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Research and Full Abstract:

Length Article In order to investigate the effect of contour furrow on the vegetation and soil characteristics, a study
Received: was conducted at Bolbol rangelands, Ashkazar, Yazd Province, Iran in 2020. The implementation
16 October 2021 of contour furrow was done previously at the rangeland in the area of 100 ha in 2006. Data were
Revised: collected at both contour furrow site and outside it (control site). At each site, four transects (300 m)
24 February 2023 were established at the distance of 100 m from each other. Along each transect, 15 plots (2 m?)
Accepted: were established at a distance of 12 m from each other. At each plot, the vegetation characteristics
18 March 2023 (vegetation percent, richness and diversity of species, Artemisia sieberi canopy cover) and soil
Published online: characteristics (soil permeability, soil moisture and carbon stabilization) were measured. The
15 January 2024 obtained data of sites were compared using independent T test. According to the results, the

vegetation percent and canopy cover of Artemisia sieberi increased by 29.5 % and 47.7 % than
that for control, respectively (p < 0.01). The effect of contour furrow on species diversity index
was significant (p < 0.05) and the diversity index was increased by 23 % than that for control. The
soil moisture was compared in both sites in May, August and November. Result showed that soil
moisture increased by 66.4 % (p < 0.01) in May. An increase of 12.5 % of carbon storage was
observed in the soil at the contour furrow site as compared to the control site (p < 0.01). It was
concluded that the implementation of contour furrow coupled with planting of Artemisia sieberi
was successful in combating desertification in this research area.
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1. Introduction

Rapid urbanization, population explosion, and climate
change have threatened water security globally, regionally,
and locally. While there are many ways of addressing these
problems, one of the innovative techniques is the employ-
ment of rainwater harvesting systems (Zabidi et al., 2020).
Rainwater harvesting is a technology used for collecting
and storing rainwater from rooftops, land surfaces, road
surfaces, or rock catchments using simple techniques such
as pots, tanks, and cisterns as well as more complex tech-
niques such as underground check dams (Guo and Guo,
2018; Matos et al., 2013). Rainwater harvesting for domes-

tic uses is widely regarded as an economic and ecological
solution in water conservation and storm management pro-
grams (Canales et al., 2020). Also, Kuntz Maykot and Ghisi
(2020) assessed rainwater harvesting system in a multi-story
residential building in Brazil.

Harvested rainwater is a renewable source of clean water
ideal for domestic and landscape uses. Water harvesting
systems provide flexible solutions that can effectively meet
the needs of new and existing sites, as well as of small
and large ones. More significant attraction of the rainwater
harvesting system is its low cost compared to other water
supply systems (Siddiqui et al., 2020). Accordingly, Struk-
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Sokotowska et al. (2020) assessed the quality of rainwater
stored for washing purposes. Fayez (2019) provided up-
dated information on the potential of rainwater-harvesting
systems in different climatic zones in Jordan.

Nowaday, the threat and intensification of natural re-
source constraints are the significant challenges in the sus-
tainable management of these resources (Ardakani and Vah-
dati, 2018). In this regard, more serious attention to the
issue of management, remediation and restoration of natu-
ral resources, especially in the vast expanse of pastures in
desert ranges is needed more than ever. One of the most
enormous constraints on vegetation growth in arid and semi-
arid regions is limited access to water (Fathizad et al., 2017).
Dealing with the desertification phenomenon requires the
restoration of vegetation and an increasing in the potential
of soil to plant production efficiency (Hakimzadeh et al.,
2014).

In the past, people, especially occupants of arid lands
whose access to water was limited invented different ways
to collect and conserve water. Today, many of these meth-
ods are reclaimed and introduced as indigenous knowledge.
In such conditions, in order to use rainfall and surface runoff
to improve the vegetation and create ecological balance, the
implementation of a series of rainfall storage operations
with planting or sowing is essential in the natural resource
ranges. Rainwater storage is one of the effective remedi-
ation methods that has been implemented or is being im-
plemented in recent years in some pastures of arid regions
of the country to store rainfall and strengthen groundwa-
ter aquifers while preventing water waste and water loss in
pastures (Abdollahi et al., 2016). Types of water storage pro-
tection methods include dams, earthen dams, stone-mortar
dams, pitting, gourds, flood spreading, contour furrow, and
instance. Due to the variety of methods for storing rainfall
reserves, their high cost, and other performance, there is
need for a plan to find a better and more appropriate method
in arid climates (Bahmadi and Shahryari, 2016).

Tesfa Gebrie et al. (2020) in the assessment of rainwater
harvesting potential for non-potable use in urban ranges con-
cluded that an enormous amount of water for non-potable
could be obtained. Hence, the use of rainwater harvesting
systems in urban ranges is an appropriate method and plays
an excellent role in resolving the water scarcity problem.

Sayl et al. (2020) used a GIS-based approach with remote
sensing to identify the optimal sites, for rainwater harvest-
ing. Four indices: evaporation, cost benefit sediment, and
hydrology were evaluated. Results showed that the vari-
ance inverse and rank order method affected the ranking
priority and considered all of them as the sensitive criteria,
compared to the methods of AHP! and FAHP?.

Aghaloo and Chiu (2020) identified optimal sites for a
rainwater-harvesting agricultural scheme in Iran using the
fuzzy logic in a GIS-based decision support system. Saghari
et al. (2019) suggested that the implementation of rainfall
storage had significantly increased the indicators of species
evenness, richness and diversity, and the percentage of veg-
etation in the project range, compared to the control range.

1. Analytic Hierarchy Process
2. Fuzzy Analytic Hierarchy Process

Zare et al.

The percentage of vegetation in the range of holes has in-
creased about twice and in the range of crescents about 1.5
times more than the control range. Instance and contour
furrow had significant effect on regenerating and increasing
vegetation than the control increasing by increasing soil
moisture, production and vegetation percentage, (Rostami
et al., 2017). Instance operation has a more favorable and ef-
ficient effect to increase vegetation (Bahmadi and Shahryari,
2016). Zare et al. (2021a) by the implementation of ripping
operations along the Haloxylon planting in the Ashniz Mey-
bod rangeland, Iran found an increase of 1.87 % and 1.68 %
for vegetation and canopy cover of Haloxylon, respectively.

Increased vegetation due to runoff collection was reported
by contour trenching, contour furrow, ripping, and pitting
with 79.7 %, 75 %, 72.7 %, and 65 % which were higher
than that for control, respectively. In comparison, soil mois-
ture content, different treatments of contour furrow, cereal
trenching, ripping, pitting and control with an average of
11.56 %, 11.1 %, 10.53 %, 10.03 % and 7.05 % were re-
ported, respectively (Khazaei and Shahrivar, 2017).

Esfandiari and Hakimzadeh Ardakani (2014) in the
Bakhtegan basin, Iran found that surface water had im-
proved the quantitative and qualitative condition of veg-
etation in this region. Zare et al. (2021) in the study of
different methods of planting of Haloxylon Aphyllum Iljin
(crescent watering, ripping, and planting in arid rivers) in
the Myibod rangeland, Iran reported the highest increase
in vegetation (5.15 %), rooting (more than 3 m), and per-
meability (8.03 cm/h) obtained for planting in ephemeral
streams, respectively. Jafari et al. (2013) in furrowing re-
medial operations in the Ivaneki range of Semnan, Iran had
led to an increase of 32 % in carbon reserves and 37 % in
nitrogen of the whole ecosystem, respectively

Shahrokh et al. (2017) found a higher carbon seques-
tration increase of plant biomass and the increased soil
moisture in the contour furrow operation than the control
site.

Improvement and development rangeland projects using
rainwater harvesting are costly, for this reason; evaluating
their success and impact of particular is important. A lot
of research has been done in this field, but the effect of the
contour furrow combined with seed sowing on the establish-
ment of plants and the soil moisture in Bolbol rangeland,
Yazd province, Iran has not been studied. It is expected to
have different plant and soil parameters in the implementa-
tion of biomechanical operations in the region. The purpose
of this research was to investigate the impact of rainwater
harvesting on vegetation and soil indicators in Bolbol range
with annual rainfall less than 110 mm per year.

2. Materials and methods

2.1 Study area

The Bolbol range is located at a distance of 40km
from Yazd, (53°48'55" to 53°48'20" E, and 31°55'39" to
31°55'42" N) (Fig. 1). According to the long-term rainfall
statistics of Khamsian station and Khezrabad watershed
studies, 73.7 % of rainfall occur in the first three or four
months of the wet year. Most of the rainfall in the region
occurs almost from February to April. The dry and wet
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Figure 1. The location of the study area

periods of the region in the return periods of 100 years are
possible with a probability of rainfall of 15.8 and 283.3 mm,
respectively. The wettest period is from mid-December
to late March and the rest of the year is dry (Zare et al.,
2021a). Its climate is arid in Dumbarton climate classifica-
tion system with the aridity index of 3.9. The average annual
rainfall is 108 mm and the average annual temperature is
18 °C according to the long term data.

The dominant plant type of area is Artemisia sieberi.
Considering the watershed studies of the Khezrabad basin,
the region is a part of the upper plateaus and terraces with
different slopes and low slopes on Quarternary period, short
and young terraces, and alluvial fan (Zare et al., 2021).

Contour furrow is the creation of small and shallow
streams of level lines on the surface of pastures, which
is done to penetrate water into the soil, prevent from its
surface flow, increase vegetation, and forage production and
avoid the formation of surface runoff and soil erosion.

In the study range in 2006, the implementation of contour
furrow was done at a range of 100 ha. The average length
of furrows was 560 m/ha, with dimensions of depth and
width of 30 cm. The characteristics of vegetation and soil
were investigated in the ranges of contour furrow and con-
trol (ranges without operations, which are edaphically and
climatically like the project ranges). Past software was used
to evaluate numerical indicators of diversity and species
richness.

2.2 Methodology

2.2.1 Vegetation parameters

Vegetation characteristics including the percentage of veg-
etation in the region, the number of plant (density) and
vegetation cover of the species, richness and diversity of
species were measured using the transect-plot method in

both control and contour furrow sites. The total number of
60 plots was considered for each site. The length of tran-
sects was determined based on the conditions of the planting
range, at each site, four transects (300 m) were established
at a distance of 100 m from each other in each site, the first
transect was established randomly and the rest were placed
parallel to it at a distance of 100 m. Along each transect,
15 plots (2 m?) were established at a distance of 12 m from
each other (Baghestani, 2008).

After identifying the plant species and counting the
shurbs, the canopy percent of the species in the plots was
measured for each site, and based on the data obtained from
the plots, the percentage of total vegetation, canopy, and
the number of plants (density) of species per hectare was
calculated.

The diversity of the species consists of two parts, the
richness of species and uniformity. The number of species
in a given unit of society is called species richness, which in-
cludes all species. The distribution of all individuals among
these species is called uniformity, and by combining these
two components, species diversity, which means measuring
the richness of a species by uniformity, was obtained. Mar-
galef’s (1957) index (Equation 1) was used to determine the
species richness.

R=5—1/In(N) )

Where
R = the amount of Margalef index,
S = the number of species,
N = the frequency of species.

Simpson index was used to determine species diversity
(Magurran, 1988). The Simpson index was obtained by
Equation 2.
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A B

Figure 2. A: measuring soil permeability, B: profile drilling and measuring the root depth of Artemisia sieberi, C: Contour

furrow images

1-D=1-Y(R) 0))
Where
1 — D = the numerical value of the Simpson index,
P, = the ratio of all the cases in the sample that belongs to
species i. (The value of this index varies from zero to one).
To measure the root depth of Artemisia sieberi, trench
digging and soil profile observations were performed. Dur-
ing the transect, two Artemisia sieberi stems and a total of 8
bushes were selected for each site, and trench digging and
root depth measurements were performed (Fig. 2).

2.2.2 Soil parameters

In the present study, a soil profile was excavated and de-
scribed on each site. Soil moisture in different seasons,
permeability, and soil carbon storage at the control and
contour furrow sites were measured. Two points were ran-
domly selected throughout each transect and soil sampling
was taken at a soil depth of 0 — 30 cm. Water infiltration in
the soil was measured using the double cylinder method and
soil moisture percent measured by the TDR? (Roth et al.,
1990). In total, 8 and 16 cases of water infiltration, soil car-
bon and soil moisture measured at each site and the whole
region, respectively. The soil moisture was measured three
times in May, August and November months. The amount
of soil carbon storage was calculated in t/ha as Equation 3.
(Magurran, 1988):

Cs =100 x OC (%) x Bd x e 3)

Where:

Cs = organic carbon (t/ha),

OC = percentage of organic carbon,

Bd = soil bulk the number of plant (density) of soil (g/ cm?),
e = sampling depth (m).

The clump method was used to determine the soil bulk the
number of plant (density) (Dianati et al., 2010). In relation
to carbon emission control, the amount of soil carbon at a
depth of 30 cm was selected as the standard in the Kyoto
Convention (McKenzie et al., 2000).

3. Time Domain Reflectometry

Soil permeability is one of the main characteristics of soil
for storing moisture from rainfall and transfer to the aquifer.
One of the best methods for measuring and determining
the permeability of water in the soil is to perform a double-
cylinder test (Mousavi et al., 2005).

The model was used to calculate the water infiltration
into the soil (Mousavi et al., 2005). This model is one of the
experimental equations for water infiltration into the soil
and as presented in Equation 4.

[=at 4)

Where

I = cumulative penetration,

t = time (minute),

a and b = regression coefficients.

To measure water infiltration in the soil by the double
cylinder method, water infiltration was measured in the soil
incmat2,4,6, 11, 16, 21, 31, 41, 51, 66, and 80 minutes
(Fig. 2). Then, the cumulative calculation of time and the
amount of infiltration was performed, and the logarithm
was taken. After drawing the diagrams, the amount of a
and b was determined and replaced in the formula (Equa-
tion 4) and the amount of water infiltration in one hour was
calculated.

After collecting vegetation and soil data and calculating
the desired indices. For normalization of data, the Shapiro-
Wilk test and for analyzing data T-test were used (Bihamta
and Zare Chahouki, 2011).

3. Result

The result of means comparison using independent T test
showed that the mean values of vegetation percent were
4.47 % and 5.79 % in control and contour furrow sites, re-
spectively (Table 1). The execution of the furrow has in-
creased the vegetation of the region by 29.5. Also, the
effect of contour furrow on the Artemisia sieberi cover was
significant (p < 0.01). Plants canopy increased by 47.7 %
more than that for control. The effect of contour furrow on
species richness was significant (p < 0.01) and the value
of the richness index was decreased by 32 %, due to high
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Table 1. Results of the evaluation of vegetation parameters in in Bolbol sites

Vegetation characteristics Control Contour furrow  AS % T value P
Vegetation 4.47+0.46 5.79+1.02 29.5 % 4.63 o
Richness of species 0.37+0.21 0.25+0.16 —-324% 292 wE
Diversity of species 0.435+0.23 0.535+0.54 23.0% 20.78 *
Artemisia sieberi canopy cover 2.22+0.83 3.28+0.98 47.7 % 3.16 *k
Artemisia sieberi root depth (cm)  92.754+5.29 84.00+6.32 —-9.4 % 2.52 ns
Artemisia sieberi density 20814+28.36  2220+£31.43 6.7 % 0.78 ns

* *%: Significantly different at 5 and 1 % probability level, respectively, ns = non-significant.

uniformity of plants. Also, the effect of contour furrow on
species diversity index was significant (p < 0.05) and its
values were increased by 23 % than that for control (Ta-
ble 1). The effect of contour furrow on the plant density
and root depth of A. sieberi was not significant. A. sieberi
density at the control and contour furrow sites were 2081
and 2220 shurb/ha, respectively. A. sieberi density at the
contour furrow site had increased by 6.7 % more than that
for control site. The root depth at the contour furrow site
had decreased by 9.4 % compared to the control. It seems
that it is due to higher soil moisture in the furrows and
the plants in farrow did not develop their roots for water
absorption.

The result of independent T test showed that the amount
of soil moisture in May was increased significantly at the
furrow compared to the control site (p < 0.01). Soil mois-
ture at the furrow site increased by more than 66 % in May
compared to the control site (Table 2). However, the effect
of contour furrow was not significant for soil moisture in
August and November. (Table 2). The results showed that
the effect of contour furrow on soil permeability and carbon
storage was not significant. The average water infiltration
in the soil at the control and furrow sites was 3.45cm/h
and 2.75 cm/h, respectively. These values are in the cate-
gory of average water infiltration in surface soils (Rajaie
et al., 2013). Soil permeability at the furrow site decreased
by 25 % as compared to the control site. The average soil
carbon storage at control and furrow sites was 8.82 and
9.92 t/ha, respectively, indicating that carbon storage in the
soil had increased by 1.1 t/ha at the furrow site as compared

to control site (equal to 12.5 % increase).

4. Discussion

This study was conducted on watershed operations such
as contour furrow coupled with seed sowing for rainwater
harvesting in soil and thier effcts on plant cover and soil
carbon storage in Bolbol rangelands located in Ashkazar,
Yazd, Iran in 2020. Results showed that the contour furrow
increased vegetation up to 29.5 %. The increase in vegeta-
tion on the furrow site was due to the moisture stored in the
furrows. Surface water accumulates inside the furrow and
creates more suitable conditions for vegetation in it. The
results of this research were in agreement with the results
of the research (Mahmoodi Moghadam et al., 2016; Souri
et al., 2017; Zarekia et al., 2018; Bahmadi and Shahryari,
2016; Delkhosh and Bagheri, 2012; Zarekia et al., 2021)
on the increase of vegetation products. Soil moisture in
the second half of May in the furrows was 66 % higher
than that for control. Therefore, the furrow plant had more
canopy due to receiving more moisture. Also, the increase
in humidity had caused the growth of newer plants in the
furrows. The species (Pteropyron aucheri), which usually
grew in streams and canals of area, grew significantly in the
furrows. Also, tillage had created suitable conditions for the
species (Salsola yazdiana) which had a higher plant density
than that for control site. Seed sowing had also increased
the plant density in the furrow region; so, vegetation per-
cent diversity of species at the furrow site had increased.
Rainwater storage and increased soil moisture had caused
the roots of the Artemisia sieberi plant to spread superfi-

Table 2. Results of the evaluation of changes in soil parameters in Bolbol sites

Soil characteristics Control Contour furrow % T value P
Soil moisture in May % 31.25+0.23 52.00+0.85 66.4 % 5.17 ok
Soil moisture in Agust % 11.25+0.21 11.25+0.65 0.0% 0.00 ns
Soil moisture in November % 13.00+0.18 13.25+0.32 1.9 % 0.297 ns
Soil permeability (cm/h) 3.45+0.24 2.75+0.45 -253% 1.079 ns
Carbon storage in soil (t/ha) 8.824+0.25 9.924+0.58 12.5 % 0.847 ns

* **: Significantly different at 5 and 1 % probability level, respectively, ns = non-significant.
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cially on the floor of the furrows instead of deep growth.
The roots of plants outside the furrow, deprived of stored
water, grew more profound and could use the soil moisture
in the lower layers. Other studies had shown that instance
stores about 52 — 104 m?/ha of rainwater during the rainy
season and increases vegetation and plant diversity in the
range so that vegetation indices in the remedied range have
increased (Delavari et al., 2017). Also, our results were
consistent with most of the studies in this field (Bahmadi
and Shahryari, 2016; Ebrahimi et al., 2014; Rad et al., 2008;
Saghari et al., 2019).

Although the soil permeability at the furrow site has de-
creased compared to the control site, both are in the medium
permeability class (Rajaie et al., 2013). The decrease in
permeability is due to the deposition of clay on the floor of
the furrow, which reduces the permeability and increases
evaporation. The study of Zaremehrjardi et al. (2013) also
showed that the rate of water permeability in the range of
remediation operations in the second year had decreased as
compared to the first year, which was the most important
reason for reducing the permeability of sediment accumula-
tion on the soil surface.

In the Bolbol range, carbon storage in the furrow site was
0.94 t/ha higher than that for control site, this increase in
carbon storage which is not statistically significant was due
to the 12.5 % increase in vegetation at this site. In other
studies, it was shown that carbon storage was higher in the
contour furrow operation than the control site (Roth et al.,
1990; Jafari et al., 2013; Gholami et al., 2020).

Contour furrow in the Bolbol range at the rate of
560 m/ha with an average width of 30 cm about 280 m?/ha
tillage was done. In case of 100 % success of the project,
according to the affected range, the collected rainwater has
the potential to develop vegetation by 29 % of the canopy
in the range. In general, the contour furrows had a capacity
of 34m? of rainwater in which some of the collected rain-
water evaporates after rainfall. Most of the rainfall in the
region occurs in February to April and the dry season of the
region was more than 8 months per year. Therefore, with
all the above conditions, achieving total vegetation as about
29 % can be considered as a success. In Ethiopia, water har-
vesting techniques had significant impact on improved soil
moisture, runoff and ground water recharge and increased
agricultural production (Tolossa et al., 2020).

5. Conclusion

This study was conducted on watershed operations such
as contour furrow coupled with seed swoing, for rainwater
harvesting in soil and plant cover and soil carbon storage
in 2020 in Bolbol rangelands located in Ashkazar, Yazd,
Iran. Results showed that the effect of contour furrow on
vegetation, species richness, plant coverage was significant
(p <£0.01). An increase of 1.1t/ha (equal to 12.5% in-
crease) of carbon in the contour furrow site compared to
the control site was observed. According to the obtained
results, the maximum ecological potential of the region for
the development of vegetation with the contour furrow was
29.5 %, which should be considered during the implemen-
tation of the contour furrow projects in desert areas with

Zare et al.

climatic and physical conditions similar to the study area.

In arid and desert areas such as the study area due to
low rainfall, poor distribution and frequent droughts, high
density compaction operations were based solely on rainfall
in the region whose maximum ecological capacity with
climatic and adaptive conditions of the study area was
29.5 % increasing of vegetation. Due to the obtained results
in this research, the selection of contour furrow method
and planting of Artemisia sieberi could be successful in
combating desertification.
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