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Figure 1. Location of Kandaragh Khalkhal Forest Reserve, and The studied one-hectare plot
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Table 1. Descriptive characteristics of one-hectare study plot
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Table 2. Analysis of variance (mean squares) for the physical characteristics of the studied soils
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Sand Silt Clay Bulk density Moisture content df Sources of variation
63.11* 111.94* 81.65** 0.078* 109.56** 2 e
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Uas-
5.23 7.11 6.12 0.004 0.123 12
Error
9.93 11.05 9.09 11.14 12.34 - T e

Coefficient of variation
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= = and ™ significant at 1 and 5% respectively, ns: non-significant.
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Table 3. Mean + standard error of physical properties measured in control soil (outside the canopy) and under the
canopies of wild pistachio and mountain almond trees
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Texture Sand (%) Silt (%) Clay (%) Bulk density (g/cm?) mo'sw([,z():omem Treatment
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P.atlantica
Silt- loam 51.64+7.11% 36.36+5.15% 12.10+2.13% 1.43+0.13P 27.21+0.22° o
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In each column, means that share the same letter are not significantly different at the 5% probability level.
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Table 4. Analysis of variance for the chemical characteristics of the studied soils

mean squares cilx ye ¢ ysSilke

Q (%]
= o s g
5 % 9 5 y 2 g & < 2 L i G s L
g% o N g T X €z g1 g s G g 3 2% mh g% s 1
2 g 3¢ Se 2 g1 g r g 85 g & g ¢ TH o Ty s
: E : : : "R AN £ o 21
g S
20.28™ 0.089* 0.059™ 039* 60.55* 1809™ 2347 89% 1423+ 0,048 211* 4755% 0033 011* 2 S
Treatment
421 0.002 452 0011 434 0333 5507.13 10.09 0.004 0.055 211 0011 0,019 12 E”“’
rror
1312 10.04 1220 10.14 872 843 1007 11.20 9.09 1114 1234 1650 1013 - et s
Coefficient of variation

= = and " significant at 1 and 5% respectively, ns: non-significant.
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Table 5. Mean + standard error of chemical properties measured in control soil (outside the canopy) and under the canopies of wild pistachio and mountain almond trees

6 i

3 . . ROUNLSIATIS
e ] e R s S oS e cole
o $9) ool el Oy Phophor Total Orgaic . STy ) Sles
Manganes ; ; Magn . ; Calcium s s
Cupper zZinc Iron Calcium . Potassium us nitrogen carbon pH Treatment
e esium 1 . % % Carbonate Ec (dsm™)
(mg kgt (mg kg (%) (%) o
) (%)
20.28™ 0.089* 0.059™ 0.39* 60.55* 1.809™  211.40+22.25¢ 3.95+0.54  0.14+0.05° 0.89+0.27¢ 11.21+2.062 7.80+0.982 0.78+0.06° sals
c
Control
421 0.002 452 0.011 434 0.333 300.19+28.18°  6.30+0.24  0.24+0.09*  1.31+0.18° 5.89+2.23¢ 7.51+0.88°  1.03+2.90% fmg Ay
A g )
P.atlantica
13.12 10.04 12.20 10.14 8.72 8.43 40955+31.11% 5.2620.82  0.19+0.06°  1.260.14° 8.26+0.28° 7.74£057*  1.11x0.77° R
b
P. lycioides
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In each column, means that share the same letter are not significantly different at the 5% probability level
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Table 5. Analysis of variance for the biological characteristics of the studied soils

mean ol e Kl

sguares
Ogelindy i Jemiliy Eaaiad WSl i wl uiss Y ol i g
Nitrification . ‘f’;‘“ Substrate-induced Basal sol3 e &
potential Mlcro(t:);?kljgr;omass respiration respiration df Sources of variation
1280.42** 5.41** 105.34* 0.11** 2 o
Treatment
1589.65 0.111 3.56 0.122 12 Las
Error
14.44 10.71 9.70 11.11 - Ol s g

Coefficient of variation

ol 00,0 0 ) 5l e las mhaw (o ()l sire Baiaslis ol Sy g
*and * significant at 1 and 5% respectively.
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Figure 2. Mean + standard error of basal respiration under the canopy of wild pistachio, wild almond and control.
Means sharing the same letter are not significantly different at the 5% probability level.
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Figure 3. Mean + standard error of substrate-induced respiration under the canopy of wild pistachio, wild almond
and control. Means sharing the same letter are not significantly different at the 5% probability level.
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Figure 6. Ordination of physical, chemical and biological properties of soil in wild pistachio sample plots
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Abstract

Introduction: The stability of forest ecosystems in arid and semi-arid regions with sparse vegetation depends on
soil quality and fertility. This study was conducted with the aim of investigating the effect of the canopy cover of
two species, wild pistachio (Pistacia atlantica Desf.) and wild almond (Prunus lycioides Spach.), on soil
characteristics in the Kandragh Khalkhal Forest Reserve.

Material and Methods: To determine some physical, chemical and biological characteristics of the surface soil
under the canopy of wild pistachio and wild almond, 45 soil samples were randomly taken from a depth of 0 to
15 cm in the eastern direction, both under the canopy and outside the canopy (control). Then all three soil
samples were well mixed to obtain one composite sample (five soil samples for each species and control). Then
physical characteristics (bulk density, moisture percentage, percentage of sand, silt and clay), chemical (pH,
electrical conductivity, calcium carbonate, organic carbon, phosphorus, nitrogen, potassium, phosphorus,
magnesium, calcium, iron, zinc, copper and manganese), and soil biology parameters (basal and induced
respiration, microbial biomass carbon and nitrification potential) were measured.

Results: The bulk density values under the canopy of wild pistachio and wild almond species were significantly
lower than those in the control (outside the canopy). The highest soil moisture was observed under the canopy of
wild pistachio trees at 33.44%, while the lowest was 19.86% in the control treatment. The highest percentage of
organic carbon (1.31%), total nitrogen (0.29%), available phosphorus (6.30%) were recorded under the canopy
of wild pistachio trees and the highest values of electrical conductivity (1.11 dS/m), available potassium (409.55
mg/kg), and calcium (7.11 mg/L) were found under the canopy of wild almond trees. In contrast, soil pH,
magnesium, zinc and manganese did not show any significant difference between canopy and control treatments.
The highest values of basal respiration (3.16 mg Co. g** dry matter day?), induced respiration (61.65 mg carbon
dioxide 100 g dry soil h), microbial biomass carbon (37. 3 mg 100 g* dry soil) and nitrification potential
(310.78 pg N g dry soil 5 h') were obtained in the soil under the canopy of wild pistachio. Principal
components analysis showed that the first and second components explained 71.13% of the variance in organic
carbon (OC%), pH, basal and induced respiration under wild pistachio trees and more than 76.60% of the
variance in silt%, moisture%, electrical conductivity, available phosphorus, OC%, total nitrogen and induced
respiration under wild almond trees.

Conclusion: Considering the ecological functions of wild pistachio and wild almond in Kandragh-Khalkhal
Forest Reserve, the presence of these trees improves soil characteristics and their destruction leads to a
significant decrease in soil quality. Therefore, protecting these areas and undertaking reforestation can help
improve soil quality in degraded areas.

Keywords: Canopy cover, Kandarag Forest Reserve, Soil biological properties, Wild almond.
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