Journal of Rangeland Science, 2022, Vol. 12, No. 2 Souri and Kamali / 155

Contents available at ISC and SID
Journal homepage: www.rangeland.ir

Research and Full Length Article:

Changes in Vegetation and Soil Characteristics of Steppe and Semi-
Steppe Rangelands under Impact of Solar Power Plant in Absard
and Shahrerey, Iran

Mahshid Souri*”, Nadia Kamali®

A Assistant Prof., Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural
Research Education and Extension Organization (AREEO), Tehran, Iran *(Corresponding Author). Email:
souri@rifr-ac.ir.

B Assistant Prof., Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural
Research Education and Extension Organization (AREEQ), Tehran, Iran

Received on: 19/10/2021

Accepted on: 03/07/2021

DOI: 10.30495/rs.2022.682915

DOR: 20.1001.1.20089996.2022.12.2.5.6

Abstract. In recent years, Iran has begun to move towards the development of the use of
renewable energy sources in line with global developments. In this study, Side effects of two
solar power plants on rangeland condition were studied. These solar power plants have been
constructed using mosaic panels for installation obliquely on 16 ha in Absard rangeland (semi-
steppe) and 23 ha in Shahrerey rangeland (steppe), Iran in 2016. In this study, sampling was
performed in both rangelands for solar power plant and adjacent control. Sampling was done in
2019, based on the use of 100 m transects with one and two square-meter plots for semi-steppe
and steppe, respectively, with a distance of 10 m on transects, systematically. Soil samples were
taken from a depth of 0-30 cm from the beginning, middle and end of each transect as a
composite sample. The obtained data were compared using independent T-test by SPSS
software. Results showed that in comparing of soil factors between solar power plant and
adjacent control site in both rangelands, there were no significant differences between
treatments. However, vegetation cover and total biomass between solar power plant and control
in Absard were significantly different (P<0.01). In Absard site, the vegetation cover (39% vs.
51%) and total biomass with values of (254 vs. 312 kg/h) were obtained in solar power plant
and control, respectively, so the panel significantly reduced the performance of the vegetation
cover and biomass in semi-steppe rangeland. In contrast, In Shahrerey, the vegetation factors
between the solar power plant and the control were not significantly different from each other.
So, from the point of view of natural resources and according to the results of the present study,
for electricity generation, the establishment of solar power plant in the steppe rangelands is
recommended as compared to semi-steppe rangeland.
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Introduction

Renewable solar energy is a promising
alternative to fossil fuel-based energy. Solar
power generation is growing rapidly
(Turney and Fthenakis, 2011). Iran is one of
the suitable countries in the world with
about 300 sunny days in a year and an
average radiation of 9.4 kWh per square
meter per day, which has the potential to
build a solar power plant and use solar
energy in the world (Mojahed, 2015). Solar
energy is one of the best ways to supply
electricity and energy in comparison with
other models of energy transmission in the
country in terms of cost, transportation,
maintenance and similar factors (Mojahed,
2015). The favorable climatic conditions in
Iran, due to having both tropical and cold
natural regions, have high potential for the
establishment of bioenergy energy systems
using solar, wind and hydropower sources.
The use of modern methods of electrical
energy in order to meet part of the required
energy will greatly contribute to Iran's
economic growth. Solar energy as a
renewable energy source is much cleaner
than fossil fuels, but its use raises
environmental concerns (Nurpour and
Zaker, 2014). Installing solar energy
equipment requires the destruction of plants
and their roots. Photovoltaic panels are
installed on steel or aluminum bases about
one meter above ground level, or on
concrete bases or by placing steel clamps
into the ground. Shading of solar panels
affects the soil and vegetation of the lower
part. Panel shading changes the
microclimate (Turney and Fthenakis, 2011).
In many plants, shading affects the growth
characteristics and yield of plants due to the
reduction of light radiation (Nasrolzadeh et
al., 2011). Hebert et al. (2001) found that
different light diets had different and
significant effects on the total biomass of
plants. Ballare (2004) showed that the
decrease in plant growth in the shade is
related to the limitations due to the lack of
light photons and low amount of light due
to being in the shade. Islam et al. (2005)
studied the effect of light intensity on the
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vegetative and reproductive growth of
Lisianthus plant and concluded that shade
and lack of light will reduce its yield. They
concluded that with decreasing light
intensity, vegetative growth decreased and
the transition from vegetative to
reproductive growth was prolonged. They
have shown that plant growth in general,
plant yield time, and plant quality are
affected by light intensity and daylight.
Turney and Fthenakis (2011) identified
and assessed the environmental impact of
the installation and operation of US Solar
power plant, under the themes of land use
intensity, human health and welfare, plant
and animal life, geological resources, and
climate change. They concluded that the
effects of solar power plant compared to
fossil power plants are positive in terms of
human health and the effect on climate
change, but in terms of land use change and
land occupation, they are the same as the
effects of fossil power plants. Vladimir
(2012) states that in order to obtain 10 MW
of electricity, a large area about 10 ha will
be occupied. Hernandez et al. (2015) stated
that in order to reduce the negative
environmental impact of solar power plant,
it is better to build them in degraded areas.
Burney et al. (2010) also do not consider
suitable climatic lands and good
agricultural and rangelands for the
operation of solar power plant and
recommend saline and degraded lands for
the construction of solar power plant.
Hernandez et al. (2014) studied the
environmental effects of solar energy
systems such as solar panels and provided a
comprehensive list of environmental
effects. They reported that the effects of
solar technologies on the environment
include positive effects on reducing
greenhouse gas emissions, especially
carbon dioxide, changes in surface
temperature, changes in albedo coefficient,
changes in  microclimate and local
hydrology, changes in participation regime,
electromagnetic effects, erosion, dust
production, fire, land use change and land
cover, light and noise pollution, soil and
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water pollution, the effect on biodiversity
through the lack of plant and animal
species, especially birds. They stated that
the adverse environmental impacts of solar
energy technologies have not been assessed
yet, but given the numerous advantages of
this technology over fossil fuel energy
technologies, especially in mitigating
climate change, major challenges, there is
still evidence of widespread deployment of
these facilities.

Despite the use of renewable energy,
extensive studies on the effects of this
technology on vegetation in the area of solar
panels have not been conducted. Assessing
an environmental and ecological effect of
using such new energies in order to properly
manage their use is essential. If necessary,
the policy structures in the field of
renewable energy should be reviewed.
Also, by removing the obstacles and
possible problems, the way of developing
the use of these energy sources in the
country should be accelerated. Therefore,
this study was conducted to determine the
effects of solar power plant on vegetation
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parameters of steppe (Shahrerey) and semi-
steppe rangeland (Absard) in Tehran
province, Iran.

Materials and Methods
Sites information
Absard Sarbandan area is located in Absard
plain in Damavand county in Tehran
province. Its average altitude is 1972 m
above sea level. Its mean participation is
333 mm and its mean annual temperature is
10 °C. Absard area is semi-steppe area. It is
located in a geographical position of 35°42'
N and a longitude of 52°20" E (Fig. 1).
HassanAbad Shahrerey area is located in
south of Tehran. It is located in a
geographical position of 35°22' N and a
longitude of 51°14' E at distance of 10 km
from Imam Khomeini Airport. Shahrerey
area is a steppe area. The mean participation
of the region is 158 mm and the mean
annual temperature is 15 °C. This area has
an average altitude of 965 m above sea level

(Fig. 1).
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Fig. 1. Geographical location of Absard Sarbandan and HassanAbad Shahrerey in the province and Iran
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Research Methods
In order to evaluate the uniformity between
the solar power plant site and the control
site, an adjacent rangeland similar to the
conditions of the solar power plant
rangeland was considered as the control,
which in terms of general conditions (slope,
direction, height, vegetation and soil), was
similar to the solar power plant site. Then,
vegetation and soil parameters in both solar
power plant and control were measured.

Sampling was performed based on the
use of 100-m transects with one-square-
meter plots in the semi-steppe rangeland
and two-square-meter plots in the steppe
rangeland with a distance of 10 m on
transects (10 plots per transect) and
systematically in two areas (Arzani &
Abedi, 2015). It should be noted that the
area of solar power plant in Absard
rangeland was 16 ha and in Shahrerey
rangeland was 23 ha. These solar power
plant sites were established in 2016. In this
research, twelve 100-m transects were
deployed (60 plots along 6 transects at the
power plant site and 60 plots along 6
transects at the control site).

The following  parameters  were
measured inside each plot according to
(Moghadam, 2016):

Canopy cover percent: This parameter

was based on the measurement of the

vertical image of the canopy on the ground.

This parameter was measured by dividing

the amount of canopy cover for perennial

species and annual species by vegetative
form.

Arial biomass: Measurement of biomass

was performed by cutting and weighing

method in each plot. Plant species biomass
was collected and weighed separately for
perennial and annual species.

Range condition: it was evaluated using

modified four-factor method as follows:

e The soil factor in five levels (depending
on soil erosion and plant density) 0 to 20
points,

e Vegetation factor in four levels
(depending on percentage of living
canopy) 1 to 10 points,
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e Vegetation factor in five levels 1 to 10
points and
e Plant vigor in four levels (depending on
plant health, strength and age classes)
was evaluated from 1 to 10 points, and
finally
e Degree of rangeland condition was
determined based on the sum of points.
Soil sampling under solar panels and
control site: it was performed from both
solar power plant and control. Soil samples
were taken from a depth of 0-30 cm from
the beginning; middle and end of each
transect as a composite sample and
transferred to the laboratory.
Soil analysis was made in the laboratory for
the following parameters :
Soil texture was determined by hydrometric
method (Jia et al., 2005).
Organic carbon: it was determined by walk-
block method (Jia et al., 2005).
Soil electrical conductivity (EC) and acidity
(pH) were determined by extraction method
in saturated mud. For this purpose, the
extracts obtained by EC (Jafari and
Sarmadian, 2003) and pH device (Huang
and Tsai, 2010) were read.
Nitrogen: it was measured by Kjeldahl
method (Bremner et al., 1996) and
Phosphorus by Olsen method (Olsen &
Sommers, 1982).
Data analysis: Due to the normality of the
recorded vegetation and soil data obtained
from control and solar panel installation
sites and the assumption that the variances
were the same, independent T-test by SPSS
software was used for comparing data.
Results
Vegetation covers information
The list of plant species in the rangeland
composition in Absard and Shahrerey areas
is presented in Table 1. The composition of
Absard rangeland vegetation includes:
grasses species with palatability class I (Poa
bulbosa belongs to Poaceae family,
Agropyron intermedium, Bromus
tomentellus, Doctylis glomerata,
Agropyron elongatum and Stipa barbata
belongs to Gramineae family) and shrubs
with palatability class 11 (Artemisia siberi,
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Achillea millefolium belongs to Compositae
family) as well as small number of forbes
with palatability class III (Gundelia
tournefortii belongs to Compositae family,
Launaea acanthodes and Echinops
elbursensis belongs to Asteraceae family,
Verbascum cheiranthifolium belongs to
Serophulariaceae family, Cirsium echinus
belongs to Compositae family and
Peganum harmala belongs to
zygophyllacea family).

In the event that the vegetation
composition of Shahrerey rangeland is
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often low-palatable species including: shrub
with palatability class III (Artemisia siberi,
Lactuca orientalis, Onopordon acantitum,
and Cousinia cylindracea belongs to
Compositae family, Prosopis fracta
belongs to Mimosaceae family, Stachys
terinervis belongs to Lamiaceae family) and
also forbes with palatability class III
(Launaea acanthodes and Echinops
elbursensis belongs to Asteraceae family,
Peganum harmala belongs to
Zygophyllacea family).

Table 1. The list of plant species in the rangeland composition in Absard and Shahre rey

Areas Site Family Species Vegetative Palatability
form classes

control Poaceae Poa bulbosa grass I
Absard Compositae Artemisia siberi shrub 11
Compositae Lactuca orientalis shrub 11
Compositae Cousinia cylindracea shrub 11
Asteraceae Onopordon acantitum shrub 11

Gramineae Stipa barbata grass I

Gramineae Agropyron intermedium grass 1

Papilionaceae Trigonella persica forb 1

Gramineae Aegilops colomnaris grass I

Gramineae Bromus tomentellus grass 1

Gramineae Doctylis glomerata grass 1

Gramineae Agropyron elongatum grass I

Compositae Achillea millefolium shrub 11
solar power  Compositae Gundelia tournefortii forb 11
plant Compositae Artemisia siberi shrub 11
Compositae Lactuca orientalis shrub 11
Compositae Cousinia cylindracea shrub 11
Asteraceae Launaea acanthodes forb 11
Asteraceae Echinops elbursensis forb I

Gramineae Bromus tomentellus grass 1

Gramineae Stipa barbata grass 1
Serophulariaceae  Verbascum cheiranthifolium forb I

Compositae Cirsium echinus forb 11
zygophyllacea Peganum harmala forb 111

control Mimosaceae Prosopis fracta shrub 111
Shahrerey Compositae Artemisia siberi shrub 111
Compositae Lactuca orientalis shrub 111

Compositae Cousinia cylindracea shrub 111

Compositae Onopordon acantitum shrub 111

Asteraceae Launaea acanthodes forb 11

Asteraceae Echinops elbursensis forb 11

Gramineae Aegilops colomnaris grass 11

solar power Mimosaceae Prosopis fracta shrub 11
plant Compositae Artemisia siberi shrub 11
Compositae Lactuca orientalis shrub 11

Compositae Cousinia cylindracea shrub 111

Asteraceae Launaea acanthodes forb 111

Asteraceae Echinops elbursensis forb 111

Lamiaceae Stachys terinervis shrub 111
Zygophyllacea Peganum harmala forb 111
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The results of measurement of canopy cover
percent in Absard site showed a significant
difference (P<0.01) in terms of palatability
classes between the control and solar power
plant.

In Absard site, the highest and lowest
palatability rates in term of class |
palatability with canopy cover percent of
14.4% and 4.2% were observed in control
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and solar power plant, respectively. In
contrast, for palatability class IIl, the
highest and lowest canopy cover percent of
9.2% and 4.3% was observed in solar power
and control, respectively (Table 2).
However, in Shahreri area, there was no
significant  difference in terms of
palatability class between the control and
the power plant sites (Table 2).

Table 2. Mean comparisons of canopy cover percentage based on palatability classes between control and solar
power plant sites using independent T-test
Areas Palatability classes canopy cover percentage T value P value
solar panels  Control

Absard I 4.20 14.48 8.238 0.000**
I 4.30 8.30 4.167 0.000**

Il 9.21 431 -6.158  0.000**

Shahrerey I 4.18 4.05 -0.243 0.808"
I 14.78 13.76 -0.447 0.655"™

ns, and **= Non significant and significant at 1% probability levels

According to the results of Table 3, there
were significant differences in terms of
vegetative forms between the treatments in
Absard site (P<0.01). But there was no
significant difference between treatments
(control and the solar power plant) in
Shahreri area (Table 3).

According to the results in Absard site,
the highest canopy cover percent of forb

3.7% was obtained n solar power plant and
control, respectively. In contrast, for
grasses, the highest and lowest values of
24% and 3.9% were obtained in control and
solar power plant, respectively (Table 3). In
Shahreri area, there was no significant
difference in terms of vegetation form cover
percent between the control and the power
plant sites (Table 3).

vegetation form with values of 19.3% and

Table 3. Mean comparisons of cover percentage based on vegetation forms between control and solar power plant
sites using independent T-test

Areas Vegetation forms cover percentage Tvalue P value
Solar panels  Control
Absard Grasses 3.98 24.30 10.926  0.000**
Forb 19.35 3.78 -9.124  0.000**
Shrub 16.06 22.50 2.967 0.004**
Shahrerey  Grasses 4.30 4.10 -0.388 0.699 ™
Forb 5.03 4.81 -0.381 0.704 "
Shrub 10.11 9.95 -0.107 0.915"™

ns, and **= Non significant and significant at 1% probability levels

For rangeland condition, according to the
sum of the scores of the four-factor method

Indicated the negative effect of Solar panels
on rangeland condition in semi step area.

(Table 4), In Absard site, the highest and
lowest values of total score of rangeland
condition with values of 29 and 40 were
obtained in control and solar power plant
sites treatments, respectively. This result

Result indicated a higher class of rangeland
condition in Absard site than that for
Shahreri site. According to Table 4, in
Shahreri site, the rangeland conditions for
both treatments were in a weak class.
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Table 4. Scores of rangeland condition factors based on the four-factor method at the control site and the solar

power plant
Rangeland condition factors Absard Shahrerey
Solar trol Solar trol
panels contro panels contro
Soil factor (relying on soil erosion and crop residues) 12 14 12 12
Vegetation factor (percentage of live canopy) 8 9 5 6
Plant composition factor and age classes 5 9 2 2
Factor of plant vigor and vitality (plant health and
4 8 5 5
strength)
Total Score 29 40 24 25

Means comparisons were made between
treatments for total canopy cover and total
biomass using independent T-test (Table 5).
In Absard site, there were significant
differences between the treatments for both
traits (P<0.01). In Absard site, the lowest
and highest values of total canopy cover
(39.5 and 51.3%) and total biomass (247
and 313 kg/h) were obtained at the power
plant and the control treatments,
respectively while Indicating the negative

effect of Solar panels on rangeland
production in semi step area. In Shahrerey,
there was no significant difference between
treatments for both total canopy cover and
total biomass (Table 5). Total canopy cover
and total biomass of Absard were more than
Shahrerey rangeland Because Absard
rangeland is a semi-steppe rangeland and its
participation is more and its temperature is
lower compared to Shahrerey which is a
steppe rangeland.

Table 5. Mean comparisons of total canopy cover and total biomass beteeween control and solar power plant sites

using independent T-test

Areas Traits Mean values Tvalue P value
Solar panels  Control

Absard Percentage of Total Canopy Cover 39.51 51.35 -3.840  0.000**

Total Biomass (kg/h) 254.75 31295 -2.932  0.004**

Shahrerey  Percentage of Total Canopy Cover 19.45 19.45 0.001 1.000™

Total Biomass (kg/h) 109.66 119.71  -1.051 0.295"

ns, and **= Non significant and significant at 1% probability levels

The results of comparing different soil
factors between the power plant site and the
control showed that there were no
significant differences in either of the two
areas for any of the studied soil factors.
Comparison of soil between two rangelands
shows that the values of all soil factors are
different between two regions. Thus, the
values of soil fertility factors such as carbon
content, nitrogen content and phosphorus
content soil of Absard semi-steppe
rangeland are higher than Shahreray steppe
rangeland. However, the destructive factor
of soil electrical conductivity in Absard
semi-steppe rangeland was less than
Shahreray steppe rangeland:

The average soil carbon content of
Absard rangeland and Shahrerey rangeland
is 1.6% and 0.3%, respectively. The average

soil nitrogen content of Absard rangeland
and Shahreray rangeland is 0.15% and
0.03%, respectively. The average soil
phosphorus content of Absard rangeland
and Shahreray rangeland is 14.2 and 7.3
ppm, respectively. The average soil
electrical conductivity of Absard rangeland
and Shahreray rangeland is 0.47 and 2.11,
respectively (Table 6). This is due to the fact
that the amounts of participation and
temperature of two regions are different
from each other. This means that these
climatic parameters have been better in
Absard  semi-steppe rangeland and
therefore, in terms of vegetation factors,
Absard semi-steppe rangeland was in a
more favorable situation. Therefore, in
terms of soil fertility factors, it has better
conditions.
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Table 6. Comparison of the mean of different soil factors in the control site and solar power plant site based on

independent T-test

Areas Traits Site Mean T value P value
%Sand ggg‘;;nels ;ggggg 043 966"

sesilt gc?lr;trrzgnels iigggg -.370 7191

sClay gglrz:\trrzlanels ;gggg? -213 790"

Absard PEPM) gglr;trnr)alanels iiégg; -.083 935
e g(?lr;trr(;lanels i;igg 2.197 053"

N gglr:rrzgnels 8122133 1.872 0017

=C gc?lr;trr;[emels 82222 1.400 1921

P (S:c?lr;trrzgnels ;228(3) -325 152"

#sand gc?lr;trr;[emels gigggg -006 9957

il Solrpanels  iray 0L 92"

R Chtpes oy 05 e

Shahrerey PP gglr;tfr;[’mels ;888(7) --500 628"
%C Control 0.3267 88 -

Solar panels 0.3533

YN gglr;trrzlanels 8832(7) 277 78718

=C gc?lr;trrzgnels ;iggg -034 974™

PH gglr:itrrzlanels gig:g 483 640"

ns: there is no significant difference between treatments

Discussion

The issue of climate change and its
relationship with the consumption of fossil
fuels and the increase in greenhouse gases
resulting from the use of fossil fuels has
given the use of renewable energy a global
dimension. On the other hand, the
escalation of the energy crisis in different
countries of the world has led many of these
countries to change the energy consumption
basket in their country by moving to the use
of alternative and renewable energy sources
and by making changes in the pre-program.
In this regard, they provide the ground for
the development of more use of these
resources in their country. Given the high
potential of renewable energy sources, in
recent years, Iran has begun to move
towards the development of the use of these
energies in line with global developments.

Iran is located on the solar belt of the world
and is one of the countries that enjoys
sunlight with the desired power and is one
of the most prone areas to use this energy
(Mojahed, 2015). Solar power plants are
built in a wide variety of locations and
ecosystems, from forests in the UK,
California deserts, near-tropical locations in
Florida and elsewhere. The environmental
impact of a solar power plant varies
depending on their place of construction
(Turney and Fthenakis, 2011). Pazuki
(2001) emphasizes the need to pay attention
to natural resources and their proper and
scientific use in order to maximize their
sustainable use. One of the main effects of
solar power plant is on vegetation
characteristics in the region of their
construction. Based on the results of our
research, it was found that the percentage of
total vegetation cover at the power plant site
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(39%) and control (51%) in Absard area had
a significant difference (P<0.01) so that it
was higher in the control site. Similarly, the
mean of biomass was significantly different
(P<0.01) between two treatments of Absard
so that in power plant site (254 kg/ha), it
was lower than control (312 kg/ha). These
significant differences between the power
plant and the control site in Absard area can
be attributed to the limited radiation input
due to the presence of solar panels and their
shading because shading causes a change in
the wavelength of the received light. In
many plants, shading affects the growth
characteristics and yield of plants due to the
reduction of light radiation (Nasrolzadeh et
al., 2011). Hebert et al. (2001) found that
different light diets had significant effects
on the total biomass of plants. The reduction
in plant growth in the shade is related to the
limitations of light photons in the shade
(Ballare, 2004). Reduced amount of plant
species and their products occurs under
environmental stresses such as shading and
reduced amount of light passing through the
shade of plants and reduced amount of
photosynthetic active radiation absorbed by
the plant. Also, biomass produced by plant
decreases due to limited radiation of light in
ordinary conditions (Nasrolzadeh et al.,
2011). In shade treatment, the growth of
plants is decreased and the aerial part and
the total biomass are significantly reduced.
There is a close relationship between energy
received from the sun and the presence and
height of the plant. Light intensity is one of
the factors affecting the growth and
development of plants. Shading also
changes the wavelength of light, which can
affect plant growth (Kayhanpour et al.,
2018). Islam et al. (2005) studied the effect
of light intensity on the vegetative and
reproductive growth of Lisianthus plant and
concluded that shade and lack of light will
reduce its yield. They concluded that with
decreasing light intensity, vegetative
growth decreases and the transition from
vegetative to reproductive growth is
prolonged. They had shown that plant
growth and plant quality are affected by
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light intensity during the day. Lugassi-Ben-
Hamo et al. (2010) investigated the effect of
shade on the stage of transition from
vegetative to reproductive growth, plant
growth and development, yield and flower
quality. The results of their research showed
that in shady conditions, plant vyield
decreases. This poor performance may be
due to poor nutrient storage, which results
from insufficient absorption of light
required for photosynthesis in the early
stages of growth. It has also been reported
that the reduction in light intensity by shade
causes a delay in flowering and reduced
plant yield (Dai et al., 2009). Cemy et al.
(2003) stated that the amount and intensity
of light often affect the flowering
mechanism in the early stages of plant
development. Dai et al. (2009) stated that
the amount of photosynthesis decreases
rapidly in ornamental plants with
decreasing light intensity. Miralles et al.
(2011) reported that excessive shade
reduced the rate of photosynthesis,
increased the concentration of carbon
dioxide in the chamber under the stomata,
and reduced the efficiency of water
consumption by the plant. They stated that
due to the direct relationship between the
intensity of light reaching the leaves and the
amount of photosynthesis, as the intensity
of light decreases, the light reactions of
photosystems 1 and 2 are disrupted and
fewer hydrocarbons are produced in the
plant. Decreased performance at lower light
intensities can be attributed to reduced
energy and less dry matter production. Also,
based on research by Tsoutsos et al. (2005),
excess heat from installing solar cells may
kill a number of species in this type of
environment and reduce vegetative
parameters such as biodiversity.

Based on the results, it was found that in
Shahreri area, there was no significant
difference in terms of vegetative forms
between the solar panel and control. The
results also showed that the percentage of
total vegetation cover and biomass at the
site of the power plant and the control site
of Shahrerey were not significantly
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different from each other.

Based on the above, it can be concluded
that the establishment of solar power plant
does not have a significant impact on
vegetation in the steppe area, so solar power
plant in the steppe area can be used in
electricity generation without significant
negative effects on vegetation and soil
proties. Also, the results show that there
were no significant  differences in
comparing different soil factors between the
power plant and control in both areas.
Kashki et al. (2015) in their research show
that changes in soil materials and elements
have a slower trend than changes in
vegetation. Amigh et al. (2015) stated that
nowadays, due to the limited fossil fuel
resources and the consequences of
environmental pollution and global climate
change, the process of electricity using solar
energy should be considered. However, in
semi-steppe areas, the construction of
power plants caused significant negative
effects on the vegetation of the region,
which should be considered by managers
and planners. In this regard, Hernandez et
al. (2014) stated that in order to reduce the
negative environmental impact of solar
power plant, it is better to build these power
plants in degraded areas. Burney et al.
(2010) also do not consider suitable climatic
lands and good agricultural and rangeland
for the operation of solar power plant and
recommend saline and degraded lands for
the construction of solar power plant
because the vegetation cover is not affected.
Also, Turney and Fthenakis (2011) state
that desert areas have very little
precipitation consequently low biodiversity
and biomass, so these areas are the most
suitable place for the construction of Solar
power plant. However, according to
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research of Gunerhan et al. (2008), Turney
and Fthenakis (2011), Hosseini et al. (2012)
and Hernandez et al. (2015), solar power
plants are environmentally friendly
systems. But solar power plant must be
exposed to an environmental assessment
process such as vegetation and soil
assessments to minimize potential negative
impacts on the environment.

Conclusion

The fact is that the environmental impact of
solar power plants depends on the place of
their construction. It should be noted that
suitable lands that had good capability for
agricultural and pasture are not considered
for the establishment of solar power plant.
Instead, degraded and unsuitable lands and
rangelands are recommended for the
construction of solar power plant. Based on
the results, it can be concluded that the
establishment of solar power plant had no
significant impact on vegetation and soil of
the steppe rangelands (Shahrerey). While,
in semi-steppe rangelands (Absard), the
construction of solar power plants caused
significant negative effects on the
vegetation of the rangelands, which should
be considered by managers and planners.
So, from the point of view of natural
resources and according to the results of the
present study, for electricity generation
without significant effects on vegetation
and soil, the establishment of solar power
plant in the steppe rangelands is preferable
than to semi-steppe rangeland. Due to the
fact that very little research has been done
in the field of environmental and ecological
impacts of solar power plant, more
extensive and comprehensive studies in this
field are recommended.



Journal of Rangeland Science, 2022, Vol. 12, No. 2

References

Amigh, 1., Jozi, A. and Taghavi, L., 2015.
Environmental effects of constructing a
renewable power station Natural Resources
Research Center, Tehran Province, located in the
Khojier National Park. Journal of Sustainability,
Development and the Environment, 3(1): 13-33.
(In Persian).

Arzani, H. and Abedi, M., 2015. Rangeland
Assessment (Vegetation Measurement).
University of Tehran Press, 304p.(In Persian).

Ballare, C. L., 2004. Competition: Response to shade
by neighbors. In: R. M. Goodman (Ed.),
Encyclopedia of Plant and Crop Science., Marcel
Dekker Inc,. Wisconsin, USA.

Bremner, M., Sparks, L., Page, L., Helmke, A.,
Loeppert, H., Soltanpour, N. and Sumner, M.,
1996. Nitrogen-total Methods of soil analysis.
Part 3-Chemical Methods: 1085-1121.

Burney, J, Woltering, L, Burke, M, Naylor, R. and
Pasternak, D., 2010. Solar powered drip
irrigation enhances food security in the Sudano-
Sahel. Proceedings of National Academy of
Sciences United State of America, 107(5):1848-
1853.

Cemy, T. A, Faust, J. E.,, Layne, D. R. and
Rajapakse, N. C., 2003. Influence of
photoselective films and growing season on stem
growth and flowering of six plant species.
Journal of the American Society for Horticultural
Science, 128: 486-491.

Dai, Y., Shen, Z., Liua, Y., Wang, L., Hannaway, D.
and Lu, H., 2009. Effects of shade treatments on
the photosynthetic  capacity, chlorophyll
fluorescence, and chlorophyll content of
Tetrastigma hemsleyanum Diels ET Gilg.
Journal of Environmental and Experimental
Botany, 65: 177-182.

Gunerhan, H., Hepbasli, A. and Girwsunlu, U., 2008.
Environmental impacts from the solar energy
systems. Energy Sources, 31(2): 138-131.

Hebert, Y., Ghingo, E. and Loudet, O., 2001. The
response of root/shoot partitioning and root
morphology to light reduction in maize. Journal
of Crop Science, 41: 363-371.

Hernandez, R. R., Easter, S., Murphy-Mariscal, M.
L., Maestre, F. T., Tavassoli, M. and Allen, E. B.,
2014. Environmental impacts of utility-scale
solar energy. Journal of Renewable and
Sustainable Energy Reviews, 29:766-79.

Hernandez, R. R., Hoffacker, M. K. and Field, C. B.,
2015. Efficient use of land to meet sustainable
energy needs. Natinal Climate Chang, Ecology,
Sustainability Science Journal, 5:353-358.

Hosseini, F., Soltani, Z. and. Ghiasi, F.G.H., 2012.
Investigating the Role of Solar Energy in
Protection and Revitalization of Rangelands in
Dry Region. Journal of Environmental Studies,
38(2):13-22. (In Persian).

Souri and Kamali / 165

Huang, P. and Tsai, W., 2010. Using multiple-
criteria  decision-making  techniques  for
ecoenvironmental vulnerability assessment: a
case study on the Chi-Jia-Wan Stream watershed,
Taiwan. Journal of Environment Monitoring
Assessment, 168: 141-158.

Islam, N., Patil, G. G. and Gislerod, H. R., 2005.
Effect of photoperiod and light integral on
flowering and growth of Eustoma grandiflorum
Shinn. The Journal of Horticultural Science and
Biotechnology, 103: 441-451.

Jafari, M. and Sarmadian, F., 2003. Principles of soil
and soil classification. Tehran University Press.
(In Persian).

Jia, B., Zhou, R., Wang, G. S., Yang, Y. H. and Zhou
W. P., 2005. Partitioning root and microbial
contributions to soil respiration in Leymus
chinensis population. Journal of Soil Biology &
Biochemistry, 38:653-660.

Kashki, M. and Shahmoradi, A., 2015. Investigation
of the dynamics and trends of vegetation changes
in desert ecosystems Case study of Jajarm North
Khorasan region, Journal of Desert Ecosystem
Engineering Research, 4(7):87-94. (In Persian).

Kayhanpour, Z., Salehi Salmi, M. R., Nadian
Ghomsheh, H. and Abdali Mashhadi, A., 2018.
Effects of shade on plant growth, development
and elements content in Rosa damascene Mill.
Journal of Plant Process and Function, 26(7):
129-141. (In Persian).

Lugassi-Ben-Hamo, M., Kitron, M., Bustan, A. and
Zaccai, M., 2010. Effect of shade regime on
flower development, vyield and quality in
Lisianthus. Journal of Scientia Horticulturae,
124; 248-253.

Miralles, J., Martinez Sanchez, J. J., Francoa, J. A.
and Banon, S., 2011. Rhamnus alaternus growth
under four simulated shade environments:
Morphological, anatomical and physiological
responses. Journal of Scientia Horticulturae, 127:
562-570.

Moghadam, M., 2013. Range and Rangeland Book,
University of Tehran Press. 470 Pp. Tehran, Iran
(In Persian).

Mojahed, V., 2015. Alternative solar energy for
fossil fuels, International Conference on Civil,
Architecture and Urban Infrastructure, Tabriz.
(In Persian).

Nasrolzadeh, S., Ghasemi Golazani, K. and Rai, Y.,
2011. Investigation of the effects of shading on
some indicators of bean growth and grain yield.
Journal of Agricultural Knowledge and
Sustainable Production, 21(3): 75-87. (In
Persian).

Nurpour, A. and Zaker, Z., 2014. Evaluating the
environmental impacts of using photovoltaic
cells in electricity production and comparing it
with fossil energy sources. First Conference and
International Exhibition of Solar Energy, Tehran,
Iran (In Persian).



Journal of Rangeland Science, 2022, Vol. 12, No. 2

Olsen, S. R. and Sommers, L. E., 1982. Phosphorus.
Methods of soil analysis part 2, America Society
Agronomy, Soil Science Society of America
Journal, Madison Wisconsin: 403-430.

Pazuki, M., 2001. Pasture, Tehran University
Publication Center,174Pp. (In Persian).

Tsoutsos, T., Frantzeskaki, N. and Gekas, V., 2005.
Environmental impacts from the solar energy

Changes in ... / 166

technologies. Journal of Energy Policy, 33:289—
296.

Turney, D. and Fthenakis, V., 2011. Environmental
impacts from the installation and operation of
large-scale Solar power plant. Renewable and
Sustainable Energy Reviews, 15(6):3261-70.

Vladimir, L, 2012. Solar Energetics and Its
Environmental Impact, Journal of Geoscience
Engineering, 6: 10-22.



Journal of Rangeland Science, 2022, Vol. 12, No. 2 Souri and Kamali / 167

‘SLholfg).:J ).ub W ) w‘ dowd § s.u.u' (!_4|).o ‘s.bbf wy LSl'“csf)’3 "")“*”
(G50 Ob o 9 0yl (4l y) (Gll 55

2 JLeS Lok " g 5 gm apige

Olnl Ol «53slaS mmas 5 Ghigel «Dliddos Glojle a5 Wlhe 5 WSir Slidd dwwwss Gy lidew i« ohagl bl
SOUM @IIfr-ac.ir :Siig xS oy (Jgimme 003 K%

Ol Ol v8305L8S sy 5 Ghigel wliiz plajls 588 @il 5 Ll Sligind dusge (i po Slihod (i shaghy Jlobil ™

rlite pdyad sl Bl o )5 drwgs Caos 1) 095 S5 2 3l Sl Wiz )0 (] j5aS 0uSy
S Az e plonass ple cnl 51 plaie 4 gand e (6550 canl ooged Ll Slex Vg L
SS9 sty Lo Sl LS5 T Sl esliial sy nl b Lol el (led slocsgus 6531 51 5Ty
Uiy sl el )l gand g s o8 g 0 Slasl OlLSU bl (Bados ] Bas [ o ls JLis 4 |
SO y55 ol5g i 93 Blasl LISb jslaie oyl oo (ol Ao g (ol BbLie @lpe S ol
((orldons) 8 pun] ot p &5l10 j0 LS VP mlaw ;o Soliee lo s 5l eolatwl L AYAF Jlo jo a5
3,50 S 5 (LS il sla el g eivg: o sl (i) 5,865 SLT G @lie 50 LS YY
plsl (6,10 paiged (Lo jslome walls &l e 5 (g0 y55 (SloolS's 1l @il o 5l e gyl 5o 285 18 ()
S Sy (ol &150) (om0 o 99 G Ly (5 Vo sloc Sl jlosliiul b (551 paiges 00
(e 0 plonl Seilotin (Bg) 2 9 ESUl S (59, 2 s te 00 alold L (il ansd &5150) (om0
ooliial b g Jituws T (5051 b canlis § (g yo5 ol'g 8 il o S5 5 (BLS Siudigy o0 2o (glaoolo
Qo yd 45 W05 Latine Gdss opl 5l ol mls elel paios awslie ,500s0 L SPSS I3 6 5 )
L olosine B ((rlansd) ol Gy alye wals 5 oFg 5 Cals 99 0055 5 (BLS (i
QESo 5 0,55l YVY 5 YOF) adsi (lsme 5 (/¥ 5 701) s duoyd ol 45 (5 yob ) ol ,S505,
O o ( SB sl giSs Ll 51 Jg cdel Cawd a0 sl @il 089, 5 sl ol 90 slp i @
sga0 Ol il s a4y a8 b ool ol ol (0SS b (g lo g BB caalls g olF g0 &l e yo didlaio g0
oB g Slasl (anb @lie Sy e ofuss jlda iy ©oSol p @0 adsi g BLS 2dg 2 bafny

2,0 Zze | (il Ao @150 4y S (ol @150 50 St 55

S 2LS il ¢ ol daud @l 0 ¢ ol @110 pdsaa (65,50 rguadS GlodS


mailto:souri@rifr-ac.ir

