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Abstract

Natural resource projects are implemented with the aim of preserving, restoring and improving the condition
of vegetation, soil and water. Given the vastness of natural areas, the participation of local communities in
the implementation of these projects is one of the principles of their success. Awareness of the effects and
the extent to which the goals of these projects are achieved is possible through the assessment of economic,
social and environmental impacts. The present study aimed to evaluate the effects of the MENARID and
Carbon sequestration participatory projects, which were carried out in the form of pit seeding in the Shirin
Darreh watershed from 2016 to 2018 and planting sapling in the region of Gorpan in 2014, on soil
characteristics. In each of the project implementation areas and their adjacent rangelands as control areas, 10
soil samples were randomly-systematically collected from the depth of 0 to 15 cm. Soil properties, including
EC, pH, SP, OC, N, K, P and BD were measured in the soil laboratory, and independent Student's t-test was
used to analyze the data. The results showed that pit seeding had a significant effect on all studied soil
properties except P in Taftazan, on OC and SP% in Rezganeh and on soil OC in Arnaveh. Also, planting in
Gorpan had effects on SP% and soil OC. Considering the environmental conditions of the regions and the
measures taken in these projects, although the impact of such projects on soil properties requires a long time,
their success rate can be increased by measures such as preparing the soil for planting, exclosure, enriching
and amending of soil and monitoring the implementation of the project.
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Extended Abstract

Introduction

Soil, as one of the most critical components of the biosphere, supports plant growth and sustains life on
Earth. Therefore, it is essential to preserve, maintain, and improve this vital resource for food production (9,
39). In developing countries, factors such as population growth, inappropriate land use changes, and
intensive exploitation contribute to soil and vegetation degradation (23, 38). Studies on soil quality are
crucial for understanding the effects of various management practices in agriculture and natural resource
management, including rangeland and forest degradation, as well as land reclamation.

In land management, various reclamation methods, such as seeding, pit seeding, and sapling planting, are
commonly employed. The participatory implementation of these projects is one of the key factors
contributing to their success, owing to the vastness of natural areas and the potential reduction in government
costs (19). Assessing the impacts of natural resource management projects is essential for identifying and
mitigating potential negative environmental effects, minimizing costs associated with environmental
degradation, and enhancing the economic feasibility of these projects (29, 49).

Given the importance of evaluating these impacts, many studies have focused on the economic, social, and
environmental outcomes of such projects (28, 34, 14). For example, research on the impact of reclamation
projects on soil sustainability in Yazd Province found that all soil characteristics, except for organic carbon
and lime, were significantly different in areas where projects had been implemented compared to control
areas (1). A review of various sources indicated that most studies have concentrated on the socio-economic
effects and changes in the amount of carbon sequestered in vegetation and soil, particularly within the
context of the MENARID and Carbon Sequestration projects.

Thus, the present study aims to evaluate the effects of small-scale, participatory biological reclamation
projects, such as sapling planting and pit seeding, which are part of the international MENARID and Carbon
Sequestration initiatives in North Khorasan Province, on the physical and chemical properties of soil.

Material and Methods

The study areas include three sections within the scope of the MENARID project and one section within the

scope of the Carbon Sequestration project (Fig. 1), as follows:

e The Shirin Dam basin in the North Khorasan Valley features a dry, cold, semi-arid climate, with an
average annual precipitation of 270 mm. The three study areas in this basin include Taftazan village in
Shirvan, Rezganeh village in Bojnourd, and Arnaveh village in Mane. The MENARID project involved pit
seeding with Ferula gummosa Boiss. seeds in 2016, 2018, and 2018, respectively.

o Gorpan is a desert region in the southern part of Esfarayen County, characterized by a cold, dry desert
climate and an average precipitation of 217.6 mm. Among the measures taken under the Carbon
Sequestration project in this region was the planting of desert species Atriplex canescens (Pursh) Nutt.,
Haloxylon ammodendron (C.A. Mey.), and Nitraria schoberi L. in various years. The study area for this
research, covering 90 hectares, includes a section where sapling planting was carried out in 2014.

Due to the small size of the biological operations conducted across the study areas, five soil profiles were
randomly and systematically dug in each of the pit seeding and sapling planting areas, along with five soil
profiles from the adjacent rangelands, which were designated as control areas. Given the limited size of the
selected key areas and the homogeneity of their topographic and environmental conditions, the number of
soil samples was determined accordingly. The location of the first sample was selected randomly, and the
subsequent sample locations were determined based on the area size.

Soil samples were collected from a depth of 0 to 15 cm. The following parameters were measured: pH using

a pH meter, electrical conductivity (EC) with an EC meter, soil saturation percentage (SP) via the saturated

mud drying gravimetric method, organic carbon (OC) using the Walkley-Black method, nitrogen (N) by the

Kjeldahl method, potassium (K) through the neutral molar ammonium acetate method, phosphorus (P) by the

Olsen method and bulk density (BD) by the clump method. The data were analyzed using an independent t-

test in SPSS Statistics 26 to compare soil properties between the project implementation areas and the

control areas.

Results

The comparison of soil properties between the pit seeding and control areas of Taftazan revealed significant
differences in all physical and chemical properties, except for phosphorus (P) (Table 1). In the Rezganeh
areas, significant differences were observed in soil organic carbon (OC), saturation percentage (SP) and
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electrical conductivity (EC between the pit seeding and control areas (Table 2). In contrast, at Arnaveh, no
significant differences were found between the pit seeding and control areas in terms of physical and
chemical properties, except for OC (Table 3). Planting saplings in the Gorpan area had a notable effect on SP
and soil OC (Table 4).

Discussion and Conclusion

In the Taftazan pit seeding area, soil pH decreased. This can be attributed to the production of organic and
mineral acids in the soil as vegetation cover increased. The presence of high root density leads to the
formation of these acids, which, in turn, cause the dissolution and leaching of calcium carbonate (CaCQO:s).
The removal of lime through this process reduces soil pH (21). Additionally, organic carbon (OC), nitrogen
(N), and soil potassium (K) significantly increased in the Taftazan pit seeding area, as well as in the pit
seeding areas of Rezghaneh and Arnaveh. The implementation of reclamation operations, driven by
increased vegetation cover and the subsequent increase in litter and its decomposition, can enhance the
storage of soil OC and nutrients like N and K (35, 2).

In Taftazan and Rezghaneh, increased vegetation cover, particularly root development and the corresponding
rise in soil organic matter, enhanced the soil's water retention capacity, thereby improving soil saturation
percentage (SP) (16). Also, the development of vegetation cover, through increased soil organic matter and
pore formation reduced bulk density (BD) (32, 26). The results of several studies support the positive effects
of pit seeding and seeding on soil properties (13, 27, 9).

In Arnaveh, pit seeding only significantly increased soil OC. Several factors could explain the limited effects
of pit seeding on other soil properties in this area, including the improper construction of holes (in terms of
shape, size, and location), incorrect planting timing, lack of precipitation, drought, inadequate exclosure, and
high livestock pressure (35, 15, 20). In the Gorpan region, due to its desert nature, soil salinity, nutrient and
organic matter deficiencies, low sapling density, and large spacing between planted saplings, the
implementation of the Carbon Sequestration planting project only resulted in an increase in soil bulk density
(SD) and soil OC, with no significant effects on other soil characteristics. However, numerous studies
confirm the positive impact of such projects on increasing carbon sequestration in both vegetation and soil
(13, 27).

The results of this study indicate that the implementation of participatory biological projects under
MENARID and Carbon Sequestration initiatives increased soil OC across all study areas. Although no
statistically significant differences were observed between the measured soil properties in the planting
sapling and pit seeding areas and their control areas, the overall implementation of these projects led to
improved soil conditions in all areas. The impact of these projects on soil properties varied depending on
factors such as the enclosure of the project area, planting timing, and local climatic and soil conditions.

To improve the success of these projects, it is recommended to take measures such as preparing the soil
before planting, establishing exclosures, planting at appropriate times, providing irrigation during drought
periods, enriching and amending soils, and monitoring the implementation process. Future studies in the
region should also investigate the effects of these projects on the region’s vegetation characteristics and other
soil properties, such as soil moisture, using remote sensing techniques.

Keywords: Carbon sequestration; MENARID; Soil; planting sapling; pit seeding
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Fig 1. Location of the study area in Iran and North Khorasan province —Pit Seeding and Planting Sapling

Table 1. Comparison of average soil properties between pit seeding and control area of Taftazan
PH EC SP

OC% N P ppm K ppm BD gr/icm3

Group 1-14  dS/m % %
pitseeding  7.17 095 39 068 0068 12.76 185 1.202
Control 763 058 27 052 0032 12.35 125 1.447
Sig. 000 001 003 003 002 091 0.00 0.02

Table 2. Comparison of average soil properties between pit seeding and control area of Rezganeh
PH EC SP

OC% N Pppm Kppm BD gr/cm3

Group 114  dS/m % %
Pitseeding  7.92 066 54 053 0035 1142 149 1.135
Control 799 053 41 041 0032  10.60 134 1.246
Sig. 062 003 001 004  0.39 0.42 0.69 0.09

Table 3. Comparison of average soil properties between pit seeding and control area of Arnaveh

Group 1P1H4 dgfm §/|: OC% (Qj P ppm K ppm BD gr/cm3
Pit seeding 7.61 0.59 37 0.39 0.030 9.75 132 1.419
Control 7.64 0.56 33 0.28 0.026 8.40 128 1.388
Sig. 0.75 0.74 0.68 0.01 0.34 0.65 0.18 0.115

Table 4. Comparison of average of soil properties between planting Sapling and control area of Gorpan
PH EC SP

Group OC% N Pppm Kppm BDgr/icm3

1-14  dS/m % %
Planting Sapling 7.78  8.39 49 0.35 0.019 7.13 120 1.47
Control 752 7.30 37 0.17 0.016 6.47 114 1.55

Sig. 016 062 0.04 0.01 0.34 0.74 0.12 0.09
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