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Extended abstract

Introduction

Soil is a living and dynamic component of agricultural ecosystems that
provides the foundation for plant growth, nutrient cycling, and food
production. Soil quality and performance, shaped by its physical, chemical,
and biological properties, are critical factors in determining crop yields
(Xing et al., 2025). Soil biological properties include the composition,
abundance, and activity of living organisms within the soil, including
bacteria, fungi, nematodes, and macroorganisms such as earthworms (Doran
and Zeiss, 2000). A diverse and vibrant microbial community can improve
the efficiency of nutrient cycling, help control soil-borne diseases, and
support plant growth and development (Niu et al., 2020). As a result,
assessing soil biological properties has emerged as a valuable tool for
assessing soil health and the sustainability of various agricultural systems.
Biological indicators such as microbial biomass carbon and nitrogen (MBC),
soil respiration, enzyme activities, and microbial community structure help
to understand the functional status of agricultural soils (Semenov et al.,
2025). Pistachios and jujubes are among the most important agricultural
products in South Khorasan Province of Iran, and a large part of the Birjand
plain is dedicated to planting these trees, especially jujubes.
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It is very important to be aware of the various aspects affecting the improvement of
the yield and quality of these products, including soil characteristics. Based on the
studies conducted, there is no comprehensive and documented information about
the characteristics of the soil around the roots of most fruit trees. Therefore, given
the importance of understanding soil characteristics in the nutrition management
and production of agricultural products, including fruit trees, this study aims to
evaluate the chemical and biological characteristics of the soil around the roots of
pistachio and jujube trees in the Birjand plain.

Materials and Methods

For this study, after field investigation and regional conditions, 10 pistachio
orchards and 10 jujube orchards with mature trees (15 years old) that were similar
in terms of variety and appearance in each orchard were selected in the cities of
Birjand and Khusf, South Khorasan. Soil sampling was performed in the spring
during tree flowering from a depth of 0 to 30 cm and a distance of 30 to 60 cm
from the shade of the trees to ensure relative uniformity. Then, some biological and
chemical characteristics of the soil were measured, including bacterial population
(BP), basal respiration (BR), substrate-induced respiration (SIR), microbial
biomass carbon (MBC), pH in saturated soil, electrical conductivity (EC) in
saturated extract, organic carbon (OC), and potassium (K) using standard methods.
Finally, the data were subjected to analysis of variance (ANOVA) using SAS
software. Means were compared using the least significant difference (LSD) test at
a probability level of 5%.

Results and Discussion

The results showed that the chemical and biological indices of rhizosphere soil
including EC, pH, OC, available K, BP, BR, SIR and MBC varied in the range of
4.28-9.54 dS/m, 7.53-8.20, 0.11-0.51%, 215-340 mg/kg, 1.18%105-62.1x105
CFU/gr.soil, 0.09-0.21 mg CO2/gr.soil.day, 0.33-1.18 mg CO-/gr.soil.day and 0.15-
1.35 mg C/100 gr. soil for pistachio trees and in the range of 5.41-11.0 dS/m, 7.50-
8.2, 0.15-0.39%, 182-270 mg/kg, 0.79%104-8.40x104 CFU/gr.soil, 0.03-0.09 mg
COz2/gr.soil.day, 0.15-0.38 mg CO-/gr.soil.day and 0.31-0.87 mg C/100 gr. soil for
jujube trees, respectively. An inverse relationship between microbial activity
(measured by BP, BR, and MBC) and soil salinity is observed, particularly in the
jujube rhizospheres. In the case of jujube, soils with higher salinity exhibited lower
bacterial populations, respiration rates, and microbial biomass, highlighting the
importance of managing salinity levels to maintain soil microbial health and
fertility. The results showed that in the jujube rhizosphere, soil salinity alone
explained 74-82% of the variation in bacterial population, respiration, and
microbial biomass carbon. This very high sensitivity is probably due to the lower
organic matter content and lower tolerance of jujube rhizosphere microorganisms
to osmotic stress. In the pistachio rhizosphere, this relationship was weaker, which
is consistent with the higher tolerance of this species to salinity. Although pistachio
(Brar et al., 2022) and jujube (Liu et al., 2019) are known for their salt tolerance,
their growth and yield can still be significantly affected under high soil salinity
conditions. Low levels of organic carbon and organic matter in both the
rhizosphere raise concerns for soil fertility and plant growth in the long term.
Organic matter is essential for improving soil structure, water holding capacity, and
nutrient retention, and low levels may limit plant growth and soil microbial activity
(Lal, 2020). Basal respiration measures the CO2 released by soil microbial biomass
in an unamended soil. This parameter serves as an indicator of overall microbial
activity and its value is influenced by factors such as substrate availability, the
physiological state of the microbes, and their metabolic needs (Romero-Freire et
al., 2016). The relationship between MBC and bacterial population is consistent
with previous studies that have shown a positive correlation between microbial
biomass and microbial community size (Angst et al., 2021). It is worth noting that
MBC was inversely related to soil salinity in both rhizospheres. High salinity often
has an inhibitory effect on microbial growth and reduces microbial biomass and
activity (Dong et al., 2022). The observed inverse relationship between MBC and
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salinity highlights the sensitivity of microbial communities to salinity stress, which
can be an important factor in areas where saline soils are prevalent. Environmental
stresses such as soil salinity-alkalinity can affect soil-root-microbe interactions (Qu
et al., 2022).

Conclusion

A key finding in this study was the inverse relationship between microbial activity
(measured by BP, BR, and MBC) and soil salinity, particularly in the jujube
rhizosphere. In the case of jujube, soils with higher salinity showed lower bacterial
populations, respiration rates, and microbial biomass, highlighting the importance
of managing salinity levels to maintain soil microbial health and fertility. In
conclusion, this study highlights the important role of organic matter in regulating
soil microbial population and activity in the rhizosphere of pistachio and jujube
trees. The positive correlation between organic matter content and microbial
activity highlights the importance of soil management practices that increase
organic matter inputs, such as composting or crop rotation, to improve microbial
health and fertility. Furthermore, the observed effect of soil salinity on microbial
activity suggests that salinity management is crucial for maintaining soil biological
health in areas where saline conditions prevail. In the rhizosphere of jujube trees,
increased salinity significantly reduced microbial population and activity compared
to pistachio trees. Therefore, salinity management (salt washing, sulfur application,
addition of compost or manure) and increasing soil organic matter are the main
priorities for nutritional management and sustainability of jujube orchards in saline
areas of Birjand plain. It is obvious that further studies and measurements of
various soil indices can help in soil management for optimal performance of

pistachio and jujube trees.
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SOV: Source of Variation; EC: Electrical Conductivity; OC: Organic Carbon; OM: Organic Matter; K: Potassium;
BP: Bacterial population; BR: Basal Respiration; SIR: Substrate-induced Respiration; MBC: Microbial Biomass

Carbon.
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Table 2. Mean comparison of some soil chemical properties measured in the pistachio rhizosphere

S oot il o ke o s sy, ot el "
Soil Texture Sand Silt Clay H ocC oM K(mg/ke)
number %) (%) (%) EC p (%) (%) glke
(dS/m)
1 Sandy 60 32 8 428 ¢ 820a  034cd 059cd  340a
Loam
2 Loam 47 39 14 6.51d 7.90 a-c 021 ef 0.36 ef 241 be
3 Sandy 58 33 9 492 f 800ab 042a-c 0.72ac 269 bc
Loam
4 Loam 48 41 11 8.49b 780b-d 0.11f  0.19f  220¢
5 Loam 49 36 15 6.12d 7.93 a-c 0.51a 0.88 a 252 be
6 Loam 39 40 21 9222 76lcd  038c  066bc  227c
7 Loam 42 23 34 7.19¢ 783b-d 0.41a-c 0.71 a-c 301 ab
8 Sandy 63 21 16 4.96 f 800ab 024de 041de 281 a<c
Loam
9 Loam 44 30 26 9.54a 754d  049ab  084ab  215¢
10 Sandy 56 29 15 562 ¢ 790a-c 0.18ef 03lef  302ab
Loam

A3l LSD 5051 (bl 3 (p0.05) (5,lo simo D wlie By G JBlas glls slanSilie ial)ly jo sl
For each parameter, values followed by the same letter are not significantly different (p<0.05) according to the
LSD test.
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Table 3. Mean comparison of some soil biological properties measured in the pistachio rhizosphere
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Soil number BP x 105. BR . SIR . MBC .
(CFU/grsoil)  (mg COy/gr soil.day)  (mg CO»/gr soil.day) (mg Cic/100 gr soil)
1 5.77 cd 0.11d 0.86b 0.84d
2 1.81d 0.10 de 0.48 fg 0.40 f
3 30.5Db 0.16 ¢ 0.64 ¢ 1.04 be
4 521 cd 0.09 e 0.41 gh 0.15¢
5 549 a 021 a 1.18 a 1.02 be
6 21.3 be 0.18b 0.50f 091 cd
7 50.1a 0.18b 0.72 de 135a
8 7.10 cd 0.11d 0.81 be 0.54 ¢
9 62.1a 021 a 0.75 cd 1.12b
10 4.19d 0.10 de 0.33h 0.29f
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For each parameter, values followed by the same letter are not significantly different (p<0.05) according to

the LSD test.
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Table 4. Mean comparison of some soil chemical properties measured in the jujube rhizosphere
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Soil Texture Sand — Silt  Clay < -5 oH oC OM K(mg/kg)
o1 (%) (%) (%) EC (%) (%)

number
(dS/m)
1 Loam 33 43 24 10.1b 750f  022ce 038ce 191bd
2 Loam 36 45 19 9.71 be 7.80 de 0.15¢ 026e  182cd
3 Loamy ¢, 33 10 570 h 8.20 a 039a 0.67a 270 a
Sandy

4 Loam 47 41 12 8.63 de 7.69 ¢ 0.18de  031de 243 ab
5 Loam 41 34 25 11.0a 751f  025b-e  0.43b- 179 d
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6 Sandy ¢, 26 7
Loam

7 Sandy ¢ 24 10
Loam

8 Sandy o, 23 15
Loam
Loamy

9 Sand 70 26 5

10 Loam 43 36 21

€

800bc  0.26b-e 0'4: b 201 bd

7.55 fg 7.91 cd 0.20 c-e 0.35ce 219 a-d

0.49 a-

8.14 ef 7.80 de 0.28 a-d 194 b-d

d

541h 8.10 ab 0.36 ab 0.63 ab 237 a-c
9.25 cd 772 ¢ 0.31 a-c 0.54 ac 228 a-d
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For each parameter, values followed by the same letter are not significantly different (p<0.05) according to the

LSD test.
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Table 5. Mean comparison of some soil biological properties measured in the jujube rhizosphere
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Soil number BP x 105. BR . SIR . MBC .
(CFU/grsoil)  (mg COs/gr soil.day) (mg CO»/gr soil.day) (mg Cnic/100 gr soil)
1 1.66 de 0.04 cd 0.15f 0.26 f
2 091e 0.03d 0.23 de 0.39¢
3 7.19 a 0.08 a 0.38 a 0.59 ¢
4 0.79 ¢ 0.03d 021e 031f
5 2.79 cd 0.05 cd 022e¢ 0.55¢
6 4.01c 0.05 cd 0.31 be 0.87 a
7 1.08 ¢ 0.06 bc 021e 0.39¢
8 321c¢ 0.05 cd 0.27 cd 0.41 de
9 8.40 a 0.09 a 0.38 a 0.67b
10 5.50b 0.08 ab 0.35 ab 0.46d
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For each parameter, values followed by the same letter are not significantly different (p<0.05) according to

the LSD test.
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