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2- Comsol Multiphysics
3- Subsurface Flow Module
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1- Hydraulic Retention Time
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Figure 3- Depicting boundary conditions in software and field environment
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Figure 4- Retention time distribution (RTD) curves for three different inlet configurations
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Tablel- Summary of hydraulic parameters results

N[ Q HLR ty tm e,
Layout (m’/d) (cm/d) (d) (d)

A 6.58 6.33 5.176 4.532 0.875

B 6.52 6.27 5.224 3.242 0.621

C 6.4 6.15 5.322 4.657 0.875




VoYY L8 b 5 oS gman WYL Sy youd jlid, iubojl g gous anlline

ot o=l 2 98 5 Silae 15le e sl MBI e
e Tamdy A b il glS 3 45 39 Gl (5395
olg S el oyl ) i proke (Gl ymas 5 03 )0 w2 3925 s
35 Sl (C imlyl) g0 JSd pizpen cesles] (o
Canmss 65V L L oy (63959 bl il by SIS,
Ol (2953 Coo 1 (5395 J1HLiS ()l i 0> b 4
ol Saisy e cpl )3 098 o0 saalie ol yobo 4
5 g dlolw sladiss o sl slo .l sdpwy 295 3Slas
HLid Ggldy Cuwl odowy 095 JBlas & 50 gyl (ol e aes
Lo JBaalp Wee L Veee ol Loy by (295 9 53909
UinlS L5l g3 4 Capa & ol i 5o W B Ve Jolaa
D> L wgus

s Sl (yp 3 (04) GhLSon g 9 Gimgiy @l
Ml bz b osiae VB 0 la (295 5 53955 o))
IS abgs=adss g buwglawg dawgcdlysy Jold (o
9 M Sgpiom lesily b c81Ss (6399 iyl cuslio 3,Slas
x> 9 (S pledly oS (Jlo 3 09 003 A S5 oo
D 2)gli do)d FF g D i 4 4dsS (939)9 Gl 0 S50
o e ol bawg (@33e Jie | ol ap i by bgls
$39)9 Ao adgS 3 03)0 9 ()5 (lapl LS o
o il ol 3 58 gl e o o oxie 5 392 ol
ol &S Wb o SV b oy gyl lasl i 2909 Judo
Jds ds da Slccwl QYU b o Ol jods 09 (SY b
by ool sy 4 Gyl el (i daste plee sl oo
Db o0 gy

83909 0 Olr (Swisy Gl W (V) ) 5 5059,
Aly=e ol g dblie ghaw (ol ) Colisy )90 4
Fome $39)9 Joe > gz (et Gy Gl Rl 4 4T 3900
» ol el gme ablie gaw Gl s cpl b 298
Jbo ot (glacs juo (Bl s 4BsS S50 41 (6399 Ll
Aol e (Saedsy (il ) londs &5 Nad o0 (63959 e 5
3959 GT > bl (3 (b cop il g LB S5
2 oy JLasl opad jials 4 e oS Cwl by calesS
g9l abaii (ialS 098 o (360ke Sile loj 38l g wloler Jsbo
2Bl 2)50 ol 3 Bl o 1 € Gl o wile loj ixia
ey cbale (B caw Copw p LB (il g 5las ojles
b )blS red 4 g 35800 by (295 b (8L
S gloyz 399 el (2l 3 (298 Sl Sl clale
ool Koo Y

$ae ¢ bwdssd

sttty S 5 lp 5 s sk o plal 5]
S0kl slaedls ] sus asuie JSwl cuns  lid
talodl Jie 515 5 Lt b (oL &S Loy bawss o
IS 3 a8 jelaslen .l oais ookl )38l 45 u.zw‘g sy el
i S e b ol dw 0y 10 b yieg s ol 0l asude ¥
soate o i8S )8 (Lo (293 S 4 b (63959
sl b lile 5 bawgs o0l (gilwand (65Lid ) li8le 5 (ol
2 b pie (gl (sla ol g duglio o tagiy 55 o (o8l
Loy Lo yiog i g od (6 jlwdund (6)lid )b a8 Al mlais (glasoS
o Jomels Jl38le )0 53 (gas Jio (eiwly bt L9l Bullas
sobaie d (g e Juo pioren (sl 0l &)Y Jado &jao
Lol ) jo8he ivlej]l egiume VB o by  xiwcouws
Fo8 Ll a5 e85 )8 el 3y90 5 glite (Sl
olitleys 4o oad (gilwdud Hlid i 4 dog b g Cudld
8l oo S99 dilabu I (oo 2 53 5LES b 3yl S

JSB) A Ll 5 ond (oxiwly (gode e, jLid (cabaiy
S5 o 4 el sl 15 a8 il o] ,Sibles (il
3 (e Sy g Canl it ilye 4 )L (e (b2 6399
S GLdl)S 095 o0 dwlS Of a9 (b2 LS Gl
2R3 Joele 8 (28 5 909y9 L) ST 1 36 b
95 9 $29)9 3 )Uid ol sl (295 Caouw &y LS ialS
o8 50, L pbys cslanl p jLid p edgasme .l Ol o il
3 ol gyse Bl VF LY Lioles BB .ol osd yastiie
o=l el Bl 5 gl (Bly alpS L (295 5 6399
b D S 4 4 ol gl (Slgyn ol 5o
3L sl gl JWS alol 4395 53 by (63959 abails > (B
i -l 03 YU chomd ] )3 s a1y JLid l5ee g 0dg
ol $39y9 BB (ogad 4 Gl ol s blis o Lz
$39)5 4ol G )3 )L &S o5 4 AL e (y5Senl )50
Cow yd |) d)uépf PV 9 03¢ );\/b Sloluw )i{a Coww )‘] ub)>
03y 0 p o> Coinds ) HLideS anl pl .ol 0350 D) Callbes
o LS (a5 03,5 bl egian CVB alols )3 (ay
93 4o S ol (bl g o lase 53 Gl 5l sy (paile Bl
U—>5)> 9 (5299 ) )L.u.& ug‘._o.: sl 00 43‘)‘ )..45 )ig..) s
SLoalS 5l lie ol aibelw blas I am p sl O jio 5le
o (ol @l o yene Sl o sl 2o 5 ol (Sgae



IWAY didwl— cpogg F oylod XY al>r (S g T4 Y2 FA

b (Sewly (gdas Joo mli -Y Joua
Table 2- Results of verified numerical model

Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m*/d) Case
5.5 1.83 316.81 6.58 A
Pressure head (m) in 9 triple rows throughout the wetland-_Yb Job ;> ol aw s, 4 5 (g lis b
9 8 7 6 5 4 3 2 1
0.656 0.678 0.712 0.725 0.742 0.76 0.763 0.777 0.79 1
0.657 0.677 0.708 0.728 0.752 0.764 0.765 0.78 0.8 2
0.659 0.682 0.711 0.733 0.751 0.765 0.765 0.778 0.79 3
Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m’/d) Case
5.44 1.81 313.88 6.52 B
Pressure head (m) in 9 triple rows throughout the wetland-Yb Job ;> ol 4w i3, 3 > (¢ lis b
9 8 7 6 5 4 3 2 1
0.627 0.653 0.674 0.694 0.708 0.71 0.71 0.722 0.713 1
0.632 0.654 0.676 0.697 0.716 0.726 0.735 0.758 0.768 2
0.632 0.657 0.677 0.702 0.717 0.73 0.741 0.771 0.78 3
Viea=V/® (m/d) V=Ki (m/d) K (m/d) Q (m*/d) Case
5.35 1.78 308.15 6.4 C
Pressure head (m) in 9 triple rows throughout the wetland-Yb Job ;> ol 4w i3, 3 > (¢ lis b
9 8 7 6 5 4 3 2 1
0.634 0.654 0.676 0.697 0.713 0.727 0.739 0.751 0.763 1
0.633 0.656 0.677 0.698 0.714 0.729 0.74 0.752 0.764 2
0.634 0.655 0.677 0.697 0.713 0.727 0.738 0.751 0.763 3
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Figure 5- View of pressure distribution along the HSSF CWs
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Table 3- Pressure distribution rangefor different inlet flow configurations

HUid Ol s dlels
Pressure alterations range(pa)

ol
configuration

SLideS bogie jlis

Low Pressure Medium Pressure High Pre;sure
lw S —law
6600-7200 7200-7400 7400-7800 i
Midpoint inlet-Midpoint outlet
s
6200-7000 7000-7200 7200-7600 2ot ~A3 Sy
Corner inlet-Midpoint outlet
Loy (29> —cly:
6400-7000 7000-7200 7200-7400 929 TS g

Uniform inlet-Midpoint outlet
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Figure 6- Depicting streamlines and its direction for three different inlet flow configuration
(Midpoint-Corner-Uniform inlet flow configurations from up to down)
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1- Plug Flow
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Introduction: Horizontal subsurface flow constructed wetlands have long been applied to improve water or
wastewater quality. Previous studies on wetland systems have focused on trying to comprehend the processes leading to
the removal of pollutants. Comparatively, there have been fewer studies dedicated to the assessment of flow distribution
on hydraulic behavior through the wetland. Researchers declared the aspect ratio (length to width ratio), inlet-outlet
configuration, the size of the porous media and the loading rate of constructed wetland could influence hydraulic
retention time (HRT). Su et al. (2009) have stated that in free water surface constructed wetlands, when the aspect ratio
is greater than 5, the hydraulic efficiency will reach 0.9, or even higher. If the project site or field area cannot meet the
theoretical standard, the recommended aspect ratio is higher than 1.88 to ensure some hydraulic efficiency greater than
0.7. The present study was an attempt to analyse, with the aid of 3D numerical simulation and tracer study, how flow
distribution affected hydraulic behavior by using 3 different input flow layouts.

Materials and Methods: The treatment system consisted of a horizontal subsurface flow in a constructed wetland
having an aspect ratio of 6.5 and the bed slope of one percent. In this system, with the geometry of 4 m wide x 26 m
long x 1 m deep, Phragmites australis was planted. Inlet configurations were selected as a variable parameter. Three
different inlet flow configurations including midpoint-midpoint (A), corner- midpoint (B) and uniform-midpoint (C),
with the same fixed outlet configurations, were studied. The average flow discharge in each configuration was 6.58,
6.52 and 6.4 m3/day, respectively. Dye tracer was used to draw retention time distribution curves in each configuration
for assessing the internal dispersion, short-circuiting and hydraulic parameters such as effective volume rate which is
derived by division of mean retention time per nominal retention time. The 3D model presented, which was built on the
Comsol Multiphysics platform, was implemented for fluid flow to show internal hydraulic patterns in the system.
Hence, the hydraulic model used the Darcy equation to simulate a stationary water flow through the bed. The
simulations were verified by using real data obtained from the existing constructed wetland. It was mostly used to show
pressure throughout the system for each configuration of the inlet and the outlet.

Results and Discussion: The mean retention time for each configuration was found to be 4.53, 3.24 and 4.65 days,
respectively. A marked reduction of the mean hydraulic retention time signified leaving tracer concentration from the
outlet rapidly, high short-circuiting and dead volume and finally defective treatment process influenced by changing the
inlet to the corner. According to tracer breakthrough curve, the effective volumes for configurations A and C were
87.5%, as compared to 62.1% for the configuration B. The two-day difference of tpeak between configurations 2 and 1,
and 3 was probably due to the establishment of preferential streamlines resulting in short-circuiting and areas of dead
volume in the system. The value of tpeak is related to dispersion, in the sense that a retention time distribution curve
with a small peak time generally contains low dispersion. Simulation results showed the pressure difference from the
inlet to the outlet ranged from 12-14, 14-15 and 10-13 cm H2O for A, B and C layouts, respectively. It was shown that
the maximum pressure gradient occurred at the outset of the influent wastewater at the inlet, and it was gradually
reduced to the lowest values at the outlet ports. Consequence of surface pressure demonstrated uniform pressure from
inlet toward outlet at configuration C. Simulated streamlines approved this result, while range of high and low pressure
area at configuration B was the most. There was a strong association between tracer experiments and simulation works.
One of the major findings of this study was the significant shorter hydraulic mean retention time of the corner inlet
setup. There are many reasons that may cause these effects, although short-circuiting may be the primary one. A large
low-pressure zone appeared at the opposite corner that was neither inlet nor outlet in this configuration.

Conclusions: This paper investigated the hydraulic performance and short-circuiting effects on water flow due to
three different inlet patterns (i.e. midpoint, corner, and uniform) in horizontal subsurface flow wetlands based on dye
tracer measurements and numerical modeling. The results showed that the uniform inlet could provide the highest
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hydraulic efficiency (i.e. longest hydraulic retention time, HRT), in comparison to other two setups. The performance of
the three different layouts was also investigated in terms of hydraulic parameters. Short-circuiting was influenced by
lower hydraulic retention time, leading to inadequate treatment. Uniform-midpoint and midpoint-midpoint yielded the
best effective volume as compared to the corner-midpoint. It was demonstrated that these two cases increased
dispersion and used the whole capacity of the constructed wetland for the treatment process. The most important result
of this paper was the evaluation of internal hydraulic pattern thorough the wetland, something not investigated in
previous research works. Based on the simulation results, the spatial pressure distribution in wetland cells was depicted.
Finally, it can be concluded that the best configuration of inlet-outlet layout based on both numerical simulations and
physical experiments is uniform-midpoint. Meanwhile, midpoint-midpoint is preferable to corner-corner by all
performance criteria.
Keywords: Hydraulic retention time, Inlet flow configurations, Pressure alteration, Short-circuiting, Simulations
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1- Atomic Absorption Spectrometry
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Figure 2 - Solubility of various elements based on ionic radius (Referenced 13)
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Table 1. Equations used in statistical analyzes
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No. Function Equation Title
1 Zy=a+W X +W, Xy +. .+ WX, Discriminant Function
Analysis

2 Xi =Z?:1aij b]

g.')L';.‘L.iZJA)E Sl oSy dolae
Combined equation

Goin b S, by
3 *<b, <\ The first condition of the
target function
Gin gl 93 by
4 b; =1 The second condition of
= the target function

m

n

R = Z(Xi - X) = Z X — Z aij bj the target function
i=1

i=1

J=1

m 2
6 SSR = Z [Xi - (2)%1 ajj bj)]
i=1 L

s glad ggame
Total relative residual
errors

ma(Xi - Xi)z

7 NS=1- _
X = Xp)?

Sl — 36 o o
Nash and Sutcliffe
coefficient
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Table 2- Geological Units' Characteristics and the cover area of units
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Table3- Land Use Characteristics of basin and relative area units
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Figure 2— Map of the Geological formations and land uses of basin
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Table 4- Results of normal test of tracers
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Table 5- Results of Kruskal-Wallis H of the work units

15 . ol 15 . ol
* ;:; = Hlse T;a“c;r * ‘;1: = Hlste T;‘a”ce)r
0.4 1.03 Pb 0.005 196  Mn*
0.01 12.6 Fe* 0.23 1.2 Cr
0.15 456  zn 0.001 433 Cu*
0.05 51 juS o)l (sine o # 0.12 SN

oy 5l Ao VIO atily )5 1y 0jen jl duo)d DF/Y aS” (jua8)
Loy g yuid &po o2l bl (pl g A8 (0 55 1) 0jo> g
=2l b aolio p2VYY aad Gl o i (il b 0jg 0l
Mg ) oy Jlan ool g 18 < IVA oo b (65)9liS
9 03 (=S ojll pualie dunlie b coles )3 )0 0jg> e,
e Jlodliul b ojon (295 gy sl iged )3 0l odalie

3,5 3591

8 5 4o

(2losid Ologas (golawr | edlatwl ( pbslice sy ol
L oS sl gy o 10 et 5 lolid B JT 5 (038
Py SLadsee ) Slogad plod b Cluogad ol anlis
oi9 alpgw) Oly 2 1) Cowy @lie (s ool g s Gl
cloal Gy a5 oyl odel Cands guls & dn g b .0)e) Cuvddy
Loyd (s iy Aoy SA/T il U (o) CU i ol
LMn 5 Fe slacbs, g ool olaid] 3ed 4 1y pusuos (sibadl
qoee b o) Gl GRS w4 A
9 o Ylale Aol (3,500 ) adagi b (Jg 2y g polie
5 Slod lnog,S M) Lils8l Carge lisa¥ Sl oylol inlS
Ol > ards g lolid B L) 0je> wguy glie Al e
(Y oF) solane 5 (Vo +A) ol 5 Sidlly ol L @l
9 $P1S N Ul 0y 0jg> d92 90 aijlo (513l (Slyren
4 0je> (29 Oy ) ke (ke R b ohluaS 5l
i (VYA g MY s o) 2o 2 OY/Y g YA sy
L gols ool oy olaidl ags 4 0js> plicgw) olg 3 1) 556
S5 35 g ol alpl 4 Sl uile (g K5 4 g
Js=8 J2B ojg>nj Lol sl (295 LS olileas Wile
228la) 5 s @lye 0jo lizee Slag )5 )3 (yrizen il
S 5 oot e IV s VIO L e 4 (IR ) 5
Hzily odge 1y oje (ljoge) Hlade

&y ol Slogas (as LSl Jole F) J9i
] Tt e (e s .
gl ibuli glg gl b5 o6 4 pl5 (By) 4 jasds
MY Sk dmd o it |y il (6,18 (slatsly gl ogms)
sladdMis) 4 295 (19y° sME ] o 5l calie (g)lne
e jd aS 0ad @b d)lg (g pusio dls po ya yd ] 29,5
uasiie Jgda )0 &S ok las sl 0dgy o bze oS L /40
wily inlS 1aeY uShy e by oy 45L5] bl ok
o (il plg5 i 3 g Cusl 0ud jiae )3 ne a5
) a8l )53l aog Sy oS ljne g

a2 olde b3y o (a8 LI (F) Jodo bt 4 425 L
S e o g 4Bl iolj3l digel Cawyd gaadb (re2S
Ot SSE e 5 Jlod (gilolier Gl o )3 g sl oad i
el 48l i3855 Lnog,S

I So pp (i Cpol g e e j9bale 4 Coles
oy S5 ) (2Ll s lS 5 (bl (e Wil slasnly
CE)5 Oypo bajgly pasits g Jdos 4 4295 L ojor (295
029 palyd g )l s ol )y slp (A gV Jga2)
ol doyd 5 JS e 0 3L Jgan ) layl duolie oSl
Ol oyl (V) Jsior 4 425 b ol 0 ol (g C6
0llig |y 0je pdaw 5l do )OYAY a8 (645,515 Wil w48 2D
lico) OlF (rioie ¥ (s conl cops b &S psboay
VYA (s Caos] oo b 35 oyl 055k ool 4l 1) o9
8 515k e (plioge) Bld 4) @V Coonl 423
059> gdaw | o 2YY/E &S (g 5lin (6l 10alSS” W5l (S 23500
b 293 @y jl o> /A5l 1508 oo LS ity )3
S5l opySpelie oo/ +F s Cuedl Cops LIV bl o g
D) 059 gy Mg )3 (680 g 039 ol 8 4y 0je>

dw a2 &5ye S (A) oo b 4 a2 g5 b (pinen

1- Stepwise
2- Wilk’s Lambda



IWAY didwl— cpogg F oylod XY al> (S g T i Vo PF

P8 @ ol (g, & paduds U Jod gl -1 Joa
Table 6- Results of Discriminant analysis by stepwise method
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Table 7-Contribution and Relative efficiency of the Geological formation in basin
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Table 8- Contribution and Relative efficiency of the Land uses in basin
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Introduction: During the last decades, important research efforts were conducted to identify and quantify the
contribution of different sources delivering suspended sediment to the rivers. This knowledge also proved to be
essential to provide estimations of catchment sediment budgets. The type of sources (i.e. soil types, rock types, and land
uses) to discriminate depends on the local catchment context. Generally, the targeting of sediment management
strategies is a key requirement in developing countries because of the limited resources available. Proper
implementation of the soil conservation plans and sediment control programs should be done to inform of the relative
importance of contribution the sediment resources as well as identification of crisis centers in the watersheds. During
the last decades, this approach has been increasingly applied to identify and ‘trace’ several distinctive characteristics of
the source material that can be compared to the same characteristics measured on river suspended sediment samples.
Todays, fingerprinting techniques, provide an appropriate method for rapid and low cost information on main sources of
sediment.

Materials and Methods: in this study, the mentioned technique in the contribution of sediment resources, identify
the critical units using the seven geochemical tracers' properties in the Dare Anar basin of Baghmalek in the Khuzestan
province. The focus of this paper is upon quantifying the sources of suspended sediment transported on the Bakhmalek
River in order to help guide future surface water sediment reduction efforts for turbidity-impaired streams. The
statistical methods were used by the comparison of means and discriminant analysis, to select the optimal combination
of tracers and contribution sediment sources. The geochemical tracers tested for their ability to distinguish between
sediment sources with the Kruskal-Wallis one-way analysis of variance H test, which is able to test for the
independence of more than two variables without presuming either normal or non-normal distributions. Tracers proving
significance (p<0.05) between sources were retained. Tracers passing the Kruskal-Wallis H test that were non-
conservative (suspended sediment tracer values that were not bracketed by sediment source tracer values) and removed
before the performance of the mixing analysis. Tracers passing the first stage of statistical analysis were entered into a
stepwise Discriminant Function Analysis (DFA) intended to optimize the number used in the mixing model. This
analysis results in the smallest combination of tracers that are capable of correctly distinguishing 100% of the sources
through the minimization of Wilks’ Lambda (Collins et al.1998). The analysis was run separately for each drainage
basin using IBM SPSS Statistics v. 20.0. From the seven measurement fingerprinting properties, three of them were
selected for geology formations and land use by statistics method such as discriminate analysis and compare means
tests. Then, a portion of each source determinate by mixed models.

Results: Outputs from the discriminant function analysis show the discriminatory power of the final composite of
tracers to be 100% successful in the sources classification for Catchment. Finally, among the seven selected tracer
included the Lead, Zinc, Copper, Iron, Manganese, Nickel, and Chromium, have identified sediment sources by three
elements included the Copper, Manganese, and Iron the amount 54.7, 31 and 14.3 percent respectively. Quaternary and
Gachsaran formations, having the highest share in the sedimentary; the aspect ratio was 1.4 and 1.38 respectively. The
poor pasture and forest land uses were responsible the highest and the lowest values of the basin sediment with 71.5 and
0.3 percent, respectively.

Conclusion: The mitigation of nonpoint-source pollutants, such as sediment, in larger basins is rarely a
straightforward procedure due to the number of sources and erosional processes contributing to their concentration in

1 and 2- Assistant Professors, Nature Engineering Department, Agricultural sciences and Natural Resources University of Khuzestan
(*- Corresponding Author Email: Zoratipour@Ramin.ac.ir)
3- Assistant Professor, Soil Science Department, Agricultural sciences and Natural Resources University of Khuzestan
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waterways. Therefore, the fingerprinting techniques with the relative efficiency 98.2 percent, having the high accuracy
and precision in determinate appropriate method to sediment sources basin and separated of the sediment active units.
Low relative error and high model efficiency coefficient confirm the results. Also the field observation is the same as
model results. The results were indicating the environmental management strategies must be comprehensive for the
study area, that need to reduce surface erosion and hill-slope/channel connectivity and the control gullies development
by the commercial cultivation and the range reclamation. Sediment fingerprinting revealed that stream bank erosion in
general, and of legacy sediments in particular, from Quaternary and Gachsaran formations to Baghmalek River is at the
root of the regional sediment loading problem.

Keywords: Baghmalek, Contribution, Discriminant Analysis, Fingerprinting, Sediment, Tracer
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Table 2- Result of variance analysis of total acid, total soluble solids and pH
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Table 3- Effect of irrigation system and deficit irrigation on mean quality characteristics of grape extract
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TSS 18.6° 19.45° 20° 19.28 20.07*
pH 3.54° 3.63™ 3.76" 3.6° 3.71%
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Table 4- Result of variance analysis of cubes and 100 cubes weight per cluster
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Figure 1- Effect of irrigation system and deficit irrigation on number of cubes
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Figure 2- The effect of the system and the amount of irrigation on the weight of 100 cubes
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Table 5- Result of variance analysis of fresh and dry product yield
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Table 6- Comparison of average fresh and dry yield

L lous
CTRL S1100 S160 DI100 DI60
Treatments
()L:S‘"’):’ L)") » J?m '!)S'l“'c a a b a ¢
106.15 102.5 96 105 85.8
Fresh yield (tha™)
(RS 2 o) S Jpame 2, Sae 32050 2726°  21.75°  2886° 2287

Dry yield (tha™)
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Table 7- Result of variance analysis of Relative water content (RWC)

Ve $olil 4 Olaspo (b
Source of variance dF Sum of Squares
Relative water content Water saturation deficit
s
I 4 546.98%* 546.98%*
Treatments
1228
12 18.15 18.15
Error
ERJWE:JOTE
(oo Sl a5 10.87 10.87

Coefficient of variation (%)
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ns, *, and **, respectively, are meaningless, significant at levels of probability of 5 and 1 percent

ELil 43 Comni C3g008 5 (RWC) S 5 0l ornsd (150 (pSilo dmmylio —A Jgu>
Table 8- Comparison of the average leaf relative water content (RWC) and water saturation deficit (WSD)

e CTRL SI1100 S160 DI100 DI60
Treatments
(1) S 3 0l oms Slgime a b c b ¢
Relative Water Content (%) 77.02 609 4923 66.86 2012
Ll & o D135 22.98°¢ 39.11° 50.75" 33.14° 49.87"

Water saturation deficit (%)
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Table 9- Result of variance analysis of water use efficiency of fresh and dry yield

5 o @33l a3 Olazpo (ke
Source of variance dF Sum of squares
Water use efficiency of fresh yield Water use efficiency of dry yield

)L@ﬁ-} ok Kok

4 26.9 1.022
Treatments

s

12 0.07 0.027
Error
(%) ot w2 3.25 7.77
Coefficient of variation(%)
sk 3k
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ns, *, and **, respectively, are meaningless, significant at levels of probability of 5 and 1 percent
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Table 10- Comparison of the average water use efficiency of fresh and dry yield

b Lo
Treatments

CTRL S1100 SI60  DI100 DI60

(oo 1 p55kS) 5 Jpame Ol Bpao )
Water use efficiency of fresh yield (kg . m ™)
(oo pSolS) St Jpamo o e S
Water use efficiency of dry yield (kg . m )

4.72¢ 7.21° 11.3% 7.4¢ 10.09°

1.44° 1.92° 2.55%  2.03° 2.7°
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Introduction: Change and decrease in atmospheric precipitation in recent years as well as increase in population
and further demand for agriculture in the arid and semi-arid regions (such as Naghan) has led to a significant decrease
in surface and groundwater resources. Therefore, achieving optimal utilization of water in agriculture, new irrigation
systems has been considered to gain the most crop yield with less amount of water consumption. Also cultivated area
can be expanded by these systems, containing lands with irregular topography, due to the high water distribution
uniformity. Besides developing irrigation system, irrigation management is an important tool for increasing crop
productivity. Researchers have shown that applying deficit irrigation (DI) under drip system, has led to improve the
quality of grape yield, decrease water consumption and increase water efficiency. The aim of this study is to investigate
the effect of irrigation system and water stress on water consumption, yield and physiological indices of grapes.

Materials and Methods: The study field was located in Naghan, Chaharmahal & Bakhtiari Province, Iran.
Experiments were done during summer 2016, in a completely randomized block design, with four replications in a
grapevine garden The treatments included: CTRL, Furrow irrigation as common method in the area (control), surface
irrigation with 100% water requirement (SI100), surface irrigation with 60% water requirement (SI160), drip irrigation
with 100% water requirement (DI100) and drip irrigation with 60% water requirement (DI100).At the beginning of the
experiences, 20 vine trees were selected with average of 60 years old. The field was divided into blocks, and the
treatments were applied, randomly. Then the blocks were set up for the surface and drip irrigation. As the next step,
required water was collected in a reservoir to obtain constant and reliable amount of water. In the control treatment,
irrigation schedule of the gardeners (custom of the region) were considered in which irrigation event was at the
beginning of the season. Also, drip and surface irrigation treatments were according to the soil water deficit. At the end
of the experiment, water use efficiency, product performance, RWC, number of cubes per cluster, the weight of the
cube in the cluster, cluster length, the number of main branches of the cluster and also qualitative properties such as
soluble solids (Brix), total acid and pH of grape juice were measured.

Results and Discussion: According to the results of qualitative traits, the amount of applied water significantly
affected the grapes pH in the level of 5%. The lowest grapes pH was due to the control treatment and the highest to the
surface irrigation 60%. Also, measuring total soluble solids (TSS) in grape indicated significant difference in 1% level
which revealed that deficit and drip irrigation increased sugar in grapes and therefore quality of the crop. The results of
quantitative traits showed the number of cubes in treatments had a significant difference at a probability level of 1%.
Number of cubes in surface irrigation treatment 100% (SI100) had the highest value, while the quality of the crop was
lower. The treatments differed significantly in weight of 100 cubes and the drip irrigation treatment 100% (DI100) did
not have a significant difference with control treatment, while deficit irrigation resulted in reducing the crop weight.
Relative water content of leaves (RWC) had the highest amount in the control treatment, while low water stress reduced
this index. Wet and dry yields were highest in the control treatments (CTRL); while, the lowest amount was due to the
low irrigation treatments of DI60 and SI60 with 19% and 34% reduction, respectively for the wet and dry yield. Drip
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irrigation with 100% water requirement (DI00) was not significantly different from the control treatment in most of the
quality parameters, cluster and yield characteristics but had less water consumption and higher water use efficiency.

Conclusions: Regarding the conditions of the region and the reduction of water resources, an accurate and efficient
plan for irrigation is needed. So, the common method of irrigating in the region was assessed, as well as new methods
of applying drip system and deficit irrigation. The results of this study indicate that drip irrigation system with 100%
water requirement has no significant difference with the conventional irrigation method in the region, on quality and
quantity of the gape yield. However, applying the drip system reduced the water consumption by 40%, and increased
efficiency. Hence, drip irrigation system is suggested to be replaced by the traditional system.

Keywords: pH, RWC, Total acid, Water use efficiency and Yield
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Figure 1- The studied area
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TDS' EC? so> cr SAR®
Sl (o3 9, Jew ¢,
Geostatistical oly591)l9 Joo RMSE  ME® RMSE* ME RMSE ME RMSE ME RMSE ME
Year
Method
Pojs S e (ke
(IDW) 84 072 03 0.85 03 099 00 1.4 08 087  -0.03
Inverse Distance
Weigthed
88 0.79 0.05 0.69 0.05 0.66 0.0 1.2 0.0 0.69 0.01
91 0.73 -0.02 0.5 -0.04 1.02 -0.03 0.87 -0.01 0.81 -0.03
Fyere Sz S "‘%S 0.64 0.02 0.8 -0.01 0.47 0.03 0.87 0.02 0.74 0.0
Gaussian
lo sl
84 d 2 0.63 0.01 0.69 -0.01 0.97 0.03 0.81 0.03 0.63 0.0
circular
e . 0.65 0.01 0.81 -0.01 0.98 0.01 0.68 0.01 0.84 0.01
Exponential
w,s 0.65 0.0 0.65 0.0 0.64 0.0 0.88 0.0 0.68 0.0
Gaussian
dla)g.b
88 ; 0.65 0.0 0.65 0.01 0.64 0.0 0.82 0.0 0.68 -0.01
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s . 0.65 0.0 0.65 0.0 0.64 0.0 0.67 0.0 0.67 0.0
Exponential
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91 ‘5 22 0.6 0.03 0.46 0.0 0.73 0.02 0.71 -0.02 0.66 0.03
Circular
e . 0.59 0.02 0.46 0.0 0.66 0.04 0.62 -0.02 0.64 0.02
Exponential

1- Total Dissolved Solis (Jalwel sol> slge JS)
2- Electrical Conductivity (S xSl colan colls)
3- Sodium Absorption Rate (siw i o)

4- Variogram model
5- Mean error (s 4.55ke)

6- Root mean square error (las Gl ye (3:5ke His)
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Figure 3- The trend of changes in the intensity of the parameters studied in the Marand watershed 3
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Table 2- Semiarigram characteristics the intensity of changes in ground water quality parameters
in the Marand watershed by Kriging method
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Introduction: Groundwater is the only major source of water for drinking, agricultural and industrial purposes in
the Marand city, and its vital importance makes sure that its quality is seriously considered. With qualitative zoning, the
process of underground water quality changes is determined at any time, place, and condition. It is possible to save time
and cost by removing the stations with similar quality status and install new stations at times that are different or
critical. In this paper, using the observational data of wells in Marand watershed, the spatial distribution of some
groundwater quality parameters has been studied and analyzed using land-based methods. Geostatistical methods for
estimating the unknown are remarkably effective.

Materials and Methods: In order to predict the spatial distribution of groundwater quality, data was collected from
48 water wells, semi-deep wells, springs, and others from the Water Resources Management Company. In this research,
the spatial variation process of five qualitative parameters of water include EC, electrical conductivity, chlorine and
sulfate (SO42-) anions, and Sodium Rate Absorption (SAR) and soluble solids (TDS): Total Dissolved Salts) were
studied. After reviewing, some of them were omitted due to statistical deficiencies. Common time base was selected for
studying the Blue Years 2003-2005, and the years 1388-88 and 1391-1391. Data homogeneity was evaluated for the
statistical period between 1384-1384 by the sequencing test method. According to the mentioned method, there was no
heterogeneity in the data. Statistical deficits were determined according to the correlation coefficient of a variable. Data
were normalized using SPSS 18.0 software using logarithmic transformation method and their elongation and bending
values were obtained in the range -2 and 2. In this study, for estimation of groundwater quality parameters including
EC, TDS, Cl-, SAR and SO42-, piezometric wells data were used during the years 84, 88 and 91. Statistical analysis
methods consisted of conventional Kriging method in Spherical, Gaussian and exponential modes and Weighted Inverse
Distance (IDW) methods with power from 1 to 3 were studied. Cross-validation, G statistics (GetisOrd General G) and
Morans Index were used to select the best and most suitable interpolation method. The values of all three evaluation
methods were calculated and analyzed using Arc / GIS 10.3 software.

Results and Discussion: Based on the cross-evaluation method, the Kriging method is less effective than RMSE
and ME in comparison with the Inverse Distance Weighting method. The zonation map of anion SO4* in year 2012
with G statistics and Moran index was 21.41 and 0.99 %, had the highest interaction in spatial structure and EC
zonation map in year 2005 with Moran index and G statistic was 0.16 and 45 respectively has the least interaction of
spatial structure. Charts of Changes in Quality Parameters showed that, water quality in latitude and longitude, values
which were Cl, EC, SAR, and TDS and SO42 anions between the years 2005-2009 in the western-eastern part have
been intangible and have been steeply sloping in the year 91. But in the North-South direction of 84 to 91 increased and
then decreased in the middle of basin. Finally, by disconnecting the map of land use and geology of the watershed with
the zoning maps of each of the parameters, it is concluded that due to the distribution of villages, residential areas and
agricultural lands around them in the center and east of the watershed, the trend of groundwater quality parameters had
been changed. The underground waters of Marand country watershed were influenced by human activities. Also, some
geological formations and gypsum and dolomite minerals in the area in groundwater quality have led to an increase in
TDS values and sulfidation of water resources in the eastern parts of the basin.

Conclusion: Groundwater quality is always influenced by various factors such as flow direction, groundwater level,
climatic factors (precipitation, evapotranspiration, etc.), type and composition of geological formations of the region
and human factors (land use, extraction of groundwater resources, Entry of household wastewater and agriculture into
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groundwater resources, etc.). Therefore, due to the importance of the use of groundwater resources and the limitations
of its use, it is suggested that continuous monitoring of groundwater quality changes should be carried out using
ground-based methods and in order to evaluate the effective factors of water quality parameters spatial distribution
maps was prepared and analyzed. In the present study, based on the previous studies, two geology formation and land
use types were selected to prepare map of water quality parameters and it turned out that both of these factors are the
most important factors affecting the groundwater quality in the Marand country watershed.

Keywords: General G-Statistic, Ground water, Kriging, Moran’s Index
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Figure 2- Statistical torque E(lg) in degree q for precipitation data in deferent duration at Chamanjir precipitation station
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Table 2 — Intensity of design precipitation in deferent return period (for concentration time of watershed)
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Figure 6— Calibration of HEC-HMS model for flood December 1978
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Introduction: Estimating the design flood of the basin for the design of hydraulic structures, stabilization of river
banks, watersheds and flood zoning projects are the most important in hydraulic and hydrological issues and projects.
The flood used to design structures and influenced by hydrological events is called design flood which depends on
structure safety, cost, life expectancy, and possible damage. Intensity- duration- frequency (IDF) curves of rainfall is a
hydrological tool for the estimation of the design flood and design of hydraulic structures. These curves are constructed
for a region from rainfall data which are recorded at various continuations. Usually, in some countries such as Iran
which has a large extent, there is not enough rain-gage station; or the length of the statistical period is low, so it is
impossible to calculate the IDF curves. But since it is not usually possible to access daily rainfall data, the fractal theory
can be used to estimate the precipitation data in different consistency and the IDF curve with a very good accuracy.

Materials and Methods: Korramabad river basin, one of sub-basin of Karkhe basin, often has been exposed to
destructive floods and damages caused by it. In this research, the intensity-duration-frequency curves of the catchment
area are estimated using fractal theory at first, and then the design precipitations are obtained in different return periods.
In the next step we calibrated HEC-HMS rainfall- runoff model and finally the design floods are estimated in different
return periods. The HEC-HMS model is an extension of the HEC-1 model under Windows, with all its capabilities.
Hydrographs calculated by this model are used directly or in combination with other software for various purposes such
as water supply, urban drainage, flood and flow forecasting, land use change, flood control studies and exploitation of
reservoir systems.

In this research, SCS curve number method and recession method are used to calculate the losses and base flow.
Also for estimation of runoff, SCS curve number, Snyder unit hydrograph and Clark unit hydrograph are used in three
methods and after comparing the results of the three methods in the calibration stage of the model, the Clarke unit
hydrograph method is identified as the best method for estimating runoff. Also the Maskingham method has also been
used for flood routing. The data needed for this study include rain gage data, hydrometric data, physiographic data of
the basin, and also amounts of CN or curve number of the basin. Rain gage and hydrometric station used in this research
are Chamanjir station.

In this research, due to the importance of peak discharge for designing hydraulic structures, the optimization of the
parameters has been done using the peak-weighted RMS Error criterion. In the calibration step, Comparison between
hydrographs shows that there is a good agreement between computational and observational hydrographs, in such a way
that the difference between the simulated and the actual peak discharge are 0.6, 0.2 percent for the selected floods. After
calibration of the HEC-HMS rainfall runoff model for the studied area, this model is used to estimate the design flood.
In the process of conversion precipitation to runoff, it is necessary to determine the pattern for temporal distribution of
rainfall at the stations and in the area. To do so, the non-dimensional rainfall data are plotted for some storms with
different time durations. For making data for each storm non-dimensional, the accumulated depth of precipitation to the
desired time step was divided by the total depth of storm’s rainfall. The same procedure was carried out to make the
time axis non-dimensional. By analyzing the precipitation data of the recorder station at the basin, it was found that in
the majority of the precipitations, 20% of rainfall occurs in the first quarter, 20% in the second quarter, 40% in the third
quarter and 20% in the fourth quarter.

Results and Discussion: The results of this research show that:
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- Daily precipitation data have a fractal characteristic in the ranging from 1 to 8 days, and during this time interval,
rainfall data can be converted from a continuity to another continuity.

- Due to the lack of recorded rainfall statistics in different continuations, using fractal method can be a useful way
to prepare IDF curves in this basin and these curves are obtained based on the daily rainfall data available.

- There is high efficiency of fractal model and HEC-HMS model in this catchment and the Gambel probabilistic
distribution is appropriated for the maximum daily rainfall data of this basin.

Keywords: Design precipitation, IDF curves, Hydrological model, Lack of data
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Figure 1- The geographical location of the selected stations in Urmia lake basin
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Table 1 - The geographical location of the selected stations and their rainfall statistics in Urmia lake basin
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Note: The statistics in the last four columns obtained from the time period of each station.
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Table 2- Number of used storms in the selected stations.

Storm duration (hr)(celw) U5, olsd ©ae

SESIRT Ylas Gy WET Y L JS aen
Station name <2 2-6 6-12 12> Total sum
s 13 10 1 3 37
Ajabshir
2] 30 39 20 1 100
Azarshahr
ol
e 15 19 13 5 52
Bonab
sl 58 34 25 9 126
Bostan Abad
ol 49 89 40 24 202
Ligvan
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Table 3- The values of the percentage of precipitation received in the selected stations in the distinct precipitation classes

Celw +-Y u..MS
Class 0-2 hours
& 0| FU Jg‘ J)lé ©92 J,l; Qg ‘5}\; P)LQ% ‘S)l%
Station name First Quartile Second Quartile Third Quartile Fourth Quartile
Ajabshir 36(14) 35(30) 22(27) 7(29)
A3
Azarshahr 36(7) 3323) 21(37) 10(33)
olo
Bonab 4417) 39(50) 14(23) 3(10)
3Bl
Bostan Abad 288) 42(20) 22(41) 8(31)
Olsid
Ligvan 30) 24(17) 30(37) 13(37)
Celo V=5 oS
Class 2-6 hours
Ajabshir 34(10) 23(12) 21(40) 22(38)
s3]
Azarshahr 394 27(19) 19(35) 15(42)
ol
o 2 34(20 19(28 20(45
Bonab 7 (20) 9(28) (45)
3Ly
Bostan Abad 23 312) 28(36) 18(46)
olsdd
Ligvan 25(7) 27(16) 28(34) 20(43)
Celw F-VY LS
Class 6-12 hours
Ajabshir 23(10) 31(19) 18(24) 28(47)
A3
Azarshahr 225) 31(12) 27(42) 20(41)
<l
- 19(7) 22(16) 33(28) 26(49)
3Ll
Bostan Abad 28(7) 30(20) 18(16) 24(57)
Olsid
Ligvan 256) 27(19) 29(28) 19(48)
Celo WY Gl oS
Class more than12 hours
A3
Azarshahr 35(17) 23(18) 18(17) 24(48)
olo
B 26(11) 30(14) 25(12) 19(63)
3Ll
Bostan Abad 28(20) 30(23) 29(28) 13(29)
Olsid
Ligvan 17(8) 24(12) 32(29) 27(51)
B)LS) e
All storms
Ajabshir 28(11) 28(19) 25(29) 1941)
b3l
Azarshahr 31®) 31(14) 23(35) 15(43)
ol
Bk 29(7) 34(19) 22(34) 15(40)
3Bl
Bostan Abad 26(7) 37(16) 25(36) 12(41)
Olsid
Ligvan 2507) 28(15) 29(34) 18(44)

bl ge o yd Ve GBla i 4y bayype j5lL 30 pB)l g ao)d B Bla e 4y baype (5L By Moy Jobd Jodo S5 slaelias g
Note: Digits in the table are the percent of precipitation received with respect of 50 percent Huff curve and the digits in parentheses
are relevant to 90 percent Huff curve.
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Table 4- The values of Logistic model parameters and the coefficient of correlation and t statistics for the selected stations
and different precipitation classes

8] o PSR Y
Station name Class 0-2 hours
a b [ r t
lns *
Ajabshir 97.65 12.58 97.65 0.994 27.18
eyl N
Azarshahr 100.40 11.10 0.06 0.993 24.87
ol 97.67 15.48 0.10 0.997 38.79"
Bonab
3Bl .
Bostan Abad 98.34 20.48 0.08 0.997 41.86
."’]’Q’J 103.39 10.40 0.05 0.993 25.23"
Ligvan
sl V=5 oS
Class 2-6 hours
lains *
Ajabshir 104.44 8.89 0.05 0.984 16.72
eyl .
Azarshahr 98.58 8.10 0.06 0.999 19.87
ol 95.82 15.10 0.07 0.986 17.52"
Bonab
3Bl .
Bostan Abad 103.09 16.03 0.06 0.998 44.77
."’]’n’} 106.92 12.77 0.05 0.995 29.19°
Ligvan
Celw F-VY LM
Class 6-12 hours
bz 110.68 12.01 0.04 0.991 22.03"
Ajabshir
eyl .
Azarshahr 103.20 18.11 0.06 0.996 35.14
ol 110.13 17.56 0.05 0.995 29.35"
Bonab
bl .
Bostan Abad 108.99 9.81 0.04 0.991 22.37
."’]’n’} 104.89 13.45 0.05 0.996 35.61°
Ligvan

Caelo WYl Gy oS
Class more than 12 hours

eyl "
Azarshahr 109.07 6.71 0.04 0.978 14.17
< 97.68 12.26 0.06 0.989 20.71°
Bonab
3Ly .
Bostan Abad 103.19 13.67 0.06 0.997 39.83
."’]’“"J 112.67 22.04 0.05 0.998 47.49"
Ligvan
)Ly e
All storms
lans *
Ajabshir 103.87 10.78 0.05 0.992 22.89
eyl *
Azarshahr 99.52 10.81 0.06 0.995 29.31
ok 98.54 13.05 0.06 0.996 31.90°
Bonab
3L Bliwy «
Bostan Abad 101.44 15.23 0.06 0.998 42.57
."’]’“"J 106.96 13.70 0.05 0.997 38.56"
Ligvan

Bl o 1o )3 O a3 ()13 ixe 02O LS o)l CaoMe i g3
Note: Asterisks are denoted to be significant in 5 percent level.
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Figure 2- The Huff curves for the 0-2 hours storm duration for the selected stations
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Figure 3- The Huff curves for the 2-6 hours storm duration for the selected stations
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Figure 4- The Huff curves for the 6-12 hours storm duration for the selected stations
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Figure 5- The Huff curves for the more than 12 hours storm duration for the selected stations
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Figure 6- The Huff curves in general for the selected stations
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Figure 7- Histogram of the values of three indices for the four separated classes with different durations
(0-2, 2-6, 6-12 and more than 12 hours) and in general for the selected stations
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Figure 8- Scatter plot of observed and calculated values (from the Lagistic model) for general class
(all storms included) for the selected stations
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Introduction: Water is an important element of all living things. Availability of fresh water in any region is very
important. Therefore, understanding the rainfall characteristics is so crucial in water resources management. One of the
main tools in analyzing storms is Huff curve. Many investigators used this method for rainfall analysis with different
duration. The main aim of this study is plotting and analyzing storms characteristics in the five stations namely
Ajabshir, Azarshahr, Bonab, Bostan-Abad and Ligvan.

Materials and Methods: In this study, using the 517 storms in the selected stations (located in the East of Urmia
Lake), the Huff curves were extracted. The time period used is from 2001 to 2015. Quality of data was checked
carefully prior to analysis. In the first step, the total selected storms were classified into the four distinct classes
according to their rainfall duration including i) 0-2, ii) 2-6, iii) 6-12 and more than 12 hours. Then the Huff curves of
each category were plotted for different probabilities of 10 percent, 20 percent, ... and 90 percent. Analysis conducted
for each of the classes, separately. Moreover, the Huff curves were plotted using the information of all events (i.e.
without classification). In this study, some commonly used statistical distributions in hydrology were utilized. The three
newly defined indices namely S, I, and Qwere defined and used in the present study. The design storm hyetographs for
the selected stations and all the events (without classification) prepared for 50 percent Huff curves. The mathematical
model of Huff curves were extracted as the Logistic model. The model parameters were estimated using the Curve
Expert software.

Results and Discussion: According to the 50 percent probability for Huff curves, the following results were
obtained. For the short- time (0-2 hours) storms, the most proportion of rain received in the first and second quartiles. In
the first quartile, between 28 to 44 percent of the total rainfall depth received in the selected stations. In the other words,
short storms initiated with high intensity and followed by mild intensity. In the case of 2-6 hours storms class, in the
two stations, a large portion of the rain (about 34 up to 39 percent) received in the first quartile. However, in the other
two stations about 31 up to 34 percent of total rain received in the second quartile. In the station namely Ligvan (about
28percent of total precipitation depth) received in the third quartile. In some of the stations, and in the case of rainfall
duration class of 2-6 hours storms starts with high intensity. However, in some of the other sites rain begin with mild
intensity. In addition, for the storms with 6-12 hours duration, three stations can be included in the second quartile,
because about 3 1percent of total precipitation received in this time quartile. However, in the two stations, (about 29 up
to 33percent of the precipitation depth) received in the third quartile. In the class of duration 6 to 12 hours, storms
begins with mild intensity and the intensity of rain increases as time advances then, finally the intensity of rain
decreases till rain ceases. In addition, it can be concluded that for the storms with duration of more than 12 hours, for
the station namely Azarshahr a large portion of precipitation (about 35percent of precipitation depth) received in the
first quartile. Furthermore, in the two stations about 30 percent of total precipitation received in the second quartile.
However, in a station namely Ligvan about 32 percent of total precipitation depth received in the third quartile. In other
words, storms with duration of more than 12 hours, different stations had different temporal patterns. Based on 90
percent probability Huff curve, it was found that in the case of short- time storm class, almost in all of the stations,
rainfall begins with mild intensity. Then the intensity increases gradually to reach peak in the end of the third quartile.
In the 25 percent of remaining time (i.e. the last quartile) the intensity decreased again until the rain terminated. For the
rainfall classes of duration more than 2 hours, precipitation reaches to the peak in the last quartile. In the other words,
the precipitation begins with low intensity and gradually increases its intensity till the end of rain. In this study, three

1 and 2- MSc Student of Water Resources Engineering and Associate Professor Department of Water Engineering, Faculty of
Agriculture, University of Tabriz
(*-Corresponding Author Email: sainavazar@yahoo.com)



VIYY  dngylanlye §pd 5o et ol g2y slp Bl gla oo Loy

new indices that represent the ratio of precipitation at 50 to 90 percent probabilities were introduced and the values of
these indices were calculated for the selected stations.

Conclusions: It can be concluded that the most portion of rainfall received in first quartile and or second quartile for
storms having duration less than 6 hours. Whereas for storms with duration more than 6 hours, rainfall started with low
intensity and then the intensity increased through the rainfall duration. The results indicated that at all of the stations
and for each of the duration time classes, the order of changing the values of S, I and Q indices was as S>[>Q. The
modeling of the cumulative percent of precipitation as a function of cumulative percent of rainfall duration time
performed using the Logistic model for each of the time classes and then its parameters were calculated which are
presented in the Table 4. Based on the results, it was found that the Logistic model is able to fit the mentioned curve
very well for all of the selected stations. The correlation coefficients estimated between the observed and modeled
values were found to be between 0.978 and 0.998 for the sites. The results of this study anticipated to be useful in
design of urban drainage structures and rainfall- runoff modeling.

Keywords: Design storm, Huff Curves, Rainfall Temporal Distribution, Urmia Lake
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Table 1- Area of basin and sub-basins
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Introduction: Curve number (CN) is a hydrologic parameter used to predict the direct runoff depth or the excessive
rainfall that infiltrates into the soil. This parameter, which indicates surface water retention, is very important in the
processes relating to flooding. Vegetation of the region is a major factor affecting peak flow and flood volume. The
peak flow is highly influenced by the land surface characteristics, for example at the time that vegetation coverage is
naturally low or while vegetated areas are decreasing, the peak discharges increase as well. In this study, the flood
hydrograph of Kareh-Bas Basin was simulated using the HEC-HMS model. The simulation was used to estimate the
values of the annual curve number in the basin of interest.

Materials and Methods: Model data requirements for this study were temperature, precipitation, and
evapotranspiration and discharge time series. The model was calibrated for the period 2000-2010. Then, the model was
implemented independently for simulating of rainfall-runoff for each year without any change in the optimized
parameters. The model was calibrated only by changing curve number. The average curve number of the basin for each
year was computed using the weighted mean method. The MODIS leaf area index raster maps were downloaded from
the Modis site. The maps were converted into ASCII format for spatial statistics and calculating the monthly spatial
average. The correlation between the curve number and leaf area index was investigated by a nonlinear curve fitting.
This lead to the development of a curve number as a function of the vegetation cover for each year. Finally, the
accuracy of the developed relationship was investigated using the Nash-Sutcliffe efficiency coefficient by comparing
the curve number obtained from the HEC-HMS model and the simulated values from the new relationship.

Results and Discussion: The obtained Nash-Sutcliff coefficient of 0.58 showed that the HEC-HMS model was
capable to simulate the flood hydrograph with relatively good accuracy. The sub-basin spatial mean showed that the
sub-basins 1 and 2 take the highest curve number values. This indicates that surface water retention in these sub-basins
is less than the other sub-basins, which may lead to a sharper hydrological response or flood. In sub-basins 3 and 4,
where vegetation density is higher thus land use acts as a predominant factor in hydrologicalbehavior of these sub-
basins, the curve number was lower. The study shows the hydrological response depends on the temporal variation of
the land cover, for instance in 2010, when the leaf area index increased by a factor of 1.4, the curve number has
decreased to 47. As it is predictable with decreasing vegetation the peak discharge and flood volume was increasing.
We found a direct nonlinear relationship between basin scale Leaf Area Index and Curve Number with a correlation
coefficient of 0.7, indicating that the variation of the curve number is a function of the leaf area index. The developed
model allows calculating curve number values based on the remotely sensed leaf area index. This relationship can be
used as an auxiliary function for capturing the vegetation changes and dynamics. The accuracy of the derived equation
was evaluated in terms of Nash-Sutcliffe's efficiency coefficient. A value of Nash-Sutcliff coefficient of 0.72 showed
that this relationship is good enough for calculating basin or sub-basin curve number values capturing the dynamics of
leaf area index.

Conclusions: The obtained Nash-Sutcliff efficiency coefficient from HEC-HMS showed that the model was able to
simulate the flood hydrograph of Kareh-bas basin with relatively good accuracy. However, the visual interpretation
shows there is a weakness in the simulation of the falling limb of the simulated hydrographs. This may be an indication
that the drainage of stored water at the basin was not well-simulated by the model. In general, it can be said that peak
discharge and flood volume were under-estimated. By increasing the curve number, the peak discharge values also were
increasing. The pair data for spatially weighted values for curve number and averaged annual leaf area index showed
that an increase in leaf area index leads to a lower value in obtained curve number. This may result in lower peak
discharge and volume of the flood. Such relationships may be taken as a measure for flood control. Meanwhile remotely
sensed leaf area index products may be considered as an opportunity to capture the dynamics of the land cover.

Keywords: Flood, HEC-HMS, Simulation, Vegetation cover
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Figure 1- Sampling sites (A) and spatial distribution map of mean precipitation (B) and temprature
(C) in the study area in Kohgiluyeh and Boyer-Ahmad province
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8- Cross-Variogram

9- Mean Error (ME)

10- Root Mean Square Error (RMSE)
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12- Concordance Correlation Coefficient (CCC)
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1- Multilayer Perceptron
2- Back Propagation

3- Levenberg-Marquardt
4- Sigmoid
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Table 1- Some descriptive statistics of soil organic carbon, texture, pH and EC in the study area

) i R ) _ Lo Gl o] ] . ] .
bk wh G e gws LR e b S e
Parameters unit NP Skewness Kurtosis .. Median Mean Max Min
Variation (%) deviation
i .
e % 53.38 0.882 0.224 1.37 1.37 1.57 3.96 0.20
SOC
S o oS tone ha™! 49.08 0.740 0.148 10.96 19.70 22.32 53.64 3.40
SOCD
pH - 2.59 -0.364 -0.035 0.19 7.45 7.43 7.88 6.88
EC dSm 33.41 1.354 2.419 0.35 0.98 1.05 2.62 0.49
w2l J& gem? 12.16 1.067 0.434 0.13 1.04 1.07 1.49 0.90
Bulk density
o % 31.66 0.302 0.514 6.64 20.40 20.98 44.40 2.40
Clay
o % 32.65 0.701 0.286 10.41 30.00 31.89 64.00 12.60
Sand
Eﬁ: % 18.33 -0.460 0.099 8.64 47.60 47.13 65.60 21.60
i
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Table 2- Mean comparison of SOC and SOCD in different land uses, elevations and temperature ranges in study area

Land use 5,9, g¢

Sy SR )] & »b o)
Rangelands (n=17) Forest soils Croplands Orchards Bared soils
g (n=31) (n=95) (n=45) (n=16)
S ons
1.37b 2.21 1.41b 1.71b 1.16
SOC (%) c a c c
M oS ey
19.51b 30.41 20.58b 23.59b 17.08
SOCD (tone ha™") ¢ 2 ¢ ¢
Elevation ranges el als
2000-2700 m 1300-2000 m 600-1300 m
(n=77) (n=94) (n=33)
o 1.65a 1.71a 1.05b
SOC (%)
T - 0y
o erss 22.87a 24.04a 16.12b
SOCD (tone ha™)
Temperature ranges  ;les 4l
o 16.2-19.7°C oC (n—
19.8-23°C (n=26) (n=22) 14.5-16.1°C (n=156)
S ons
1.04b 1.42ab 1.68
SOC (%) 4 a
M S ey
16.22b 18.92ab 23.82
SOCD (tone ha™) 2 a

25l 03 (P<0.05) o gime OS] (gl)ls (3 2 10 S e By b dlael
Numbers followed by the same letter in each row do not have significantly differentns (P<0.05)
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Table 2- Semivariogram characteristics of the soil properties in the study area
. RN i Slashs 31
W 2!, b o
Par::lét;rs M{) del Range R’ RSS Co/(C+Cy) Sill Nugget effect
(m) (C+Cy) (Co)
oS e 196300 0.719 0.121 0.08 2.43 0.214
SOC Gaussian
Sows e e 183000 0.692 0.169 0.06 2.32 0.157
SOCD Gaussian
pH ‘fd?s 211000 0.713 2.88 20 0.003 0.0006
Gaussian
EC w; 211000 0.883 1.30 9.67 0.744 0.072
Gaussian
sl J5e e 155400 0.929 136 0.244 0.352 0.086
Bulk density Gaussian
o e 311000 0.808 1.77 9.18 0.98 0.09
Sand Gaussian
e ok 83316.70 0.925 1.61 20.12 386000.0 77670.9
Silt Linear
o Lf“’_s 90400 0916 123 30.73 106.4 32.70
Clay Gaussian
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Table 3- The cross-validation results of different interpolation techniques for estimating the SOC and SOCD

Statistical indices (,b! gk asls

2L09,> S, SB I oS b SB I o8
Interpolation methods SOCD SOC
(tone ha™) ()
RMSE R ccc ME RMSE R ccc ME

Cokriging 3.13 0.51 0.699 0.688 0.249 0.59 0.75 0.039
Kriging 4.86 0.23 0.269 0.759 0.381 0.17 0.197  0.059
IDW with power of 1 4.93 0.21 0.240 0.770 0.387 0.14 0.164  0.060
IDW with power of 2 5.10 0.18 0.210 0.796 0.400 0.11 0.128  0.062
IDW with power of 3 5.27 0.17 0.190 0.823 0.413 0.1 0.109  0.064
IDW with power of 4 5.39 0.16 0.175 0.842 0.422 0.09 0.097  0.065
IDW with power of 5 5.46 0.14 0.165 0.853 0.426 0.07 0.088  0.066
MLP (one hidden layer) 0.856 0.68 0.892 0.133 0.018 0.73 0.886 -0.015
MLP (two hidden layer) 1.185 0.60 0.793 0.185 0.268 0.69 0.617  0.021
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Figure 2- Spatial distribution map of SOC by the Cokriging method (left) and the MLP neural network (right)
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Introduction: Predicting and mapping soil organic carbon (SOC) contents and stocks are important for C
sequestration, greenhouse gas emissions and national carbon balance inventories. The SOC plays a vital role in
sustaining agricultural productions in arid ecosystems. It shows very quick and direct changes with atmosphere through
the photosynthesis and the SOC decomposition. The depletion of C storage not only exacerbates the risk of soil erosion
but also reduces agricultural production. An accurate knowledge of regional SOC contents and stocks and their spatial
distribution are essential to optimize the soil management and land-use policy for SOC sequestration. Today, digital soil
mapping methods such as geostatistics and artificial neural network (ANN) have focused more on SOC contents and
stocks mapping. Geostatistics is a robust tool widely applied to model and quantify soil variation and analyze the spatial
variability of SOC in large scale. The ANN as a nonlinear technique has been received much less attention for modeling
SOC contents and stocks. Therefore, in this study, we aimed to develop and compare the performance of ordinary
Kriging, co-kriging, inverse distance weighting (IDW) and artificial neural network models in predicting and mapping
the SOC contents and stocks in East and Southeast of the Kohgiluyeh and Boyer-Ahmad province, southern Iran.

Materials and Methods: The composite soil samples were collected randomly from the 0-15 cm soil depths at 204
sampling sites at different land uses in east and southeast of the Kohgiluyeh and Boyer-Ahmad province. The collected
soil samples were air-dried, ground, and sieved to pass through a 2 mm mesh. Soil properties such as organic carbon
contents and stocks, pH, electrical conductivity (EC), bulk density (BD) and soil texture were determined according to
the standard analysis protocols. The normality tests were done according to the Kolmogrov—Smirnov method, and the
variability of SOC contents and stocks were analyzed by the classical statistics (mean, maximum, minimum, standard
deviation, skewness, and coefficient of variations). The digital elevation model (DEM), slope gradient, precipitation and
temperature and Normalized Difference Vegetation Index (NDVI) were used as co-variables (auxiliary data). The
NDVI was obtained by the remotely sensed data of LANDSAT 8. The geostatistical parameters were calculated for
each soil property as a result of corresponding semivariogram analysis. The spatial prediction maps of soil properties
were generated by ordinary kriging (OK), cokriging (Co-K) inverse distance weighting (IDW) with powers of 1, 2, 3, 4
and 5 as well as the Artificial Neural Network (Multilayer Perception model, MLP) methods. The mentioned
interpolation methods were used to prepare the SOC spatial distribution maps by using the 80 % of data as the training
datasets. The prediction results were then evaluated by the validation data set (20 % of all data). The differences
between the observation and prediction values were evaluated by Mean Error (ME), Root Mean Square Error (RMSE),
Correlation Coefficient (R?) and Concordance Correlation Coefficient (CCC). The spatial distribution maps of the SOC
contents and stocks in the study area were finally developed by ArcGIS 10 software.

Results and Discussion: The SOC content for all samples largely varied from 0.20 to 3.96 % .The high coefficient
of variation of 53.38 % demonstrates the strong spatial variation of SOC content in the study area. The SOC stocks had
also a relatively high variability compared with other soil properties. Such strong variation could be attributed to the
diverse soil types, land covers and other environmental conditions across the study area. The average SOC content for
forest land use was significantly higher than the other land uses. The intensive tillage in cropland soils appears to have
induced the acceleration of organic carbon oxidations leading to the lowest SOC contents and stocks. By increasing the
mean precipitation within our study area (in eastern and northeastern regions), the SOC contents and stocks increased
significantly. The inverse trend was, however, observed for temperature implying the fact that the higher the
temperature, the lower the SOC. Gaussian model was found to be the best model for parameters such as SOC contents
and stocks due to the lowest RSS and R%.Overall, the results denoted the higher ability of ANN compared to
geostatistical techniques (cokriging, kriging and IDW methods) in estimating both soil organic carbon contents and

1, 2, 3, 4- Former M.Sc. Student, Assistant Professor, Professor and Associate Professor in Department of Soil Sciences, Sari
Agricultural Sciences and Natural Resources University (SANRU), Respectively
(*- Corresponding Author Email: mostafaemadi@gmail.com)
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stocks. According to the results, ANN (MLP) method with one hidden layers with 50 neurons performed better in
estimating soil organic carbon contents and stocks atunsampled points, whereas the largest errors were obtained for
IDW method.

Conclusions: The good performance of ANN method can be attributed to the division of the study area and the
capability of ANN to capture the nonlinear relationships between SOC and environmental factors i.e. slope, DEM,
precipitation, temperature and NDVI. The results suggest that the proposed structural method for ANN can play a vital
role in improving the prediction accuracy of SOC spatial variability in large scale.

Keywords: Arid and semi-arid regions, Baseline soil carbon map, Carbon sequestration, Spatial variability



Journal of Water and Soil
Vol. 32, No. 6, Jan.-Feb. 2019, p. 1149-1164

it

(632815 gsluo g pale) S g O &y it
NFA-NFF .o ATAY ol - cpogs F 0 lols XY 0l

S ol b pbliie g, 50 ol cilises JIKSI e alal
Ol ) g5 Sliwl ¢ 30 ol dibaio

¥ N Y . \ N
MK el = (G e — S
VWAL ANV 3 55 e b

VWAV/A/ D 5y e st

LRV

Slp )5 Ogo i Gl (25 sl S JalSS b (ublise (65l s 5 ol cilisee JISS] ey daily (0 polate 4 oS ()l

Jas as Cloal gpsbo RSB cumdse ad (625 0jI0l )] pusblite (3l 5 (sl polie 5 0nd (5530 Wiged g g piS £S5 VY pslate
iy 4 (Feg —Feo) sk ool 5 (Fea) Suijons ol 5ules o8 3l (Lt guls sl adls )18 o cilises clacunige ) il S s Ll
e i 5 yie oyl (Kinlan Logl JelSs lime b a8 il Sl Gy o) 5 45 o)l ol b aiiye s slo 5,56 5
Jb oyl (:Sle duglie gy aund o8S0) b Comy o)) sloisly o s S yleuis) b 45 & by e iy & (Feo/Feg) Jib oyl (i

O b ame BB Canny (8] )3 Lol il 339 (o)l sixe BB gy yw 9 JolST o & 45 5 25y cuid slassly oo oS 0l L

bly s L g () 3 g oyt SRS 13 (gl publiie )18y s 392 SIS () 05 JolS5 oaimd (L o8 il g2 el
gooma b o8 il (I3l Lol Gl ) gy @ 51 Slie (slag S5 5 SOy (publisn ()l pdy g Sl o) )8 g Chund (S0
Alge 5L5 Ay ol il ()15 ino g oSae alarly s 9 S 203 L g 415 ixe g o dlal) (35 20y g T Slge @ upedS” S
Sieiny JalSS b e byl a0 e qmblin 6yl pdy 45 amd 0 (Lt g 0390 881 CSGgyin (blize (5805 (lise 2 1y 50k
adosl, Feq —Feg olime Ly (uublite (651835 5 )b me 5 (gite dlaly Fog b Sfg e g qurbline () pdy (o (Sinsod (izren 3,105
48 25yl oyal g publiin (gylbpdy plie 1y Sl cp it (53l dlge 5 (S 0] (sl 4 o> i Gimgds el o> LIS 15 (e g e

sl 03335 dalllas 3)50 (25 SRS JolSS g () Sluogad il oo

Sl Gasuls dea ol Galise clalllas ) 55 wablize
Sy (V5) opols dlgs il 5l aslllas F+) g5lusSB laas),s
(YA 75) S5 (205 L s V) 535 oy clos
S ST eludl Ly 3l 5,08 (V75 ¥) S Sl
S5 55 oag 4 el = (bS] sl See Jelgs Sl

2 bline Sluogad p gl ol s 4 g ol GlaS 5 olewd
ol S

5 Sigly ool cilisee JKH Cos g liee deSB el

(\Y) .)9.») ) ool LQ;B e (JM Lﬁl)’ ) ul).w
C] A>gf 3)9;,;{15 Jolf(:’c\;mo.a))c\fomi dLmJS,J} Ry
azaS Sl L Sjeim ol ol @ a8 ol (Feg) (ol (60 opal
gl VLT L & ol JUb b JS5 o ] 5 (1Y) 395 oo
olis (Feq — Feg) o0 o) M3 59 5 0 (5,50,kac (Fe,)
JLsé opal S5y Feo/Feg oylime g oal (6y9-b ol )5 sdimd

w2l 68 (S ey o 2S5 SB (38l :kg.).;.ls ‘_g‘baj‘g

Aol
Colo dliwgr (035 lime 4 S 3 ol 55665 wluS 5
llwg (s srad > gjlss d‘.ﬁ.\.ub.ﬁ coad8l (5l dge
w2y g I lge il g ol sty e sl Jlad
09)'19 um] ul&o?U 0}9/«)] ..).))fgc u».uu u’.sIJ.C )J.DL.C )JLuJ uwf

2 ol ladshiSs, aess S ialiy o8y sl o
d‘)‘" LS—‘DL'“" U‘}"‘Q 4 9 IR W) LABL M u#&m) l) Lglm.fb
S iy (Y7 oYY A0) Bg b o (A S Syg09)0m Laylyl

Uil 5 S pyle jLosils )l awlid,lS aisgal il cuiy 4 -F g ¥ o)

Ol b qlio 5 (555l psle oSl )] i S b ol
(Email: Siroosjafari@yahoo.com t s 0Ny g — )
DOI: 10.22067/jsw.v32i6.68206



WA aidwl— cpogg F oylod XY ol (S gl 4 VYO

Sy e s o5 (2ol g 0ad pugblitels Slge
S ozl b5l e Bpo a8 0 K5) 5 ]) oo (ublize
o Lo dlge gg5 WWigd o (uebline (5Bl )3 el sl
3 g 058 (V) Conl Fgo (puabliso (3l (ljee 2 &S
2 Qlwjsd il (B8 Jlod slagisn ) (5 skSk
FLaSE ol )y s JSuin 5 laste o ely sl e
2 ohleas il Gl p g (Salss j| Jols (2] Sl
i) caiain ol s ) el 0 S sVl lelis)
Jasoyshay ol gail g (g 5l (e Laulpd (s)l> 5ol
e S o dadiz b Cony () b &5 ga b oo (o2
JESl )3 55 ol 3y gty g ey JBS1 )5 1 895 o it
ilizee Gls b sLS1BE aS ol 00 Cuwe (33l 5 s alises
L slaS (s Jds pmen 4 48 0T wty iSaj g (60 5
2 LS ol den a2 ST Sle 4l o @ 5l Jglie ol
3 g2 ol L aslodgy 5105 50 (5 6yl Slge e
&5 5 lite ilio sl yils Jlo ) iSj cglite Lol
O Siod Dygo 50 dgd e OleMbl dy d s Ly i
i g ol cilie JKSIL SB oberdsSisd sla S
O 9% bl g addllas 3)90 slo S5l (B 3 (ublise
285 g0 adlllas (ul SB JelSS IS5 Jolge (B0 L ]

Ly, 9 2190
adlaie Gilbeadilio g Crand 9o

9 jorcely ool e 1 (2l 03gu0e alllas 390 adlate
TV bl ol o o sl lijes il > JSiin
YWYE LY T sl e s B8 YAOFD T LA
Iy obicwl cpl 0 (28 SB Cawy oy s a5 2l 1,8 Jlous
5 Seiwg G5 & Sl g Susky wdy () JS8) sl
5 oS alllan 350 5lSE (5 3lo Slse (Y) Canl Syl
&5 ol e b )il g il clasiils 28] Clgu,
S 5l &S gl b g o)l 315 dilata | iy y 4 ol
850 Cubd g A «auwdYl 81)S 558 (slaisly .l 0l did
shbs Sl cuds jl sla iy 10 g ko Y10 caud Slas
o b Gy () 55 dilate 5l sy ol o pd Y0
ol it 8Ll U g ys oea 45 ok S 23 ¥ 5l yieS
Lol oS col le albandz 35 o3l ol §) alagis 5
Lo sba jise o a5 () Jouo) conl J13)08 0 (omwlio CeS
Jolsio L aS wilodgy ou8 55 cudd i (Baid il yd jl ol
do ag plald plpls wlodd bas ag & b sl b oA

l_g .J..?)‘.) 03— ‘5)‘.))_3 A 900 Lfl'?;b )JL» O g0 |) Oy O N

%) 13k e

oyt gy 5h9) 4 i nl 4 purblide (51824
as boypo clalllas I glos pud aioly )5 el ;) buwas g 02k
daly 13 Sy ol Osmen 298 o0 o3litul St g Cgus (S
S Olgis 4 ey ol sl 485115 4a 55550 S JolSS L
ol Sl S olge 31 o ¢ S JalSS iomis (slapasls |
V) bl phe g o o S (slaan])b 5l gyl w3 &S
FY

2 A5 Wgds oo o) duwd g 4 pluc] jd b lize (sla)ls,
Jold (H95 i a9 (sablise )8Ry (e s
@lbpiy i s L palls al aiile) Gudblize b
o (aSle 5 i wlo) roblito (578 o (iblite
9 Cogm ile) ueblitel)ly (CuisiS 5 Cuilon ko) urbliseg)d
s (T 03o 5 g5 Sl (55,)sS ciils) urblisols 5 (o
rY)

S s s Lolod LacSs blise (6)bibydy 238l
a oS Wb o (S slacdls Bl ) coufe - 5,8 o S
g st g g Ol gyl dso ol LS Julge @y o3k ol
3j9= 3 grtae 458 (W) )l (K (2LS by 5 sl
o2l sla ) JSd i 4 ity purblite (581 al38)
(TV) 2513 o)Ll cepag e g e (slojols 52y 2 ueboline o
by SB o > Joole zeoxs ian 5 55 9 LS (]
b lize (o)lB 1y 5 Wlgf o SB 0355 10 d il b
Gl L il 4 a5 ans e a3l plo 4 Cos ]y 381 G
Sl bl Ol bl o barye S jd aunbline ol clale
U515 5 ST (dlil b g S a3 2] oS 5 Jla!
S 1 sl i sie 4 opal sl (ISl
g g0

9 Lo dlgms g (SuiSabd dlgo g4 g sk ile elge
45 A e (puiblisn )Rl (i p il Sl
Cd)S a0 @l peds 3 aAllie L) Jelse 5l Sopn 5
ol elss jlmes )l g5 S JolSS 2 05 (WY 5)+)
Aibee LS 3 bliie bRy auy IS,
Sl )l uablize (61800 (5:50le 13 ()l sne slacglis
OsSlke (3P ysb 4 el o) S STE 5l 352y iz
b 9 50 Slae S 4 Cunsd (g F0mly (pmbliae (5150
(P YY) )

P8 S5 M 4 blinS 5 @8 bbbk Slge o
U ok 3y el b S sl S slalp g

1- Minerogenic basis



ARI~)

b 9> busl o ol ) il (SlLoSL JolSS s g liio (6,18 11y 5 (ool Clisio JICal (s el

(A) oals b9y 4 ($95LS Jols cud o (YY) il )3 a5
9 N ydgdyge sla (Shy wlel jo e S (65 o5l
gaaib gols WIS sillas 5l g gk slags)y Lol e
(oanus u»L»l)JuM909)§WUGE.w L:(\EY) L;)K.:)AI Sk
Aoly wllp aiomen 103 )5 (oa4aib (WRB, 2014) Sl
V oSk g aasuin lagdl g9 5 (iS5 ()l (Sl
- O_:J g S cpl () JS8) il Glswsl slass ol 5l & S
L PH}QT OYLLST al g 4 (6,50 Lac L (Fe,) gﬂ 5 S
b sySolas b (Fey) ssicss ool 5 (S 5 ¥ ilac
(V) 15,5 2l el (CBD) s cobigend — by, Sy — &l

(7] 2 o5 S (sygh oal eyl ] Sl

9 Sl g ye S Caod 3 ST (o )15 555N 4 g5
0l AL BlIS gl sl Slgwy ol Gy Cuond aS0) &y as g5 b
L g Sh Jome 13,68 0 RSB plo 4 Cannd (28" oy 51 0
Cwdd] d‘bﬂybu )J9La.: 9 ;;9‘;9‘9-’ DEM dl.mw )I oaliiwl
3,1kl gy 5l ookl b o SBVF jas 5l ey g s ETM

(F1) 28 (5l diged 9 gyt o £S5 (0

AL 3T esladlias
o)as 55 oSSl Colin bl (SLs claiges 45 5
4SS sl (FF) glasl J5 55 S pHe 4 (ECe) S gl
LS (F0) S 5 (JSilg gy 4 I osle ff) yiogrhen g,
Oh9) 4 &S V) Sl sl b (ile (3 by, 4 S

allo 390 adbvo ‘_gl.hc;lé G 83y g (090 Olasuin - Js.\é
Table 1- General characteristics and classification of the pedons in the studied area
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Soil profile (m) Physiography Slope (%) Drainage landuse Subgroup ’
5 cwlio 15
1 244 HTll 3-5 Well Cu‘l‘g ; ; ted Typic Haplustepts Calcaric Cambisols
4 Cuolio »b . . .
2 215 ‘ 5-8 j G Haplustept: Haplic G 1
Hill Wel uncultivated YPSIC HapIusiepts ApHe LYPSISOS
3 125 N 12-15 sl A Typic Ustifluvents Haplic Gypsisols
Hill Well Uncultivated
Sl cudd Cawlio »b . . .
4 8 5-8 Haplustept Hapl 1
7 Alluvial plain Well Uncultivated Gypsic Haplustepts aplic Gypsisols
Ll s caslie b . . .
5 71 3-5 T Haplosalid. Haplic Solonchak
Alluvial plain Well Uncultivated ypic Haplosalids aplie solonciia
Sl cudd Cawlio «=h; . . .
6 91 3-5 T Haplustept Call Cambisol.
Alluvial plain Wel Cultivated ypic Haplusiepts alearic L-ambiso’s
& o Cubd cunlio hi . . .
7 106 Plateau 3-5 Well Cultivated Gypsic Haplustepts Haplic Gypsisols
JECTRROR Ganlio oy . . .
8 120 3-5 G Haplustept Haplic G 1
Alluvial plain Wel Cultivated YPsic Hapiustepts APHC LIYPSISOs
&y Cubd Conlio =h . . .
9 155 Plateau 1-3 Well Cultivated Typic Haploustepts Calcaric Cambisols
& po Cubd ) cwlio b . ) .
10 145 Plateau 1-3 Well Cultivated Typic Haploustepts Calcaric Cambisols
T s s L
11 122 e 3-5 i > Aquic Haplosalid Gypsic Solonchak
Lowland Slightly Uncultivated quic taplosalids ypsic Soloncha
Poor
Coms o2yl Caynds L
12 118 s 1-3 : > Aquic Haploustept Haplic Gypsisol
Lowland Poor Uncultivated duic Haplousiepts ApHe BYPSISOTS
R . =) T .
13 132 Alluvial plain 1-3 Slightly Cultivated Aridic Ustorthents Calcaric Regosols
poor
R . =) . . .
14 104 Alluvial plain 1-3 Sll;%};trly Cultivated Gypsic Haploustepts Haplic Gypsisols
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Figure 1- Geographic and soil profile locations in the studied region
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Table 2- Physical and chemical properties of the studied soils

. Olyd o3Il 2595
o

L) Particle size cdl ECe CCE oM Gyps. CEC
Horizon Depth distribution (%) Texture  dS/m pHe cmol./kg
(em) Sand  Silt  Clay (%)
Profile 1- Typic Haplustepts
Ap 0-15 29 53 18 SiL 0.7 7.9 394 0.64 0.3 10.2
Bw 15-60 24 52 24 SiL 0.6 7.9 39.6 0.39 0.3 153
Cl 60-93 27 53 20 SiL 1.7 7.6 39.7 0.28 0.6 14.2
C2 93-150 26 50 24 SiL 1.6 7.7 38.6 0.24 0.5 16.4
Profile 2- Gypsic Haplustepts
A 0-24 39 33 28 CL 2.8 7.7 373 0.40 0.1 123
Byl 24-48 46 32 22 L 2.6 7.6 355 0.24 27.2 9.0
By2 48-90 52 22 26 SCL 4.5 73 36.6 0.29 37.6 5.5
2C 90-150 27 48 25 L 2.8 7.7 36.8 0.10 224 6.7
Profile 3- Typic Ustifluvents
A 0-20 42 30 28 CL 8.1 7.5 335 0.20 442 7.7
Cy 20-92 40 35 25 L 4.9 7.7 323 0.12 46.3 8.0
2Byb 92-160 34 42 24 L 2.9 7.5 38.9 0.11 9.9 6.5
Profile 4- Gypsic Haplustepts
Al 0-30 39 42 19 L 13.6 7.5 33.7 0.42 25.9 8.2
A2 30-58 36 44 18 L 15 7.4 30.5 0.25 63.9 6.4
By 58-98 37 38 25 L 10.6 7.5 29.7 0.14 66.5 9.0
C 98-150 32 39 29 CL 55 7.6 344 0.18 45.6 9.0
Profile 5- Typic Haplosalids
A 0-23 19 46 35 SiCL 2.8 7.7 38.0 0.65 21 9.0
Bz 23-80 23 42 35 CL 58.1 7.8 36.0 0.28 12.8 7.5
Bw 80-109 22 44 34 CL 7.8 7.7 37.0 0.17 143 8.0
Cz 109-150 19 46 35 SiCL 41.5 7.6 38.5 0.18 8.8 55
Profile 6- Typic Haplustepts
A 0-10 23 48 29 CL 10.9 7.9 37.0 0.34 0.6 12.1
Bw 10-30 37 39 24 L 17.2 8.2 35.7 0.31 9.9 8.7
Cl 30-51 40 35 25 L 24.5 8 37.5 0.16 12 10.5
C2 51-150 32 44 24 L 3.1 7.5 373 0.10 9.4 11.4
Profile 7- Gypsic Haplustepts
A 0-24 39 40 21 CL 2.9 7.7 34.8 0.51 6.1 12.4
By 24-58 31 41 28 CL 3.0 8 34.7 0.35 17.9 7.0
Cyl 58-92 33 43 24 L 3.0 7.6 33.6 0.19 21.4 8.2
Cy2 92-150 36 37 27 CL 32 7.6 32.8 0.22 20.3 9.6
Profile 8- Gypsic Haplustepts
Ap 0-28 31 44 25 L 19.7 7.5 32.6 0.76 224 9.3
Byl 28-53 63 22 15 SL 2.65 7.7 232 0.12 78.7 6.4
By2 53-88 72 12 16 SL 23.7 7.4 212 0.18 78.4 7.3
Cyym 88-150 50 36 14 L 21.6 7.9 26.5 0.15 65.9 6.0
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Profile 9- Typic Haplustepts

A 0-23 15 40 45 C 4.2 7.5 394 0.75 1.8 15.2
Bwl 23-90 14 48 40 SiCL 7.8 7.8 394 0.46 34 12.0
Bw2 90-132 10 44 46 SiC 7.2 7.8 393 0.63 1.6 13.2
Bw3 132-150 13 44 43 SiC 9.7 7.7 393 0.54 1.4 9.0

Profile 10- Typic Haplustepts
Ap 0-39 9 38 53 C 1.0 7.7 394 1.53 0.2 15.8
Bwl 39-83 7 34 59 C 4.2 7.4 39.5 0.54 0.9 12.6
Bw2 83-150 7 36 57 C 54 7.1 39.6 0.25 2.8 10.2
Profile 11- Aquic Haplosalids

A 0-23 50 29 21 L 325 8.4 39.0 0.63 37.5 6.8
Byz 23-80 46 32 22 L 33.1 8.5 38.2 0.20 46.5 12.8
Cgz 80-150 44 35 21 L 39.5 8.4 38.7 0.20 40.6 10.0

Profile 12- Aquic Haplustepts
Ay 0-38 25 50 25 SiL 13.9 7.7 394 2.4 6.2 22.4
Bw 38-78 21 42 37 Cl 7.6 7.7 39.5 2.1 34 14.6
Bgl 78-100 15 45 40 SiL 7.3 7.7 395 1.8 2.0 14.2
Bg2 100-150 15 48 37 SiCL 5.6 7.8 395 1.0 1.2 11.6
Profile 13- Aridic Ustorthents
Ap 0-25 8 54 38 SiCL 5.0 7.4 39.2 1.24 0.5 12.4

Cl1 25-55 10 53 37 SiCL 2.9 7.5 393 0.62 1.4 15.5

C2 55-100 8 54 38 SiCL 3.6 7.5 394 0.42 0.9 12.4

C3 100-150 20 50 30 CL 2.5 7.7 395 0.25 0.8 8

Profile 14- Gypsic Haplustepts
Ay 0-10 44 37 19 L 25.0 8.4 39.5 0.89 37.1 4.2

By 10-38 47 35 18 L 25.1 8.1 394 0.49 38.5 12.6
Cyl 38-65 44 33 23 L 16.9 8.4 393 0.35 35.6 9.6
Cy2 65-150 43 40 17 L 12.9 7.9 39.5 0.20 10.5 12
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Table 3- The amounts of different iron forms in the studied soil profiles

kY] Fe, Fey Fe,-Fey Fey-Fe,/Feq Fe," Fe," Fe,™ - Fe,"
] m Feq/Fe, m
horizon (gkg) (gkg)
Profile 2
A 0.16 1.94 1.78 0.92 0.08 0.26 3.12 2.86
Byl 0.14 1.84 1.70 0.92 0.08 0.38 4.96 4.59
By2 0.14 1.85 1.70 0.92 0.08 0.55 7.25 6.70
2C 0.15 2.11 1.96 0.93 0.07 0.37 5.18 4.82
Profile 3
A 0.16 1.71 1.82 0.91 0.10 0.72 7.74 7.01
Cy 0.17 1.96 1.79 0.91 0.09 0.80 9.21 8.41
2Byb 0.15 1.80 1.65 0.92 0.08 0.29 3.52 3.23
Profile 7
A 0.19 1.9 1.75 0.92 0.10 0.32 3.24 2.92
By 0.18 2 1.82 0.91 0.09 0.38 4.27 3.88
Cyl 0.18 1.9 1.72 0.91 0.09 0.40 4.26 3.84
Cy2 0.17 1.8 1.63 0.91 0.09 0.36 3.86 349
Profile 9
Ap 0.50 3.1 2.69 0.87 0.16 0.86 5.34 4.48
Bwl 0.46 2.9 2.48 0.86 0.16 0.81 5.11 43
Bw2 0.40 2.4 2.3 0.96 0.17 0.68 4.1 342
Bw3 0.43 2.32 2.09 0.90 0.19 0.73 3.95 322
Profile 11
A 0.77 0.97 0.20 0.21 0.79 3.37 4.24 0.87
Byz 0.61 1.05 0.44 0.42 0.58 4.04 6.95 291
Czg 0.68 0.94 0.26 0.28 0.72 3.32 4.59 1.27
Profile 12
Ay 0.56 1.60 1.03 0.64 0.35 1.08 3.08 2
Bw 0.66 1.27 0.57 0.45 0.52 1.20 2.31 1.11
Bgl 0.60 1.32 0.71 0.54 0.45 1.06 2.33 1.27
Bg2 0.53 0.90 0.38 0.42 0.59 0.91 1.54 0.63
Profile 14
Ay 0.45 1.60 1.15 0.90 0.28 2 7.11 5.11
By 0.40 1.84 1.44 0.78 0.22 1.85 8.51 6.66
Cyl 0.32 1.76 1.44 0.82 0.18 1.29 7.11 5.82
Cy2 0.31 1.51 1.20 0.79 0.21 0.62 3.03 2.41

ool slea st :Fe,-Fey « (Dithionite extarctable iron oxides) U ¢ oyal sloaus!:Feg « (Amorphous iron oxides) Jsi o ool slbaws]:Fe,

(Minogeneic dithionite SLjgpe J5 o2l :Fey™ « (minorogeneic amorphous iron) Js_s — Sojgme ol :Fe,™ (Crystalline iron oxides) sl

(Minorogeneic crystalline iron oxides ) <395 csyob o2l st Fey™ - Fe,™ extractable iron)
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Table 4- The amounts of magnetic susceptibility in the studied soils

& leod-s B, o1 Lt A= Anf L P e | nr” m, m
. 107°(m™/kg™) Jy,0d 10%(m"/kg™) X"t
Horizon X
Profile 2
A 25.5 25.5 1.6 41.0 41.0 1.0
By, 12.1 11.8 2.7 32.6 31.8 1.03
By, 11.9 11.7 3.9 46.6 45.9 1.02
2C 17.9 17.8 2.5 44.0 437 1.01
Profile 3
A 21.7 21.6 4.5 98.2 97.7 1.0
Cy 154 15.2 4.7 72.4 71.4 1.01
2Byb 19.2 18.8 2.0 37.6 36.8 1.02
Profile 7
A 17.7 17.3 1.7 30.2 29.5 1.02
By 16.2 16.2 2.1 34.6 34.6 1.0
Cy, 14 13.9 2.2 31.2 31.0 1.01
Cy, 13.2 12.3 2.1 28.3 26.3 1.07
Profile 9
Ay 11.6 11.6 1.7 20.0 20.0 1.0
Bw 11.5 11.5 1.8 20.3 20.3 1.0
Bgl 9.4 9.4 1.7 16.1 16.1 1.0
Bg2 9.2 9.2 1.7 15.7 15.7 1.0
Profile 11
A 5.7 5.5 4.4 24.9 24.0 1.04
Byz 5.6 5.4 6.6 37.1 35.8 1.04
Czg 5 4.2 4.9 244 20.5 1.19
Profile 12
Ay 19.1 18.9 1.9 36.7 36.3 1.01
Bw, 11.3 11.2 1.8 20.5 20.4 1.01
Bw, 5.9 5.4 1.8 10.4 9.5 1.09
Bw; 59 5.9 1.7 10.1 10.1 1.0
Profile 14
Ay 15.5 15.5 4.4 68.9 68.9 1.0
By 134 13.3 4.6 62.0 61.5 1.01
Cyl 12.1 12.1 4.0 48.9 48.9 1.0
Cy2 8.9 8.9 2.0 17.9 17.9 1.0

YU uilS 3 5 swibline (o), nr {Oven dried Magnetic susceptibility ) sl wblise o)l 70
(Minerogenic Magnetic susceptibility ) jsyue aablio )képd " « (High frequency magnetic susceptibility)
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Table 6- Comparision of the average magnetic susceptibility and iron forms in the studied soils

1 = o od m
215590 38 2l Fey Fe, FeqyFe, Lt X m, . od
R Fe,/Fe N . [ Yar
Physiographic unit (gkg" ‘ 10°(m"/kg™) aar
¥ 1.88° 0.15% 1.77° 0.08° 17.67° 55.07° 3.28°
Hill
&y Cub> 2.29°¢ 0.31° 2.06° 0.12° 12.85° 20.87° 1.65°
Plateau
P 1.34° 0.53° 0.80° 0.44° 9.79* 32.69° 3.44°
Lowlands

Al o HId sime OB pas Jxe 4y (gt S5 ) ailiie CBgy>
Numbers followed by the same letter are not significantly differences (P<0.05).
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Introduction: The Fe forms diversity is related to parent materials, climate, soil process, biocycles, water table
fluctuation, redox, organic matter and etc. in soil. The main Fe forms are Fey (extracted by dithionite citrate
bicarbonate), Fe, (extracted by oxalate ammonium) and Fe crystals. Fe,/ Feq ratio also shows active Fe forms. Magnetic
susceptibility (MS) increases when ferri-magnetite is formed due to soil processes. This characteristic (MS) changes
with parent material, climate, relief, and organism. Therefore, this study was undertaken to evaluate different Fe forms
and MS with soil forming factors in some gypsic soils of Khuzestan province.

Material and Methods: The study area was located in Ramhormoz and Haft-Kel regions in Khuzestan province.
Soil moisture and temperature regimes were ustic and hypertermic, respectively. Soil parent material consisted of the
eluvial deposit of Gachsaran and Aghajari geological formations. The soil profiles location was selected according to
topography map, ETM" Landsat satellite images, and then 14 soil pedons were dug and described according to the
standard methods. All horizons or layers were sampled and 5 pedons were selected for the analysis of different Fe
forms. Feyand Fe,were, respectively, extracted by citrate-bicarbonate-dithionite (CBD) and oxalate ammonium, and Fe
cocentration was then determined by atomic absorption spectrometry. Furthermore, MS was determined by MS2 meter
Barlington Dual frequency in low (0.46 kHz) and high (4.6 kHz) frequencies. All MS were calculated for carbonates,
gypsum, and OM free. These calculations were also done for Fe forms in these samples. The statistical analysis was
carried out with SPSS and Pierson methods between Fe forms and MS. The Duncan’s test was used to compare the
mean values.

Results and Discussion: Pedons were classified as Entisols, Inceptisols, and Aridisols soil orders. The range of clay
content, pHe, ECe, CEC, OM, CCE and gypsum was 15-59%, 7.1-8.5, 0.6-58.1 dS/m, 4.2-22.4 cmoly/kg, 0.3-2.4%,
21.2-39.7%, and 0-78.7%, respectively. All epipedons were classified to be ochric and developed soils had cambic
diagnostic horizon (Bw) in subsurface. Fe, content was maximum in young soil under poor drainage, and minimum Fe,
content was observed for developed pedons with good drainage class. The sepedons have not been cultivated yet. Fe,
was maximum at surface soils in all pedons, and decreased with increasing depth. A decreasing trend was observed
from surface to subsurface for Fe content in cultivated soils. This negative trend was not, however, detected in poor
drainage class or pedons with lithologic discontinuity. This trend can be ascribedto more organic matter content in
surface soil in comparison with subsurface soil. Organic matters increase soil acidity and therefore, Fe, can not be
converted to other Fe forms under this circumstance. Maximum Fe, was determined under poor drainage class in low
lands. In addition, Fe, displayed no trend from the surface to depth at most pedons. Maximum Fey was foundin old plain
and the hill slope summit. This Fey was positively strongly correlated with soil development trend. Fey had a positive
association with clay content (r=0.463), and negative correlation with sand content (r=-0.411), salinity (r=-0.533), and
total carbonate, gypsum and OM (r= - 0.389). Fe," (Fe, menerogic) was maximum in Byz (4.04 gr/kg soil) and
minimum content for Fe,"was found in Byb (0.29 gr/kg soil). Maximum andminimum Fe,"was measured in Cy (9.21
g/kg) and Bg2 (1.54 g/kg), respectively. The Fe,/ Feq ratio was largerin young soil and decreased with time. These
values decreased from the surface to depth with the range from 0.07 to 0.8. The greatest and lowest Fe,/ Fegwere,
respectively, observed inthe hills and the low lands. There was no significant difference in Fe,/ Fey between hill and
plain.

MS changed from 5 to 25.5. Maximum and minimum MS was detected in the hills and the low lands. MS decreased
with depth in almost all horizons. The highest and lowestMS were, respectively, found in pedon 3 (Byb horizon) and
pedon 12 in the Bw3 horizon. The MS minerogenicwas statistically significantly associated to sand content (r=0.56*%*)

1, 2 and 3- Graduated M.Sc. Student, Associate Professor, Department of Soil Science and Graduated M.Sc. Student, Agricultural
Sciences and Natural Resources University of Khuzestan, Iran
(*- Corresponding Author Email: siroosjafari@yahoo.com)
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and significantly negatively correlated with total carbonates, gypsum, OM (r=-0.667*%*), silt content (r= -0.506) and
clay content (r= -0.456). The positive relationship between sand content and MS can be explained by the effect of
magnetic materials inherited from the parent materials.

Conclusion: Fey and Fe,- Fey showed a close correlation with soil development. Fe,/Fey ratio increased with
decreasing soil age. Fe, content had a positive correlation with total carbonate, OM, salinity. MS was more in older
soils such as hill physiographic unit but it was low in younger soils or soils with weak drainage. MS was greatly
affected by sand material size which seems to be linked to parent materials. MS showed no trend with soil development
but land use, drainage and parent material largely impacted MS and different Fe forms in these gypsiferous soils.

Keywords: Clay, Drainage, Gypsiferous soils, Horizon, Land use
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Table 1- Results of some physical and chemical properties of sandy soil
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K P
soil texture e e

CaCO;  OC EC pH

mg kg’
Loamy Sand 98 7.64

% dSm’!
1425 025 047 753
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Table 2- Some characteristics of pruning waste and pruning waste compost of apple and grape trees

o SLlh CungpeS
559 ) 3955 9 o o bl
Characteristics Unit Pruning wastes compost The prunining wastes
apple and grape
Tl o
Grape Apple
pH 7.05 5.65 5.59
EC dSm’ 17.87 2.65 2.48
N % 3.72 1.09 1.11
C % 30.02 45.22 43.22
C/N 7.92 41.49 38.94
P (fo?al) % 7.54 0.69 0.64
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Table 3- Mean comparisons of the organic source and, organic carbon, microbial biomass carbon, microbial biomass
phosphorus and ratio of microbial biomass carbon to microbial biomass phosphorus (MBC/MBP) in mycorrhizal inoculation

Sl Sy 25 Sz j yhand
oC MBC 9 S 0353 MBP g Suo 0355 MBC/MBP MBC/OC
Soil s % mg kg’ %
CogsS 2.14° 1058° 81.02° 13.21° 5
Compost
s oon bl 1.01¢ 528.3° 14.32¢ 62.86° 5
Rhizosphere Pruning waste
- 0.39° 428.3¢ 8.98° 49.95° 11°
Control
w95y p CawgueS
Non- Compost 1.98° 725.6° 59.06" 12.39° Abe
rhizospher
L&
wih SRR 0.94¢ 264.1¢ 5.95¢ 45.25° 3¢
Pruning waste
- 027" 265.5° 3.88° 42.82° 10
Control
LSDy os 0.05 22.88 10.49 9.25 0.01
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Means followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p<0.05.
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Figure 1- Mean comparison of the organic sources and soil on methabolic quotient index and carbon avalibility in
mycorrhizal inoculation.
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CRP, RP, Cont, RS and NRS, respectively pruning waste compost, pruning waste, control (without organic matter), rhizospher
soil and non-rhizospher soil
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Figure 2- Mean comparison of the organic sources and soil on on activity of acid and alkaline phosphomonoesterase
enzymes in mycorrhizal inoculation (Fig A and B) and effect of the organic sources on root colonization mycorrhizal.
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PWC, PW, Cont, RS and NRS, respectively pruning waste compost, pruning waste, control (without organic matter),
rhizospher soil and non-rhizospher soil
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Introduction: Trees pruning wastes by turning into compost and adding to soil improves the physical, chemical and
biological properties of the soil. Soil biological indices are important aspects of soil quality, so soil quality is measured
using different biological properties. The organic compounds are regularly released from plants into the rhizosphere,
which increase the activity of the soil microbial community and improve the health of the soil. The organic matter such
as compost, stimulates microbial activity like the enzymatic activity and microbial biomass in the soil. Another method
to improve soil quality is the use of the microorganisms potential. The arbuscular mycorrhizal fungi (AMF) in soil can
stimulate and increase soil microbial activity and also improve the activity of enzymes and microbial biomass in soil.
The application of microorganisms and the addition of the organic matter to the rhizosphere can change the microbial
communication composition of the rhizosphere. The Limiting roots to investigate the biological and chemical changes
and the extent of these properties in the rhizosphere are challenges that have been less addressed. The rhizobox is one of
the used tools to study the rhizosphere changes. The main objective of the present study was to investigate the effects of
the compost prepared from pruning wastes of apples and grapes trees and also pruning wastes of apples and grapes trees
on soil quality, in the presence of arbuscular mycorrhizal fungi, in rhizosphere of the wheat under the rhizobox
conditions.

Materials and Methods; The present study was carried out in a completely randomized factorial design with three
replications in rhizobox under greenhouse condition. The factors included the organic matter (compost of trees pruning
wastes, trees pruning wastes and control) and soil (the rhizosphere and non-rhizosphere soil) in mycorrhizal inoculation
conditions. The soil sample with light texture and low available phosphorus was prepared. The pruning wastes of apple
and grape trees were collected from urmia orchards. Also, the compost of trees pruning wastes was prepared from the
research greenhouse of Urmia University. The compost and pruning wastes were ground and crushed and then passed
through a 0.5 mm sieve for the greenhouse experiment. The plants were planted in the rhizobox with the dimensions of
20 x 15 x 20 cm (length x width x height). The compost and pruning wastes were added to the boxes based on 1.5%
pure organic carbon (each box contained 5.799 kg of soil). Glomus fasciulatum as mycorrhizal inoculation was used.
The control treatments contained sterile soil with mycorrhizal inoculation and without organic matter. The wheat seeds
(Triticumae stivum L.) of Pishtaz cultivar were grown in rhizoboxes. At the end of the growth period, organic carbon
(OC) by Walkley-Black method, microbial biomass carbon (MBC) and microbial biomass phosphorus (MBP) by
fumigation extraction method, metabolic quotient index (¢CO,) (microbial respiration per unit of biomass), microbial
quotient index (microbial biomass carbon per unit of organic carbon), carbon availability index (CAI) (substrate-
induced respiration/microbial biomass ratio), colonization Percentage of arbuscular mycorrhizal fungi, and acid (ACP)
and alkaline (ALP) phosphomonoesterase enzymes activities by spectrophotometry method, were determined.

Results and Discussion: The results showed that the application of compost significantly increased organic carbon,
microbial biomass carbon, microbial biomass phosphorus and decreased MBC/MBP compared with the control
treatment. Furthermore, compost increased the organic carbon, microbial biomass carbon and microbial biomass
phosphorus in the rhizosphere soil by 8.08, 45.79 and 37.18 % compared with the non-rhizosphere soil, respectively.
The pruning wastes increased 1.45, 1.26 and 1.30 fold metabolic quotient, carbon availability and acid
phosphomonoesterase activity in the rhizosphere compared with non-rhizosphere soil, respectively. The highest activity
of the alkaline phosphomonoesterase enzyme and the percentage of mycorrhizal root colonization were also related to
pruning waste treatments in rhizosphere soils.

Conclusions: Different characteristics of the organic matter and the microbial inoculation led to an increase in the
biological indices in the rhizosphere zone compared with non-rhizosphere soils. The application of organic matter in the
soil, along with microbial inoculation, will accelerate the biological activity of the soil and thus contributes to a better
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cycle of nutrients in the soil. Following the application of organic matter, microorganisms rapidly grew and led to an
increase in biological activity, such as increase activity of phosphomonoesterase enzymes, carbon and phosphorus of
microbial biomass in the rhizosphere. It could be argued that increased activity of phosphomonoesterases and the
microbial biomass and decreased metabolic quotient in the soil were influenced by the application of the organic
materials and mycorrhizal inoculation. The findings of this study have a number of important implications for future
practice. Therefore, the use of the organic materials and biological potential of the microorganisms are one of the most
important tools to maintain organic carbon balance of the soil, contributing to the stimulation of soil microbiological
activities.
Keywords: Microorganisms, Organic matter, Rhizosphere, Soil quality
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2- Backpropagation
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Figure 1- Location of the study area and distribution of the ground control points
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Table 1- LULC categories delineated for the classification in the study area

o8 8 oW ol o
Class Number Class Name Description
1 $39laS 52 9 piS ile )y by e
Agriculture Fine grain cereals like wheat and barely
2 Ak g aailisg) o bajed sluel )3 glazs > 5 (555 sl yiudsy
Buffer Forests Trees and shrubs that grow next to streams and rivers
3 £l 0d cudlS jate ks
Orchard Trees and shrubs which are intentionally grown for food production
4 Sl s gl Slg QLS (s b (b &1
Range Brush Rangelands characterized by vegetation dominated by shrubs
5 sl dgle @l OlodiS B lalS Jidsy b b 150
Range grasses Rangelands characterized by vegetation dominated by grasses
6 (s i it s 41043 455 e 5 (5,05 3l
Urban Areas Commercial and residential areas with man-made structure
7 o3l JBgdes 4 bgrpe (sl e
Road Transport lines
g ol 1aS g b ale 1]l
Water Open water like dams and ponds
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Table 2- Distribution of ground control points among LULC groups for different data sets
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Algorithm Data Group I 2 3 4 5 6 7 3 P Value
o i
‘ , el 554 32 62 144 202 32 28 59
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oo
SVM 03 95 6 11 27 37 5 4 12
Test
o i
o 456 27 50 118 165 28 23 49
Training
) s . 1.00
ST o 98 5 12 2 37 4 5 10
ANN Validation
cand]
o7 95 6 11 27 37 5 4 12
Test
;jl 649 38. 73 171 239 37 32 71
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Table 3- Structure and performance of the developed SVM models

o Come L o
Je oS 5 5o FS &b Overall Accuracy Kappa Coefficient
Model Coding Design Kernel Function 90! Y3 Js 90! 09051 Js
Training Test All Training Test All
1 6‘; j:.%ﬁé ra dﬁgasis 838 756 821 763 639 738
2 6‘1’; j:’:);z L;;far 785 733 775 686 607 670
3 (‘; 3’:.’5‘; Pz)l‘;r):o ﬁ; = 841 794 831 766 695 752
4 &jﬁ‘;%ﬁé P‘;l‘*y’lfo ﬁ;’ = 872 802 85.8 814 708 793
5 éjﬁ;’a‘; P‘;l‘;’; i:';’ = 917 809 89.5 880 723 849
6 &jﬁ;%ﬁé P‘;l“y’r)l’oﬁ:l’ = 541 489 531 317 236 301
7 “6“’{1;"‘:;’;“1? . dfz;L];asis 816 767 80.6 729 656 714
8 z@niz.)ixﬁ L;'lfar 677 676 676 497 497 497
9 “a“n;"‘:;’;f Pz)l‘*;r)l’o i‘l‘:‘l’ = 815 786 809 727 687 719
10 “gnflv“;’;f’l" P‘;l“;;o i:';’ = 851 802 84.1 782 708 767
1 “6“’11;"‘:.’;“1? P‘;l‘*y’lfo Lél‘l‘:l’ = 744 668 729 63.1 516 609
12 461?:;_&? P‘:ﬂ‘;’o i‘l‘: = 135 126 133 03 07 04
13 o}ﬁf i ra d;ﬁ"gasis 803 756 794 718 652 705
14 oﬁ s L;i“;r 65.6 611 647 514 452 501
15 O}ﬁfal P;l‘;rfo Ln‘l‘l":l’ = 76.1 744 758 660 635 655
16 o}fﬁs i P‘;l‘*y’lfo Lél‘l‘:l’ = 808  77.5 802 726 677 716
17 o}iifrfal P‘;l‘;’:o i:*:l’ = 385 340 376 288 233 277
18 O}ﬁfél Pil“y’r’;)i‘l";’ = 8.4 76 82 3.1 29 31
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Table 4- Error matrix of classified data using SVM (first values) and ANN (values after slash)

& o S s
Reference Classes A Co
Users’
1 2 3 4 5 6 7 8 Accuracy
1 623/594 2/7 9/12 4/7 20/35 1/5 6/20 0/0 93.7/87.4
2 0/4 31/17 1/4 4/3 0/1 0/0 0/0 0/0 86.1/58.6
a3 ‘{, 3 3/6 2/9 56/46 1/9 1/1 0/0 0/0 1/1 87.5/63.9
[¢]
o
:f_;,' % 4 1/1 2/2 2/5 143/109 25/40 0/0 0/0 0/0 82.7/69.4
o
g_.? C;V 5 21/37 1/2 5/6 18/40 191/162 0/2 1/9 0/2 80.6/62.3
2%
2 & 6 0/4 0/0 0/0 0/2 0/0 36/30 0/1 0/0 100.0/81.1
7 1/3 0/0 0/0 1/0 2/0 0/0 23/2 0/0 85.2/40
8 0/0 0/1 0/0 0/1 0/0 0/0 2/0 70/68 97.2/97.1
oS 96.0/91.5 81.6/44.7 76.7/63 83.6/63.7 79.9/67.8 97.3/81.1 71.9/6.3  98.6/95.8 89.5/78.5
Producers’

Accuracy
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Table 5- Comparison of SVMs and ANN classifires and McNemar’s test results

o oo Ll oyl N3 xe s
J Overall Accuracy Kappa Coefficient P Value
Model 095! Js 095! Js 095! Js
Test All Test All Test All
Ol Sz osdle 80.9 89.5 72.3 84.9
SVM 0.07 <0.0001
(Fshae pas Bl 77.1 78.5 66.7 68.5

ANN
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Figure 2- LULC maps of the studied area prepared using a) SVM and b) ANN approaches
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Introduction: Land use and Land cover (LULC) information has been identified as one of the crucial data
components for a range of applications including global change studies, urban planning, agricultural crop
characterization, and forest ecosystem classification. The derivation of such information increasingly relies on remote
sensing technology due to its ability to acquire valuable spatiotemporal information on LULC. One of the major
approaches to deriving LULC information from remotely sensed images is classification. Numerous image
classification algorithms exist. Among the most popular are the maximum likelihood classifier (MLC), artificial neural
network (ANN) classifiers and decision tree (DT) classifiers. Conventional parametric method like MLC is based on
statistical theory and assumes a multivariate normal distribution for each class. In case of data that has non-normal
distribution (which is common with LULC data), the parametric classifiers may fail since the inability to resolve
interclass confusion. This inability is the major limitation of parametric classifiers. Nonparametric classifiers like ANNs
and DTs, which do not rely on any assumptions for the class distributions of data, could overcome the aforementioned
limitations of parametric classifiers. The support vector machines (SVMs), a nonparametric classifier, that has recently
been used in numerous applications in image processing, represents a group of theoretically superior machine learning
algorithms. The SVM employs optimization algorithms to locate the optimal boundaries between classes. It was found
competitive with the best available classification methods, including ANN and DT classifiers. The classification
accuracy of SVMs is based upon the choice of the classification strategy and kernel function. The objective of this study
was to investigate the sensitivity of SVM architecture including classification strategy and kernel types to identify
LULC information from Landsat Enhanced Thematic Mapper (ETM) remote sensing data in Gavshan dam watershed in
west of Iran.

Materials and Methods: SVMs were used to classify orthocorrected Landsat ETM images of May, 2016. Image
pre-processing such as atmospheric correction were conducted before utilization. Three classification strategies (One
versus one, one versus all and ordinal) and three types of kernels (linear, polynomial and radial basis function) were
used for the SVM classification. A total of 18 different models were developed and implemented for sensitivity analysis
of SVM architecture. A two-layer feed-forward Perceptron network classifier with sigmoid hidden and softmax output
neurons was also used for comparison. The network was trained using scaled conjugate gradient backpropagation
algorithm. A total of 1320 ground control points were collected to train, validate and test the SVM and ANN models.
Ground truth locations on each image were identified using the GPS coordinates for extracting spectral reflectance data
of seven bands (Bands 1-7) of Landsat ETM images. The LULC class of each point was identified using land survey or
Google earth images. The identified LULC classes were agriculture, buffer forests, orchard, ranges brush, range grasses,
urban areas, roads and water.

Results and Discussion: The results suggest that the choice of classification strategy and kernel types play an
important role on SVMs classification accuracy. Statistical evaluation of the SVM models against the ground control
points showed that the one versus one classification strategy had the highest accuracy than the two other ones for any
kernel function type and the polynomial kernel function had the highest accuracy than the two other kernels for any
classification strategy. The SVM model with polynomial (n=3) kernel and one versus one classification strategy
outperformed all SVMs models and gave the highest overall classification accuracy of 78.5 and Kappa coefficient of
68.5. The McNemar’s test clearly showed significant improvement of the best SVM model in comparison to the ANN
model (P<0.001). Also, the user accuracy and producer accuracy achieved by best SVM model were higher than ANN
model for all LULC classes. In both approaches water and agriculture categories have high accuracy while roads have
low accuracy. The resulting LULC map indicated that most parts of the studied area (52.8%) have been assigned to the

1, 2 and 3- Assistant Professor, M.Sc. Student and Assistant Professor, Department of Soil Science, University of Kurdistan,
Sanandaj, Iran, Respectively
(*- Corresponding Author Email: a.mahmoodi@uok.ac.ir)
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agriculture. The ranges brush and range grasses categories cover 12.5% and 26.8% of the watershed, respectively. Only
about 2.7% of the watershed have been covered with trees.

Conclusions: This study suggests that the SVMs approach based on Landsat ETM bands may provide reliable and
accurate LULC information even better that best ANN approaches. However, choice of classification strategy and
kernel types play an important role on SVMs classification accuracy. Best model of polynomial kernel and one versus
one classification strategy outperformed all SVMs and ANN models and gave the highest classification accuracy.

Keywords: GavshanDam Watershed, Image Classification, Remote Sensing
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Table 1- Characteristics of humic acid used in the research
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1- Nitroblue tetrazolium (NBT)
2- T-butyl hydroperoxide
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Table 2- Soil physical and chemical characteristics using in the experiment

CCE (%)(10,) Joko pundl$ il S 15.5
ACCE (%) (303) Jlsb peels’ liyyS 5.5
OM (%) (10,3) JT o3l 1.78
Sand (%) (we)3) o) 27
Silt (%) (20y3) cdows 48.5
Clay (%) (xo,3) oy 24.5
Texture il Silty loam
FC 4 )50 cod s 22.1
pH.y 7.2
EC (dSm™) S, colin colls 1.15
CEC (cmol. kg™") issls Jols cudjls 17.7
Total Nitrogen (%) (o)) JS o595 0.056
Phosphorus (mg kg™) wis L6 yas 10.4
Potassium (mg kg™) s L ealy 219
DTPA L (5,5 ojlac oyl 1.44
DTPA extractable Fe (mg kg™)
DTPA L 5,8 sjlas (59, 0.46
DTPA extractable Zn (mg kg™)
DTPA L (6,5 sjlas 55 0.34
DTPA extractable Mn (mg kg™")
DTPA U ¢ 05 oyl o 0.44

DTPA extractable Cu (mg kg™)
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Table 3- Mean comparison for the application method and different levels of humic acid on iron concentration of canola

cialejl Jole Sp S ol Bl JS ol Jub ol (%) J5 ol & Jlad opa] capuns
Experiment factor Total iron of leaf Total iron of stem Active iron Active iron to total iron
(mg kg™) (mg kg) (mg kg) Ratio (%)
Jals 120.50J 54.62¢ 20.401 16.93f
Blank
SE Spas
Soil application
lg kg'1 soil 175.52i 63.25d 30.40f 17.31e
2g kg'1 soil 180.54h 73.12¢ 32.17e 17.82d
4g kg'1 soil 192.31f 78.25b 38.58d 20.06¢
el b Gy
With irrigation water
1000 mg I 185.07g 62.75d 24.40h 13.18¢g
2000 mg I 204.61c 85a 44.86a 21.92b
4000 mg I 193.50e 83.32a 44.59a 23.04a
b slxe
Spraying
0.1 % 201.49d 63.12d 25.17¢g 12.49h
02 % 226.62b 72.87 ¢ 40.32¢ 17.79d
0.4 % 245.46a 75.37c 42.30b 17.22ef

Cand dyd B Jloin] grdaw )3 )5 xe M pae ) Sibled wlie Bgy> log o (gl oiw o )

In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels
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Table 4 - Mean comparison for the application method and different levels of humic acid on chlorophyll types of canola
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Experiment factor (Sr @ oies »es uiﬁ‘“) (Sriomes »es uf;:o) (Sriomes »es UJMI)
Chlorophyll a (mg g™) Chlorophyll b (mg g™) Total chlorophyll (mg g™)
sl 2.19g 1.08f 3.28h
Blank
SB Span
Soil application
1 gkg ' soil 2.57e 1.31d 3.88f
2 g kg soil 2.90cd 1.49¢ 4.39¢cd
4 g kg'' soil 3.03¢ 1.51c 4.55¢
Sl b B pan
With irrigation water
1000 mg 1! 2.39f 1.19 3.58¢
2000 mg I 3.30b 1.64b 4.94b
4000 mg 1" 3.23b 1.63b 4.44cd
-
Spraying
0.1 % 2.77d 1.38d 4.16e
02 % 3.37b 1.70b 4.31ed
0.4 % 3.58a 1.79a 5.37a
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In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels

1- S-amino levulinic acid
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Table 5 - Mean comparison for the application method and different levels of humic acid on SOD, CAT and GPX of canola

bl Jole SOD ;U g3 dwsS1 2 ga0 CAT;yuls GPX oS 3 55 ol
Experiment factor (Tu gr'l.fw'l) (Tu gr'l.fw'l) (Tu gr'l.fw'l)
ol 2.18f 2.41f 0.80f
Blank
SE Span
Soil application
1 gkg ' soil 3.05ed 3.79¢ 1.36¢
2 gkg' soil 3.0led 3.27d 1.10d
4 g kg'! soil 2.80e 2.58f 0.87ef
Sl b Gpae
With irrigation water
1000 mg 1! 3.91b 4.46a 1.77b
2000 mg 1! 3.50¢ 3.78¢ 1.40c
4000 mg 1! 3.26¢cd 2.81e 1.19d
S Jsbe
Spraying
0.1 % 4.20a 4.19b 1.95a
02 % 3.87b 2.24d 1.31c
0.4 % 2.40f 2.90e 0.96e
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In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels
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Table 6- Simple correlations coeffcients between studied traits

- 2 z 3 g S 1
z S wi a2z 3Z .z Xgy o, Sy
Re B~ “a o s
%E 32E RE OB = B2 3EE pi 3:g
¥ 4f 32 2E TE 33 1:E 2T =x%E%
s S s £ v w2 3 E S 3 &2 S W =5
= = E 9 g ? 3 < 3= } 5 &
~ © = = = B, =
a Jidg)ls 1
Chlorophyll a
b s 0.99%* 1
Chlorophyll b
JS Lidg IS 0.99%* 0.99%* 1
Total chlorophyll
Sy JS ol 0.80%* 0.77* 0.79% 1
Total iron of leaf
a8l JS ol 0.75* 0.74* 0.74* 0.27ns 1
Total iron of stem
Jlé ol 0.88%* 0.88%* 0.88%* 0.50ns 0.91%* 1
Active iron
$Bgemd ST g0 -0.39ns -0.4Ins  -0.37ns -0.15ns -0.39ns - 1
Superoxide 0.46ns
dismutase
YLl -0.68%* -0.70%* -068* -0.31ns -0.66* -0.72%* 0.71%* 1
Catalase
STy eslols -0.58ns -0.6Ins  -0.58ns -0.22ns -0.61ns  -0.67* 0.87%* 0.91** 1
Glutathione
peroxidase
Ebine pis g 2o )d K g doyd gy e ) ()P e Gold i 4 NS g e ok
ns, * and **:Nonsignificant and significant at %5 and %]1 level of probability respectively
Oy 5 Syegemdel (B Jole o)y /N jlagi bgyye S S A

slosi 4 byye (Iu /grfw) ¥/85 (ke b 5YBI o 51 culled
)‘ odlawl D9 d)L.u] uT L ol).o..b d)..a.o).uj » fn)f L;Luo Veuo
dw pnyd dald 4 Cowd 1y Sl 505055 YU Gl gouwd
u_ml.’ub_l?u 9 Lg)‘._ai L.j LJ ol)_.o.b L_B)_.‘m ‘Lﬁjb A_B)..AA L)""?)
ol cadld e 3l Seogdiwl cdale (1581 L Ll ol i3l
Wl IS u.m] Ol LS p JS umT Oliee oy o diwlS l.mp;)j
Cuill 2939 Y bz (Siuwed LS lebM)‘ﬂ 5 Jkd u.m] Ol e
5 (== /YY) YU als slap sl g Jlsb ol olse o Ll
hw ) (gl pre e (Siuen (I==+/FY) jlaSly aslislS
—nsilSo g ol 5l (S S 5l LT el B end +/00
lom il el b g lie polie 5y 00 $9)5 Seosanion
) slaS o | Calisee glgil 08 &S cuwl Y LS

Oleidls 13 )5S S lie a1y (oge A Bpae oS polic

il Jae sla 55 4 camlus g 4Bl ialS Sluws] sl
4S8 5950 Judg IS agi JhalS el guilins gla il b o
ol Limgin ol gl .l (g ity olKiwd 4 ol ol toly
i3 el Sangunanl ) o3liil G liska (gla by, 45 3>
o5)) 1315 oLS 5> oS slo w3l 5 Jidg )5 elgl onl onl 2
a JUd oal o5 9 a8l JS cal e cp i 43 (VoA Yaula
o an baspe p)56lS 1 p)S Lo YY/AS 9 AD (i S5Lo b 5
..)9.{ &wy.lb.\u»l d)Lj uT l.: ollm.m d)..a.o )A.J » F;GL.O Yooo
5 Bgomnd JaSTyow (LS Lo 35T colled jlude oy yuin
(Iu /gr.fw) VA0 4 ¥/V+ uSlio b iy @ jlaasTyy asbslS



VYN 05 6l 5 ool 0900 (S ol o (s aSL 51 Spoged sl i1

s S e Elgil 5l ool pesee byl g ye (slagygliss S olaie Uy alRisloil slagysejl 15 (Seogud dlgo dlox

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

g 4n3ly Spopudnl Aiile 090)] 390 48 50 Lyl yd )3 Lyles 5 LS (ola jislejl 53 puges
o J 0 05 S e i 9 50 )8 gl s

&l

Adani F., Genevini P., Zaccheo P., and Zocchi G. 1998. The effect of commercial humic acid on tomato plant
growth and mineral nutrition. Journal of Plant Nutrition, 21 (3): 561-575.

Aebi H., 1984. Catalase in vitro. Methods in Enzymology, 105: 121-126.

Ahmadian A., Ghanbary A., Gluy M., Siyahsar B., and Arazmjoo A. 2010. Different irrigation regimes and manure
on the elements essential oil content and chemical composition cumin. Ecophysiology of Crop Plants and Weeds,
16: 83-94.

Aiken G.R., McKnight D.M., Wershaw R.L., and MacCarthy P. 1985. Humic substances in soil, sediment, and
water: geochemistry, isolation, and characterization. Wiley-Interscience.

Arnon D.I. 1949. Copper enzymes in isolated chloroplasts polyphenol oxidase Beta vulgaris. Plant Physiology,
24(1): 1-15.

Ayman M., Kamar M., and Khalid M. 2009. Amino and humic acids promote growth, yield and disease resistance
of faba bean cultivated in clayey soil. Australian Journal of Basic and Applied Sciences, 3(2): 731-739.

Bannister J.V., Bannister W.H., and Rotills G. 1987. Aspects of the structure, function and application of
superoxide dismutase. Critical Reviews in Biochemistry, 22: 110-180.

Beladi S.M., Habibi D., Kashani A., Paknezhad F., and Golshan M. 2010. Effect reviw lead and copper on
Chlorophyll content, lipid membrane, relative water content and super oxidedismutase activity at plant species
guller (Lathyrus sativus). The Crop Ecophysiology Publication. 2(2): 66-74. (In Persian with English abstract).
Castro L., Garcia-Balboa C., Gonzalez F., Bahhester A., Luisa Blazquez M., and Muniz J.A. 2013. Effectiveness of
anaerobic iron bio-reduction of jarosite and the influence of humic substances. Hydrometallurgy, 131: 29-33.

Cesco S., Reomheld V., Varanini Z., and Pinton R. 2000. Solubilization of iron by water extractable humic
substances. Journal of Plant Nutrition and Soil Science, 163: 285-290.

Chamaani F., Habibi D., Khodabande N., Davoudifard M., and Asgharzade A. 2012. Effects of salinity stress on
growth and antioxidant enzyme activity of wheat inoculated with plant growth promoting bacteria (Azotobacter
chroocccum, Azospirillum lipoferum, Pseudomonase putida) and humic acid. Journal Agricultuer and Plant
Breeding, 8(3): 39-55. (In Persian).

Chatterjee C., Gopal R., and Dube B.K. 2006. Impact of iron stress on biomass, yield, metabolism and quality of
potato (Solanum tuberosum L.). Scientia Horticulturae, 108:1-6.

Chen Y., Clapp C.E., and Magen H., 2004. Mechanisms of plant growth stimulation by humic substances: the role
of organo-iron complexes. Soil Science and Plant Nutrition, 50: 1089-1095.

De Santiago A., and Delgado A. 2007. Effects of humic substances on iron nutrition of lupin. Biology and Fertility
of Soils, 43: 829-836.

Donnini S., Dellorto M., and Zocchi G. 2011. Oxidative stress responses and root lignification induced by Fe
deficiency conditions in pear and quince genotypes. Tree Physiology, 31: 102-113.

Dursun A., Guvenc 1., and Turan M. 2002. Effect of different levels of humic acid on seedling growth and macro
and micronutrient contents of tomato and eggplant. Acta Agrobotanical, 56: 81-88.

El-Bassiony A.M., Fawzy Z.F., El-Baky M.A., and Mahmoud A.R. 2010. Response of snap bean plants to mineral
fertilizers and humic acid application. Research Journal of Agriculture and Biological Sciences, 6(2):169-175.
Endalew E.K., Kiros Y., and Zanzi R. 2011. Heteregenous catalysis for biodiesel production from Jatropha curcas
oil. Energy, 36(5): 2693-2700.

Fernandez-Escobar R., Benlloch M., Barranco D., Duenas A., and Gafidan J.G. 1996. Response of olive trees to
foliar application of humic substances extracted from leonardite. Scientia Horticulturae, 66 (3-4): 191-200.

Ferrara G., Pacifico A., Simeone P., and Ferrara E. 2008. Preliminary study on the effects of foliar applications of
humic acids on ‘Italia’ table grape. Journal International des Sciences de la Vigne et du Vin, 42: 79-87.

Ghorbanli M., and Babalar M. 2003. Mineral Nutrition of Plants. Tarbiat Moallem University, Tehran Publication,
Iran. (In Persian).

Gogorcena Y., Abadia A., and Abadia A. 2004. A new technique for screening iron-efficient genotypes in peach
rootstocks: elicitation of root ferric chelate reductase by manipulation of external iron concentrations. Journal of
Plant Nutrition, 27: 1701-1715.

Haghighi M., and Kafi M. 2010. Effect of humic acid on cadmium accumulation, nitrate and changes activity of
nitrate reductase enzymes in lttuce. Journal of Horticultural Science, 24(1): 53-58. (In Persian).



IWAY didwl— cpoge F o5lods XY ol (S gl a5 VY Y

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41,
42.
43,
44,
45,
46.

47.

Hakimi L., and Farzami sepeher M. 2013. Copper and copper accumulations of iron, copper and antioxidant
response of dominant plant species around Sorkhe mine in Marand city. Plant Environment Physiology (Iranian
Plant Ecophysiology Research),10(40): 21-30. (In Persian).

Halliwell B. 2006. Reactive species and antioxidants. Redox biology is a fundamental theme of aerobic life. Plant
Physiology, 141: 312-322.

Harper S.M., Kerven G.L., Edwards D.G., and Ostatek-Boczynski Z. 2000. Characterisation of fulvic and humic
acids from leaves of Eucalyptus camaldulensis and from decomposed hay. Soil Biology and Biochemistry, 32
:1331-1336.

Hartwigsen J. A., and Evans M. R. 2000. Humic acid seed and substrate treatments promote seedling root
development. Horticultural Science, 35(7): 1231-1233.

Hellin E., Hernandez-Cortez J.A., Piqueras A., Olmos E., and Sevilla F. 1995. The influence of the iron content on
the superoxidedismutase activity and chloroplast ultrastructure of Citrus limon in iron nutrition in soil and plants.
Journal of Plant Nutrition, 5(3-7): 211-229.

Hopkins J., and Tudhope G.R. 1973. Glutathione peroxidase in human red cells in health and disease. British
Journal of Haematolgy, 25: 563-575.

Jahan M., ghalenoei Sh., Khamoshi A., and Amiri M. 2015. Investigation Agro-ecological Features of Basil
(Ocimum basilicum L.) under the influence of application water super absorbent, humic acid and irrigation
periods. Journal of Horticultural Science, 29 (2): 240-254. (In Persian).

Jing-min Z., Shang-jun X., Mao-peng S., Bingyao M., Xiu-mei C., and Chunsheng L. 2010. Effect of Humic acid
on poplar physiology and biochemistry properties and growth under different water level. J. Soil Water Conserv.
Journal of Plant Physiology, 24: 1-150.

Karakurt Y., Unlu H., Unlu H., and Padem H. 2009. The influence of foliar and soil fertilization of humic acid on
yield and quality of pepper. Acta Agriculturae Scandinavica Section B—Soil and Plant science, 59(3): 233-237.
Katyal J.C., and Sharma B.D. 1980. A new technique of plant analysis to resolve iron chorosis. Plant and Soil, 55:
105-119.

Kesba H.H., and El-Beltagi H.S. 2012. Biochemical changes in grape rootstocks resulted from humic acid
treatments in relation to nematode infection. Asian Pacific Journal of Tropical Biomedicine, 2(4): 287-293.

Khayyat M., Tafazoli E., Eshghi S., and Rajaee S. 2007. Effect of nitrogen, boron, potassium and zinc spray on
yield and fruit quality of data palm. American- Eurasian Jornal of Agriculturae and Environment Science, 2 (3):
289- 296.

Khoram Ghahfarokhi A., Rahimi A., Torabi B., and Maddah Hosseini Sh. 2015. Effect of humic acid application
and foliar spraying of compost tea and vermiwash on nutrient absorption and chlorophyll content of safflower
(Carthamus tinctorius L.). Journal of Oil Plants Production, 2(1): 71-84. (In Persian with English abstract).
Khoshgoftarmanesh A.H., Eshghizadeh H. R., Sanaei Ostovar A., Mirlohi M.S. and Taban M. 2013. Physiological
Indices of Iron Chlorosis of Plane Trees (Plantanus orintalis L.) in Green Space of Isfahan City. Journal of Soil and
Water Sciences, 17(64):19-31. (In Persian with English abstract).

Kiani Chalmardi Z., and Abdul Zadeh A. 2013. The role of silicon in reduction of iron deficiency and toxicity in
hydroponics cultivation of rice (Oryza sativa L.). Journal of Greenhouse Crop Science and Technology, 3(4): 79-
89. (In Persian with English abstract).

Lombardi L., Sebastiani L., and Vitagliano. C. 2003. Physiological, Biochemical and Molecular Effects of in vitro
induced iron deficiency in peach rootstock. Journal of Plant Nutrition, 26: 2149-2163.

Malakouti M., and Tehrani M. 1999. The role of micronutrients in increasing yield and improving the quality of
agricultural products (their elements with a large impact). Tarbiat Modares University publication.

Manthey J.A., Tisserat B., and Crowley D. E., 1996. Root responses of sterile grown onion plants to iron
deficiency. Journal of Plant Nutrition, 19: 145-161.

Marschner H. 1995. Mineral Nutrition of Higher Plants (2th Ed.). Academic Press, London.

Mazaherinia Sh., Astaraei A.R. Monshi A., and Fotovat A. 2011. A comparison of uptake and concentration of iron
(Fe) in wheat (Triticum aestivum L.) plant using ordinary and nano iron oxides. Agronomy Journal (Pajouhesh and
Sazandegi), 92: 103-111. (In Persian with English abstract).

Mengel K., and Kirby E.A. 1987. Principles of Plant Nutrition. International Potash Institute, Bern.

Mengel K., Planker R., and Hofman B. 1994. Relationship between leaf appoplastic pH and iron chlorosis of
sunflower (Heliamthus annuus L.). Journal of Plant Nutrition,17:1053-1065.

Minami M., and Yoshikawa H. 1979. A simplified assay method of superoxide dismutase activity for clinical use.
Clinica Chimica Acta, 92: 337-342.

Mohamadi M., Habibi D., Ardakani M.R., and Asgharzade A. 2010. Effect application of biological fertilizers,
humic acid and super absorbent polymer on Chlorophyll content, lipid membrane and catalase and super
oxidedismutase activity in plant species annual medic (Medicago scutellata) under toxicity cadmium. Journal of
Agriculture and Plant Breeding, 6(2): 65-79. (In persain).



VYOY 15 ol 15 bl pua oSl b o adl 1 Sansed spa S

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

Mohammadi M., and Moezi A. 2006. Evaluation of ~Fananthrin method for determining Fe ** concentration in
citrus leaves. Scientific Journal of Agriculture, 29:4.57-67. (In Persian).

Mohammdkhani N., and Heidari R. 2007. Effects of drought stress on protective enzyme activities and lipid
peroxidation in two maize cultivars. Pakistan Journal of Biological Sciences. 10 (21): 3835-3840.

Mohsali V., Khoshtakar Manesh A.H., and Shariatmadari H. 2016. Influence of distance from air contaminating
source on iron nutritional status of plantain in Shiraz. Journal of Soil Research (Soil and Water Scince), 30(3): 295-
304. (In Persian with English abstract).

Molassiotis A., Tanou G., Diamantidis G., Patakas A., and Therios 1. 2006. Effects of 4-month Fe deficiency
exposure on Fe reduction mechanism, photosynthetic gas exchange, chlorophyll fluorescence and antioxidant
defense in two peach rootstocks differing in Fe deficiency tolerance. Plant Physiology, 163: 176-185.

Morales F., Abadia A., and Abadia J. 1998. Photosynthesis, quenching of chlorophyll fluorescence and
thermaenergy dissipation in iron-deficient sugar beet leaves. Australian Journal of Plant Physiology, 25: 403-412.
Nardi S., Pizzeghello D., Muscolo A., and Vianello A. 2002. Physiological effects of humic substances on
higherplants. Soil Biology and Biochemistry, 34:11 1527-1536.

Nasooti Miandoab R., Samavat S., and Tehrani M.M. 2010. Humic acid fertilizer on plants and soil properties.
AgriFood, 101: 53-55. (In Persian).

Nurdin S., Misebah F.A., Haron S.F., Ghazali N.S., and Gimbun J. 2014. A cost-effective catalyst for biodiesel
synthesis from Rubber and Jatropha curcas seeds. Oil for synthesizing biodiesel by KOH supported on coconut
shell activated carbonoil. Chemical Engineering and Applications, 5(6): 483-488.

Page A.L., Miller R.H., and Keeney D.R. 1982. Chemical and microbiological properties. Methods of soil analysis.
Part, 2. ASA, SSSA, Madison, WI.

Pestana M., De Varennes A., Abadia J., and Faria E.A. 2005. Differential tolerance to iron deficiency of citrus
rootstocks grown in nutrient solution. Scientia Horticulturae, 104(1): 25-36.

Peyvandi M., Kamali Jamakani Z., and Mirza M. 2011. Effect of Iron Nanoclat with Iron Chalate on Growth and
Antioxidant Activity of Satureja Hortensis. New Molecular Cell Biotechnology, 2(5): 25-32. (In Persian).

Pinton R., Cesco S., Iacolettig G., Astolfi S., and Varanini Z. 1999. Modulation of NO uptake by water- extractable
humic substances: involvement of root plasma membrane H ATPase. Plant and Soil, 215: 155-161.

Rahii A., Davvodi Fard M., Azizi F., and Habiby. D. 2012. Effects of different amounts of humic acid and response
curves in the Dactylis glomerata. Agriculture and Plant Breeding Journal, 8(3): 28-15. (In Persian).

Rombheld V. 2000. The chlorosis paradox: Fe inactivation as a secondary event in chlorotic leaves of grape vine.
Journal of Plant Nutrition, 13: 1629-1643.

Roozbahani A., Ghorbani S., Mirzaei M., and Aerojnia S. 2013. The effect of soil application of humic acid and
fluvic acid on yield and yield component of barley (Hurdeum vulgare L.). Journal of Agronomy and Plant
Breeding, 9(2): 25-33. (In Persian).

Sabzavari S., and Reza Khazaee H. 2009. Effect of spraying various levels of humic acid on growth
characteristics, yield and yield components of wheat (Triticum aestivum L.) Pishtaz cultivar. Agricultural
Ecology,1(2): 53-63. (In Persian with English abstract).

Salama Z.A.E., El-Beltagi H.S., and El-Hariri D.M. 2009. Effect of Fe deficiency on Antioxidant system in leaves
of three flax cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 37(1): 122-128.

Sanchez Sanchez A., Sanchez Andreu J., Juarez M., Jorda J., and Bermudez D. 2006. Imporvement of iron uptake
in table grape by addition of humic substances. Journal of Plant Nutrition, 29(2): 259-272.

Schoenwiss D.F., 1973. Correction of lime induced chlorosis of Pin Oak by liquid soil injection. HortScience, 8(4):
333-334.

Shah K., Kumar R.G., Verma S., and Dubey R.S. 2001. Effect of cadmium on lipid peroxidation, superoxidation
generation and activities of antioxidant enzymes in growing rice seedlings. Plant Science, 161: 1135-1144.
Shigeoka S., Ishikawa T., Tamoi M., Miyagawa Y., Takeda T., and Yabuta Y. 2002. Regulation and function of
ascorbate peroxidase isoenzymes. Journal of Experimental Botany, 53: 1305-1319.

Song Y.L., Dong Y.J., Tian X.Y., Wang W.W., and He Z.L., 2017. Effects of nitric oxide and Fe supply on
recovery of Fe deficiency induced chlorosis in peanut plants. Biologia Plantarum, 61(1): 155-168.

Stenbaek A., and Jensen P. E. 2010. Redox regulation of chlorophyll biosynthesis. Phytochemistry, 71(8-9):853—
859.

Sun B., Jing Y., Chen K., Song L., Chen F., and Zhang L. 2007. Protective effect of nitric oxide on iron deficiency-
induced oxidative stress in maize (Zea mays). Journal of Plant Physiology, 164: 536-543.

Tan K.H. 2003. Humic Matter in Soil and Environment: Principles and Controversies. CRC Press, New York.

Yang C.M., Wang M.C., Lu Y.F., Chang F., and Chou C.H. 2004. Humic substances affect the activity of
chlorophylls. Journal of Chemical Ecology, 30: 1057-1065.



Journal of Water and Soil (552918 @lus 5 poke) S g O &y 2
Vol. 32, No. 6, Jan.-Feb. 2019, p. 1191-1205 R i NA-IYD o IFAY diiwl— poge F 0 ke XY al

Effect of Humic Acid on Physiological Indices of Iron Deficiency in Canola
(Brassica napus) (cv. Hyola 308)

T. Nazari'- M. Baranimotlagh®'- E. Dordipour’- R. Ghorbani Nasrabadi’- S. Sefidgar Shahkolaee®

Received: 02-07-2018
Accepted: 07-10-2018

Introduction: Fe is the first identified micronutrient for crops and required in higher amount than other
micronutrients. Fe plays important roles in enzyme metabolism, protein metabolism, chlorophyll construction,
chloroplast evolution, photosynthesis, respiration and reduction-oxidation reaction as well as organic acids metabolism.
Iron, as an essential micronutrient, has great contribution in important antioxidant enzymes activity and through which
affects plant tolerance against environmental stresses. Plant enzymes including superoxide dismutase, catalase and
glutathione peroxidase are among the most important enzymes scavenging the hydrogen peroxide have iron in their
structure, so they affected by iron deficiency. In this study, the effect of soil, foliar and fertigation application of humic
acid on iron availability, chlorophyll types and superoxide dismutase, catalase and glutathione peroxidase enzymes in
canola (Hyola 308) were evaluated.

Materials and Methods: The soil was air-dried and ground to pass through a 2-mm sieve then was analyzed to
determine various soil physico-chemical properties using standard methods. A greenhouse experiment as a completely
randomized design was carried out consisting of 10 treatments and 4 replications. Treatments included humic acid soil
application at three levels (1, 2 and 4 g kg™ soil), spraying at three levels (0.1, 0.2 and 0.4%) and with fertigation at
three levels (1000, 2000 and 4000 mg L™) and control treatment (without humic acid). Soil application in the form of
humic acid powder and in cropping time based on the soil weight of the pots and treatments as spraying and
consumption along with irrigation water were divided into three equal parts and used in three stages (plant
establishment, stem elongation and flowering). Spraying was performed at the end of the day and in order to make it
more effective, several drops of moyan (foliar soap) were used to wet the leaves. After the soil had been prepared, ten
seeds of canola were planted approximately 20 mm deep in the center of the pots and Thinning was done to remain four
plants pot” at plant establishment. Distilled water was used to maintain moisture contents of the soil in all the pots
during the experimental period. Plant stem and leaves were Harvested at 139 days after planting, washed with distilled
water and dry with tissue paper Plant stem and leaves were Harvested at 139 days after planting, washed with distilled
water and dry with tissue paper. The leave and stem samples were air-dried and then oven dried at 65°C to a constant
weight in a forced air driven oven. Then the total Fe content of leaf and stem was detemined after dry ashing. In
addition, before harvesting, active iron, concentration of chlorophyll a, chlorophyll b, total chlorophyll and superoxide
dismutase, catalase and glutathione peroxidase enzymes were determined in fresh leaves. The analysis of variance
(ANOVA) were performed using a completely randomized design. Significantly different treatment means were
separated using least significant difference (LSD) test at P<0.05

Results and Discussion: Results showed that highest total iron content in plant leaves was obtained in 0.4 percent
foliar application and the lowest was belonged to control treatment. Highest iron content in plant stem and active iron
was obtained in humic acid application through irrigation at 2000 mg L-1 by 85 and 44.86 mg kg-1, respectively, and
lowest amounts were obtained in control by 54.62 and 20.40 mg kg-1. Also, greatest concentration of chlorophyll a,
chlorophyll b and total chlorophyll were recorded under0.4 percent humic acid foliar application by 3.58, 1.79 and 5.37
and the lowest chlorophyll contents were associated to control. Highest activities for plant enzymes superoxide
dismutase and glutathione peroxidase were obtained under(.1 percent foliar application of humic acid by 4.20 and 1.95
(Tu/gr. FW) and the highest activity for catalase enzyme by 4.46 Tu/gr FW in 1000 mg L-1 humic acid through was
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irrigation and the lowest enzyme activity obtained in control treatment. Findings showed that application of various
levels of humic acid increased plant enzyme activity compared to control in all of three application method (soil, foliar
and application through irrigation water). Increasing humic acid concentration decreased enzyme activities. Also, there
was negative correlation between activity of plant enzymes and concentation of chlorophyll types and active iron.

Conclusions: Active iron and antioxidant enzymes represent iron status within cell cytoplasm. Based on the results
of this study, active iron concentration and activity of antioxidant enzymes are appropriate indices for evaluating plant
tolerance to iron deficiency compared to assessing total iron content in leaves.

Keywords: Active iron, Chlorophyll, Humic acid, Plant enzymes
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Table 4- Descriptive statistics and efficiency of kriging and cokriging methods for surface clay, silt and sand map
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Table 5- Comparison of soil texture determined in the lab with cokriging predictions
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Introduction: Soil texture is the average size of soil particles which depends on the relative proportion of sand, silt
and clay contents. Soil texture is one of the most important features used by soil and environmental scientists to
describe soils. Soil texture directly affects the soil porosity, which in turn, determines water-retention and flow
characteristics, nutrient-holding capacity, internal drainage, sorption characteristics and long-term soil fertility. High-
resolution soil maps are essential for land-use planning and other activities related to forestry, agriculture and
environment protection. Given the soil texture roles in controlling the soil functions, it is necessary to understand the
spatial distribution of this feature in regional scale. As soil texture is a static property, regional scale soil texture maps
can thus help environmental scientists to predict different soil-related processes. The objective of this study was to
develop a soil textural class map using Terra satellite MODIS sensor images.

Material and Methods: To achieve this goal, the digital elevation model SRTM radar of the studied area for soil
samples from different altitudes and slopes was prepared in four sen consecutive 30 meters time frame. The nearest
neighbor method with an error of less than 0.5 pixels was used and the elevation layers were mosaicked and transmitted
to the UTM ZON-38 coordinate system and GIS Ready Became. The normalized difference vegetation index of bands 1
and 2 of the matrix was obtained to isolate the reflection of the electromagnetic spectrum of vegetation and soil. This
final mosaicked digital elevation model was then divided into different altitudes to accurately evaluate the surface
texture. The 60 spatial points were selected to estimate the texture of surface soil in the studied area with systematic
randomized sampling. In the current study, soil texture was determined for the air-dried samples using hydrometer. The
SWIR bands of MODIS with resolution of 500 meters were selected for sampling dates. After corrections, DN values of
the bands for sampling points were extracted. The Pearson correlation coefficient and step wise regression techniques
were used to establish proper relationships between the DN values of the SWIR bands and the soil particles. Kriging
and cokriging methods were also employed to create a spatially distributed map of the soil textural classes.

Results and Discussion: The results showed that there is a close correlation between the SWIR bands of the terra
satellite and the MODIS sensor with band 3, and using this auxiliary variable significantly reduces the estimation error.
The best model for fitting semivariogram for clay, silt and sand contents were spherical, spherical and exponential
models and the best fitting Cross-semivariogram for clay, silt and sand contents were spherical, exponential and
exponential models, respectively. The highest and lowest error estimation was, respectively, related to sand and clay
content. The maximum and minimum decrease of estimation error by the auxiliary variables was found for sand and
clay content, respectively. The nugget/sill ratio of the kriging semivariograms was greater than 25%for sand and clay
content and lower than 25%for sand and silt content. This indicates that sand and silt contents had a strong spatial
dependency, and clay content had a moderate spatial dependency. These ratios for cokriging cross-semivariograms of
sand, silt and clay contents were less than 25%. The interpolation of estimated soil texture was also determined using
the cokriging method with 70% of the soil texture measured in the laboratory.

Conclusions: Our results indicated that cokriging method estimated the soil particles more accurately as compared
with linear multi-variable stepwise regression and kriging methods. Application of cokriging method also reduces the
number of sampling points and the estimation error of soil texture zoning. Therefore, cokriging method seems to be
better suited in impact assessments for data-scarce regions such as Iran.

Keywords: Cokriging, Kriging, MODIS sensor, Multiple stepwise regression, Particle size distribution
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Figure 1- A simple scheme showing the used steps for preparing magnetic chitosan-carrageenan complexes
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Table 1- some physio-chemical properties of the tested soil
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Figure 2- (a) XRD patterns of neat chitosan and magnetic bio-adsorbent mHCSCar; (b) TEM image of mHCSCar; (¢) SEM
micrographs of mHCSCar; and (d) the magnetization versus applied magnetic field for mHCSCar
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Table 2- Parameters of the Freundlich and Langmiur equations forwater and soil systems.

Treatment Freundlich zJux 6 dslxe Langmiur ;5505 dolze
o process r’  RMSE Kg n r’ RMSE K b (umol g'1)
Water system ads 0.99 442 1.14 0.77 0.99 6.83 0.0005 750.2
Water system des 0.99 0.93 1.35 0.54 0.97 3.47 0.0021 88.2
Soil system ads 0.99 14.03 73.62 0.37 0.96 62.91 0.0092 992.7
Soil system des 0.99 10.84 62.28 0.36 0.96 51.2 0.0241 695.6
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Figure 3- Adsorption isotherm of Cd (II) by mHCSCar0.2 in the water system
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Figure 4- Isotherm of adsorption of Cd (II) by mHCSCar0.2 in the soil system
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Figure 5- Adsorption-desorption of Cd** on mHCSCar0.2 in water and soil systems
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Figure 6- The relation between Aq and the initial cadmium concentrations in water and soil systems
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Introduction: Due to the negative effects on human being health, the decrease of cadmium bioavailability in waters
and soils is necessary. The main origins of cadmium ions in environment consist of batteries, phosphate fertilizers,
mining, pigments, stabilizers, and alloys. Many methods such as ion exchange, chemical precipitation, flotation,
ultrafiltration, nanofiltration membranes, reverse osmosis, and electrocoagulation have been used for the removal of
cadmium. Notably, adsorption is proven the most practical technique for heavy metal ions removal of pollutants from
wastewater and contaminated soils. Among the various adsorbents, chitosan has introduced to be an efficient one, due
to its unique characteristics such as antimicrobial activity, biocompatibility, non-toxicity, and being low-cost bio-
adsorbent. Chitosan is a derivative of N-deacetylated of chitin, a naturally occurring polysaccharide taken from
crustaceans i.e. shrimps and crabs, and fungal biomass. The presence of amine and hydroxyl groups in the backbone of
chitosan gives the polymer its high binding capacity in adsorption processes. Chitosan can decrease the metal ion
concentration to near zero. This work evaluates the modified chitosan’s potential as a bio-adsorbent in the water system
and also its potential as a soil amendment in the soil system in terms of the adsorption and desorption of Cd*". It is also
worth noting that there is no report on the removal of cadmium ions by ionically crosslinked chitosan/k-carrageenan
materials, especially in soil systems.

Materials and Methods: The chitosan-based magnetic bio-adsorbent was prepared through in situ co-precipitation
of iron ions in the presence of chitosan with high molecular weight. The surface (0-30cm) soil samples were collected
from a field in University of Maragheh in the North East of Iran. Some physio- chemical properties of the soil used in
this study were determined. Adsorption of cadmium on the bio-adsorbent was investigated using batch experiments.
After adsorption, the adsorbent loaded with cadmium ions was washed with distilled water before treating it with 90 ml
of 0.1M ethylenediaminetetraacetic acid (EDTA) for the determination of the metal desorption. The experimental data
of Cd*" adsorption and desorption isotherm were fitted by Freundlich and Longmuir models.

Results and Discussion: The crystalline nature and phase analysis for pure chitosan and magnetic chitosan bio-
adsorbent was confirmed by XRD analysis. The diffractogram of chitosan consisted of two typical crystalline peaks at
26= 10.8A° and 20.42A°, corresponding to the partial crystalline structure of chitosan and the hydrated crystals of the
remained a-chitin chains in pure chitosan, respectively. The characteristic peaks of chitosan in the XRD pattern of the
magnetic bio-adsorbent disappeared, indicating of the amorphous structure of chitosan. It suggests that the addition of
magnetite nanoparticles obviously affects the crystallinity of chitosan. On analyzing the values of r* and RMSE
obtained using Freundlich and Langmuir models, it was observed that Freundlich model provided the best fit for the
experimental adsorption and desorption data at the ranged of the Cd*" concentration studied in the soil and water
systems. To evaluate the efficiency of the modified chitosan as an efficient bio-adsorbent in water and soil system, the
difference between adsorption and desorption amounts, Aq, was calculated. The less amounts of Aqg, the more efficient
adsorbent in a water system. This means that the adsorbent can be reused several times. In contrast, in a soil system, a
positive relationship was found between the amounts of Aq and the efficiency of the adsorbent. This means that the
adsorbent can immobilize the adsorbatesand therefore, may be used as a metal immobilizing amendment in soil. As the
initial concentrations raised, the amounts of Aq increased in the water system; therefore, it seems that the bio-adsorbent
may not efficient at high initial concentrations. In the soil system, the more amounts of Aq decreases, the more
efficiency of the adsorbent as a cadmium immobilization increases. Therefore, the bio-adsorbent used can be relatively
efficient as a soil modifier.

Conclusions: The results revealed the magnetic bio-adsorbent based on chitosan can be sorb Cd** from water and
soil systems. The maximum adsorption capacity (b) of cadmium onto the adsorbent appeared to increase from the water
system to the soil system, from 750.2 to 992.7 umol/g, respectively. On analyzing the values of 1> and RMSE obtained
using Freundlich and Langmuir models, it found that Freundlich model provided the best fit for the experimental

1 and 2- Soil Chemistry Laboratory, Department of Soil Sciences, Faculty of Agriculture, University of Maragheh
3- Polymer Research Laboratory, Department of Chemistry, Faculty of Science, University of Maragheh, Maragheh, Iran
(*-Corresponding Author Email: abasiyan@maragheh.ac.ir)
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adsorption and desorption data at the range of the Cd*" concentration studied in both water and soil systems. By
comparing the amounts of Aq, the difference between adsorption and desorption amounts, the bio-adsorbent is not
economically feasible at high initial concentrations in the water system. But, the more decrease amounts of Aq in the
soil system, the more increase efficiency of the adsorbent as a cadmium immobilization. In general it seems that the bio-
adsorbent used can be relatively economic as a soil modifier.

Keywords: Adsorption, Desorption, Freundlich, Langmuir
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