches (Nazemi Ra#t al, 2020). Inorganicontliving mulches affect the soil temperature.

Light color stones can reflex the heat of sunlight to the plants that cause plant damages. In
addition, this mulch type has not a role in increasing soil organic matter (PraehahiR015).

As a resultsuch mulch type can be used in areas in the green spaces that either require increased
soil temperatures or can be used in the areas withtbrgherature resistant planting designs.
Ground cover plants can be planted and used as living mulches on gwefsak and enhance

the visual aesthetics of the green space and increase plant diaeddtgdiversity in addition

to the desired effects on soil moisture and temperature.
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Conclusion

This study confirmed that living and ndiming mulches affect the soil moisture at different
seasons of the year. Therefanederstanding such temperateféects are very important for

better management of urban green spaces. Especially the livingeswdtBarpobrotussp.

and lawn had increased cooling effects compared withliwimg mulches. Among the nen

living mulches, sawdust and wood chips assisted the soil to retain its moisture content compared
with the soil covered with other types of mulch&e mulches could decrease the irrigation
intervals by increasing the soil moisture. These outcomes can assist the landscape managers
operating in extreme climate conditions of arid and samdi regions to advance the
management of soil moisture and teargiures to enhance sustainability in urban landscapes.
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