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Introduction

Wheat (Triticum aestivum L.) has become very important as a valuable strategic product with high energy
level. The importance of investigating environmental stresses and their role in predicting and evaluating the growth
and crops yield is essential. A wide range of plant response to stress is extended to morphological, physiological
and biochemical responses. Considering the rapid advancement in computer model development, plant growth
models have emerged as a valuable tool to predict changes in production yield. These growth simulation models
effectively incorporate the intricate influences of various factors, such as climate, soil characteristics, and
management practices on crop yield. By doing so, they offer a cost-effective and time-efficient alternative to
traditional field research methods.

Material and Methods

This research was conducted in the research farm of Varamin province, which has a silty loam soil texture. The
latitude and longitude of the region are 35° 32" N and 51° 64’ E, respectively. Its height above sea level is 21 meters.
According to Demarten classification, Varamin has a temperate humid climate. The long-term mean temperature
of Varamin is 11.18 ° C and the total long-term rainfall is 780 mm. In this study, in order to simulate irrigated
wheat cv. Mehregan growth under drought stress, an experimental based on completely randomized blocks
(CRBD) including: non-stress as control (NS), water stress at booting stage (WSB), water stress at flowering stage
(WSF), water stress at milking stage (WSM) and water stress at doughing stage (WSD) with three replications
during growth season 2019-2020 was carried out in VVaramin, Iran. Crop growth simulation was done using SSM-
wheat model. This model simulates growth and yield on a daily basis as a function of weather conditions, soil
characteristics and crop management (cultivar, planting date, plant density, irrigation regime).

Results and Discussion

Based on the results, the simulation of the phenological stages of irrigated wheat cv. Mehregan under water
stress condition using SSM-wheat model showed that there was no difference between observed and simulated
values. Summary, the values of day to termination of seed growth (TSG) were observed under non- stress, stress
in the booting stage, flowering, milking and doughing of the grains, 222, 219, 219, 221, 221 days, respectively
andsimulation values with 224, 221, 220, 221, respectively. However, with their simulation values, there were
slight differences with 224, 221, 220, 221, respectively. Acceptable values of RMSE (11.7 g.m2) and CV (3.5)
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indexes showed the high ability of the SSM model in simulating the grain yield of irrigated wheat cv. Mehregan
under water stress conditions. Grain yield values were observed in non-stress conditions of 5783, water stress in
booting, flowering, milking and doughing of the grain stages in 5423, 5160, 5006 and 5100 kg. h*, respectively.
While the simulated values were 5630, 5220, 4920, 4680 and 4880 kg. h™, respectively. Based on the findings,
observed and simulated values of leaf area index (LAI) were observed under water stress condition in the booting,
flowering, milking and doughing of the grain stages (4.3 and 4.47), (4.33) and 4.46), (4.4 and 4.57) and (4.4 and
4.58) cm, respectively. Evaluation of the 1000-grain weight of irrigated wheat cv. Mehregan under the water
stress showed that the SSM model was highly accurate. RMSE (4.6 g.m2) and CV (1.8) values indicate the ability
of the SSM model to simulate the 1000-grain weight of irrigated wheat cv. Mehregan. Also, the simulated values
of the harvest index were 34.7 % in non-stress conditions, which decreased by 6 % compared to the observed
value. Harvest index values were observed under water stress conditions in the in the booting, flowering, milking
and doughing of the grain stages in 30.2, 29.3, 29.9 and 29.5 %, respectively. Compared to its observed values, it
was reduced by 3, 3.5, 5, and 5.5 %, respectively.

Conclusion

Based on the findings, the slight difference between the observed and simulated values demonstrates the SSM
model's capability to accurately capture water stress impacts on the phenological stages, grain yield, and yield
components of irrigated wheat cv. Mehregan during critical growth stages, including booting, flowering, milking,
and doughing. The results indicate that the SSM model is effective in simulating wheat growth under water stress
conditions, showcasing its potential as a valuable tool for modeling irrigated wheat growth. The model's ability to
account for water stress and its effects on various growth parameters makes it a reliable and efficient tool for
predicting crop performance in water-limited environments.
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Figure 1- Geographical location of the study area
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Table 1- Some physico-chemical characteristics of the experimental soil of irrigated wheat cv. Mehregan during the growing season.
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Figure 2- Comparison of the observed and simulated values of days to flowering (a) and the termination of seed growth (b)
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Figure 3- Comparison of the observed and simulated values of grain yield under water stress during the growth season using
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Figure 4- Comparison of the observed and simulated values of grain yield under water stress at the phonological
stages of irrigated wheat cv. Mehregan
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Introduction

Development of reservoirs helps to meet food and energy needs by supplying water for agriculture and
hydropower plants. Efficient management of water resources is important and vital to overcome the problems of
water leakage and meet agricultural, industrial and drinking needs. Each of these requirements creates limitations
in the way the reservoir is operated, which requires accurate information on the changes in the reservoir storage
and other influential components during the operation period. In order to manage and plan water resources at
country scale, using reservoir simulation models as a suitable tool in simulating processes related to dams, such as
the operation of water reservoirs, will be very effective. Reservoir simulation models such as the HEC-ResSim
model provide the opportunity to simulate the natural and hydrological processes related to the water resources
system and the relationships between the supply and demand sectors by implementing a schematic structure of a
real reservoir. Two scenarios of water savings of 20 and 30 percent were used in the current investigation.
Additionally, using this method, the objectives of water resource management can be assessed.

Materials and Methods

In the present study, the use of the Latian reservoir in real conditions was simulated using the HEC-ResSim
model. The simulation was carried out according to the river's inflow from 1968 to 2018, downstream water needs,
energy production capacity by turbines, physical characteristics and reservoir building. The implementation of the
HEC-ResSim model is summarized in three steps. The Watershed Setup module is used to introduce the general
outline of the watershed. In this module, the shape and geographical location of the basin and related elements
such as rivers, reservoirs, hydrometric stations and other projects in it should be specified. The Reservoir Network
module is used to introduce the desired reservoir network and to enter the physical characteristics and how to use
them. The Simulation module is designed to introduce the simulation period and display the model outputs. In
this module, the simulation time and period and the operation pattern should be determined.

Results and Discussion

According to the results obtained from the reservoir simulation model, the average storage capacity of Latian
dam for the simulation period was estimated to be 41 million cubic meters, which shows a significant drop of 49%
compared to the normal level (83 million cubic meters). Additionally, for the same period, it was estimated that
the average discharge was equivalent to 5.4 cubic meters per second and the average inflow to the reservoir of the
Latian dam was equal to 5.7 cubic meters per second. This is in contrast to the period's average demand, which for
the area downstream of the Latian Dam is 12.1 cubic meters. The findings indicate that the reservoir of the dam
frequently, and particularly at the conclusion of the simulation period, is unable to satisfy the needs of the
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downstream. Additionally, according to the findings of the current study, the Latian dam power plant's (Kalan)
average annual hydro-electric energy production was projected to be 68,000 MWh, and the results show that in
accordance with the policy of operating the Latian dam in the majority ofthe years, the Kalan power plant is able
to supply the electricity required in the study area. According to the results, the average reservoir volume of Latian
dam for the entire period in the first and second scenario was estimated to be 49 and 63 million cubic meters,
respectively. Also, by applying the first and second water saving scenarios, the Latian dam reservoir will be able
to generate 66,000 and 63,000 MWh of energy annually.

Conclusion

In this study, the functioning and operation of the Latian dam reservoir was used by applying the Hec-ResSim
reservoir simulation model. After entering data such as the elevation and length of the dam, surface-volume-
elevation curve, evaporation from the surface of the reservoir, elevation and uncontrolled outlet coefficient, dam
storage areas, rule curve, were simulated by the model. In the present study, the values of inactive volume and
conservation volume of Latian Dam were estimated as 28 and 83 million cubic meters, respectively. The average
water release of Latian dam for the first and second 25 years of operation was equal to 6.1 and 3.7 cubic meters
per second, respectively, which met 50 and 32% of the downstream demand on average. The results indicate that
the success rate of Latian dam in supplying drinking, industry and downstream environment for the period of
operation is 42%. Also, 16 years out of 50 years of operation, Kalan hydropower plant has fully met 100% of the
needs. On average, the large power plant is able to provide 80% of the energy needs of the study area for the entire
simulation period.

Keywords: Energy production, HEC-ResSim model, Reservoir operation, Reservoir storage changes, Water
saving
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Table 1- Geometrical characteristics of the Latian Dam structure
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Table 2- Characteristics of Reservoir storage Zones
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Table 3- Specifications of production capacity and rule curve of Kalan power plant
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Figure 4- Rule curve of Dam and average monthly evaporation of meteorological station for a period of 50 years
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Figure 5- The volume, surface area, and elevation curves of the Latian Reservoir
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Fig. 6- Scatter plot of observation flow and release estimated by HEC-ResSim model
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Figure 7- The comparison chart of the volume of the simulated reservoir and the uncontrolled Outlet from the reservoir for
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Figure 9- Percentage of required water supply downstream of Latian dam with HEC-ResSim model
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Latian reservoir for the simulation period
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Figure 11- Average annual energy production from Latian dam with simulation model
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Figure 13- Chart of water level changes against lake area changes and evaporation from the lake surface
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Table 4- Average annual comparison of the simulation results of the model for the first and second scenarios with the actual
operating conditions of the Latian Dam
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Introduction

Rill erosion is one of the main factors of soil degradation, especially in rainfed lands in semi-arid regions.
These soils have relatively lower organic matter content with weakly-aggregated units, which increases their
susceptibility to water erosion processes. Conventional tillage systems are adversely affect on soil structure and
surface soil cover in rainfed lands. Raindrop energy and flow shear stress are the main erosive factors in the slope
lands. The raindrop impact destroys soil structure and changes it to erodible unites; micro-aggregates and single
particles, and so makes them to more detachment. A few studies have been done on the role of raindrop impact to
soil erosion by water. Nevertheless, there is no sufficient information on the effect of raindrop impact on soil loss
in therills particularly in semi-arid regions. Therefore, this study was conducted to investigate the role of raindrop
impact on soil loss from rills in various soil textures under different rainfall intensities.

Materials and Methods

A laboratory experiment was performed on two soil textures (clay loam and sandy loam) under four rainfall
intensities (30, 50, 72 and 83 mm.h™?) in two rainfall conditions (under raindrops impact and without raindrops
impact). Soil samples (0-30 cm) were taken from a semi-arid region in Zanjan province in 2020. The experiments
were set up in an erosion flume with 100 cm long and 60 cm width and 15 cm depth which were exposed to
simulated rainfalls for 30 min duration. Runoff and soil loss were measured at three rills under slope gradient 10%
in the two rainfall conditions for each rainfall intensity. Soil loss from rills was determined as the mass of sediment
collected from rill outlet per rill surface area (g.m). Under raindrop impact, the soil was exposed directly to
raindrop impact and under without raindrop impact, a metal mesh sheet was used to eliminate raindrops impact to
soil surface. The role of raindrops impact to runoff and soil loss was computed from the difference of runoff and
soil loss under raindrops impact and without raindrops impacts. A t-test was used to assess the role of raindrops
impact between the two rainfall conditions for the soils and rainfall intensities.

Results and Discussion

Results indicated that runoff production and soil loss were significantly affected by the soil texture and rainfall
intensity. Runoff and soil loss under raindrops impact increased in the soils with increasing rainfall intensity. Clay
loam showed more runoff production and soil loss than sandy loam which was associated to lower aggregate
stability and hydraulic conductivity. Runoff and soil loss in the two soils and four rainfall intensities were
significantly affected by raindrops impact. Runoff production and soil loss except to 72 mm.h* rainfall intensity
were very higher under raindrop impact than without raindrop impact. It seems under 72 mm.h* rainfall intensity,
raindrops impact varied the rill’s morphology and prevent more runoff production. Runoff production in clay loam
and sandy loam under raindrop impact were increased by 44 and 36 percent, respectively (p< 0.01). Soil loss
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resulted by raindrop impact in clay loam and sandy loam increased by 53 and 62 percent, respectively (p< 0.01).
Raindrops impact had more importance in soil loss rather than runoff production. This result is related to the role
of raindrops impact in destroying aggregates and producing more erodible soil particles and closing soil
macrospores and declining water infiltration. The role of raindrop impact in runoff production and soil loss varied
among the rainfall intensities. A slight reduction in the role of raindrop impact in runoff and soil loss was occurred
with increasing rainfall intensity, especially in sandy loam.

Conclusion

The role of raindrop impact in runoff production and soil loss was significantly affected by soil type and
rainfall intensity. Raindrops impact has more important in runoff and soil loss in the soils having higher aggregate
stability and more hydraulic conductivity. The role of raindrop impact in runoff and soil loss in these soils declines
with increasing rainfall intensity. In general, maintain soil surface cover is essential to control raindrops impact
and decrease runoff and soil loss in semi-arid areas. The importance of soil surface cover is most obvious under
different rainfallsin weakly-aggregated soils which are dominantin many slope lands. Also, soil surface cover has
important role in controlling runoff and soil loss under heavy rainfalls in soils with more water -stable aggregates.
Prevention from intensive tillage and using conservation tillage systems such as minimum tillage are effective
strategies in controlling raindrop impact in rainfed lands in semi-arid regions.

Keywords: Aggregate resistance, Rainfall intensity, Semi-arid region, Soil texture, Surface cover
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Figure 1- Experimental flume in two conditions: with raindrop impact (a) and without raindrop impact (b)
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Table 2- Comparison of the effect of rainfall impact on runoff production and soil loss at different rainfall intensities using
paired t-test
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Figure 2- Means comparison for runoff and soil loss as affected by raindrop impact under different rainfall intensities
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Figure 3- Means Comparison for runoff production at two rainfall conditions under different rainfall intensities

ol (Valette etal., 2006) 1, \Son g Wlg 35 0 Uy, (yiol58]
Sl d1p0 > 4y S s 3,55 5] g ol kS sl
Sphdes (ials o daw 039 syl @laSB (v el 245
oSl glandllas ;5 395 0 SB iloyd (il a3 g S
& sl pMel (Angulo-Martinez et al., 2012) ) Sen 4
g Oab i 5l o (b o Sy 4 0)d b b ke

2 (S SB sla She 9 (SUL e

1000 r -
—— with impact 4, cos a
800 | — %= without impact «,. ;5
S
qj?g 600 F s F?J
2 Sandy loam
Ty
X0 400 | A
iz -n
N -~
X77200
d BC
0 —P"'. L L
30 50 72 83
Rainfall Intensity (mm./h-1)
(ol siashs) (Sl s

GG 59 S &858 g olHb &l e @ s ish
albs
9% 2 53 ohl ©lihd 8 cod ba)lus I S cd))am luie
po (¥ JS8) g ol el @yl gen bl i S
gl 93980 Sledl Giuleyp 4 orie guSs I b @ljlad
5 SB Ble (S atey @ pxie SBplatle cg 59 L S0

1200 o
—t— With impact «,s cov a
1000 |  ==m== without impact ¢,z ;s
4 800
:3\ \\q 600 ) £l A
o L
< g Clay loam o
4, E 400 ,’I
o Pid
2 200 |
0 C #g==--- 1 )
30 50 72 83

Rainfall Intensity (mm.h™)
(el p o ) (S5,b ©ond

Olsb lises croand Cod oL bl i 93 3 S1a Cd,y 00 (gl B Sle dg e -€ S
Figure 4- Means Comparison for soil loss at two rainfall conditions under different rainfall intensities



VPoY g9 st — 010 0 ¥ ojlods Y Wl (S5 g ol @, YAY

ol aps 3l cos SBcd)ue Ky e bl W
ol g LRl L ghl calise ghad ) g 35 platel ik
lacad > b 4yl wrw (S s o0y p g 22190
Pl SB > (laignerd) (i (ol Wy oainy i iz
JS8) csl (8 o S 3 (o mend) (i (oAl Kg) 5 ()
S 23b )k ) s ialep OIS Slglh8 Wl e yal ol Sl (0
s p cwl wlsB glul 4 dtly i oyl
el il 4 bl (g elea Jd> 4 5pd il )3
JUsl 5 5ld 51y Gad 08 5 GBS 0 ytde Ul Ok
GUY) oylSan 5 58 cloatiS b sl ) 5515 bl Lawsss L]
oy 3, Slas JS do )3 AD il yd oS sl 38150 55 (et al., 1987
ohlSan 5 o] man .l ol @llad 4 51 (36 oL 515
O Qo) Sles 3 wglas (ST 00,8 el (An et al., 2012)
Dgd 4B )5 > ol 4y pae g Ol eeies 405 556
IS 5l asyd A8y B VYV L alyled wys ey yiole)d
@ Cod () pyd SB w30 polaid] 363 4 ) Cgu) 3o
Fdgnd il gk a8 Jlesle lsme 5l (25 pgd S
e 15 ol 4 o ol £l Sdpyien ol 5
13 a5 b g Sl a8 o 5 S cdyyim > llad 4y
b Bans Ceoglin g g S 51 S (VU (03395 (g S
B cyyan sl o 350 ol |y Ll K05 s ) oSl
2 S ol il b Sl g5l i e tiejls o )
S C8)0 )3 450 o (S8 a5 Gl 38l b ¢ ypgd S
o2 Ol S8k VL ol > oS e cdl il )l )

Dy S8y 5 Cllgy Gl 3 ere Jole Gk

—&— Runoff _uly,

=

o

o
1

=< =- Soil loss sk ),

[e}
o
T

B (o2}
o o
T T

| b o)
Sandy loam

N
o o

)
o
T

(221) Ohl @l b o oo
Contribution of Raindrop impact (%)

A
S

30 50 72 83
Rainfall Intensity (mm.h?)

(ol aske) Sk s

S o yyun 9 ol g ol ol kel @ pb ages

2 SUlyy W5 auglie 1 QU5 algs 55 (L lilad 5
Cawd & ohl @llad a5 el 9 il @lilad 45 b el g
A ke (i )b e glaciad o ol LS gl o]
JS8) g Sk omb sl > Gllgy sl ) o)k oyl
b 1) J95 895 Ghl dp8 e 20> (S)k o Gl L (0
S a1y 5 (S5 1 Gl L g ST 45
LB ol ) ol cbens s Ol e il el ol
cbend bl g SB el ey bl olld 5l ab
o & 5975 oot e G384 oblyy a5 ol 5V
923b5 (bl Sllad 458 (g 5 48 co) b 53 2 3 SK

YW il ) ey S Gllyy adgs )3 Slilad 450 o
& ohl ol s dad e i &S de b Celw p e Jie
5 oS 0355 S il > gy A I3l 5 S50 Jole s
P Aol O.{] W) ub prom FLe sob e L] Ll o IXVRE
Onl 9 )l G998 y9e yuss ) ka8 aps iE W 4 ol
S5 1> Gllgy 1 53 b kb d s wpes A5 Uy, ials
Eo9e onl D e e (SH)L latad den )3 oweg)
s S ol 1, Sll, ads s ol llas 0 e )38 5]
SIS (392l 405 53 9 Ja) )3 0L SlglS wioren a3 e
o 3 5 S5 6 igdeis alS (sl S ke SISyl iy
Vaezi and Vatani., ) wb slg e o] o oblyy adg iolss)
(2015

ot 1 i Jled Sl S dypum 5 il cllad s g

100 ¢ —&— Runoff _ul,,

===~ Soil loss sk cs,,
80
60

40

20

Clay loam

(2259) Ok lad 5 wae
Contribution of Raindrop impact (%)

0 1 1 1 ]
30 50 72 83
Rainfall Intensity (mm.h™)

(ol aske) Sk s

Olsb Aiseo e Cod S Cd),un g Oy, 10 Olpad &b ppow DgllT -0 IS
Figure 5- Difference between the role of raindrop impact in runoff and soil loss under different rainfall intensities



VAV L o sl 5 S 0 g bl audi 52 ol kel 410 53 (i 5 Sl

2lee
(o]
o

(323) Gl e @ o
Average Contribution of Raindrop impact (%)
5
o

~
o
T

ey a T
Sandy loam l

g o
o O
T T

PN W
o O o
T T T

o

Ul PP
Runoff Soil loss

Sile

(2253) Ohl okad 455 o (s

70 ¢

s 60 pd

g Clayloam 271

= 50 t b i

g

2

540

530

i}

3 20t

S 1wt

g‘: 0 1 J

< <Uly, )
Runoff Soil loss

Olsb lidee sLOu Cod S Cd,,un g Sy, ddgi 13 Ol yad d b phewr (il —1 SIS
Figure 6- Average contribution of raindrop impact in runoff production and soil loss under different rainfall intensities

L

dos 4l )0 () 3)90 SE 5 o)l jl S cé) e
Cod b pyl gy pd S Cllgy Wy e Ll Suis
e g bl Giol5l Moy d Y8 o FF G gy b @l ylad 4y 3G
Epose Cnl AD yidn o) FY 5 OF e s SB Cd))
Ol SBdypum 5 Clly) wais 1) ol cllad 4,8 Coonl
O o adpe) SB o alSB g5 ie (ylul 4 de e b e e
S s o D7 FUIP SRS IR CE Rt L
3 bl cad ke b cov S ey 5 bl 1ol
3 bl kS e ol a5 Gl b e 5 4 288
Ol D98 (o b Rl Cllg) 4 Cns SB 8y
u]).]a.‘) e ﬁ‘ﬁ 0 baliss Sl walﬁa (R3] uL.u) Epog0
B cnl I ek 4l (Sl YL sle @b s L
9 4 SB Cdyyam 5 Qllyy 5 il Sl 4y 3T oS 0l s
bl 5 5 (Sl sl Sy 5 S i) S gy i
Gl 5 56 9 5yl ks plelo b s 55 ] il
S SB 8y, 5 Sy, > Gllad s ppew (oml a3 L
Gble o S el aws bl @ do g b ol 5,80
5 Sb maw p b Olld e Wbl Sl Sis dew
Oy b Coenl .l (5550 SB )00 5 Clly) g s

ol Gz ed oyl s cas b ol 5 SK e

S by a0 9 ol g ol &l yled s pud g duslie
P SBCdyme bl Olhd aps ere & JSS olul

a0 Glyled a4 s i (:Ske 09 Ol 5l iy S g
8 pod SB 3 9 FIY (o) oy SB 3 QU s 51 ol sl
coss p Clhd 48 st (16Ske Cpitred g doyd YE/O
SB35 5 o2 OVIY o) pgd SB > SB cdyyae a5l oL
SB cdyme o oLl alhled 48 58 0 do ) FYIY b pg
A 3l pdin 20 )3 YOIA g NO i iy (Subpg) 9 (owppg) S 5
GBS g Lis Coanl gadse cnl 29 il 5o Cllgy adg o
Francos et ) aas o ol ol Lialwyd ke sl |y S adaw
& s 6y Hlie 4y owypg) S1B  Glilg,y g5 (al., 2016
4y G 3929 ol b 39 b Sl 5 ) ke (ded S
ol cauns leidls g eSS buws o) 1 SB cdyjum o il ylad
Ol caw Cgrw 4 oLl el 4,5 B Al caw SB
Lgs Sblsy ddgr iol38] Conw S 38k sl b g ol aaslSs
Ay > Cuoglie jlas SIS (leidlo cuenl 4 b agh (S
R e e
Iy SB @sed 5o 05 Limgh 4> (Rouhipour et al., 2004)
QUi 9 03,8 (qw)p Sgliste cud gy 9 (SHHL b e Cov
dys g S o590 Gl bl do il L asm sl
b Rl Gl b 4y S Cuoglie g adly yalS )L ol la



VPoY a9 s — 010 30 F ojlod ¥V Wl (S g Of 4,5 WAY

&

1. Akbari, S., & Vaezi, A.R. (2015). Investigating aggregates stability against raindrops impact in some soils of a semi-
arid region, North West of Zanjan. Water and Soil Science, 25(2), 65-77. (In Persian)

2. An,J., Zheng, F., Lu, J., & Li, G. (2012). Investigating the role of raindrop impact on hydrodynamic mechanism of
soil erosion under simulated rainfall conditions. Soil Science 177(8), 517-526.

3. Angulo-Martinez, M., Begueria, S., & Kysely, J. (2016). Use of disdrometer data to evaluate the relationship of
rainfall kinetic energy and intensity (KE-I). Science Total Environment 568, 83-94. https://doi.org/10.1016/
i.scitotenv.2016.05.223

4. Angulo-Martinez, M., Begueria, S., Navas, A., & Machin, J. (2012). Splash erosion under natural rainfall on three
soil types in NE Spain. Geomorphology 175, 38-44.

5. Berger, C., Schulze, M., Rieke-Zapp, D., & Schlunegger, F. (2010). Rill development and soil erosion: a laboratory
study of slope and rainfall intensity. Earth Surface Processes and Landforms, 35(12), 1456-1467.

6. Beuselinck, L., Govers, G., Hairsine, P.B., Sander, G.C., & Breynaert, M. (2002). The influence of rainfall on
sediment transport by overland flow over areas of net deposition. Journal of Hydrology, 257, 145-163.

7. Blake, G.R., & Hartge, K.H. (1986). Particle density. Methods of soil analysis: Part 1 physical and mineralogical
methods, 5, 377-382.

8. Bouyoucos, G.J. (1962). Hydrometer method improved for making particle size analyses of soils. Agronomy
Journal, 54(5), 464-465.

9. Chen, X.Y., Huang, Y.H., Zhao, Y., Mo, B., Mi, H.X., & Huang, C.H. (2017). Analytical method for determiningrill
detachment rate of purple soil as compared with that of loess soil. Journal of Hydrology, 549, 236-243.

10.Chenqg, Q., Ma, W., & Cai, Q. (2008). The relative importance of soil crust and slope angle in runoff and soil loss: a
case study in the hilly areas of the Loess Plateau, north China, GeoJournal, 71(2-3), 117-125.

11. Choo, H., Park, K.H., Won, J., & Burns, S.E. (2018). Resistance of coarse-grained particles against raindrop splash
and its relation with splash erosion. Soil and Tillage Research, 184, 1-10. https://doi.org/10.1016/j.still.2018.06.009

12. Fernandez-Raga, M.R., Fraile, J., Keizer, M., Teijeiro, V.A., Castro, C., Palencia, C., & Marques, C. (2010). The
kinetic energy of rain measured with an optical disdrometer: an application to splash erosion. Atmospheric Research,
96(2): 225-240. https://doi.org/10.1016/j.atmosres.2009.07.013

13. Foroumadi, M., & Vaezi, A.R. (2016). Flow characteristics and rill erodibility in relation to the rainfall intensity in a
Marl soil. Iran-Watershed Management Science and Engineering 12(40), 11-23. (In Persian with English abstract)

14. Foroumadi, M., & Vaezi, A.R. (2017). Physical degradation and particle detachment capacity of rill in relation to
rainfall intensity and raindrop impact in a Marl soil. JWSS-Isfahan University of Technology, 21(2), 263-277. (In
Persian with English abstract)

15. Foroumadi, M., & Vaezi, A.R. (2018). Investigating temporal variation of rill erosion in an erosion-susceptible soil
under different rainfall intensities. Applied Soil Research, 7(2), 135-147. (In Persian with English abstract)

16. Francos, M., Pereira, P., Alcafliz, M., Mataix-Solera, J., & Ubeda, X. (2016). Impact of an intense rainfall event on
soil properties following a wildfire in a Mediterranean environment (North-East Spain). Global and Planetary
Change, 145, 11-16.

17.Fu, Y., Li, G.L,, Zheng, T.H., Li, B.Q., & Zhang, T. (2017). Splash detachment and transport of loess aggregate
fragments by raindrop action. Catena, 150, 154-160. https://doi.org/10.1016/j.catena.2016.11.021

18. Guy, B.T., Dickinson, W.T., & Rudra, R.P. (1987). The roles of rainfall and runoff in the sediment transport capacity
of interrill flow. Transactions of the ASAE, 30(5), 1378-1386.

19.Han, Y., Fan, Y., Xin, Z., Wang, L., Cai, Q., & Wang, X. (2016). Effects of wetting rate and simulated rain duration
on soil crust formation of red loam. Environmental Earth Sciences, 75(2), 140-149.

20.He, J.J., Li, X,, Jia, L.J., Gong, H.L., & Cai, Q.G. (2014). Experimental study of rill evolution processes and
relationships between runoff and erosion on clay loam and loess. Soil Science Society of America Journal, 78(5),
1716-1725. https://doi.org/10.2136/sssaj2014.02.0063

21.He, J.J.,Sun, L.Y., Gong, H.L., Cai, Q.G., & Jia, L.J. (2016). The characteristics of rill development and their effects
on runoff and sediment yield under different slope gradients. Journal of Mountain Science, 13(3), 397-404.

22.Huo, Y.Y.,Wu, S.F., Feng, H., & Yuan, L.F. (2011). Dynamic process of slope rill erosion based on three-dimensional
laser scanner. Science of Soil and Water Conservation, 9, 32—-37.

23.Jin, K., Cornelis, W.M., Gabriels, D., Baert, M., Wu, H.J., Schiettecatte, W., Cai, D.X., De Neve, S., Jin, J.Y.,
Hartmann, R., & Hofman, G. (2009). Residue cover and rainfall intensity effects on runoff soil organic carbon
losses. Catena, 78(1), 81-86.

24. Kimaro, D.N., Poesen, J., Msanya, B.M., & Deckers, J.A. (2008). Magnitude of soil erosion on the northern slope of
the Uluguru Mountains, Tanzania: interrill and rill erosion. Catena, 75, 38-44.

25. Kinnel, P.I.A. (2003). Event erosivity factor and errors in erosion predictions by some empirical models. Ausrtalian
Journal of Soil Research, 211, 991-1003.

26.Li, J., Cai, Q.G., & Sun, L.Y. (2010). Reviewing on factors and threshold conditions of rill erosion. Progress in


https://doi.org/10.1016/%20j.scitotenv.2016.05.223
https://doi.org/10.1016/%20j.scitotenv.2016.05.223
http://dx.doi.org/10.1016/j.still.2018.06.009
https://ui.adsabs.harvard.edu/link_gateway/2010AtmRe..96..225F/doi:10.1016/j.atmosres.2009.07.013
http://dx.doi.org/10.1016/j.catena.2016.11.021
http://dx.doi.org/10.2136/sssaj2014.02.0063

YAO . o sl 3 S 0 g bl el 52 ool kel 410 53 (IS 5 il

Geography, 29(11), 1319-1325.

27.Lu, J., Zheng, F., Li, G., Bian, F., & An, J. (2016). The effects of raindrop impact and runoff detachment on hillslope
soil erosion and soil aggregate loss in the Mollisol region of Northeast China. Soil and Tillage Research, 161, 79-85.
https://doi.org/10.1016/j.still.2016.04.002

28.Ma, R.M., Li, Z.X., Cai, C.F., & Wang, J.G. (2014). The dynamic response of splash erosion to aggregate mechanical
breakdown through rainfall simulation events in Ultisols (subtropical China). Catena, 121, 279-287.

29.Mc Kenzie, N., Coughlan, K., & Cresswell, H. (2002). Soil physical measurement and interpretation for land
evaluation (Vol. 5). Csiro Publishing.

30. Meshesha, D.T., Tsunekawa, A., Tsubo, M., Haregeweyn, N., & Tegegne, F. (2016). Evaluation of Kinetic energy
and erosivity potential of simulated rainfall using laser precipitation monitor. Catena, 137, 237-243. https://doi.org/
10.1016/j.catena.2015.09.017

31.Momm, H.G., Wells, R.R., & Bennett, S.J. (2018). Disaggregating soil erosion processes within an evolving
experimental landscape. Earth Surface Processes and Landforms, 43(2), 543-552.

32.Moussouni, A., Mouzai, L., & Bouhadef, M. (2014). The effect of raindrop Kinetic energy on soil
erodibility. International Journal of Environmental, Chemical, Ecological, Geological and Geophysical
Engineering, 8(12), 879-883.

33.Qin, C., Zheng, F., Wilson, G.V., Zhang, X.J., & Xu, X. (2019). Apportioning contributions of individual rill erosion
processes and their interactions on loessial hillslopes. Catena, 181, 104099.

34.0Qin, C., Zheng, F., Xu, X., Wu, H., & Shen, H. (2018). A laboratory study on rill network development and
morphological characteristics on loessial hillslope. Journal of Soils and Sediments, 18(4): 1679-1690.

35. Rouhipour, H., Farzaneh, H., & Asadi, H. (2004). The effect of aggregate stability indices on soil erodibility factors
using rainfall simulator. Iranian Journal of Range and Desert Research, 11(3): 235-254. (In Persian)

36.Shen, H.O., Zhenqg, F.L., Wang, L., & Wen, L.L. (2019). Effects of rainfall intensity and topography on rill
development and rill characteristics on loessial hillslopes in China. Journal of Mountain Science, 16(10): 2299-2307.

37.Tailong, G., Quanjiu, W.D., & Li, J.Z. (2010). Effect of surface stone cover on sediment and solute transport on the
slope of fallow land in the semi-arid region of northwestern China. Soils and Sediment, 10, 1200-1208.

38.Vaezi, A.R., Ahmadi, M., & Cerda, A. (2017). Contribution of raindrop impact to the change of soil physical
properties and water erosion under semi-arid rainfalls .Science of the Total Environment, 583, 382-392.

39. Vaezi, A.R., Akbari, S., & Mohammadi, M.H. (2014). Study of rainfall processes in calcareous soils aggregates under
laboratory conditions in NW Zanjan, Iran. Iranian Journal of Soil and Water Research, 45(1), 87-94. (In Persian)

40. Vaezi, A.R., & Besharat, F. (2015). Rainfall during events on runoff and soil loss under simulated rainfalls. Jwmseir,
9(29), 9-18. (In Persian)

41.Vaezi, A.R., & Heidari, M. (2019). Investigating the effect of wheat straw on soil loss by rill erosion in furrows in
different growth stages of rainfed wheat. Journal of Soil Research (Soil and Water Sciences), 33(2), 127-139. (In
Persian with English abstract)

42.Vaezi, A.R., & Vatani, A. (2014). Determination of rill erodibility in some Zanjan soils under rain simulated. Journal
of Science and Technology of Agriculture and Natural Resources, 71, 59-67. (In Persian)

43.Vaezi, A.R., & Vatani, A. (2015). Determining rill erodibility in some soils in Zanjan province under simulated
rainfall. JWSS-Isfahan University of Technology, 19(71), 59-68. (In Persian). https://doi.org/10.18869/acadpub.jstnar
.19.71.59

44, Valette, G., Prévost, S., Lucas, L., & Léonard, J. (2006). SoDA project: A simulation of soil surface degradation by
rainfall. Computers and Graphics, 30(4), 494-506.

45, Vrieling, A. (2006). Satellite remote sensing for water erosion assessment: A review. Catena, 65(1), 2-18.

46. Walkley, A., & Black, I.A. (1934). An examination of the Degtjareff method for determining soil organic matter, and
a proposed modification of the chromic acid titration method. Soil Science, 37(1), 29-38.

47.Wei, W., Chen, L., Fu, B., Huang, Z., Wu, D., & Gui, L. (2007). The effect of land uses and rainfall regimes on runoff
and soil erosion in the semi-arid loess hilly area, China. Journal of hydrology, 335(3-4), 247-258.

48.Wirtz, S., Seeger, M., & Ries, J.B. (2012). Field experiments for understanding and quantification of rill erosion
processes. Catena, 91, 21-34.

49.Wu, H., Xu, X., Zheng, F., Qin, C., & He, X. (2018). Gully morphological characteristics in the loess hilly-gully
region based on 3D laser scanning technique. Earth Surface Processes and Landforms, 43(8), 1701-1710.

50. Yoder, R.E. (1936). A direct method of aggregate analysis of soils and a study of the physical nature of erosion losses
1. Agronomy Journal, 28(5), 337-351.

51. Zarif, M.S., Sadeghi, S.H.R., & Mirnia, S.KH. (2009). Study on changes in runoff and sediment yield in two difference
slope in Kojour forest watershed. Fifth National Conference on Watershed Management Science and Engineering of
Iran. Gorgan. 2-3 May, page 2. (In Persian)

52.Zhang, X.C., & Wang, Z.L. (2017). Interrill soil erosion processes on steep slopes. Journal of Hydrology, 548, 652—
664. https://doi.org/10.1016/j.jhydrol.2017.03.046

53.Zhao, L., Hou, R., & Wu, F. (2018). Effect of tillage on soil erosion before and after rill development. Land


http://dx.doi.org/10.1016/j.still.2016.04.002
https://doi.org/%2010.1016/j.catena.2015.09.017
https://doi.org/%2010.1016/j.catena.2015.09.017
https://doi.org/10.18869/acadpub.jstnar%20.19.71.59
https://doi.org/10.18869/acadpub.jstnar%20.19.71.59
http://dx.doi.org/10.1016/j.jhydrol.2017.03.046

VPoY o9 s — 010 30 F ojlod ¥V Wl (S g Of a5 VAP

Degradation and Development, 29(8), 2506-2513. https://doi.org/10.1002/1dr.2996


https://doi.org/10.1002/ldr.2996

Journal of Water and Soil
https://jsw.um.ac.ir iy

Research Article
= Vol. 37, No. 3, Jul.-Agu. 2023, p. 397-413

The Effect of Land Abandonment on Biological, Physical and Chemical
Properties of Soils

M.S. Sadati !, A. Beheshti Ale Agha'='*, F. Hamedi ®

Received: 05-07-2022 How to cite this article:
Revised: 30-09-2022 Sadati, M.S., Beheshti Ale Agha, A., & Hamedi, F. (2023). The effect of land
Accepted: 30-11-2022 abandonment on biological, physical and chemical properties of soils.

Available Online: 30-11-2022  journal of Water and Soil, 37(3), 397-413. (In Persian with English abstract).
https://doi.org/10.22067/jsw.2022.77543.1179

Introduction

Changing land use may have a major influence on physical, chemical, and biological soil properties with a
consequence for soil functioning and productivity. Abandonment of agricultural lands is actually a kind of
restoration of these lands to their original natural conditions, which is often done through human intervention. Soil
restoration after land abandonment is a complex phenomenon. The pastures of our country are typically cultivated
in rainfed methods, and the use of agricultural inputs such as animal manure, poisons, and chemical fertilizers is
not very common. Therefore the continuous cultivation of a product and the lack of use of agricultural inputs
causes a gradual decrease in fertility and increase erosion. Hence, after years of cultivation, the production potential
decreases, and the land is abandoned.

Materials and Methods

This study was conducted to determine the effects of land abandonment on some physical, chemical, and
biological soil properties in the 0-20 and 20-40 cm depth at three different sites including Lal Abad, Qaleh Kohneh
and Chalab-e Pain, using 2x2 factorial layout arranged in a completely randomized design (CRD) with three
replications. The physical, chemical, and biological characteristics of the soil were measured by conventional
laboratory methods. Electrical conductivity of saturated paste extract (ECe) with electrical conductivity meter
device in saturated paste extract, pH of saturated paste with pH meter device, and bulk density by cylinder method
were determined in the samples. The amount of dispersible clay (DC) was determined by the method of Gee and
Bauder and the Mean Weight Diameter (MWD) was determined by the method of the wet sieve. The amount of
absorbable phosphorus by extraction method and total soil nitrogen by Keldahl method were measured in the
samples. The amount of soil organic carbon (OC) in the samples was determined by the method of Walkley and
Black. Mineralization of organic carbon (soil respiration) (Cmin) and metabolic quotient (qCO2) were obtained
by validated and conventional methods.

Results and Discussion

The results showed that the abandonment of agricultural lands significantly increased the MWD and reduced
the amount of dispersible clay. Bulk density also decreased due to the abandonment of agricultural land in all areas
except the Qaleh Kohneh area. The results of the analysis of the chemical characteristics of the soil indicated a
decrease in soil pH in all areas and depths, except in the Qaleh Kohneh area. The biological results also showed
that the abandonment of agricultural lands caused the change in biological characteristics. Abandonment of
agricultural lands in all three regions led to an increase in microbial biomass carbon and soil microbial respiration.
High microbial respiration in abandoned lands is probably related to more organic carbon in these soils. Loss of
soil organic matter due to cultivation and improper soil management is often the main reason for reducing soil
respiration in agricultural lands compared to abandoned lands.
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Conclusion

Changing land use from agriculture to abandonmentimproved the physical, chemical, and biological indicators
of soil quality, especially the surface layer of the soil, which ultimately led to the improvement of soil quality in
all the studied areas. It can be concluded that the release of agricultural lands has increased soil health by increasing
the carbon input into the soil, improving the soil aggregates, and improving the microbial activity of the soil.

Keywords: Intensive agriculture, Land use change, Soil erosion, Soil health
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Figure 2- The studied area in Lal Abad
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Figure 3- The studied area in Qaleh Kohneh
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S oS oM gawe A3 oy (Walkley and Black, 1934)
256 slaiyy b ((AC0O2) (Sdglio S (CMIN) (SB- i)
oS (Nannipieri and Alef, 1995)s1e] cuvd 4 pgw po g 05
OMlls oy Ve by (2 5 hgy b (095 0395
L bl copsd 9 13,5 e (Nannipieri and Alef, 1995)
Ab )5 5,3 4K Joes oS0 (8 438 e

&bl Juloiga 55
5 Nidem (alend (Njd S Shy Seill l pu
Sygods Bodldy (SB S po aiges ¥ oled o I dlge sl
Wy Joiio )bl dmels b Lislas Mol )b By 956
dilaio b sl (oS ¥ X Bas ¥ X LS5 ¥) S5 S jo diges
g 08la)) s )8 g5 i8S )13 Jloigs jo5 390 Al 5l
Oyt (rtetlo T B Y 5 Ve U jdo) e g (5joslaS
b ool als” Jolowigy o i 48 jlai ) it (sl juiie
15 plos] 6Blas gl ailaio o () SAS 9.4 153l 5 5l aslizu
b bgae SUS] Bl By I (Sle dwnlie (glp

1- Organic Carbon
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Anderson, 1988; Wang ) cul 63,6 s (g5lola, il o ,bls
oher o KI5 (et al., 2011; Gruba and Socha, 2016
5 ilolay oloj o a8 05,8 saalie 30 (Zhang et al., 2010)
SR oy &S Jlps 2)l sy (ool by PH i
Kls (Van Der Wal et al., 2006) |,\Sen 5 Jlg,8l5 ysmen
Wangetal.,) o,Ken 4 Xily o (Jiang et al., 2009) |, Kon 4
LS (hdg daoe il s 4 &8 Sy 4 (ol 4 (2011

Ao pials pH

ol adlaie (yl )3 5 o sine SB STy 2 6 £ L o
@ (V9 sladgir) ctli PH lie 2 6580 (65)5laS (21
Slaoy 0 Jlisl maw > Bes 5 g)l8 g & 0 olis
Jlate 1Ll wizisly ol OVl dibais 3 SB (iiSTly p (g)b gne
(Y Jots) 15,5 S pH gao > +/AD idlS canw (g550liS
A PH (lie ol Yl 95U U )3 48 3l Lt o
ol awsls o boly s alS yide daze Hyaiwl JJd
3b; Jasl 4 a8 SB ST slge e 55 iulidl g obl Ja) oila,
Ollza'.:f OSred b ol 0dg uﬂ?l)é Sl Lgl.molﬁ.b‘ 695
SB o oy J ok 3o ol oVl adhie p» LS ale

SB (508 g (2load S S 59 52 L3I il ly o0 gl - Jgse
Table 1- The analysis of variance of data on chemical and physical properties of soil

pU Sources of variance df

Olayo (ple
Mean square

Name of location

pH P OoC TN C/N BD DC MWD
Sl s 1 16™ 0.27 66.9™ 483" 125 33.8" 757 724"
Land use type
DéA:h 1 1ns 110 80.0™ 711" 40.1™ 1.80™ 0.85" 7.78"
4 Jd e
Bos X gl gy o s x x x o o o
Lal Abad 1 16 53.7 36.9 313 10.2 16.2 27 333
Depthx Land use type
w:r)rofb 24 0.8 0.95 0.96 0.95 0.96 0.87 0.93 0.93
CV% - 0.8 115 9.76 9.04 1.41 1.59 9.38 9.69
$nl &5 1 001 223" 207" 186 719" 363" 127" 97.9"
Land use type
DéA:h 1 001 37.8" 728" 433" 100" 051" 229" 3.10™
S o s
Bos X G gy s . " o x
Qaleh Kohneh 1 119 282 5.03" 0.04" 1.12 110 124 72.0
Depthx Land use type
‘-’“b";"rlo‘:u“& 24 0.13 0.92 0.97 0.74  0.90 0.95 0.97 0.96
CV% - 3.27 11.8 314 720 2.10 1.78 6.75 6.78
$nl &5 1 5.33" 357" 748" 286 4147 116" 90.2" 363"
Land use type
oo 1 5.33" 53.1™ 2117 13.8™ 0.48™ 0.06™ 0.01™ 33.0”
Depth
oxl YV xS e
Chalab-e Pain CEHENT & 1 0.0001"™ 21.3™ 0.49 0.03® 0.25" 24.6™ 370" 852"
Depthx Land use type
“’”a’";jrlo‘:u“} 24 057 0.91 0.99 0.97 0.84 095 0.98 0.98
CV% - 0.70 951  4.06 5.58 2.83 2.30 6.47 5.60

* k%

s I3 gmo GBI NS 5 )l imo doyd iy 9 S o Jd i 44 ¥ g
**and * significant at 1% and 5% and ns, not significant respectively
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Table 2- Comparison of the average chemical and physical properties of soil in all 3 areas

ailaio pU S28 &9 Depth pH oC TN CIN BD DC MWD
Name of location  Land use type cm - (mg/kg) (g/kg)  (g/kg) - (Mg/m®) (%)  (mm)
odilny ddlio 020 7.06b 133b 357a 32la 1l1la 153c 594d 1.83a

A o Abandoned area  20-40  7.23a  10.8b 174b 1.69b 103b 1.61b 9.24c 1.23b

Lal Abad s adhaie 0-20 7.33a 187a 184b 185b 990c 168a 134a 0.84c

Agricultural area  20-40  7.23a 431c 147b 154b 960c 164ab 11.1b 1.04bc

odila, dilaio 0-20 7.36a 245a 350a 323a 10.8a 144d 7.95c 1.85a

agS 4l Abandoned area  20-40  7.20a  12.2b 31.6b 3.0l1ab 10.9a 1.63b 11.0b 1.32b
Qaleh Kohneh =ly; dilaie 0-20 720a 13.7b 285c 274bc 986b 1.71a 186a 0.89c
Agricu]tura] area 20-40 7.33a 12.8b 22.7d 247¢c 9.73b 1.55¢ 11.0b 1.24b

odilay adlaio 020 7.00b 149b 37.9a 35la 108a 142d 6.15d 1.79a

oub oYl Abandoned area 20-40 7.06ab 12.7bc 345b 3.18b 10.8a 1.53¢c 156b 1.60b
Chalab-e Pain =y aihaie 0-20 7.06ab 20.l1a 19.9c 206c 963b 175a 204a 0.60d
20-40 7.13a 105¢ 174d 176d 9.83b 1.65b 108c 1.19c

Agricultural area

L5505 0oy el aws 3 ()l gime BMB] 5SSl glatels six g0l i 5l alie gy (gl (glapSilo g o 4

In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of

Duncan's multiple range tests.
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Table 3- The analysis of variance of data on biological properties of soil

ailaio @b _ ©la o (a5l
. Sources of variance df Mean square
Name of location Cmin MBC 4C0,
s &5 1 261" 101™ 141"
Land use type
D&“: ) 1 208™ 122" 29"
sbl o f o P K so
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Qaleh Kohneh OEH R & 1 5.78" 1.32m 1.09%
Depthx Land use type
eilejl sl 24 0.99 0.95 0.85
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error
CV% ; 1.89 5.20 13

G 5 gizo BMBINS 5 )l dxe dio)d iy 9 S o JD i i 4 * o *F
**and * significant at 1% and 5% and ns, not significant respectively.
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Table 4- Comparison of the average biological properties of soil in all 3 areas

adlvo oU S5 &9 Depth Cmin MBC qCO,
Name of location Land use type cm (mg/kg) (mg/kg) ngC/gMBC.day
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odila, adlaio 0-20 1243 a 0.74a 82.8b

agS 4l Abandoned area 20-40 893 ¢ 0.56 b 91.0b

Qaleh Kohneh &ly; dilaie 0-20 1044 b 0.37c 150 a

Agricultural area 20-40 672 d 0.26d 185a

ol aghaio 0-20 1250 a 0.97a 85.8b

ol oYl Abandoned area 20-40 1036 b 0.72b 104 b

Chalab-e Pain =y dilate 0-20 891 ¢ 0.31c 144 a

Agricultural area 20-40 730d 0.21d 165a
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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Introduction

Changes in soil properties depend on factors such as climate, topography, landscape features, altitude, parent
material, and vegetation. The quantity and quality of soils obtained from different rocks (igneous, sedimentary and
metamorphic rocks) depend on the minerals that make up the rock, as well as weather and other factors. Soil parent
material is one of the primary and important issues in soil classification in terms of physical quality and also one
of the most important effective factors in soil erodibility. The topographical factor of each region is one of the
important and influential features on the soil quality of that region. The present research was conducted with the
aim of understanding the spatial changes of soil properties in different slopes and different types of rocks.

Material and Methods

The studied area is located in Razavi Khorasan province in the cities of Mashhad, Chenaran, Sarakhs and
Torbat-Haidarieh. The geographic location of the region ranges from 58 degrees and 52 minutes to 60 degrees and
40 minutes east longitude and 35 degrees and 38 minutes to 36 degrees and 25 minutes north latitude. Thisresearch
was carried out on seven types of rocks: granite, Sarakhs paleogene limestone, Chenaran jurassic limestone, marl,
shale, sandstone and ophiolite from relatively pure rocks of Razavi Khorasan province. In the present study, two
factors of rock type and slope were investigated as effective factors of soil properties. Soil samples were taken
from the surface layer (0-20 cm) and from three slope classes ie., less than 10%, 10-25% and more than 25%, as
well as all soil samples from the southern slopes. Tree soil samples were taken from each slope and a total of 63
samples were taken and the samples were transfered to the laboratory for physical and chemical tests. In this study,
the soil particle size distribution (texture) was measured by hydrometer method, organic carbon and calcium
carbonate were determined by wet oxidation and titration with HCI 6 M, the mean weight diameter of soil
aggregates and surface crust factor were calculated by related equations. To measure soil cohesion and penetration
resistance were used pocket vane test and pocket penetrometer, respectively. Comparison of means was done
through Duncan test in spss software.

Results and Discussion

The results showed that all the studied variables in different types of stones had a significant difference at the
level of 1%. There was no significant difference in the variable of surface level in different slopes. Also, the
variables of calcium carbonate percentage and saturated conductivity at 5% level had significant differences in
different slopes. Other characteristics of soil, including percentage of organic matter, the mean weight diameter of
soil aggregates, the number of drops impact, and soil cohesion and penetration resistance in different slopes had a
significant difference at the level of 1%. Althoug the soil texture class was not significantly different in different
slopes, the percentage changes of clay, silt and sand had a lot of difference along the slope. The highest and lowest
parameters of organic matter percentage, Soil cohesion and penetration resistance were observed in granite and
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shale, respectively. The highest percentage of calcium carbonate was observed in Chenaran limestone (40.41%)
and the lowest in granite (14.72 %). The mean weight diameter of soil aggregates was the highest in ophiolite
(1.005 mm) and the lowest in marl (0.403 mm). The mean weight diameter of soil aggregates in the medium slope
was significantly higher than the other two slopes. The parameter of the number of drops impact was the highest
in granite (47.14 number) and the lowest in marl (27.70 number). The highest value of saturated conductivity

variable was observed in marl rock and the lowest value was observed in Chenaran limestone.

Conclusion

The results showed that all the investigated variables had significant differences in different types of stones.
Also, some of the investigated variables such as percentage of organic matter, percentage of equivalent calcium
carbonate and the mean weight diameter of soil aggregates had significant changes along the hillside. As a general
conclusion, given that the physical and chemical properties of the soil are partly under the influence of the parent
materialand the slope, and also with the presence of good geological information in the country, it can be suggested
to provide suitable management solutions to prevent soil erosion and degradation by comprehensive examination
of soil properties under different slope and types of stones.

Keywords: Petrology, Slope hill, Soil properties
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