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Table 1- The value of statistics for the calibration (validation) period

ol

_ MSE R2 NS p-factor r-factor
Station
o5 2.312.8) 0.72(0.47) 0.7(0.43) 0.13(0.04) 0.09(0.13)
Andarab Zarandeh
bk 52(16)  0.71(0.46) 0.38(0.31) 0.1(0.08) 0.06(0.1)
Baar Erieh
Esoxe 9 8.6(1.6) 0.5(0.34) 0.39(0.34) 0.06(0.13) 0.06(0.1)
Kharv-e-Majmou
S bl 4.8(9.5) 0.850.7) 0.84(0.65) 0.36 (0.29) 0.21(0.83)

Hossein Abad-e-Jangal

Lial,
Value
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Figure 5 -Spatial variations of annual mean percolation (mm) in Neishaboor watershed (simulated by SWAT model)
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Table 2- Final selected parameters with first and final ranges and their sensivity in SWAT calibration process

yalyly Olws g t-stat p-value 4dgl 03992 2 edgaxe
zebo o des) (ol dnlpl (Sg)ne colia
v__CH_K2.rte (el oo s ) 781 0 5,40 29.94,40
- - Effective hydraulic conductivity of channel (mm/hr) [ ] [ 1
r__CN2.mgt Curve number e ol -4.03 0.00006 [-0.6,0.6] [0.41,0.55]
v__GW_DELAY.gw (92) o) o 435 35 oloj 247 003  [50,150]  [92.102,141.66]
Delay time for aquifer recharge (days)
v__CH_N2.rte 429225 0 2 hel anlpl SKigle o 198 004  [0,03] [0.097,0.195]
Manning's n value for the main channel
r_SOL_AWC().sol (Raden 2 socha) SE s JB o oo 166 01 [05-03]  [-0.34-021]
Available water capacity (mm/mm)
r_SOL_BD().sol (ke ol £.5) S ol S 147 014 [06-05]  [-0.535-0.526]
Moist bulk density (g/cm3)
V_ALPHA BNK.te w7 ulrcein ok Jodl pSe coyd 142 015  [0.01] [0.42,0.76]
Bank flow recession constant
. JB .
r_SOL_Z().sol (o) S Gos 112 026 [0.6,06 10.49,-0.38
—SOL_20 Depth from soil surface to bottom of layer (mm) [ 1 [ 1
(mm HZO)AJL uLP ‘51).3 019:7';3’] 5 ub)> )I.L'a'.o J§|.\>
v__GWQMN.gw : 09 037 0,1000 189.78,569.67
—GWQ g Threshold water level in shallow aquifer for base flow [ 1 [ ]
(cols p poide) SB- (Sgyn cylin
r__SOL_K().sol -0.86 0.39 -0.4,0.4 -0.26,-0.18
—SOLKO Saturated hydraulic conductivity (mm/hr) [ 1 [ 1
v__ESCO.hru o Sblsamdes 083 04  [0.0L1] [0.76,0.87]
Soil evaporation compensation coefficient
v__GW_REVAP.gw Revap®eeps 069 049  [0.020.1] [0.05,0.08]
Groundwater revap coefficient
v__REVAPMN.gw (MM H20) Gas o plyel > ol Gas ali] 068 05 [5,7] [5.26,6.42]
Threshold water level in shallow aquifer for revap
v__SLSUBBSN.hru (o) o Job b 058 056  [10,150] [73.83,110]
Slope length (m)
v__EPCO.hru oS by SB Sl ol Q> ol 041 068  [0.0L1] [0.88,0.96]
Plant uptake compensation factor
v__ALPHA_BF.gw wreing = ol Jedl e o 002 0.99 [0,1] [0.07,0.69]
Baseflow recession constant
v__SMTMP.bsn (ogmd) 352 0355 055 o> 212 0 [-5,5] [2.1,4.9]
Snow melt base temperature (C)
G VY 0By ogd Jele
v__SMFMX.bsn -172 0 [1.4,6.9] [3.3,6.9]
Snow melt factor on June 21 (mmH20/day-C)
v__TRNSRCH.bsn : o Jl el . 4.28 000002  [0,1] [0.8,1]
Fraction of transmission partitioned to the deep aquifer
v__SFTMP.bsn (msede) B2 slod 3.33 0.0009  [55] [3,4.1]
Snowfall temperature(C)
v__TIMP.bsn S 035 o3 3 087 0387  [0.0L1] [0.85,1]
Snow pack temperature lag factor
v__SURLAG.bsn b by 20 s 082 0412  [1,24] [14.6,17.2]
Surface runoff lag coefficient
v_ SMFMN.bsn b3 T 3 By g3 Jale 069 0489  [14,69] [1.5.2.5]
Snow melt factor on December 21 (mmH20/day-C)
v__FFCB.bsn SE ol 4yl 063 0529  [04] [0.25,0.65]
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Figure 6- Temporal variation of groundwater level at four selected observation wells, comparison between the model

isoing o) Jice s SWAT s ol o aslllas ) 3
SWAT-
4 (65y9liS Byme O yigy (65w Jse yolaie 4 MODFLOW
A Gl (35 SCujo Iy (Al S (]l 48518
Slomis d il o (F5 5 YO XF OF O +) L5 claaseus plo
3oy Gl slaialy 3029 (homen (3130 4 Bl e ¢ Jla
Lo Jie jl odlizul 5 Llg o olélis Cusdse lyls (HRUS)
o3l ol (S50 Sglite sla 55525 L MODFLOW 5 SWAT
s lhe s (I, (¥5) MODFLOW-NWT 555 Jge s 5l
(e ddme (A S g b SuiS 4 bgye (ol
(o yiand CllB Colas )3 5 (eoj ol dgaomel b galolas

simulation and observations; and the location of the wells

P ol aS cowl cllas o) (LS F JSS IS job 4
& S A e a0 G & 5 Ceows | adllas 350 0593 53 (e
polie (dunlio b .l o3 <S> Jlo 3 plgse] (29 )3 Caows
&S 295 oo 0Bl o slaol> 43 0ud (gilwdndd 5 (slodalin
) ol mow by Lol 855, SWAT-MODFLOW Jso
slools (Sloj pw layldges (pizmen Lm0 sl (29>
ui Ls’l:_“"’] a]a_w Z929 J_.ls u_m.thlf g OM)UL«» CoKle
ola do boguye yloges £ JS5 53 Jlte e 4 aidl e (drojn
Al a.))’lg‘ 0593 L)" Lf"‘“”’n‘ C.\a.w ‘)Al-ml; &S And o UL'“) YA o)l.w.f:

a2l Ji e S, i ,> MODFLOW

ol 0395 10 VY 5 i (Yoo V=Y 1Y)

shosalie ioj 5 Of (ol paw Sk Jlade V S 5
&)y SWAT-MODFLOW izl Juso Lausgs 00 (¢jlodesss 5
ol ool i Slaaliie ols A (gly s YNV B Y- o) (g0)90
YO s a5 bl (sdon 29 g0 odnlive &S jghailen cunl
ol 1o V3l a8 blEs VA (gl s 5l Gl g it 4y
BN glas il jl )b o oly ¥ kil IS5 oyl 4y rgi L
A alwily Jao 45 i8S ass o o bl (ol ailass S
b ladlaie (oo ol (ol gaw ©ae 3l Claogad (o5
S b

..)94).; D)L:JI (Poos d‘)J U] .)1)1



OFY 2l (6359l e 2 (S Bblio 53 (o)) 9 (b O 42 )Ly (55l o

1240
1220

§

1200

©E Y
2 E A »
j § 180 o
3 =
~ & 1160 -
g y
i B 1140
E y
H f .
b8 P AN
- o~
2 & 1100 o
1 £ >
7 © 1080 -
1060
1040
1040 1060 1080 1100 1120 1140 1160 1180 1200 1220 1240

GRa) sl onalin inaj 0 ol oty el

Observation groundwater level (m)
~Y+VY 52,90 515 SWAT-MODFLOW Juo bauwsgi 0uws (85 lwaamsd 9 51oadlivo (o005 &1 (otbins] gebans (puSilao (G o —V JSU5
Yool
(conl Slanlie olx ¥A jlols S (gosind lis dlais ,a)
Figure 7- Comparison of the observed and simulated mean groundwater level by SWAT-MODFLOW for the period of 2001-

2011
(Each circle reperesents one of the 48 observation wells)
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Introduction: During the last decades, arid and semi-arid regions has faced a severe problem of depletion of
groundwater resources due to the over-exploitation of the aquifer. Moreover, groundwater and surface water are
not isolated components of the hydrologic system, but instead interact in a variety of aspects in which
development of one commonly affects the other. Additionally, the interaction is often complicated by
agricultural activities including surface water diversion, groundwater pumping and irrigation. This study presents

an integrated SWAT-MODFLOW model that couples land surface hydrology and groundwater hydrology to
determine spatial groundwater percolation patterns considering allowable groundwater pumping rates for the
Neishaboor watershed, Iran. Within the integrated model, the pumped groundwater is applied as irrigation to the
cultivated fields within the SWAT model, with deep percolation from the soil profile bottom applied to the
MODFLOW model as recharge. The model is tested against observed stream flow and water table elevation,
with model output then used to assess and quantify spatial-temporal patterns of groundwater recharge to the
aquifer.

Materials and Methods: The recently developed SWAT-MODFLOW modeling code simulates spatially-
distributed hydrologic processes in the coupled land surface / aquifer system, with SWAT simulating land
surface, soil zone, and stream flow routing processes and MODFLOW simulating groundwater flow and
groundwater/surface water interaction processes. Modifications which is done to the modeling code includes: 1)
Linking pumping from MODFLOW cells to SWAT HRUs for groundwater irrigation and 2) Imposing shallow
water table percolation and lateral flow conditions for SWAT HRUs when the MODFLOW-simulated water
table is within the soil profile of the HRU. The integrated SWAT-MODFLOW framework is tested in the
Neishaboor watershed (9157 km?) for the 1998 to 2011 time period. Climate of the region is classified as semi-
arid, with an average annual precipitation of 265 mm that varies considerably from one year to another. The
mean annual temperatures changes from 13°C in the mountainous area to 13.8°C in the plain area and the annual
potential evapotranspiration is about 2,335 mm. The main crops that are grown in the watershed is irrigated and
rain fed wheat during fall and winter and corn silage during summer. Regarding previous studies, about 93.5% of
the groundwater withdrawals in the Neishaboor watershed are consumed in agriculture, mostly for irrigation.
Therefore, irrigation practices play a crucial role in the water resources balance in the study area. Within the
integrated model, the pumped groundwater is applied as irrigation to the cultivated fields within the SWAT
model, with deep percolation from the soil profile bottom applied to the MODFLOW model as recharge. The
SWAT model was calibrated and tested in SWAT-CUP for the 2001-2009 and 2010-2011 periods, against
stream flow and developed model was calibrated manually against groundwater level data.

Results and Discussion: Annual average recharge, calculated from the daily recharge values pass from
SWAT to MODFLOW, demonstrating higher recharge rates in the alluvial fans and upland plain. Observed and
simulated stream discharge in four hydrometric stations demonstrate good similarity results with the observed
hydrograph. The NS values for monthly discharge rates are considered acceptable, however, the field-estimated
stream flow estimates contain a high degree of uncertainty. Simulated cell-wise groundwater hydraulic head at
the end of the simulation is compared with observation values with the highest water table elevation occurring in
the north east and low water table elevation occurring in the outlet. Comparing observed and simulated average
groundwater levels at the 48 monitoring wells, the deviation from the 45-degree line is less than 2.5 m for over
73% of the circles. The manual calibrated model can capture the main temporal trend. Overall, the model well
captures the long-term characteristics of the regional groundwater level.

Conclusion: In this study, a new coupled model, referred to as SWAT-MODFLOW was used to model a dry
and semi-arid region with a complicated irrigation system with groundwater pumping. A comprehensive model,

1, 2 and 3- Gratuated Ph.D., Professor and Associate Professor Department of Water Engineering, College of
Agriculture, Ferdowsi University of Mashhad, respectively.
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will enable accurate simulations of stream flow and water table fluctuations in watersheds and aquifers
respectably. In short, surface water infiltration is passed from SWAT to MODFLOW based on the contributing
areas of the HRUs to the groundwater grid. Pumping agriculture water is then calculated and passed back to
SWAT. The need for such a model is highlighted by the Neishaboor basin, where the agriculture is completely
based on groundwater pumping. The case study in the Neishaboor basin demonstrated the applicability of the
model for large, dry basins. The model will be used to determine best management practices for groundwater
pumping in the region.

Keywords: Groundwater, Integrated Model, Neishaboor, Surface Water, SWAT-MODFLOW
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Figure 1- The Location of River and Dam Lake of Zayande Rood
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Table 1- Corresponding Satellite images of the study
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6 A5 slsye VA 10-August-2017 222
7 WA yo 500 ¥ 26-August-2017 238
8 WA o500 ¥ 11-September-2017 254
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Table 2- Empirical Methods of Evaporation Estimation from Free Water Surface

The name of Empirical Methods The Equation of Empirical Methods
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E = 0.833(4.57T + 43.3)
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Table 3- Albedo, Surface Temperature and Average of Net Radiation Flux Values for Each Satellite images

ryai @)U S e i
e LA (o) oo cbam glod b G9!
Date of
Images Average of Net Land Surface Temperature (k) Surface Albedo
Radiation Flux
( llri ) oSbe LIReS Jragies oSbe Jole Jragies
" Average Minimum Maximum Average Minimum Maximum
22/05/2017 491.55 296.45 294.2 316.7 0.291 0.205 0.295
07/06/2017 489.2 298.65 294.8 3173 0.288 0.201 0.298
23/06/2017 486 299.8 297.8 321 0.292 0.207 0.308
09/07/2017 480.3 301.6 298.45 3223 0.287 0.206 0.303
25/07/2017 497 299.5 2975 319.2 0.279 0.211 0.291
10/08/2017 476.3 298.9 2975 318.75 0.295 0.224 0.321
26/08/2017 494.7 299.95 297.45 317.8 0.282 0.184 0.311
11/09/2017 505.2 2985 295.85 3157 0.272 0.198 0.291
Table 4- Evaporation Values by SEBAL, Empirical Methods and Corresponding Pan
o =228 SRy,
L e 3 Jlw Empirical methods
ﬂ;;eégf,b Corre;ggndmg SEBAL (mm/day)
- . day 3o jLw
images  evaporation  (™m/day) ol Gooyd iyl HEa opeald gyl gl
(mm/day) l‘jé’;; Tikhomirov  Ivanov  Henfer  Shahtin Marciano Mayer
22/05/2017 12.2 12.8 3.7 12.15 8.6 3.25 3.3 35 9.3
07/06/2017 105 11.95 4 14 9.9 3.8 3.8 4.1 10.7
23/06/2017 11.8 12.22 4.25 13.7 10 3.4 3.67 3.6 10.8
09/07/2017 14 13.52 43 15.15 9.85 3.75 4 4 11.9
25/07/2017 13.1 14.13 4.3 12.3 9.9 2.7 3.25 2.9 9.9
10/08/2017 13.1 13.33 43 11 9.5 24 2.9 2.6 8.9
26/08/2017 10.9 11.63 3.9 10.65 8.6 2.45 2.85 2.6 85
11/09/2017 9.2 104 3.95 10.8 8.9 2.45 2.85 2.6 8.7
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Figure 2- a: Maximum Evaporation in 25 July, 2017, b: Minimum Evaporation in 11 September, 2017
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Table 5- Evaluation parameters for Evaporation Estimation Models

230 8L Olys plojlw By yaogae ilgy! S L 9l ylo »b Jlw
o USBR Tikhomirov  Ivanov  Henfer Shahtin Marciano Mayer SEBAL

(rrI?n'\:/Ic?aEy) 0.98 0.27 0.55 1 1 1 0.5 0.28

(mvnﬁjiy) 0.98 0.42 0.56 1 0.98 1 0.51 0.31

R? 0.26 0.17 0.18 0.05 0.14 0.05 0.22 0.88

EF 0.01 0.26 0.17 0.01 0.09 0.011 0.18 0.76

CRM 0.2 -0.05 0.20 0.75 0.72 0.73 0.17 -0.05
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Table 6- Estimation of monthy evaporation volume from dam lake of Zayande rood
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images Monthy evaporation volume by SEBAL Monthy evaporation volume using corresponding Pan
(MCM) (MCM)
22/05/2017 20.8 19.76
07/06/2017 19.34 17
23/06/2017 19.78 19.1
09/07/2017 21.9 22.68
25/07/2017 22.88 21.22
10/08/2017 21.6 21.22
26/08/2017 18.86 17.64
11/09/2017 16.84 14.9

29 03 Legl @l g wlazdls (o35 6,90 p05 (225 (slaisbg,
28 bl )90 Wlgs a3 39j04015 s a2lyd Lulyd )3y (e
Kot (225 Glby) (o 290 sodld & drgi b3S
Le(»i 3)5Tﬁ et ioren g 4l JrC A odlbs b swlio
9 Jhw gy 5l edlaiwl L oid duslons pusnd wore ol 0L a5
539y 0dalj o (1550 o3> Lop3 £ 93 53 (pSeS Sl g,
Cowl 0393 550 50 B o5 (elaole 1o cxSlo yio ygubio Ar Jolre
035 4ol 13 CxSo o VO (03 Joleo daole pod p3 o> opl &S
2 dw Cawd ol ol 8 cuiS b5 Gl Calys e &S
02t wwl 5y5 0 (HuSa ¥ov v 3005) ot sl oy slacwowd
£5 23¢ G ) Slgicoe oo g, 5l it cculplts 35 3
S8 azl)d (Silgpian (M (3:35 dolme & 55 59l
O zuls dwslie S Cyaw wpdd J Buasy slaol
L5305 ey 9 Sloj 5 (V) OhlSen 5 53k sl singl b pols
oS SaS a0 duslxo yolde &S cunl opl 5 ST (A)
CBd gl ymes coits oad (6ol slaosly 4 Cans Jlow
s 5 6l o8 ol (ol 550 (ol o 5 el JpB L6
S @595 e il o ddlaie S 4y paend LB 5 A
s lSel Lo 50 S8 & 55 adllnn 3,0 et 55

!

Or—zmen 5 Jlw jl J—ol s olsl y ol
29,0305 2 3 51 Ol s Sl e e slags Sl
Rg=as pylaie i Sl o35 Kl g duslxe £ Jgio Bllas
P9> 2o 9 Jgl 59y V0 edizles plyiedn olo po Sl shojlgale
ol 0ah 485 a3 55 olo pod daws odiled ylgicay

alall poe oy b Cwl (asie £ Jada )0 oS 465 len
Lo 13,0 4y bgryo ¢ o9, 93 1 K8 4 0d D)5l diliale s
VAYY poiesd CandS gy 5 5 YYIVE Sl bgy 5o 4 Cal
ol 005 3591 ol 4D xS yio ygune

FoglS OF Colue 4w dal)d ) j5d e dieS 5 Al
9 V0] pgluas any byype Jlows )9S SaS' L e
Ol (ol 0393 oy 0 yio deo Vo /Y g VN Joleo AF/-5/Y -
S s ol (6505105l dlael dy s o0 D5l pdlie (ol
SOl 0 Aoy A Siisod (o pd 5 Canl 039 duo pd & dga> 0
sl 039 A ()35 3l e gl 5 s o) 2T
e il 1y 3 gtk ol 5 bl 5 pen
Gos 9 38 ghaw s & (cwod sy (g5 )3 5 0391 eite
48 a4y (639)9 Cnd g yieS e e i (6l
el |y (6 i s Jlaie el yioS Bae 5305 uoye syl
s S 9y ool slaazn ) S e o] o ol a0
il sl (sw)p sl p3e g pSojlal clagbyy e 4
S8 @l Bgpeoes (hg) &5 Canl 03b (Uis 225 sl )
sl ol @il (8 sla gy gl d Cud g5 58

&l

1- Emami Heidari H., Jafari H., and Karami H. 2014. The role of agricultural management for continuous flow in
Zayandeh Rood river. Journal of Water and Soil 28: 1095- 1106. (In Persian)

2- Akbar Zadeh H., Haghigatjo P., and Bagheri M.H. 2015. Estimation of evaporation throughout SEBAL algorithm
and remote sensing data. Iranian Journal of Irrigation and Drainage 9: 510-521. (In Persian)

3- Bala A., Rawat K., Misra A.K., and Srivastava A. 2016. Assessment and validation of evapotranspiration using
SEBAL algorithm and Lysimeter data of IARI agricultural farm. Geocarto International 31: 1-26.



AN LT - o oF oylod FY ul> (S g0l w5 OFF

4- Dong Q. 2018. Study on the Crop Irrigation Water Requirement Based on Cropwat in Jinghuiqu Irrigation Area.
Material Science and Engineering 394: 22-37.

5- Bastiaanseen W.G.M., Menenti M., Feddes R.A., and Holtslag A.A.M. 2000. A Remote Sensing Surface Energy
Balance Algorithm for Land (SEBAL). Journal of Hydrology 64: 198-213.

6- Ebrahim M., and Abu- Mallouh H. 2018. Estimate Land Surface Temperature in Relation to Land Use Types and
Geological Formations Using Spectral Remote Sensing Data in Northeast Jordan. Journal of Geology 8: 174-185.

7- Zamani S., and Rahimzadegan M. 2018. Calculation and Evaluation of Evaporation in Fresh Water Lakes with
SEBAL Algorithm 27: 57-69. (In Persian with English abstract)

8- Bagheri M.H., Morid S., and Arshad S. 2017. Application of Remotely- Sensed Data to estimate A Water Budget for
Data- Scarce Endorheic Basins: A Case Study of Lake Urmia Basin. Journal of the Indian Society of Remote
Sensing 45: 101-112.

9- Salifu T., Agyare W., Baffour N., Mensah E., and Ofori E. 2011. Estimating Actual Evapotranspiration using the
SEBAL Model for the Atankwidi and Afram Catchments in Ghana. International Journal of Applied Agricultural
Research 6: 177-193.

10- Sima S., and Tajrishi M. 2015. Estiamation of Urmia Lake Evapotranspiration Using Remote Sensing Data. Iran-
Water Resources Research 11: 32-48. (In Persian with English abstract)

11- Najafvand Derikvandi M., and Islami H. 2016. Empirical methods Comparison of estimation evaporation From Free
Water Surface (Case Study: Dez Regulatory Dam). Journal of Water Engineering 4: 65- 73.

12- Alizadeh A. 2015. Applied Hydrology. University of Mashhad, Mashhad.

13- Faris Beg A.A., Al-Sulttani A., Ochtyra A., and Markinkowska A. 2016. Estimation of evapotranspiration using
SEBAL algorithm and Landsat-8 data-A case study:Tatra Mountains Region. Journal of Geological Resource and
Engineering 6: 257-270.

14- Jana C., Rawat M., Sena D.R., Alam N.M., Mandal U., and Mishra P.K. 2016. Application of SEBAL Model to
Estimate Evapotranspiration in Doon Valley, India. Indian Journal of Soil Conservation, 44:191-197.

15- Schirmbeck J., Fontana D., Roberti R., and Schirmbeck L. 2017. Energy Balance from Images in Humid Climate —
SEBAL and METRIC. Agrometeoros Journal 25; 383-393.

16- Suleiman A.A., Bali K.M., and Kleissi A. 2009. Comparison of ALARM and SEBAL Evapotranspiration of
Irrigated Alfalfa. Journal of Hydrometeorology 35:411-424.



Journal of Water and Soil (63298 @slioo g psle) S 9 O 4y i
Vol. 33, No. 4, Sep-Oct. 2019, p. 537-548 gind BYV-0FA .o ITAA LT — o0 F oyl PV s

Estimation of Evaporation from Zayandeh Rood Dam Lake Using SEBAL

S.0. Mirmohammad Sadeghi - M. Ghobadinia 2*- M.H. Rahimian3
Received: 25-02-2019
Accepted: 30-09-2019

Introduction: Agriculture management practice plays a vital role in reducing the use of limited water
resources in arid and semi-arid regions which could result in their sustainability. Proper management of these
resources requires accurate information of component of the water budget. Recently, due to the problems of
water deficit and drought in most parts of the country, evaporation of reservoirs of dams, lakes and other water
bodies as one of the water losses has been considered and therefore, a more accurate estimation of evaporation
rate from these water bodies and its reduction strategies have become very important. Evaporation which is the
most important water output from terminal lakes plays a significant role in the lakes water balance. It can also
vary chemical compositions of lakes. Conventional techniques of Evaporation Estimation likely entail substantial
observation errors during bad weather and other conditions. These methods, therefore, cannot represent large-
scale terrestrial evaporation. Remote sensing methods for calculating evaporation were used. However, remote
sensing data combined with some meteorological data provide a means to estimate regional evaporation, given
the advances in remote sensing technology. Some land surface variables, such as surface albedo, surface
emissivity, and land surface temperature, can be estimated directly by remote sensing data. Then Evaporation
can be estimated by a set of equations hierarchically, which converts spectral radiances derived from satellites or
airplanes images. One of the models based on remotely sensed data is the Surface Energy Balance Algorithm for
Land (SEBAL) model, in which the land surface temperature, albedo, emissivity, and normalized difference
vegetation index (NDVI1) are of significance to estimating Evaporation.

Materials and Methods: In the present research, Zayandeh Rood dam reservoir and its lake with area of 54
square kilometer were selected to estimate the evaporation from this reservoir. Various empirical methods
including Mayer, Marciano, Shahtin, Henfer, lvanov, Tikhomirov and USBR were used. Also Surface Energy
Balance Algorithm for Land (SEBAL) was implemented on 8 satellite images of Landsat 8 from June to
September 2017. For this purpose, the main components of the energy balance equation, including net radiation
flux, soil heat flux and sensible heat flux to the air for each image, have been calculated and the instantaneous
evapotranspiration flux for each pixel is estimated as the residual energy balance equation. To improve the non-
dependency on ground data, a general equation was therefore used. The Net Radiation is the electromagnetic
balance of all incoming and outgoing fluxes reaching and leaving a flat surface. The amount of shortwave
radiation (RS]) that remains available at the surface is a function of the surface albedo (o). Surface albedo is a
reflection coefficient defined as the ratio of the reflected radiant flux to the incident radiant flux over the solar
spectrum. It was calculated using satellite image information on spectral radiance for each satellite and the
incoming shortwave radiation (RS|) was computed using the solar constant, the solar incidence angle, a relative
earth-sun distance, and a computed atmospheric transmissivity. The incoming long wave radiation (RL]) was
computed using a modified Stefan-Boltzmann equation with atmospheric transmissivity and a selected surface
reference temperature. Outgoing long wave radiation (RL1) was computed using the Stefan-Boltzmann equation
with a calculated surface emissivity and surface temperature. Surface temperatures were computed from satellite
image information on thermal radiance. The surface emissivity is the ratio of the actual radiation emitted by a
surface to that emitted by a black body at the same surface temperature. Soil heat flux was empirically calculated
using vegetation indices, surface temperature, and surface albedo. Sensible heat flux was computed using wind
speed observations, estimated surface roughness, and surface to air temperature differences. Sensible heat flux is
the part of internal energy of a substance that is proportional to the substance’s temperature.

Results and Discussion: Accordingly, the SEBAL model in the study area has the maximum and minimum
daily evapotranspiration in the pictures of June 25 and September 11, equal to 14.13 and 10.4 mm/day. The
results evaluate with the corresponding pan evaporate measurements on reservoir bank. The results showed that
none of the empirical methods including Mayer, Marciano, Shahtin, Henfer, Ivanov, Tikhomirov and USBR
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have been able to have acceptable correlation with the reference method. In contrast, SEBAL method in addition
to display spatial distribution of evaporation in the reservoir has an R-square coefficient of 0.88, RMSE and
MAE with 0.28 and 0.31 respectively, which shows high accuracy of the results of modeling rather than
empirical methods. Also according to the high error percent of empirical methods, it would be necessary to
calibrate coefficients and parameters relative to different climatic conditions. Alternatively, this algorithm can be
used to replace time-consuming and costly methods of calculating evapotranspiration at different surfaces.

Keywords: Dam reservoir, Energy balance, Landsat 8, Water bodies
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Table 1. Physical properties of soil

SB Gos S il o) o Cdow Cadyb 55 (i Cugh, SO dali )3 (9 Cugb
Soil depth . ’ Clay Sand Silt <=ly; il
Soil Texture
(cm) (%) (%) (%0) FC (%) pw (%)
0-30 w9 11 73 16 16.7 8.6
Sandy Loam
30-60 e pd 7 79 14 278 6.7
Silty Loam
0 e po)
60-90 Sandy Silty 21 65 14 23.7 14.3
Loam
SB &S Ologad -F Joua
Table 2- Qualitative characteristics of soil
fd L uEs o]
S ses ol T - e - oo en o
) . - [RC b [RC b bl bl Cla bl Cds B
Soil depth oSSl & S = =M - - = =
m) pH K CuU Zn Mn Fe
G EC (dS/m) OC (%)
mg/kg
0-30 6 7.3 0.98 19 250 0.72 1.38 14.28 6.52
30-60 3.9 75 0.72 16.5 300 1.52 1.3 10.18 10
ol (S Sluogad Y Joo
Table 3- Qualitative characteristics of water
o g O e, S G = sl 3lgo
paadS e i eawly Ol ) CWew A0 . .
Ol 2w o S o1 55 Jolomo
Ca®* Mg* Na' K' €O cCI HCO;4 50,2 SAR pH EC TDS
Meq /| dS/m Mg/
5 4.2 4.6 - 0 3.6 2 7.8 2.14 75 1.3 830
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Table 4- Emitters classifications based on the coefficient of manufacturing variation (CV) (9)

OBaoykE gy Chlu Clmiicups  gauaidb
Kind of emitter Classification
CV <0.05 Nl
Good
0.05< CV<0.10 b
labais Medium
Point 0.10< CV <0.15 % b
Rather bad
0.15< CV Jo8 e
Unacceptable
CV<0.1 NS
Good
ok 0.1<CV<02 bogie
Linear Medium
0.2<CV 4 b

Rather bad
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Figure 2- Examples of emitter clogging by tree roots (berry shrub rose)
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Table 5- Pressure points examined (bar)

. . B, . (HL) s 58 Ayl dliel j5 HJUid Wl puti o yd
255 o (EY] o311 blas : il
- )’OL;:;I‘: y I;:e)ia‘fmeei: f:nie;t oints Pressure (bar) Percent change in pressure along the lateral
3 POINES "1390 1391 1392 1390 1391 1392
el 28 25 23
Beginning
bl 5l pgw S
1
o - Efrom the beginning 25 21 L7
sl k) 8 20 20 30
First row lateral Il 5l pou 93
g from the beginning 25 2 17
e 2.2 2 1.6
End
ual 28 25 23
Beginning
1ol 1 pous S5
1
L s 5 oy = from the beginning 24 2.1 2
PR ) 2 3 21 28 21
Fifth row lateral 1) jl pgw 33
2 - 2.2 1.9 1.8
3 from the beginning
ke 2.2 1.8 1.8
End
. 27 24 23
Beginning
1ol 5l pgus S5
1
) - Efrom the beginning 25 2 L7
oD indy (£ g 22 21 30
Tenth row lateral Il 5l pgus 93
g from the beginning 22 19 16
ke 2.1 1.9 1.6
End
sl 27 23 23
Beginning
bl 5l pgw S
1
) . = from the beginning 2.6 2.2 2
o5k ) (29 A 3 15 17 9
Fifteenrow lateral lal 5 pgms 93
2 - 2.4 2 2
3 from the beginning
ke 2.3 1.9 2

End
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Table 6- The parameters measured in total 4 selective laterals and their evaluation with clogged emitters

I PR EP I o SIS
Jho e Ay ke e s b sy o
Year Place of latral . Evaluation Evaluation Evaluation
(lit/s) (cv) (cu) (EV)
Beginning manifold Unacceptable Fairly good Fairly good
Ayl gl I pow S
L;l,p|4,<,,',:; . G Gl .
1390 1 L. 4 15 2 80 =5 74 =5 [
3 from the beginning Weak Good Fairly good
manifold
g ghal ) pgus 90
holaas o ot e
2 o 4.1 13 e 89 e 82 e
3 from the Beginning Weak Good Good
manifold
End manifold Weak Fairly good Fairly good
el 3.9 15 Cisnd 80 = 745 w9 b
Average Good Fairly good
holies dy) s 42 18 ot S 75 o Lo 68 ignd
Beginning manifold Unacceptable Fairly good Weak
Ay bl jl pge S
holaas e L ne
1 . 41 16 ot S 82 =P 77 29> Bl
3 from the beginning Unacceptable Good Fairly good
manifold
dg ghl ) pges 9o
holaas . " o
1391 2 o 3.9 16 o BBt 79 ~9 73 29> sl
3 from the Beginning Unacceptable Good Fairly good
manifold
End manifold Unacceptable Fairly good Fairly good
Oels 3.9 167 Josb by 78 o5 b 72 2> L
Average Fairly good Fairly good
holess 4y sl 28 19 5 Ly 7 o s 65 i
Beginning manifold Unacceptable Fairly good Weak
Ay szl pgw S
holaas o i e
1 . 3.9 16 ot S 80 = 74 29> B
3 from the beginning Unacceptable Good Fairly good
manifold
dos ) (gl il pous g ;
2 Jod LBy e g lans
1392 =fromth | 3.9 17 80 71
g romine uhe Unacceptable Good Fairly good
Beginning manifold
End manifold Unacceptable Fairly good Weak
05k 3.7 17.5 ot S 76 o5 ld 69 sl
Average Unacceptable Fairly good Weak
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Table 7- The parameters measured in total 4 selective laterals and their evaluation by removing clogged emitters

ol s aop b FPS
Jlo =2 U9 ol = 5 O i b ERRY b s L3y
Year Place of latral Evaluation Evaluation ) Evaluation
(I/s) (cv) (cu) (EV)
holaas gl 42 13 Ciunds 89 s 83 cP
Beginning manifold Weak Good Good
Ayl sl jlpge S
1 o 4.1 13 e 90 m 83 m
3 from the beginning Weak Good Good
manifold
dg) ghal jl pges 90
holaas - s
1390 2 o 4.2 13 e 89 S 82 g
3 from the Beginning Weak Good
manifold
End manifold Unacceptable Good Fairly good
ol 41 14 ignd 86.5 N 80 -
Average Weak Good Good
Beginning manifold Unacceptable Good Fairly good
Ay gl jl pgw S
1 o 4.3 13 e 90 =5 83 ~y
3 from the beginning Weak Good Good
manifold
Ao gl 5l paw
holaas - o s T
1391 2z o 4 15 s 84 my 77 9 e
3 from the Beginning Weak Good Fairly good
manifold
End manifold Unacceptable Good Fairly good
Ol 42 15 - 835 N 76 s bl
Average Weak Good Fairly good
holan o ] 41 15 e 85 < 776 29 Ll
Beginning manifold Weak Good Fairly good
Ay gl jl pgw S
holaas .. God G s
1 . 4 14 e 86 o 79 o
3 from the beginning Weak Good Fairly good
manifold
dos Ayl gl jl pgw 9 )
z Jgd JB s oo g s
1392 —fi h | 4 17 79 71
3 romthe Lo Unacceptable Good Fairly good
Beginning manifold
End manifold Unacceptable Fairly good )
oSke 38 17 Josd JB 78 c 71 e
Average Unacceptable Good Fairly good
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Table 8- Comparison of measurement parameters in Selected laterals in three years of experiment by removing clogged emitters

halejl Jlw
bawi (5 S5l gl ol )b Year of experiment

oS o > o
Reduction percentage

Measured parameters Js! 093 P
First Second Third

(CV) (o Sy cupd b0y 14 15 17
(CU) 815, cups 0pp 865 835 78
(EU) Ly (31685 2oy 80 76 71

Jgl 4 @93 Jlw P93 4 pgw Jlw Jyl 4 pgmr JUw
Second year to the first  Third year to second  Third year first
7 13 21
35 6.6 9.8
5 6.5 11

cm) 1Y 3 sl
60 80

Pgw Jlo
P B gl s lo & by o cilisie Glos! g Juolgh ) S Cagb, —1 JKS
Figure 6. Soil moisture at different distances and depths from the first to third year
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Table 9- Physical properties measured of tree over three years of experiment

93y Cordgo e s glis ) & ,.\95 )‘|.\5|4.1Lw..\9.9u sl b xlaw
A Cond Cé 3 u?. G Tree height (cm) Trunlzcc::qa;meter Shadoweérr};/)lronment Shado(\ivnf)urface
holdon dg) 35 895
Tree row Selected tree
position relative on the row 1390 1391 1392 1390 1391 1392 1390 1391 1392 1390 1391 1392
to the manifold
Fh'blt 260 300 357 8.6 89 105 6.6 7.26 8.2 3.5 4.2 5.4
irs
s 230 280 340 6 79 102 5 53 6.1 2 23 296
o) Seventh
Beginning o225 305 350 375 6 86 105 56 64 76 25 31 46
Thirteenth
_"’M"’ 260 320 360 7 89 99 5.6 59 6.3 25 28 3.16
Nineteenth
0l 264 313 358 69 86 103 5.7 6.9 7 26 31 4
Average
ﬁJ’l 205 270 290 54 76 95 5.4 6 7 23 28 39
First
lazl 5 pgw S i 240 280 310 67 93 111 63 66 75 31 35 448
1 Seventh
Efromthe
R e
S 230 320 330 66 95 121 5.7 6.4 7.3 25 31 436
beginning Thirteenth
R 200 260 300 43 57 7 4 43 5 13 15 199
Nineteenth
ok 219 283 308 5.8 8 10 5.4 5.8 6.7 23 27 37
Average
Fg'blt 260 320 360 73 102 118 6.2 6.5 7.8 3.1 35 497
irs
bl 5l pgs 52 pie 260 300 340 6.7 86 105 61 66 8 28 35 51
2 Seventh
Efromthe
R o
I 240 285 330 6.5 79 10.2 6.1 6.5 1.7 2.8 35 472
Beginning Thirteenth
s 304 340 365 62 79 95 6 64 71 28 31 4
Nineteenth
oSl 266 311 349 66 86 105 6.1 6.5 8 29 34 47
Average
FLiJrit 255 260 285 54 62 76 55 6 7.3 25 29 424
i 220 275 320 5.6 7 8.3 5.8 6.1 7 2.5 2.8 3.9
Lol Seventh
End 25 240 260 310 7 79 108 62 63 73 31 31 424
Thirteenth
L 201 220 280 51 68 83 49 49 55 2 2 241
Nineteenth
oSl 229 254 299 5.8 7 8.8 5.6 5.8 6.8 2.5 2.7 3.7

Average
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Table 10- Comparison of the average physical parameters measured and their changes in the three years of the experiment

oelesl Jw CAJUVES IRV
RPN STICRPINCRRN Year of experiment Percentage changes
Measured parameters Jo! 093 ol g Jl 93 4 P Jbo - Jyf e Jbw
. Second year to Third year to Third year to
First Second the first second first
iy el
Tree height 245 290 +15.5 +13.5 +34
(cm)
a5 a3
Trunk diameter 6.3 8.1 +28.5 +22 +57
(cm)
el Lo
Shadow environment 5.7 6.1 +7 +16 +24.5
(m)
Sl le mdaw
Shadow surface 26 3 +15 +33 +54
(m?)
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Figure 7- Water consumption depth in different months over three years
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Introduction: Subsurface drip irrigation is one of the sub-surface irrigation methods which, despite its high
costs, has become increasingly important today. The water distribution pattern is not visible in this system.
However, a survey on water distribution model allows it to achieve the expected pattern with the design and
operation management predicted. However, the mismatch of water distribution with a subsurface drip irrigation
system may be due to many factors such as pressure changes, changes in emitter production, emission sensitivity
to clogging, temperature effects and others cases are relevant, but hydraulic properties are the most important.
Evaluation of a drip irrigation system under field conditions is important in order to ensure uniform distribution
of droplets and to prevent them from clogging and uniformity of growth in the field. It can also be effective in
optimizing water use.

Materials and Methods: A study was conducted to evaluate the performance of the subsurface drip
irrigation and its effect on the growth parameters of olive trees in Isfahan province during 2010-2013. Therefore
a manifold system was randomly selected from the irrigation system and four emitter laterals were located along
it; one near the inlet, two near the third points, three near the two- thirds points and the fourth near the outer end.
Every year, the selected lateral pipes were uncovered and the water flow rates of all the emitters (108 emitters)
were measured to calculate average emitter discharge (gay), Christiansen uniformity coefficient (CU), emission
uniformity (EU), manufacturer’s variation coefficient (CV). To calculate the volume of water consumed,
potential evapotranspiration (ET,) was determined using daily meteorological data and by the FAO Penman-
Monteith method. Then, using olive crop coefficient (Kc) at different growth seasons for Isfahan region, the
amount of irrigation water was calculated based on plant water requirement. To measure the performance of
garden trees, In addition to 16 trees mentioned above, 32 other trees were selected from the other two semi-main
tubes and their yield was measured (48 trees in total). Soil sampling was carried out to study the moisture
distribution in the irrigation system at three points, beginning, middle and end of a sub-tube, 36 hours after
irrigation, and the samples were transferred to the laboratory to calculate soil moisture content.

The results of emitter flow rate measurements indicated that approximately 6 to 10% of the emitters in every
lateral were clogged. The reason for this was the rooting of the mulberry trees and rose shrubs, which were
planted sporadically among the olive trees. Hence, the foregoing indices were calculated for two conditions; with
and without the clogged emitters.

Results and Discussion: Considering the clogged emitters, the average values of three years of Q,,, CU,
EU, and CV indices were 3.8 Lit/ h, 78, 72 and 16.4 % respectively, and in the case of clogged emitters were
equal to 4 Lit/ h, 82.5, 75.5 and 15% respectively, and according to ASAE classification, the latter measurements
(i.e. excluding the clogged emitters) were evaluated as “acceptable. The moisture distribution profiles indicate
that the soil moisture has lasted to a depth of approximately 90 cm, and a higher accumulation of moisture was
observed at a lower depth due to the lighter soil texture in the upper layer (up to a depth of 60 cm) compared to
the lower layer (8% clay versus 21% clay). Also changes in moisture to a distance of about 70 cm from the
lateral in different depths is almost the same (the lines with the same moisture are parallel to each other), but
from this point on, moisture decreases. The effect of moisture radius was observed to a distance of 60 to 70 cm
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of the emitter. The results related to growth parameters indicated that in contrast to the data of the first year, the
average height, trunk diameter, canopy perimeter and area for the third year were 34, 57, 24.5, and 54% larger,
respectively. In the present study, the percentage of increase in height and diameter of the tree in the seventh
year of growth was 17% and 22%, respectively.

Conclusion: It is concluded that the olive trees have shown an increasing trend in vegetative growth under
the subsurface drip irrigation system. The average efficiency of olive water consumption during the three years
of the experiment was estimated at 0.4 kg/m®. Given that the trees were young this amount can increase under
good management conditions in the coming years. The evaluation indicators showed that the observed defects in
the design resulted from the three main factors of the design, implementation and incorrect use of the system.

Keywords: Emitter clogging, Field evaluation, Subsurface drip irrigation system, Water applied, Water
distribution, Water uniformity coefficient
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Figure 1- Location of the study area (Zanjan plain)
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Table 1- Scale of paired comparison of criteria

iy 5 3ol
Definition Score
S9lme Cosonl 1

Equally preferred
Sk (S 3 Coonl 3
Moderately preferred
by Cpnnl 5
Strongly preferred
Very strongly preferred
Bllao Coonl 9
Absolutely preferred
39 J"l? om Ol 5 2,4,6,8
Intermediate situation

osldl Jolge L bLI 1 45 (o5)) @y (2350l =Y Jgax
Table 2- Land rating associated with climatic factors

o,y BICE RN W
Parameter Value | Score
0-6 9
6-9 8
(cebls y yoslS) b ey | 9-12 7
Wind speed (km/h) 12-15 6
15-20 4
>20 1
<20 9
(31,5 5l a2 ) Lo 20-25 | 7
Temperature ('C) 25-30 4
>30 1

Bl 957 Jole L b3l 45 ool 4y 205kl =Y Jgua

Table 3- Land rating associated with topographic factor

(203) cowd | 5Ll

Slope (%) | Score
0-2 9
2-5 8
5-10 7
10-20 5
20-30 2
>30 1
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Table 4- Land rating associated with soil physical and chemical properties
Sl e e
Parameter Value Score

) 2
Clay

) P 4
Clay loam

b pd epd) 6
Loam, Sandy clay loam
Sk el S g
Soil texture Sandy loam

D) 7
Sandy clay

e pgl
Silty loam

i ) po) e )
Silty clay, Silty clay loam
0-1.0

(5o 3 (s owd) S (559 1.0-2.0
Soil salinity (ds/m) 2.0-4.0
>4.0
6.5-7
SE sl 7-75
Soil acidity 75-8
8.8.5

g © 0O NP W N©O b

iy g (gabatdl ¢ seloinl Jalae b bLS 1 53 o51] d (oh33iel -0 Joao
Table 5- Land rating associated with social, economic and cultural factors

Lt Score
Sub criteria definition

35 dgmg dclune (S yh Luylyd g L cod gyl aile
There is no history of pressurized irrigation and good cultural conditions
Sl sls (Kb (sla aipej (g 2, 392 Ltb co8 gll abils
There is no history of pressurized irrigation but cultural conditions is suitable
Cuol dslus (K yd (old diej 53y 3959 Hlid Cov (g)lul ablw
There is history of pressurized irrigation and cultural conditions is suitable
33 3¢9 ,Lid cos g bl adlaie (> il Jls

Currently there is pressurized irrigation system in the study area S
) 2929 adlain )3 paadie (595 1
There is no expert in the area
295 (o el b 3)1 392 aihate )3 paasiie (g9 9
There is expert in the area or founded
)M sy adlate 13 (55,5 5 (5 pplo desd 59y 3
There are no semiskilled and labor in the area
31 3929 ailate )3 (55 5 5 yplo dass (950 9
There are semiskilled and labor in the area
Cawl pgye g 008l jg> adlais 1
The area is deprived
ol S ()l g (o yiawd 1B adlaio 9
The area is accessible and has facilities
sl pols B (S0 pilg) g Olpans loss 9
Repair service is available
31 Cudgie (S pily) 5 Ol prent Closs 3

Repair services are limited
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Table 6- Land rating associated with chemical properties of water resources

syl
Parameter

e 5ol
Value Score

(e 2 orborjie) T (559
Water salinity (ds/m)

(2 oYly STk S

Cl (meg/lit)

SAR

& 3l

pH

(4 3 oYy Slike)

B (meq/lit)

<05
0.5-1.0
1.0-15
15-2.0
2.0-3.0
3.0-4.0
>4.0
<3
3-10
10-20
20-30
>30
<3
3-6
6-12
12-20
20-30
> 30
7.0-75
7.5-8.0
<0.7
0.7-3.0
> 3.0
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Figure 3- Zoning maps of criteria in the analytical hierarchy process
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Table 7- The weight of the main criteria in land placement

Sl 039
Criterion Weight
_’"’Jﬁl 0.318
Climate
o o 0.243
Water quality
Topography
SE Slogat 0.139
Soil properties
Sy g elarl (golatdl Jolse 0.083

Economic, social and cultural factors

&l ol srailolw gl Cubild 4k 5 ol gaiaiib oSl Colume A Joua
Table 8- Classified land area in terms of applicability of sprinkle irrigation systems

oo (@250 yogks) Colmno Aoy
Class Area (km?) Percentage
el Sl 2 498 10.98
Most suitable land
el 2 933 22.45
Suitable land
Exdpame o9 21 1225 29.48
Land with no restriction
o cadprne b 2l 1073 25.83
Land with low restriction
alial 1))
424 10.27

Unsuitable land
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Figure 4- Land classification map in terms of applicability of sprinkle irrigation in Zanjan plain

220000 250000

4100000
!

4070000

4040000

4235 5laial, Legend

® a3 1t L Gyl s b Cusdse
Location of implemented sprinkle irrigation systems

il el b il 3 51 ST WS
land class in terms of applicability of sprinkle irrigation

B sl (Unsuitable)

P o cusgame (Low restriction)
] wasgase 9 (ao Restriction)
ki (Suitable)

B U Mols' (Most suitable)

4010000

O 425435 17 25! 4
Kilorneters

4100000

4070000

4040000

4010000

T
220000 250000

280000

(28 a4 13 005 |2 ST b Cambso -0 S
Figure 5- Location of implemented projects in final classified map



OV il o aludes Sl gy 31 00liiasl b oud )2 Sk (6 kel soailobs cuxdgn U 5,

Shl bl cbailols clal IS job 4y .cul ool jolasl 355
5 Al e (g0 Codgie b oo s (Sl St
J @ e ey (Byd g Jled (2l (o8 (i o Laid
g5 o=l 2l ol G s 090 YUy 5 Ol S 005 oy
sbagsb Cubge (b)) 235 s duog SIL )bl aailols
0990 5 oo a8l p Laz, b 5 iy ol Lis a1
ol 35 b 5l eolawi g9 ol b Conl o Tl Codgasme
sla gy 5l oolawl asles i Iy ol o s 5 S cudgd e U
L 385 Cals > (oo ks Lo (9 e sauco gl

8 5 4o

0353 >0 ¢ il yo dludes Juod gy 3l edlatnl b gudzs opl 4o

cesd p Shb bl laabls (el johio 4 s o21))
250 03 12l Gl )bl slagsl Cambge (g § e (15
bl wleb OLsal 3 JAS 5 Lele (w288 )15 ;)
S oo 5 (S5 Sloogad codlil Jolse ol SI1L
5 el qooladl Jslse (5505 ol a8 Slogad
s ) jleslatul b pielyl V0 sl ol ggene )3 (S8

9-
10-

11-

12-

13-

14-

15-

16-

17-

4 Sk bl slalobs Sl 3 ) cuenl g 559 o5k b

&lbo

Abbasi F., Sohrab F., and Abbasi N. 2017. Evaluation of Irrigation Efficiencies in Iran. Irrigation and Drainage
Structures Engineering Research 17(67): 113-128. (In Persian)

Ahmadi A., Hezarjaribi A., ghorbani Kh., and Hesam M. 2019. Locating Susceptible Regions Implementation of
New Irrigation Systems (Localized irrigation, Sprinkler irrigation, Low-pressure irrigation) by using Analytical
Hierarchy Process (AHP) in GIS (Case Study: North Khorasan Province, Esfarayen). Journal of Soil and Water
Conservation Research 25(5): 69-87. (In Persian)

Albaji M., Golabi M., Hooshmand A.R., and Ahmadee M. 2016. Investigation of Surface, Sprinkler and Drip
Irrigation Methods Using GIS. Jordan Journal of Agricultural Sciences 12(1): 211-222.

Azad N., Rezaeiabajelu E., and Behmanesh J. 2019. Locating the Potential Areas for executing Surface and
Pressurized Irrigation Systems Using Fuzzy Analytical Hierarchy Process Method in Myandoab Plain. Irrigation
Sciences and Engineering 41(4): 119-132. (In Persian)

Bagherzadeh A., and Paymar P. 2015. Assessment of Land Capability for Different Irrigation Systems by
Parametric and Fuzzy Approaches in the Mashhad Plain, Northeast Iran. Soil and Water Research 10(2): 90-98.
Bozdag A. 2015. Combining AHP with GIS for assessment of irrigation water quality in Cumra irrigation district
(Konya), Central Anatolia, Turkey. Environ Earth Sci 73:8217-8236

Dengiz O. 2006. Comparison of Different Irrigation Methods Based on The Parametric Evaluation Approach.
Turkish Journal of Agriculture and Forestry 30: 21-29.

Farhadibansouleh B., Ahmadi Sh., and Mirzaeitakhtgahi H. 2017. Selection of the appropriate pressurized
irrigation system using multi criteria evaluation (Case study: Jamishan irrigation network). Water and Irrigation
Management (Agricultural Magazine) 7(1): 135.149. (In Persian)

Ghodsipour S.H. 2007. Analytical hierarchy process (AHP), Amirkabir University of Tech. Pub., Tehran.
Ghodsipour S.H. 2013. Analytical hierarchy process (AHP). Amirkabir University of Technology, Tehran. (In
Persian)

Hoseini Y., and Delavari A. 2016. Comparing the Suitability of Two Methods (Surface and Drip) of Irrigation
Based on a Parametric Evaluation System. Yuzuncu Yil University Journal of Agricultural Sciences 26(2): p.
152-160.

Montazar A., and Behbahani S.M. 2007. Development of an optimized irrigation system selection model using
analytical hierarchy process Assessment of Land Capability for Different Irrigation Systems by Parametric and
Fuzzy Approaches in the Mashhad Plain, Northeast Iran. Biosystems Engineering 98: 155-165.

Naseri A., Rezania A.R., and Albaji M. 2009. Investigation of soil quality for different irrigation systems in Lali
Plain, Iran. Journal of Food, Agriculture & Environment 7(3&4): 955-960.

Neshat A., and Nikpour N. 2011. Locating susceptible areas for underwater pressure irrigation using Geographic
Information System (GIS) (Case Study: Kerman Plain). Journal of Water Resources Engineering 4(8): 77-84. (In
Persian)

Norouzi A., and chizari M. 2006. The factors affecting regarding sprinkler irrigation adoption in Nahavand
Township. Agricltural Economice and Development 14(54): 61-84. (In Persian)

Pramanik MK. 2016. Site suitability analysis for agricultural land use of Darjeeling district using AHP and GIS
techniques. Model Earth Syst Environ 2:1-22.

Ramzi R., Shahidi A., and Khasheiesiuki A. 2014. Zoning of land Capable of Sprinkler Irrigation Using AHP



AN LT — 0 oF ojlods MY ol S g 0T a5 OVE

18-

19-
20-

21-

22-

24-

Method in South- Khorasan Province. Iranian Journal of Irrigation and Drainage 8(1): 162-170. (In Persian)
Rezaei M., Keshtkar M., and Rezaei M. 2014. Locating susceptible areas for implementing sprinkler irrigation
schemes using GIS and similar to Bolin (Case study: Arsanjan plain, Fars province). P. 1-8. Second National and
Specialized Conference on Environmental Researches of Iran, 7 August. 2014. Faculty of Martyrs Mofattah,
Hamedan. (In Persian)

Saaty T.L. 1996. The Analytic Hierarchy Process. Mc Graw Hill, New York.

Sadatinejad S.J., and Shekary M.R. 2015. Application of land-based and GIS methods in finding areas
susceptible to irrigation systems in arid and semi-arid regions (Case study: Khaled-Abad Badood Plain). Iranian
Journal of Remote Sencing & GIS 6(4): 81-92. (In Persian)

Sedigkia M., Nateghi M.B., Kavianikosarkhezy Sh., and Nagipour N. 2015. Evaluation and placement of various
irrigation methods with the hierarchical analysis pattern in the area of the reliance organization in the Dorood
region. Journal of Water Research in Agriculture 28(4): 749-758. (In Persian)

Seyedmohammadi J., Esmaeelnejad L., and Ramezanpour H. 2016. Land suitability assessment for optimum
managegement of water consumption in precise agriculture. Modeling Earth Systems and Environment 2: 162-
172.

Talebnejad R., and Sepaskhah A.R. 2014. Effects of water-saving irrigation and ground-water depth on rice
growth, yield and water use in a semi-arid region, Archives of Agronomy and soil Science 60(1): 15-31.

Yalew S. G., van Griensven A., Marloes L., and van der Zaag P. 2016. Land suitability analysis for agriculture in
the Abbay basin using remote sensing, GIS and AHP techniques. Model. Earth Syst. Environ. 2:101.



Journal of Water and Soil (329158 gl 3 poke) S g T 4y 2
Vol. 33, No. 4, Sep-Oct. 2019, p. 565-578 A5 OFO-BYA .o IWAA LT — po oF 0jlad FY il

Assessment of Sprinkler Irrigation Systems Situation Using Analytical
Hierarchy Process Method (Case Study: Zanjan Plain)

P. Moradzadeh’- H. Ojaghlou®*- M. Ghabaei Sogh®
Received: 08-07-2019
Accepted: 29-10-2019

Introduction: The average of irrigation efficiency is less than the global average due to improper irrigation
systems and traditional water management practices in the field. The use of modern irrigation systems is one of
the most important ways to cope with the water shortage crisis in Iran. However, it is necessary to evaluate the
effective factors on performance of irrigation system. In present study, a zoning map of suitable land for
implementation of sprinkle irrigation system was prepared using AHP method with considering the criteria such
as chemical characteristics of water, soil properties, topography, climate, social and economic factors in the
Zanjan plain.

Materials and Methods: The present study was carried out using collected data from Zanjan plain that
located in northwest of Iran and east of Ghezel Ozan River. The total study area is about 4705 km? and the
average rainfall and temperature in region are 259 mm and 10.9 °C, respectively. The first step in the AHP
method is to create a hierarchical structure. For this purpose, each of the criteria was rated 1 to 9 based on paired
comparisons done by experts and then classification maps were prepared for each of them. In order to provide
zoning maps for water and soil factors, data of more than 2000 wells and 111 soil samples were collected,
respectively. In addition, data of 13 Meteorological stations were used to prepare zoning maps of climatic factors
such as wind speed and temperature. In this research, a topographic map with a scale of 1/25000 was used to
investigate the ground slope effect. More than 60 interview forms were completed to produce maps related to
socio-economic factors. Zoning maps were prepared using the Kriging interpolation method in ArcGIS software.
Finally, the weight of each criteria was calculated according to the scores that obtained in the previous stage and
then land classification map was produced by applying the obtained weights on each criteria. In order to evaluate
the situation of sprinkle irrigation projects, location of 52 farms equipped with sprinkle irrigation system
obtained from the agricultural organization of Zanjan province.

Results and Discussion: Regarding the quality of water resources, 40.3% and 21.0% of area were classified
in most suitable and suitable classes, respectively and about 10.4% was evaluated in the inappropriate class in
order to implementation of sprinkler irrigation. In terms of the soil physical and chemical properties, about
38.4% of plain were classified as "most suitable”, 22.8% as "suitable" and 24.7% as "inappropriate” class. In
relation to topographic criteria, it can be stated that about 85% of area are in good condition, so that the ground
slope in most of the lands is less than 10%. Based on climate criteria and specifically wind speed factor, about
61% of the plain was classified as "good™" and "very good", while about 39% was in medium and low class. In
terms of social and economic criteria, most of area were found to have a good rating, so there is no particular
limitation in this regard. The results of the paired comparisons between criteria showed that, social and climatic
criteria have the lowest and highest weight, respectively. The value of the inconsistency rate was calculated
about 0.07, which indicated the acceptability of the gained weights. An examination of land feasibility map
showed, about 33.4% of the region is suitable for implementing sprinkle irrigation system. About 29.5% and
25.8% were evaluated without limitation and low limitation, respectively. Also, about 10.3% was not
recommended for use of sprinkle irrigation. The assessment of the location of implemented projects showed that
44.2% of the projects were in suitable or perfectly suitable classes of land. The rest of the projects (55.8%) were
implemented in medium or unsuitable classes.

Conclusion: The results obtained from the AHP method showed that wind speed factor has the most weight
and importance in selecting sprinkle irrigation system. Generally, in most farms of the region, there is no
significant limitation on the implementation of sprinkler irrigation system. Due to low water quality and high

1 and 2- Graduated in Master Irrigation and Drainage and Assistant Professor, Department of Water Science and
Engineering, University of Zanjan

(*- Corresponding Author Email: ojaghlou@znu.ac.ir)

3- Graduated in Ph.D. Irrigation and Drainage, Expert of Iran Water Resources Management Company
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wind speed in a small part of the study area that located in northern and eastern, the use of these systems is not
recommended. The results showed that some of the sprinkle irrigation projects have been implemented in lands
with low-class and it is essential to improve or change these systems.

Keywords: AHP, Paired Comparison, Wind Speed, Zoning Map
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Table 1- Selected physicochemical properties of the soil used in the experiment
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Table 2- The results of ANOVA showing the effects of experimental treatments
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Figure 1- The effects of remediation treatments and crude oil concentration on dry weight of root and shoot of studied plants

cloosn Y how gl a (VW) o, Ken g (Bgmnl bl Cyson )
Sy (SIS 92 «S x9S i ol plo)ljop g 0 p (S
239> Jyb )2 LaS 1 g9y 0 (SS9 blES 2bul 5 03, lals
S 108 B5S 5 (77) olilSem g g3 00,8 o)Ll iules]
sg=in y3 oS lawgi iwd g gy (2lAe polie Cla ials
adllas 5)50 LalS 48 (il o SB35 b n)S)a

Cowl 0dy3 )

39S pudi

i Al b b oad 15 COp liee i)y 4328 @l
Slowi g5 1 45 wmd o LS uls ol odal V Jgdn 55 (09,Sus
Ol B Syl 1> SB 3 pb el clale 5 YL
b 005 0 g CO2 5o a3 g SB )l 5, culed
I ine Sl gl Aoy G as 5 (29)Se s AT
() Jgi) conl 0392

Slosless A > (29,5n s 21,8 b 035 15 COy 5
Y JS5 55 (Co 5 Ct Co) pls s e g S &, (VL
clale Co maiw 13 Ba (o VU jlos joas 50 Cawl o o3l lis
s ) 5 fscsine Gl (9 Sam i 5 b (e pls i
2 o=l sl odgy el wiged i o 4Bl (ST (a0l Mo yd O
e oS gy 505k 55 T oo e o el
byl 33 (9550 cdld (5 (it C1 gdaw il
sbajless ol yiwginy > 4S5k 4 ead ond Ba g Ba oYl
slalosi b 5l )50t )i sob 4 (29,500 S (oY

Lol 390 sl diges 3 s B (oYU jleis ;3 CO2 & yguo s 0

9B2 9 B jiwgn) 3 (29)See Clld (e o )0 SN
{F JS8) ati oanlis sals

c_:l_...f); Coouw (ylalS 0, od3ybsk 4_,,]9| dLm)ySlé
sba Sk 5o e g wibi o8 Jslse 09 b (25900
Sl GLalS (3,8 d9ame o 45 Cal LS 5l (65,5 O
{0 5 YY) 23,5 e lié polis 5 Ol i

DY LialS o pb e (YL clale 55 Co (5ol maw
SS9 o 4y o ity y Sl odle W (gho)> FA g Ve OF
i 43 By 5 By B By L&Vl slajled sl i 0 Co
e YU cbile gl 55 SB el b ) e (Shis Ay
2 ol 55 b oY bl s Co (o9l g > pls
eS| L] g O e s ad St 4 yoie &5 0as SB-
otalS o] s odlo adgi g adyy 03y S (e 4 5 0205
ot L (Y oR) ) iSan 5 3,Ln 5 el o3l i gyt
1538 b (A slooan ¥l 4 o3l glacss oY olS Jewily
ol Jlail § (Siue cow S > (55 glaos Y e
Sy (SIS 59,8 dei Byl 5 oy ogdle g 0l S
(Vo) 23l o drlgo Sitio b 1) (3T Ll g

72 53 adllae 3)50 (LS olga plil SiS 03le M5 5 L3,
Shosine S (S350 31 SUs & Cpns (5ol o 5
=Yl slalos o olga plul Sis edle a5 gyeb 4 il
4 Co 54 aw 4 cuns Cq SS9l tdaw > B2 B1 By Bs
2 Oemzmen () JSE) cdl el asyd £O 5 AV FRKY Cu
Py 4 chop VO g FA DY OF Lials 15 Co (5ol o
By B1 By By iVl (clajlos lsp plul (Sis ol 3 Slae
{1 JS5) 13 03 Co (o9l s & Cop

solis g ol Gl el 1 Laoa VT b a0 o &
2 Solds 4y e cplply g 0000 )3 didyy calio My I Bilo ¢ slie
ol o0 dalllas 3y50 LS olga pliil g adyy i odle yjs



AN LT - o oF oylod FY ul> (S g ol w5 OAY

mg CO,-Clkg soil'h
w [~ [%a] [=x]

= N

a a
. C1

C © c
0 I I I

BO Bl B2 B3 B4

& N -
Ao olny
[ B N

Remediation treatments
10

(=]

mg CO,-C/kg soil'h
o

M

oL
v

I
=0

me CO,-Clke soil'h

C2 =
C c C I
0 I I I
BO B1 B2 B3

(5

CO

b b b
B1 B2 B3

Remediation treatments

= o] w = L%y ]
(=

o

BO

b

¥l ol lous
SH SR

Remediation treatments

(95590 i Wiay8 (b ol gl ()5 ST (63 il 2 B G SIS g (WL S lowd 11T UK
Figure 2- The effects of remediation treatments and crude oil concentration on produced COz2 in microbial basal respiration
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7.
. r
2 R
L TE 7
7% 7 Y

70
360 #£C1 »(C2
2 850
1 E
4 40 b
9 5 _
> %30 ? o
3 E s,
3 2 20 /I'ii
;1:] =% c /P¢¢
g /I'ii
LW 1
=, i
BO B1

Remediation treatments

Pl Cdi Clale g WU sbyylow 1 )0 85 LS 5 dis (5 dwn o —€ S
Figure 4- Compare of oil compounds elimination under effects of remediation treatments and crude oil concentration

Sel (9500 Clld 5 (29)Se Cuner Hpd> w4 YL
yiwo iy oo y3 Laosu VT 5l atd opl co 55 g ayms il
Oil38l oLS S Hlow b dwnlie jo |y i liee 8 bS5
28 ol Hles 10 o AD e 4 4350 Hlade oy iy
Aoy 93 (Sdgl o p3 0aiiS au 3o sla g Sb g 1598
Oz @2 YbolS (y 3 (F) OhlSen 5 (558 (V) 45 ounlia
adox 5lolS ad) Syome slag S ol jon 4 il 4l 9Sid g
259 Lo 8L ol jomde 450,801 I (pelgegdgw
b 8 S 9rd Sl 5 LA g oands dgie |y LainSs)h
(Be 5 Bs) sVl o 33 ) ypi 53 53 (s 1 > flS
(o isine il (5 53%) 2805 Jlag & Con 5,0 (oS
sVl cclale i jialS ) ape lole wlgs o 295 &S il

52 55 i ;S hled (8 GlS 5 Bls o)y ()
21T LYl 3 I yles dsks & Canns By 5 By oVl (sla o
Ci pdaw jd a5 IS5 & (F JS38) cnl S jd 39390 5 sl
e o5 4 Ba g Bs (Vb sbajlos jode pl ol clale
o=l gl clale & s plB cis clale gao 2 OY 9 01 ialS
Cr s 50 o Gl ol A llojl 09 £9,8 ) LS 5
i w0 GluSy clale Gls dopd (pyieS b cas clale
)l 48 L oanlie By iVl jlegi o 3 Bo sals s
(F S5) 392 ol Jlai b (6l sixe glis syl
19 Ba 5By VU (glalagi o pls i e Co praus 5
9 MBI (65 Bhe ik 5 (slmoa VTl s ol (iYL
Py dopld cd clble )3 o YR 5 FY g ials
bylass ol & duy o0 jlai 4 (F JS5) 45 003 Ba 5 By i



OAY P ELT Y oo,ﬁ SO ‘5&”.3 Comn ) 9 @yl.; ol plgi 0,5 Wiyl 3%

b dunlio ) addllas 350 zolow dod diyy 9 (slon plul Sis o3l
S35 o 3 5 Slas g by ialS oyl g 05 (Co) dali pdaw
5 S5 Cans S 45 39 gt (Co o) YL
IS sl Bl 9 QLS (sl SB 3 pl C jgl

B séf.é)

Jold a8 Ba g By (Vb (slajloss )3 (950 S (ppionen
sbajles plow jl e 09 258 5 (651 5 0lS Hpa> oS 5
s> Ba 9 B1 oVl slaslos & cdls 5 ol g itV
@B 9 8L p9ma> (9h (9 Ba g Ba slayles alS lea
Cdld g Lapusl)lg)Son jpin Comal 4 plgi oo cplpl tidg:
S5y Sl 5 Blo g 55 ln O SIS ) (295
Dy
Cj g 2V olS plgs )8 ISl €Sl oo S 5k
Sl 3y S pls s oS5 Bls g a5 p Vb
ol @y b roen b by (ol Sl o e AL

Cpmar a8l (Y JS) il lass 90 cpl joan > (85 lo
o35 g 4305 Lol Jele alS Jibg jeas 0 YL (09)She
D9 LS digal &y o 4 )Sg)den SluS 5 a9 yider
o (C2) pLs cds YL cdale 5 By VU jlos jeis
O Slbisne OS] 5 cubls b e (Sogll (Y 555
P =8 bS5 Bl p sald jled g iV Hled pl el
(B2) (oW jloss cul & sy ylas 0 (¥ JSU2) 085 00> ST
Cadlad (1395 5 (V JS8) ol (2l St oole 3 Slas o
2L 58 S i glaoso ¥l o35 g 48 (09)See

e cdale Co pdaw pd 0 4 (29,500 cudlad i3l )3 olS -]
ol 35 (1) OhlSen 5 JS po b3l e 3 (Y JSK3) ol pls
)_,ch.w) o}’,{sdqalﬁf&i&c)b.))ﬂn&u&mlfdfxa)f
HISE hlsle gy oo 0hg 4ol jhwgny Sluogad )
S5 )3 s 0niiS ayos e s, culled il (oo 5 azslis

D9 50

U.»\Jl_» ol_,s o‘)o..m LY u.s»fwo c,.d) )I OL"}“’“ o3lat] ool Cowd
8 OS5 5l (6 gla Sl (Yl e oS 0 & S Ao

D)5 oo duogs o N
3y Slas g iy LiblS Coage b s L SB Sagll polaw

&l

1- Abedi Koupai J., Ghaheri E., Eslamian S.S., and Hosseini H. 2013. Investigation the kinetic models of biological
removal of petroleum contaminated soil around oil pipeline using ryegrass. Journal of Water and Wastewater
25(89): 62-68. (In Persian)

2- Afzal M., Yousaf S., Reichenauer T.G., and Sessitsch A. 2012. The inoculation method affects colonization and
performance of bacterial inoculant strains in the phytoremediation of soil contaminated with diesel oil. International
Journal of Phytoremediation 14: 35— 47.

3- Agency for Toxic Substances and Disease Registry. 1990. Public Health Statement, Creosote. (Accessed, May, 1999)

4- Alarcon A., Davies F.T., Autenneth R.L., and Zuberer D.A. 2008. Arbuscular mycorrhiza and petroleum-degrading
microorganisms enhance phytoremediation of petroleum-contaminated soil. International Journal of
Phytoremediation 10: 251-263.

5- Alef K., and Nannipieri P. 2003. Methods in applied soil microbiology and biochemistry. Harcourt brace &
company.

6- Cowie B.R., Greenberg B.M., and Slater G.F. 2010. Determination of microbial carbon sources and cycling during
remediation of petroleum hydrocarbon impacted soil using natural abundance 14C analysis of PLFA. Environmental
Science of Technology 44: 2322-2327.

7- Cupers C., Pancras T., Grotenhuis T., and Rulkens W. 2002. The estimation of PAH bioavailability in contaminated
sediments using hydroxypropyl-B-cylodextrin and triton x-100 extraction techniques. Chemosphere 46: 1235-45.

8- Gadd G.M. 2010. Metals, minerals and microbes: geomicrobiology and bioremediation. Microbiology 156: 609-643.

9- Gaskin S.E., and Bentham R.H. 2010. Rhizoremediation of hydrocarbon contaminated soil using Australian native
grasses. Science of the Total Environment 408: 3683-3688.

10- Gerhardt K.E., Huanga X.D., Glicka B.R., and Greenberg B.M. 2009. Phytoremediation and rhizoremediation of
organic soil contaminants: Potential and challenges. Plant Science 176: 20-30.

11- Gurska J., Wang W., Gerhardt K.E., Khalid A.M., Isherwood D.M., Huang X.D., Glick B.R., and Greenberg B.M.
2009. Three-year field test of a plant growth promoting rhizobacteria enhanced phytoremediation system at a land
farm for treatment of hydrocarbon waste. Environmental Science of Technology 43: 4472-4479.

12- Iraji Asibadi F., Mir Bagheri A., and Soliemani M. 2015. Phytoremediation of soil contaminated with oil
hydrocarbons in around of Esfahan refinery. Water and Waste Water 3: 38-47. (In Persian)



AN LT — 0 oF ojlos MY ol (S g T a5 OAA

13- Issoufi I., Rhykerd R.L., and Smiciklas K.D. 2006. Seedling growth of gronomic crops in crude oil contaminated
soil. Agronomy and Crop Science 192: 310.

14- Jagtap S.S., Woo S.M., Kim T.S., Dhiman S.S., Kim D., and Lee J.K. 2014. Phytoremediation of diesel-
contaminated soil and saccharification of the resulting biomass. Fuel 116: 292—-298.

15- Joner E.J., Leyval C., and Colpaert J.V. 2006. Ectomycorrhizas impede phytoremediation of polycyclic aromatic
hydrocarbons (PAHSs) both within and beyond the rhizosphere. Environmental Pollution 142: 34-38.

16- Jones, J.B.J. 2001. Laboratory guide for conducting soil tests and plant analysis. Boca raton, London, New York
and Washington, D.C. CRC press. P. 152-153.

17- Kuo H.C., Juang D.F., Yang L., Kuo W.C., and Wu Y.M. 2014. Phytoremediation of soil contaminated by heavy oil
with plants colonized by mycorrhizal fungi. International Journal of Environmental Science Technology 11: 1661—
1668.

18- Liste H.H., and Felgentreu D. 2005. Crop growth culturable bacteria and degradation of petrol hydrocarbons
(PHCs) in a long term contaminated field soil. Applied Soil Technology, 31: 43-52.

19- Merkl N., Kraft R.S., and Infant C. 2004. Phytoremediation of petroleum- contaminated soils in the tropics —
Preliminary assessment of the potential of species from eastern Venezuela. Journal of Applied Botany and Food
Quality 78(3): 185-192.

20- Moubasher H.A., Hegazi A.K., Mohamed N.H., Mostafa Y.M., Kabiel H.F., and Hamed A.A. 2015.
Phytoremediation of soil polluted with crude petroleum oil using Bassia scoparia and its rhizosphere
microorganisms. International Biodeterioration and Biodegradation 98: 113-120.

21- Muratova A.Y., Golubev S.N., Dubrovskaya E.V., Pozdnyakova N.N., Panchenko L.V., Pleshakova E.V.,
Chernyshova M.P., and Turkovskaya O.V. 2012. Remediating abilities of different plant species grown in diesel-
fuel-contaminated leached chernozem. Applied Soil Ecology 56: 51-57.

22- Peng S., Zhou Q., Cai Z., and Zhang Z. 2009. Phytoremediation of petroleum contaminated soils by Mirabilis
jalapa L. in a greenhouse plot experiment. Journal of Hazardous Materials 168: 1490-1496.

23- Polyak Y.M., Bakina L.G., Chugunova M.V., Mayachkina N.V., Gerasimov A.O., and Bure V M. 2018. Effect of
remediation strategies on biological activity of oil-contaminated soil- A field study. International Biodeterioration
and Biodegradation 126: 57-68.

24- Rezek J., Wiesche C., Mackova M., Zadrazil F., and Macek T. 2008. The effect of ryegrass (Lolium perenne) on
decrease of PAH content in long term contaminated soil. Chemosphere 70: 1603-1608.

25- Sarvi Moghanlo V., Chorom M., Falah M., and Motamedy H. 2012. Evaluation the effect of myccorhiza and
degrading bacteria in enhancing phytoremediation of oil compound in oil contaminated soil. Journal of Water and
Soil 26(4): 832-841. (In Persian with English abstract)

26- Seyedalikhani S., Shorafa M., and Asgharzadeh A. 2010. Efficiency of bacillus bacteria in bioremediation of
hydrocarbon contaminated soil. Journal of Water and Soil Science 3(21): 91-101. (In Persian with English abstract)

27- Sharari M., Roohani M., Jahan Latibari A., Guillet A., Aurousseauc M., and Sharari M. 2013. Treatment of Bagasse
preparation effluent by phanerochaete chrysosporium immobilized on polyurethane foam: Enzyme production
versus pollution. Industrial Crops and Products 46: 226-233

28- Singh A., Kuhad R., and Ward O. 2009. Advances in Applied Bioremediation. Springer Verlag, Berlin.

29- Sorkhoh N.A., Ali N., Salamah S., Eliyas M., Khanafer M., and Radwan S.S. 2010. Enrichment of rhizospheres of
crop plants raised in oily sand with hydrocarbonutilizing bacteria capable of hydrocarbon consumption in nitrogen
free media. International Biodeterioration and Biodegradation 64: 659-664.

30- U.S. EPA. 2001. Guideline for the bioremediation of marine shorelines and fresh water wetland. Office of research
and development, US Environmental Protection Agency.

31- Van Hecke M.M., Treonis A.M., and Kaufman J.R. 2005. How does the fungal endophyte Neotyphodium
coenophialum affect tall fescue (Festuca arundinacea) rhizodeposition and soil microorganisms? Plant Soil 275:
101-1009.

32- Wang H., Xu R., Li F.,, Qiao J., and Zhang B. 2010. Efficient degradation of lube oil by a mixed bacterial
consortium. Journal of Environmental Sciences 22: 381-388.

33- Wang J., Zhang Z., Su Y., He W., He F., and Song H. 2008. Phytoremediation of petroleum polluted soil. Petroleum
Science 5(2): 167-71.

34- Wang Z., Xu Y., Zhao J., Li F., Gao D., and Xing B. 2011. Remediation of petroleum contaminated soils through
composting and rhizosphere degradation. Journal of Hazardous Materials,190: 677-685.

35- Wyszkowski M., and Ziolkowska A. 2009. Role of compost, bentonite and calcium oxide in restricting the effect of
soil contamination with petrol and diesel oil on plants. Chemosphere 74: 860-865.

36- Xiao N., Liu R., Jin C., and Dai Y. 2015. Efficiency of five ornamental plant species in the phytoremediation of
polycyclic aromatic hydrocarbon (PAH)-contaminated soil. Ecological Engineering 75: 384-391.

37- Yousaf S., Afzal M., Reichenauer T.G., Brady C.L., and Sessitsch A. 2011. Hydrocarbon degradation, plant
colonization and gene expression of alkane degradation genes by endophytic Enterobacter ludwigii strains.
Environmental Pollution 159: 2675-2683.


https://ojs.openagrar.de/index.php/JABFQ/index
https://ojs.openagrar.de/index.php/JABFQ/index

OAA ‘al.'; S oo,ﬂ S SO J° @},L& S § 9 ‘_ﬁylz’ oLgf ‘e|93 é).g)lf ;’.‘a‘,’l“ )y

38- Zhang Z., Rengel Z., Chang H., Meney K., Pantelic L., and Tomanovic R. 2012. Phytoremediation potential of
Juncus subsecundus in soils contaminated with cadmium and polynuclear aromatic hydrocarbons (PAHS).
Geoderma 175-176: 1-8.



Journal of Water and Soil (5323UiS @aluo g pole) S g O 4 i
Vol. 33, No. 4, Sep-Oct. 2019, p. 579-590 i OYA-09¢ . o IVAA LT — yoo F o lods K'Y ulo

Evaluating the Effects of Co-using Phytoremediation and Bioremediation in a
Crude Oil Contaminated Soil

A. Nematil*- A. Golchin*- A. Ghavidel®
Received: 22-12-2018
Accepted: 05-09-2019

Introduction: Crude oil is one of the most important sources of energy and its large scale production,
transmission, consumption and disposal, making it one of the most important and common types of
environmental pollution worldwide. Oil extraction and various oil products have led to spread of pollution in the
soils around oil extraction and refining sites. During the production and transportation of crude oil, unsuitable
operation and leakage may result in contamination of soil with petroleum hydrocarbons. Great concern in this
case is the environmental risks of these pollutants. During the past decades, bioremediation of petroleum
contaminated soil has been a hot issue in environmental research, and many bioremediation strategies have been
developed and improved to clean up petroleum polluted soil. The aim of this study was to compare the effects of
co-using of different bioremediation strategies on remediation of crude oil contaminated soil.

Materials and Methods: In order to investigate the effects of co-using phytoremediation and bioremediation
in a crude oil contaminated soil, a factorial experiment in completely randomized design with three replications
was conducted. The factors were three levels of crude oil contamination (0 wt% (Co), 2 wt% (C1) and 4 wt%
(Cz)) and four treatments of remediation (Grass (B1), Alfalfa (Bz2), Grass + Pseudomonas Putida+ Phanerochaete

Chrysosporium (Bs), Alfalfa + Pseudomonas Putida+ Phanerochaete Chrysosporium (Ba), control (Bo)). For
amendment of contaminated soil, soil samples were artificially contaminated with crude oil (from Tabriz Oil
Refinery) and blended to soil (10% total quantity of soil spiked) then spiked soils were progressively mixed with
unpolluted soil and homogenized. After preparation of the crude oil-spiked soil microbial inoculation were done
and then the samples were packed into soil columns and then plants cultivation was done in soil columns (P.V.C
pipes). At the end of growth period, some parameters were measured including residual Total Petroleum
Hydrocarbons (TPHs) concentration, microbial basal respiration and dry weight of root and shoot.

Results and Discussion: The results showed that TPHs concentration in Ci crude oil level by Bz and B.
remediation treatments decreased by 59% and 57%, respectively, and in C, level Bs; and B. remediation
treatments decreased TPHs content by 41% and 39%, respectively. Bs remediation treatment had the highest
shoot and root dry weight and the lowest root and shoot dry weight observed from B remediation treatment.
Shoot and root dry weight decreased with increasing crude oil contamination levels. The highest basal
respiration rate was observed in B; and B4 remediation treatments. In all of crude oil levels, there was not
significant difference between B; and B, remediation treatments and control (Bo) in basal respiration rate. In the
highest crude oil contamination level (C;) the amount of carbon produced as CO; increased because this level
has higher concentration of oil pollutants and therefore has more required substrate for the activity of
microorganisms, and consequently more microbial activities increased CO- production. Compared to the control,
the levels of crude oil contamination (C; and C;) decreased dry weight of root by 46% and 61%, respectively and
dry weight of shoot by 53% and 63%, respectively. Considering that the high concentrations of oil contaminants
in the soil can lead to toxicity for plants and microorganisms and also hydrophilic properties of these compounds
can decrease the availability of moisture and nutrients for plants root, therefore the growth of root decreased in
oil contaminated soil. In lower level of crude contamination (C1), remediation treatments have more effective
role in refining crude oil. This results from more plant growth and then more plant roots which increase the
bioavailability of hydrocarbons by reducing the volume of soil micro pores. Also plants root release organic
compounds which would increase the population and activity of soil microbes and these cause to increase of oil
compounds degradation and elimination.

Conclusion: Experimental results showed that remediation treatments which contained bacteria and fungi
with plants caused to more oil compounds elimination, microbial basal respiration and dry weight of root and
shoot. Therefore, it can be found the importance of the presence of microorganisms and the microbial activity
with plants in order to degrade and remove the soil oil compounds.

Keywords: Bioremediation, Oil pollution, Residual oil compounds, Microbial basal respiration
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Table 1- Some chemical and physical properties of soil and vermicompost

<SR9 SB CowspeS (50,59
Properties Soil Vermicompost
pH 8 75
EC (dS m) 0.18 2.6
CEC (cmol+ kg?) 15.8 -
OC (%) 0.33 7
o Sand (%) 16 -
e Silt (%) 34 -
w, Clay (%) 50 -
<l Texture o, Clay -
CaCOs (%) 34 -
DTPA-TEA - Zn (mg.kg %) 0.37 19
S 48 116

Total Zn (mg.kg?)

DTPA-TEA jl o3&l b ouwi (5 S0 bas (595 ;oo (uilyylg 4300 gl -F Joua
Table 2- Results of ANOVA of extracted Zn using DTPA-TEA

Sources of variation MS
Jelss oo
Between-Subject Effect
(V) CuogpoS o5 1 1.12(0.76)**
(F) (oloss 558 2 23.81(0.99)**
VxF 2 0.05(0.22) ns
s 12 0.03
Error
Jlse 09
Within- Subject Effect
(T) oles 2 6.94(0.95)**
TV 2 0.02(0.05) ns
TxF 4 3.90(0.96)**
TxFxV 4 0.01(0.05)ns
. 24 0.03
Error
(P) cagsS ogail 0.26
O] 1

Boze NS g aoyd V Jlein] paw )3 s iz **
ol Eta? 5l 51 slasl
** Significant at P< 0.01, and ns no significant.
The numbers in parentheses are Eta?.
Eta? = {SSeffect/ (SSef‘fect"‘SSerror)}>
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Table 3- Effect of applied Zn and incubation time on extracted Zn (mg kg*) with DTPA-TEA

Zn olej

ma kgt Time

(mo-ka™) 1h 60d 120d
0 0.29(0.04)Ac  0.41(0.05)Ac  0.43 (0.06)Ac
2 1.67(0.05)Ab  0.95(0.06)Bb  0.89(0.08)Bb
5 4.38(0.11)Aa 1.87(0.16)Ba  1.68(0.13)Ba

20,3 0 gaw 3 LSD (yg0jl Loll 1 giw pr 50 b Sl o cime oglds oy )lis SorgS g y> g Lindy p 0 by uSolio o ime aglis osimdyLis 5y g >
The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.

2.0 4 a

1.8
1.6 b T

14 - [ \
1.2 A

10 | [
0.8 -
0.6 -
0.4 -
0.2 -
0.0

Zn (mg kg’

0 1%
CosgraS oy5

(vermicompost)
(1,5 9kS 2 055 o) DTPATEA L ol (650,bas (59, 2 ComignoS 5039 552y 1= JSus
ol LSD 9051 bl 2 3o > & Jlais] grdaws p3 55 sime cglis oy ylss coglie Cig >
Figure 1- Effect of applied vermicompost on extracted Zn (mg.kg?) with DTPA-TEA
The diffrent letters indicate the significant difference between the means based on the LSD test at the 5 % level.
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Table 4- Results of ANOVA of different fractions of Zn

Sl o (10ke
MS
[ XWRY] i s
Ol s alie b owbbign 9 (J3L3 ¢ Jgloee PO 9 13090 b oadnigy
I df ’ 9 o0l sleawsT aud) oz
Sources of variation esty,S g cad g auilondly
Soluble, exchangeable, and ? . associated with residual
associated with carbonates ~ associated with organic matter and
Fe-Mn oxides sulfids
Jolos o
Between-Subject Effect
(V) CasgeaS s 1 0.79(0.99)** 10.47(0.89) ** 23.08(0.91) ** 0.07(0.01) ns
(F) oleosss 558 2 0.20(0.90)** 12.55(0.95) ** 18.96(0.94) ** 4.28(0.51) **
VxF 2 0.002(0.10)ns 0.12(0.15)ns 0.47(0.28)ns 0.76(0.16)ns
s 12 0.003 0.11 0.20 0.68
Error
Jelse 090
Within- Subject Effect
(M) olo; 2 2.54(0.99)** 54.73(0.97) ** 52.27(0.85) ** 182.7(0.94) **
TxV 2 0.10(0.79)** 0.66(0.31) ** 0.59(0.06) ns 2.02(0.14)ns
TxF 4 0.07(0.83)** 0.63(0.47) ** 1.08(0.19)ns 3.04(0.33) *
TXFxV 4 0.02(0.53)** 0.40(0.36) * 3.91(0.46) ** 2.52(0.29)ns
ks 24 0.002 0.12 0.77 1.05
Error
(B) CassS oige]] 0.01 0.09 0.01 0.76
O] 1 1 1 1

Mz wENS g a0y B Jlis! o 5 b dme * o pd V Jlais ] s 3 I e **
ol Eta? 3515 (51 olael
** Significant at P< 0.01 , * Significant at P< 0.05 and ns no significant.
The numbers in parentheses are Eta?.
Eta? = {sSeffect/! (SSeffect"‘SSerror)}
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Table 5- Effect of applied vermicompost, Zn, and incubation time on exchangeable, soluble Zn and Zn associated with
carbonates (mg.kg™)

Vermicompos Zn ;"r:;
% mg.kg* !
(%) (Mg-kg™) 1h 60 d 120d
0 0 0.36(0.00)Bb _ 0.40(0.05)Bc _0.96(0.02)Ad
2 0.42(0.01)Bab  0.50(0.01)Bd  0.96(0.04)Ad
5 0.45(0.01)Cab  0.72(0.00)Bc  1.10(0.01)Ac
1 0 0.50(0.03)Ba  0.56(0.00)Bd  1.32(0.06)Ab
2 044(0.02)Cab 0.82(0.06)Bb 1.34(0.01)Aa
5 0.50(0.00)Ca  1.15(0.03)Ba  1.42(0.01)Aa
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The numbers in parentheses are standard errors (SE).
The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 6- Effect of applied vermicompost, Zn, and incubation time on Zn associated with Fe/Mn oxides (mg.kg™)

Vermicompos Zn . ol
(%) (mg.kg) fime
1h 60d 120d

0 0 1.60(0.05)Bd  1.52(0.02)Bb  4.22(0.03)Ad

2 1.81(0.13)Bd  1.73(0.08)Bb  4.92(0.39)Ac

5 3.17(0.04)Bb  2.81(0.10)Ba  6.57(0.10)Aa

1 0 2.59(0.14)Bc  2.46(0.08)Ba  5.25(0.26)Ac

2 2.98(0.13)Bbc  2.52(0.00)Ba  5.85(0.35)Ab

5 4.98(0.5)Ba  2.98(0.08)Ca  6.68(0.16)Aa
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The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 7- Effect of applied vermicompost, Zn, and incubation time on Zn associated with organic matter and sulfides (mg.kg™)

Vermicompos zZn ;’r:;
% mg.kg*
(%) (mg-kg™) 1h 60 d 120d
0 0 11.70(0.00)Bc _ 13.05(0.25)Ab _ 12.15(0.03)BC
2 11.87(0.36)Bbc  16.18(1.12)Aa  12.53(0.50)Bc
5 14.0000.06)Ba  16.77(0.04)Aa  13.10(0.09)Bc
1 0 1317(052)Ba  16.60(0.00)Aa  12.18(0.13)Bc
2 12.98(057)Bcb  16.60(0.52)Aa  14.33(0.42)Bb
5 1408(0.62)Ba  17.35(058)Aa  15.84(0.08)Ca
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The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the
significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 8- Effect of applied Zn and incubation time on residual Zn (mg.kg?)

Zn olej
(mg-kg™) Time
1lh 60d 120d
0 36.07(0.56)Ab  35.00(0.33)Ba 31.37(0.53)Ca
2 37.52(0.64)Aa  35.89(0.40)Ba  30.60(0.48)Ca
5 38.46(0.07)Aa  35.67(0.29)Ba  31.18(0.20)Ca

Sl (SE) 5libusl glas sslys 51 slael

i 1103 O o 53 LSD 9031 Lpolsl 3 gy 50 b Silis o sime oglis osimd U5 S g8 gy g cind) b )3 lapSile o ixe Cgles oaimy i 5y g >

The numbers in parentheses are standard errors (SE).

The uppercase letters indicate the significant difference between the means in each row and the lowercase letters indicate the

significant difference between the means in each column based on the LSD test at the 5 % level.
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Table 9- Pearson correlation matrix between Zn-DTPA and fractions of Zn (n=54)

ol b aauidign g (JoL5 (Jolomo 9 o] SBanST U st 9 18190 b aadnige oailoudls Js
9w bsSS bols,s 5o L) oo Residual  Total
Incubation Soluble, exchangeable, and Associated with Fe-Mn Associated with organic

time associated with carbonates oxides matter and sulfids

1h 0.41ns 0.77** 0.64** 0.64**  0.81**
60d 0.87** 0.76** 0.25 0.56**  0.74**
120d 0.51* 0.89** 0.79** 0.86**  0.82**

P re pENS g doyd O pdaw ) > xe

* o ) aw jd b gae *F

** Significant at P< 0.01, * Significant at P< 0.05 and ns no significant.
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Introduction: Application of organic fertilizers such as vermicompost to agricultural calcareous soils with
low organic matter content is a way to add nutrients to these soils. Different organic fertilizers have different
effects on soil nutrient availability. Moreover, the study of nutrients distribution in the soil allows us to
investigate their mobility and bioavailability. Zinc (Zn) deficiency is an important problem in many calcareous
soils due to its effect on increasing the yield of agricultural products. Organic fertilizers can improve availability
of Zn by impact on its fractionation. On the other hand, their interaction with chemical fertilizers requires careful
consideration of availability and fractionation of Zn in soils treated with organic and chemical fertilizers. The
aim of this research was to investigate the interaction effect of zinc sulphate, and vermicompost on availability
and fractions of Zn in a calcareous clay soil.

Materials and Methods: This study was performed as a completely randomized factorial design including
two levels of vermicompost (0 and 1% w/w) and three levels of Zn (0, 2, and 5 mg kg as ZnSQ,) with three
replications. All treated soils were incubated for 120 days at 22 + 1 °C and constant moisture (17% w/w). Zinc
availability (DTPA-TEA) and other fractions (BCR method) were determined at the beginning of experiment, 60
days, and 120 days after incubation. The soil samples were sequentially extracted using an operationally defined
sequential fractionation procedure, based on that employed by BCR in which increasingly strong extractants
were used to release Zn associated with different soil fractions. Four Zn -fractions were extracted in the
following sequence: Step 1: soluble, exchangeable, and associated with carbonates fraction (a 40 ml of 0.1 M
CH3COOH for 16 h at room temperature), Step 2: iron-manganese oxides-associated fraction (40 ml of 1 M
NH20OH.HCI in 1.5 M HNO; for 16 h at 22 °C), Step 3: organic matter-associated fraction (50 ml of 1 M
CH3COONHj4 in 1.5M HNO;s for 16 h at 85 °C) and Finally step 4: residual fraction was determined using 4 M
HNO; (a 12.5 ml volume of 4 M HNOgz, for 16 h at 80 °C). Concentrations of Zn in all extractants were
determined by Atomic absorption spectroscopy..

Results and Discussion: The results of this study showed that the mean of Zn extracted by DTPA-TEA after
vermicompost application increased significantly (P<0.05). The interaction between vermicompost and time on
Zn extracted by DTPA-TEA was not significant (P>0.05). Zinc extracted by DTPA-TEA decreased with
increasing incubation time. All forms of Zn increased by vermicompost application in soil samples treated with
ZnS0Oq. Soluble, exchangeable, and bound to carbonates Zn and Zn associated to Fe-Mn oxides fractions (except
vermicompost with 5 mg kg Zn at 60 days after incubation) increased with increasing incubation time. Zinc
associated to organic matter increased 60 days after incubation compared to the beginning of the experiment.
However, difference between Zn associated to organic matter at 120 days after incubation and beginning of the
experiment was not significant (except vermicompost with 5 mg kg Zn at 60 days after incubation). The results
of this study showed that residual Zn decreased with increasing incubation time. Results of this study
demonstrated that the fractions of Zn in the soil samples treated with ZnSO, were modified after vermicompost
application and its availability increased. Therefore, the application of chemical fertilizers with organic fertilizers
leads to increase Zn in the soil. The results of correlation study showed that the relation between available Zn
and Zn associated to Fe-Mn oxides at 1 h (r=0.77 p<0.05), 60 days after incubation (r=0.95 p<0.05), and 120
days after incubation (r=0.95, p<0.05) was significant. There was a significant correlation between available Zn
and Zn in forms of solution, exchangeable and associated with carbonates, associated with Fe-Mn oxides, and
associated with organic matter, which indicate the effective role of these fractions in supplying the required Zn
to plant.

Conclusion: Vermicompost application in calcareous soils increased available Zn and the effect of
vermicompost was not dependent on time. Over time, there was a decrease in available Zn in the presence of
chemical fertilizer. Vermicompost application in calcareous soils increased all Zn fractions. According to these

1, 2 and 3- M.Sc. Student, Professor, and Assistant Professor of Soil Science and Engineering of Agriculture Faculty,
Shahrekord University, Iran, respectively.
(*- Corresponding Author Email: Motaghian.h@yahoo.com)
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results, the Zn fractions in the soil treated with zinc sulfate had been changed and its availability increased
during incubation time. The results of this study demonstrated that the fractions of Zn in the soils treated with
ZnSO4 and vermicompost were modified and its availability increased. Therefore, the application of chemical
fertilizers with organic fertilizers can increase Zn in calcareous clay soils

Keywords: Calcareous clay soil, Fractionation, Vermicompost zinc sulfate
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Table 1- Some physical and chemical properties of examined soil samples

Sl L g e, pH 00 M o8 SR Colan Sl e S i
Soil sand  Silt  Clay Total Organic Electer!cgl Available
sample nitrogen carbon conductivity phosphorus
% % ds.m! Mg.kg*
1 55 355 59 6.6 0.12 1.86 3.2 775
2 58 413 529 65 0.1 1.43 3 79.9
3 53 419 528 6.7 0.17 1.9 33 81.1
4 45 398 557 6.6 0.15 1.87 3.1 79.7
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Table 2- Morphological properties of Benzo(a)pyrene degrading isolates
wla N ) S Jse 29! JgmaS S £5
Isolate Colony color Colony Shape Spore Capsule Mobility Gram
AM1 S5 pe8 3); Slabo + + + +
Light yellow Bacillus
BM. S 555 Jol: + - + +
Milky Coccobacillus
BP: S8 rgpe s Jels - - - -
Light Pink Streptobacilli
BP2 - slasgs + + - +
Milky Staphylococci
AP3 e Shas Slaleo + - + +
Milky White Bacillus
BM1 ugl;] RV d]d.l.\.n - - + -
Overglazed White Bacillus
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Table 3- The surface tension in selected bacterial isolates

alas (MN/M) b (i
Isolate Surface tension
AP3 46.79
BM: 49.22
AM1 51.53
BMg4 52.01
BP1 57.9
77.35
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Blank (culture Medium without bacteria)
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Table 4- Treatments in fractional factorial experiment (Taguchi)

pH L RS Euo AP3 wlaa (MN/M) (s GiaiS  BM1 aglus (MN/M) (e i
Temprature Carbon source Surface tension of Aps Isolate  Surface tension of BM Isolate
25 ot 56.42 40.41
Glucose
6 30 s 58.36 56.02
Starch
35 L 63.72 49.76
Sucrose
25 ol 58.04 54.25
Starch
7 30 3L 49.18 47.74
Sucrose
35 el 30.81 31.52
Glucose
25 L 46.29 47.23
Sucrose
8 30 el 40.62 40.43
Glucose
35 ol 58.28 58.18
Starch
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Table 5- Analysis of variance resulting from biosurfactant production optimization treatments by Taguchi

Olpds gilie 4203 Ego Egooo

HO| |
Source of WL Ol o Ol o w\;A;is d\z;:’ Faps  Femi  PSaps  PSemi  %Paps  %Psm1
variation DF SS ap3 SS Bm1
4;’:’] 2 635.18 104.31 31759 5216  9.67 6.04 6079 87.04 34.66 5.81
le> 266.13 11.19 133.065 5.59 594 0.65 238.85 6.08 145 0.62
Temperature
C&k))s 2 780.92 1585.51 39046 792.76 11.89 91.86 753.64 1568.28 42.6 88.28
arbon
s
11 150.06 94.9 13.64 8.63 8.2 5.28
Error
S 17 1832.32 1795.92
Total
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Figure 1- The main effect of factors on surface tension in the Taguchi method: (A) BM: Isolate and (B) APs isolate
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Table 6- Analysis of variance from isolates and biosurfactants on benzo(a)pyrene biodegradation in liquid medium

Sy @ilhe @il Olup g Olup oflbe Fows o
Source of variation DF SS MS F value
st 3 431303.6 143767.9 287535.7 0.001
Isolate
) SHSE 2 165.7 82.8 1657  0.001
Biosurfactant
s 5 S B ygutit g S
(o) S ks 6 271.4 452 905 0.001
Isolate™ Biosurfactant
b= 24 12 05
Error
S 35 431752.7
Total
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Figure 2- Percentage of Benzo(a)pyrene biodegradation in liquid medium after incubation
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Table 7- Analysis of variance from isolates and biosurfactants on benzo(a)pyrene biodegradation in soil

Sl S olie 151 Sla Sl o enSle F ow
S lle] 3! ey e Pl Eace Sl Rl 0 Probe> F
Source of variation DF MS F value
Lo
o 3 61080.2 20360.8 24432.8 0.001
Treatment
"
o 2 28681.1 14340.9 17209.8 0.001
Time
Sles® ol 0.001
Treatment™ Time 6 10988.9 1831.2 2197.2
Isolate* Biosurfactant
Uast 0.86
24
Error
S 35 100771.7
Total
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Figure 3- Residual concentration of Benzo(a)pyrene in soil during incubatio
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Introduction: Environmental contamination by crude oil and its various processing products is becoming a
common phenomenon which severely damages soil and groundwater resources. Among the constituents of oil
waste, polycyclic aromatic hydrocarbons (PAHS) are of environmental concern because of their toxic, mutagenic
and/or carcinogenic effects. Bioremediation involves the use of living microorganisms, bacteria or fungi, for
detoxification of soil and water organic pollutants by biodegradation, biotransformation, and/or mineralization.
Collaboration between different microbes under co-culture conditions such as co-metabolism or antagonism
makes the system to perform better than a single microorganism. Total petroleum degradation is a result of a
microbial consortium action, which is composed of different species with specific biochemical roles. On the
other hand, the majority of components of petroleum products has low solubility in water and tends to bind to
soil particles reducing their availability to microorganisms for degradation. This has been well described as a
major limitation to the bioremediation of hydrocarbon contamination. The surfactants can be employed to
enhance hydrocarbon biodegradation by mobilization, solubilization, or emulsification. Some microorganisms
synthesize a wide range of surface-active compounds, generally called biosurfactants, which increases the
bioavailability of these compounds. The application of these microbial surfactants in the remediation of
hydrocarbons aims to increase their bioavailability or mobilize and remove the contaminants by pseudo-
solubilization and emulsification in a treatment process. This work aimed to investigate the impact of the
biosurfactant producing consortium on the benzo(a)pyrene biodegradation.

Materials and Methods: Four gasoline contaminated soils were enriched in Bushnell-Hass mineral medium
with Benzo(a)pyrene (200 mg/l) for three months at 30°C. After this time, to obtain Benzo(a)pyrene-degrading
isolates, 0.1 ml of soil suspensions were plated on BH agar plates containing pollutant. Three colonies with
different morphological distinct properties were purified on LB agar plates. The screening of the most potent
surfactant strain was assayed quantitatively using measurement of surface tension by the Du Nouy ring method.
For increasing the production of biosurfactant, medium conditions including pH (6, 7, 8), temperature (25, 30,
35) and carbon source (glucose, sucrose and ribose) were optimized with fractional factorial based on Taguchi.
The capability of the isolates and consortium in hydrocarbon biodegradation was investigated in liquid medium
of Bushnell-Hass with 150 ppm of Benzo(a)pyrene, during 14 days. Treatments included inoculation of isolates
AP3 and BM; and their consortium in presence and absence of extracted isolates biosurfactants and control (no
isolate and biosurfactant). Based on the results of Benzo(a)pyrene degradation in the liquid medium, APz isolate,
consortium and biosurfactant extracted from APz were selected for soil experiment. Four sets of biodegradation
experiments were carried out with soil contaminated by 150 ppm of benzo(a)pyrene for 45 days, as follows: set
1: soil + AP3 isolate; set 2: soil + consortium; set 3: soil + consortium + APz biosurfactant and set 4: blank (soil).
The residual concentrations of contaminant were extracted on days 15, 30 and 45 by dichloromethane solvent
and analyzed using GC-FID.

Results and Discussion: The results revealed that strains AP3 and BM1 showed a significant potential to
produce surface-active agents in the presence of Benzo(a)pyrene as substrate, reducing the surface tension to 43
and 46 mN/m, respectively. Taguchi experimental design method was applied in order to optimize the
biosurfactant production by isolates. Results of experiments indicated that the optimum biosurfactant production
conditions were found to be temperature of 35° C and pH of 7, and glucose as water soluble carbon source. The
produced biosurfactant reduced surface tension to 31/52 mN/m and 30/81 mN/m for BM1 and APs3, respectively.
Biodegradation experiments of Benzo(a)pyrene in liquid cultures showed that the owverall biodegradation
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efficiency of the individual isolates after 14 days was lower than consortium. Bacterial consortium enhanced
degradation of contaminant to 87.3% (with addition of biosurfactant) compared to 27.6% of removal in presence
of BM; isolate. However, there was no statistically significant change in the degradation rates of contaminant in
consortium with addition of APz and BM; surfactant and surfactant free (87.3, 85.6 and 86.8%, respectively).
The degradation of Benzo(a)pyrene was significantly enhanced in presence of AP3 biosurfactant at individual
BM; treatments (28.3 and 44.5 to 74.8%). Maximum degradation of Benzo(a)pyrene in contaminated soil was
found (100%) in set 3: soil + consortium + AP3 biosurfactant. Based on GC-MS analyses, it degraded around
100% of penzo(a)pyrene, used as the sole carbon and energy source, at an initial concentration of 150 mg L7,
after 45 days of incubation, while alone consortium and isolate were able to remove 86% and 68% of
hydrocarbon, respectively. Overall, these results provide evidence that consortium and AP3 biosurfactant could
be potential candidates for further bioremediation.

Conclusion: The results revealed that the hydrocarbon removal efficiency of the consortium was higher than
single species, and the final removal efficiency for the consortium could be reached in a considerably shorter
time. The results suggest that biosurfactant-assisted bioremediation may be a promising practical bioremediation
strategy for aged PAH-contaminated soils. It is evident from the results that the consortium alone and its
producer species are both capable of promoting biodegradation to a large extent.

Keywords: Benz(a)pyrene Biodegradation, Biodegradation, Biosurfactant, Consortium, Hydrocarbon
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Table 1- Selected physical and chemical characteristics of the studied soil

SL cdl Zn EC pH (7)1 5o CEC
Soil texture (mg.kgY) (Ds.m?) 1:2) Organic (cmol) kg'Y)
materials (%)
Clay loam 1.25 3.96 7.23 2.69 9.73
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Table 2- Models describing Zn desorption Kinetics

Seew Jke Jge s B ol
Kinetic model Equation Description of parameters
Js! 4y 4 4 =qe (10 Jsl 4y b C b Ka
P-first Ki: P-first rate constant
P32 4550 4 0=02 Kot/ L+ kot ps® 4y 458 Sty UK
P-second Kz: P-second rate constant
S0 4y 0= Go- kot (Mg Zn kg™ hr) jio 45,0 e o 2l Ko
t — 0= KO
Zero-order Ko: Zero-order rate constant (mg Zn kgt hrt)
| as hour?) Jgl 4550 ey el (K
.JS Ao Inge=Ingo-kit ( ) Jsl 4550 o poo 1
First-order Ki: First-order rate constant (hourt)
(mg Zn kg_l hr_l) “9) 4..)5] u..\>|9 sy WL s
odlws guggl as: initial Zn release rate constnt (mg Zn kg hrt)

. . ge = 1/Bs In asBs+1/Bs In t
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Sl (Sasisy
2 2 = + kp t05
Parabolic diffusion Q=G+ Ke

oo . —n th
Sl b Ge=at

Power function

(Mg Zn kg1 so) wialy e bz Bs

Rs: release rate coefficient [(mg Zn kg™?)]*
(Mg Zn kg yO°] (Sapisry ey s kp

kp:diffusion rate constant [(mg Zn kgt) 0]

(Mg Zn kg hrt) g, adgl Clely e oo b 2

a: initial Zn release rate constnt (mg Zn kg* hr?)

(MY ZNn kg1 59y iely ey ol = b

b: release rate coefficient [(mg Zn kg1)]*

qt and go amount of Zn absorbed in the absorbing unit at time t and 0 in terms of mg.kg™
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Table 3- Coefficient of determination (r?) and standard error of the estimate (SE) for different equations

r SE r SE
Al RVCH &l RVCH Xl R &> Sl
Range Mean Range Mean Range Mean Range Mean
S Jo sl gl 3 sl aglw z 6
Kinetic models Under-canopy Out-canopy
S
Halavani
J’IPA’;_’A:'J 0.416-0.566  0.469  0.322-0.442 0.381  0.475-0.503  0.488  0.345-0.401 0.37
-firs
P9 450 4 0.993-0.998  0.996 4.209-9.199 6.212  0.991-0.994  0.993 9.09-11.49 10.04
P-second
“’Jl?s@b_ 0.941-0.980  0.957 0.029-0.565 0.046  0.943-0.964  0.954 0.043-0.53 0.047
Power function
f"\‘“)u@’?” 0.961-0.975 0.969 0.175-0.298  0.22 0.983-0.992  0.987 0.08-0.136 0.13
Simple elovich
Poo &ye 0.534-0.743  0.606 0.611-1.031 0.781  0.659-0.712  0.686  0.533-0.651 0.65
Zero-order
_J"‘%A 0.416-0.566  0.469 0.322-0.442 0.381  0.475-0.503  0.488  0.345-0.401 0.37
First-order
“’Sf)’f"li,)m‘_ 0.775-0.924  0.828 0.332-0.707 0.508  0.856-0.895 0.876  0.334-0.422 0.40
Parabolic diffusion
&.AAGS
Ghasab
|5 n o
Jgpd;i’: S:“'” 0.305-0.494 0422 0.244-0.381 0.283 0.0796-0.362  0.26 0.334-0.464  0.405
P9 40 4 0.999-0.9994 0.9993 1.941-354 2.786  0.997-0.999  0.998 5.02-10.33 7.407
P-second
S5 ""b_ 0.777-0.965  0.893 0.024-0.094 0.0519 0.532-0.891 0.765  0.059-0.143  0.094
Power function
f’"\‘“)u@’_’” 0.826-0.981  0.917 0.137-0.466 0.317 0.51-0.973 0.818 0.1108-0.574  0.267
Simple elovich
P 4550 0.397-0.56 0.501 0.679-0.974 0.841 0.065-0.494 0349  0.474-0.794  0.585
Zero-order
_Jw’j" 0.305-0.494 0422 0.225-0.383 0.283 0.0796-0.362  0.26 0.334-0.464  0.405
First-order
"‘S'A‘J’?‘)l‘{_)w‘_ 0.59-0.794 0.723  0.472-0.713 0.617 0.186-0.724  0.524  0.352-0.740  0.484
Parabolic diffusion
r SE r SE
&old oSSl ald CrSlbo aald oSSl aeld eSSl
R Range Mean Range Mean Range Mean Range Mean
(S J s 31 gl 3 3l bl 6
Kinetic models Under of canopy Out of canopy
P EY
Shahani
J’::‘fj_"’:*j 0.236-0.373  0.288 0.487-0.77 0.628 0.268-0.366 0.333  0.569-0.862  0.693
-firs
P9 45y 4l 0.997-0.998  0.997 7.39-8.608 7.995 0.993-0.997 0.995 7.23-10.052 8.944

P-second
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<y &U. 0.76-0.879 0.642 0.0929-0.207 0.151 0.770-0.878 0.832 0.108-0.209 0.152
Power function
ol odlw @”J]
. : 0.930-0.993 0.959 0.0762-0.245 0.175 0.98-0.99 0.988 0.096-0.175 0.123
Simple elovich
pruo 4ye 0.441-0.600 0.519 0.588-0.695 0.655 0578-0.674 0.619 0.668-0.742 0.703
Zero-order
_‘J’I e 0.236-0.373  0.288 0.487-0.77 0.628 0.268-0.366  0.333 0.569-0.862 0.693
First-order
"'i"J’f"I)L’i _’ml_ 0.665-0.814 0.735 0.401-0.538 0.484 0.794-0.824 0.828 0.466-0.474 0.469
Parabolic diffusion
6
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Figure 1- Comparison of the equations A) Power function B) Simple Elovich C) Parabolic diffusion at soil depth, 0-20 cm
under-canopy of Halavani cultivar
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Table 4- Values of the rate constants for the kinetic models

S Joko Sy @b Sl ly (Sawisy ol 03w 99l
Models Power function Parabolic diffusion Simple elovich
Ce s Sl ab a b do kp as Bs

o5 (Cm) Gae Ml b 7,6

Type Depth Out-canopy
Sl 0-20 0.133 0.36 0.37 1.009 0.094 0.255 1.563
Shahani 20-40 0.136 0.409 0.332 1.048 0.078 0.287 1.819
40-60 0.085 0.194 0.438 0.816 0.071 0.19 1.968
Slols 0-20 0.197 0.843 0.234 1.524 0.802 0.716 1.822
Halavani 20-40 0.207 0.746 0.277 1.456 0.105 0.472 1.415
40-60 0.160 0.645 0.248 1.213 0.069 0.51 2121
b 0-20 0.151 0.776 0.195 1.362 0.045 0.797 5.109
Ghasab 20-40 0.172 0.98 0.175 1.927 0.027 5.456 5.711
40-60 0.123 0.517 0.238 1.046 0.043 0.424 4.198

Ml ale 5

Under-canopy
Sl 0-20 0.140 0.488 0.286 1.098 0.065 0.384 2.173
Shahani 20-40 0.129 0411 0.315 1.156 0.059 0.405 2.246
40-60 0.116 0.316 0.367 1.094 0.065 0.341 2.103
NN 0-20 0.213 0.756 0.282 1.595 0.104 0.488 1.35
Halavani 20-40 0.179 0.756 0.237 1.438 0.07 0.663 1.996
40-60 0.198 0.825 0.24 1.425 0.09 0.581 1.691
b 0-20 0.339 2.094 0.162 3.153 0.101 1.105 6.15
Ghasab 20-40 0.258 1.733 0.149 2.572 0.069 1.998 6.671
40-60 0.227 1.136 0.2 2.087 0.067 0.857 4.98

o ©ya8 oy pier (81515 (S SYBlro Ca gt (SCUL (g 83 (Nimwmod =0 Jgua
Table 5- Simple correlation between constants rate of the best fitted kinetic models

slale =,
Out-canopy
ab a b Jo Kp as
A 0.829**
B -0.722* -0.958**
Qo 0.759*  0.958** -0.878**
kp ns ns ns ns
as ns ns ns 0.794* ns
BRs ns ns ns ns ns 0.765*

M gire (Siumed (b NS 70 o /) Jlain] o )3 5l5 jze a5 ay e g %
* and ** significantly at the probability level 1% and 5%, ns: no significant.
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Figure 2- Cumulative chart of the Zn release from studied soils
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Introduction: Zinc (Zn) is an important nutrient element for plants growth, which plays an important role in
the metabolism of plant. Zn uptake by plants requires release of Zn adsorbed onto the soil constituents and even
Zn containing minerals. The release of Zn from soil surface to the soil solution is an important factor that
controls availability of Zn for growing plants. Kinetics of Zn release from soil could indicate ability of soil to Zn
supply to plants. The purpose of present study was to investigate the effects of soil depth and canopy of three
cultivars of palm including Shahani, Ghasab and Halavani on release kinetics of native Zn by AB-DTPA
extractant.

Materials and Methods: In order to investigate the effects of depth and vegetation on the pattern of Zn
release, 54 soil samples were collected from inside and outside canopy of different palm cultivars (Shahani,
Halavani and Ghasab), three depths (0-20, 20-40 and 40-60 cm) with three replications. These samples were
collected from village of Simakan, located in the city of Jahrom. Extraction was performed after eight shaking
times (5, 15, 30, 60, 120, 240, 480, and 1440 min) with ammonium bicarbonate-diethylene triamine penta acetic
acid (AB-DTPA). After each shaking time, samples were immediately centrifuged for 15 min, and then filtered
through filter paper. The concentration of Zn in solutions were determined using an atomic absorption
spectrophotometer (AA-670G). Seven commonly used kinetics models in nutrient release studies were used to
describe Zn release including zero-order, first-order, pseudo-first-order, pseudo-second-order, power function,
parabolic diffusion, and simple elovich. Data analysis and drawing of charts were done by SAS software and
Excel program, respectively .Relatively high value of coefficient of determination and low value of standard

error of estimate were considered as criteria for the best fit.

Results and Discussion: The results of this study showed that the simplified Elovich, parabolic diffusion and
power function equations well described the pattern of Zn release from soil as evidenced by higher coefficient of
determination and lower values of the standard error of the estimate. The Zn release pattern in all soil samples
consisted of a quick stage from the start of the experiment to 240 minutes and a slower stage at subsequent times.
The correlation between the coefficients of the kinetic equations of the power function, simplified Elovich and
parabolic diffusion showed that there was higher correlations between the coefficients of the equations obtained
from the under canopy in comparison with those of out of canopy. Although soil is a major factor influencing
vegetation growth and characteristics, plants could, in turn, also affect different soil properties. In addition, the
palm root system and the rhizosphere exhibit a complex diversity, which could regulate the plant homeostasis.
The interaction of root-microorganism in the rhizosphere can cause many of the physical, chemical and
biological properties of the rhizosphere soil that are different from the bulk soil. Important changes in the soil
properties of the rhizosphere environment include soil pH, soil oxidation-reduction reactions, soil moisture, and
nutrient availability for microorganisms and plant. Root exudates also contribute to enhance of the availability of
elements by reducing the pH of the rhizosphere and creating bioavailable Zn complex. Recent studies have
shown that root exudates can act as an influential factor in extracting significant values of plant nutrients from
calcareous soils. Our results showed that the amount of accumulated Zn released from the under canopy soils
was more than the out of canopy soils, and the highest amount of accumulated Zn was released in the soils under
canopy of Ghasab cultivar.

Conclusion: Results of present study showed that the values of Zn released from the under canopy soils was
higher than interspaces soils, and the highest amount of accumulated Zn was released in the soils under canopy
of Ghasab cultivar. Such observations clearly indicate that palm trees are able to supply Zn absorption capacity
under their own canopy soils. Therefore, it appears that higher rates of Zn release from the under canopy soils in
comparison with interspaces could be attributed to higher root exudates which impact soil properties,

1 and 2- M.Sc. Student and Associate Professor, Department of Soil Science, Faculty of Agriculture, Shiraz University,
Shiraz, Iran, respectively.
(*- Corresponding Author Email: ghasemif@gmail.com)
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microorganism activities and lower pH which, in turn, increase the amounts of metals including of Zn release
and bioavailability. Further researches on the effect of palm root system on physical and chemical properties of
soil, including organic matter, soil pH, which could cause great impacts on the amount of Zn release are highly

recommended.

Keywords: Canopy, Kinetic models, Palm, Soil depth, Zn release
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Table 1- Geographical coordinates and soil series (USDA) characteristics of experimental West Azarbayjan, 2017-18

Wil Job Longitude

wbdls (o, Latitude

Properties  Location . .
degree min. Sec. degree min. Sec.
1 37 15 243 44 54 5.16
utM 2 37 15 212 44 54 478
I 1 Fine loamy active, mixed, mesic typic haploxerepts
Soil series - - - : -
2 Coares loamy, super active, mixed, mesic typic hoploxeripts

WAT-AY (2,800l il lial sladore SB olomd 9 (Sujud SS9 ke -Y Jga
Table 2— Soil physical&chemical characteristics of the experimental sites (WestAzarbayjan, 2017-18)

S
o

@ 3“ pH EC Sand Clay  Tex. 0.C SP Kaa Pan Zn Fe Mn Cu B

- @smh) (%) (%) (mg.kg™)

1© 8.8 0.86 51 22 SCL 1.37 44 125 2.50 081 23.0 1137 4.62 0.98 21
2" 7.90 0.92 29 42 C 1.03 51 412 19.8 124 875 1995 2.02 1.20 24

* Each number is the average of four replications.
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Introduction: Among growth factors, proper nutrition plays an important role in increasing yield and the
quality of wheat grain. Wheat in most human societies is a strategic product and the main supplier of protein and
calories needed by communities. Among growth factors, proper nutrition plays an important role in increasing
yield and the quality of wheat grain. Potassium (K) is the most abundant cation in the cytoplasm of the plant and
plays an important role in plant physiological functions. Its deficiency reduces the qualitative and quantitative
yield of crops. It is an essential component in the basic stages of protein biosynthesis. Its deficiency results in a
decrease in wheat protein. The results showed that a small amount of potassium was needed in the establishment
and wintering stages of wheat and it was highly required at the later stages of plant growth and the plant
requirement reached its maximum in flowering stage. This illustrates the importance of taking potassium
partition. Among the low nutrient elements, Zinc (Zn) is the most important element that is clearly deficient in
calcareous soils. Zinc is essential for enzymatic activities and increases the protein, carbohydrate and gluten of
wheat grains.

Materials and Methods: In order to investigate the effect of different sources of potassium (K) fertilizers
management on some qualitative and quantitative characteristics of wheat, two experiments were conducted in
two fields with lower and higher critical level of K (K.,=125 and K.,.= 412mg kg™) in a randomized complete
block design with five treatments and four replications in West Azarbayjan province in 2017-18. Treatments
were as follows: T, = control (use of all essential nutrients based on soil test except K-fertilizer) ; T, = T, +
whole sulfate of potassium (SOP) before planting; T;= T, + consumption of 50% K from (SOP) before planting
and 50% from muriate of potassium (MOP) in two topdressing; T4 = T; + consumption of 50% K from SOP
before planting and 50% from soluble sulfate of potassium (SSOP) in two topdressing; Ts= T, + consumption of
50% K from SOP before planting and 50% from SSOP + Zn-EDTA in two topdressing periods during the first
stem elongation and wheat heading. Basal elements based on soil analysis results were as follows: at site one,
containing 250 kg ha™ potassium fertilizer, 150 kg ha™ triple superphosphate and 100 kg ha™ pre-planting urea
fertilizer, and at site two potassium and urea similar to site one and 75 kg ha™ triple phosphate. Topdressing 120
kg urea ha™ was used in two stages i.e. the first stem node and the emergence of cluster at both locations. The
size of the plots was 4 m? and the interval was 2 m. Mihan cultivar was planted at a density of 500 seeds m™ and
180 kg ha™ using a linear grain harvesting machine. After determination of yield parameters, soil and plant
composite samples were prepared and taken to the laboratory. Physical and chemical analysis of soil was
performed using conventional methods at the Soil and Water Research Institute. Statistical analysis of data for
different traits at two locations was performed using SAS statistical software version 9.1. Mean comparisons
were undertaken using Duncan's multiple range test at the 5% level of probability.

Results and Discussion: The results of this study revealed that in the field (1), K-fertilizers increased grain
yield and protein content. In this field, T5 was the best treatment in comparison with the other treatments. Split
application of SSOP+Zn-EDTA was the best treatment and increased potassium fertilizer efficiency (KUE).
Topdressing of SSOP+Zn-EDTA compared to other K-fertilizers, due to having available K and Zn, increased
the kernel, grain yield, grain protein, straw weight and Zn content. While KUE in T2 was 5 kg kg™, it became
6 kg kg™ in T3 and T4, and increased up to 8 kg kg™ in T5. However, in the field (2) due to its higher content of
available K, application of K-fertilizers had no significant effects in all treatments. In the field (1), applying the
optimum amount of fertilizer (T3), increased wheat yield by 1300 kg ha™ compared to the control treatment.
However, T5 increased the yield and fertilizer efficiency by 11% and 60%, respectively, even with respect to T3.

1 and 3- Professor and Graduate of Soil Science Fertility Management and Biotechnology, Soil Chemistry and Plant
Nutrition, Faculty of Soil Science, Tarbiat Modares University, Tehran

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

2- Assistant Professor, Soil and Water Research Department, Agricultural Research and Education Center of West
Azerbaijan
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Therefore, split application of K-fertilizers should be conducted based on the soil analysis result.

Conclusion: Topdressing of soluble sulfate potassium +Zn-EDTA compared to other K-fertilizers, due to
having available K, Zn and SO,, increased grain yield, protein, straw weight and Zn content, and fertilizer
efficiency.

Keywords: Fertilizer use efficiency, Grain protein, Grain yield, Potassium (K), SSOP+Zn-EDTA
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Table 1- Range of Placket -Burman's model variables

O T
ol o,lowd Source of Carbon
Number of experiment S5 39,5 W 5959 ,8
Glucose Sucrose Fructose
1 -1 -1 -1
2 +1 +1 -1
3 +1 -1 +1
4 -1 -1 +1
5 -1 +1 -1
6 +1 +1 +1
7 -1 +1 +1
8 -1 +1 +1
9 -1 -1 -1
10 +1 +1 -1
11 +1 -1 -1
12 +1 -1 +1

Al e oS @lie ) 2 p)S B g Ve eamIGLE e =Y g )
+1 and -1 show 10 and 5 g.I"* of carbon sources.
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Table 2- Range of studied variables amounts in modeling

JBwo e eRia (G0 IS ylade #2380 g dkold
Independent variable Coded amount of variable Range and amounts
Xi +o +1 0 -1 -a
(2 2 p)5) 0 aste
(Carbon source (g.1%)) X1 12386 10 65 3 0.613
el X2 103 9 7 5 363
pH
(o) Cgmalis cloj Xs 1840 15 10 5 159

(Incubation time (day))
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Table 3- Regression coefficients of Placket-Burman model data

;f;‘s ’Zo‘)l,j, e T b)lai P b)Loi
Mineral Parameter Coefficient T-Value P-Value
Usles 8 55560 7831  0.000
Equation constant
. Lt 00614  -0.87 0412
JIWRIE Glucose
Feldspar 598 -0.1024 -1.44 0.187
Sucrose
3559 01024  -1.44  0.187
Fructose
AJ-JLw ol 10.96 61.00 0.000
Equation constant
B el 00614  -034 0741
CaySold Glucose
Phlogopite jo)Ske -0.2662 -1.48 0.177
Sucrose
355958 -0.0614 034 0741

Fructose




POV syl s iy Sl 5 Ltings

S350 S0 Tl Py e 43 000 35 (S ke a3lie (g yile -€ oo
Table 4— Matrix of coded variables amounts in central composite design modeling

b puiio (g0amiaS ple 5 B sl
3 ) Amounts of coded variables )
oo 31 2 ylod (mg.I)
Experiment Number  bj S Zao - ——
Time PH Carbonsource 2% el 5"3
Feldspar  Phlogopite
1 1 1 -1 36.49 55.27
2 1 -1 1 3.48 7.44
3 0 0 0 8.55 24.08
4 -1 -1 1 2.05 5.48
5 0 0 0 8.93 12.62
6 -1 1 -1 26.63 53.9
7 0 0 0 2.43 15.68
8 0 1.68 0 82.96 121.16
9 0 0 0 9.31 32.01
10 0 0 1.68 5.74 8.04
11 0 -1.68 0 4.22 8.43
12 1.68 0 0 9.63 18.17
13 1 1 1 28.05 31.43
14 -1 -1 -1 2.05 34
15 1 -1 -1 221 9.63
16 0 0 -1.68 3.71 29.47
17 -1 1 1 30.69 62.56
18 -1.68 0 0 7.07 23.52
19 0 0 0 3.96 6.9
20 0 0 0 7.41 7.78

ol ) el CBUE by 1§35 50 5 0 Tob Slalea sy U alpo -0 Josa
Table 5- Coefficients of central composite design multi variable function for predicting released potassium

Hlwald CugS ol

Joe iy Jue s gelyl (Feldspar) (Phlogopite)
Part of model Model parameters o T ol P o,k oy T o b P ol
Coefficient T-Value P-Value Coefficient T-Value P-Value
Jo b 7.74 17.44  <0.0001 16.74 12.46 0.0002

Constant of model

e Time 1.40 0.64 0.4408 2.24 0.55 0.4770
. pH 17.49 100.65  <0.0001 26.89 7873  <0.0001
Linear C- Source -0.52 0.087 0.7737 -3.84 1.56 0.2401
s Time x Time -0.22 0.017 0.9001 0.021 4.89E-005 0.9946
9% pH x pH 12.24 5219  <0.0001 15.56 27.94 0.0004
Secondorder ¢ goyrce x C- Source -1.68 0.89 0.3675 -0.83 0071  0.7946
Time x pH -0.046 412E-004 0.9842 4.74 1.44 0.2585
u“*‘““”_x Time x C- Source -2.15 0.89 0.3666 -4.60 1.35 0.2727
Interaction pHx C- Source 0.044  3.69E-004  0.9851 -1.88 0.23 0.6445

Released K from Feldspar (mg.I") = 7.74 +

17.49%; + 12.24x,? (v)
RZ =94% Rzadj =88.6%
Released K from Phlogopite (mg.I"!) =

16.74 + 26.89x, + 15.56x,? (v)
RZ2=901.8% Ru?=84.4%
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Figure 1- Measured and predicted concentration of released potassium by central composite design model
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Figure 2— 3 dimensional present of released K in presence of feldspar against central composite design variables
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Figure 3— 3 dimension present of released K in presence of phlogopite against central composite design variables
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Introduction: Among the elements, potassium (K) is the third important macronutrient for plant nutrition
that plays a significant role in plant growth and development. The development of intensively managed
agriculture has led to the consumption of increasing amounts of K, low K supply has therefore become an
important yield-limiting factor in agriculture. However, more than 98% of potassium in the soil exists in the
form of silicate minerals such as illite and lattice K in K-feldspars which K cannot be directly absorbed by
plants. Potassium and other minerals can be released when these minerals are weathered. Some microorganisms
can play a role in releasing K from minerals. They solubilize K-bearing minerals through different mechanisms
including chelation, acidolysis, pH reduction, exchange reaction, complexation, biofilm formation and secretion
of organic acid and polysaccharides. Since the use of potassium solubilizing microorganisms (KSMs) as K-
biofertilizers reduces the agrochemicals application and supports eco-friendly agriculture, so it is imperative to
isolate the KSMs and optimize various growth parameters so as to improve their activity.

Materials and Methods: The present study was an attempt to model and evaluate the effects of pH,
incubation time and different amounts of carbon source on K release by Pseudomonas fluorescens using Placket-
Burman design and response surface methodology with a central composite design. At the first step, 12
experiments based on Placket-Burman design were carried out to screen and identify the effective carbon source
in potassium release. According to the results of the first step, response surface methodology with the central
composite design was employed to evaluate and model the effects of the coded independent variables including
pH (3-10), incubation time (1-18 days) and carbon source (0.6-12 g L) on K release from feldspar and
phlogopite. After the completion of each period, samples were centrifuged at 3000 rpm for 10 minutes and
filtered using Whatman paper (No. 41). Potassium concentration of samples was measured by flame photometer.
Used minerals in the experiment including feldspar and phlogopite were grounded and filtered through a 230
mesh sieve. In order to remove exchangeable K, the samples were saturated by calcium chloride solution (with a
ratio of 2:1), after washing with HCI, samples were then dried at 105°C for 48 hours.

Results: Results showed that there was no difference between carbon sources, applied at the first step of the
experiment, so each can be employed as alternatives to each other in the culture medium. The central composite
design showed R? of 0.944 and 0.918 with RMSE of 0.82 and 1.47 for predicting K release of feldspar and
phlogopite, respectively, indicating high efficiency. Sensitivity analysis of the central composite design revealed
that the pH is the most important factor in K release. The highest concentration of the K was observed at the
highest levels of pH. Incubation time also had an impact on potassium release. In the early stages of the
incubation time, the trend of potassium release was increasing, in middle stages, K amount decreased but it was
accelerated over long times of incubation. The maximum potassium release in presence of phlogopite and
feldspar was 121.16 and 96/82 mg L™, respectively, which was observed at pH= 10.36, sucrose amount= 6.5 g L"
! during 10 days. Potassium amount in this treatment hence increased by 31.52% as compared to feldspar.
According to central composite design, maximum potassium release of feldspar and phlogopite was obtained at
pH=10.36 and 10.34, sucrose concentrations of 2.26 and 6.92 g L' at 18 and 2 days, respectively.

Conclusion: Our results showed that pH had a significant impact on K release by Pseudomonas fluorescens
using response surface methodology. Overall, increasing incubation time along with high pH leads to the high
amounts of K release from minerals. Different minerals released different content of potassium. Application of
soil K-bearing minerals in combination with efficient potassium solubilizing bacterial strains as biofertilizers is
required to replace chemical fertilizers and reduce the crop cultivation cost. Many bacterial strains have been
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Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran, respectively.
(*- Corresponding Author Email: m.rsadaghiani@urmia.ac.ir)
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found to solubilize minerals and improve plant growth under laboratory and greenhouse conditions, but their
ability under field conditions remains unexplored. The capability of these bacteria, considering the soil and plant
type, and environmental factors, should be thus evaluated under field conditions.

Keywords: Aleksandrov medium, Central composite design, K-bearing minerals, Potassium solubilizing
bacteria
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