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Extended Abstract
Introduction
Soil erosion is a natural process that is intensified by human activities. Experts of natural resources consider soil

erosion as a phenomenon that has caused the destruction of civilizations. Preventing erosion and actually
reducing its damages to the natural level of soil losses depends on choosing appropriate strategies for soil
protection. Preventing erosion and actually reducing its damages to the natural level of soil losses depends on
choosing appropriate strategies for soil protection. Among the many methods of preventing soil erosion and
increasing the stability of slopes, bio-engineering methods of protected areas have received a lot of attention due
to environmental and economic issues in engineering today.

Materials and Methods
In this research, the effect of the root of Celtis caucasica and Pistacia atlantica in soil reinforcement around the

Kalan Dam, 34 km southwest of Malair City, was investigated on different slopes. To carry out this study, two
species of Celtis caucasica and Pistacia atlantica were investigated in three different populations in three areas
with low (0-10 %), medium (10-25 %), and high slopes (25-40 %). The root samples were collected on
December 15, 2021, from a depth of about 30 cm. In general, 6 individual trees were randomly selected in each
area and all the characteristics of the soil were examined in 6 repetitions and the root in 10 repetitions (to test the
tensile strength of the roots). The treatment used to preserve and prepare the roots includes washing and placing
them in plastic bags containing a 15 % alcohol solution. Then samples with a length of about 10 cm were
randomly selected and the speed of the tensile strength test was 10 mm min. The root was measured using a
standard Instron device manufactured by the Santam factory. Considering the normality of the data, the t-test
was used to compare the two species. Three harvesting areas with different slope classes, including low (Region
1), medium (Region 2), and high (Region 3) slopes. The treatment used to preserve and prepare the roots
includes washing and placing them in plastic bags containing a 15 % alcohol solution. Then samples with a
length of about 10 cm were randomly selected and the speed of the tensile strength test was 10 mm min™. The
root was measured using a standard Instron device manufactured by the Santam factory. Considering the
normality of the data, the t-test was used to compare the two species. In three harvesting areas with different
slope classes, including low (Region 1), medium (Region 2), and high (Region 3) slopes, 18 stems of Callaghan
and 18 stems of P. atlantica were harvested for root Callaghan, and 18 stems of P. atlantica were harvested for
root sampling.

Results and Discussion
The results showed that the root elasticity of C. caucasica is higher than P. atlantica. The relationship between

the diameter and root reinforcement was different, and about C. caucasica it was negative. the highest root
reinforcement is related to fine roots. The RAR (Root Area Ratio) in C. caucasica was higher on a high slope
rather than a low slope. In steep slopes (Region 3) root tension of C. caucasica is higher than the area with the
average slope. There was a positive correlation between PL and LL of soil in C. caucasica stand in Region 3.
Finally, strengthen the soil and reduce erosion in the upper slopes. The noteworthy point is that the percentage of
carbon in the soil in Region 3 is higher than in the other two regions, which is due to the negative correlation
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between carbon and sand in the soil. C. caucasica in high-slope lands with a lower percentage of sand causes an
increase in carbon deposition and parameters of the dough limit and liquid limit of the soil. According to the
results of the data, the amount of root elasticity of C. caucasica is higher than P. atlantica species. The
relationship between diameter and root tension is different in the case of species. About C. caucasica it was
negative and the highest root tension is related to the roots of the fine roots, but in P. atlantica, the relationship
between diameter and tension is a positive power function and As the diameter increases, the amount of tension
increases. The amount of root area ratio (RAR) in C. caucasica is higher on the higher slope than on the lower
slope. The percentage of clay in the soil texture has a negative correlation with the amount of RAR, and root
growth and distribution are less in clay soils. C. caucasica in high-slope lands with lower sand percentage
increases carbon deposition and parameters of the plastic limit and liquid limit of the soil.

Conclusion
It is suggested to use species that increase soil reinforcement and reduce the amount of erosion in the area of the

dam in order to reduce the amount of erosion and increase the useful life. according to the results, it can be
recommended that it is better to use C. caucasica in afforestation around the Kalan Dam because of its greater
effect in increasing soil improvement and reducing erosion.
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Table 2- The value of RAR (root surface to soil surface) in the three study regions

3 Ao 2 dglaio 1 &dais
45; FL}
(2225 Jl G ) (30> 10-25 ) (222 0-10 o)
0.02 0.03 0.48 olelasls
0.02 0.04 0.05 Slelasls
0.02 0.05 0.04 olelsels
0.02 0.02 0.03 4
0.03 0.02 0.04 &y
0.02 0.02 0.02 o
adlan dyge dilate dw 1 S pdaw 41 ady)y pdaw RAR (slaodls 390 Jlog g0 =Y Joio
Table 3- Test of normality of RAR data from the root surface to the soil surface in the three studied regions
Kolmogorov-Smirnov? Shapiro-Wilk
Area
Statistic df Sig. Statistic df Sig.
1 0.14 6 0.20 0.98 6 0.96
2 0.46 6 0.00 0.56 6 0.00
3 0.34 6 0.03 0.81 6 0.07
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Table 4- The results of physical and mechanical soil test
SB 5y Canglin (P1) (g sl (PL) (e poi > (LL) iy, 2> dilaie &
0.11 1.35 26.7 28.35 1 &
0.13 0.70 20.00 19.30 2 &
0.94 2.00 22.30 24.30 3 &
1.00 1.02 29.70 30.72 1 oklel
0.13 0.70 20.00 19.30 2 olelagly
0.11 0.90 23.30 24.25 3 olelagly
0.12 0.30 27.70 28.00 1 &
0.12 -4.00 23.00 26.19 2 &
0.92 1.28 20.60 88.21 3 &
0.11 1.00 28.64 64.29 1 olelash
0.99 1.73 20.23 5.18 2 olehels
0.11 131 23.20 93.24 3 olelash
0.11 1.15 26.70 28.00 1 a
0.11 -1.30 19.00 7.17 2 4
0.10 3.00 18.60 6.21 3 &
0.10 2.36 23.14 5.25 1 okleb
0.99 1.73 20.23 5.18 2 olehels
0.10 241 24.30 71.26 3 olelash
adllas 390 dilais dw > SB ohord Oluogad -0 Jgio
Table 5- Chemical properties of soil in the three study regions
BUEIN O daoyd Cdws Lo yd oS EC pH &5 ailaio
3.12 89.00 7.64 6.92 0.35 7.46 4y 1
5.62 85.2 8.86 6.32 0.10 7.75 olelly 1
4.26 89.00 7.46 6.44 0.19 7.35 4y 1
3.84 90.00 6.00 6.24 0.24 7.42 olelly 1
418 88.20 8.72 7.36 0.38 7.30 LM 1
3.20 84.20 12.56 6.92 0.16 7.49 olehels 1
1.26 94.81 3.93 2.56 0.12 7.59 LM 2
3.12 89.30 7.56 2.48 0.10 7.32 okl 2
1.18 97.18 1.64 3.24 0.11 7.50 o 2
1.48 93.88 4.64 3.52 0.11 7.90 okl 2
2.32 94.88 2.80 3.60 0.11 7.53 4y 2
2.48 91.88 5.64 3.32 0.10 7.64 olehels 2
6.26 83.18 10.65 5.60 0.16 7.35 & 3
6.12 87.32 6.56 4.32 0.13 7.18 olehels 3
4.12 84.24 11.64 4.92 0.13 7.54 4 3
5.12 88.30 6.65 4.88 0.15 7.27 olelly 3
5.54 83.67 10.79 5.40 0.11 7.66 4 3
4.76 88.02 7.22 412 0.15 7.28 olkelash 3
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Table 6- Descriptive statistics of soil data by species and average data region

o o o (S oo EC (sayaen) pH S5 dlais
0.636+3.85 0.461+88.73 0.68+7.94 0.1020.31 0.818+7.57 < 1
0.636+1.58 1.348+95.62 1.145£2.79 0.0570.113 0.351+7.53 < 2
1.088+5.30 0.53+83.69 0.568+10.99 0.251+0.133 0.156+7.51 4 3

1.25+4.22 3.186.46 3.289.14 0.702+0.166 0.173+7.55 Szl 1
0.826+2.36 2.29+91.68 1.48+5.94 0.057+0.103 0.290+7.62 olelly 2
0.704+5.33 0.504+87.88 0.381+6.78 0.115+0.143 0.055+7.24 olelly 3

oaly (pSlee dakaio g 4365 SS& 4 SB slrodh oy -Y Jod>
Table 7- Descriptive of soil data by species and average data region
(S5 g & ady gho) RAR iy Coglie (3 BL0)PL (g, o)LL (508 2)PL oS oF e
0.007+0.289 0.006+0.113 0.577+0.933 0.202+28.11 0.577+27.03 0.46+6.90 4 1
0.248+0.187 0.112+0.118 2.35£1.53 0.912+18.57 2.08+25.83 0.528+3.133 @ 2
0.002+0.021 0.478+0.654 0.863+2.09 1.48+22.59 1.852+20.5 0.349+5.30 o 3
0.104+0.417 0.516+0.403 0.779+1.64 2.75%28.62 3.52+27.16 0.371+6.49 oleleb 1
0.006+0.200 0.506+0.405 0.525+1.35 1.47+19 1.94+19.33 0.105+3.44 okl 2
0.0004+0.182 0.055+0.107 0.778+1.54 1.27+25.29 0.608+23.6 0.393+4.44 slell 3
By ibly Jubos gl A Jgi>
Table 8- Result of one-way variance analysis
(o9 Jblize gaw) SiQ. Slagyo g0 (35l & )3) DF Olgie
0.19 0.59 17 (z) pH
0.01 0.15 17 (S Sl eglin) EC
0.00 38.36 17 (c»,S) Carbon
0.01 150.21 17 (e ) Silt
0.00 295.77 17 (») Sand
0.00 44.80 17 (o) Clay
0.00 226.48 17 (o3 25) PL
0.00 310.86 17 (Sgy 1) LL
0.09 40.95 17 (w03 BL3) P
0.82 2.26 17 (s cuoglio) Shear strength
aelllan 390 dilaie dw 13 SB uiljly (iKen 90 Jgs
Table 9- Homogeneity test of soil variance in the three studied regions
(09 olins o) Sig (v )il &) D2 (v ol &,3) DF 1 Levene Statistic el
0.81 15 2 0.22 (3000l) pH
0.00 15 2 11.43 (S S cglan) EC
0.51 15 2 0.71 (%) Carbon
0.61 15 2 0.51 (edow) Silt
0.97 15 2 0.03 (o) Sand
0.99 15 2 0.00 (o) Clay
0.89 15 2 0.12 (e ywed 25) PL
0.57 15 2 0.59 (sy 2) LL
0.02 15 2 4.93 (s 03 L) PI
0.54 15 2 0.65 (csb p conglio) Shear strength
RAR o)y « SB35 duoy> ol b i)y e | Siausad g 5 b il S PL e S Loy dops il L
Dydige iy ady 155 00,5 Iy QI e 4 Ay e 2o olise sl Ko (5 390 2

03y Jhlize doyd gy pdaw 3 SB 485 oy 5 (RAR) S
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Table 10- Correlation coefficient of soil parameters in Region 1

< £ - a 1 - c L
=48t 3 2 % & 3 5 €& % &
4a 083 7 4 ; = 2 g g 3 Stasad
32 £ 35 3 é 3 3 3 3 33; 2
2 - ~
1.00 (4xz401) PH
100 077 EC
(S colan)
100 052 -0.35 (ox,5) carbon
1.00 046  -043  0.54 (el silt
1.00 -0.99** -043 049 -0.49 (¢»3) sand
1.00 -0.15 0.03 035 -043 -0.03 (L)) clay
1.00 070 037 041  -081 -035 017 (4> o) PL
1.00 087 035 037  -033  -068 -017 035 (4 sy LL
1.00 -041 -0.75 066 -0.61 071 064 009 037 (s pems L) P
1.00 -0.70 0.74 0.87* 0.67 0.28 -3 -0.63  -0.41 0.23 (s coeglie) Shear strength
1.00 -017 -003 -0.23 -0.06 -0.14  -0.09 0.03 -0.49 -0.6 0.37 (aw S gaw 4 ay)) RAR

Y ddhais p» SB olayiel)ly (Siuod cups—)) Jodx
Table 11- Correlation coefficient of soil parameters in Region 2

E(: s = o 1 - = HJL:
=4igd 3 2 5 & B 3 £ 121 =
terd 0L 3 % %2 03 & 207 Sty
¥ @ = = - 4
1 (a223]) PH
1 -0.77 (LSS cylan)EC
1 052 -0.35 (o2,5) Carbon
1 046 -043 054 () Silt
1 -0.99™ -043 049 -0.49 (o) Sand
1 -015 0.03 -035 -043 -0.03 (u#)) Clay
1 070 037 -041 -081 -035 017 (4> s ye3) PL
1 0.87* 035 037 -032 -068 -0.17 0.35 (1> Jlgy) LL
1 -041 -075 -066 -061 071 064 009 037 (6L g pme3) Pl
1 -0.70 074 087 067 0.28 -032  -063 -041 0.23 (%2 ceoglde) Shear strength
1 -0.17 -0.03 -0.23 -0.06 -0.14 -0.09 0.03 -049 -0.60 0.37 (S maw 4 adyy xaw) RAR
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Table 12- Correlation coefficient of soil parameters in Region 3

4183 % 2 = z 2 g 5§ 13 z )
3\% %:i b g ?i 2 :ug\ % g Q\UUJ ’3‘ Shugold
383 4 3 4 3 3 3 3 g Ei
1.00 (x52) PH
1.00 -0.35 (e elan) EC
1.00 0.03 0.66 (o25) carbon
1.00 0.58 -0.33 0.93** (o) silt
100 -068 -0.82° 009 -0.66 (0s5) sand
100 -049 -032 043 026  -0.20 (o) clay
100 003 066 -075 083 047 083 (1 s ed) PL
100 003 -009 060 -061 -054 079  -0.60 (1 ) LL
100 083* -0.09 0.03 -0.26 0.32 0.26 0.00 0.60 (g3 &) PI
100 003 030 003 020 035 018 055 052 0.00 (o cansli) Shear strength
100 032 060 -031 -070 02 -0.82¢ 075 0.83* 015  0.88% (ghw Sk gas 4 aiy) RAR
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Table 13- Descriptive statistics of root tensile strength in the three regions

(JSwble) adyy ttS Conglia 1&g ailaie
8.98+ 1.75 & 1
8.18+1.65 4 2
12.31+ 2.09 & 3
26.41+7.42 olelash 1

47.68+ 18.85 olells 2
63.51+17.21 olelly 3
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Table 14- Data normality test in the three areas

b 5y S s
Species _ B9 prowsl-Bg S 9ol sS _ _ 552 .
Statistic df Sig. Statistic df Sig.
L 1 0.26 51 0 0.65 51 0
e 2 0.47 52 0 0.16 52 0
cilisen lolio 95 93 )3 4ty 25 (U) (sit2g o0 cig03] V0 S
Table 15- Mann-Whitney (U) test of root elongation in two species in different regions
$)bline o z (U) 5 00 9ol adlais
0.001 -3.195 61 1 dilaio
0.004 -2.91 70 2 ddhis
0.004 -1.147 115 3 dihie
70 }
60 4
50 1
3
g 407 B il
E’ij 30 1 =
20 4
10
0
¥ dilaia T il
dalio dus ) 4365 g0 dudy) LIutS duylie —F IS
Figure 6- Comparison of root elongation of two species in three regions
orally Sy S ygail s V8 Jgu
Table 16- Kruskal-Wallis test results
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Figure 7- Relationship between root diameter and the amount of force required to break the root in the three study regions
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Figure 8- Relationship between the diameter and the tensile strengthof the beard
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