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1- Hydrologic Response Units (HRUS)
2- Land phase

3- Water phase

4- Green-Ampt

5- Variable Storage

6- Muskingum

7- Priestley-Taylor

8- Penman-Monteith

9- Hargreaves
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Figure 2- Fariman dam watershed Landuse A), soil units (B) and Sub watersheds (C) maps
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4- Root Mean Squer Error (RMSE)

5- Nash-Sutcliffe Efficiency Coefficient (NSE )
6- Coefficient of Determination (R2)

7- Kling—Gupta efficiency (KGE)
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1- Sediment Rating Curve (SRC)
2- USBR
3- Genetic Algorithm (GA)
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Figure 3- Flow chart of the Genetic Algorithm
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Table 3- Evaluation results of Sediment_discharge models for the test period

JA" Sy 4“"‘) NS RMSE RZ
Model Sediment_discharge equation
Py S y= 97.594 x11818 041 8601 071
Sediment Rating Curve
S5 s y=139.15 x 09897 0.46 7091 0.72

Genetic Algorithm
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Table 4- Initial range and optimal value for selected discharge parameters
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Parameter reR Minimum Maximum Optimum
Parameter name
SCS by & by oxie led r__CN2.mgt —05 05 0.17
SCS runoff curve number
(e by, 2 Jele v__SURLAG.bsn 0.05 2 14.96
Surface runoff lag coefficient
b ol dwbee o Jile v __ALPHA BF.gw 0.2 1 0.72
Base flow alpha factor - -
eein; Sl ES o v__GW_REVAP.gw 0.02 0.2 0.05
Groundwater “revap” coefficient
Geas Olyel 3 ol Sll oo _ v__GWQMN.gw 0 5000 3085.09
Threshold depth of water in the shallow aquifer
e S sl o By 2 Sas
Specific yield of the shallow aquifer v_GW_SPYLD.gw 0 0.4 0.25
b by dmbu 0 Jile v__ALPHA_BNK.rte 0 1 0.07
Baseflow alpha factor for bank storage -
(S 28 by 0085 1) OIS v__CANMX.hru 0 100 88.11
Maximum canopy storage
SE ba¥ gl (Kgin colan r_SOL K.sol -0.8 0.8 -0.79
Saturated hydraulic conductivity -
S sl pogare vy r_SOL_BD.sol 05 05 0.24
Moist bulk density
kol alyl i ge (S ol v_ CH_K2.rte 0 150 107.35
Manning's "n" value for the main channel
et v__CH_KLsub 5 150 85.4

Saturated hydraulic conductivity
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Table 5- Initial range and optimal value for selected sediment parameters
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Parameter R Minimum  Maximum  Optimum
Parameter name
G SSLE gy ) sl ol & Lo Jebe v__ADJ_PKR.bsn 05 2 0.16
Peak rate adjustment factor for sediment routing
USLE 5 Sk opioiluyp Jols rUSLE_K.sol 08 0.8 -0.38

USLE equation soil erodibility (K) factor

, ind 3 o oh 2 g S v__LAT SED.hru 0 5000 2280.34
Sediment concentration in lateral flow and groundwater flow

gy JUsl ably o po

. : ; . v__SPCON.bsn 0.001 0.01 0.0075
Linear parameter for calculating the maximum amount of sediment
gy JUl o (sl . V__SPEXP.bsn 1 15 1.44
Exponent parameter for calculating sediment -
lpl )3 Cgwy 2bbs) Sl Ol gol ki Jole
Peak rate adjustment factor for sediment routing in the main v__PRF_BSN.bsn 0 2 11
channel
(i oxla Bl o s v__RSDCO.bsn 0.02 1 0.63
Residue decomposition coefficient
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Figure 6- Comparison of observed and simulated monthly discharge for the calibration and validation periods
4 30000 N /7 40000 ™\
) (VAAA-Y 010 mialozel o 50 (1431-1480) oty 552
- 25000 ’g‘a{m{m
~ £ 20000 >
R T E
T2 15000 3 = 20000
~ B ~ B
N = : =
> g 10000 2 = 10000
w5000 | fY n 2 h A Q) » Q
0
=
(ba) 3 «
Date (month)
\ 95FPU gy glodalia palds mE=== gy (55l "w“;‘r}’u"‘j \

Cogwy Sloudlin BI,5 g 0 g 00w (5 jlwdmmi 5 Slosalin aildlo Cgw y dulio -V S
Figure 7- Comparison of observed and simulated monthly sediment yield for the calibration and validation periods
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Table 6- Evaluation criterias of SWAT model for the calibration and validation periods

> - 2293 fs’_w °29% NS R* KGE P_factor R_factor
Variable period Statistical period
ey 1991-1997 075 075 081 054 0.63
o Calibration
Discharge (o ls! 1998-2000 085 086 080 053 0.38
Validation
wely 1991-1995 073 075 076 042 1.84
gy Calibration
Sediment  (ox)lxl 1998-2000 076 081 074 044 1.41

Validation
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Introduction: Determining the amount of watershed sedimentation and its spatial distribution by using field

measurements in practice faces a serious challenge. In recent decades, hydrological models have been widely
used by hydrologists and water resource managers as a tool for analysing water resource management systems.
The SWAT model is one of the semi-physical and semi-distributed hydrological models that have been widely
used in recent years. Despite the wide use of the SWAT, simulation of the sediment has been associated with a
large error in comparison to flow. These errors may come from using empirical methods such as the sediment
rating curve for estimating sediment based on measured data. Therefore, in this research, the capabilities of the
genetic algorithm (GA) were used to optimize the relationship between discharge and sediment and further
optimal equation used for calibration and validation of the model.

Materials and Methods: The studied area is Fariman dam watershed with an area of 278.8 km? which is

located at latitude of 35 ° 33" to 35° 41" and longitude of 59 ° 34' to 59 ° 44' in Razavi Khorasan province. In this
study, SWAT model was used to simulate runoff and sediment yield of Fariman dam watershed. In order to run
the model, meteorological and hydrometric data including daily rainfall and maximum and minimum
temperatures and sediment yield and discharge data, soil and land use maps of the watershed were achieved from
relevant resources. The capabilities of the genetic algorithm were used to optimize the discharge -sediment
relationship and were compared with sediment rating curve. For this purpose, optimization problem was defined
for the genetic algorithm in MATLAB software as a search space of continuous values of the discharge —
sediment coefficients. After that, sediment yield was extracted based on discharge data and calculated monthly
sediment for SWAT calibration and validation. Sensitivity analysis, calibration and validation of the model were
performed using the SUFI-2 algorithm using SWAT-CUP software. For this purpose using high sensitive
parameters, the model was calibrated and validated for the period of 1991 to 2000.

Results and Discussion: Optimal coefficients extracted by GA indicate a better performance of the genetic
algorithm in estimating the sediment yield. The comparative results of the sediment estimation models, revealed
better performance of the genetic algorithm with RMSE = 70.9, NSE =0.46 and R2= 0.72 than the sediment
rating curve. According to senetivity analysis of SWAT model, twelve parameters for stream flow and seven
parameters for sediment yield were found to be sensitive. The most sensitive parameters for stream flow were
SCS runoff curve number (CN2), effective hydraulic conductivity in tributary channel (CH_K1) and base flow
alpha factor for bank storage (ALPHA_BNK) and the most sensitive parameters for sediment yield were peak
rate adjustment factor for sediment routing, USLE equation soil erodibility factor (USLE_K), sediment
concentration in lateral flow and groundwater flow (LAT_SED) and exponent parameter for calculating
sediment reentrained in channel sediment routing (SPEXP). The SWAT calibration and validation results
showed that the Nash-Sutcliffe efficiency index for monthly sediment and discharge for calibration period was
0.75 and 0.73, respectively and in the validation period was 0.85 and 0.76, respectively. Calibration and
validation of the SWAT model was done with genetic algorithm model as an optimal method for deriving
sediment data from measured daily discharge. The Nash-Sutcliffe efficiency coefficient for monthly discharge
was 0.75 and 0.85 in the calibration and validation periods. Nash-Sutcliffe efficiency coefficients for monthly
sediment yield were 0.86 and 0.81 for the same periods. SWAT evaluation results indicate that the model
simulation is acceptable for predicting sediment yield and river flow. The performance of SWAT model in
predicting of sediment in low flow is poor, which can be due to the effect of the parameters and model
simplifications in the simulation of the sediment load.

Conclusions: In this research, simulation of runoff and sediment flow for Fariman dam watershed was
performed using SWAT model. For this purpose, the capabilities of the genetic algorithm were used to optimize
the relationship between discharge and sediment yields; then the results were used to calibrate and validate the
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College of Natural Resources and Environment, Ferdowsi University of Mashhad, Iran, Respectively
(*- Corresponding Author Email: m.azari@um.ac.ir)
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SWAT model. The results indicate that genetics algorithm can be used for optimizing coefficient of sediment
discharge equation and the result is better than sediment rating curve. Simulation of watershed hydrology using
SWAT shows that the capability of the model in prediction of sediment yield and water flow is good. Using
genetic algorithm to optimize the relationship between discharge and sediment has an important role in
extracting daily sediment yield and simulation accuracy of the model. Also, the use of evolutionary algorithms
can have a significant role in extracting the discharge -sediment relations, which usually is accompanied with a
large error in experimental models such as a sediment rating curve.

Keywords: Evolutionary algorithm, Fariman dam, Sediment yield, Watershed simulation
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Table 1- Wheat plant information in selected pilots

My Jalye 13 pS (55519 308 Ol
Physiological information of wheat

0 (6 5031081 ldo Ol gt 039450

Rang of variation

oS o> b cuils’
Planting to emergence
Obgr e Sl 4 ) b cllS
Planting to maximum canopy cover
oS s (kb e b clS
Planting to leaf senescence
(o bl JB) e, b cadlS
Planting to ripening
ads; 3os oy iSlo & iy b S
Planting to maximum root depth
25 0y93 Jobo
Length of Flowering stage
b sl
Planting to flowering
bady) Gos o Slo
Maximum root depth

10-14 days
95-105 days
135-145 days
160-170 days
100-110 days

10-14 days
105-115 days

0.3-0.35m
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Table 2- Some chemical and physical soil properties in pilots

Soil Texture

o< Depth PWP oC H SAR EC Pb
(cm) SB el (%OV) (%Ov) (%) P @s.my) (g cm?)
0-30 Clay Loam 19.0 31.9 05 78 43 4.5 1.48
30-60 Clay Loam 23.0 36.4 03 78 51 5.0 1.53
o SBOghl 4d 5yll Of (S B S 59 —T Josr
Table 3- Irrigation water quality in selected pilots
Na* Mg** Ca** HCOs" EC
SAR megllit megllit meg/lit meg/lit P7 dsim
3.0 8 7.5 7.0 1.7 79 19

(Jg! JUo) 5 390 SLarghly 15 aud; Blliseo Jolpo y3 08 (5 k! Of o g 3lani —€ Jga
Table 4- Number and volume of irrigations in different growth stage (in the first year)

Number of irrigation
Ay dl> ye cusls LRy a8l s &b s p
Growth stage Planting  Tillering  Stem elongation  Flowering  Grain filling
Volume of irrigation water 2000 1800 1800 2000 1900
(m3/ha) L;)L_.,!] o o>
Irrigation water salinity
6.5 6.5 6.5 1.9 1.9

(dS/m) o)kl o 5y9

She il Fr el Y Jee Cugn g8y 4 dn Jlo ole (23)9)8
S oo Al ) cottie g)lie S (oot 9 (S b

L sl of cis 20,5 oo dlando ¥ o jl 456Skos
Gslio (gy9 13 )yt pden (03 VR Gl (695 Sike
Ca-S1 S 3 ol l wS5Shiy ganail 3 ail e
Sly (Gdgione 9 48)5 5118 (o5 (oot (2> Cand 9 3L (5)5)
S as 3log) 5,Shas LialS ;6,8 g S cals

A oasd 0db (gylol Ol pzes lawgio 5 (g)lul lacug dlaw
gilen el 01 ) F g 5 48, cilises Jslpe 5 puiS
JS v L) olol oy 0 slaws Jgl Jlo 53 35,5 o dlasMe oS
M8 ols sl Gl oo )5 (S )3 oSl 0 A0

3595 s g5l L )dey S 5l 5o olias ¢ Sl Aoy
Oy L cadlS gy olash by mea o 4 (e B cdlS
3l 5y olasi ¢ 2AIS 050 Jobo ¢y U cdlS jl 59, oliws oS
U csls 3l 59, ol daddyy 30 Bes poujSle ( 205 U cuils
a3l il 3 )Slas (J53 Slos daady) Boe perSlo 4 (o)
P esie glie LS SLis 5y Slee (65505l) cudld
yotaies g 4b (6l dbl g g Sejlasl Ay alisee ol pe
LS OleMbl zols b @Bl osliul 5y90 Ul ySTeST Jso il
Caol ol &1V Jodo 13 Jla5 5550 slacughly 3 oas 35
(A« Silen e 3gamxe okel Cawds gl 4 axg5 L
e dlale )3 S iy g Wb by o 2S¢ RDA8Le
YO g aihwl Vo eyt YO (o3 VY 3 Yo (LI VY e

&30 33 0w (5580311 WS IS g il 3,8l (1Sl —0 Joua
Table 5- Average measured grain and total yield of wheat in the farms

Selected pilots Total yield  Grain yield HI
e glacighly JSoSles Al a,Sles Uiy adld

Kg/ha Kg/ha %

1ac)se 7433 3057 0.41

2 4cyie 8163 3219 0.39

3 ucyje 6704 2895 0.43

oSl 7434 3057 0.41
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Figure 1- Distribution of rainfall for different decades of wheat (2014-2015)
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Figure 2- Distribution of rainfall for different decades of wheat (2015-2016)
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Table 6- Variation of simulated wheat yield with irrigation events using Aquacrop model

Irrigation Consumed water ET . Totalyield (S/{:}hn R WUE' s

ook No. A dhcoulR ™ TV e

Pilots Skl g m?/ ha 8 10%) kg 1000 kg <!
mm a /ha Kg/m?

3 5800 234 4.7 19 0.33
1 4 7600 258 5.8 24 0.31
5 9400 270 5.8 24 0.26
6 11200 297 6.0 25 0.22
3 5800 272 6.2 25 0.43
2 4 7600 309 7.2 2.9 0.38
5 9400 323 7.2 2.9 0.31
6 11200 333 7.2 2.9 0.26
3 5800 267 5.6 2.2 0.38
3 4 7600 302 6.6 2.6 0.34
5 9400 329 6.7 2.6 0.28
6 11200 328 6.6 2.6 0.23
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Table 7- Mean simulated wheat yield with irrigation events using Aquacrop model

Irrigation No. Cor?sumed—water ET Total yield  Grain yield ) 'WUE
6kl Cag Sraocleze G-t JS3Sles dbaSles Oldpae 2l
m® ha mm 1000 kg /ha 1000 kg /ha Kg/m?3
3 5800 258 5.5 2.2 0.38
4 7600 290 6.5 2.6 0.34
5 9400 307 6.5 2.6 0.28
6 11200 319 6.6 2.7 0.24

9 e Ol SLeMbl (AF=20) pg> Jlw y3 a3 4ild 3,Slos
Jol Jlw @l & 2257 L) (s pSojluil cctio ds o du y3 3 Sles
i 225 p3 Jlo il Ll & 4255 L (sl g ¥
ol et 4y (5Ll Of o gl b Bly (b)) g (s 25
ShIA Jgis 50 pes S o bl slacog )bl o cuas
Lol 04

2955 dw 3 paS clilyy CSe sl Sl S e
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P oead cedby paS S 5 ash 0 Sas i lawgio 4 o>
Llei oo &1yl pod Jlw 53 dipes ddlaio o 1) cotio slacughl

45 20,5 o dlan Mo o plosl (gilodnds 4 425 b ieen

ol (youds (olo (2359,8) () Al yo 53 ()l Cogs S il
G ol 0,5 obul JS g aib oSl 13 g LB i3l
by GialS ()bl co S4) (Bpae O Gl car 4 1) O
s 3,8kae Sl cage (g)lul Cugi ¥ 6,85 0 izren
Cog dws ;0L 3 Slas ials 4 colic b .ad)S sy VO 5
3pSlas 7 1o il gyl il es)ll yidn ooy 4 Cons ol
Coy ¥ Bl ois plodl gilwand 3do 13 .00,8 o) doy
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Table 8- Number and VVolume of wheat irrigation water in different growth stage in selected pilots (2014-2015)

d)lﬁ' LSL““-I%‘ 1 2 3 4
No irrigation
Growth stages culs Pl XLy aly s
Ay dl o Planting  Stem elongation Flowering  Grain filling
Irrigation volume
1450 1400 1200 1450

(Mha) s o o2
Irrigation water salinity 1.9 19 1.9 1.9
(AS/m) ] T 5,5

(093 JUw) it £150 )3 0 (5 S 03151 @35 S g il 3 Shos (Sile - Jgi>
Table 9- Number and volume of irrigations in different growth stage (second year)

Selected pilots Total yield ~ Grain yield HI
SLoighl JSaSles Al a,Sles  Cuily adld
S 1000kg /ha  1000kg /ha %
1 a0 12.1 45 0.37
2 ac o 1.1 4.2 0.38
3 acyje 12.0 4.4 0.36

oSSk 11.7 4.4 0.37
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Table 10- Variation of simulated wheat yield with considering four irrigation events using model (second year)

Consumed water ET Total yield  Grainyield WUE
ol Spac gz G — i JTSdes aibaSles Ol dpae )
m3/ha mm 1000kg /ha  1000kg /ha Kg/m?®
1 5500 271 8.9 3.9 0.71
2 5500 287 9.4 4.0 0.73
3 5500 201 9.0 3.6 0.65
oSSbe 5500 283 9.1 3.8 0.70
5
% v = 0.874x e
. 45 | R?*=0.924 e
¥ o RMSE=0.450 el
R 4 I - i 2
4 5 NRMSE=0.14 -
9 = d=0.89
3 g 35
=
47 3
-
a ‘,'
a 25 | "a' *
2 B
2 2.5 3 3.5 4 4.5 5
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Figure 3- Comparison between measured and simulated grain yield using Aquacrop with 1:1 line
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Introduction: Simulation models have been used for decades to analyse crop responses to environmental
stresses. AquaCrop is a crop water productivity model developed by the Land and Water Division of FAO. It
simulates yield response to water of herbaceous crops, and is particularly suited to address conditions where
water is a key limiting factor in crop production. It is designed to balance simplicity, accuracy and robustness,
and is particularly suited to address conditions where water is a key limiting factor in crop production. AquaCrop
is a companion tool for a wide range of users and applications including yield prediction. Aquacrop has high
accuracy and performance for yield prediction than other models regarding to irrigation and fertilizer
management base foundation. Using Aquacrop model for crop yield simulation in different soil and water
managements has high accuracy and its use requires calibration and validation. The use of models saves time and
cost and, if calibrated and validated, acceptable results are expected.

Material and Methods: This research was carried out in order to calibrate and validate the Aquacrop model
for simulating wheat grain yield in the three selected pilots in Hamidiyeh province of Khuzestan province in two
years of cultivation.In this regard, three different plots with a total area of about 10 hectares were selected in
Hamidyeh region. Sampling, measuring and determining the parameters of soil, water, plant, irrigation
management (information required for the Aquacrop model) and the existing conditions of the area were carried
out.The climatic data required in Aquacrop model was collected from synoptic meteorological weather station of
Ahvaz. Irrigation water quality with mean water salinity of 1.9 dS/m has a good quality for irrigation. In the first
year, 5 irrigation events (with a total volume of 9500 cubic meters per hectare) are available to the wheat plant at
different stages. In this regard, based on meteorological data and field and vegetation data that was taken from
the field level in the first year, the Aquacrop model calibration and performance variations were carried out at
different times of irrigation using a simulation model. In order to validate the results simulated by the model, the
best scenario provided by the model in the second year was implemented at selected farm level and its results
were compared with the simulation results by the model.

Results and Discussion: Aquacrop model calibrated for the first year and then compared for different
scenarios of irrigation timing (3-6 irrigation event). The amount of grain yield and total in 4 irrigation intervals
are not different with the corresponding values in 5 irrigation intervals. Irrigation rotations were considered in
accordance with routine irrigation rotations of the region during planting, tillering, stemming, flowering and seed
filling (5 turns) for 4 steps of irrigation step and for 3 irrigation stages, the tiller and stem elongation was deleted.
The model showed that, using four irrigation timing is the most appropriate irrigation scenario. Using the results
of the model with considering 4 irrigation times, wheat was planted in the second year for model validation. In
the second year, the average of measured and simulated wheat grain yield was 3.8 and 4.4 t/h (with 14%
error).Average values of total yield and simulated wheat seeds in 4 and 5 irrigation intervals were not different,
while the amount of water consumed in 4 irrigation intervals decreased by 20% compared to 5 irrigation
intervals. On the other hand, water use efficiency increased by up to 21% in 4 irrigation intervals compared to 5
irrigation intervals. Also, according to the simulation, it was observed that increasing the irrigation interval at the
arrival stage, while not significantly increasing the grain yield and the total, did not increase the water use
efficiency in order to increase the water consumption (one irrigation interval) Reduced. Considering 3 irrigation
timing, the grain yield decreased by 15%. Due to the reduced yield in three irrigation intervals than the more
irrigation intervals, this scenario is not recommended for performance reasons. So, according to the simulation,
at least 4 irrigation intervals (during planting, stemming, flowering and seed filling) are recommended to
maintain proper production level in existing conditions. Comparison of statistical indices between measured and
simulation values of wheat grain yield in both years showed that the coefficient of correlation, normalized root
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mean square error (RMSE) and agreement index were 0.9, 0.14, and 0.89 respectively, which indicates the
proper performance of the model for simulating yield of wheat for two consecutive years. The average grain
yield of simulated wheat has been estimated at 3.8 ton / ha, which estimates 14% of grain yield less than actual
experimental conditions compared to its measured value, indicating the accuracy and efficiency of this model in
simulating wheat yield in the present situation. With considering 4 irrigation events, the water use efficiency of
wheat grain yield increased by 0.7 kg/m?, which confirms the ability and accuracy of the Aquacrop model for
simulating grain yield of wheat and also improving water use efficiency.

Conclusions: The results of this study showed that the simulation of wheat yield in the first year (2.6 t/ha)
has a close proximity to the measured values of yield (3 t/ha). Also, validation of the model with changing
conditions in the second year showed that the simulated yield of wheat (4.4 t/ha) also had a good agreement with
its measured value (3.8 t/ha), which indicates the high accuracy of this model in simulating wheat grain yields
every two years. Therefore, this model has the efficiency and accuracy in simulating wheat yield in research
conditions.

Keywords: Irrigation interval, Surface irrigation, Water use efficiency, Wheat
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Introduction: Regarding population growth rate and drought challenges, one of the effective strategies for
sustainable development in agricultural sector is irrigation. In this regard, in recent years, the use of tape
irrigation method has been considered in crop plants, but the use of this system will be successful if it is to
evaluate the system performance in terms of soil sustainability before it is implemented and its problems are
solved. Problems in the field of sustainable agriculture are saltinification of soil resources that the tape irrigation
over time and due to the continuity of its use in cultivated land, especially in warm and dry areas due to global
warming, climate change and decline of the atmospheric precipitation leads to salinity accumulation in the soil.

Materials and Methods: In order to investigate the distribution and changes of salinity of soil profile in the
root development zone of wheat, maize, barley and tomatoes grown in Qazvin Plain with initial salinity of 1/5

dS/m and salinity of irrigation water 1 dS/m In hot and dry climate, a type of irrigation was used (strip drip) and
during the 20 years of cultivation, the AquaCrop version 5 was used. The results of simulation output were
analyzed by Minitab 17 and Excel 2007 softwares.

Results and Discussion: The results showed that in all previous stuides, the amount of salinity accumulated
through the tape irrigation in the soil surface is greater, but in this study, due to the time effect on salt
accumulation in the soil profile in the root development area, The maximum salt accumulation below the soil
surface and at depths (0/5, 1/5, 0/5 and 0/16) meter of the total root development depth of each plant,
respectively, for tomato, maize, barley and Wheat has occurred. It can be said that over time, accumulated salt on
the surface of the soil evaporated, re-moved with irrigation and redistributed under the soil profile. Simulation
results were obtained after statistical analysis with Minitab 17 and Excel 2007 software showed that in tomato
and corn products, tape irrigation with irrigation water salinity of 1 dS/m resulted in significant increase in
average salinity of The root development zone from 1/5 is 4 and 4/4 dS/m over the course of 20 years
(correlation significance at 5% level) and sustainable utilization of soil resources is questioned, While the
increase in average salinity of root development zone in wheat and barley products due to tape irrigation over the
course of 20 years has risen from 1.5 to 2/03 and 2/02 dS/m, which is not noticeable and at the level of 5% is not
significance. This can be attributed to rainfall during the growing season of wheat and barley, which led to salt
salting from the root zone. The correctness of this theory was tested by the significance of the correlation
between rainfall and salinity in the 5% level and proved to be. Therefore, it is recommended to wheat and barley
with the ability to tolerate high soil salinity are placed in the top priority for local irrigation in hot and dry areas
with limited atmospheric rainfall and limited water resources.

Conclusions: From the above results, it was observed that, in products such as maize and tomatoes, tape
irrigation resulted in a significant increase in the mean salinity of the root development zone over time.
However, the increase in average salinity of root development in wheat and barley products due to the tape
irrigation is negligible and canceled over time. In other words, the cultivation of crops such as barley and wheat
in areas with scarcity of water resources and soil salinity ensures sustainable land management. These results,
while using water with salinity of about 1 dS/m, and soil cultivation with an average salinity of 1/5 dS/m, have
been taken. Since comprehensive and practical research has not been done on long-term salinity changes and the
use of tape irrigation, after the cultivation of important crops such as wheat, barley, corn, tomato, the results of
this research can be used in conducting managerial guidelines, The selection and prioritization of the appropriate
cropping pattern in the warm and dry areas will be beneficial with few atmospheric precipitations.

Keywords: Agricultural crop, AquaCrop, Drip-tape irrigation, Salinity distribution, Soil stability
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Table 1- Physical and chemical properties of the studied soil
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Table 2- Chemical properties of the used water
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Table 3- Combination of statistical design treatments
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Figure 1- Lay out of statistical design
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Figure 2- Comparison of cumulative evapotranspiration in different treatments
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Introduction: The largest share of water consumption in Iran is related to the agricultural sector. Therefore,
in order to save water resources, priority is given to reducing irrigation water consumption. On the other hand,
reducing of water quality and salinization are the main problems which are commonly found in the areas with
limited water resources. One of the most important effects of salinity is the reduction of yield and its inhibitory
effects on plant growth and metabolism. Also, increasing salinity can reduce potassium, calcium and magnesium
ions. One of the significant points regarding the effects of salinity stress is a significant decrease in the hydraulic
conductivity of the roots, which leads to a decrease in the water use efficiency index. According to the food and
agriculture organization (FAO), more than 40 percent of Iran's irrigated lands are affected by salinity stress,
which is generally found in dry and semi-arid areas. Therefore, studying the combined effect of stress caused by

salinity and water stress can be used to provide management solutions for irrigation and crop production.
Materials and Methods: This study was conducted in greenhouse laboratory at University of Mohaghegh
Ardabili, Ardabil, Iran during August to November 2016. In this research, the effects of saline water on cherry
tomato yield under water stress conditions were investigated. The applied treatments included irrigation with
saline water (in two levels: S;=4ds/m and S;=7ds/m) and water stress (in three levels, irrigation at 40, 50 and
65% field capacity, respectively, 11, 12,13). The experimental design used in this research was a completely
randomized block design with four replications. On the other hand, in order to compare the plant yield under

water stress and salinity conditions with non-stress conditions, control treatment with salinity characteristics less
than 1ds/m and irrigation without water stress were used in three replications. In this experiment, cherry

tomatoes were cultivated in the pots with diameter and height of 26 and 27 centimeters, respectively. The

moisture meter (Model: PMS-714) was also used to measure soil moisture and determine the irrigation time. The
most important parameters included cherry tomato yield, total evapotranspiration and water use efficiency index.
It should be mentioned that analyses of the results were done by MSTATC software (Version: 2.10).

Results and Discussion: The results of this study showed that the interaction between two factors of water
and salinity stress on the parameters was not significant, but the effects of salinity stress on vyield, total
evapotranspiration and water use efficiency (in two levels: 2% and 5%) are significant. Also, the greatest effect
of salinity stress on cherry tomato yield was observed, so that by increasing the amount of irrigation water
salinity from 4 to 7 ds/m, the yield was decreased by 27%. Also, the performance in salinity treatments of S; and
S, decreased by 27.2% and 46.7%, respectively, compared to the controled treatment. Probably the reason for the
yield reduction caused by decreasing in plant evapotranspiration and plant growth and metabolism. In addition,
water use efficiency index in treatments of S; and S, decreased by 3.4% and 22.3%, respectively, compared to
the controlled treatment. As it can be seen, the differences in water use efficiency between the control and S;
treatments were not significant. In this study, the average values of Ky (plant response coefficient to salinity and
water stresses) were achieved 1.39, which was higher than the value that was reported by FAO for tomato plant
under water stress conditions (equal to 1.05). This can be due to the significant effect of saline irrigation water
on the yield of the tomato plants. Finally, based on the results of this research, it can be said that although
salinity decreased yield significantly at 1% confidence level, in the coming years, with severe water resource
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constraints and increased costs for its preparation, this yield loss can be economical and feasible.

Conclusions: In this research, the effect of saline water on cherry tomato yield under water stress conditions
was investigated. According to the results of this study, with increasing salinity of irrigation water from 4 to 7 ds
/m, total evapotranspiration decreased by 10%. On the other hand, due to salinity stress, tomato yield was
decreased to 27% in the most salinity levels of irrigation water compared to control treatment; one of the main
reasons of which could be the reduction of total evapotranspiration in the growing season. In the end, the
important point to note is that although, based on the results of this study, utilization of irrigation saline water
decreased the yield, total evapotranspiration and water use efficiency by 27%, 8.9% and 19.2%, respectively
compared to the control treatment, but in the near future, by increasing the water production costs and the
quantitative reduction of water resources, even use of saline water is economically feasible and justifiable.

Keywords: Irrigation water salinity, Water stress, Water use efficiency, Yield of cherry tomato cluster
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1- Water Use Efficiency
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Table 1- The results of water quality analysis
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(PO4)3- (NO3)- K+ Na+  Mg2+ Ca2+ (SO4)2- Cl- (HCO3)- - H

(meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lity ~ TDS EC PR paw

(mg/lit)  (dS/m) SAR

0.009 0016  0.07 1.61 0.9 3.2 0.2 2.2 4.7 468 0.73 8 14
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Table 2- The analysis’ results of the field’s soil sample
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Micronutrients Macronutrients
o o 89 o e Oi gy s
Mn (ppm)  Fe (ppm)  Zn (ppm) Cu(ppm) (#)OC  (X)N K (ppm) P (ppm)
493 14.88 0.77 1.53 0.63 0.06 98 0.15
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Figure 1- A plan of plants, irrigation tapes and TDR access tubes’ arrangement
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Table 3- The soil physical characteristics of farm at different depths

(%) oz agb,
(0 siilw) S Gos Skocél Moisture (% volumetric) Sl ogaso oy
Soil depth (cm) Soil texture  sly; <d,b > (Sdp05 dalls Bulk density (g/cm?)
F.C. P.W.P.
0-20 Sandy loam 30.3 154 1.46
20-40 Clay loam 325 15.6 1.36
40-60 Clay loam 32 14 1.35
60-80 Clay loam 32 14 1.37
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Table 4- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on irrigation water
use efficiency (IWUE), height (H) and diameter (D) of sunflower plant (Hysun25) in split plot design with randomized
.complete block design in 3 replications in the first year

ol st A i Sl & Gpae ol oL gl oS byl
Sl goio e IWUE H D
S.0.V. df SS MS SS MS SS MS
I .
5 2 0.004 0.002 ns 4.22 2.11ns 6.89 3.44ns
Repeat (R)
(el Jele) cssbel g0 2 0.003 0.001ns 52422 262.11** 416822 2084.11**
F (factor A)
Al 4 0.005 0.001 6.22 1.56 12.89 3.22
E (8
“fl”l el 8 0.011 0.001 534.67 66.83 4188 523.5
Main Plots (MP)
. T L_J’ .-
(o8 dabe) ol ol e 2 0.015 0.008 ** 10422 5211** 78422  392.11 **
| (Factor B)
J’l“ A 4 0.003 0.001 ns 30.22 7.56 * 168.89 4222 ns
Interaction (AB)
b sl 12 0.003 0.000 19.56 1.63 160.89 13.41
E (b)
. 18 0.021 0.001 154 8.56 1114 61.89
Subplots (SP)
F 26 0.032 0.001 688.67 26.49 5302 203.92

Total

Slagye (3:55ke MS (lay o 9000 SS ()l gine pué NS D prdaw Jlain! )5 Jlo gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 5- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation intervals (F) in the first year

. REShS) Sl Ol dpae S olS gl C iy
Sl y90 ) o (o slae) oL 3> Jlad
(eaSo o (o i)

F D (mm)
IWUE (kg/m3) H (cm)

F-20 0.89¢c 202.11a 200.00 a

F-35 0.99b 196.22 b 181.11b

F-50 1.07 a 191.75¢ 169.89 ¢

(Y s 53) 25,005 S (9031 L (6l e MBI S50, L it By o b (slaSilie
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 6- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation water amounts (l) in the first year

o 5 1S) o5kl Ol e o], olS £l ] ]
Sl oyl eSS . 7 . 8“ ’ (o) oS Babo 5had
| (o 20 (o stilw) D (mm)
IWUE (kg/m3) H (cm)

Fl 0.98 a 198.78 a 189.78 a
PRD-75 1.00 a 196.89 a 184.56 a
PRD-55 0.98 a 19575 b 176.67 b

(A s 13) 5585 oS3 (9ol b (sl sime BT S0 b alite By o b (sl Sl
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 2- Respectively, from right to left, irrigation water use efficiency (IWUE), plant height (Height) and diameter (D) for
nine different irrigation interval and irrigation water amount in the first year
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Table 7- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on irrigation water
use efficiency (IWUE), height (H) and diameter (D) of sunflower plant (Hysun25) in split plot design with randomized

.complete block design in 3 replications in the second year

kS e PRI &l ol Gpan I8 ol glas olS b yhi
SOV of IWUE H D
T SS SS MS SS MS
S 2 0.002 0.001 ns 1341 6.70 * 10.30 5.15ns
Repeat (R)
(bl dele) s)le! g2 2 0.003 0.001ns  265.85 132.92** 84452 422.26 **
F (factor A)
At 4 0.007 0.002 2.37 0.59 11.93 2.98
E (a)
“_fw el 8 0.011 0.001 281.63 35.20 866.74 108.34
Main Plots (MP)
(22 Jele) il ol e 2 0.152 0.076 **  200.07 100.04 ** 631.63 315.81 **
| (Factor B)
JJLM s 4 0.005 0.001 ns 29.04 7.26 * 117.93  29.48 **
Interaction (AB)
b s
12 0.019 0.002 22.22 1.85 44.44 3.70
E (b)
: 18 0.175 0.010 251.33 13.97 794 44.11
Subplots (SP)
T"f | 26 0.187 0.007 532.96 20.50 1660.74 63.87
ota

Slagye (3:55ke MS ilaypo 9000 SS ()l gine pué NS i pdaw Jlain! )5 I gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 8- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation intervals (F) in the second year

Sl 593 (cxSe yio 1 0,59LS) (gl DT Bpan (1,5 (ho slw) b8 g5 )1 (o o) LS Gab ylad

F IWUE (kg/m3) H (cm) D (mm)
F-20 0.92b 196.33 a 188.44 a
F-35 1.0la 193.78 b 186.33 a
F-50 1.10a 188.78 ¢ 175.67 b

() s 19) )05 oS3l g3l b ()l sine BMT (S0, s ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)

93 Jw 4> ‘_;)L“.gi ol lisee walie b Ola)igl:éi olS b yhad g gla )l “_;)lﬁ.gi of Bpan )5 1o dwslio -4 Joao
Table 9- The means’ comparison of irrigation water use efficiency (IWUE), height (H) and diameter (D) of sunflower plant
under different irrigation water amounts (I) in the second year

ol e T P SS) Syl Ol pan )5 (L) olS gyl o) olS 3 S
el
| (oo (e (5
IWUE (kg/m3) H (cm) D (mm)
FI 1.01a 195.89 a 189.00 a
PRD-75 1.02a 193.67 b 184.22 b
PRD-55 1.00 a 189.33 ¢ 177.22 ¢

(A s 13) 5585 oS3 (9ol b (sl sime BT S0 b alite By b (sl il
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 3- Respectively, from right to left, irrigation water use efficiency (IWUE), plant height (Height) and diameter (D) for
nine different irrigation interval (F) and irrigation water amount (l) in the second year
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Table 10- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on the number seed

per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index (SPAD) of sunflower plant (Hysun25) in split plot
design with randomized complete block design in 3 replications in the first year

wf s K b 4> &ild i &l o3 oS Sy Jud W]
oy e ol 43 by - ;V,: 039 fSPZésu”
SOV df SS MS SS MS SS MS
S 2 12459.85  6229.93 ** 32.70 1635ns  95.88 47.94 ns
Repeat (R)
(hel Jole) ot o2 2 64159.19 32078459 ** 1.73 0.86ns  1652.62  826.31**
F (factor A)
a;(‘:; 4 589.04 147.26 31.30 7.82 38.97 9.74
shel sl 8 654618.07  81827.26 65.73 822 1878747 22343
Main Plots (MP)
(528 Jele) cstel ol e 2 11535052  57675.26 ** 5.82 291ns 23622  118.11%**
| (Factor B)
e ) 4 27767.70  6941.93* 31.16 779ns  37.21 9.30*
Interaction (AB)
b sl 12 19591.11 1632.59 40.76 3.40 25.08 2.09
E (b)
ez 18 16270933  9039.41 77.74 432 29850 1658
Subplots (SP)
Tial 26 81732741 3143567 143.47 552  2085.98 80.23

Slayye (1Kke MS wlasyo ggamme SS Iy dme e NS D paw Jlainl (3 45 dxe s /Y paw Jlais) p3 I dme s
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 11- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation intervals (F) in the first year

Sl y9o  Gb palaolans (0,8) &l Jlia (e olS S Judo IS sl

F SN W (gr) SPAD
F-20 1152.00 a 62.59 a 34.83a
F-35 912.00 b 5158 b 34.23a
F-50 779.56 ¢ 4350 ¢ 3467a

() s 13) )05 oS3 g3l b (o)l sine BMBT S5 b ailiie By L (o Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)

Jol Jlw 15 (bl O @liseo pdlio b 15,5581 olS S o Jadg IS (ad i g aild 4152 (59 caab 45 4ild dlusd (ilo dwglio VY Joua
Table 12- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation water amounts (l) in the first year

Sl o jlade Bb  ails slass (p)5) 4l 52 (jg ol S 2 Jadg IS (as L

[ SN W (gr) SPAD

FI 976.89 a 55.05 a 34742
PRD-75 1009.33 a 54.22 a 33.94a
PRD-55 857.33 b 48.40b 35.04a

() s 13) 25,005 5S> (g3l L (6l3ime ST 53, L i By s (slacySile
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 4- Respectively, from right to left, the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll
index (SPAD) for nine different irrigation interval and irrigation water amount (1) in the first year
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Table 13- Analysis of variance of the study of the effect of irrigation interval and irrigation water amount on the number seed
per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index (SPAD) of sunflower plant (Hysun25) in split plot
design with randomized complete block design in 3 replications in the second year

ks A REDWN Geb 4> &l dlawi &y 15 39 olS Sy Judg 5 yad b
e & G = SN w SPAD
S.0.V. df SS MS SS MS SS MS

S 2 1710.22 855.11 ** 5.15 2.57ns 0.41 0.21ns

Repeat (R)

(hel Jele) cssbel g0 2 138691.56 69345.78 ** 234.15 117.08* 13.79 6.89 ns

F (factor A)

A lbs 4 78.22 19.56 33.85 8.46 9.34 2.33
E (a)
“TLDI el 8 140480.0 17560.00  273.16 34.14 23.54 2.94
Main Plots (MP)
5 [ RvS
(o2 dabe) ol ol e 2 146179.56 73089.78 ** 378.05 189.02 ** 7.98 3.99ns
| (Factor B)
J’l“ A 4 41870.22 10467.56 ** 65.45  16.36 ** 19.28 4.82ns
Interaction (AB)
bEd(E:; 12 1614.22 134.52 36.27 3.02 33.36 2.78
< 18 189664.00  10536.89  479.77 26.65 60.63 3.37
Subplots (SP)
Tth | 26 330144.00  12697.85  752.92 28.96 84.16 3.24
otal

Slagye (3:55ke MS (laypo 9000 SS ()l gine pué NS D prdaw Jlain! )5 Jlo gime # Y pdaw Jlain! )5 jlo gime
** Significant at 1% probability level, * Significant at 5%, ns: not significant, SS: Sum of Squares, MS: Mean of Squares
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Table 14- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation intervals (F) in the second year

Sl y9d b palalans (0,8) &l Jlia pyje  olS S Judo IS sl

F SN W (gr) SPAD
F-20 943.56 a 53.73a 31.52a
F-35 892.00 b 48.87 ab 31.03a
F-50 772.44 ¢ 46.69 b 32.73a

() s 19) )05 oS3l g3l b (5l sine OIS S0, b ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Table 15- The means’ comparison of the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll index
(SPAD) of sunflower plant under different irrigation water amounts (1) in the second year

Sl O Jlade b s ailsslani (o,5) il 32 59 oS S by S as

[ SN W (gr) SPAD
FI 968.89 a 54.07 a 31.06a
PRD-75 845.78 b 50.28 b 31.86a
PRD-55 793.33 ¢ 44.94 ¢ 32.38a

() s 19) )05 oS3l g3l b ()l sine BMT S0 s ailiio By L (sl Silio
Means followed by the same letters do not have significant difference by the Duncan test (1% level)
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Figure 5- Respectively, from right to left, the number seed per flower (SN), 1000 seed weight (W) and the leaf Chlorophyll
index (SPAD) for nine different irrigation interval and irrigation water amount in the second year
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Introduction: According to the Statistical Center of Iran, the country's population between 1957 and 2017,

has increased approximately from 19 people to 80 million. With population growth, the water demand is
increased and water resources are threatened cumulatively. Agriculture is recognized as the main water
consumer in the country. Due to the arid and semi-arid climate of the country, it is essential to use water
reduction strategies such as deficit irrigation (DI) and partial root zone drying (PRD) deficit irrigation in
agriculture. In case of water shortages, DI is an optimal solution for production, which is usually accompanied
by a reduction in product per unit area. The base of PRD is keeping dry the half of root while irrigating the other
half. The plant root in the wet area absorbs enough water. The other part of the root in dry soil, with a reaction to
dryness and sending symptoms to the stomata, affects their opening size and reduces water losses. Sunflower is
one of the four major oil producing plants in the world. The high volume of this product's import causes the
country's strong dependence on oil import and the currency's outflow from the country. Although all living and
non-living stresses are considered to be major factors in reducing production, water deficit stress is one of the
main factors limiting the production of sunflower; Therefore, studying the reaction of this plant to different
drought stress conditions and providing a solution to reduce the negative effects of dryness would be essential.

Materials and Methods: The present study was conducted on sunflower plant (Hysun 25) in a research farm
of Sari Agricultural Sciences and Natural Resources University (SANRU) in 27 plots (5 x 5 square meters).
Each plot consisted of 6 rows of planting at a distance of 75 cm from each other and 5 meters long. Sunflower
seeds were planted at a depth of 4 cm from the soil and at a distance of 20 cm from each other. The experiment
was conducted by using split-plot design, with three main factor (irrigation interval) and three sub-factor
(irrigation water amount) in randomized complete block design in three replication. The irrigation intervals were
irrigation after 20, 35 and 50 mm evaporation from class-A evaporation pan (F-20, F-35 and F-50 respectively).
The sub-factor was irrigation water in levels of 100%, 75% and 55% of water demand (FI, PRD-75 and PRD-55
respectively). Controlling the volume of water delivered to each treatment was carried out using a volumetric
flow meter. The application of irrigation treatments was carried out six weeks after planting. The irrigation for FI
was conducted regularly at both sides of the root and for PRD it alternatively changed at the right and left sides
of the root. The studied traits were irrigation water use efficiency (IWUE, kg/m3), height (H, cm), the flower
diameter (D, cm), the seeds number per flower (SN), the 1000 seeds weight (W, gr) and the chlorophyll index
(SPAD). Statistical analysis of data conducted by SAS software using Duncan test (1% level). Diagrams
extracted by Microsoft Excel software.

Results and Discussion: Evaluation of irrigation interval factor based on the experiment two years data,
indicated that the best results for plant growth parameters was for F-20. Also, the best results for sunflower plant
growth parameters was for FI. According to the significant difference between FI and PRD-55 at most of the
growth parameters, it’s suggested to conduct PRD-75 for PRD. For the irrigation interval factor, there was
significant difference for most of the plant growth parameters between F-20 and F-50. Therefore, considering
this case as well as the problem of increasing the operating cost by reducing the irrigation interval, F-35 is
recommended for irrigation interval. It’s concluded that there was significant difference between all of the
irrigation interval treatments by analyzing the IWUE trait. The highest amounts was for F-50 and the lowest was
for F-20. Despite the increase in the value of IWUE in PRD-75 in comparison with other treatments for each two
years of the experiment, this difference was not significant. According to the non-significant difference between
F-35 and F-50 for IWUE at the second year of the experiment and this trait relative increase at PRD-75 in

1, 2 and 3- Ph.D. Student of Irrigation and Drainage, Associate Professor and Professor Water Engineering Department,
Sari Agricultural Sciences and Natural Resources University (SANRU), Respectively
(*- Corresponding Author Email: aliponh@yahoo.com)
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comparison with two other treatments, it’s suggested to conduct PRD-75 with F-35 to have higher IWUE.

Conclusion: Simultaneous analysis of sunflower’s IWUE and its growth parameters showed that it could be
possible to save in irrigation water use and increase the IWUE with the lowest decrease in the sunflower plant
growth parameters by applying PRD-75 and F-35.

Keywords: Mazandaran, Optimal Production, Saving, Sunflower, Water stress
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Table 1- Analysis of soil used before cultivation
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Table 2- Analysis of variance effect cadmium for vegetative traits
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Table 3- Analysis of variance effect cadmium on vegetative and physiological traits
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Table 4- Analysis of variance effect cadmium on biochemical traits
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Table 5- The Average comparison of the effect of cadmium on vegetative, physiological and biochemical traits
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Rows with the non-same letters have significance difference at the five percent probability level
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Introduction: Among wide variety of soil pollutants including heavy metals, acidic precipitation and other
toxicants, the importance of heavy metals due to their pollution capacity has received growing attention in recent
years. Heavy metals are important environmental pollutants and their toxicity is a problem of increasing
significance for ecological, evolutionary, nutritional, and environmental reasons. Of all non-essential heavy
metals, cadmium (Cd) is perhaps the metal that has attracted the most attention in soil science and plant nutrition
due to its potential toxicity to humans, and also its relative mobility in the soil-plant system. The uptake of ions
takes place in competition with that of elements such as Zn, P, Cl-, Ca, and Cu. Soil, environmental, and
management factors impact the amount of Cd accumulated in plants (Hart et al., 1998). Much of the Cd taken up
by plants is retained in the roots, but a portion is translocated to the aerial portions of the plant and into the seed.
The amount of Cd accumulated and translocated in plants varies with species and with cultivars within species.
Cd toxicity causes inhibition and abnormalities of general growth in many plant species. After long-term exposure
to Cd, roots are mucilaginous, browning, and decomposing; reduction of shoots and root elongation, rolling of
leaves, and chlorosis can occur. Cd was found to inhibit lateral root formation while the main root became brown,
rigid, and twisted. The changes in the leaf included alterations in chloroplast ultrastructure, low contents of
chlorophylls, which caused chlorosis, and restricted activity of photosynthesis. Radish (Raphanus sativus) is a root
vegetable grown and consumed all over the world and is considered as a part of the human diet, even though it is
not common among some populations. Usually, people eat radishes raw as a crunchy vegetable, mainly in salad,
while it also appears in many European dishes. Some people, at least in the Middle East, prefer to drink its juice
in pursuit of certain health benefits. Radishes have different skin colors (red, purple, black, yellow, and white
through pink), while its flesh is typically white. In addition, the edible root of radish varies in its flavor, size, and
length throughout the world.

Materials and Methods: In this study, we investigated the influence of Cd application rates on vegetative
parameters, and physiological and biological indexes of radish. The experimental design was a factorial with
randomized block with two treatments and three replications carried out at the Research Farm of College of
Agriculture, Shahid Chamran University. Treatments included three rates of Cd application of 0 (control), 30 and
60 mg kg'*, and two harvesting dates of commercial maturity (CM) and a week after CM, hereafter referred to as
1%t and 2" harvesting dates. Measurements included vegetative parameters such as wet and dry weights, leaf area,
length and width of leaves, leaf numbers and root length. Physiological indexes of electrolyte leakage and relative
humidity, and biochemical indexes of chlorophyll a, b and total, Cartonoeid, Proline and vitamin C were also
determined.

Results and Discussion: The results indicated that the Cd application reduced all of the vegetative parameters.
Application of 60 mg kg of Cd increased the electrolyte leakage by 28.2% and Proline concentration by 48.8 mg
gt. Cd application increased the relative humidity. All biochemical indexes decreased as the Cd application rates
increased. The maximum concentration of Cd in plant was observed at 60 mg kg Cd contamination. It seems that
decrease of physiological indices due to increased Cd concentration reduced the growth properties.

Conclusion: Application of different Cd concentrations affected the vegetative, physiological and biochemical
properties. By increasing Cd concentration of soil, the Cd accumulation in the plant increased. Increasing the Cd
concentration increased the electrolyte leakage and proline concentration and reduced the content of relative
humidity, chlorophyll, vitamin C in radish. In addition, it decreased yield including fresh and dry weights, root
length, leaf area, leaf length and width, and number of radish leaves. Further, the effects of degradation on
vegetative, physiological and biochemical characteristics of radish were one week after commercial maturity more
than the first time (commercial maturity). Therefore, the phosphorus-containing Cd for the cultivation of

1 and 2- Former M.Sc. Student and Associate Professor, Faculty of Agriculture, Shahid Chamran Unicersity of Ahvaz
(*- Corresponding Author Email: eftekhari_9t@yahoo.com)
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vegetables, especially tubers, such as radishes, as well as harvest management, should be carefully applied.

Keywords: Cd, Physiological indexes, Proline
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1- Bioaccumulation
2- Biomass

3- Fucus serratus
4- Langmuir

3= Mucor indicus
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5- Macrophytes
6- Kinetic Models
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2- Dubinin— Radushkevich
3- Ceramium virgatum

4- Myriophyllum spicatum
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Table 1- Kinetic equations in current study (32)
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Figure 1- The image of Ceratophyllum demersum before modified by SEM, 1000 times magnification
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Figure 2- The image of modified Ceratophyllum demersum by SEM, 1000 times magnification
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Figure 3- The image of modified Ceratophyllum demersum after absorption Cadmium by SEM, 2000 times magnification
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Table 3- The effect of pH on absorption of Cadmium (initial concentration of Cadmium= 7.56 mg/lit)

pH suilondly clals Gis oylossly Qs Cud b
The remaining concentration (mg/L)  The removal efficiency (%) Adsorption capacity (mg/g)

3 0.52 93.17 7.04

4 0.38 95.01 7.18

5 0.32 95.73 7.24

6 0.31 95.95 7.25

7 0.21 97.28 7.35

8 1.12 85.22 6.44
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Table 4- The effect of contact time on biosorption of Cadmium (initial concentration of Cadmium= 9.25 mg/lit)

ol o sailoaBly il s losl, s cudyb
Contatct time (min)  The remaining concentration (mg/L) The removal efficiency (%) Adsorption capacity (mg/g)

5 2.99 67.63 6.26

10 2.40 74.06 6.85

20 1.14 87.64 8.11

40 0.50 94.59 8.75

60 0.35 96.16 8.90

90 0.20 97.81 9.05
120 0.16 98.31 9.09
180 0.12 98.71 9.13
240 0.14 98.46 9.11
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Table 5- The effect of amount of adsorbent on biosorption of Cadmium

ol e oyl s sailedly cuile Gia plas Gl Cad b
The dose of biosorbent Initial . The remaining The removal efficiency ~ Adsorption capacity
concentration -

(g/L) (mg/L) concentration (mg/L) (%) (mg/g)
0.02 9.01 5.62 37.62 169.50
0.05 9.01 5.31 41.06 74.00
0.1 9.50 2.1 77.89 74.00
0.2 9.50 1.95 79.49 37.76
0.4 9.50 1.50 84.29 20.02

1 9.50 0.32 96.67 9.18

2 9.50 0.20 97.85 4.65

4 9.50 0.06 99.34 2.36
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Table 6- The effect of initial metal concentration on biosorption of Cadmium

odlS adg) AL (1ald) ady! cais sailogdly Al Gis sloail, i b b
Cadmium initial conclgr:’ftlraa{tion The remaining The removal efficiency ~ Adsorption capacity
concentration (mg/L) (mg/L) concentration (mg/L) (%) (mg/g)

10 9.50 0.32 96.67 9.18

20 18.58 1.59 91.45 16.99

40 38.42 6.06 84.21 32.36

60 58.33 13.84 76.27 44.49

80 77.76 28.94 62.78 48.82

100 92.90 43.08 53.63 49.820

200 188.00 128.30 31.75 59.70
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Table 7- Optimum condition for removel Cadmium by modified Ceratophyllum demersum

e Waer e
Parameter Optimal concentration (mg/L)
pH 7
ooled oloj 60
Contatct time (min)
@l ke 1
The dose of biosorbent (g/L)

Cadmium concentration (mg/L)
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Table 8- The parameter and equations of isotherm adsorption models of Cadmium

¥ @b Ol E955aly — owintg?d
(Langmuir) (Freundlic) (Temkin) (Dubinin — Radushkevich)
ol e K R K an K an o c
(palr:njeter) (mglg) (Limg) (malg) (mo/g) (Limg) R? Mme)  okkjz Kjmol R
(A)mL(:nt) 61.34 0.19 0.99 3.08 15.31 8.93 6.93 0.98 41 107 2.23 0.73
Eamon) C./q,=0.0163(C,)+00866  -Nd =03249(LnC,)+2.7285 @, =8.9268(LnC,)+17.287  Lng, =—-1E-07(s*)+3.7138
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Table 9- The parameter and equations of kinetic adsorption models of Cadmium
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Experimental Pseudo first order Pseudo second order
).:.o‘)b Klp e 2 KZP Qe 2
mg/ : . R
parameter ") (1/min) (mg/g) (mg/g.min)  (mg/g)
"*”_K 8.8955 0.0954 5.88 0.97 0.043 9.23 0.99
Cadmium
2l Aol ) Ln(g, —q,) =—0.0954t +1.7725  t/q, = 0.1083t + 0.2682
Equation
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Introduction: In recent years, concern over the long-term effects of heavy metals has been increased as
environmental pollutants. Environmental pollution of heavy metals is one of the major environmental issues.
Unfortunately, due to the uncontrolled entry of various types of industrial waste, their input is increasing into air,
water and soil sharply. Heavy metals are irresolvable and tend to accumulate in the organs and tissues of living
organisms that cause a variety of diseases and disorders for humans and other living organisms. Recently,
biological methods and technologies such as biosorbent and bio-accumulation have been used to help researchers
to confront the problem of removing heavy metals from sewage. In bio-accumulation technology is used living
biota to remove metals. However, in the second method, or biological absorption is used of dead or inactive
biologically is this purpose. The main objective of this research is to determine the capability of the storage of
cadmium as heavy metal by modified Ceratophyllum demersum biomass. In addition, the effect of pH on
adsorption rate, contact time on adsorption rate, adsorbent adsorption, initial concentration of adsorbant
(cadmium) were evaluated on adsorption. Also, kinetic and isotherm models of absorption were determined.

Materials and Methods: In the present study, the effect of modification of Ceratophyllum demersum on the
removal of Cadmium from aqueous solution was investigated. Ceratophyllum demersum or blue fork is a
submerged plant that is commonly found in aqueous humorous streams containing moderate to high levels of
nutrients. One of the suitable environments for growth of Ceratophyllum demersum is low depth and laminar
flow of water channels. In this regard, a search was conducted on irrigation channels inside Shahid Chamran
University of Ahvaz and large quantities of this plant were observed in many parts of these channels. The plant
was collected from the entrance channel of the Karoon River to the university. After collecting the plant and
washing it with urban water and distilled water and drying it in free air was dried at 70 ° C. After that the dry
matter was milled and it passed through the standard No. 50 sieve. In this study, alkaline solutions (0.5M NaOH
solution) were used to modify biomass. This method has been shown to be effective in similar studies, and has
greatly increased the absorption capacity of adsorbents. Preparation of cadmium storage solution was performed
based on the methods presented in the standard reference for water and wastewater testing.

Results and Discussion: The morphology characteristics of biosorbent surface by Scanning Electron
Microscope (SEM) were studied and desirable effects of modification on characteristics of biosorbent surface
were proved. The result of study showed that by increasing pH from 3 to 8, the removal efficiency increased
from 93% to 97% at pH 7, and then decreased to 85% at pH 8. In addition, adsorption capacity, in similar way,
increased from 7.04 to 7.35 and then decreased to 6.44 mg/g. Therefore, pH 7 was determined as optimum pH.
Increasing contact time, from 5 to 240 minute, caused changes in removal efficiency from 67% to 98% after 180
minute, and then decreased slightly. Adsorption capacity, in similar way, increased from 6.25 to 9.13 mg/g and
then decreased slightly and contact time of 60 minute was determined as equilibrium time. Increasing dose of
biosorbent from 0.02 to 4 g/L, causing increase of removal efficiency from 37% to 99% and decrease of
adsorption capacity from 169.5 to 2.35 mg/g and finally dose of 10 mg/L was determined as proper dose of
biosobent. Increasing of initial concentration of Cadmium solution from 10 to 200 mg/L led to decrease in
removal efficiency from 96% to 31%, and increase in adsorption capacity from 9.18 to 59.7 mg/g, and
concentration of 10 mg/L was determined as optimum initial concentration of Cadmium. Finally, kinetic and
isotherm adsorption models were studied. In kinetic models, pseudo-second order kinetic model, with correlation
coefficient of 0.99 described biosorption better than pseudo-first order. In isotherm models, the Langmuir
isotherm with correlation coefficient of 0.99 described biosorption process such better than other models. Based
on results obtained in this study, the high capability of modified Ceratophyllum demersum, as a favorable
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biosorbent for cadmium removal from aqueous solution was proved.

Conclusions: The images from the SEM device showed that adsorption modification increased the
absorption capacity to absorb cadmium ions. The highest efficiency was achieved in pH equal to seven.
According to the economic considerations and optimum consumption of the energy 60 minutes was determined
as the time of equilibrium. Kinetic modeling shows that Pseudo second order has the best matching with
experimental data.

Keywords: Adsorbent, Langmuir model, Removal efficiency Kinetic model
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Table 1- Some physical and chemical properties of soil samples used in this research

Soil property Method of analysis
SoSl colan 0.86 dS m2 ebl U5 o)las
EC Saturated paste extract
EeR v elsl J5
pH Saturated paste
ECC Titartion
<l Loam a4 09 e
texture Hydrometer
Sows 43 gkg? S Sy
Organic carbon Walkley-Black
‘-"b J"lﬂ )M 10.2 mg kgl O"“J9l
Available P Olsen
clo b el 187 mg kg'! posgel il
Available K Ammonium acetate
Total N Kjeldahl
iz JB ol 4.78 mg kgt DTPA
Available K
o JB sy, 0.83 mg kg! DTPA
Available Zn
o BB e 12.45 mg kg! DTPA
Available Mn
w2 JE e 1.27 mg kg DTPA
Available Cu
iz JE 1.33 mg kgt gb ol
Available B Hot water
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Table 2- The analysis of variance (ANOVA) table of organic and inorganic acids effects on some quantitative and qualitative

characteristics of corn

Ol kS galio o Soh s Ol ek o

S.0.v Treatment Block Error Ccv
(df) g1 as yo 8 2 16

(Fresh weight) 5 ;s 211 ** 0.034 ns 0.11 14.3
(Dry weight) s 54 2.82 ** 0.017 ns 0.13 14.8
(Water content) cogb, 1o 1437 ns 2.46 ns 2.43 1.72
(Plant height) «, ¢las,)| 138.8 ** 37.56 ns 216 14.2
(N root) asy, ;5s5a 0.057 ** 0.002 ns 0.003 2.57
(N shoot) sl (5,5 0.421 ** 0.001 ns 0.004 242
(NTF) o595 Jisl g5 0.047 ** 0.001 ns 0.002 2.76
(K'root) auyy pawls 0.18* 0.003 ns 0.004 13.1
(K shoot) sl muwls 0.36 * 0.037 ns 0.017 9.21
(K TF) paly Jlas! 51 0.42 * 0.18 ns 0.18 18.8
(P root) ayy ,aus 0.073 ** 0.0002 ns 0.0003 6.93
(P shoot) 4l ,aus 0.013 ** 0.004 ns 0.0003 6.11
(P TF) yaud Jsl g1 0.15 ** 0.008 ns 0.008 10.25
(Fe root) azy, ol 366294 **  467.3ns 14378 9.72
(Fe shoot) sl ! 77516 **  85.45ns 1031 18.3
(Fe TF) ool Jis! g8 0.005 ** 0.0002 ns 0.001 195
(Mn root) asy, 55 836.6 ** 3.18 ns 6.82 2.17
(Mn shoot) 45l 3% 222.5** 21.9ns 21.3 3.16
(Mn TF) ;8o Js! 86 0.003 ** 0.001 ns 0.001 3.21
(Znroot) aiy, s, 9926 ** 3342 ns 1229 21.9
(Zn shoot) 45l ¢, 4317** 2121 ns 987 18.3
(ZnTF) (9, Jlasl g5 0.642 ** 0.057 ns 0.074 18.9
(Cu root) ay, e 2.69 ns 1.46 ns 4.29 5.37
(Cu shoot) 48l s 2.86 ns 8.48 ns 1.87 6.61
(CUTF) o Jlasl ,g816 0.005 ns 0.002 ns 0.003 9.26

id o lai a sl 4 do g b el Y0 Jho Ve SUIST sl
035 Jld 3 8y g S Cale (Joho PH oo (5ol
W (Y) 13ls0 olS 5o mamlty slog il Ao 51 oy il 51 (6 lom
5y Slos 39ty 1 I slaswl cuS 5 g SUIST sl 5l 65000
22,5 o Jyae (S Gl ol s
Sl ete U 5l SLe 0 Jgas 53 0ad a3l ol @l
dmsl g sl by Lo (Sl sl Y g0 o O S s
5 Sl Sl Ceto b g g i jhud Iy S sl
5 ool sl sl aiiy; yiud chale ) bl bl jlag
Jid Moo 2l el S5 pH Jlde zals L Yiais] Sise

ol ol calis )3 paie ool A8 (85 5 o |y
ot ol 4 deg Aol g bl S5 g S o
clial gladgle )5 5, Slas (85 9 (&5 Hhll o b
Lol ol
lor GiSu ) ey paie clle gy Sojlul 4 by ol
5 ) i wl jles a S ol (L Y Jods o ydd iy, g
a3 im0 558 (s pll olsy calé Loy S gl
ol adn; )3 3920 mewlly clale bl dald jles 4
Syl dl g Voo den Vo Sy dusl 311y b o i
oo 3y e 6l oy i anslly JUil 9815 2 b5
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Table 3- Effect of organic and inorganic acids on quantitative growth factors of corn. (p<0.05)

PeRlald s 5 osy Wl olse S o

o _ . . Cagby o) (o i) 4y £33 !
Treatment .(‘_,l.\ls (‘-"_'\Js »e5) Water percentage Plant height (cm)
Fresh weight (g per pot)  Dry weight (g per pot)
Cs 7.79a 0.90 a 88.3a 31.17 abc
Cuo 8.69 a 1.04a 88.0a 34.83a
As 6.87 c 0.79 bc 88.2a 27.17 e
Ao 7.21b 0.88 ab 87.8a 32.67 ac
Os 7.68 b 0.82b 89.3a 31.00 abc
O1o 7.03¢c 0.84b 88.1a 29.33 bc
Mix 7.33b 0.85b 88.4a 28.84 bc
S 7.64b 0.81b 89.1a 29.33 bc
Control 7.34b 0.86 b 88.3a 28.67 bc

D315 s o y> O Jlen] o 53 (g )lol BMB] ygiw ya S5 )0 aliie g ys b (slmodly
Numbers followed by the same letter are not significantly differents

O3 stlg (S g Al 53 ool CBLE g eamsliy 9 (1955 JUT 495518 5 Fame g T glosaes! 22,5 15T € g
Table 4- Effect of organic and inorganic acids on translocation factor of nitrogen and potassium and their concentrations in
root and shoot of corn

)Lw; h&)"’:‘u)Sl“%" A y 9590 JUs! )925@ o WL" ady MM’U-’ Jes! )9;'Slé
Treatment SNootN g ) ol ROOt(ng (NTF) o390 ShootKalgr - ROOLK (g (K TF) pauly
(100gt (100g = (g 100g%) 100g%) T
Cs 456 b 242 a 1.86 bc 1.35a 0.55 ab 2.49 bdc
Cio 4.49b 2.39 ab 1.88 bc 1.37a 0.59 a 2.34dc
As 479 a 2.29¢c 2.09a 1.07b 0.50 abc 2.14d
A1o 4,74 a 2.30¢c 2.06 a 1.33a 0.45 be 2.97 abc
Os 472 a 2.33 bc 2.02a 1.36 a 0.48 abc 2.88 abcd
O1o 475a 2.26¢c 2.09a 1.36 a 042c 3.34a
Mix 478 a 2.33 bc 2.05a 1.33a 0.45 bc 2.99 abc
S 4.82a 2.30¢c 2.09a 1.28a 0.60 a 2.13d
Control 4.17c 2.31 bc 1.80d 1.26a 0.45 bc 2.80 abcd

D305 s o ys O Jlenl paws 53 (g lol BMB] giw pa S5 )0 aliie g ys b (slmodls
Means with different letters within the same column are significantly different (LSD, p<0.05)

S5 led ol g a3 o CBIE piund JUSI )5S 5 Fame 5 T gl 325 56 -0 Jga
Table 5- Effect of organic and inorganic acids on translocation factor of phosphorous and its concentration in root and shoot
of corn. p<0.05)

o s2lgp (S i Al ) b JU) 59518
Treatment Shoot P (g 100g™) Root P (g 100g™) TFP
C5 0.26a 0.34b 0.76 de
C10 0.21 de 0.33b 0.65e
A5 0.24 abc 0.32b 0.76 de
Al10 0.26a 04la 0.64¢e
05 0.22 cde 0.24c 0.92 cd
010 0.23 bed 0.26 ¢ 0.88 cd
Mix 0.26 a 0.38a 0.69e
S 0.25ab 0.25¢ 1.03 bc
Control 0.20 e 0.16d 1.23a

L2185 L5 o3 B Jlein s 5> (gylel M| ygian 5o S5 53 ailiie gy b (slaosly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Table 6- Effect of organic and inorganic acids on translocation factor of Fe and Mn and their concentrations in root and
shoot of corn

ise ] ] s LSS o
Lo 1ot adyy o2l 2l JE) ,es6 ) adyy e Jusl 58
stos lop o® J <lep ..&
Root Fe (mg Root Mn (mg PNV
Treatment  ghoot Fe kol TFFe Shoot Mn kaL
A g) 9 gt MnTF
(mg kg™) (mg kg™)
C5 289.0a 1429 ¢ 0.20 ab 145.0 cd 172.0c 0.84 ef
C10 281.7a 1856 a 0.15 bc 144.7d 174.0c 0.83f
AS 156.0 b 1481 be 0.10dc 163.7a 1473 e 111a
A10 181.3b 847¢e 0.21la 162.0a 152.0d 1.06 ab
05 136.7b 1062d 0.13dc 145. 3 cd 1413 f 1.02 be
010 167.2b 1409 ¢ 0.12 dc 143.7d 143.0 ef 1.00c
Mix 181.4b 1918 a 0.09d 157.3 ab 175.3 bc 0.90 ed
S 173.1b 1414 c 0.12dc 163.3a 1813 a 0.90 de
Control 160.0 b 864 de 0.18 ab 153.0 bc 1423 f 1.07 ab

B35 s o ys B Jlen] gans 53 (g lol BMEB] ygim ya S5 10 aliio Cgyn b (slmodly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Table 7- Effect of organic and inorganic acids on translocation factor of Zn and Cu and their concentrations in root and

shoot of corn

Slosd Bl 39, WIS gy, JlEs! 1556 Blw (o WRIO e ] eS

Treatmen  Shoot Zn (mg Root Zn TE 7n Shoot Cu Root Cu (mg CuTE
t kg™h) (mg kg™ (mg kg kg™t

C5 214.0ab 105.7d 2.01a 21.1a 35.4a 0.59a
C10 213.3ab 120.3d 1.73 ab 20.1a 34.8a 0.55a
A5 174.7 be 117.3d 1.58 ab 214 a 36.4 a 0.58 a
Al10 163.3 bc 214.0b 0.77 e 20.3a 34.4 a 0.59a
05 146.0 cd 202.3 bc 0.81ed 208 a 35.2a 0.58 a
010 163.3 bed 128.7d 1.27 bed 216a 37.0a 0.58 a
Mix 2420a 278.3a 0.87 cde 229a 36.1a 0.63a
S 139.7 cd 139.0d 1.02 cde 223a 35.1a 0.63a
Control 121.0d 95.0d 1.31bc 212a 348a 0.6la

B35 s o y> O Jlen] paw 53 (g )lol BMB] giw ya S5 50 aliie g ys b (slmodly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Introduction: In calcareous soils of Iran, using fertilizers that reduce soil pH over long periods are
prioritized. Reducing pH in calcareous soils increases the concentration of essential nutrients such as
phosphorus, iron, zinc, copper and manganese in the soil solution. The use of organic and inorganic acids in
calcareous soils may also have other advantages in addition to gradually decreasing the soil solution pH. The
effect of organic and minerals acids on plant growth and uptake of essential nutrients has not been studied. The
aim of this study was to evaluate the effect of organic acids like acetic, citric and oxalic acid and mineral acids
like sulfuric on the growth of forage corn.

Materials and Methods: The experiment was based on randomized complete block design and carried out in
pots in a greenhouse. A calcareous soil with electrical conductivity of 0.86 dS m™ and organic matter of 4.3 g kg~
! was collected from research farm of University of Zanjan. Treatments were T1 & T2: citric acid with
concentration of 5 and 10 mM (Cs & Cio), T3 & T4: acetic acid at a concentration of 5 and 10 mM (As & Auo),
T5 & T6: oxalic acid at a concentration of 5 and 10 mM (Os & O1o), T7: mixture of citric, acetic and oxalic acid
each at a concentration of 3.33 mM (mix):, T8: sulfuric acid at a concentration of 5 mM (S), and T9: control.
Treatments were applied in three stages: immediately after sowing, four-leaf and eight-leaf stages. Irrigation of
pots was done with water with EC value of 400 puS /cm. Considering the possible effect of acids on increasing
the availability of phosphorus, potassium, iron, zinc, copper and manganese, fertilization was done only based on
nitrogen demand and 0.55 g urea was added to each pot (equivalent to 200 kg ha*) with irrigation water in three
steps. The shoots of plant samples were harvested after 50 days and the roots were carefully removed from the
soil. Some growth related characteristics such as stem height, fresh weight, dry weight, and moisture content of
vegetable tissue were also measured. Concentration of nitrogen, potassium, phosphorous, iron, zinc, manganese
and copper in roots and shoots was measured. Translocation factor (TF) indicating the transfer rate of the
elements from root to shoot was obtained by dividing the concentration of the element in the shoot by that in the
root.

Results and Discussion: The results showed the significant effects of the treatments on the growth factor
(fresh weight, dry weight and plant height). The percentage of moisture content was the same in all treatments.
Citric acid treatment (T2) significantly increased fresh weight of shoot (18.3 percent) and dry weight (20.9
percent) of the plant. Organic acids also increased the concentration of nitrogen in shoots and roots. The
concentration of nitrogen in the shoots was roughly twice as compared with that in the plant root. As for the
potassium treatments, except for Ay treatment (T4) (the lowest concentration), other treatments did not show a
significant difference with control. The highest concentration of potassium in roots was observed in sulfuric acid
treatment (T8). The highest translocation factor of potassium (3.34) was observed in Ojo treatment (T6). The
results indicated a positive effect of 5 mM citric acid, acetic acid, mix treatment and sulfuric acid on shoot
phosphorus and the positive effect of acetic acid and mix treatment on the phosphorus root. Citric acid
treatments (T1 and T2) were the most effective treatments in increasing the concentration of iron (289 mg kg™?)
in shoots. For roots, Cio treatment (T2) and Mix treatment (T7) showed the highest iron concentration. The
highest TF for iron was observed in Ajp treatment (T4). Acetic acid treatments (both concentrations), and
sulfuric acid were more effective than other treatments and significantly increased the manganese concentration
of the shoots. Sulfuric acid also caused a significant increase in the manganese concentration of the root. Acetic
acid treatment (T5) showed the highest amount of TF for manganese. The amount of zinc element in shoots and
roots was significantly affected by the mix treatment (T7). There was no significant difference between all Cu
treatments.
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(*- Corresponding Author Email: Akbar.hassani@znu.ac.ir)
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Conclusions: In general, application of citric acid in both concentrations is useful to increase the biological
yield and product quantity in maize farms. These treatments increased fresh and dry weight of shoots and roots.
Acetic acid seems to improve translocation of elements in plants. The use of other acids is likely to enhance
concentration of nutritional elements in roots and shoots.

Keywords: Calcareous soil, Citric, Corn, Organic and mineral acids
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Table 1- Results of physical and chemical properties of soil
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Table 2- Recommended amounts of fertilizers
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Figure 1- Effect of treatments on plant height
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Figure 4- Effects of treatments on shoot wet weight
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Figure 5- Effects of treatments on shoot dry weight

Sis U)9 wi)l_.yo fo\“.) 9 0.394' )‘.)ua..:ua Z\ Jl.o.\>1 C“a“’ Jo
=y 9 034 Enterobacter sp. S16-3 (5,51 jlos 4 slsie S
Byae o 5 gl g WD ) Cond &S ABL e p 5 FAF L,
Pseudomonas sp. Az-8 (s,iSL (o851 ol 5l ey 088
281 63V (g 5 0,5 Jos yire AV e e 500 (6355 slayless
Y JSC8) 38,5 1,5 )l o3S Ss ] Som s o
o xe 6olsl M3 g LAIY il L S s 59 e e
4 dng el Cowddy 36A-2L (¢ 5SL e 5o sals 4 cows
Lags Sl GBal )3 (gyline ol JS Suid ()59 plad (oo Co
Lo ySU 5l (B s gze pialS 5wl SIS claygejl 5
DSy dn 1lg5 o yal)l opl malS (5 36A-2L alas ylas
bgye oL yauginy o las Sl (6)5ko pae L olS L ol i
i IS inlejl 15 Lis STl ol bl s 480l LS 0L,
Uit (gld i yg,0 QL@QM}] 5 Laaoi e (S bl
@ 151 B po a5 s o Lt 365yl gl 0391 sl (5Ll
Al dde 681 3y L bl gl Wil ed adlllae S aoes
5 Sid 0y 9095 sbale (2l sbales il 5l
gol sloylesd 4 G bas pSh g e laily 65V
ooy g s (SlaeuslSn & bgrpo Sl oo Yloinl (368
48 2l bgrpe (LS slagyge)gngid Mg pogada b St

(¥7) 28l g GlalS 3)Slas g 43y (2o 38l ) Ailgi o

039 28555 )5 Galefl slayloss ) e ayy S 3 Lo

Cunl ol (IS Lulyd (390 yie I QLS di e ad) SV 5
Fisige Sboadyy g2 g 190 ol yine 4435 (alad J Ll
295 dr]) (58 g e ll polis 5 Oyt Ol o e
wlojled (0 Wb e e pb 3856 pl 0 b0 o ol
YU 4,y 59 45 Pseudomonas sp. Az-48 ¢ xSL wole
395 slod Wile (gyles g arils 1y (2lgn plul (59 cn S andly
5 sl L 5laS lsm plil iy o oter oos L b 0
ples 9 3,3 |y acda) (g (npinS sl (298 Cumdg 53 5 )]
oLlS 10 Goldte (lady ) drwgi byl 5 95 > 4 BB -yl
) e slaai) g ade) o515 a8y slaiygngn Yol sl e
ot et i polic 5t iy b ) 5 93,5 305
ol lSien (V) 28 (o0 Sl sty 9 yaud Ale Bpuaeyy ol
Sgeygn bawgi 0ailS (o)l (S g ady) 28y Al 2y
ORIl Ao 3 g (B dlge e (Il cage D) S e
aS axdl s (Y0) oh)lSen 5 Swile L(YA) 2 g0 yd 5 yShas
e o) (o515 9 Job G2l b el gdls lo 51 oolizl
paiS 4l 3y Shoe (50 9 yhud 9 (g Spas LI 58

Js Sda 9 55009

JUETR| gw:l—")l slajlog cp b Ui s Wil ly 450
S St iy g )5 2929 iz s ylel MBI S 5



VAV jg5 e — O10 g0 « Yoylos MY wle> (S g ol as it OFF

250 -

S

E_:.’ 200 - ab a ab a a a a a
Ee)) C
3'g 150 - c bc
§8 100 -

g 50 -

o

aizy F 039 2 oblejl gWles il - USLS
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Introduction: Potassium is one of essential elements for plants and it is the most abundant nutrient on soil
surface which is important factor on plant growth and development. Factors such as potassium fixation, erosion,
run-off and leaching cause reduction in available potassium of soil. Microorganisms especially bacteria play
important role in changing unavailable potassium to available form. Hence, such bacteria can be used for
increasing available potassium in soil and consequently production and quality of crops. The K- releasing
bacteria can be employed as a biofertilizer to provide plant nutrients in a sustainable approach.

Materials and Methods: In this study, 10 bacterial isolates including Enterobacter sp. S16-3, Azotobacter
chroococcum 14SP2-1, Pseudomonas sp. 34A-2, Pseudomonas Az-48, Psudomonas Az-8, S11-2 and 36A-2L
provided from soil biology laboratory, department of soil science, University of Tabriz, Bacillus sp. 44-1
provided from soil biology laboratory of Gorgan University of Agricultural Sciences and Natural Resources, and
S19-1+ S14-3 isolated from Potabarvar biofertilizer produced by Green Biotech Company were used as a
potassium biofertilizer. For this purpose, bacterial inoculant prepared in bagasse and perlite carrier was used to
inoculate the disinfected seeds of corn (single cross 704). In this research, bacterial treatments were compared
with chemical fertilizer treatments including K50 and K100, in these treatments based on soil test, 50% and
100% of fertilizer recommendation were used (equal to 0.115 g and 0.23 g potassium sulfate per pot,
respectively). The experiment was conducted based on completely randomized design with three replications.
Duration of this study was about 2 months. Parameters measured during growth were stem diameter, height,
chlorophyll index and stomatal conductance and after harvesting, wet and dry weight of root, shoot wet and dry
weight, total wet and dry weight.

Results and Discussion: The results showed that expect root dry weight, total wet weight and stem diameter,
all parameters were significantly affected by the treatments. The highest plant height was observed for fertilizer
treatment 50% (100.8 cm) with an increase of 3.5% compared to the negative control. As to bacterial isolates,
highest height was measured in Bacillus sp. 44-1 (98.6 cm). Plant height and stem diameters are indicators of
vegetative growth, these parameters can thus increase when plant can use soil nutrients more than others.
Enterobacter sp. S16-3 had the maximum stem diameter and the lowest height. It can be due to decreased
potassium nutrition and auxin and gibberellin transferred from root. The chlorophyll index and stomatal
conductance were equal to 9.567 and 0.097, respectively, which were related to A. chroococcum 14SP2-1. These
are the factors of photosynthesis parameters. Increase of these factors may be attributed to the hormone balance
effects such as cytokinin which can expand root growth and absorbance of nutrients. A. chroococcum is one of
plant growth promoting rhizobacteria which can provide more phytohormones and cause improved plant growth.
Therefore, photosynthesis activities can be better. The highest wet weight (265.6 g) and shoot dry weight (44.4
g) were found at fertilizer treatments 50% and then 100% fertilizer recommendation, but in regards to bacterial
isolates, A. chroococcum 14SP2-1 and Pseudomonas Az-8 had higher values as compared with the control. The
maximum root dry weight was observed in Pseudomonas Az-48 (187.2 g). However, the lowest root weight was
obtained at 50% fertilizer recommendation. Hence, this can be explained by the root developing types. The
highest total dry weight was measured in Enterobacter sp. S16-3 (63.68 g) and Pseudomonas Az-8 and after
these bacterial isolates, fertilizer treatments had better condition. Consequently, these bacteria had another
effects on plants such phytohormones productions and enzymatic activities that chemical fertilizer did not have
such influences. The highest average of shoot potassium content was observed at 100% fertilizer
recommendation (1077.3 mg/plant).

Conclusions: The results showed that fertilizer treatments K50 and K100 had better conditions and pots with

1 and 2- Former M.Sc. Student and Associate Professor of Soil Biology and Biotechnology, Faculty of Agriculture,
University of Tabriz, Iran
(*- Corresponding Author Email: rsarikhani@yahoo.com)
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chemical fertilizer grew more than others in most plants. But some bacterial isolates showed comparable results
relative to K50 and K100. These bacteria can affect plants with directly and indirectly mechanisms. Bacterial
treatments such as A. chroococcum 14SP2-1 and Pseudomonas Az-8 improved growth parameters through
solubilizing potassium and producing phytohormones. Hence, these isolates can be considered for further studies
particularly under field condition.

Keywords: Biofertilizer, Bacterial inoculation, Enterobacter, K-releasing bacteria, Potabarvar
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Table 1- Classes defined for PI, PIN and PLI indicators

Pl PLI PIN
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Slado oW &l mhaw JIETR oW ;.:9” \ Sk s & o
PI<1 1 Clean PLI<0.7 1 Clean PIN<0.7 1 Clean
- (5291 o) - (59l o) - (5291 o)
1<PI<2 5 Low Pollution 1<PLI2 Low Pollution 0.7<PIN<1 5 Low Pollution
- (S S29) R (05 S50 T (05 S50
9<PI<3 3 Moderate Pollution 2<PLI<3 3 I;’Ao(iﬁiriztr? 1<PIN<2 3 Slight Pollution
= Lawgio  Sag)l = P = bws Sl
High Pollution High Pollution Moderate Pollution
PI>3 4 _ PLI>3 . i 2<PIN<3 4 e i
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Table 2- Comparison of measured features in refined urban wastewater with international (7, 30, 31) and domestic standards

9)
saddninal (6 s WS
_ Urban Treated wastewater WHO EPA IRNDOE FAO
F‘%tf 39 ‘ toSile Sl plojlejleblis glojle  jlcbls gljle gl plojl
eatures awld . [ . . . .
Range Sre L1 il Sk Boyol Comjlapne ol Comn jlane Sk b
Mean + SD
pH 7.09-757  7.24+029 6.5-85 6.5-8.4 6.5-85 6.5-85
EC(dSm?) 1.32-160  1.33+0.28 0.7 0.7 0.7 0.7
Zn(mgL') 0.77-0958  0.87+0.06 2 1 2 2
Cu(mgL?) 0515-073 059+ 0.07 0.2 0.2 0.2 0.2
Cd(mgL?) 0.106-019  0.14+0.03 0.01 0.01 0.05 0.01
Pb(mgL?) 047-0965 0.77+0.15 5 5 1 5
Ni(mgL?) 0.04-0144  0.095%0.04 0.2 0.2 2 0.2

oly U g ol il WS L (g5l Codi (08151 55 uwd (63505151 (ot baond (S S 529 dmlio -3 Jou

Table 3- Comparison of chemical features measured in irrigated lands with treated wastewater and well water
(S didgyy) G dilaio S

b S Soil area 1 (profile 1) (ST JOVES SRV
Features M b o (gl S oy O boud gyl SB Percent change (%)
Irrigated soil with sewage Irrigated soil with well water

pH 7.93 £0.015 7.70+0.05 2.99
EC (dS m'?) 2.73£0.297 250+1.75 9.20
OM (%) 2.83 £0.867 2.58+0.86 9.69
CCE (g kgh) 42.2+1.39 40.7£1.36 3.70
CEC (Cmol kg% 24.3+1.12 21.8+2.31 115

(5> o) 9> adlate S5
Soil area 2 (profile 2)

pH 7.74 £0.021 7.70 £0.047 0.52
EC (dS m?) 3.64+2.16 250+ 1.75 45.6%
OM (%) 2.60+0.91 2.58+0.86 0.775
CCE (g kg™) 40.4 % 1.04 40.7+1.36 -0.700
CEC (Cmol kg'l) 25.45 +0.77 21.8+231 16.6

(4w Jubg yo)duw ailaio S5
Soil area 3 (profile 3)

pH 7.71+0.05 7.60 £0.047 1.46
EC (dS m?) 2.59+0.88 2.45+1.75 5.84
OM (%) 2.76 + 0.66 2.35+0.86 17.4
CCE (g kg™) 42.8+1.59 40.8+1.36 4.88
CEC (Cmol kg't) 23.5+0.40 8+231)2 7.90

(e Jibsy) sz adbaie SK
Soil area 4 (profile 4)

pH 7.77+0.21 7.65+0.021 1.57
EC (dS m?) 3.78+1.58 2.45+1.47 54.3%
OM (%) 2.60 +0.011 2.35 +0.063 10.6
CCE (g kg™) 37.4+1.73 30.8+1.23 21.5
CEC (Cmol kg't) 18.16 + 0.40 17.3£0.097 4.97

(w2 Jibon) poesy aidate S
Soil area 5 (profile 5)

pH 7.70 £0.021 7.60+0.32 1.32
EC (dS m?) 3.78+1.58 2.46 +1.42 53.6%
OM (%) 2.60+0.11 2.24+0.05 9.70
CCE (g kg™) 37.4%1.73 30.3+1.60 23.4
CEC (Cmol kg't) 20.13 +0.80 17.6 £0.045 14.1

2l o Mo yd 5 Jlossl pdaw )3 Iy gz
* Significant at a probability level of 5%
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Table 4- Effects of irrigation with treated wastewater on the concentration of DTPA and Total elements of Cd, Cu, Pb, Zn

and Ni
(K2 ey ) o elate S5 2ol
. ¥ - Standard
e Soil area 1 (profile 1)

e sl Liss EXTRTIWA

O U oo ; Percent change (%)

Heavy ok ol g,-»l X WY JRESE B

metals oMl Irrigated Domestic Foreign

Irrigated soil soil with
with sewage well water
DTPA -Cd (mg.kg™1) 0.44+0.10 0.285 £ 0.04 54.386* 0.5 0.2-0.6
DTPA —-Cu (mg.kg™1) 2.49+0.275 2.213+0.11 12.94 02-2 02-5
DTPA —Pb (mg.kg™1) 2.043£0.49 1.85+0.17 10.43 - 5.2-10
DTPA - Zn (mg.kg™1) 1.893 +0.49 1.395+0.24 35.7* 0.2-6 0.6-10
DTPA —Ni (mg.kg™) 1.39+0.114 0.764 £ 0.07 81.94** - 02-2
Total - Cd (mg.kg™1) 10.62 + 1.53 2.8+152 279.3%** 5 3
Total - Cu (mg.kg~1) 56.62 +2.71 49.75 £ 0.99 13.81 200 100
_ -1 55.71+5.98 49.56 + 0.824 12.41 75 -
Total - Pb (mg.kg™")
_ -1 40.16 + 3.19 20.204 +1.76 98.77** 360 300

Total — Zn (mg.kg™")

Total - Ni (mg.kg~1) 21.14+3.32 18.59 + 1.36 13.72 110 110

(59 Jidg ) 9 adlate S5
Soil area 2 (profile 2)
DTPA - Cd (mg kg™ 0.63+0.13 0.28 £ 0.034 1254 05 02~
DTPA -Cu (mg kg%) 3.14+0.31 2.65+0.412 18,5 0.2-2 0 2'_ 5
DTPA - Pb (mg kg?) 1.96 + 0.41 1.85+0.17 5.95 - 5 2 _10
DTPA -Zn (mg kg1) 2.42+0.24 1.39+0.24 73.35**  0.2-6 0.6 ~10
DTPA - Ni (mg kg%) 1.34+0.32 0.75+0.10 78.9%* - O > _1
Total — Cd (mg kg?) +9.63+1.7 2.81+1.56 243*** 5 ' 3
Total — Cu (mg kg?) +55.6+2.6 49.9 +0.68 11.3 200 100
Total — Pb (mg kg') +4.25)54. 48.9+1.86 10.6 75 X
Total — Zn (mg kg'%) 51.95+2.35 20.2+1.76 157%** 360 300
H - **k
Total — Ni (mg kg% 50.7 £ 20.1 29.3+1.96 73.1 110 110
(4w Jidop) dw ddaio S
Soil area 3 (profile 3)

DTPA —Cd (mg kg') 0.615+0.15 0.28 £0.03 119%** 0.5 0626_
DTPA —Cu (mg kg'h) 2.78+0.25 2.32+0.19 19.8 0.2-2 0 2'_ 5
DTPA - Pb (mg kg?) 2.22+0.11 1.85+0.17 20 - 5 2 10
DTPA -Zn (mg kg1) 2.25+0.19 1.39+0.24 61.3* 0.2-6 0.6 ~ 10
DTPA - Ni (mg kg%) 1.75+0.19 0.75+0.10 133*** - O > _1
Total — Cd (mg kg™) 11.7+£0.92 2.85+1.56 310%** 5 : 3
Total — Cu (mg kgl) 55.0+2.8 49.9 +0.68 10.1 200 100
Total — Pb (mg kgt) 56.4 +3.12 18.6 £4.3 203*** 75 X
Total — Zn (mg kg'%) 42.8+3.7 20.2+1.76 112%** 360 300
Total — Ni (mg kg') 34.7+1.79 29.3+1.96 18.5 110 110
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(e Jedon) e adate SL-

Soil area 4 (profile 4)
DTPA - Cd (mg kg'b) 0.42 +0.045 0.21+0.017 100** 05 0626_
DTPA - Cu (mg kg't) 3.47 +0.285 1.86 +0.11 86.6**  0.2-2 025
DTPA - Pb (mg kg%) 2.88+0.20 2.18+0.37 32.4* - 55 ‘10
DTPA - Zn (mg kg?) 2.47 +0.442 1.73+0.06 42.8* 02-6 & : 10
DTPA - Ni (mg kg?) 157 +0.27 0.67 £0.28 135%** - 022
Total — Cd (mg kg?) 11.6 +2.09 2.90 + 1.45 302%** 5 3
Total — Cu (mg kg't) 57.2+2.32 46.21+ 3.16 23.8 200 100
Total — Pb (mg kg') 60.5 + 0.66 37.16+ 1.4 62.7* 75
Total — Zn (mg kg'%) 41.1+2.79 27.2+1.88 51.1* 360 3(')0
Total — Ni (mg kg?) 41.7 + 3.68 18.4+2.41 127%%* 110 110

(s Jidgs) ety aiaie S

Soil area 5 (profile 5)
DTPA - Cd (mg kg 0.39 +0.045 0.21+0.017 85.7%% 05 0(')26‘
DTPA —-Cu (mg kg') 3.48 + 0.453 1.86 +0.12 87.1**  0.2-2 025
DTPA - Pb (mg kg%) 2.55+0.36 2.18+0.37 16.9 - 55 ‘10
DTPA - Zn (mg kg% 259+ 0.4 1.73+0.06 50.1* 02-6 & : 10
DTPA - Ni (mg kg?) 1.62 +0.14 0.67 £0.28 142%** - 022
Total — Cd (mg kg't) 11.8 +2.65 2.90 +1.45 307*** 5 s
Total — Cu (mg kg?) 60.9 + 1.80 46.2 +3.16 31.9% 200 100
Total — Pb (mg kg') 59.9 + 0.61 37.2+1.40 61.1* 75
Total — Zn (mg kg'2) 44.7 + 4.37 27.2+1.80 64.3* 360 3(')0
Total — Ni (mg kg% 22.6 +5.80 18.4 +2.42 22.9 110 110

b e 2o 0L g o 1 o 5 Jleis] o 55 5 me cui 5 g s o *%

*

«, = and ==« significantly, at a probability levels of 5%, 1% and 0.1% respectively
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Figure 1- Percentage of Cd, Cu, Pb, Zn and Ni in various profiles
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Table 5- Pl index

Ni Zn Pb Cu o5y 0,lous
Profile number
1.14(2) 198(2) 1.12(2) 1.14(2) 3.79(4) S o
Profile 1
1.73(2) 257(3) 111(2) 1.11(2) 3.43(4) 5%},_,55,9,
Profile 2
1.18(2) 212(3) 1.16(2) 1.10(2) 4.09(4) ““J_:-ém
Profile 3
227(3) 151(2) 1.28(2) 1.24(2) 4.02(4) S Jebo
Profile 4
1.23(2) 164(2) 127(2) 1.32(2) 4.07(4) & Jdox
Profile 5
151(2) 196(2) 1.19(2) 1.18(2) 3.88(4) oSk
Mean

2: class2: Low pollution, 3: class 3: Moderate pollution, 4: class 4: High pollution
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Introduction: Over the past decades, due to climate change and water scarcity, the recovery and use of urban
wastewater, especially in arid and semi-arid climates, has increased. But since wastewater is considered as an
unconventional source of water, its use in agriculture requires special management which, while benefiting from
it, does not have environmental and health hazards in soil, plant and surface water and underground water
resources. On the other hand, sewage systems often have significant amounts of heavy and toxic metals, the type
and amount of which varies from place to place, and even in the specific location, over time. The soil also has a
limited capacity to absorb and maintain these elements, and if their concentration exceeds the permitted range,
they can cause pollution of the water, soil, plant and human cycle. Therefore, the present study was conducted to
investigate the effect of irrigation with treated wastewater in Urmia city on concentrations, distribution and
contamination of Zn, Cu, Cd, Pb and Ni elements.

Materials and Methods: In field work, 6 soil profiles (5 profiles from the wastewater-irrigated soils and a
profile from the well-irrigated soil as control soil) were dug, described, and sampled. At around each profile,
composite soil samples were also obtained in the root depth of the area (Ap horizon, the depth of 30 cm). Soil
samples were first air-dried and passed through a 2-mm sieve and then analyzed for the determination of heavy
metals. The available and total fraction of zinc (Zn), copper (Cu), cadmium (Cd), leads (Pb), and nickel (Ni)
were extracted by DTPA method and concentrated acid (HNO3) procedure, respectively. The content of Zn, Cu,
Cd, Pb and Ni were determined by an atomic absorption spectrophotometer (Shimadzu AA-6300). Descriptive
statistics were conducted using SPSS 16 for Windows. In order to study the effect of irrigation with treated
wastewater on the extent of contamination of heavy metals, the AP (availability percentage), PI (Single-factor
pollution index), NPI (Nemerows pollution index), and PLI (Pollution load index) in the affected soils with this
wastewater was calculated. Also, all soil and water experiments were performed in 3 replicates and then, using
the excel data software category, tables and charts were plotted.

Results and Discussion: The soils were alkaline and calcareous as characterized by high pH, ranging from
7.6 to 8, and calcium carbonate equivalent, ranging from 30 to 42%. On average, the value of the available
fraction of the examined metals in the wastewater-irrigated soils ranged from 1.9 to 3.5 mg kgfor Zn, 2.5- to
3.5 mg kg*for Cu, 0.4 to 0.62 mg kg™for Cd, 2 to 2.9 mg kg-for Pb, and 1.34 to 1.75 mg kg*for Ni. Comparing
to the control, irrigation with wastewater resulted in a considerable build-up in the available fraction of the
metals in the rank of Ni (79-142%)> Cd (54-125%)> Zn (35-73%)> Cu (13-87%)>Pb (6-32%). These patterns
can be due to the quality and quantity of the used wastewater and impact of the used wastewater with its
receiving soils. Similar to the available fraction, there was an increasing trend in the total fraction of metals in
the order of Cd> Zn>Pb> Ni> Cu following wastewater irrigation. In this context, the mean content of total Zn,
Cu, Cd, Pb, and Ni in wastewater-irrigated soils was as 51-157%, 10-32%, 243-310, 11-203%, and 13-126%
higher than those of control soil, respectively. In spite of such enrichment, only the Cd values exceeded the
maximum acceptable limits. The AP index is an appropriate index to compare the mobility potential and the
toxicity of heavy metals in soil. In this study, the highest rate of this index among the heavy metals was related
to Cd and its lowest level was related to Pb, which showed more toxicity and more mobility of Cd compared
with other elements. The average of single-factor pollution index of five elements was observed in sequence Cd>
Zn> Ni>Pb> Cu that the element of Cd had the highest class of PI (class 4). The highest and lowest of NPI
values of five elements were observed in profiles 4 and 2, respectively. Also, the greatest effect of the five
elements of this study is on the elements of Cd and Zn in the generation of this level of contamination. The
pollution index of the five studied elements in irrigated soils with treated wastewater was similar to the NPI, its
maximum was observed in profile 4 and Cd showed the highest effect on increasing the value of this index.

1 and 2- Former M.Sc. Student of Agriculture Engineering Science and Associate Professor, Department of Soil
Sciences, Faculty of Agriculture, Urmia University

(*- Corresponding Author Email: S_Rezapour2000@yahoo.com)

3- Former Employee of Urmia Soil and Water Research Institute
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Conclusions: The results of this study showed that irrigation with sewage significantly increased the
available fraction of the metals in the order of Ni (78.9-141.8%)> Cd (54.4-125%)> Zn (35.7-73.3%>Cu (13-
87%)>Pb (6-32.3%) compared to the control. However, with the exception of cadmium, the available fraction of
other elements was within the permissible limit. Compared to the control, in the majority of studied soils, the
total fraction of the metals (with the exception of copper) was significantly increased and the lowest and highest
increase associated with Cu (10-32%) and Cd (2 - 3 times). Also, the results of pollutant indices showed that the
majority of the studied soils were in the low to high contamination and Cd was known as the major metal
affecting the indices yield.

Keywords: DTPA fraction, Pollution index, Total metal fraction, Urmia plain
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Table 1- The analysis of variance of physicochemical parameters of three land uses

5 o Olayo (0Sile (@il dryd Olayo (uSlo :
o Sig.
Sources of variations Mean squares df Mean squares
i <8 (Land use) 2
o e s (Error) 457 12 45.7 792 0.000"
(Organic matter) 0.57 14 0.57
Js (Total)
Sk sl «»8(Land use) 0.155 2 0155
(PH) s (Error) 0.002 12 0.002 70.9 0.000
Js (Total) 14
«»8(Land use) 2
Seslleslaa . 0.003 0.003 ox
(EC) s (Error) 0.000 12 0.000 24.8 0.000
Js (Total) 14

S dw SB alond 9 (958 SS9 (B2 (ke dmulie =Y Jga
Table 2- Comparison of the means of some physicochemical parameters in three land uses

u.‘i .3,90

S Sy o ) Sl o
rganic matter "
pH %) EC (dSm?)
S|y JSio (Dense forest) 7.90¢ 8.192 0.1022
sdicg 5o JSis (Degraded) forest) 8.09b 5.05° 0.052°
o2 cely; (Dry farming) 8.252 2.14¢ 0.061°
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Table 3- The analysis of variance of macronutrients in three land uses
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Table 4- Comparison of the means of macronutrients of the soil of three land uses (mgkg™)
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Table 5- The analysis of variance of biological parameters of three studied land uses
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Table 6- Comparison of the means of biological parameters in three studied land uses
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Introduction: Land use changes such as conversion of forest to cultivated lands, significantly affect soil
properties and modify soil forming processes. Land use changes can drastically affect the soil environment,
which in turn markedly affect soils and soil processes. Human activities that are not associated with proper
planning have undesirable effects on natural resources such as soil, including land use change. The results of the
investigations in different parts of the world show that changing the use of natural ecosystems to managed
ecosystems has destructive effects on soil properties. Cutting off the forest trees and converting pastures into
agricultural lands will destroy or disrupt natural ecosystems and reduce the current or future production capacity
of the soil. One of the important issues in the world is the destructive effects of agriculture on soil quality. These
destructive effects can include a wide range of soil changes including physical properties such as soil
compaction, soil water depletion, soil structure destruction and soil texture change, chemical properties such as
accumulation of some elements such as N, P, K, and soil salinity, and soil biological properties such as soil
microbial population and soil fauna activity changes, soil organic matter reduction and also effect on useful soil
enzymes. Land use change from forest to agriculture does not necessarily lead to soil degradation. Land use
changes and forest destruction in Yasouj region has increased in last decades. In this study, we investigated the
effects of land use change on some soil characteristics in Servak plain, Yasouj region.

Materials and Methods: Servak region is located in 4 km south of Yasouj city. Three main land uses of
dense forest, degraded forest, and dry farming were chosen to study the role of land use change on some soil
properties.. The elevation of the region varies from 1833 to 1869 m above sea level. Five soil samples (0-20 cm)

were taken from each land use. Samples from each land use were taken from almost similar elevation and slope

to minimize the effect of topography. Soil samples were transferred to the laboratory, air dried and passed
through a 2mm sieve. The chemical and biological analyses were carried out. The determination of soil organic
carbon was carried out based on the Walkley-Black chromic acid wet oxidation method. Available K was
extracted with 1IN ammonium acetate at pH=7 and was determined by flame photometry. The Olsen method was
used for the determination of available phosphorus. Total nitrogen was measured using the Kjeldahl method. Soil
bacterial communities were counted using culture medium (Nutrient agar. The basal respiration rate was
estimated by back-titration of the unreacted NaOH to determine CO evolved over 10 h. The substrate-induced
respiration was measured by adding 2 ml of 1% glucose to soil samples over 6 h. Soil suspensions were prepared
by 10-fold serial dilutions with 1g soil. Counting the soil fungal community was done using a culture medium
(Potato dextrose agar) and was prepared by 10-fold serial dilutions. The activity of alkaline and acid phosphate
enzymes was measured based on a colorimetric method using p-nitrophenol.

Results and Discussion: The land use change from a dense forest to dry farming has modified many
chemical and biological soil properties. The results of analysis of variance and comparison of the means of data
obtained from this study showed that as a result of land use change from dense forest to dry farming, Organic

matter, total nitrogen, exchangeable potassium, basal and substrate-induced respiration, fungal community, acid
phosphatase and alkaline phosphatase enzymes contents were decreased. Also, soil bacterial communities were

increased at 1% level in dry farming land use. The amounts of phosphorus did not show any significant
difference. In general, it can be concluded that following the degradation of the forest and land use change, the

soil organic matter and relevant properties, especially biological indices, are more affected compared to the other
properties. Soil organic matter plays a key role in ensuring agroecosystem productivity and the long-term
conservation of soil resources.

Conclusions: Large-scale conversion of indigenous forests to cultivated land, driven by long-term

1, 2 and 3- M.Sc. Student and Associate Professors of Soil Science, Yasouj University
(*- Corresponding Author Email: owliaie@gmail.com)
4- Assistant Professor, Department of Animal Science, Yasouj University
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agricultural development in the Servak region, has greatly affected the physicochemical and biological properties
of the soils. Generally, the conversion of the natural ecosystem to agroecosystems decreased organic carbon
content and relevant indices such as basal and substrate-induced respiration, fungal community, acid phosphatase
and alkaline phosphatase enzymes contents in the top-soils at depth of O to 20 cm. The decrease of organic
carbon in cropped farms could be attributed to the enhanced oxidation of soil organic C caused by cultivation.
The results of this study showed that any management and type of land use that decreases soil capabilities can
reduce soil quality and increase the susceptibility to degradation. So, in order to maintain soil quality,
appropriate management practices should be done.

Keywords: Forest soil, Fungi community, Soil elements, Soil enzymes
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Figure 1- Watersheds, Agricultural Land and Geographical position of four studied stations of Afghanistan
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Table 1- Geographical characteristics of four studied in-situ stations

Station Elevation (m) Lat. (°E) Long. (°N)
0 iamy gw)! @l o il Job
Kabul
s 1791 34.33 69.13
Herat
y 977 34.13 62.13
ol
Mazar Sharif
N 3910 36.42 67.12
e
Qandahar
s 1010 31.3 65.51
PLLEW

Data retrieved from Afghan Meteorological Authority
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Figure 6- Comparison of AQMERRA precipitation with in-situ data of Four studied stations in three different temporal scales
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Table 2- Comparison of AQMERRA and in-situ data using d and MBE indices

ol e Hloj gelida MBE d
Station Variable Temporal Scale
Daily 5.1 0.7
Tmax 14 days 5.08 0.73
Monthly 3.94 0.84
Daily 2.77 0.82
Thmin 14 days 3.002 0.87
S Monthly 3.18 0.86
Kabul Daily 0.14 0.85
Tmean 14 days -2.002 0.97
Monthly -3.15 0.98
Daily 3.608 0.94
Precipitation 14 days 4.089 0.81
Monthly 3.66 0.85
Daily -1.1 0.94
Tmax 14 days -1.22 0.97
Monthly -0.96 0.96
Daily 1.07 0.89
Tmin 14 days 13 0.94
Slyn Monthly 119 0.94
Herat Daily -0.04 0.85
Tmean 14 days -0.92 0.96
Monthly -1.8 0.97
Daily -0.29 0.92
Precipitation 14 days 0.11 0.98
Monthly 0.07 0.97
Daily 0.69 0.96
Tmax 14 days 0.83 0.98
Monthly 0.58 0.98
Daily 25 0.86
Thmin 14 days 0.83 0.98
iy yd lje Monthly 2.6 0.91
Mazar Shrif Daily -0.02 0.57
Tmean 14 days -0.24 0.98
Monthly -0.47 0.98
Daily 1.64 0.95
Precipitation 14 days 1.7 0.96
Monthly 1.62 0.97
Daily 1.68 0.88
Tmax 14 days 1.72 0.94
Monthly 1.16 0.92
Daily 3.39 0.85
Tmin 14 days 3.14 0.84
Hlaas Monthly 3.17 0.86
Qandahar Daily 0.17 0.91
Tmean 14 days 1.68 0.87
Monthly 2 0.92
Daily 2.52 0.85
Precipitation 14 days 2.48 0.9

Monthly 2.81 0.87
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Introduction: Climate change (CC) is one of the most important concerns for mankind in the current
century. Increasing CO2 concentration and the proof of the greenhouse effect theory in which the type and
composition of atmospheric gases which influence the earth temperature, are among undeniable facts makes the
future climate change more possible. Impacts of Global warming on hydrological cycles and precipitation
patterns would be more prominent in arid and semi-arid regions of the earth. For the arid and semi-arid nature
and the poverty more fraction of Afghanistan suffer from, it is likely that the impacts of CC on the country will
be more intense. This is while there is no credible and reliant research addressing the impacts of CC on
agriculture and food security sector of Afghanistan. Studying the impacts of CC on agriculture, future changes in
agroclimatic indices and application of crop growth simulation models intensively require a precise and adequate
sets of meteorological data. Because of many reasons, Afghanistan's historical meteorological data coverage is
really weak. In this research the applicability of AQMERRA as a gauge-satellite based dataset for filling the
Afghanistan in-situ meteorological gaps is evaluated via goodness of fit measures, patterns of seasonal changes
and the probability distribution functions.

Materials and Methods: This study is conducted on four major stations of Afghanistan (Kabul, Herat,
Mazar Sharif and Qandahar in the east, west, north and south of the country, respectively) (Fig. 1 and table 1)
which had the best in-situ meteorological data coverage. Observed Maximum (Tmax) and Minimum temperature
(Tmin) and precipitation (PRCP) data is collected via Afghanistan Meteorological Authority (AMA) or other
sources. AQMERRA database downloaded with .nc4 format and extracted with R statistical software or Panoply
ver. 4.8.4, dependently. Then five goodness of fit (GOF) measures (RMSE, NRMSE, MBE, R? and d) are
calculated according to the equations 1 to 5. There are different norms and indices to measure the validity of a
models, some based on Pearson correlation coefficient (R and R?) which indicate the degree of correlation
between observed and predicted data but have some amounts of sensitivity to extreme values (outliers).
Although, many other measures are considered to overcome the weaknesses but it is hard to distinguish the best.

Results and Discussion: The results of this research indicated the good potency, effectiveness and ability of
AgMERRA for gap-filling of in-situ meteorological data and producing spatiotemporal data series. Several
studies in this area have almost the same results. It is reported that AQMERRA is the most applicable dataset for
reflecting precipitation data comparing with ERA-Interim, ERA-Interim/Land and JRA-55 datasets.
Comparisons via NRMSE shows great (>10%) and good (>20%) amounts in all stations and temporal scales.
Among other stations, Mazar Shrif showed the best conformity between AQMERRA and observed data, while
Kabul station had the weakest, probably due to complex topographic situation of the Kabul airport station. The
amounts of R? for predicting temperature (Tmax and Tmin) were more than 0.86 in daily, 14-days and monthly
temporal scales. The lowest amount of the coefficient of determination was obtained at Qandahar station for
Tmean in daily temporal scale (R?=0.8) and the highest amount obtained for daily Tmax at Mazar Sharif station
(R?=0.947). R? for daily PRCP were inadequate, but increasing to adequate amounts in 14-days and monthly
temporal scales. The highest spatiotemporal amount of Tmax,Tmin and Tmean was obtained in daily scale and
the lowest amount was obtained for Tmean (1.8 and 0.9, respectively). The Index of agreement (d), also had
adequate amounts for 14-days and monthly PRCP (>0.87). The amount of MBE for precipitation in Herat, Mazar
Sharif and Kabul stations were negative, while it was positive in Qandahar station with a hot and dry climate.
AgMERRA could show a good compliance with changes of observed seasonal patterns, however, some amount
of over and under-estimates are obvious especially for Kabul station. This compliance with in-situ observed
patterns was acceptable for daily temporal scale, although AQMERRA was unable to predict some of the
fluctuations in probability distribution composition (with the range of 1 °C), especially fot Tmax and Tmin, but
fot Tmean the fluctuations simulated well.
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Conclusion: According to the results of the study, AQMERRA showed an acceptable potency to simulate the
in-situ meteorological data in four major studied stations of Afghanistan. According to the stochastic nature of
PRCP, the variable showed the weakest results in daily temporal scale but acceptable in 14-days and monthly.
Given the weak coverage of in-situ meteorological data of Afghanistan, AQMERRA could be a valid dataset for
producing well scaled spatiotemporal data series to be used in agroclimatic, CC and crop growth modeling

studies.

Keywords: Climate change, Goodness of fit, Kabul, Meteorology, Meteorological data
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Figure 1- Location of the selected stations in NW of Iran
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Table 1- The values of the k: and P of the Pettitt test in monthly ETo series for the first six months at the selected stations
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Table 2- Summaries of the Pettitt test output, change point, and the means of monthly ETosubseries prior and after the

sudden change date
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Figure 2- Sudden jump in monthly ETo in Sararoude-Kermanshah (January, February, March and June), Maragheh (April)
and Tabriz (May)
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Figure 4- Sudden jump in annual ETo in the stations Urmi
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Figure 5- Sudden jump in annual ETo in the stations Sagez, Sanandaj, Kangavar, Kermanshah, Maragheh and Mahabad
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Station January February March April May June July August September October November December Yearly
el _ ~ ~ ~ ~ _ ~ ~ ~
Ardebil 1998 1997 1997 1996
ENH YW
Eslamabad 2005 2000 1999 - - 2000 2002 2002 2002 2002 - 2003 2002
Gharb
U?m”:a 1995 1996 1997 1996 1995 1995 1996 1995 1995 1995 1994 1994 1995
»l } R R R R } R B B
Ahar 1997 1996 1995 1998
)Lm - 1993 1998 - - 1995 - 1994 - - - - 1995
Bijar
el R R ~ ~ ~ ~ ~ ~ ~ _ _
Parsabad 1001 1e02
Rt - 1998 1998 - - 2000 2003 1999 - - - - 1998
Piranshahr
T;ﬁz 1995 1993 1997 1996 1995 1995 1995 1995 1995 1994 1994 1994 1995
iS5
Takab 1995 1998 1998 1992
(s - - 1997 - - - - - 2002 - 2001 - 2005
Jolfa
Jsts 1999 1998 1998 1998 1998 1998 1999 2002 2000 2000 - - 1998
Khalkhal
FXVRES
Khodabandeh ) ) ) ) ) ) ) 2004 2008 ) ) ) )
oydeyS _ _ _ _ _ _ ~ _ ~ ~ _
Khorramdareh 1096 1008
K‘;’; y - 1998 1997 1999 1998 1998 1998 1998 1998 1994 1997 1997 1998
. - - 1998 - - - - - - - - - -
Ravansar
y:LJ < 1996 1996 1998 - - 1997 1996 1996 1996 1996 - - 1997
Zarineabato
Zaor\:;n 1994 1998 1998 1996 1996 1996 - 1994 1995 1994 - 1993 1996
< - 1998 2000 - - 1998 2004 1994 1996 - - - 1998
Sarab
il S 29l 1992 1994 1998 1998 1998 1998 1988 1988 1988 2002 1987 1994 1999
SararudKermanshah
o3 o 2000 2000 2000 2003 - - - 2000 2000 2000 - 2004 2005
SarpolZohab
Cud
- 2008 - - - - - - - - - - -
Sardasht
Sagl:ez 1994 1998 1998 1996 1998 1995 1998 1998 1995 1995 - 1994 1998
S 1995 1995 1998 1997 1995 1995 1995 1995 1995 1995 - 1995 1995
Sanandaj
e - - - - - - - 2008 2007 2005 2010 2010 2008
Sahand
098
Ghorveh 1998 2000
S - 1998 1999 - - - 2001 2001 2001 2000 - - 2001
Kangavar
sskes 1993 1994 1998 1995 1995 1995 1994 1994 1994 1994 1994 1993 1994
Kermanshah
o 1997 1997 - - - 1995 2004 1995 1995 1996 - - 1996
Makoo
b 1995 2000 2000 2003 1998 1999 1999 2001 2001 2000 2001 2000 1999
Maragheh
ol - - 1998 - - - - - - - - 1997 -
Marivan
Meshkinshahr 2001 2007 2005 2005
2k - - 1999 - - 2006 2006 2006 - - - - 2006
Malayer
ke - 1998 1998 1998 - 2004 2005 1999 2000 2000 - - 1998
Mahabad
t e - 1993 1998 - - 1995 2005 1993 - - - - 1994
Mianeh
ol - 2000 - - 2000 - 1999 1999 1999 - - 1999
Nahavand
ol - 1996 1998 1998 1998 1998 1997 1998 1997 1998 - - 1997

Hamedan
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Introduction: Evapotranspiration is one of the key elements of hydrological cycle. This parameter plays a
crucial role in different water related studies such as agricultural water management, environmental energy
budget, water balance of watersheds, water reservoirs and water conveyance structures (such as channels, dams,
barriers and so on). Increasing greenhouse gases has led to increased atmosphere temperature. Such changes in
air temperature and other atmospheric parameters caused some natural hazards in many regions. One of the
important parameter impacted by climate change is potential evapotranspiration. Different studies conducted in
the recent decade to detect the monotonic trends and abrupt changes in meteorological parameters. Most of them
are on trend analysis of meteorological and hydrological parameters. In the recent years, monotonic trend
analysis of reference crop evapotranspiration (ETO) has interested many investigators around the globe. Many
investigators attempted to find the possible reasons of trends in ETO. In many cases, this is accomplished by
sensitivity analysis of ETO to different meteorological parameters. Other investigators attempted to model ETO
using the hydrologic time series modeling. Detection of sudden change point in different time series including
ETO is very important in changing climate. However, in spite of tremendous studies on monotonic trend analysis,
it seems that no serious work has been conducted to detect abrupt changes in ETO in Iran, especially in west and
northwest of Iran. This region has fertile soils and produce an important portion of cereal yields of Iran, thus
providing water to agricultural section is crucial under climate change. Therefore, the main objectives of this
study were i) estimation of ETO values in the selected stations in west and northwest of Iran using the FAO-
Penman Monteith method, and ii) detection of significant change points in ETO time series using the
nonparametric Pettit test.

Materials and Methods: The 32 synoptic stations were selected in this area for analysis. Data needed for
this study were gathered from IRIMO. Meteorological parameters were daily records of maximum air
temperature, minimum air temperature, sunshine hour duration, wind speed, and relative humidity. The ETO
values were estimated using FAO-56 Penman-Monteith model. In order to detect the significant change point the
non-parametric, Pettitt test was used. Both monthly and annual time scales were used in analysis. The null
hypothesis of test is there is no sudden change point in the time series. We calculated the p-values for time series
under test and compared it with significance level (5%). If the calculated p-value was less than the significance
level (0.05), then the null hypothesis is rejected, and the alternate hypothesis (i.e. there is a significant sudden
change point in the time series) will be accepted.

Results and Discussion: The results showed that around 60% of the monthly time series had significant
sudden change points. For instance, Urmia showed significant abrupt changes in ETO for all months.
Specifically, more than 86 and 78 % of the stations experienced sudden change in ETO in March and August,
respectively. The strongest abrupt change observed at Maragheh, in which the difference in monthly ETO before
and after the change point date reached to about 45 mm. It is worth to mention that all detected sudden changes
had upward direction. In annual time scale, more than 80 % of the stations showed significant abrupt changes in
ETO. Among all stations, Sararoud- Kermanshah showed a large difference in mean annual ETO for the subseries
of before and after the change point date which was approximately 235 mm. In annual scale, all sites (except
Sahand and Parsabad) experienced upward ETO abrupt changes. In order to inspect the reason this change, we
plotted different meteorological parameters time series. The results indicated that the wind speed showed
negative trends (except for two stations) leading to ETO increase. Furthermore, it was found that almost all
stations exhibited increasing trends in air temperature. These changes caused an increase in ET0. The most
prominent abrupt change date in ETO time series was found for the years from 1995 to 1998. For example, in
February, April, May, and June, monthly ETO time series suddenly increased in 1998, which were statistically
significant (p < 0.05). Following the year of 1998, some other monthly ETO series showed abrupt change point
in 1995 (p < 0.05).
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Conclusions: The sudden change in ETO was confirmed in west and northwest of Iran. According to the
results, ETO time series (in monthly or annual time scales) exhibited upward sudden changes. Such changes in
ETO time series ring the alarms and decision makers should be, therefore, cautious in management of water
resources.

Keywords: Climate Change, Fao-56-PM-Montith, Pettitt Test, West and northwest of Iran
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Table 1- Defined patterns of Bayesian Network structure for predictors
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1- Pearson correlation coefficient

2- Nash-Sutcliffe coefficient

3- The meanabsolute percentage error
4- Root mean square error

5- Coefficient of Residual Mass
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Figure 3- Time series of Zayandeh Rud Dam inflow
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Table 2- The optimum number of clusters based on Silhouette width and Davies Bouldin indexes
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Number of optimum clusters gy e Number of optimum clusters o
Vg wgsd Oadaw (1036 Variable pNg (wged Ogdaw o, Variable
Davies Bouldin __Silhouette width Davies Bouldin __Silhouette width

3 3 Q6s 3 2 Q1
2 2 R 3 3 Q2
2 2 S 3 3 Q3
3 3 Qdam 3 3 Q4

3 3 Q5




1AV 599 0 — 010 yo ¢ Foslads FY ls (S g ol s Y

Y g2yl (Swome il Y Joas
Table 3- Results of validation of scenario 1
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Table 6- Validation Results of scenario 3
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Table 4- Validation Results of special patterns for scenario
1
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Table 5- Validation Results of scenario 2

L I T

L I A CO B A O M

Patterns Patterns Patterns Patterns Patterns Patterns

13% 19 38% 10 25% 1 38% 19 50% 10 63% 1
13% 20 38% 11 25% 2 38% 20 38% 11 63% 2
38% 21 38% 12 50% 3 25% 21 63% 12 38% 3
25% 22 25% 13 25% 4 38% 22 50% 13 13% 4
0% 23 38% 14 38% 5 25% 23 63% 14 50% 5
50% 24 25% 15 25% 6 38% 24 50% 15 50% 6
50% 25 25% 16 25% 7 75% 25 50% 16 38% 7
50% 26 0% 17 25% 8 63% 26 38% 17 38% 8

50% 18 13% 9 50% 18 25% 9
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Table 8- Validation Results of scenario 5
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Table 7- Validation Results of scenario 4
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25% 19 50% 10 50% 1 38% 19 63% 10 50% 1
25% 20 50% 11 50% 2 50% 20 63% 11 50% 2
25% 21 63% 12 50% 3 50% 21 63% 12 38% 3
13% 22 63% 13 38% 4 38% 22 63% 13 50% 4
13% 23 63% 14 38% 5 38% 23 63% 14 50% 5
13% 24 63% 15 38% 6 38% 24 63% 15 50% 6
63% 25 37% 16 50% 7 50% 25 25% 16 50% 7
25% 26 25% 17 38% 8 50% 26 38% 17 50% 8
38% 18 38% 9 38% 18 50% 9
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Figure 4- The proposed Bayesian Network structure for prediction of (a) Dam inflow (b) wet and dry periods
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Introduction: During the last decades, runoff decreasing is observed in our country as many dam reservoirs
face water supply crisis even in normal periods. This decreasing trend is mainly due to the uncontrolled
withdrawals, lack of supply and demand management as well as droughts. Using different flow prediction
methods for surface water resources state analysis is important in water resources planning aspects. These
methods can provide the possibility of planning for proper operation by using different factors to meet the needs
of the region. Due to the stochastic nature of the hydrological processes, various models are used for prediction.
Among these models, Bayesian Networks (BNs) probabilistic model has been considered by many researchers in
recent years and it has shown the efficiency on these issues. Due to the growth of demand in different sectors
and crises caused by drought of the water supply system that has put the basin under water stress, the water
shortage has appeared in different sectors. Regarding to the strategic situation of Zayandeh Rood Dam in
providing water resources for tap water, industry, agriculture and environmental water rights in Gavkhooni
basin, this research presents the development of a model for prediction of Zayandeh Rood Dam annual inflow
and hydrological wet and dry periods. Since the uncertainty of the predictions increase when the prediction
horizon increases, this factor is the most important challenge of long-term prediction. Using Bayesian Network
with reducing this uncertainty, provides the possibility of planning for water resources management, especially
for optimal water allocation.

Materials and Methods: In this study for prediction of zayandeh Rood dam inflow five scenarios were
defined by applying Bayesian Network Probabilistic approach. According to this, prediction of humerical annual
dam inflow (scenariol), annual wet and dry hydrological periods (scenario 2, 3, 4) and range of annual inflow
(scenario 5) were performed. For this purpose rainfall, runoff, snow, and discharge of transferred water to the
basin from the first and the second tunnel of koohrang and Cheshmeh Langan tunnel were considered as
predictor variables and the amount of Zayandeh Rood Dam inflow was selected as predictant for modeling and
different conditions of input variable’s learning have been analyzed considering different patterns. Calibration

and validation of the model have been done based on observed annual inflow data and the relevant predictors in
scenario 1, by using SDI Hydrological drought index and long-term average of inflow to classify the runoff and
clustering the other parameters in scenario 2, 3 and 4 and with classification of annual inflow data and other
parameters by using clustering in scenario 5. To achieve this target, K-means method has been used for
clustering and Davies-Bouldin and Silhouette Width has been used to determine optimal number of clusters.

Results and Discussion: The results of Bayesian Network modeling showed that the scenario 1 has a good
potential to predict the dam inflow so that the best pattern of this scenario (considering discharge of first tunnel
of Koohrang and Cheshmeh Langan tunnel, Zayandeh Rood natural inflow and rainfall with two years lag time
as predictor variables), has had a correlation coefficient of 0.78 between observed and predicted dam inflow and
relative error of 0.21 which shows an acceptable accuracy in prediction. Among scenarios 2, 3 and 4 for
prediction of wet and dry hydrological periods, scenario 2 in which classification of runoff has been based on the
long-term average, in the best pattern (with dam inflow with one-year lag predictor), is able to be predicted up to
75% accuracy. The analysis of the results showed that the scenario 5 is not very accurate in prediction of dam
inflow’s range.

Conclusions: The results showed that the Bayesian Network model has a good efficiency to predict annual
dam inflow numerically as well as hydrological dry and wet periods. Obtained results from prediction of
hydrological dry and wet periods will be effective in better planning of water resources in order to considering

1, 2 and 3- M.Sc. Student, Assistant Professor and Ph.D. Graduate, Department of Irrigation and Drainage Engineering,
Aburaihan Campus, University of Tehran, Respectively
(*- Corresponding Author Email: roozbahany@ut.ac.ir)
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possible ways of drought effect reduction. The overall results provide the possibility of water resources planning
for the water authorities of this region. Systematic planning leads to optimal use of water and soil resources and
helps considerably to analyze and modify the policy or rule curve of this dam for allocating water to downstream
especially for agriculture and environment and industry sectors.

Keywords: Bayesian Networks, Clustering, Runoff Prediction, SDI index, Zayandeh Rood Dam
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