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Figure 3- How to install clay capsules in the research
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Parameter description
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Design irrigation interval ( hr)
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(Irrigation application efficiency (%a)

022589 Sy by »
Farvardin @ Ordibehesht = Khordad Tir
1.2 1.2 6.9 7.7

68 77 13 10

15.0 10.0 14 1.0
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Table 2- Efficiency calculation in furrow irrigation treatment

el g
Parameter description

(395 23 sadue) olS &ligy (5,05 psed Sl

Maximum Daily Evapotranspiration of the Plant (mm/day)

(120 52 staiske) SB )3 Ol 085 b lo

water storage capacity in the soil (mm/m)

(50 oL 4l drwg o Bos
Effective Depth of Root Crop Development (m)

(39)) skl 593 yiSlas
Maximum irrigation interva (Day)

(39)) bl ol 9

Design irrigation interval (Day)

(48:35) (ool ()bl oo

Proposed irrigation period (Min)

(223) 525 3590 0593 53 5yl ST 318" lonsly ST

Maxiumm irrigation water use efficiency at the desired period (%)

2395 Codgudyl o dlsys »
Farvardin  Ordibehesht Khordad Tir
1.2 1.2 6.9 7.7

93 93 93 93

0.4 0.7 0.9 1.0

15 26 6 6

3 3 3 3
25 3.0 12.0 19.0
81.4 90.5 94.4 88.8
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Table 3- Results of statistical comparison of fruit number and yield in irrigation treatments based on Duncan test

Duncan test (number)(slass) Sl (9051

Sl g9 (20,30 sld) (Sle  Laog)S
Irrigation type  Average (5% error)  Groups
Pot (glojeS 6.66667 B
Tape s 8.6667 B
Drip (gl jlad 11.1111 A

Furrow 4wy g o> 11.3333 A

Duncan test (weight)(cy39) S1s (3905

Skl &9 (30,00 sld) (Sl L2095
Irrigation type  Average (5% error)  Groups
Pot (clojsS 453 c
Tape . 27.88 B
Drip (sl ylaé 41.40 A

Furrow 4y 9 (s> 42.43 A
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Table 4- Results of Repeated Interaction, Irrigation and Irrigation Pressure Comparison of Fruit Number and Product
Performance Based on Fisher's Test

Number watermelons aslgais slazs

Methods s, Fisher's juiud cyg0 ! S ,lafzao chw
Test Significantlevel
Repeat 1,55 T 1.124 0.385
Irrigation method ‘5;[34,"&5) A 7.17 0.026
Irrigation pressure d)L:J.-‘)L:}.é F 0.148 0.866
Method x Repeat ()l 5 %155 TxA 0.557 0.6
Pressure X Repeat (¢ bl Lidx | S5 TxF 0.761 0.507
Method X Pressure (¢ ,bol Lidx ¢ )Ll 59, AxF 0.216 0.92
Pressurex Method x Repeat (¢l Lidx g,lol 396, S5 TXAXF 0.318 0.856
Weight of watermelons Lailgas 39
Methods s, Fisher's suiud cyg0;! ‘_-g)la-‘_f'u.e chw
Test Significantlevel
Repeat )55 T 0.463 0.65
Irrigation method (¢l 34, A 41.405 0.000
Irrigation pressure ¢ )Ll L3 F 0.012 0.988
Method X Repeat (¢ Ll g% ,1,S5 TxA 0.003 0.997
Pressure X Repeat (¢ L] L 1,5 TxF 0.113 0.895
Method x Pressure (¢, Ll ,Lidx )Ll 34, AxF 0.233 0.910
Pressurex Method x Repeat ¢ Lol ,Lidx Lol g% ,1,S5 TxAXF 0.781 0.577

Sl gy sl jlodi 53 Jguarme 3,SMos gammlio —0 Jgaa
Table 5- Comparison of yield in irrigation treatments

Treatment ;lo.s
ol )l g 989> . . . )
Parameter description Ry ot fﬁh’h? Sy _‘5'°’w slojs¥
N Gravity Drip  Gravity Tape Pot
Furrow
(eee 0] 0o < 108 324 324 324
Area (m?)
(p59h5) Jgazee 3,Sac 124 382 251 41
Yeild (kg)
(%) fpae 38160 6599 6599 6599
Water consumption (lit)
s Sl 3 3 3 3
Repetitions
i 2l 36 108 108 108
Plants
b ),S5 luinl b S iy, sl 3 9 9 9
Crop rows including repetitions
B Colus & 5 o 0 S 92 30 30 30

Ratio of hectare unit area to research area

(S )2 5545 3,5os 11426 a 11457 a 7527b 1224 ¢
Yeild (kg/ha)
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Table 6- Irrigation water efficiency results in different irrigation treatments

Py
T 959 s . ]
Description &Ko o _‘5'°"“_3 Sl _‘5"”"3 Pot slo ;55
i Gravity drip  Gravity tape
Furrow
(52 )2 25k 2,5k 11426 11457 7527 1224
Yeild (kg/ha)
(o ) 52 2 B e o] 13452 6790 6790 6790
Water consumption (lit/ha)
Irrigation water productivity index .¢,ll ol (s 0,42 (a5 ls 0.85¢ 17a 11b 0.18d
(535 Jpame )55k Sl & (Byae o oo ) 2 Shoe & e o s 1.18 0.59 0.9 5.55
Water consumption ratio to yield
wlgiin o SolS S ljl 4 als jlas 4 o (S pas O Gl b ials Lo
Sy 0 -49.7 -23.4 +371.2

Percentage reduction or increase of water consumption compared to

control treatment per kg of watermelon

ba J315 ial,l ©ya0as B gweS )l sw! 5l 68wy Curdge —£ JS0
Figure 4- The proposed position for placing capsules in the In Line layout
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Introduction: The use of commonly known irrigation methods (especially surface irrigation or even
irrigation under pressure) is limited due to the specific physical characteristics of keeping moisture and lowering
the water holding capacity. In sandy beaches or desert plains (called sandstones) with mentioned physical
characteristics. lack of nutrients necessary for plant growth restrict the commonly known irrigation application.

Gravity Drip Irrigation (GDI) is a new method that avoids the use of extra energy (pumping station). The total
amount of pressure head required by the GDI for fields with a maximum area of 100 hectares is between 1 and 3
meters height. The main purpose of GDI is to reduce the required pressure by the drippers. The utilization of drip
tape irrigation as one of the GDI methods has been considered in Iran in recent years. Several studies have been
carried out in this regard, each of which pursues specific goals. The GDI benefits includes: reducing water
consumption per unit area while increasing the moisture content of the plant root zone, increasing water use
productivity, the possibility of irrigation in uneven terrain, reducing weed, pests and diseases damage, ease of
distribution of fertilizer, requires lower pressure which consequences to lower cost and energy in the production
process. Pot irrigation method is one of the most effective methods for irrigating in these conditions with rough
terrain, coarse texture and light soils with high water penetration and saline water which surface irrigation
methods normally cannot be used. The application of methods that can provide optimal irrigation conditions for
such soils with their specific characteristics, such as delay in water infiltration and low outflow, can lead to
improved physical conditions and optimal management of these soils.

Materials and Methods: This research was carried out in the first four months of 2016 in a sandy field
located in a part of the agricultural land of Jihad-e-Tavan Co. in Kashan city. In this research, according to the
custom of the region, the local watermelon of Sunbek district in Aran and Bidgol city, were chosen as a study
plant. A factorial design in a completely randomized block including three main treatments of localized
irrigation and three irrigation treatments (total of nine treatments) with three replications, as well as furrow
irrigation treatment as control were applied. In each row, 12 plants were planted with a distance of one meter on
a row and three meters between rows, on an area of 1080 (36x30) square meters.

Results and Discussion: The role of pulsed irrigation cycle in providing favorable growth conditions and
consequently increasing yield can be achieved by comparing the performance of localized treatments and control
treatment. The Duncan's test results for number of fruits and yield comparison using selected irrigation methods
showed that there was no significant difference in the number of watermelons and their weight at the probability
level of 1% and 5%. For different irrigation methods, there was a significant difference between yield and
number of watermelons at same probability level. By the end of the 110 days after planting, the yield in furrow
irrigation, pot irrigation, drip tape and GDI were 11426, 1224, 7527 and 11457 kg/ha, respectively. The
improvement percentage of yield in comparison with the control treatment, were 85%, 1034% and 1626% in pot
irrigation, drip tape and GDI, respectively. This research results revealed that the ratio of water used to yield in
furrow treatments, pot, drip tape and GDI were 1.18, 5.55, 0.9 and 0.09 m®kg. Also, considering the amount of
water used for each treatment, 49.7 and 23.4 percent decrement in applied water in drip tape and GDI and 371.2
percent increment in applied water in pot irrigation observed per kilograms of watermelon produced compared to
the conventional irrigation method (furrow irrigation). Highest water productivity index achieved in GDI among
the four methods studied, as much as 1.7 kg of watermelon produced per cubic meter of water.

Conclusion: In this study, the efficiency of more than 80% achieved in furrow irrigation in sandy soil.
Improvement in irrigation efficiency in these soils can be achieved by managing parameters involved like furrow
Iength, time and irrigation discharge. The results showed that with the amount of water consumed equal to 6790
cm/ha in each of the gravity localized irrigation methods and 13452 cm®ha in the control treatment, the
watermelon yield in pot irrigation, gravity drip, drip tape and furrow irrigation methods were 1224, 11457, 7527
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and 11426 kg/ha, respectively, and the water productivity index was equal to 0.2, 1.7, 1.1 and 0.8 kg/ha.m®,
respectively. In comparison with the one-day irrigation interval, using pulses irrigation in localized irrigation,
irrigation efficiency increased from 87% to 98%. In general, by using localized irrigation in comparison with
furrow irrigation in sandy soils, in addition to increasing water productivity, high yield could be achieved in
plants like watermelon.

Keywords: Gravity drip irrigation, Light soil, Water productivity index, Watermelon yield
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1- Analytical Hierarchy process
2- Geographic information systems
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Table 1- Irrigation water salinity values for pressurized irrigation systems
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Electrical conductivity (EC)
Class
(umhos/cm)
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Table 2- Irrigation water salinity values for surface irrigation systems (3)
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Class Electrical conductivity (EC)
(umhos/cm)
o> sl 0-250
Very well
e 250-750
Well
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Table 3- Priority values for alternatives, criteria, and sub-criteria (11)
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1- Reciprocal condition
2- Homogeneity
3- Dependency
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Table 4- Values of inconsistency rate (RI) index

n Rl n RI
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Figure 2- Map of agricultural lands in study area
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Figure 6- Map of homogeneous regions for drip irrigation in studied agricultural lands
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Introduction: Water as the most limiting factor in agricultural production plays an important role in
providing food for population of the country. Therefore, it is necessary to use optimal water resources of the
country and increased its productivity. So to improve irrigation efficiency, as well as the proper use of land and
available water resources the best irrigation system should be used to supply plant water requirement. This
selection is influenced by various factors such as cultivar type, available water content, water quality, soil
characteristics, climatic conditions, selective cultivar pattern, labor force skill, and etc. The mentioned effective
parameters depending on the region may change. Therefore, it is necessary to identify the homogenies areas for
application of irrigation system.

Materials and Methods: The study area is the Ajichay River Basin in East Azarbaijan Province. This basin
is located between 37° 30'to 38 ° '30 northern and 45° 24" 47° 53" eastern. In this study AHP method and
GIS were used for identifying homogeneous zones of irrigated and rainfed areas. Analysis Hierarchical Process
method is one of the most comprehensive systems designed for decision making with multiple criteria. This
method was first proposed by Thomas El Saaty in 1980, which is based on paired comparisons. This gives
managers the opportunity to study different scenarios. In the AHP model, we construct a matrix for comparing
two factors. It has two important features, 1- Considering multiple quantitative and qualitative factors in problem
solving and 2- The ability to analysis complex issues through hierarchical factors. In this study, to determine the
homogeneous irrigation regions, first, the criteria was determined. In AHP method questionnaires were prepared,
to score, these questionnaires were provided to the experts of this field. Then using the AHP method the criteria
was compared with together. Finally, for each of the criteria, the interpolation maps in the GIS using
geostatistical methods were obtained. These maps were divided into different zones using available tables and
resources. The maps were combined in their scores in GIS and homogeneous irrigation areas (sprinkler, drip and
surface irrigation systems) were selected.

Results and Discussion: In this study, the agricultural lands, including under irrigation lands, dry farming
and gardens, were distinguished from non-cultivated lands. In agricultural land of Tabriz plain, applying
sprinkler irrigation system has moderate restrictions and some areas face severe restrictions. In the southern parts
of Bostanabad plain, the implementation of the sprinkler irrigation system is suitable. The possibility of sprinkler
irrigation in dry farming lands was also investigated. Lands that located in the Bostanabad, Heris and Sarab
plains will be relatively suitable for sprinkler irrigation. But for the Tabriz plain, the underground water and soil
quality are low, applying sprinkler irrigation system has moderate restrictions. However, in Sarab plain, the
appropriate area is visible. Implementation of drip irrigation system in the study area, in a large part of the Sarab
plain and the southern parts of the plain of Bostanabad were appropriately determined. But in Tabriz plain and
lands near the Urmia Lake, the implementation of this system has severe restriction. Like sprinkler irrigation,
agricultural land of Tabriz plain has a moderate restrictions. Most areas of Heris, Bostanabad and Sarab plains,
for applying this system will be relatively suitable. According to expert, water SAR and land gradients have
more effect on the implementation of surface irrigation systems. If we can correct these two parameters with
management and planning tasks, the implementation of this system will be appropriate in many areas of the
basin. Most agricultural land has a moderate restriction on the implementation of this system.

Conclusion: The AjiChay Basin with an equivalent area of 12600 km? is one of the largest sub basins in
Lake Urmia basin. Since agriculture is important in this basin and also the quality of irrigation water in some
parts of this basin is low, therefore, it is essential to pay attention to the type of irrigation method. Considering
the parameters of water, climate and soil, suitable and unsuitable areas for surface irrigation, sprinkler and drip
irrigation systems were determined. Thus, implementing irrigation system in agricultural lands in the margins of

1, 2 and 3- Former Graduate M.Sc. Student and Associate Professors, Water Engineering Department, University of
Tabriz, Tabriz, Respectively
(*- Corresponding Author Email: majnooni@tabrizu.ac.ir)
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Lake Urmia and in some areas, will be severe restrictions. Getting away from Lake Urmia the groundwater
quality, which is mainly used for agriculture, using irrigation systems is relatively appropriate.

Keywords: AHP, AjiChay, GIS, Homogeneous Zones of Irrigated Areas, Scoring
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Figure 1- Pasikhan River and its branches
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Table 2- Flow discharge and sediment concentration of the measured events at the two stations

21 S )be EV[ESN
Mobarakabad Nokhaleh
Cguwy & BE ODP . ) chle ob)é o
&L Sediment i Sediment i
' Flow discharge . Flow discharge
Date concentration A concentration i
1 (m°.s™) 1 (m3s?)
(0.L7) (gL

92/07/15

(2013.10.07) B - 3.259 415
92/08/02

(2013.10.24) B - 2.413 29.0
92/08/12

(2013.11.03) 4.162 453
92/09/15

(2013.12.06) 1.293 7.13 1.576 36.5
92/09/30

(2013.12.21) 1.101 3.98 1.275 19.6
92/10/15

(2014.01.05) 1.329 2.24 1.809 14.9
92/10/30

(2014.01.20) 1429 1.43 1.479 9.49
92/11/15

(2014.02.04) 1.538 3.68 1.284 51.4
92/11/30

(2014.02.19) 1.595 9.80 1.420 25.3
92/12/15

(2014.03.06) 1.477 4.90 1.360 16.9
93/01/03

2014.03.23) B - 1.622 35.3
93/01/15

2014.04.04) 2.633 1.70 2.257 26.0
93/01/31

2014.04.20) 1461 1.68 2.558 5.27
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Table 3- The cumulative percentage of particles smaller than a given diameter at the Mobarakabad station

&, (MM) cparo ki 51 TS oS ©lyd o yd
Date Percentage of particles smaller than the given diameter of (mm)
<0.2 <0.06 <0.02 < 0.006
92/09/15
(2013.12.06) a 57 5 5
92/10/30
(2014.01.20) a 5 21 9
92/11/30
(2014.02.19) 92 62 24 11
92/12/15
(2014.03.06) 92 60 21 9
93/01/15
(2014.04.04) 94 67 33 16
93/01/31 9 59 19 8

(2014.04.20)
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Table 4- The cumulative percentage of particles smaller than a given diameter at the Nokhaleh station

(MM) care a3 51 5SS O3 a0y

g:;[: Percentage of particles smaller than the given diameter of (mm)
<0.2 <0.06 <0.02 < 0.006
(2%21/??71&%7) 97 72 41 20
ety % 51 10 ©
eonize % o4 - 9
(2%%&%/1320) 99 62 22 10
(2%21/1.%)/2329) o 89 o 2
ou0s0n 62 19 °
(2%31/2%)/39323) % 60 5 6
S, v w2 20
Sum, w w ;
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Figure 3- Sediment particle size distribution at the two stations
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Figure 4- Comparison of the mean weight diameter of sediment particles in different months
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Figure 5- The median diameter of sediment particles at Nokhaleh and Mobarakabad stations
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Introduction: The study of physical properties of suspended sediments is one of the main topics in river
studies. Sediment size distribution is one of the sediment physical properties which indicate the relation between
the sediment source and its sedimentation process in watersheds. It is also important for prediction of the load of
non-point source pollution, and for planning sediment trap structures. The Anzali Wetland, located on the
southern coast of the Caspian Sea in northern Iran, is a large complex of freshwater lagoons with extensive reed-
beds, shallow impoundments and seasonal flooded meadows. Environmental conditions in the Anzali Wetland
have been degraded due to the increased inflow of sewerage, wastewater and solid waste from the industry,
agriculture and urban area, and sediment from the upper stream mountainous area. The lagoon has decreased in
size since the 1930s to less than a quarter of its former extent. The aim of the present study was to assess the
changes in size distribution of suspended sediment in Pasikhan River as the most important river interring to
Anzali Wetland.

Material and Methods: Pasikhan River originates from the South Mountains, has two branches namely
Siahmezgi and Imamzadeh Ebrahim. The sampling carried out during a seven month time period (October 2013
to April 2014) at two hydrometric stations; Mobarakabad (upstream) and Nokhaleh (downstream). The samples
were collected in 15 days intervals by depth-integration technique at normal condition. Particle size distribution
was measured by Pipette method based on Stocks law. The mean weight diameter (MWD) of sediment particles
was calculated, the sediment size distribution curve was drawn and the median grain size (dsp) was calculated.
According to the European classification, the particles size distribution was divided into four groups of fine sand
(0.2 mm), coarse silts (0.06 mm), medium silt (0.02 mm), and fine silt and clay (equal to and less than 0.006
mm). The data were compared for each sampling time for both Stations. Flow discharge and suspended sediment
load were also determined at each sampling date.

Results and Discussion: At the Nokhaleh station, the maximum observed flow discharge and sediment
concentration were 51.4 m%s and 4.162 g/L, occurred in February 4, 2014 and November 3, 2013, respectively.
The highest flow discharge and sediment concentration of the Mobarakabad were 9.8 m*/s and 2.633 g/L which
were observed on February 19, 2014 and April 4, 2014, respectively. These changes and differences were partly
due to topography and land use differences between upland and lowland and partly due to rainfall pattern.
Results showed that the MWD and ds, were 0.062 and 0.052 mm on average, respectively at Mobarakabad
station, and 0.055 and 0.051 mm, respectively at Nowkhaleh station. The maximum values of MWD and ds,
were observed to be 0.07 and 0.061 mm, respectively at normal condition at Mobarakabad station. The study of
sediment size distribution indicated that the particles smaller than 2 mm comprised 83-94 percent of the
suspended sediment at Mobarakabad station, and 87-99 percent at Nokhaleh station. The percentage of particles
smaller than 0.02 mm were observed to be 12-33 and 10-64 at Mobarakabad and Noukhaleh stations,
respectively. Also the amount of fine silt and clay in suspended sediment were 3-16 and 5-24 percent at these
stations. There was not any correlation between flow discharge and sediment concentration or sediment size
distribution characteristics.

Conclusion: In most of the samples, there was not any relationship between the flow discharge and particle
size distribution of suspended sediment which emphasize on the non-hydraulic nature of sediment transport and
the effects of different factors including sediment sources, the season, transport energy, rainfall erosivity, soil
erodibility and deposition process. Generally, the size of sediment particles at Mobarakabad station was coarser
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than Nokhaleh station. This could be due to the type of soil erosion which is different at upstream and
downstream. In upstream regions, mainly because of severity of topography and vegetation cover including
forest and rangeland, the occurrence of gully erosion and landslide is higher in comparison with surface soil
erosion. But in downstream especially in paddy fields, the soil erosion type is mainly splash and sheet erosion.
Also the cultivation practices including plowing and paddling of the field usually provides fine particles entering
to the river. In addition, the river profile is very gentle at the plain before the Nokhaleh station which resulted in
deposition of coarser particles.

Keywords: Erosion, Mean diameter, Mean weight diameter, Pipet method, Sediment load
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Table 1- Statistical results of annual diameter growth in different treatments
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Table 2- Statistical results of annual hieth growth in different treatments
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Repeat  \ crage Standard I
height eviation MSE(cm)
growth (cm)
(cm)
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Table 3- Water efficiency in different treatments

alos ) oz S O i) ol Bpze ol)8
slosd (oo s (5%) (3 2 o yio
Treatment Symbol Volume growth Water used Water efficiency
(ccm) (lit) (ccm/lit)
K = (W]
Jo > el T0 3 49 21.79
Full suface irrigation
Sl o o VO L g skl 25 3 60.29 9.50
Suface irrigation by 25% deficit-irrigation
| Lo |
Sl o hop 00 b fo sl T50 3 28.33 33.86
Suface irrigation by 50% deficit-irrigation
el o5 2op VB L o ol 75 3 34 15
Suface irrigation by 75% deficit-irrigation
lel of 202t b fo el T90 3 10 9.29
Suface irrigation by 90% deficit-irrigation
K gl o lad |
o sl e sl DO 3 27.33 105
Full drip irrigation
bl o 03 VB L (sl o) ] D25 3 415 4.93
Drip irrigation by 25% deficit-irrigation
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Drip irrigation by 50% deficit-irrigation
Sl o5 203 VO L (sl 0)kab (5L D75 3 2216 2
Drip irrigation by 75% deficit-irrigation
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Drip irrigation by 90% deficit-irrigation
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Figure 7- Water efficiency in different treatments
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Figure 8- Viability percentage in different irrigation treatments
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Establishment of Hawthorn Seedling for Controlling Desertification
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Introduction: The existence of 35 to 45 million hectares of desert areas in Iran and many restrictions such as
lack of precipitation, have caused many challenges for the development of these areas. On the other hand,
improper utilization of existing resources has resulted in desertification as a natural phenomenon, which is
increasing annually. The activities that have been tracked down desertification decades ago have only managed
to control a very small corner (about 9.1 million hectares) of these areas. Desertification is the consequence of
two challenges of climate change and freshwater scarcity. In Iran, 43.7 million hectares are desert ecosystems in
the wilderness of the country, of which about 20 million hectares of desert ecosystems are affected by wind
erosion. Meanwhile, 4.6 million hectares in 183 districts in 82 counties and 18 provinces of the country are
considered critical wind erosion centers. In general, natural and human factors are among the main origins of
desertification. In arid and semi-arid areas due to lack of precipitation, water is the most important limiting factor
for plant deployment. Due to the quantitative and qualitative limitations of water resources, the survival of plants
in desert areas, mainly depends on the choosing appropriate irrigation method. The purpose of this study was to
compare Water Box method, which is a particular form of irrigation, with surface and drip irrigations for
planting hawthorn plant, which is often used for desertification projects in semi-arid areas such as Iran.

Materials and Methods: Experiments were carried out in the research field at Shahrekord University in the
coordinate 32.3526° N, 50.8261° E and 2105 meters above sea level. The study area is 7 km far from the
Shahrekord synoptic meteorological station. Shahrekord climate is categorized as Dcas climate by Copenhagen
division method, which is characterized by moderate cold weather conditions with warm summers. In surface
and drip irrigation methods, five irrigation regimes with zero, 25, 50, 75 and 90 percent of water requirements
each with three replications were applied. In the Water box method, due to the self-regulation of the system and
the no possibility of deficit irrigation, experiments with 15 similar replications were performed. Plant parameters
such as stem diameter, height, seedling survival percentage and water content in each treatment were measured
by one-month interval and compared to each other at the end of the study.

Results: The results of this study showed that the Water Box system, while significantly reducing the amount
of consumed water (92% than drip irrigation) and high survival rate of seedlings (in this research 100%), is a
useful method for establishing some hawthorn seedlings for combat and control of the desertification
phenomenon. The highest growth was observed in irrigation treatments with 25 percent low irrigation with 60
cm height growth. Also, the lowest growth is due to irrigation with 90 percent low irrigation. In order to compare
the mean annual growth rate of treatments, data were analyzed in SPSS software using the Duncan test at a
significant level of 5 percent. The highest water use efficiency was related to water Box irrigation with 2.5 cc/l,
which was obtained with a relatively large distance from other treatments, while, as mentioned in the previous
sections, the water consumption of this treatment 92 percent low irrigation than full drip irrigation. The lowest
water use efficiency was related to irrigation with 75% irrigation, which was 0.15 m® I'%. In total drip irrigation
treatment, water use efficiency was estimated to be 0.16 cm/liter, which shows that although the growth of this
treatment was in good condition, it has poor results regarding water use efficiency.

Discussion: Due to the resistance of hawthorn to drought, only three of the cultivated seedlings were dried.
The percentage of viability in the Water Box method was 100 percent. However, the difference in the percentage
of vitality according to Duncan's method was not significant at 5 percent level. The results of seedling survival

1 and 2- M.Sc Graduate Student and Associate Professor, Department of Water Engineering, Shahrekord University,
Shahrekord, Respectively

3- Assistant Professor, Department of Soil Science, Shahed University

(*- Corresponding Author Email: D.namdarkhojasteh@gmail.com)
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percentage were consistent with Naseri et al.(2005). They did not observe the significant difference between
irrigation treatments in terms of viability. Due to the lack of research on irrigation with the Water box system, it
is recommended that other researches be carried out on the use of this system for irrigation of other (productive)
species. The location of the installation and tiling of wicks is one of the things that need to be addressed in the
future research.

Keywords: Deficit irrigation, Survival, Water use efficiency, Wick irrigation
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Bazoft Dam Site
Geology
DESCRIPTION
B Pibk: Alternating hard of consolidated, massive ( BAKHTYARI FM )
I Kgu: Bluish grey marl and shale with subordinate thin - bedded argillaceous ( GURPI FM )
[ MuPlaj: Brown to grey, calcarcous, feature-forming sandstone (AGHAJARI FM )
- OMas: Cream to brown - weathering, feature - forming, well - jointed limestone (ASMARIT FM )
B J5:: Crystalline limestone and dolostone with interbeds of marly limestone ( Jahrom FM )

[ ] KEpd-gu: Grey and brown, medium - bedded to massive fossiliferous limestone ( KAZHDUMI FM )

I Qft2: Low level piedment fan and vally terrace deposits
I K11: Massive to thick - bedded orbitolina limestone
B Ekn: Tine-bedded argillaccous limestone and calcarcous shale ( Kandavan Shale )
] Kbgp: Undivided Bangestan Group, mainly limestone and shale, Albian to Companian
I E: Undivided Eocene rocks
B As: limy-marl, marly-lime and thin layers of limes ( Asmari FM )
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Geology Map of the Bazoft Dam Site
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Figure 1- Geological map of Bazoft dam site
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Table 1- The degrees of corrosion and scaling of water (10)
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Table 2- the classification of the type of groundwater based on different parameters (23)
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Table 3- The coordinates and the altitude level of the
studied springs

dowi> @b
T X y Z
Spring name
354 432125 3524434 1100
Abdud
PP e 432207 3524299 1137
Abdughtorsh
U“SJ‘U‘” 432061 3524493 1085
Pasangabin
2 * 432231 3524800 1058
Dehzir
).:{QJ
- 433179 3523673 1188
Dehpir

oo Jolss Sl (b (oeinj soe] 53 29250 el e
o Job ¢ S glaoly iz plgice ] o ytere Sl &Sl
3y 26 1y o adgl Ui g LS gy s Y95 i b
sloasly s (Joolse (il plo 5l adlllas 3)50 adlate )3 (1Y)

dodin ¥ Lo o3 Lo 0dg0000 53 0sds (olwlid deuis> YO«
dxp g )5 )8 o35 50 500 5 oSl by gl gl Bl
5 Lndoriin opl plod i ainlgs 5,8 s anbyd 45t S ]
035 awl o, We asbog, co pls bhdsis S bwsis
Lol oas &84

20l s eSSl s oy E9d O gl deuin aw s
dgd> u‘”““.i «hls 39441 Aoz Al o a8l 50 S o ¥ Dol
A8lo YU o o osls 423 5 (11 PPM) 5l s TDS
as W o ol QT u.m.\.g] &Y oo g douis L}.’.I gj Slasuine
9 300,18 SYL Yl (Slilypon S U5 s detz ol
ol 3 G TEeial dade WS e (b 1) (GYsb jpee (rimen
(Wloss 4 VWA (LT 5 ol 9 WAS pepo 5

‘T’T slad gt sbiasd _):\.\LJ
duw) [ CL';? Lgl.md.m.";% )’| o A ;j L;l.:m;’}oj
BZ8 ¢(¢;‘.w|) CL") BR1 sl ‘(u»);€9.\.;| 9 u:..i»lw ¢>5_\J



YPY il o ol lu ;0 of @il Cuiss p S50 Jolge (o) p

K'g Mg Na Ca ey 4 laygul g 15)l> 3 1) jlude oyt

.
¥

s

P J

-

'ﬁ

-

W,

Lagsls olise 2 35,80 Jolse o ptare OF adyl Lo 5 (St

9P Egl g Sy dandy —T JSWS
Figure 2- Abdughtorsh and Pasangabin springs



AN i — oloy5 Y oyleds FY ulo (S gl i YAY

EC Lolul .l o &l aobs] 15 ol 5 (awyp (V) )b lawes
&l aedy 4 Las 1 g C1SL o) ;5 Lnae > Of SAR
Al jlre 5 oot (e G e dop i 1 (650l
3 Uity (Y 31 1505) TDS liao 35 ol F Jpics)
O el ol Ol e S0 4 a2 b g RSC (gaisd,
adlaie gladsged oled wyld jl VYA sSls -3 ¥ Jols

(¥ Jgaz) 85 )18 g 03) )3 aalllae 350

sLmodgs 008 (s a5 O obowibgyn (slaoylus

u] éJL.\.A pJ‘.c °)LAA'>) 9 Gl ol usl.n.m st\) ;,«.:.bl.n l: LSJ‘
HCO3> 5 Ca>Na+kK>Mg) SulS a5k, o o&is L
en)lS gl (S Sl colin 83ga e il o (CI>SO;4
dw o83 L j0 Ladiled g baeis EC oS 0b LS o 3udos
Ladoin EC .ol jio il yi ukgog S e+ 3l a8 Ly
SIS (¥ 5 5a8) Linaady o5 EC i (F Jpi) 10l
il e Landodi> ol cuasS o o Bl s pae
a3l ol o g S Yl (S0 Coln olie oliee
X W) 4\3|)| dJu.sd&.Jo u»l.wl » oKt L )9 29390 c_:] éiLA u.O.S

sl L O liee golie 55 B ol )by hmogd —£ Jgua
Table 4- Description of the parameters in the different water sources of dam site

PHCWING
& EC S.A. oS lgl/a oy TDs =~ ¥ TH ks Cons (RmSeC ey
Source (uSfem) R Class ° Descript (Mgl Descri (ppm) Descrip Ca0) /I)q Descripti
ion ption tion Alkalinity on
(Ca0)
S o3 ol o e
e 195.72 0.03 C1s1 1.22 Excellen  108.6 Fresh 161.23 e 1.02 -0.34 J
Spring t water Hard Excellent
sleS Se oj6 ol . Je
Borehol 329.4 0.6 C2s1 13.45 Excellen 194.2 Fresh 199.62 H 21.24 -0.46
ard Excellent
e t water
" s J16 o B .
=29 664.83 325  C2S1 5437  permissi 4341  Fresh 189.6 109.15 11 J
River ble water Hard Excellent
uls -
ozl : o o e .
369.87 1.14 C2s1 20.23 -5 227.63 179.34 -0.61 <
Total good Fresh Hard 38.51 Excellent
dam water
site
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Table 5- Description of the indicators in the dam site water resources

&
Source

.

Spring

4l
Borehole

4)'[5)9)
River

i Jf

Total dam site

o gl
Description

KR RSI

Caulio

0.01 i
Suitable

10.37

Caulio

0.02 i
Suitable

10.8

coliel
unsuitabl

1.23

ol
Suitable

e

Spogs

LSI

Description

sl (S,
High
corrosive
Sbj (Sx8
High
corrosive
sl (S,
High
corrosive
sl (S5,
High
corrosive

-1.15

-1.01

-1.12

-1.11

o gl
Description

pf «5)‘;@%9”)
Low scaling

pf «5)‘;@%9”)
Low scaling

wf d)‘;\iéﬁ“’)
Low scaling

rvf d)‘;\ii?“)
Low scaling

Pl ‘yW 4:.»053
% class Description
52 Y S %uﬁ
Class 2 Suitable
53 Y S %uﬁ
Class 2 Suitable
Class 2 Suitable
Class 2 Suitable
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Table 6- The statistical properties of the assessed parameters and compared with the allowable values of WHO

B ool s tlocs
. “ - q c . 3 jlomo B
Al e e ofle gnn oWl Sle S e o
Parameter Min. Max. Mean Std. Variance Skewness Kurtosis WHO (1994a) permissible
Deviation
pH 7.87 8.23 8.08 0.115 0.013 -0.302 -1.08 6.5-8.5
EC
(uS/cm) 172 735 369.87 218.55 47764 0.654 -1.41 750
TDS 100 495.58 227.63 153.28 23495.8 0.712 -1.31 1000
Na% 0.83 58.08 20.23 24.97 623.66 0.636 -1.65
SAR 0.01 3.88 1.14 151 2.28 0.771 -1.35
HCO; 128.10 237.94 167.24 30.04 902.72 1.053 1.62
Cl 4.25 202.10 67.27 83.05 6897.5 0.738 -1.46 250
SO, 4.10 37.08 14.05 11.99 143.79 0.723 -1.13 500
CO3 0.00 21.00 8.11 8.342 69.59 0.182 -1.85
Ca 37.00 78.00 49.36 9.32 86.81 1.669 3.73 200
Mg 3.60 21.00 13.72 3.13 9.82 -1.194 6.53 150
Na 0.5 126.1 37.73 50.28 2528.1 0.791 -1.276 200
K 0.20 3.80 0.63 794 0.63 3.626 14.71 30
NO3 2.60 4.20 3.62 .586 0.34 -0.774 -0.97 50
TH 159.25 221.53 179.34 19.22 369.31 0.556 -0.69 500
Alkalinity 0.69 131.20 38.51 50.96 2596.8 0.794 -1.239 600
LSl -1.31 -.78 -1.104 13674 .019 1.139 1.389 -
RSI 10.53 9.80 10.293 .19082 .036 -1.713 2.977 -
(PPM Cows 3 LCIALE) o g Camly ZUa 45 Bl oy 39 (1 ol )by Jrwgiio pdlie -V Joua
Table 7- Values of the investigated parameters on the right and left abutments (concentrations in ppm)
clab/)'&nl)b EC TDS Na R - R 2- 2+ 2+
PH (uS/cm) % SAR HCO; CL SO, CO; Ca Mg
Abutment/parameter 28
o 8.02 249 139.2 0.86 0.02 164.7 425 12.36 21 37 21
Left abutment
. el gl 7.92 433 265.6 2231 077 167.75 429 16.48 21 78 3.6
Right abutment
2o,y /2 lis TH Alkal. Alkal. B
sl [gle LSI RSI RSC PI KR K* NO Na*
Abutment/parameter (Ca0)  (CaCO0y) s
v gl 179 0.87 34 -1.1 10.2 -0.2 4597 0.01 0.37 3 0.5
Left abutment
Cuwly >l
) gbe 210 29.3 3.45 -1.15 10.22 -0.75 52.12 0.26 3.8 4 255

Right abutment
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Table 8- Correlation matrix of the parameters

EC TDS Na

cL~

CO; Ca~ Mg~ Na

ACco SO, NO;
PH  usiem) Mgy o SAR A - Al s 2 ap KT TH(ppM)
PH
EC(uS/cm) 0.21 1
TDS(Mgll)  0.21 1 1
Na% 021 098 098 1
SAR 024 096 096 099 1
HCO- 006 (063 (063) (0.62) (0.65 1
CLA 021 096 096 099 099 (0.64) 1
SO 0.6 089 089 093 091 (0.56) 092 1
COM2- (0.04) 045 043 037 037 (0.63) 033 041 1
Can2+ (020) 044 044 045 036 006 037 047 015 1
Mgr2+ 025  (000) (000) 00l 007 (004 008 007 (006 (0.70) 1
Nar+ 024 095 095 099 099 (0.65 100 092 036 037 007 1
Kns (025 035 034 029 020 (0.13) 019 030 047 085 (076) 020 1
NOs- 0.07) 020 020 024 024 (058 021 015 032 000 (0.27) 025 021 1
TH(pm)  (002) 063 062 065 058 003 060 072 021 08 (0.20) 059 058 (0.20) 1
Alkalinity (ca0) 023 095 094 099 099 (065 1 092 037 038 005 1 022 026 0.60
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Figure 3- The Scree plot of eigenvalues of the factors
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Table 9- The loading value of the factors following the VVarimax rotation

Varimax s e 5l az bele b Jlade -4 Joas

Component
1 2 3 4
pH -0.88
EC 0.97
TDS 0.97
Na% 0.99
SAR 0.99
HCO, -0.64 0.64 -0.34
Cl 0.99
SO, 0.94
CO; 0.51 0.62
Ca 0.34 0.86 0.34
Mg -0.89 0.32
Na 0.99
K 0.86 0.36
Nosz -0.90
TH 0.57 0.47 0.61
Alkalinity 0.99
ooy 202 58.37 15.82 11.61 7.17
% of variance
&S oibly 2oy
% of cumulative 58.368 74.185 85.8 92.97

variance

Component 2 (¥ Jle)

-05

-1,

00 o5 p.0 OF

. nt's
cﬁrnpom 1(1 &) Cdﬂ?"‘g T

Lole (s 52 culpd 0l Sbs -€ JSS
Figure 4- Factors rotation coefficients diagram
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Figure 5- The relationship of the EC with TDS in dam site
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Table 10- The statistical parameters related to EC relation with TDS and LSI with RSI

Jse R = S Adjusted R Std. Error of the Durbin- ANOVA
Model Square Estimate Watson = Sig.
EC QTDS . 0.998 0.996 0.996 10.19 151 4280 0
TDS correlation with EC
RSILLSI 0.94 0.88 0.87 0.07 1.84 127.6 0

LSI correlation with RSI
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Figure 6- The comparison of EC with TDS in the present study and previous studies
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Figure 7- The correlation of RSI index with LSI in water resources of the site
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Introduction: Water resources quality assessment of the dam sites is one of the primary studies in the
designing of these structures. The main challenges in Iran are the reduction of water resources and the limitation
of groundwater exploitation. Much of these resources are formed in karst water resources in the karstic
susceptible formations such as the Asmari carbonate formation in Zagros Mountain, Iran. In this study using
laboratory and field studies, various parameters and indices were assessed to investigate the water resources
quality of Bazoft dam site for different purposes. Bazoft dam is a double-curvature arch dam with a height of
211 meters which is located in Chaharmahal and Bakhtiari Province of Iran. The bedrock of the dam site consists
of limestone and dolomite rocks of the Asmari and the Jahrom formations. The Jahrum formation formed the
right abutment, the riverbed and the lower parts of the left abutment. The Asmari formation formed the rocks in
the middle and upper part of the left abutment.

Materials and Methods: After field studies, chemical analyses have been performed on the collected water
samples from the water resources such as springs, river and the exploratory boreholes in the dam site. PH and
electrical conductivity (EC) were measured by pH meter and electrical conductivity apparatus was measured at
25 ° C. Concentration of ions such as calcium, magnesium, bicarbonate was measured by titration method. The
concentration of ions such as sodium and potassium, sulfate and nitrate were measured using the Flame-

Photometry, and Spectrophotometry methods, respectively.. The test error in all cases was low and the results
were confirmed. The indices such as Langelier saturation index and Ryznar stability index, sodium adsorption
ratio (SAR), soluble sodium percentage, residual sodium carbonate, permeability index, Kelly ratio, were
calculated based on related equations. Principal factor analysis (PCA) is used to determine the most influential
variables when the number of variables is investigated and the relationship between them is unknown. In this
method the variables are set on the elements so that the first factor is reduced to the next factor of the variance,
hence the variables that are based on the first factors are the most influential. PCA reduces the dimensions of the
initial data by turning the main components around the vertical and horizontal axes of coordinates. This rotation
actually increases the variance between the main components and therefore it is called Variance Maximize
Varimax or orthogonal rotation .The Varimax command is one of the most common methods of orthogonal

rotation that preserves the independence between the extracted agents. This method reduces the number of the
larger factor loadings to the lowest number. In this method, the scree plot chart determined the number of factors
extracted. Parameters of R? and RMSE in order to investigate the performance of relations have been used. As
R2 is closer to the one and the RMSE is closer to the zero, the proposed relationship will yield better
performance.

Results and Discussion: Anions such as HCO3, Cl, SO,, CO5; and NO3 and cations such as Ca, Na, Mg, and
K are the most, respectively. From the viewpoint of hardness, all waters are placed in the hard category.
According to the percentage of Na, the spring’s water is excellent, the water of the borehole is good and the river
is acceptable. The results of factor analysis showed that 87.13 percent of the water quality variations are
controlled by four factors. The most important factors affecting the water quality of the dam site include EC,
TDS, Na %, SAR, CIl, SO, alkalinity, Na, and CO; with 50.91 %. The second factor include calcium,
magnesium, potassium ions with 15.82 %, the third factor include nitrate, bicarbonate, and hardness with 11.61
% and pH and carbonate with 7.17 % are fall into the fourth factor. The correlation matrix of the parameters was
investigated and the accuracy of some relationships was examined on the basis of different statistical criteria.
The relationships of LSI with RSl and EC with TDS in the dam site and their comparison with previously
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suggested equations indicated that there is a high correlation and each relationship is applicable for a particular
area. Also, the trend of points obtained from each equation has the appropriate consistency but the RMSE of the
assessed equations is high. EC plot against TDS to determine the relationship between the two parameters in the
Bazoft dam site is TDS=0.70Ec-31.24.

Conclusion: The concentration of all assessed cations and anions is lower than the WHO permissible limit.
The water resources are corrosive and all indices indicated the appropriate quality of water resources for farming
and drinking.

Keywords: Bazoft dam, Factor analysis, Hydrogeochemistry, Water resources pollution
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Table 1- Physical and chemical properties of the studied soils
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Monoculture-crop residual retention
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Table 2- Analysis of variance of different agronomic management organic matter, total porosity, bulk density, mean weight
diameter, aggregate stability index
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Table 3- Analysis of variance of different agronomic management on available water capacity, soil penetration resistance, soil
saturated hydraulic conductivity and Dexter index
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Figure 1- Comparison the effect of agronomic management methods on organic matter
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Figure 2- Comparison the effect of agronomic management methods on soil porosity
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Figure 3- Comparison the effect of agronomic management methods on soil bulk density
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Figure 4- Comparison the effect of agronomic management methods on ASI (A) and MWD (B)
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Figure 5- Comparison the effect of agronomic management methods on available water capacity
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Introduction: Soil is one of the renewable natural resources that take a long time to get renewed; its
destruction or conservation depends on how land is used and managed. Soil quality refers to soil capacity in
maintaining biological fertility, sustainability in plant production and yield. Maintaining soil quality is essential
for sustainable food production and decomposition of organic wastes. Different agronomic managements have
various effects on soil quality indicators. There are few published researches about the effect of various
agronomic managements on soil quality indices in arid and semi-arid regions (such as Iran). Therefore, this study
was conducted to investigate and compare the effects of three different agronomic management including crop
rotation-crop residue removal, monoculture-crop residue removal and monoculture-crop residue retention
systems on some physical indicators of soil quality.

Materials and Methods: In this research, three farms with three crop management systems including crop
rotation-crop residue removal, monoculture-crop residue removal and monoculture-crop residue retention (10
ton per hectare) systems were investigated. In the monoculture-crop residue removal treatment, wheat was
continuously cultivated for 8 years. In the rotation-crop residue removal system, wheat - mung bean were
cultivated in rotation for 2 years. For the monoculture-crop residue retention system, wheat was planted for 10
years, after which the post-harvest residues were mixed with topsoil (0-15 cm). One hundred twenty soil samples
(40 samples from each field) were prepared by systematic sampling from 0 to 15 cm depth. In order to
investigate the effect of different agronomic management on soil physical quality, some indicators including soil
organic matter, total porosity, bulk density, mean weight diameter of aggregates, aggregate stability, available
water capacity, penetration resistance, saturated hydraulic conductivity, and slope of retention curve at inflection
point (S-index) were measured. The experiment was conducted in a randomized complete block design with four
replications. Also, the mean comparison was performed using Duncan's multiple range test.

Results and Discussion: The results of analysis of variance showed that the type of crop management had a
significant effect (p<0.01) on organic matter, total porosity, bulk density, mean weight diameter of aggregates,
aggregate stability, available water capacity, penetration resistance, saturated hydraulic conductivity and S-
index. The results of mean comparison indicated that the monoculture-crop residue removal system resulted in a
significant increase in bulk density (1.31 g cm™) and soil penetration resistance (0.4 MPa) than other systems,
while the highest organic matter content (1.038 %), porosity (55.7%), mean weight diameter (1.04 mm),
aggregate stability index (28%), available water capacity (0.15%), saturated hydraulic conductivity (46.17 cm h”
) and S-index (0.053) was observed in the monoculture-crop residue retention system. The most measured
values for soil quality indicators were more in monoculture-crop residual retention system compared with the
other treatments. The amount of S-index of soils under monoculture-crop residual retention, crop rotation-crop
residues removal, and monoculture-crop residual removal systems were 0.053, 0.032 and 0.019, respectively.
The high S-index value of soil under monoculture-crop residual retention system can be attributed to its suitable
amount of soil organic carbon and better soil structural quality. By contrast, in monoculture-crop residue
removal system, elimination of organic matter had undesirable effect on soil porosity, and aggregate stability.
Furthermore, the S-index values of the soils under crop rotation-crop residues removal, and monoculture-crop
residual removal systems are below the Dexter’s soil quality index threshold (0.035); therefore, the results
indicated that the soils are degraded.

Conclusion: The results of this study showed that crop management plays an important role in changing soil
physical quality indicators. Among the studied crop managements, monoculture-crop residue retention
management system showed more positive effects on soil physical parameters than the others. Retention of crop
residues on soil surface increases the soil organic matter which in turn has positive effects on soil properties such
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Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran, Respectively
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as aggregate stability, saturated hydraulic conductivity, available water content and slope of retention curve at
the inflection point. On the other hand, the monoculture-crop reside removal treatment, with less soil organic
matter, had more undesirable effects on agronomic soils than other treatments. Based on the results, the effect of
different agronomic management systems on improving soil physical quality indexes was in the following order:
monoculture-crop residue retention >crop rotation-crop residue removal > monoculture-crop residue removal.
According to the results, it can be concluded that soil organic matter is the central index of soil quality, which is
intensely influenced by crop management system. Therefore, in arid and semiarid areas such as Iran, monitoring
of the long-time effect of agronomic management on status of soil organic matter and soil physical indices is
urgent.

Keywords: Crop rotation-crop residue removal, Monoculture- crop residue removal, Monoculture- crop
residue retention, Soil quality indicices
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Table 2- Mean values of stability indicators in studied soils

Gl G2

G4 G5 G6

MWDggs 3.63(0.06) 3.58(0.15) 2.29(0.31) 1.93(0.70)
Slggs  1.22(0.10) 1.15(0.21) 0.46(0.07)  0.40(0.15)
1.78(0.19) 1.86(0.22) 0.51(0.06) 0.79(0.33)
3.46(0.01) 3.37(0.05) 1.64(0.16)  1.99(0.44)
3.15(0.12) 3.18(0.06) 1.50(0.10)  1.82(0.43)
MWDyrew  0.73(0.05) 0.61(0.07) 0.18(0.02)  0.42(0.11)
MWDygrsw 1.02(0.03) 0.82(0.03) 0.77(0.05)  0.68(0.02)

MWD g,
MWD, g,
MWD, g,

3.97(0.08) (0.5)2.62
2.07(0.31)  0.55(0.16)
2.99(0.09)  0.93(0.17)
3.46(0.02)  1.89(0.33)
3.38(0.02)  1.99(0.34)
1.00(0.02)  0.58(0.07)
1.01(0.02)  0.84(0.03)

WASrew  70.8(4.67) 822(5.39) 37.1(4.37) 43.1(10.43) 93.4(1.47) 57.3(5.97)

WASgsw  92.7(170)  99.3(0.42) 91.1(0.88)  68.9(0.87)

97.7(0.24)  83.6(0.24)

F1 F2

F4 F5 F6

MWDqas 2.11(0.22) 2.92(0.33) 2.92(0.33) 0.82(0.17)
Slggs  0.43(0.04) 0.43(0.04) 0.66(0.14) 0.28(0.01)
0.73(0.10) 0.67(0.09) 0.53(0.07)  0.33(0.06)
3.25(0.05) 2.85(0.37) 1.60(0.17)  2.04(0.27)
0.65(0.08) 1.98(0.18) 0.71(0.03)  0.80(0.08)
MWDyrew 0.46(0.10) 0.41(0.10) 0.40(0.08)  0.38(0.12)
MWDyrsw 0.84(0.02) 0.90(0.17) 0.83(0.01)  0.76(0.04)

MWD, g;
MWD, g,
MWD, g5

0.75(00.21) 0.71(0.32)
0.26(0.03)  0.25(0.05)
0.34(0.12)  0.31(0.19)
2.00(0.04)  1.99(0.23)
0.72(0.16)  0.75(0.05)
0.32(0.21)  0.35(0.09)
0.69(0.03)  0.71(0.02)

WASrew  44.9(8.34) 37.9(9.95) 345(7.17) 39.6(11.46) 35.2(12.12) 34.9(8.18)

WAS.gsw  82.3(1.00) 83.7(0.75) 77.2(0.62) 74.4(3.21)

69.6(0.21)  71.3(0.61)

Values are presented in parentheses are standard deviation.
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Figure 1- Distribution of soils aggregate size, (a): moist region (G1-G6), (b): arid region (F1-F6) according to dLdB method
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Figure 2- Distribution of aggregate size according to LB method for moist region soils (G1-G6) and arid region (F1-F6)
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Table 3- The statistics of stability indicators of moist and arid regions soils

Cob o S Suis s

B g, sl s ol _ : Moist soils : Arid soils
Methods Indices  Abbreviations ‘l\';j;r: d,:j‘ :‘lﬁp“ AgeS Al obe d,:j‘ HT'M digeS Al
% MG Min  Max Mean ¥ i Min  Max

St. Dev. Cv St. Dev. Cv

dLdB MWD MwDdLdB 3.00 0.88 29c 0.95 4.12 1.83 1.32 72b 0.15 3.67
Sl SldLdB 1.07 0.74 69 0.29 3.03 0.52 0.30 57 0.23 1.29
MWDLB1 1.47 0.87 59b 0.32 3.18 0.58 0.19 33bc 0.24 1.06
LB MWD MWDLB2 2.63 0.86 33a 1.16 3.53 2.47 0.82 33a 0.00 3.45
MWDLB3 2.50 0.79 3la 1.13 3.42 1.06 0.61 57c 0.46 247
MWD MWDKRFW 0.59 0.26 45h 0.14 1.04 0.41 0.11 26¢ 0.24 0.69
KR MWDKRSW 0.86 0.13 15b 0.61 1.07 0.83 0.06 7.2d 0.69 0.93
WSA WSAKRFW 64.03 21.27 33 33.67 95.50 39.28 9.55 24 24.00 60.17
WSAKRSW 88.76 11.40 12 54.75 99.33 79.44 6.01 7.5 67.67 88.58

il sl gy MWD 1y LEVENE 505l 33k 5| oy ol (Ko gusy it
*Homogeneity investigation of correlations variation by Levene test among MWD from different methods.
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Table 4- Spearman correlation matrix of used methods for aggregate stability assessment

MWDqas MWD, g; MWD, g, MWD, g3 MWDyrrw MWDyrsw
MWDy g 1.00 0.92" 0.85" 0.90” 0.91” 0.73”
MWD g; -0.74™ 1.00 0.89” 0.94” 0.98™ 0.63”
MWD, g, -0.74” 0.86" 1.00™ 0.90” 0.86" 0.70"
MWD g3 -0.38"™ 0.12" -0.03™ 1.00 0.93" 0.66™
MWD ygew 0.34"™ 0.10™ -0.00™ 0.07™ 1.00 0.64"
MWDygrsw 0.19™ -0.33™ -0.42" 0.33™ 0.18™ 1.00
Gl Suid sblio 4 bayyo Cusly Cuowds b Cuond )3 9 igbye sblio 4y b e YU Cuound o Cuanw jd @dlg polio
6 blins pac NS P<+/AFF P<s/en”
Located values in left above part related to moist regions and in right below part related to arid regions.
*p<0.05, **p<0.01, ns no significant.
Sid g gb o Gblio (S (gl p CudsS g ad L (12ke —0 Jgua
Table 5- Quality indicatorsmean for moist and arid regions soils
Indices Gl G2 G3 G4 G5 G6 F1 F2 F3 F4 F5 F6
S0C 4.26 2.44 0.75 2.03 291 1.61 1.06 1.04 0.94 0.96 0.81 0.65
(031)  (0.56)  (0.06)  (054)  (0.53)  (0.37)  (0.15)  (0.10)  (0.05)  (0.07)  (0.06)  (0.05)
si 15.25 7.32 2.48 497 5.94 2.98 7.79 291 2.08 2.63 2.01 2.13
(1.95) (1.67) (0.16) (1.69) (1.09) (0.63) (1.03) (0.21) (0.14) (0.20) (0.21) (0.29)
BD 1.10 1.41 1.55 1.34 1.65 1.53 1.33 1.44 151 1.46 1.12 1.23
(0.08) (0.09) (0.09) (0.05) (0.06) (0.11) (0.09) (0.11) (0.09) (0.10) (0.09) (0.11)
AC 0.16 0.12 0.08 0.05 0.04 0.05 0.17 0.07 0.09 0.05 0.05 0.06
(0.05) (0.04) (0.01) (0.02) (0.02) (0.01) (0.01) (0.03) (0.04) (0.01) (0.03) (0.03)
PAWC 0.13 0.17 0.13 0.18 0.13 0.13 0.17 0.17 0.16 0.18 0.17 0.16
(0.03) (0.08) (0.01) (0.02) (0.01) (0.02) (0.01) (0.02) (0.01) (0.01) (0.02) (0.04)
RWC 0.66 0.65 0.68 0.78 0.82 0.82 0.49 0.72 0.65 0.73 0.62 0.65
(0.07) (0.10) (0.03) (0.04) (0.05) (0.04) (0.02) (0.07) (0.07) (0.03) (0.05) (0.04)
S-Index 0.048 0.047 0.047 0.057 0.038 0.038 0.086 0.059 0.057 0.061 0.06 0.06
(0.015)  (0.01)  (0.002)  (0.005)  (0.003)  (0.005)  (0.01)  (0.009)  (0.008)  (0.003)  (0.004)  (0.005)
K 53.82 25.97 0.88 0.87 0.75 2.30 77.00 11.11 18.90 0.36 0.32 0.36
st (416.9) (16.87)  (1.62) (1.18) (349)  (117.2) (1025) (224.1) (31.31)  (9.64) (8.28)  (10.36)

Juie PAWC (MPm®) S S a5 cudls :AC (Mg M) 6 ,0lb psasie p BD () Pieri sloslo g lub (asls SI () S JI o5 :SOC
Sedgrin colin Ky DEXIEN cuinS (asls 5 Ligb, iovie cilae alais :S-INdeX (MPM®) s cosbs) cud s RWC (mPm™®) olS osliul 5 cugb,
omh™ osin 5Sils) glos

() ol s &yl 5l ) Lasls b jlaee Lol
SOC: soil organic carbon (%), Stl: pieri structure stability indicator (%), BD: bulk density (mgm™), AC: aeration capacity of total
soil (m®m®), PAWC: plant available water capacity (m®*m®), RWC: rational water capacity (m®m), S-Index: turning point of
moisture curve and Dexter quality index, K: saturation hydraulically conductivity (geometric mean cmh™).
Standard deviation for each index is presented in parentheses ().
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Introduction: Soil aggregates refers to groups of soil particles which attach to each other stronger than
neighbour particles. Aggregate stability shows the capability and strength of soil aggregates to tolerate breakup
when disruptive stresses and destructive forces via mechanical agricultural operation such as tillage and water or
wind erosion are applied. Wet aggregate stability shows how well a soil can withstand raindrop impact and water
erosion, while size distribution of dry aggregates can be used to predict resistance to abrasion and wind erosion.
Aggregate stability changes can act as the first indicators of recovery or degradation of soils. Aggregate stability
is an indicator of organic matter content, biological activity, and nutrient cycling in soil. Generally, in small
aggregates (< 0.25 mm), the particles are bound by older and more stable forms of organic matter. Microbial
decomposition of fresh organic matter releases products (that are less stable) that bind small aggregates into
large aggregates (> 2-5 mm). Although, there is not a unique acceptable methodology that serves and applies the
entire world up to now, aggregate stability has been introduced as a soil physical quality indicator. Difficulties
remain when comparison of aggregate stability from different methodologies are done. The objective of the
present study was to assess appropriate and satisfactory aggregate stability tests that enable to distinguish the soil
physical quality condition of both arid and moist medium textured soils.

Materials and Methods: A total of 120 soil samples which contained 60 wetland samples from Guilan
province with a very humid climate, average annual rainfall of 1285 mm, and average annual temperature of
16°C, and 60 samples from Fars province with dry climate, average rainfall of 225 mm, and the average annual
temperature of 27°C were provided. Soil sampling was performed from surface layer (0-20 cm). Each 10 soil
samples with similar texture were mixed and one soil sample for each texture was finally obtained. After air
drying and sieving, soil texture and organic carbon were determined by pipette and oxidation methods,
respectively. Also, undisturbed samples were taken using metal cylinders from surface layer of 5-15 cm for
determination of soil saturation coefficient, soil moisture curve, and soil bulk density. Also, in order to determine
the aggregate stability, Kemper and Rosenau, de Leenheer and de Boodt, as well as Le Bissonnais were used.

Results and Discussion: Among different tested methods, wet sieving using the well known fast wetting
methods of Kemper & Rosenau and of Le Bissonnais presented similar results in both climates. The mean
weight diameter value of both methods for assessing aggregate stability can be considered as a dependable
indicator of soil structure status for comparing soils. These aggregate stability tests were in correspondence with
only one out of the eight soil physical quality indicators when the entire soils were used. It was concluded that
the aggregate stability should be used judiciously and in accordance with other indicators for an overall assessing
of the soil physical quality condition. The great differences in the estimation of aggregate stability between
KRSW and LB2 with other methods confirm that aggregate stability increases with increasing soil moisture
content. This involves reducing the amount of air condensed, which results in the reduction of compressive
forces on the aggregates during rapid wetting. But the lack of similarity between the KRSW and LB2 methods in
terms of MWD suggests that the results of these two methods are not comparable to dry and wet soils. The
difference in aggregate size distribution from all three treatments of LB method was higher in dry areas than wet
areas. Only dry soils based on LB (LB1 and LB3 treatments based on MWD) (P <0.05) are comparable. In dry
soils, the LB3 method is very efficient. This method involves the use of ethanol that protects the aggregate
structure against dryness stresses. The lack of similarity between the MWD and other soil quality indicators
describes the complexity of the soil structure, which is dependent on the location. It seems that SOC can be
considered as an indicator with high correlation with the aggregate sustainability index of LB and KRFW
methods, at least in the studied medium-textured soils.
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Water Research Institute, Agricultural Research, Education and Extension Organization (AREEO)

2 and 5- Researchers of Soil and Water Research Institute, Agricultural Research, Education and Extension
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Conclusion: Since only a soil quality index (SOC) had a similar trend to the sustainability index derived
from these two methods (LB1 and KRFW), it can be concluded that aggregate stability should be judged and
recognized correctly, along with other used soil physical indicators for a general assessment of the conditions. In
case of arid land soils, efficiency of pre-wetted methods of Kemper and Rosenau and of Le Bissonnais as well as
pre-wetted Le Bissonnais with mechanical slaking and shaking were similar. If a simple and rapid analysis of the
structure status is needed, single tests such as fast wetted Kemper and Rosenau and Le Bissonnais can be used.

Keywords: Aggregate stability, De Leenheer and de Boodt, Kemper and Rosenau, Le Bissonnais, Soil
physical quality indicators
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Table 1- Statistical analysis of chemical properties of wastewater and well
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Table 2- Select the most important parameters in the studied soils

b i PC1 PC2 PC3 PC4 PC5
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Eigenvalue

5L
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Variance (%)

5wl

ST oI 339 50.6 645 764  86.1

Cumulative variance (%)

> yuso 137 )IAL:

Eigen value variables

Lh (=)

”;J n 0.029 0.070 0.651 0.197 0.072
29,550 0395 o 0.381 0148 0362 0012 ..
MBC (mg/kg) 0.187

95w yudiS - -
0.377 0.021 0.252
BR (mgCO,/3 day) 0.064 0.404
SRl gopase o 0377 0177 0028 049 0.175
BD (g/cm®)
o) _ ~ - -

Clay 0.298 0242 0072 (e 0303
a2 Cgnd 0.103 0.554 0.264 0.169 0.020

SAR

Solul pasls 0.409 -0.043 ) 0.294 0.153

SI (%) 0.212

Lalisls é js (Sike . :
MWD %) 0.012 0.337 0353 0434 o0o
oS -
0.420 -0.159 0.222 0.257
OC (%) 0.146

i - - -

P (mg/kg) 0.289 0.206 0.328 0.359 0.209
0.093 0.219 0.062 0.677
K (mg/kg) 0.397

I -

0.244 -0.588 0.030 0.074
TN (%) 0.032

545 Ol MDS (lgie d disad Ky g 0003 s bl 45 a5 oolael adlgo yo p
In each PC, underline and highlighted values were selected as MDS.
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Figure 2- The soil parameters in both soils irrigated with wastewater and control with using principal component analysis
+:Soil samples irrigated with wastewater; -: Soil samples irrigated with cotrol
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Table 3- The correlation between measured parameters in soils irrigated with wastewater and control
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“””;“’ 0.19 -0.15 0.66** 1 -0.25 0.39 0.3 0.72%%* -0.04 0.2 0.75%%* 0.4
S
BD
Cﬁy -0.21 0.55*% 0.1 -0.33 1 -0.14 -0.48 -0.16 -0.42 -0.36 0.09 -0.08
el 0.63** -0.24 0.2 0.19 0.3 1 0.27 0.1 0.03 -0.57%* -0.01 -0.56*
(o2
SAR
sl
i:f» -0.55* -0.64%* 0.7%* -0.23 0.4 -0.33 1 0.09 0.93%** -0.27 -0.57%* 0.49*
ol
sl
0Ske
’_Lz Mj;’ 0.15 -0.26 0.1 0.11 0.1 0.48 0.02 1 -0.11 0.03 -0.69%* -0.23
MWD
‘3(')%” 0.4 0.62* 0.66** -0.29 -0.5% 0.3 0.97*** 0.01 1 -0.16 -0.37 0.74%*
";“5 -0.72%* -0.01 -0.52% -0.46 0.18 -0.62* 0.46 -0.47 0.4 1 0.24 0.1
’EL“ 0.19 -0.84%** -0.25 0.17 0.7% 0.41 0.59* 0.41 0.63** -0.29 1 0.17
“'jril’"*' 0.62* -0.23 -0.6%* -0.36 0.2 -0.73%* 0.82%** 03 0.82%** 0.66** 0.18 1

***and ***: Significant at P < 0.05, 0.01, and 0.001, respectively. .xoy +/\ ¢\ @ gdaw ;5 o jine iy dy FFF g ** *

.L.wb‘_ga uL.M.: L odds d)lﬁ.ﬂ bSBE s uL“"’ Cowl 005 02058 bas C)" 2 &S odlsel
Underline numbers represent soil samples irrigated with wastewater.
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Introduction: Water scarcity is one of the important issues in agriculture, especially in arid and semi-arid
regions of Iran. Therefore, the challenge for the agriculture in these areas is to find new sources of water for
irrigation. One of the ways that has become more common in recent years is the reuse of wastewater as a
secondary source and replaces drinking water. The effects of irrigation with wastewater on physical, chemical
and biological properties of soil have been studied by many researchers, which most of them are based on the
direct use of untreated wastewater in agricultural land irrigation. In fact, a large amount of wastewater used in
the agriculture is indirectly entered into the rivers, and used in the agriculture lands. Irrigation with wastewater
may have effects on soil properties such as pH, EC, nutrient content, sodicity, pollutants and etc.

Materials and Methods: In order to determine the effect of irrigation by wastewater on soil properties in
May 2015, several points of the Kashafrood River in the north of Mashhad were selected. The studied points
were located between 59°36'- 59°41' E and 36°19’- 36°22' N geographical position. The wastewater is refined in
Parkandabad station, and used for irrigation. The samples were taken from a depth of 0-30 cm in each point and
three replications were regarded for them. Sampling distance was one kilometer from each other. In general, 15
points were irrigated with wastewater were selected. 12 physical, chemical and biological properties including
pH, soil texture, bulk density (BD), dispersible clay (DC), mean weight diameter of aggregates (MWD), sodium
adsorption ratio (SAR), organic carbon (OC), available phosphorous (P), available potassium (k), total nitrogen
(TN), microbial biomass and base respiration (BR) were measured as a total data set (TDS). According to Liu
and Chen the main component with an Eigen value greater than one using the PCA method were chosen as
minimum data set (MDS). Within each PC, highly weighted properties were defined as those with absolute
values within 10% of the highest weighted loading. When more than one variable was retained in a PC, each was
considered important and was retained in the MDS if they were not correlated (r < 0.60). Among well-correlated
variables within a PC, the variable having the highest correlation sum was selected for the MDS. Data analysis
were performed using SPSS Statistics22 software.

Results and Discussion: The results showed that irrigation with wastewater increased biomass and BR, OC,
SAR, K and stability index of soil structure. The parameters of K, TN, pH and MWD have been increased
compared to the control, but were not statistically significant. Using PCA, five PCs were obtained, which PC1
and PC2 with Eigen value of 50.6 % were the most important components. The parameters of OC, SAR, TN, pH,
BD, MWD, BR and K were chosen as MDS due to be changed as a result of irrigation with wastewater. Then,
the correlations between these parameters in two groups of irrigated soils with wastewater and control were
investigated. Organic carbon in both soil groups had the highest correlation with the SI. The SAR in both soil
groups was negatively correlated with nitrogen and phosphorus. Nitrogen in irrigated soils with control was
positively correlated with the SI and OC. The MWD was not correlated with any parameter. PH had shown
positive correlation with microbial biomass and OC was positively correlated with BR, TN and SAR in soil
controls. Potassium in the irrigated soils with wastewater had the negative and significant correlation with OC,
Sl, BD and MWD. Microbial respiration had a high positive correlation with SI, OC and TN in irrigated soils,
which is due to carbon and nitrogen in the wastewater and causes an increase in its amount compared with the
control.

Conclusion: The results showed that irrigation with wastewater caused a significant increase in parameters
Sl, SAR, P, BR, MBC and organic carbon in irrigated soil with wastewater and pH, MWD, TN and K had no a
significant difference. On the other hand, the principal component analysis of the two groups of irrigated soils
with wastewater and control had two distinct groups indicating that the irrigation with wastewater had a
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significant impact on the soil properties. According to the principal components analysis, eight parameters
including OC, SAR, TN, MWD, BD, pH, BR and K were selected as the most important parameters to study the
effects of irrigation by wastewater.

Keywords: Irrigation, Parkandabad, Refinery wastewater, Soil quality
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Figure 1- A view of the water uptake reduction function (Feddes et al., 1978)
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Table 1- Experimental soil properties

C s Oy o yd . i w0 43 .
B Cly o2 Tond Bwc®h)  Bwwr()  pu@em’)  ECe(@sim)  pH
oil texture percent ilt percen percent
S oy 09
sandy clay 24.4 28 476 24 13 14 2.15 7.86
loam
Sl Of (S Slaogas Y Jgua
Table 2- Characteristics quality of irrigation water
slosd Mgt Kt Na* cat cL- HCO;  NO3 pH EC
Treatment
(meg/lit) (dS/m)
5 1.65 0.04 1.91 0.5 0.4 3.75 0.025 8 0.5
;prmdbb)l@u el
Drought stress treatment 7 EBO
Destructive pots
Jshilss

First repetition

OO

P9 11,55

Second repetition

pow LSS
Third repetition

il b Slond aids - UG

QOO0
OO
OO

Figure 2- Schematic map of experimental design
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Figure 3- Soil moisture characteristic curve
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Figure 4- Measured relative transpiration against daily moisture content of treatments under stress
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Figure 5- The measured relative transpiration against the absolute value of the matric potential of treatments under stress
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Table 3- Parameters used in water uptake reduction models under drought stress and statistical criteria for each model

aslee hyorh” hy hso By P &y R? r
Equation  (cm) (cm)  (cm)  (cm) - - - -
6a -1000  -17000 - - - - 0.69 0.83
6b -1000  -15000 - - - - 0.68 0.83
6c -1000  -10000 - - - - 0.66 0.81
6d -1000 -5000 - - - - 0.63 0.79
6e -1000 -3500 - - - - 0.56 0.75
7a - - -8000 - 1.14 - 0.67 0.82
7b - - -9000 - 1.15 - 0.54 0.73
7c - - -10000 - 1.08 - 0.63 0.79
7d - - -14000 - 1.07 - 0.66 0.81
Te - - -12000 - 0.9 - 0.78 0.68
Tt - - -15000 - 1.05 - 0.67 0.82
9a -1000 - -8000 - 1.14 - 0.66 0.82
9 -1200 - -9000 - 1.15 - 0.67 0.82
9c -800 - -10000 - 1.08 - 0.68 0.83
a9d -1000 - -14000 - 1.07 - 0.65 0.81
9e -1200 - -12000 - 1.11 - 059 0.77
of -800 - -15000 - 1.05 - 0.67 0.82
10a -1000 - - -7000 0.88 059 0.67 0.82
10b -1200 - - -10000 1.36 0.58 0.59 0.77
10c -800 - - -13000 1.06 0.53 0.68 0.82
10d -1000 - - -7000 0.64 059 0.70 0.84
10e -1200 - - -10000 0.82 0.58 0.59 0.77
10f -800 - - -13000 056 053 0.71 0.84
10g -1400 - - -15000 1.10 051 0.63 0.79
1.0
0.8 4 Obs
B Eq 6a
3, ,_\0-6 . g
9D % “ AEq6b
in' 0.4 X Eq 6C
0.2 M Eq6d
Al ™ ® Eq 6e
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Figure 6- Linear fit on the measured relative transpiration data (.:T‘) in comparison with the matric potential | h | using Feddes
T

et al., (1978) and the parameters presented in table 3
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Figure 7- Non-linear fit on the measured relative transpiration data (") in comparison with the matric potential | h | using
g

Van Genuchten (1987) and the parameters presented in table 3
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Figure 8-Non-linear fit on the measured relative transpiration data (%) in comparison with the matric potential

|h| using the Dirksen et al., (1993) and the parameters presented in table 3
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Figure 9- Non-linear fit on the measured relative transpiration data (7)) in comparison with the matric potential | h | using
v

Homaee (1999) and the parameters presented in table 3

arbgye Werr plnhy @l g Voo 2l hy (85
il 4l Jao sl yiol )l o e (FA) dolee

2ol gilodnd Ol Clo pials (o re (Bilp VeSS

2 4ty omads s oad (g ySojluil slaodls 1) ol (A5 Ll

OlFe oobol cnly wnd o Lt « S5 ple ol (3llae )35 il

sbadis 4o s oy iln (VAA]) plon Jao S0 (o

ol &zl (50

laJie g oiilojl sloodly () 5l (8L @l 4 22l

2 Gl G5l e slajiell 4 bgiye pdlie s dletin
Fehs o la el (bl gl 4 Sl Y Jo 55 Jaa
Sl 5 €85 )15 sel 3,90 ¥ Jgin 10 00 Sty slacdls
5 oS bl oygl sgaa 1y Gbile oyt o el Jo o
Jue plisar 8,5 )8 oslitl 3,90 Ol Ol (gl Juo b))
P L gehly o e oF) dolee (VAVA) S0 g (oad dloles )



TYV L Fn el Of cin Ghals gl b))

Swid s cod Ol Lda ials s s 45 03liwld 90 b el b o ks —€ Jgu
Table 4- The best parameters used in water uptake reduction models under drought stress

dslee  hgorh’ hy hso - p oty
Equaton (€M) (cm)  (cm)  (cm) - -
6a -1000  -17000 - - - -
7e - - -12000 - 09 -
9 -800 - -10000 - 1.08 -
10f -800 - - -13000 056 0.53

®exp

M Feddes et
al.(1978)
Van
Genuchten.(1987)

< Dirksen et
al.(1993)

By | { Homaee.(1999)
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Figure 10- Fit to measured relative transpiration data (%) in comparison with the matric potential |h| using the best proposed
v

models and statistical analysis, table 3
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Table 5- The statistical measures calculated to compare the performance of different models in estimating daily relative
transpiration with measured data

Jae ME R? RMSE EF CRM
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(VAVA) o) Sos 5 potd 0.39 0.43 16.46 0.18 -0.05
Feddes et al.(1978)
(VAY) oS 5 55555 39 0.15 0.51 8.62 0.77 0.01
Van Genuchten.(1987)
(VAAY) o)lSa 5y ol 022 048 125 0.4 -0.02
Dirksen et al.(1993)
(1444) loa 0.14 0.96 9.14 0.67 0.02
Homaee.(1999)
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Introduction: when the loss of water from the leaves by transpiration process exceeds the water in the root
zone, water stress occurs. If water uptake reduction functions can predict the flow of water to the roots properly,

with no need to field measurements, it is possible to determine the time of irrigation for maximum yield with the
help of chemical and physical properties of water and soil and specific plant parameters. From a conceptual point
of view, two main approaches of water uptake modeling exist, which differ in the way they predict the
volumetric rate of root water uptake. The microscopic models describe the water flow towards the single root.
Macroscopic models are based on the principles of energy and mass transfer and described water uptake by the
entire root area, regardless of the impact of individual roots. In general, macroscopic models have been
considered in plant growth and soil-plant-atmosphere models. The most important models of macroscopic water
uptake can be referred to the model of Feddes et al. (1978), the Van-Genuchten model (1987), the Dirksen et al.
(1993) and Homaee (1999). Saraei Tabrizi et al. (2015) with an evaluation of the water uptake reduction
functions under water stress conditions on basil plant showed that the Homaee (1999) model was more suitable
than other models. The purpose of the present study is to evaluate the four macroscopic water uptake reduction
functions of Feddes et al., (1978), Van Genuchten (1987), Dirksen et al., (1993) and Homaee (1999) in order to
predict water uptake by lettuce root and determining the most suitable model to predict the reduction of water
uptake of lettuce under water stress conditions.

Materials and Methods: The experiment was conducted in a completely randomized design with three
replications in 2017 in the research greenhouse of Agriculture Faculty, Shahid Chamran University of Ahvaz.
The experiment consisted of irrigation water at three levels (1;:100%, 1,:80% and 15:60% of crop water
requirement). The soil texture was medium. The cultivation was indirect (seedling) in pots of diameter 22 and
height 30 cm. For this purpose, 9 pots were used. The plant's growth period was about 70 days. The irrigation
was done by the manual method and by the graduated bushel. During the growing season, treatments were
irrigated fifteen times. The volume of water used for treatments I3, I, and I; were respectively 792, 1055 and
1320 (mha™). The weighted method was used to determine the time of irrigation and the soil moisture

characteristic curve was used to measure the matric potential. 12 pots were considered as destructive ones for
measuring plant weight as it was not possible to measure the weight of plants per day. In order to evaluate the
water uptake reduction functions, relative transpiration was plotted against the absolute value of matric potential
and the best model was determined by fitting them, to the measured data. For this purpose, the statistical
indicators of the Maximum Error (ME), coefficient of determination (R?), Root Mean Square Error (RMSE),
modeling efficiency (EF) and Coefficient of Residual Mass (CRM) were used.

Results and Discussion: Based on the results, the model of Homaee (1999) and the model of Van
Gennuchten (1987) had the best fit on the whole range of measured data, respectively. Then, the model of
Dirksen et al. (1993) and, the model of Feddes et al. (1978) were ranked. In addition, in models that |h| was
smaller than 8000 cm, like Feddes et al. (1978), Van Gennuchten (1987), Dirksen et al. (1993) showed good fit
and proximity to each other. Babaazadeh et al. (2017) in studying the effect of salinity and drought stress on the
uptake of root water of basil, concluded that the Homaee (1999) model had the best agreement with
experimental data and increasing drought stress reduced the potential of water uptake by roots. Also Saraei

1 and 2- M.Sc. Student and Associate Professor of Irrigation and Drainage Department, Faculty of Water Sciences
Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran

(*- Corresponding Author Email: a.soltani@scu.ac.ir)

3- Associate Professor, Department of Horticulture, Faculty of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran
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Tabrizi et al. (2015) concluded that the Homaee (1999) model had the best fit with the measured data and the
results were in accordance with the results of this study. Based on the results of this study, for simulation of
water uptake, the models of Feddes et al. (1978) and Dirksen et al. (1993) are slightly overestimated and Van
Gennuchten (1987) and Homaee (1999) models have slightly underestimated. Homaee (1999) in his research
was conducted that in treatment of 70% water requirement supply for alfalfa, Feddes et al. (1978) model was
overestimated and other models were underestimated which are close to the results. Homaee (1999) model was
more consistent compared to other water uptake models because of considering two thresholds for the model.

Conclusion: According to the results, Homaee (1999) model was better than other models (RMSE=9.14 and
R? =0.96). The results of the models of Feddes et al. (1978) with R? =0.43 and RMSE = 16.46, Van
Gennuchten (1987) with R? = 0.51 and RMSE = 8.62 and Dirksen et al. (1993) with R” = 0.48 and RMSE = 12.5
were closely related to each other.

Keywords: Lettuce, Uptake reduction functions, Water stress
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Figure 1- Location of the Faryab study area in Kerman Province and Iran
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Figure 3- Some gypsiferous pedofeatures in the studied pedons
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Table 2- The average of physical and chemical properties of the soils of geomorphic units in the study area
o3le - ; Calan o a1 Aw o
Sigpgyaely o 0 pH S & ou S S o a8 r°-’llla o2
Geomorphic  Sand  Clay J5) Gypsum CCE " CEC g5 R -
unit (AR Ly Ml o EC | cmol.. kg™ m(‘f)' st
(el () (ds.m™) © SAR
:;” 769 9.1 7.41 0.36 10.0 333 0.32 7.95 3.34 4.0
aSél by
27 845 6.0 7.42 0.36 11.4 325 0.58 7.8 3.17 4.6
Alluvial fax
e o2l 36.5 25.0 7.86 0.62 14.0 374 4.2 10.3 314 78.1
Low land
WS 518 230 762 056 078 3738 2.34 9.84 218 39.7
Alluvial plain
o adlllae GLSE (B 2 33 (owy S (amd (Slgly0 T Jgaa
Table 3- Relative frequency of clay minerals in selected soils under study
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Figure 4- X-Ray diffractograms of the clay fraction, a) P9/By2, b) P3/Btynl c) P8/Cy3, d) P5/2Btyznl, Mg= Mg saturated;

MgE= Mg saturated with Ethylene glycol; K=K saturated; K550=K saturated and heated to 550 °C, Sm: Smectite, V:
Vermiculite, Ch:Chlorite, K:Kaolinite, I: lllite, Pal:Palygorskite
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Figure 5- SEM micrographs of palygorskite fibers on gypsum crystals (a) P1/By3 (b) P8/Cy3
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Table 4- Micromorphological properties of the studied thin sections
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Figure 6- Selected thin section images, a) coating of calcium carbonate carbonate in voids cavities, along with diffused Fe
oxide in soil matrix (P1/Bk), b) Geogenic calcite nodule with solution pits (P2/Bk), ¢) Lenticular gypsum crystals in different

sizes distributed in large voids (P5/Ayz), d) clay skin along challel with lenticular gypsum crystals (P3/Btyn2), e) Large
lenticular gypsum crystal (P5/Btyznl), f) coating of gypsum inside a void (P5/Byz2)
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Introduction: In sustainable agriculture, it is essential to know soil various characteristics for increasing the
soil productivity. The relationship between soil and geomorphology in arid and semi-arid regions has been
considered by many researchers. Faryab plain is located in arid region of Kerman Province and has diversity in
geomorphic positions and parent materials. No previous study has been conducted in this region. Therefore, the
objectives of the present research were 1) to study the genesis and development of soils related to different
geomorphic surfaces in Faryab region, 2) to study the physicochemical properties, clay mineralogy and
micromorphology of soils, and 3) to classify the soils according to Soil Taxonomy (ST) (2014) and World
Reference Base (WRB) (2015) systems and compare them.

Materials and Methods: Faryab region with a mean elevation of 630 m above sea level is located in Kerman
province, south-eastern of Iran. Mean annual rainfall and temperature of the area are 160 mm and 23.8 °C,
respectively. Soil temperature and moisture regimes of the area are thermic and aridic, respectively. From
geological point of view, the studied area is a part of west and south west zones and Flysch zone of east of Iran.
Ten representative pedons on different geomorphic units including hill, alluvil-colluvial fan, alluvial plain, and
lowland were selected, sampled, and described. Routine physicochemical analyses, clay mineralogy, and
micromorphological observations performed on soil samples. Soil pH, texture, electrical conductivity, calcium
carbonate, Na, Ca, Mg, cation exchangeable capacity and gypsum were identified. Eight samples were selected
for clay mineralogy investigations. Four slides including Mg saturated, Mg saturated treated with ethylene
glycol, K saturated, and K saturated heated up to 550 °C were analyzed. A Brucker X-Ray diffractometer at 40
kV and 30 mA was used for XRD analyses. Undisturbed soil samples from some representative pedons were
selected for micromorphological observations. A vestapol resin with stearic acid and cobalt as hardener was used
for soil impregnation. A Lite petrographic microscope was used for micromorphology investigations.

Results and Discussion: The results of the present study indicated that the soils with more evolution were
located on the geomorphic surfaces of the lowland and alluvial plain and the soils with lower development on the
hill and alluvil-colluvial fan. The most important pedogenic processes of the soils were the eluviation of salt,
gypsum, calcium carbonate as well as clay, and the formation of calcic, gypsic, petrogypsic and natric horizons.
The soils of the region were classified using ST as Aridisols with three suborders of Argids, Calcids and Gypsids
and classified according to the WRB as three soil reference groups of Solonetz, Gypsisols and Calcisolos. A new
subgroup of Calcic Natrigypsids is suggested for inclusion to ST for the soils with aridic soil moisture regime
and three horizons of gypsic, calcic and natric. The WRB system, due to its flexibility in the use of principle and
supplementary qualifiers, prepare a better qualification than ST for the soils of the region. According to
mineralogical results, the observed minerals consisted of illite, palygorskite, chlorite, smectite, kaolinite,
vermiculite and quartz. The highest amount of palygorskite was observed in the gypsic horizons of hill and
alluvil-colluvial fan. By moving to the central part of the plain (lowland), the amount of palygorskite was greatly
reduced and the amount of smectite was increased. Two origins of inheritance and transformation (illite and
palygorskite) are suggested for the occurrence of smectite in the soils. Due to the lack of the conditions for the
formation of kaolinite, illite and chlorite, these minerals are inherited from parent materials. SEM observations
suggested a pedogenic pathway for the occurrence of large amounts of palygorskite in the soils of the region.
Calcareous and gypsiferous media seems to prepare a favorite environment for the pedogenic formation and
stabilizing of this mineral in the studied soils. Coating and infilling of gypsum and calcite crystals in voids and
channels, clay coating along chanels as well as Fe and Mn oxide nodules were among the common pedofeatures
observed in the thin sections of the studied soils. Occurrence of variable habits of gypsum crystals in different
geomorphic surfaces suggested a dynamic soil environment. Larger lenticular gypsum crystals were found in the
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soils with lighter texture located on more stable geomorphic surfaces.

Conclusion: Different geomorphic situations in the region affected the development and evolution,
physicochemical properties, clay mineralogy, micromorphology and soil classification and caused the
differences in these characteristics in the Faryab region.

Keywords: Arid climate, Clay mineralogy, Micromorphology, Soil classification, Soil evolution
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Figure 2- Location of the ruling citadel of Jiroft in the ancient area of the south Konar Sandal
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Introduction: Soil studies have been used as complementary data in archaeological investigations. Review
and acceptance of papers focusing on the use of micromorphology in archaeology were discussed and agreed in
the 12th International Micromorphology Meeting in Turkey (8). Morphology, physicochemical, clay mineralogy,
and micromorphology investigations may provide invaluable data about the way ancient people used to live, the
source of soil that was used for pottery and architecture, the reason of degradation or existence of monuments,
and the suitable soil for the restoration of monuments. On the other hand, the restoration of our ancestor's
monuments could be better performed if soil data and micromorphology techniques are used.

Materials and Methods: The present research was conducted to study the ancient and restored sections of
Konar Sandal historical (5000 YBP) citadel, South Jiroft, Iran. The area under study located 30 km south of
Jiroft in the Halilrud cultural area. Samples were collected from both ancient (3 samples) and restores (1 sample)
sections of the citadel. Representative samples (3 from the ancient and the other from the restored sections) were
also collected for clay mineralogy and micromorphology (undisturbed samples) investigations after
physicochemical analysis performed on all samples. Routine physicochemical analysis performed on the air-
dried samples that were passed through a 2 mm sieve.

Results and Discussion: Results of the study showed that the clay percentage of the ancient section was
rough twice the restored section. On the other hand, soluble salts were about 3 times higher in the restored
section than the ancient section. High salinity and solubility of salts caused restored sections to have lower
resistance to environmental variations of the recent years. It seems that saline and gypsiferous soils close to the
citadel were used for the restoration of Konar Sandal citadel. However, no gypsum was found in the thin section
of the ancient section. Besides, Na monovalent cation plays an important role in the dispersion of soil particles
compared to divalent Ca cation. Results of this study showed that soil with low clay content and high salinity
was used for restoration recently. On the other hand, soils for construction of ancient sections with higher clay
and lower salinity (compared to restored sections) were probably transferred from another area by our ancestors.
Besides, pottery pieces to provide more stickiness and charcoal for more resistance to environmental variations
were also used to construct the raw bricks in the old (5000 YBP) monument.

Ilite, chlorite, smectite, and kaolinite clay minerals were found in the samples from the ancient section (Fig.
3). Palygorskite, quartz and trace amounts of sepiolite were only found in the restored sections together with the
previously mentioned clay minerals (Fig. 4). The absence of palygorskite in the ancient samples may prove the
presence of paleoclimate with more available humidity in the area because palygorskite is unstable in humid
environments and transforms to smectite. It seems that palygorskite has a pedogenic origin in the area.

Micromorphological observations showed that the organic matter in the groundmass of the ancient samples
(Fig. 6 a, b) is the reason for stability in this section. The same conclusion was also reported for samples of Bam
citadel by Farpoor (4). Lenticular and interlocked plates of gypsum were found in the restored section (Figs. 6 c,
and 7 a, b). Gypsum crystals were not observed in the thin sections of ancient samples. Calcium carbonate
nodules were also observed in the ancient section (Fig. 7c). It seems that additives such as pottery pieces
together with calcium carbonate have probably increased the stability of raw bricks through time.

Conclusion: Physicochemical properties showed more salinity in the restored compared to ancient sections
and micromorphology showed gypsum crystals only in the restored samples. Besides, clay content and organic
matter in the ancient section are about twice the restored section. Meanwhile, pottery pieces and charcoal were
also found in the ancient section. These seem to be a reason for higher stability of ancient sections against
environmental variations compared to restores sections with low clay content and high gypsum and more soluble

1 and 2- Ph.D. Student and Professor Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman,
Kerman, Iran
(*- Corresponding Author Email: farpoor@uk.ac.ir)
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salts that were degraded in 5 years. lllite, chlorite, kaolinite, and smectite clay minerals were investigated in both
sections, but palygorskite and quarts were only found in the restored section. Results of the study clearly showed
that soil data might be used as a helpful technique in archaeology studies and projects.

Keywords: Clay, Jiroft, Konar Sandal, Mineral, Modern archaeology, Restoration
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Table 1- The selected stations of Turkmenistan for imputation monthly missing data of Mashhad

o (5100 tuns! g SllGEe G deplpl S, S5 o8 obS
Independent stations Serahs  Ashghabad Kushka BairamAli  Repetek  Kerki Tedzen Gudan
. (hle) dgeie b alolé . 91.48 137.43 166.68 168.85 252.28 326.46 91.28 116.01
Distance to Mashhad (mil)
. (egh) e b alols 147.2 221.1 268.2 271.7 405.9 525.3 146.9 186.7
Distance to Mashhad (km)
. _ r 0.81 0.70 0.70 0.68 0.68 0.64 - -
Wi (303l b Simmaod U
%)

Correlation with

Mashhad precipitation ~ t 4141 32.08 30.68 30.95 2480 2755 ; ;
st glos b S r o 0.995 0.990 ; 0.992 ; . 0991  0.986
Correlation with bl 95508 226.19 ; 256.92 ; . 22522  154.67
Mashhad temperature t

Table 2- The Mashhad rainfall Coefficients for pl to p5 patterns, VIF?, Durbin-Watson Statistics, RMSE and Pattern power

55,4 3 ; - . . . o9
el p cerddgly el i oS W mede L0 !
Coefficients Coefficient Standard t VIF (RE4j) (RMSE) F o s
estimate error (VIF) Ly (D-W)
Bo 2.05 0.53 3.87 -
Sl 0.29 0.03 11.34 18
e Pa 0.78 9.79 968 176
PY) Bo 0.11 0.02 5.92 25
B3 0.68 0.03 19.74 3.1
Bo 0.27 0.04 6.27 -
Sl 0.34 0.03 12.96 2.4
i P1 0.81 13.56 1165 177
(Pv) Bo 0.17 0.03 557 5.1
B3 0.46 0.04 12.59 5.7
Bo 3.84 0.57 6.76 -
Sl 0.11 0.02 4.63 28
i P 0.75 12.00 677 1.61
(PY) B2 0.22 0.05 473 23
B3 0.73 0.04 18.46 3.2
Bo 0.54 0.04 13.09 -
Sl 0.19 0.04 4.50 6.8
i P1 0.79 1431 824 1.60
(P¥) Bo 0.19 0.04 4.40 47
B3 0.52 0.05 11.16 7.2
Bo 4.15 0.53 7.82 -
Sl 0.096 0.038 250 28
e P1 0.74 12.23 801 1.65
(Pa) Bo 0.14 0.02 6.67 25
B3 0.78 0.042 18.57 3.9

1- Variance of influence factor
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Table 3- Coefficients of Mashhad rainfall for p6 to p10 patterns, VIF, Durbin-Watson Statistics, RMSE and Pattern power

s L R B L2 . . ; M9
l o cerd gy Gl G s . bd @0 i )bl .
g Coefficient Standard O Ol
Coefficients . t (VIF) - (RMSE) F
estimate error (REdJ) (D_W)
Bo 0.54 0.037 14.68 -
S 0.30 0.041 7.39 6.3
o P1 0.79 14.80 1075 1.67
(P5) Bo 0.19 0.032 5.82 5.4
B3 0.42 0.045 9.34 8.2
Bo 491 0.59 8.33 -
S 0.41 0.039 1055 24
o P1 0.63 13.48 497 1.60
(PY) By 0.22 0.041 5.39 31
Ba 0.26 0.022 1162 23
Bo 0.57 0.039 14.56 -
S 0.47 0.037 1246 47
G Pa 0.75 15.84 893 1.70
(PA) Bo 0.11 0.038 2.89 5.5
Ba 0.29 0.031 9.23 48
Bo 2.83 0.55 5.15 -
S 0.28 0.028 989 201
G Pa 0.74 11.48 806 0.71
(P2) B> 0.04 0.039 0.98 2.9
Ba 0.78 0.036 033 2.9
Bo 0.29 0.042 6.84 -
2 0.21 0.041 5.19 6.9
s P1 0.81 12.32 1226 1.78
(Pr-) Bo 0.30 0.027 1122 18
Ba 0.47 0.037 1274 62




\¥a%

wrile (6 puS 0l g (olST Gl g, b (wliublgs dsiio loodls muo 5

91 @ ud g lad a0 (1wSile yda cygmdly (aat 393 0,5k0] ((VIF) (il yly 0595 Jole ¢ dguive slod TTU TY 5ol ol i —£ Jgun
Table 4- Mashhad temperature Coefficients of T1 to T6, VIF, Durbin-Watson Statistics, RMSE and Pattern power

3595 sl ] . . . . . Ony9d
%""é S od slre b’w M w..%)m g & 0% F c,Loi Ogmily
Coefficients Coefficient  Standard t (VIF) (Rzgj) (RMSE) O-W)
estimate error
10 )
Bo 0.046 oo, -
Sl B1 0.012 0.00025 47.77 5.7 )
™) B, 10.38 047 2212 100 0.9877 0.90 1.3x10 1.66
B3 3.12 0197 1625 96
Ba 8.6x10%  3.9x101  -2.12 1.4
Bo -1.89 035  -5.40 -
s P1 0.7 001 TLas 70 0.9864 1.00 17x10° 168
(Tv) Bo -0.46 018  -252 8.3
B3 1.89 014 1300 87
Bo -14.74 0.57 25}8 -
5 B1 0.02 00003  47.39 5.3 0.9868 0.90 10* L6l
(T¥) B 10.25 053 1919 10 16%
B3 37 025  14.69 10
Bo -16.40 045  -36.1 -
<55 P 012 00003 5251 95 0.9874 0.89 17x10° 163
(T¥) Bo 10.63 0.47 22.78 10
B3 3.03 019 1590 46
o5 Bo -4.55 0.021 15j86 - 4
™) By 0.79 00096 1855 8.7 0.9931 0.93 3.7x10 1.64
B 1.81 016 1117 8.7
_ Bo -4.87 0.31 -15.6 -
‘(‘T’j B1 0.69 00097 7050 75 0.9881 0.71 2.8x10°* 1.66
B 2.74 016 1615 7.5
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Table 5- Assumptions and initial inputs for implementing the genetic algorithm

Curod dlaxs

[TRCARN Aol O2lg dlax 0 33) Jlods| 5 oy o 9SG oy s
or9) Mutation L Number of 1L (o0l ool Crossover 29 Maximum
Method . Population oo
parameter Gamma pal’entS mutat|0n rate rate Size |terat|0n
sy e
Roulette wheel 0.02 0.05 2 0.3 0.8 30 1000 to 3000

OB )90 (S 0 )950T lagRl dod )3 ol gla ol )b - Jgaa
Table 6- Fixed Parameters in All Patterns of the Ant Colony Algorithm

Deviation-distance ratio Intensification factor

N diges 831l
Sample size

adgl Curos dlaxy
Initial population count

A o iy
Maximum iteration

1 0.5

50 100 10

O 90 (915 ks 5o (SoRT Ao 45 el Cuwd &y ¥ lainl g B39 Hladio -V Jou
Table 7- Value of the weights and probabilities obtained in all patterns of the Ant Colony Algorithm

(W) Lo
Weights

0.0798 0.0782 0.0737 0.0666 0.0579 0.0484 0.0388 0.0299 0.0222 0.0158

(p) ¥l
Probabilities

0.1560 0.1529 0.1440 0.1303 0.1133 0.0946 0.0759 0.0586 0.0434 0.0309
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Table 8- Improved coefficients of temperature patterns with genetic algorithm and Ant colony algorithm.

l GA L culp 2,91, w, )& ACOGu 5 3,512
Cosfficients  COefficient estimate by ) NFE RMSEga  Coefficient estimate by ~RMSEaco
GA - Max ACO
Iteration
By -2.263 -10.137
) By 0.016 0.014
s
) [52 -4.735 500 16530 1.057 -0.071 0.976
Bs 7.035 7.119
B -0.308 -0.222
By -15.53 -13.979
Bl 0.016 0.018
™ P 200 6630  1.054 1.004
(Tv) By 3.006 2.007
Bs 6.287 6.287
By -13.773 -37.382
2 0.0123 0.009
™ P 500 16530  1.061 0.874
(TY) By -5.146 18.706
B3 14.320 5.993
By -17.655 -18.592
2 0.018 0.017
™ P 200 6630  0.986 0.976
(TY) By 5.469 4.320
B3 6.304 7.386
] By -2.913 -5.235
s
-y By 0.758 200 6630  0.856 0.681 0.854
By 1.589 2.926
. Bo -5.47 -4.439
s
. By 0.757 200 4420 1744 0.790 0.744
By 2.364 1.764
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Table 9- Improved coefficients of five selected rainfall patterns with genetic algorithm and Ant colony algorithm

> CALulpbayly ACOwalys 3,5l
Coefficients  COefficient estimate by I NFE  RMSEga  Coefficient estimate by ~ RMSEaco
GA - Max ACO
Iteration
Bo -0.0026 -2.768x10”7
S 0.276 0.262
s b 1000 23030 2560 2.559
(PY) By 0.123 0.137
i 0.665 0.654
Bo 0.122 4.618x10™°
B 0.101 0.119
&S 2000 66030  2.628 2.628
P By 0.325 0.312
i 0.717 0.702
Bo 0.00028 2.304x10°
) B 0.116 0.146
<55 3000 99030  2.673 2.673
oo By 0.148 0.168
By 0.794 0.726
Bo 0.00065 1.753x10°®
) B 0.485 0.443
&S 3000 99030  2.925 2.925
) By 0.235 0.286
(i 0.255 0.238
Bo 0.00055 6.251x107
) B 0.280 0.296
&sS) 3000 99030  2.649 2.648
P By 0.092 0.032
i 0.775 0.820
% All Data 5 R =0.99634
10 M 10

MSE = 0.52699, RMSE = 0.72594
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4+=0.0011137, o = 0.72648
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Figure 3- A graph of the observed monthly temperature of Mashhad against predicted data by network, determination
coefficient, time series of error values and p distribution
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Figure 4- A graph of the observed monthly rainfall of Mashhad against predicted data by network, determination coefficient,
time series of error values and p distribution
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Figure 5- Distribution of modeling errors in Mashhad precipitation (right) and Mashhad temperature (left) in education
(blue), validation (green) and experiment (red)
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Table 10- Temperature correction coefficients with support vector regression algorithm

_ W) lagy;
s s o] LIS (W) g9 ity el lay Sl
St’o B t“,bt B‘J{Mi G Weighie () Paerd vfd portvecors V1S

ep est Cos est epsiion ama TASh TBai TGau TSer TTed umber or support vectors

Jl" 1 0.1 02 532 703 721 679 639 0176 84 0.629
£ 2” 4 0.1 02 539 801 794 765 682 0.179 74 0.592
f’;‘“ 5.66 0.04 02 527 841 772 861 7.85 0.129 288 0.567
f’);‘*f 8 0.05 02 509 858 819 871 7.73  0.187 241 0.561
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¢ 055
060 i

0.00 005 010 015 020

epsilon O skl

cost  doja

002 004 006 008 010 012 014

epsilon Okl

Meio slod (6159 SVR s 1651 € 9 ¥ ol o slbd (y5ue (5 10905 (riglod -1 S
Figure 6- Graph showing the error rate of steps 3 and 4 of the SVR algorithm for temperature of Mashhad
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Table 11- Corrected coefficients of rainfall patterns with support vector regression algorithm

Ay RP ol e (W) B j9 o Ol (51> 2 laas RMSE
Ste Best Best Gama Weights (W) b Number of support
p cost epsilon RAsh RBai RKer RKus RRep RSer vectors
‘fl 1 0.1 0.167 1397 1416 787 1330 12.07 19.04 -1.24 381 12.18
PZ’D 1 0.1 0.167 1397 1416 7.87 1330 12.07 19.04 -1.24 381 12.18
’Pgw 1.4 0.16 0.167 16.23 16.11 817 1430 1233 20.84 -1.32 328 11.89
il 1.4 0.1 0.167 16.36 16.33 8.12 1412 1260 20.28 ~-131 382 11.89
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Figure 7- Graph showing the error rate of steps 3 and 4 of the SVR algorithm for precipitation of Mashhad
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Figure 8- The 125-year time series of Mashhad precipitation after the restoration and completion of monthly data using
Genetic Optimization Algorithm
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Figure 9- The 112-year time series of Mashhad temperature after the restoration and completion of monthly data using
Support vector regression
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Introduction: Temperature and precipitation are two of the main variables in meteorology and climatology.
These are basic inputs in water resource management. The length of the statistical period plays a pivotal role in
the accurate analysis of these variables. Observation data at Iran's first synoptic station from 1330 (1951) is
available at the Iranian Meteorological Organization website The historical monthly precipitation and
temperature of five stations in Iran is available since 1880 with missing data. These data measured by the
Embassy of the United States and Britain from the Qajar period and recorded in World Weather records books.
These synoptic stations include Mashhad, Isfahan, Tehran, Bushehr, and Jask. The monthly missing data were
predominantly recorded during World War Il (1941-1949). Unfortunately, these data have missing. Therefore,

the accuracy of simulating these variables is very important. The current research aimed to predict the missing
values of monthly temperature and precipitation in Mashhad station. The stations in the neighboring countries
were selected due to the distance to Mashhad, relationship, and completeness of data since 1880, as the
predictive variables. Monthly precipitation of Ashgabat from Tajikistan and Sarakhs, Kooshkah, Bayram Ali,
Kerki and Repetek from Turkmenistan were selected as an independent variable in the making of Missing
Rainfall in Mashhad. Also, the temperature of Ashgabat, Bayram Ali, Gudan, Sarakhs, and Tajan were selected
to restore the monthly temperature of the Mashhad station. This research has fitted ten multiple regression
models to monthly rainfall of Mashhad station and has fitted 6 multiple regression to the monthly temperature of
Mashhad. then the parameters of these patterns are optimized by genetic and Ant Colony algorithm. Also, the
Artificial Neural Network (MLP) model and Support vector regression have been selected and implemented in
order to simulate monthly precipitation and temperature data of Mashhad.

Materials and Methods: In statistical modeling, regression analysisis a set of statistical processes
for estimating the relationships among variables. It includes many techniques for modeling and analyzing several
variables when the focus is on the relationship between a dependent variable and one or more independent
variables (or ‘predictors’). Genetic algorithm (GA) is a metaheuristic inspired by the process of natural
selection that belongs to the larger class of evolutionary algorithms (EA). Genetic algorithms are commonly used
to generate high-quality solutions to optimization and search problems by relying on bio-inspired operators such
as mutation, crossover, and selection. Ant colony optimization algorithm (ACO) is a probabilistic technique for
solving computational problems which can be reduced to finding good paths through graphs. This algorithm is a
member of theant colony algorithms family, inswarm intelligence methods, and it constitutes
some metaheuristic optimizations. Artificial neural networks are one of the main tools used in machine learning.
As the “neural” part of their name suggests, they are brain-inspired systems which are intended to replicate the
way that we humans learn. Neural networks consist of input and output layers, as well as (in most cases) a
hidden layer consisting of units that transform the input into something that the output layer can use. They are
excellent tools for finding patterns which are far too complex or numerous for a human programmer to extract
and teach the machine to recognize. In machine learning, support vector machines (SVMs, also support vector
networks) are supervised learning models with associated learning algorithms that analyze data used
for classification and regression analysis. Given a set of training examples, each marked as belonging to one or
the other of two categories, an SVM training algorithm builds a model that assigns new examples to one
category or the other, making it a non-probabilistic binary linear classifier (although methods such as Platt

1, 2 and 3- Ph.D. Student, Associate Professor and Professor Depattment of Water Engineering, College of Agriculture,
Ferdowsi University of Mashhad, Respectively

(*- Corresponding Author Email: sanaei@um.ac.ir

4- Associate Professor, Department of Statistic, Faculty of Mathematic, Ferdowsi University of Mashhad


https://en.wikipedia.org/wiki/Metaheuristic

Yvy lyeilo (6 S 0L g (AolST gla g, b (owlilgn dgidn sloodld uo i

scaling exist to use SVM in a probabilistic classification setting).

Results and Discussion: At the first stage, several multiple regressions were fitted to monthly precipitation
(with coefficients ranging from 0.63 to 0.81) and six patterns for monthly temperature (0.986-0.993). Afterward,
GA and ACO were applied to improve the accuracy of the selected regression models by optimizing their
parameters. At the next stage, ANN and SVR were used to estimate the monthly missing values separately.
Finally, the results of the previous stages were compared using the root mean square error (RMSE), and the
optimal models were applied to determine the missing values of monthly temperature and precipitation of
Mashhad. The results showed that the Genetic Algorithm and Ant Colony increase the accuracy of the estimation
of missing rainfall data significantly more than the previous methods. The lowest error criterion (RMSE)
between regression patterns is 9.8 millimeters. By genetic algorithm, this criterion is reduced to 2.56 mm, and by
ant colony algorithm to 2.559.

Conclusion: Comparison of the above methods in restoration temperature and precipitation shows that
evolutionary methods (GA and ACO) are the best for estimating the missing monthly precipitation and machine
learning methods (ANN and SVR) are the best to imputation missing data of monthly temperature.

Keywords: Ant colony, Artificial neural network, Genetic algorithm, Missing data, Support vector
regression
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