Original Article, Vol. 13, No. 3, Autumn, 2025, pp 107-26

Desert Management o
www.isadmc.ir

Iranian Scientific Association of Desert
Management and Control

The Role of Astragalus podolobus in Increasing Organic Carbon to Improve Soil
Quality in Semi-arid Regions

Hojjat Ghorbani Vaghei **, Majid Mohammad Esmaeili 2, Fakhtak Taliei 3, Ilya Seiedi

1. Associate Professor, Department of Natural Resources at Gonbad Kavous University, Gonbad Kavous, Golestan
province, Iran.

2. Associate Professor, Department of Rangeland Management, Gonbad Kavous University, Gonbad, Golestan, Iran.

3. Associate Professor, Department of Plant Production, Gonbad Kavous University, Gonbad, Golestan, Iran.

4. B.Sc. Graduated in Water Engineering, Gonbad Kavous University, Gonbad, Golestan, Iran.

* Corresponding Author: ghorbani@gonbad.ac.ir

Received date: 28/01/2026 Accepted date: 11/12/2025
10.22034/jdmal.2026.2078955.1521

Abstract

In the present study, the effects of applying cellulosic compost at a rate of 5 kg per plant on the vegetative and reproductive
growth of Astragalus podolobus were investigated over two consecutive years at Gonbad Kavous University. The
experiment was conducted using a randomized complete block design with three replications. Growth parameters
including collar diameter, plant height, canopy cover, number of pods, mean number of seeds per pod, and number of
flowers per plant were measured in both treated and control plants. In addition, changes in soil microbial populations
were evaluated. The results showed that compost application in the second-year increased soil organic matter from 1.01%
to 2.7% and soil porosity from 47% to 59%. The quantitative improvement in soil organic matter reduced soil bulk density,
shifting it from a relatively heavy to a relatively light condition. Compost treatment had a positive effect on root growth;
three months after application, roots accumulated in the compost injection zone, with improved volume and structure.
The findings also indicated a significant increase in collar diameter in compost-treated plants in the second year. Plant
height increased significantly in the treatment compared to the control in the second year, whereas canopy cover did not
show a significant difference in either year. In the reproductive phase, the second application of compost resulted in a
significant increase in the total number of pods and the mean number of seeds per plant in treated plants compared with
the control, indicating a cumulative positive effect of compost on reproductive performance. Moreover, compost addition
led to a significant increase in soil bacterial and fungal populations. Overall, the results demonstrate that the application
of cellulosic compost effectively improved both vegetative and reproductive growth of A. podolobus. This improvement
likely contributed to carbon sequestration, initially as carbon chains within the plant and subsequently as soil organic
carbon.
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Extended Abstract

Introduction

Rapid population growth in Iran over recent decades, coupled with the increasing demand for livestock
products such as meat and dairy, has intensified grazing pressure on rangelands, leading to severe degradation
of vegetation cover (1, 6). Furthermore, Iran is situated within the world’s arid belt, where rangelands already
affected by vegetation loss are becoming increasingly vulnerable to soil erosion, dust storms, and particulate
matter generation. The ongoing process of desertification imposes substantial economic losses and poses
serious environmental, social, and political challenges (5, 6). Consequently, the integration of innovative
management approaches and technologies—such as the establishment of native drought-tolerant plant species
and the development of techniques that enhance soil water-holding capacity—is essential for combating
desertification and promoting sustainable agricultural systems (18). The organic matter content of Iranian soils
averages approximately 0.5%, which is considerably below the recommended minimum threshold of 2% (9,
16, 24, 30). Soil organic matter plays a critical role in maintaining aggregate stability, improving aeration,
facilitating nutrient cycling, and sustaining soil biological activity (38—40). Deficiencies in organic matter limit
the formation of stable soil aggregates and restrict internal soil aeration. Increasing soil organic matter to
optimal levels is therefore expected to substantially enhance soil physical, chemical, and biological properties,
ultimately improving crop yield and yield components in both field and horticultural systems. In arid and semi-
arid regions, organic amendments—particularly composts—have been shown to improve soil structure while
mitigating abiotic stresses such as drought, thereby supporting plant growth and reproductive performance (21,
33). Previous studies have consistently demonstrated a significant positive relationship between soil organic
carbon content and plant dry matter accumulation (16, 29, 36). Moreover, vegetation type and growth
characteristics have been reported to exert beneficial effects on soil properties, primarily through increasing
soil organic carbon stocks via carbon sequestration processes, which subsequently reduce soil bulk density (1,
12, 16, 22). Collectively, these findings indicate that effective plant cover—especially native shrub species—
can markedly enhance the long-term carbon sequestration capacity of soils by increasing organic inputs,
stimulating microbial activity, and improving soil aggregate stability. Among organic amendments, cellulosic
composts are particularly effective due to their high organic matter content and superior water-retention
capacity, making them well suited for soil improvement under dryland conditions.

This study aimed to evaluate the effects of compost derived from cellulosic waste on improving soil physico-
chemical and biological properties, as well as to assess its influence on the growth and reproductive
performance of Astragalus podolobus, a native drought-tolerant shrub species in Iran. Specifically, the study
investigated compost produced from the cellulosic waste of Paji Gostar Shomal Company as an organic
amendment for soil improvement under semi-arid conditions.

Materials and Methods

The present study was conducted in a four-year-old Astragalus podolobus research orchard at Gonbad Kavous
University, located at 55°11’ E longitude and 37°15’ N latitude, covering an area of 2,000 m2 The site is
characterized by an average annual rainfall of 450 mm and an elevation of 40 m above sea level (Fig. 1). The
experiment was arranged in a randomized complete block design (RCBD) with three replications. Each
experimental plot measured 14 m? (2 x 7 m), with a planting density of one plant per square meter. Within
each block, six plants of the same age and exhibiting uniform physiological conditions were selected for
evaluation. Cellulosic compost produced by Paji Gostar Shomal Company (PAJI) was supplied to the research
team free of charge (Fig. 2). In 2022, a pit measuring 0.7 m in depth and 0.3 m in diameter was excavated on
one side of each plant, into which 5 kg of cellulosic compost thoroughly mixed with soil was applied (Fig. 4a).
Soil samples were subsequently collected from the subsurface layer at a depth of 30—60 cm for the analysis of
physico-chemical properties (Table 1). Plant height, canopy diameter, and collar diameter were measured prior
to treatment application and again six months after treatment (September) in both experimental years. Soil and
plant analyses, as well as assessments of soil microbial activity, were conducted in 2024. To evaluate the
effects of cellulosic compost on plant growth and development, the collected data were subjected to analysis
of variance (ANOVA). In addition, the density and composition of soil microbial communities were assessed
in both compost-treated and control plants.
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Results and Discussion

The application of cellulosic compost at a rate of 2% (v/v) to the subsoil was expected to enhance its physical,
chemical, and biological properties. Table 1 presents the results of subsurface soil analysis (30—60 cm depth
near the root zone) for both treated and control soils. Soil saturation increased from 47% in the control to 59%
in the compost-treated soil, a change attributed to the higher organic matter content introduced by the
amendment. Similarly, soil organic carbon increased markedly—from 0.6 % in the control to 1.6 % following
compost application. After two years, soil organic matter content further improved from 1.01 % to 2.71 %,
while soil bulk density decreased substantially, indicating improvement in soil structure and porosity as a result
of organic enrichment.

Compost application also significantly enhanced root growth. Three months after treatment, root development
was concentrated around the compost application site (Fig. 3), demonstrating the localized effect of organic
amendment on rhizosphere conditions. The collar diameter of Astragalus podolobus plants increased
significantly in the second year compared with the first (Fig.4d), and plant height (Fig.4b) showed a
significant increase in treated plants relative to controls during the second year. However, canopy cover
(Fig. 4a) did not differ significantly between treatments in either year.

Regarding reproductive performance, the second round of compost application resulted in significant increases
in both the total number of pods and the average seed number per plant (Table 2). These results clearly indicate
a positive influence of organic amendment on the reproductive potential of A. podolobus. Furthermore,
compost addition stimulated microbial growth, as evidenced by significant increases in both bacterial and
fungal populations at 30 and 180 days after application (Fig. 5). This enhanced microbial activity corresponds
with improved soil biological quality, supporting the conclusion that cellulosic compost positively affects soil
ecosystem function.

Overall, these findings demonstrate that compost derived from cellulosic waste effectively improves both
vegetative and reproductive growth of A. podolobus under semi-arid conditions. The study provides a valuable
model for the use of organic, cellulose-based composts in desertification control and land rehabilitation
programs in arid and semi-arid regions of Iran and comparable environments. Moreover, the results underscore
the broader potential of organic amendments in promoting sustainable agriculture and natural resource
management in drylands.

Keywords: Astragalus podolobus; Compost; Microbial population; Soil organic matter.

Fig 1. Location of the study area
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Fig 2. Organic compost fertilizer produced by Paji Goster Shomal Company
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Fig 3. Root development before (a) and after two years (b) of cellulosic compost application

Table 1. Subsurface soil analysis under control and treatment conditions

sample CaCos pH Organic Organic  Soil Saturation Sand Silt Clay Soil DErl:;Ii(ty
(%T.N.V.) Carbon (%) Matter (%) content (% 0s) (%) (%) (%) Texture (g-cm)
Silty Clay
Control 15.25 7.74 0.585 1.01 47 20 51 29 Loam 1.57
(Si.CLL.)
Silty Clay
Treatment 17 7.18 1.56 2.7 59 16 60 24 Loam 1.62
(Si.CLL.)
Compost - — 40.27 70.7 735 - — — - 0.89

Table 2. Analysis of variance for morphological traits measured in the A. podolobus plant in the first year of
the experiment

Mean Squears

Source of variation af Cover crop Plant Height Collar Diameter Number of Pods Mean of Seed/pod
Block 2 81.341m 7.861™ 1.148™ 4228.861™ 0.76™
Treatment 1 1.468" 26.694" 13.757"™ 5776.00™ 1.40™
Error 32 176.540 130.642 3.659 1507.745 0.403
CV (%) 16.3 18.6 25.5 318 18.1

Table 3. Analysis of variance for morphological traits measured in the A. podolobus plant in the second year
of the experiment.

Mean Squares

?/Zl:i?t?o?]f df Cover Plant Collar Number of Mean of Number of
crop Height Diameter Pods Seed/pod Flowers
Block 2 14.882" 57ms 6.479" 2787.938™ 0.222" 608.44
Treatment 1 354.69" 940.44™ 76.761™ 150479.34™ 4.658™ 324520.1*
Error 32 98.209 87.080 4.296 2107.093 0.094 1258.58
CV (%) 12.7 14.3 31.8 40.3 14.2 50.2
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Figure 4. Changes in morphological and reproductive traits of the Astragalus podolobus plant under the
influence of compost application in the first and second years of the experiment.

a) canopy cover, b) plant height, ¢) number of pods, d) collar diameter, €) number of seeds per pod, f) number of flowers per
plant. The data are the average of 18 plants.
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Figure 5. Changes in population of soil a) Fungi and b) Bacteria after amending soil with compost in the first and
second years of the experiment. The data are the average of 3 replicates.
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