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1- Weighted Usable Area: WUA

2- Physical HABitat SIMulation: PHABSIM
3- Mean Annually Flow: MAF

4- Habitat Restoration Projections
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3- Combined Suitability Index
4- Suitability Index

5- Riffle

6- Pool
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1- Flow Duration Curve Shifting: FDC Shifting
2- Global Environmental Flow Calculator
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Figure 2- Shows pool -riffle sequence (16)
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2- Electrofishing
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1- Habitat Suitability Curves: HSC
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Table 1- Geographic location and characteristics of sampling stations in Zarrin-Gol river

Geographical Location gLl sas Cuxdgo

Environmental Parameters _Jase b sl )b

L g 5 g5

s Gos oo

c. 2Ll J Wl i 2 St (55993 4
o sl dsb - Sl 025 Above Sea Level  Velocity  Depht Width Pt S39P0 02
Station . . Form morphology

Longitude Latitude (m) (m/s) (m) (m) substrate
1 54°93' 07" 36° 90' 41" 261.9 0.82 0.48 3.93 Pool
2 54° 93' 47" 36° 89' 98" 296.3 0.71 0.41 3.81 Pool
3 54° 94' 65" 36° 88' 68" 352.7 0.63 0.61 3.93 Pool
4 54° 95' 13" 36° 88' 18" 496.2 0.44 0.51 5.25 Pool
5 54° 95' 43" 36° 87' 46" 567.1 0.54 0.45 4.85 Riffle
6 54° 95' 55" 36° 87' 14" 639.8 0.66 0.48 4.64 Riffle
7 54° 96' 67" 36° 85' 91" 667.1 0.54 0.57 4.28 Pool
8 54° 96' 93" 36° 85' 29" 721.9 0.53 0.41 4.81 Riffle
9 54° 97' 02" 36° 84' 75" 848.5 0.72 0.38 5.93 Pool

10 55° 02' 28" 36°81' 67" 916.7 0.92 0.53 5.81 Riffle

11 55° 03' 15" 36° 81' 45" 985.2 1.14 0.58 5.65 Riffle

12 55° 03' 49" 36° 81' 78" 1067.2 1.13 0.51 5.18 Riffle
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Table 2- Frequency (Piece /m?) of fishs in sampling different stations Zarrin-Gol river
WoS/ Jucrd S0 w0 plogls Silegr plsw abld 2l ploolw
; Neogobius fluviatilis Paracobitis Albernoides Capoeta gracilis (Keyserling,
Species/Season - . - Total
pallasi malapterura eichwaldii 1861)

(Spring) ke 0.07 0.15 0.7 0.7 1.62
(Summer) bt 0.09 0.45 0.98 111 2.63
(Autumn) ;L 0.03 0.36 0.54 1.67 2.6
(Winter) ke 0.05 0.36 0.36 0.48 1.25
JS o5 Aladgy (6415 paiges caliSue salKiwulyd bl (e).o Fo yd azka3) Sty Y Jgse
Table 3- Frequency (Piece /m?) of fishs in sampling different seasons Zarrin-Gol river

‘b’_slb * "_' 1 2 3 4 5 6 7 8 9 10 11 12
Species /Station
(s2loolow
1861)
‘d”b ”‘_Q’L” . 0.05 0.097 0.888 0.229 0.04 0.056 0.004 0.003 0 0 0 0
Albernoides eichwaldii
‘S’L’_”_? sl 0.015 0.072 0.057 0.028 0.044 0.185 0.017 0.063 0.002 0.017 0.099 0
Paracobitis malapterura
‘5_’}5 @*3_@:[‘_95 . 0 0 0.131 0.001 0 0 0 0 0 0 0 0
Neogobius fluviatilis pallasi
TJtsI 0.139 0.384 1309 0564 0.184 0.251 0.031 0.113 0.003 0.017 0.099 0
ota
laog) (93 gl plee sl (lo ol VL sls <ol S35 93 Jus oA

;| Capoeta gracilis (Keyserling, 1861) _alosbus 4565 .l
sl Ao (s g AL claaisS I (Ko g oo oS edlsil

i i lisen (cLnolSian! 5 Jguad > ailoolus gl adllas
U SLdlae (cLnelSiu) 151 )3 665 oyl dmd e olis s>
9 uJbLAal.“_.w T J..o.?o u).)._B » u.(bbf .)95 &S Cowl odalin


http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2601
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2601
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2601
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2601
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2601

AR

e B9y 5l ooliiwl b US55 Al09;y (S 5elaST wolluo (4l 2 w3y Sl g (>l 5b

Josa 3 gy cpl dlale (Jamecuns (b @je5 polie 50 4
ol 48 Canl oad dlpaidy ol gy ) Wl ol &)l £
G Yl bl b Bollas asrecuny; O 5l (sl (Koo >
S aVlho (L bwgio Jopd Ve (glailBog) piuwsST S
solo (sly aVlo by lawgie Jopd Ve g didwl U yoo slaole
Sl lacundg s 4 2B odd 485 5la5 )3 55 308 U (32393
2 0l gy J) ol (sl gl ol Jd I b
ober gy an Vo ol bwgle (il (slaao)
Gl .l odds &I Y Jodo 3 (5 opyj ailBag;y (Jaorociuw
aS3gy ) (Jomd JoB) (clasVole cansg 4T (gl oF Jgio
U crosnd slm) JLo Jol ol i > it B JS 3
olo i )3 g aslipy e yio +/PY Jolao (Sby> b (905
by o o VY iy (o3 (il U oloyge cslyy) Js pod
Al L8y IS oyj abag) g asly oS yie < YA (1Sl L

S ey Sz e 4 ol oot e Jl s,
St o 5 S i i &y (S5 ~ Saiaen
2 S bl o |y (lasmece; gl ol
sy bulyd 4 g b i Jamecanj o e (gla oS
& ya9yia oKl alale (cla 5 ol 5l oslizul b g 41534,
S (o L B39y (59 2 29290

Jobo S1is (YF 5 1) ol Coanl 51 (gysils (il adllas
Slen 5 35 YYD 1 (39 4 5 yia gl YD (aleokus IS
Jieaddg sl p) S VB Gl iy Sike 5 el YV IS Jbo
DS o g0 olo s b olosiiwl I 5lop Juad )3 bres  aloolus
55 59y g 4wle g vb 3 Ol (gyta Bl o LY )3 (5058
slal O J3h e s s )3 (choypsS aad 0 &y S
0Ly SasS clacKiwly g dule 5 3 Lawgs lagss g o3|
JB1 53 5550 Cae Al (ale nl ol (Vg )) L9 oo
Cuond | 905y Jed Jgi slacs mlpe 395 Comsj Joro dilBag,
4 0)bg> (5525055 Jl g 9 S (o0 ©2loe CewdVl 4 Cundply
(5385 Sldgrge 3l pimen (VO) LS o Canlye Cuwd sl Cuows
B e 5 IS e 4 i o] el g ol pis Y
051 b (S (6l i g pl] b sy b ailo los] oalosliws
Ly oaloolus 8555 caalllan gl 13 (0) 2l oo bawsgio b Sng8

W200,5 Clssl Gun &5 lgisay

polas (oxe JLanl g oy (SGjelgen B9y 99 00,87 L
sl )3 (S5 ()5 a5y, (Hamec o) oo Loy

F s 0 ol s aods a5 55 alore S8 0355 (59

COld (g, 5l o3l b S50 55 (6 phog e oLl 53 JS (12 yj Ailedg; (dadnoumn 5 (ol 2 —€ Jgoa
Table 4- Environmental Flow of Zarrin-Gol river hydrometry station using tennant method

ol T ol g, &3y 3l >
Description of flows Tennant method (% MAF) Proposed flow (m?/s)
Sl o0 29 R (323398 Sk ypo 292 R (3233958
October- March  April- September _ October- March _ April- September
& S 200 4.22
Flushing
kg 029 60-100 1.26-2.11
Optimum range
Jl”“‘? 40 60 0.84 1.26
Outstanding
e 30 50 0.63 1.05
Excellent
N 20 40 0.42 0.84
Good
Rl 10 30 0.21 0.63
Fair or degrading
e 10 10 0.21 0.21
Poor or minimum
oS <10 <10 <0.21 <0.21

Severe degradation
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Table 5- Environmental Management Classes in FDC Shifting method

hamoans § o pdo s W et bl | e Sl ! 5‘*’.
Envi tal M tCl Ecological Conditi Environmental Water Requirement
nvironmental Management Classes cological Condition (% MAF)
A i 75.4
Natural
B b s S 53.9
Slightly Modified
c 5 oo B 40.2
Moderatly Modified
Largely Modified
E Moliw) ok u,-fdww‘ 31.1
Seriously Modified
F S v jo Ol s 246
Critically Modified

aigs (S0 il ol 3 (SajelsST slajls 5 lsag) o

L S 0p) B09) (RjglsST blpd (yp yskaio 4 aelsl
bloobw Hlox o Al dw 09,5 (gl ( Slie Clinlin 4 458
s 09515 gy B oK) 43 Cangllae (o giie
Jolye o (2K cuwgllas (gla gonie ¥ IS5 53 (YY) A5 02l
g ey o Bos ol gL ¥y gl Bun &5 S5 calisee
g Lo (g pmnnds 53 .Cawl o0 031y LS ytug lyd o3l
adllas ;5 4l o (6 pSojlul LI oS yhad & as g b
“IVA) Cdyd o o yro uo A=VF) lawgio b Bgate 1D ¢ Slise
leo \WASYDS) Sisoglh 4 5 ey jly (35 5 (o skes V8
392 (e

O il 38l b el o ool lis ¥ S j0 4T ek len
Sy 5y Sns o 5 o] Bam 855 0,55 53 5 (ol
o Jbe el ol Y3 S (S e e 5 Ol (G 095
9 QKJ&]H‘ DLSQ:L) 019—‘& Ao (S 09)_? u_s‘ dl)_s uu._.wy
9 aw Vs 98 (Bes Liali8l b a8 Wil o 4185 slaolSiuy]
Cumdg 9 298 o0 whld bl oo SCudyd dlge Jols & sl Y
(ol Gy g Goe ]38l b sl ol yigg ol j Cangllas
i 0355 ol 5 Moign 8IS ol o 03,8 ol ol
YL Gy [ imd oo g 5 1) S ot o g Gloc]
g oler @b b ablie )y plale (551 Gpo o ol b2
el S el 13 008 0 Ol jd (6yglis g Job Lads
A.A_u5.Ua.a u‘)—:ﬁ a4 I) g,u_wT U")—’f”—g Jl_‘>u‘ JLo.ol as [RPRC
g yo Sl £o U Fr Gos odgiome cuily daled o yiwd 53 oK ;
Cawl 4B g e +IV B /0 Cspun

dle (e Copde WIS b )3 by ol @l
Sl @ Jods an asgi bl i 00 Lis & oo )0 o
b wgie Ao )3 YOI uab) A oS 55 5 )5 ailBag, Laas
2 dooyd OY/A (a8l s SOl B oS o ldle b
1o L) D odS 3 g dmoys Fo/¥ fasily i Ls) C oS
Sl plio (cuyp Ll jLidyse Al (L bwgie
Copde Sl S a4l i baib 4 4o g L wdl
by (K381 15 51 C WIS (g cilisie (awxolun
9 ol Solnd oMl 13 9 0392 (25llae 9 lawgio Laslyd
bl sl Slas g 4l youis b (531 055 ol (sl
Olgie 4 Bod (pl 53 (Y0 5 VF) Lile2)556 Cawd join eS|
JLasl gy 50 ol 0ds QbS] i) wgllas o pte (WwMS
bl yig e Copte WS p by gl e
D Jwle il 35 e Gl olie
25 (V) OhlSen 5 (helawl 5 (1F) (il 5 (spilaiae
C oM o lsadllandjgo slo i3, armecunss ol 2555
Sty Sl plois an ]y ploye polas ome JUil g5
slagby) sl ader jlasss ()55 ¢ Jsd BB (So55)sS]
LS| oo by w2y 2510 0 (S5dg)e
Ololidyl8 bl s b 5 i 5 039 @y 9 423 o <o
30 Bl e 03 39ueS byl cod Jasmecianj by sbj)l
W39y (23 sloosly ((Sfgls i (sla by, plod s Lo i
s oS €8> L by, conl calas (Y5 5 1V OF O4) 13l
= Jimad 3 (asecn Sl 3y50 (b sy <ol ke
Cldg2ge Cumdg g £95 9 Obyz (b Clasd (85 ey (9



OYY o slag) 3l oolisanl b JS e ) ails0g; (Su3olesT wollao by w5y Juli 5 >k

1 - 1 4
‘ e Adult ;
0.8 . uit & 0.8 -
e
e o
>} - -
3 Eos V. olsr '_5350'6_
QJ — * Juvenile =
4= \ 13
< 0.4 1 J £ 04
} = . 5
@
0.2 - \ 0.2 -
0 — o+¥ 1
0.15 0.3 0.4 0.6 0.7 0.8 0.010.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
(322) Gos (st s 7o) Caopes
Depht (m) Velocity (m/s)
1+ .
= Adult M
0.8 + = |
= Jler
Juvenile
0.6 -
g
13
4 o 04
4 F
3
J£ 02
@
0
Medium bugs o Coarse o o Gray Sows
Gravel Gravel Gravel
JUs eils
Substrates Index

S y; W29, 3 (dlookw (JUE (ad L g Cos puw ((Gos) (Bl 5 Cugllo (5o Soio =T JSUi
Figure 3- Habitat Suitability Curves (Depht, Velocity and Substrtes Index) of C. capoeta gracilis in Zarrin-Gol river
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Figure 4- Flow-Habitat Physics Curve in Pool and Riffle Habitats age stage Adult of C. capoeta gracilis
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Figure 6- Habitat suitability distribution for age stage Adult of C. capoeta gracilis in Zarrin-Gol river
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Figure 7- Habitat suitability distribution for age stage Juvenile of C. capoeta gracilis in Zarrin-Gol river
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Introduction: The field of ecohydraulics is rapidly growing as the society requires a better understanding of
the interrelations amongst the dynamics of the physical processes pertaining to aquatic ecosystems and the
modifications observed in their habitat as well as the biological responses of the organisms. Environmental flow
science is a common tool for assessing the consequences of changing the flow regime of aquatic ecosystems and
providing a minimum flow of aquatic species protection. Environmental Flows assessment is a global challenge
involving a number of tangible and intangible segments of hydrology, hydraulics, biology, ecology,
environment, socio-economics, and several other branches of engineering including water resources
management. River impoundment (dams, weirs), water diversions and consequent modifications to flow regimes
have highly destructive effects on aquatic species and ecosystems.

Materials and Methods: In this research, two most common hydrologic methods Tennant and FDC Shifting
were compared with a habitat simulation method i.e. PHABSIM. Tennant method is the most popular
hydrological method in rivers and is based on the historic flow data. Investigation of the relationship between
hydrologic approaches and physical habitat simulation approach and presentation of new recommendations
based on the ecological and hydrological data can be very useful for estimating environmental flow in planning
phase of river projects. We used river habitat simulation program to model the depth and velocities around
boulder clusters to evaluate the habitat for Capoeta habitat in Zarrin-Gol River. The Zarrin-Gol River is one of
the rivers in Golestan province in northern Iran. The statistics required for hydrologic calculations were also
collected from Zarrin-Gol hydrometry station during the 42-year statistical period (1353-1395). In this regard,
after the field studies and the development of the habitat suitability model for the target species, the Habitat
simulation of the flow was carried out and eventually the ecological flow regime was extracted. In order to
identify the important habitat variables and assess their impact, the life pattern of fish species was divided into
juvenile and adult life stages.

Results and Discussion: Based on ecological assessment, the environmental water requirement of
Gharahsoo river is 30% of mean annual flow for spring and summer and 10% of mean annual flow for autumn
and winter seasons. It was found that application of Tennant and FDC Shifting methods led to dramatically low
discharges as fixed minimum environmental flows, while habitat simulation method gave an acceptable
estimation of ecological regime. However, habitat simulation technique assesses the allowable value of
extraction from river flow dynamically, considering the ecological condition and average intermediate values.
River conditions including flow velocity, water depth and river bed substrate are combined to form unique
habitats facilitating the survival and growth of fish species populations. Habitat forms are observed in a wide
range of rivers depending on the diet and the river type such as Pool, Riffle and Run. The destruction of the
Riffle substrate causes disruption and impacts the biological integrity of the current. According to the Q-WUA
curve of the Riffle habitat in high waters and flood conditions, the area available for juveniles of the target
species decreases because of the flood, morphology and habitat of the river, so large and continuous floods
inhibit the opportunity to rebuild habitats from the river and endanger the lives of fish. One of the factors
limiting the desirability of the habitat and thus reducing the available habitat in low river flows is the low flow
velocity, as well as high stream flow flows. The maximum and minimum flow regime, required to maintain the
Zarrin-Gol river ecosystem according to ecological needs, was 2.49 and 0.58 m3/s in April and November,
respectively, with an average value of 1.25 m®s (59 % of natural stream of the river). In the next step, habitat
suitability distribution along the stream was investigated. This was performed for the full range of discharges.
Habitat suitability distribution along the stream at different discharges indicated that the upstream part of the
stream had the poorest habitat condition and moving towards the downstream parts, the habitat suitability

1, 2 and 3- Graduate M.Sc. of Water Resources Engineering, Associate Professor and Assistant Professor of Water
Engineering Department, Gorgan University of Agricultural Science and Natural Resources, respectively.

(*- Corresponding Author Email: mzakerinia@gau.ac.ir)
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condition was improved.
Conclusion: Application of the Tennant method based on a hydrological system can be an inappropriate

choice for determining the minimum flow to maintain the ecological environment of the river. According to the

results, the PHABSIM model can simulate flow, habitat suitability of target species and the habitats dynamics
accurately, which is highly required to protect the proper habitat of fish in river ecosystems.

Keywords: Environmental flow, Habitat simulation, Hydrological methods, Zarrin-Gol river
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Table 1- Genereal information of farms in Miandoab and Mahabad regions
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Farms . . . Date of (Hus2) Sourse of u u
Row Village name Kind of planting .
code planting Area water
1 L2 (Lalakloo) 4l (Wheat) pu5 93/08/26 0.74 (Well) o> 581199 4099363
2 N1 (NezamAbad) sl plas (Barley) o 93/08/24 0.48 *(River) 4ilss,, 583402 4100936
3 H3 (hajhasan) s gl> (Barley) o 93/08/23 0.55 *(River) «ls>y, 4101995 4101995
4 M1 (khorkhore) s,g3 )¢5 (Wheat) pu5 93/08/13 0.92 * (Canal) Juis 565033 4099377
5 M2 (khorkhore) o455 (Wheat) pu:s 93/08/15 55 * (Canal) Juis 565072 4092432
6 T1 (NezamAbad) sUf sl (Sugarbeet) :3,u 94/01/15 0.4 *(River) als.sg, 583887 4099802
7 T2 S o6 (Sugarbeet) 8,05 94/01/15 0.62 (Well) ols 579256 4100172
(Tazekandlalakloo)
S o35 .
8 T3 (Sugarbeet) ., 94/01/15 0.78 (Well) ol 579833 4100019

(Tazekandlalakloo)
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Figure 1- Case study
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Table 2- Soil texture of the farms in the case study

asyj0 A5 SB Ges S cal ov) S o
Farm code Soil depth (cm) Soil texture Clay (%) Silt (%) Sand (%)

0-30 Silty clay loam 30 46 23

L2 30-70 Clay loam 28 41 31
70-100 Silty loam 9 61 30

0-30 Clay Loam 20 46 34

N1 30-70 Clay Loam 26 48 26
70-100 loam 20 53 27

0-30 Loam 20 25 55

H3 30-70 Sandy clay loam 16 20 64
70-100 Sandy loam 10 19 71

0-30 Sandy clay loam 18 20 62

M1 30-70 Sandy loam 8 18 74
70-100 Sandy clay loam 13 21 66

0-30 Clay loam 39 36 25

M2 30-70 Clay 41 36 23
70-100 Loam 23 34 43

0-30 Loam 6 54 40

T1 30-70 Loam 5 46 49
70-100 loam 7 35 58

0-30 Silty loam 8 66 26

T2 30-70 Silty loam 4 84 12
70-100 Silty loam 5 81 14

0-30 Silty clay 36 51 13

T3 30-70 Silty clay 43 41 16
70-100 Silty clay 41 45 14
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Table 3- Date, Flow and irrigation depth during growing season

as 50 o5 bl 6 N bl el Gos
el &, e o . N
Fa(rjm Irrigation date (4l 53 2) _ (“'“_‘L"')_ (o skee)
coae Flow Irrigation time Depth
2015/20/04 6.98 79 260
L2 2015/17/05 8.7 78 250
2015/02/06 8.7 78 250
N1 2015/29/04 51.78 35 133
2015/06/05 51.7 3.5 133
2014/20/10 16.7 13 142
H3 2015/17/04 16.7 13 142
2015/07/05 16.7 14 150
2015/26/05 10.2 15 98
M1 2015/06/05 34.95 6.5 88
2015/31/05 36.34 6.5 92
M2 2015/05/06 34 16 188
2015/31/05 37 17 207
2015/22/07 14.24 9 120
T1 2015/18/08 16.69 9 130
2015/05/09 27.24 8 188
2015/01/08 12.92 20 155
T2 2015/18/08 8.87 47 250
2015/04/09 18.58 25 277
2015/05/07 14.33 30 193
3 2015/27/07 14.33 20 132
2015/18/08 15.96 43 317
2015/10/09 14.33 26 173
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Figure 2- Wheat, barley and sugar beet crop coefficient estimated using CROPWAT model
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Figure 3- Wheat, barley and sugar beet evapotranspiration estimated using CROPWAT model
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Figure 4- Soil moisture variations at various soil depths in the farms
(The right side figure is with precipitation and the left side figure is without precipitation).
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Introduction: Agriculture consumes a large portion of groundwater resources. In order to understand the

status of groundwater resources in a basin and to optimize its management, it is necessary to carry out an
accurate examination of the fluctuations in the groundwater levels. Recharging groundwater aquifers is one of
the main strategies for water resources management which its accurate estimation plays a crucial role in the
proper management of ground water resources. That portion of the excess irrigation water which becomes in the
form of deep percolation should not be considered as wasted water, if its quality is not adversely reduced and it
enters and recharges groundwater aquifers. The question is whether deep percolations resulting from irrigating
farms with low application efficiencies and poor irrigation management in the Urmia basin would finally
recharge ground water aquifers or not. In order to provide a solution to the aforementioned question, after
calibrating HYDRUS-1D model, it was used to estimate the fluctuations of the levels of the water tables as a
results of irrigations or rainfalls in a number of wheat, barley and sugar beet fields located in Miandoab and
Mahabad regions where all agricultural practices were managed and carried out by the local farmers.

Materials and Methods: In order to ascertain the effects of irrigation on the groundwater recharge, the
required field data was collected from nine agricultural fields including one wheat farm, three barley farms, and
three sugar beet farms, all located in the Miandoab region and two wheat fields located in the Mahabad region.
All the water balance parameters for each one of the fields were measured in the studied fields, including the
depth of irrigation at each irrigation event by using WSC flumes. The Surface runoff from the studied farms was
considered as negligible, since all the fields were irrigated using closed end borders. The evapotranspiration of
wheat, barley and sugar beet were calculated in the regions using the CROPWATS8.0 model.

The soil texture of each of the study fields were determined by hydrometric method in the laboratory and
then soil hydraulic parameters were estimated by ROSETTA model. The soil moisture of all the fields during the
growing season were measured using a PR2 moisture meter instrument measuring soil moisture at various depths
up to 105 cm below the soil surface. The amount of deep percolation occurring during the growing season was
simulated by the HYDRUS-1D model. The soil water content measured by PR2 (Delta-T Device) probe were
used for HYDRUS-1D model calibration and validation using the inverse solution method. Because of the
occurrence of rainfall, irrigation and evapotranspiration, the atmospheric boundary condition was selected as the
upper boundary condition and free drainage was considered as the lower boundary condition in order to estimate
the groundwater recharge, assuming that water passes through and below the root zone. In areas with shallow
ground water depth, constant flow with zero flux was chosen as the lower boundary condition in order to
determine the fluctuations of the ground water level. Since the groundwater level in this case study was shallow,
zero flux was considered as the lower boundary condition. The soil moisture content before irrigation was
selected as the modelling initial condition.

Result and Discussion: The HYDRUS-1D model was calibrated by comparing the model estimated soil
moisture contents with the corresponding measured values which indicated the coefficient of determination (R?)

and root mean square error (RMSE) values ranging from 0.6 to 0.85 and 0.17 to 0.033 ( mg), respectively.

£
cm?

Another set of measured soil moisture data which was collected by using PR2 instrument and was not used for
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calibrating the model, was applied to verify the model simulation of the soil moisture content. Comparing the
measured and simulated soil moisture contents at this verification stage resulted in coefficient of determination

(R? and root mean square error (RMSE) values ranging from 0.62 to 0.88 and 0.002 to 0.023 (“"3),

cm’

respectively. There was no significant difference between the predicted and measured soil moisture data in all
the fields (P-value> 0.05). The minimum and the maximum coefficient of determinations in the validation stage
were obtained in the T5 field with a silty loam soil and in the H3 field having a sandy loam soil. The accuracy of
the model performance after it was calibrated and verified using the collected field data, was appropriate for
estimating the soil water content during the growing season. The model was used to simulate the soil water
contents from the soil surface to the depth of the water table during the growing season to evaluate the degree of
aquifer recharge if any happened. The soil moisture front advanced to a depth of 0.7 m below the soil surface in
the M1 field and to 4.7 m in the T1field. The amount of groundwater recharge varied from field to field
depending on each field’s soil type, cultivation and irrigation management including the depth and the time of
the irrigations. The amount of groundwater recharge increased by decreasing crop evapotranspiration. The
percentage of ground water recharge in N1, M1 and M2 fields due to limited availability of water resources
which resulted in deficit irrigation was very low. The irrigation water requirements estimated by the CROPWAT
model for the aforementioned fields were more than the depths of the irrigation water applied by the farmers.
The CROPWAT model estimated the irrigation water requirements during the growing season for wheat, barley
and sugar beet in the Miandoab region to be 308, 273 and 736 mm, respectively. However, the depths of
irrigation applied to such farms ranged from 306 to 500 mm.

Conclusion: This research was conducted to ascertain the effects of local farmer’s irrigation management
practices considered as poor management in some areas with plenty of water resources available and rainfall on
the amount of the groundwater recharge occurring in the regions studied located in the Lake Urmia basin. The
simulated groundwater recharge by the HYDRUS-1D model indicated that the amount of recharge varied from
field to field depending on soil type, cultivation and irrigation management practices. In all the fields, the highest
amount of groundwater recharge occurred when the crop evapotranspiration was low and therefore, enhancing
deep percolation to take place. The highest percentage of groundwater recharge was 28% of the sum of the
irrigation and rainfall depths which occurred in the barley field (H3).

Keywords: Groundwater level, HYDRUS, Irrigation, Recharge, Simulating
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Table 1- Meteorological information of the tested site
AARSEARN yrar-yyay
2012-2013 2013-2014
°L°lff’ Cagby, b $lod me’ Cagby, b sl
ol ! O O T ! oo perle peswe Ok dbCesw
Month Sunshine RH Tmax  Tmin P (mm) Uz (mss) Sunshine RH Tmax  Tmin P (mm) Uz (mfs)
duration (%) ¢C) cC) duration (%) ) ©C)
(h) (h)
;Er):e 9.8 17.09 32.25 14.85 0 4.02 12.11 21.75 33.06 14.7 0 351
J;’; y 10.75 222 3298 1576 0 3.85 11.42 16.9 37.02 19.28  0.0003 3.48
3o 11.17 23 3592 1843 0 3.72 12.08 17.75  37.89 18.77 0 3.76
August
IRRS 11.96 22.74 33.72 14.25 0 3.64 10.93 23.58 35.27 16.25 0.245 3.60
September
A 9.87 2751 3131 1253 0.1 332 10.86 18.6 3403 1258 0 3.075
October
oialel 3,90 Jowe S5 L - Jgan
Table 2- Soil texture of the tested site
SE Gos SBedl ey M e sl ol S
Soil depth (cm) Soil texture  Clay (%) Sand (%) Silt (%) FC (%) pw (%)
0-30 Silty clay loam 6 86 8 16.3 5.8
30-60 Silty clay loam 10 81 9 16.5 6.6
60-90 Silty clay loam 9 80 11 17.2 7.3
oilejl 5590 Joro S S 58 Ciluasuuiie —Y Joua
Table 3- Physicochemical properties of the studied soil
SBGes (i y3 oYy (ST o) Jolore S y95S 5 gyl
Soil depth Soluble anions and cations (meg/lit) SAR  pH  ECe (dS/m)
(cm) SOs42 HCOsz ClIF Na* Mg* Ca*
0-30 8.63 2.8 8 521 10 10 1.65 8 0.85
30-60 7.9 4 4 478 4 6 213 7.59 0.9
60-90 5.52 4 2 4.93 10 4 1.78 7.53 0.78
Sl @1 (S g (il Olaogad £ Jgoa
Table 4- Chemical and qualitative properties of the irrigation water
LT Lo
pH dlgf Anions (meg/lit) Cations (meg/lit)
(ds/m) - - - 2 2+ 2+ + + ++ ++
co? HCO3 Cl  SO4 Mg Ca K Na Fe Mn
7.9 0.63 - 3.2 2 1.6 2.4 1.4 - 3.2 0.078 0.014
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Table 5- The Corn crop coefficient at different growth

stages
o ‘\‘.“.J ! Axwg) ’Lya ~‘£L’
iy Jolpo =9 ¥ < shb
Growth st Initial Development Middle Late
owth stage —~ oK = 2
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Table 6- Variance analysis of measured characteristics of corn and water use efficiency (WUE)

EHLIIREY] s =Y
4> 3 Slos Gl I 39 ud, 93, W o POV
e e df JW Y0 Db Jsb / éof)w ol
Sources of changes : Cob length Diameter ’
Thousand Number of Number water use
Grain yield rain weight kernels per of kernels efficiency
9 9 cob row row (kg/md)
(;JL”) 1 187250.899 ns .613.126 ns 5.378 ns 0.900 NS 7.056 NS 1.496ns  0.001ns
ear
Jlo 2, 4 674423.636 361.513 14,711 2.756 2.396 18.130 0.007
(Repeat *Year)
1 - * *
_Ls)_Lgl ) 2 484503282.648 1693115.350 3005;744 71.&44 148.265%* 843.342 5107%*
(Irrigation regime)
ool w3y » Jls
(Year* Irrigation 2 90005.851 ns 36.918 ns 0.011ns 0.133 NS 0.569 ns 0.012ns  0.002 ns
regime)
(Eu“;) 8 85796.546 29.481 0.344 0.106 0.728 0.193 0.001
rror,
* * * *
555 4 22929531685+ OH337TSTT 833928 2LISIT g6 g 2643607 4 g
(Fertilizer)
5 Jls 4 13172.278 ns 3.032 ns 0.239ns 0.150ns  26.816 ns 0.021ns  0.000 ns
(Year* Fertilizer)
355 3 &)kl w23 8 854858.292** 1258.190**  29.411**  1.606** 24.925** 82.163**  0.017**
(Irrigation regime*
Fertilizer)
5y 39965 4 Jle
2 i 1) J 8  42607.988 ns 1.443ns  0539ns  0.050ns 14.155ns  0.072ns  0.000ns
Sk
(Year* Fertilizer *
Irrigation regime)
L3 48 52777.839 2.503 0.119 0.142 3.788 0.057 0.000
(Error)
% CV 36.72 0.79 0.79 2.7 9.97 0.49 1.55

Msime £ NS 4 70 o )3 (g5 et LY o jd (5,5 iz
s=Significant level1%,* Significant level 5%, ns: Non-significant.
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Table 7- Averages comparison of irrigation regime and different rates of fertilizer on corn yield, components and WUE

s S 039 EHAIKEY Slass o
oo g (A)Ah b, gl M
1% . Thousand ~ Number ~ Number Cob Cob
Treatments Grain . f f . Water use
i grain 0 0 length(cm)  diameter(mm) ici
yield efficiency
weight kernels kernels 3
(ton/ha) (kg/m?3)
(gn) per row row
okl w23y I1 8.85a 254.1a 50.63a 14.90a 21.02a 51.13a 0.91a
(Irrigation regime) I2 8.35a 240.4a 47.83a 14.76a 20.74a 50.75a 1.06a
I3 1.60b 99.6b 32.06b 12.16b 12.78b 35.27b 0.28b
N1  5.33d 165.6d 34.11d 12.50d 17.08c 43.82c 0.57d
&35 alises zolaws N2 5.69d 178.4c 38.50c 13.38c 17.53bc 45.39hc 0.62c
(Different rates of fertilizer) Ns 6.76b 206b 47.44b 13.94b 18.88a 46.75ab 0.85b
N4 7.43a 227.5a 49.61a 15.33a 19.40a 48.37a 0.94a
Ns 6.13c 212.8b 47.88b 14.56b 18.00b 44.26¢ 0.78bc
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Numbers with non-like characters have a significant difference at 1% level.
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Figure 1- Grain yield as affected by N rates under I irrigation regime (average of two years)
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Table 8- Comparison of bilateral interactions effects of irrigation regimes and different rates of fertilizer on corn yield,
components and WUE
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Figure 3- Residual moisture at different depths under irrigation regimes and different amounts of nitrogen fertilizer
treatment at 20 days after planting (20 DAP)
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Figure 4- Residual moisture at different depths under irrigation regimes and different amounts of nitrogen fertilizer at 45
days after planting (45 DAP)

by Sl 4o bddy ) g adS 5GBS Ign slod ol S olS
2 Sagile Ve Bes d S Gillas (F JS5) Slod) 395
oSS 3 0le 3L g, )3 sy SO iy jlog
aS el Jb o ol )3 sanline 5,0 355 slayless soles
355 sbasless o 53 Glgby BTl I3 g 12 slayles 5
LY ol 0 asS oo lo e UV Gas jl Bl gy ol
Yo B sja 4 A 095 ol saiS Ol slaa iy, WSy
2 S easle Sl cagl) )3 SBT3 e )3 (e Sl
JS8) e o fast 365 slasles o g ol S e yles
O g0 9 S il Yo g Ve s 90 0 BMS] ol o5 (F
015lo 3L by Ly 3T Y 55 .0 o5 Ni g Ny (glalass
Loy €5 8 S5 35, o & K25 o sl (5
Ve Glesl) s AT slaaY 93 3 510 g 11 e g3 0 S (YL,
» I).zuuo ey 30 Mo pd YO & oS Cwl (o Bl ¥oFe o V-
wlaanY 4y lile Of g oas o5 oLS o 5o iy 31 sl
9 o il ¥ g Ve &Y g0 j0 M| oyl a8 5)S 3985 5yl
Cogby Lg,as )_'>T auY 50 b 0ad N1 g Ny elajlos oo o
a2 Jll 4SS g pb 4 S35 ylasd polod gl oilo L
3 slaaY 93 5 510 g I sles 93 5 SB (VL glacugb,
ol 3L sy 3T sl 3 Talls s, o5 Lo s VO & &S ol

)5 3685 gl oY 4 dlile Gl g oid 1S ol

lmyles ol ey S 53 oo Bl sy 4 ol 5o
a2y g oy Vel it 9 V0 5l 28 al Sl g (e 058
(ML 1) ad> po al 53 olS (ol 0 5l 5 1o 05 gl S
S 50 0asb 8L sl cugby Y Y ja 0 oS S o odnline
BMA g0 Bl Yo=Fe o pd .aldl 0 doyd VO S
laslos ooles el 1o g 11 slos 93 55 S 45 aile sl b
Ly O IS p dng ol 4SS el L8 Y I i (068
ol 3 5 SLs Gilisee claayY 55 onle sl Cusbs _oisl3il
G 3 (B5b Cunndg Lol .l ol 5l 5 059y 265 sloless
By by nlS 538 58 s g 2 (syinila Yoot
dgeS 33,5 o sdaliio ] 51 3 Y 4 cond Y ol 3 sl
s oLS s o iy oS5 ials s 090 Jsb p> of s
on sl Ylain] (gdie lge 4y olS jls g 03, 5l Al ye ol 5 &
) gdio Dy g ol SL8gs Y Y 51 el ds b ladiy ) 45 sl
JEXGOBN PSRN U U G S S N GURES
@ ol 3485 pae g (gylol coliS pae LB @ Wlgs o 4l il o
Siyaoly ySTas s il Lg)lﬁ] aoliy ubo Hlaios oo gas
Fe L 48 oLS aiy) 3ae U anl Yool kit (gL
oS Cde g los b e 9500 Joli |y )3 (sl (6 e Bl
229 )l Oliee 099 AL Ve Gos ol o Cugby 391
Lol

LF’T )l_u 4\59 )yuuo ol WK)] J.:.g)'9) ARIA 4.1>/~c )



B0 . glails )3 5 Shos 9 S ugh ) Ol i 2 (33955 995 9 5ylel sl pls 1

sz gl )
Volumetric moisture (%) Volumetric moisture (%)
¥ 7 3 Y B A ¥ 5 4 W A VA ¥
s | —e—T2N4 ol —e—TIN4
—_ —=—I2N5 E —a— TIN5
N ?,)i} ] —+—1IN3
L= P2EY —e—IIN2
b = - 9 2 v
9 ﬁm g = v -
BY 1 “ e
8 1 Yi o
A .
sz gl
Volumetric moisture (%)
¥ 5 3 WY
& —+—I3N4
‘2
.g) 2 W
2
DEY
Y ﬁ Yo -
mG Y.
Yh
€.

Vo ds po (gl 9 S ilisee (s GoS 13 (y59 5 395 ilidee wdlile 3y, g g5kl iy G low (1 1y S 5 ouile B Cugb, -0 JSW
il 3l ans 59,
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days after planting (75 DAP)
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Figure 6- Residual moisture at different depths under irrigation regimes and different amounts of nitrogen fertilizer at 105
days after planting (105 DAP)
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Interaction of Irrigation Regimes and Nitrogen Fertilizer on Soil Moisture
Variation and Grain Yield under Tape-Drip Irrigation System
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Introduction: Drought is one of the factors that threatens the performance of agricultural products,
especially corn in most parts of the world. Under conditions of water scarcity, the effectiveness and efficiency
of fertilizer use is reduced, especially if fertilizer application is not consistent with plant growth. Among
fertilizers, nitrogen is one of the most important nutrients for corn, and consumption management of this
fertilizer has great importance in order to succeed in increasing the production of corn. Therefore, in conditions
of water shortage, balanced and optimal use of fertilizer should be considered to achieve increased yield and
water use efficiency.

Materials and Methods: This study was conducted to investigate the effect of drip irrigation regimes and
different levels of nitrogen fertilizer on yield and yield components of corn and soil moisture changes at the
Shaheed Zendrh Rouh Jupar in Kerman province during the years of 2012-2014. The experiment was arranged
as a split-plot design based on randomized complete block design with five irrigation regimes (I = 100, I, = 80
and I3 = 60% ET.) as the main-factor and five nitrogen fertilizer level N1 = 0, N2> = 50, N3 = 100, N4 = 150 and
Ns = 200 kg/ha) as sub-factor. According to the Kerman Meteorological Station, this region has a semi-arid
climate with warm summers and mild winters. To calculate the volume of water consumed, potential
evapotranspiration (ET,) was determined using daily meteorological information and Penman-Monteith
method (PM). A sampling method was used to measure moisture at different depths of soil.

Results and Discussion: The results showed that the highest yield was due to I, treatments with 8.85 t/ha,
and there was a direct relation between crop reduction and water requirement reduction at all stages of crop
production. High nitrogen application had a negative effect on yield. Typically, in soils that lack nitrogen, corn
grain yield increased with nitrogen addition. However, after reaching the maximum yield, nitrogen addition has
no effect on increase or yield may reduce. The interactions of different levels of water and fertilizer showed
that 1:N4 and IsN; treatments had the highest (10.6 ton/ha) and lowest (1.24 ton/ha) value of corn yield,
respectively. The highest and lowest grain yield components (thousand grain weight, number of kernels row,
number of kernels per row, cob length, cob diameter) were observed in N1 and N3 I; treatments, respectively.
The highest water use efficiency (1.26 kg/m3) was observed in 1;N4 treatment and the lowest (0.068 kg/m®) in
13N treatment. The results of this study showed that the remaining moisture content in soil decreased by
decreasing amount of irrigation water and nitrogen fertilizer in 20 days after planting. At 75 days after planting,
reasons such as severe water shortages during growth, reduced root density, high water requirement at this
stage of growing season, and the plants need to nutrients have probably caused the roots to absorb as much as
possible of the top three water and nutrient. As a result, the moisture that reaches the last layer is less. The
results showed that in the last stages of growth compared to other stages, the plant water requirement is
reduced and excess water penetrates the lower layers.

Conclusion According to the results of this study, nitrogen fertilizer at 150 kg/ha with 100% water
requirement is the best combination for corn farming in semi-arid climates.

Keywords: Different fertilizer levels, Irrigation regime, Soil moisture, Surface drip
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2- LCA: Life Cycle Assessment
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Figure 2- Location of Urmia lake basin in Iran
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Figure 3- Location of case study area of Zarrinehrood river basin
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Table 1- The geographical location of Nezamabad station
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Table 2- The values of Nitrogen and Chemical Oxygen Demand (COD)

Pollution / Season Spring Summer Autumn  Winter
(2 [ S ko) 0o
Nitrogen (mg/1) 11 0.7 1.6
(30 /)5 o) (oo 5mST (sl
26 35 22

COD (mg/l)

Table 3- The ecological condition of river based on Tennant (Montana) method (1976)
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Figure 4- Environmental flow requirement (EFR) and mean annual flow (MAF) for the (Nezamabad station) Zarrinehrood
river basin; EFR shows the proposed flow for the good level specified in Table 3
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Figure 5- Different levels of total environmental flow requirement (EFR) in the (Nezamabad station) Zarrinehrood river
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Introduction: Drying Urmia Lake, located in northwest of Iran, is mainly related to the reduction in rivers
flowing into the lake and hydrological parameters changes. Considering the importance and critical ecological
conditions of Urmia Lake, the purpose of this research is to accommodate the environmental water requirement
in managing rivers leading to the lake, including Zarrinehrood as the largest river to the lake. Moreover, water
scarcity was assessed by QQE approach in this basin.

Materials and Methods: Tennant method is easy, rapid, inexpensive, and is based on empirical relationships
between the recommended percent of the MAF. The ecological conditions of the river have been determined for
use in this method. In this study, different levels of EFR were calculated to protect the relevant levels of habitat
quality defined in the Tennant method. Also the fraction of Blue Water Resources (BWR) required to protect a
“g00d” level of habitat quality was considered as the suitable EFR. If it is less than the lower limit, the habitat
quality will be in degraded status.

EFR = Xif,eif | gij = 3600 =24 = ni = Qi = Pij

Soge IS a complete index to demonstrate water scarcity by considering water quantity and quality and EFR
indicator.

_ BWF _ & 5 . — GWF
T EwA  (FWR-EFR) : quality ™ ayrp

3 QQE = 5 Quantity {P]|5 Quality ) 5 Quantity

TE —
GWE = {(Cmax — C nat)

The Smakhtin method provided an indicator for assessing the water scarcity.

withdrawels

WSI = MAR—FIrE

Where WSI is the index of water scarcity, MAR is the mean annual flow and EWR is the environmental
water requirement of river. If the water scarcity index is more than one, the river would suffer from water
shortage and not be able to meet the environmental water requirement. When the water scarcity index is between
0.6 and 1, the river would be under stress, and if it is between 0.3 and 0.6 Harvesting conditions from the river is
moderate, and if it is less than 0.3 the river is ecologically safe and has no shortage.

Results and Discussion: According to the Smakhtin method, can be noticed that the calculations of this
method are the same quantitative index of the other method used in this research. Only the quantitative
conditions are evaluated in the Smakhtin method. However, in addition to the quantity (blue water footprint),
environmental requirement and water quality are also included in the other method used in this research. Figure
1 shows the mean annual flow (MAF) and environmental flow requirement (EFR). As shown in figure 1, the
majority river flow has been conducted from January to June and the rest from July to December. The annual
BWR in the Nezamabad station was equal to 1208 x 108 (m®/year). To protect the habitat health of Zarrinehrood
river at a good level, 400x108 (m3) of water must be left in the river per year. Therefore EFR was equivalent to
33.11% of the annual BWR. It is about one-third of total BWR.

In this station, EFR ranged from 60x10° (m®/year) as severely degraded to 2400x108 (m3/year) as maximum
habitat health situation by using the Tennant table (Fig 2).

1, 2 and 3- Ph.D. Student, Professor and Associate Professor of Water Engineering Department, Urmia University,
respectively.

(*- Corresponding Author Email: behjat.sarcheshme@gmail.com)
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Figure 1- Environmental flow requirement (EFR) and mean annual flow (MAF) for the (Nezamabad station) Zarrinehrood
river basin
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Figure 2- Different levels of total environmental flow requirement (EFR) in the (Nezamabad station) Zarrinehrood river.
Habitat quality levels with the flows shown in table 3 (Tennant) have be matched

The BWF and the BWA for the studied station were calculated 830x10° and 808x108 (m3/year), respectively.
The BWF is 1.02 times the BWA. Therefore, the WSI smakntin @nd S quantity Will be 1.02.

The total GWF in this station was 1.08 times the BWR. Thus, the S quaiity Will be 1.08.

P is a demonstrator that shows the percentage of EFR in total BWR. It is related with the EFR to protect the
habitat quality in a “good” level.

As you know, the humber in the bracket shows that 33.11% of the total BWR of the basin is required as EFR,
for maintaining the ecological habitat condition at the ‘good’ level. Other percentages of EFR are used to
represent other ecological levels of habitat condition.

The S quantity and S quaiity for the Nezamabad station in Zarrinehrood river basin were obtained 1.02 and 1.08,
respectively. Both indices are above the threshold (1.0), and the basin suffer from both qualitative and
quantitative deficiencies. Thus, the final water scarcity indicator, Sqqe, is 1.02 (33.11%) |1.08.

Conclusion: The EFR for protecting the good ecological level is not enough in some months during a year.
Water scarcity was evaluated by simultaneously considering water quantity, water quality and EFR in the
Zarrinehrood river basin in Iran. Compared with the Smakhtin method as another method of water scarcity
assessment, the Smakhtin Index is only quantitatively, but the Sqoe Index provides a comprehensive assessment
of the water scarcity. The results imply that the studied region is suffering from both water quantity, water
quality problems. The water pollution has a big role in causing the water scarcity in the river basin. This shows
that only aiming on reducing water consumption cannot help impressive reduce the water scarcity. It is necessary
to pay attention to reduce water pollution and water conservation. Even in the areas that the hydrological and
ecological data are rare, the QQE approach as a holistic method could be used.

Keywords: Environmental flow requirement, Water quality, Water footprint, Water scarcity, Zarrinehrood
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Figure 1- Geographical location of Shahrekord plain and research farm
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Table 1- Evapotranspiration obtained from the LySimeter installed at the research farm (mm/day)

S ¥
Lysimeter

493

0.50

January

498
February

0.43
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March

1.68

ol
April

2.33

«
May

3.75

595
June

6.30

Y
July

5.52

CawgS]
August

2.37

obien
September

551
October

2.10

el
November

1.39
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December

0.70
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Table 2- Performance of the product in the lysimeter farm

3 Sl lasko
Crop performance Performance
amount
()“zg'Q » P;?LS) s ))g“"c 5560
Grain yield (kg / ha)
()t&h » F)fﬁ'l‘g) L):“ls 9 oS’ D)SJ‘“c 8900
Chaff yield (kg/ha)
()ts‘h’ 2 P;?‘LS) b 209 15
Weight of each grain (kg / ha)

Harvest index
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Table 3- Chemical data of soil research farm

(oS il ax y (dS/m) Wil . (%) . XS XS
Depth Saturation ' & ) o W& - ort
(cm) deqree Electric Total Neutralizing Organic . Phosphor  Absorbab
g conductivity saturation material (%) carbon N (%) absorbable le
(ds/ m) reaction (%) PPM potassium
PH ppm
0-30 45 0.35 8.07 40.4 0.55 7 8.15 384
30-60 52 0.32 8.08 38 0.48 7.2 1.7 293
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2- Priestley-Taylor (P.T)
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Table 4- Calibration output of DSSAT-CERES-Wheat model for evapotranspiration (mm/day)

(Casilo.cyois58) (b hiaw 52)
FAO Penman- Priestley-
Monteith Taylor
«95 0.62 0.62
January
“9° 1 1.23
February
ole 0.93 1.01
March
Jﬂ”.' 1.65 2.14
April
° 2.81 2.06
May
93 3.92 456
June
T 3.55 3.68
July
August
¥ o ligas
September
5! 1 1.17
October
el 0.96 2.07
November
ol 0.67 1.29
December
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Table 5- DSSAT-CERES-Wheat Output for product performance
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Weight of each grain (kg/ha)
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Figure 2- Total Cumulative Evapotranspiration
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Table 6- Values of statistical indicators for CERES-Wheat validation

02 DSSAT(F.P.M) g yiopus¥ DSSAT(P.T) g sy
Index Lysimeter & DSSAT(F.P.M) DSSAT(P.T) Lysimeter &
MAD 0.95 0.95
MSE 0.95 1.47
RMSE 1.57 121
R 0.97 0.92
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Table 7- Water factor for growth of wheat crop
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B I rrigation value (mm)
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Water available to demand ratio
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Water uptake to demand ratio

Day after planting

P.T F.P.M P.T F.P.M
8 343 99.9 99.9 1 1
23 24.2 99.9 99.9 1.44 3.04
30 13.1 99.9 99.9 2.96 7.18
37 25.3 99.9 99.9 4.8 12.62
44 25 99.9 99.9 7.59 15
210 36.6 3.83 9.94 0.09 0.28
217 40.7 2.45 3.87 54 8.48
224 434 7.84 10.11 12.41 14.13
231 42.8 12.01 14.03 14.7 15
238 294 14.82 19.54 15 14.59
245 52.6 18.45 23.33 15 15
252 54.7 23.94 2791 15 15
259 60.4 31.87 36.58 15 15
266 58.2 58.72 52.9 15 15
273 55.8
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Figure 4- Water available to demand ratio graph
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Efficiency of Wheat Using CERES-WHEAT-DSSAT Model in Shahrekord
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Introduction Statistical models and numerical simulations have been widely used to detect relationships
between the climate and crops. However, the influence of non-climatic factors (such as cultivar and fertilizer
changes on yield crop needs to be eliminated. For this reason, dynamic crop models include the SUCROS,
Erosion Productivity Impact Calculator(EPIC), WOrld FOod STudies (WOFOST), Agricultural Production
Systems sIMulator (APSIM), and Decision Support System for Agrotechnology Transfer (DSSAT) have been
used in water, nitrogen and weather responses. Among these models DSSAT contains separate models for
different crops and can quantitatively predict the growth and production of the annual field crops.

Materials and Methods: In this study, the data of Shahrekord Agricultural Meteorological Station and the
data of Lysimeter Station were used to evaluate the correlation between the research results and Lysimeter data
from Pearson correlation coefficient, and the RMSE, MAD and MSE are applied in order to calculate the error.

Results and Discussion: Lysimeter: The wheat evapotranspiration amount from the planting (20 of
Octobers) to the harvest time (14 of July) is recorded as 611.24 mm. Precipitation during the winter is low but
continuous and it is 127 mm that equivalent to the evapotranspiration at this time of growth. In the warm season,
a quarter of the evapotranspiration is provided by rainfall. The average of winter evapotranspiration is 0.87 mm
per day and in the growth season is 4 mm per day. Also from planting to harvest is 2.42 mm per day that is
recorded its maximum 7.8 mm and its minimum 2.32 mm per day. The total amount of drained water during the
growth is 76.04 mm that 8.8% of the total rainfall. It indicates that drainage water from the soil is low and
irrigation has a high efficiency.

CERES-WHEAT: Wheat evapotranspiration amount during the growth period is 413.51 mm by FAO
Penman-Monteith and 489.53 mm by Priestley-Taylor. Precipitation during the winter is low but continuous and
it is 127 mm that equivalent to the evapotranspiration at this time of growth. In the warm season, a quarter of the
evapotranspiration volume is provided through rainfall. The average of winter evapotranspiration based on the
F.P.M and P.T methods are 0.86 and 1.23 mm/day and in the growing season 2.98 and 3.11 mm/day,
respectively. During the experiment, the evapotranspiration average is 1.59 mm/day for the FPM method that the
maximum is 6.61, and the minimum is 0.379 mm/day. This amount is 1.88 mm/day for P.T method which the
maximum is 5.64 and the minimum is 0.45 mm per day. The total amount of drained water during the growing
period is 106.3 mm, based on the F.P.M method and 90.2 mm based on the P.T method.

The correlation between farm data and the data obtained through the F.P.M method of CERES-Wheat model
is 0.97, which for the P.T method is 0.92. The MAD, MSE and RMSE values obtained between the F.P.M
method and farm data are 0.95, 0.95 and 1.57, respectively, and for the P.T method, 0.97, 1.47 and 1.21,
respectively. With respect to correlation and MAD, MSE and RMSE value, it is found that the model is highly
capable in simulating evapotranspiration and crop performance. Among the methods applied in determining
evapotranspiration, the F.P.M method with high correlation and lower error value is more accurate than the P.T
method.

Water Factor: From the day 177 to 216 is considered the most sensitive stage of plant growth. Based on
DSSAT output over a 25-day period (196 to 216 days) the water available is severely depleted and the plant may
experience drought stress. At this stage of the growth, water deficiency should be offset by increasing the time
and the amount of irrigation.

Day 210 is the beginning time of the increase in evapotranspiration of the plant. During this period, the
amount of water which is uptake from the soil was less than 1 time the plant demand. This period of stress was
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based on the FAO Penman- Monteith method between the 203rd and 210th days. During this period, the plant
goes through its clustering and flowering stages, and water stress at this stage causes the growth of wrinkled and
lean grain, resulting in reduced grain weight and reduced crop yield. Water scarcity must be compensate by
increased irrigation.

Conclusion: Comparison of model calibration results and farm data indicates that there is a high correlation
between farm data and model output. The error between the model results and the Lysimeter station data is low.
Among the methods used to calculate the evapotranspiration in the model, FAO Penman- Monteith method is the
highest correlation and the lowest error value with the farm experiments and results. In general, the results
indicated that the CERES-Wheat model has a high ability to simulate evapotranspiration and wheat yield.
Regarding observed data for crop irrigation program indicates that farmers' performance in managing the amount
of water needed for the crop at various stages of the growth was not optimal. Consequently, drought stress was
observed for developmental and mid-growth stages. The DSSAT simulation indicated that the optimal irrigation
management adjusts the time and value of irrigation water according the actual evapotranspiration and water
requirement would significantly improve irrigation water use.

Keywords: DSSAT-CERES-WHEAT, Evapotranspiration, FAO Pennman Monteith, LySimeter, Priestley-
Taylor
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Table 1- Physical and chemical properties of soil used in this study

] - C Cugb, sWcuwd,b  culw
3T o G g (ol eSOl wj:,) Cud S . :t;b = | pH
Property  Clay  Silt  Sand oM CCE Jolee &% . il e
0s O )3 CEC EC.
lj>l'9t % cmolc kg! ds m?
ni
V):lﬁl:e 21.4 38.0 40.6 0.71 41.3 35.0 275 12.6 2.45 7.7
polis Gl b jaus . s . .
3 Pysed ooliwl LB Y
iy S NaHOOs el i bl T P S
Elements Ntot extractable Soluble K Soluble Na  Soluble Ca Jobe
vailable p Soluble Mg Cdiot extractable Cd
|
lj>r1i9t g kgt mg kg meq L mg kg
e
Value 0.6 135 3.2 10.5 5.8 1.05 0.47

o3l 5,90 NTA lalgloxo EC 9 PH g yiwililod 0,95 1 (wt 0900318 & 23901 S 3 EC g pH l5u0 =Y Joi>
Table 2- The amount of pH and EC in Cd-contaminated soils after incubation period, and pH and EC of NTA solution used

pH ECdSm?)

powedls &y n;,ﬂ Sk

25 (mg kgsoil) psuesls (Cd25)  7.32 2.63

Cd-contaminated soil

50 (mg kg1soil) pgesls (Cd50)  7.28 2.95

NTA Jsloxe

15 (mg mol LY) NTA (NTA15) 2.61  2.24

NTA solution

30 (mg mol L'Y) NTA ((NTA30) 2.58 3.42
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Table 3- Variance analysis of effect irrigation round, Cd and NTA on Cd, pH, EC and HCOjs" in drainage water of cultured
and non-cultured soil

i a4 B Sl S8 A LS S
= g‘g\f’“ 83150 Cultured soil Non-cultured soil
o df pH EC HCOs Cd pH EC HCOs Cd
,(I) ﬂ”l**l )9 2 2.02** 68.4** 26.5** 10.11** 2.22%* 74.4%* 6.7** 39.26**
Irrigation round
F’gf 2 0.03ns 9.7** 0.2ns 4.32%* 0.03ns 7.3%* 0.17ns 11.6**
NTA 2 1.02** 2.2%* 43** 4.66** 1.02** 1.1** 42.9*%*%  12.95*%*
Cd x|l 4 0.14ns 0.02ns 0.8ns 4.04** 0.15ns 0.45ns 0.7ns 11.1**
NTA x | 4 0.21* 0.05ns 1.7* 2.93** 0.21* 0.14ns 1.5%* 13.18**
NTA x Cd 4 0.01ns 0.11* 0.2ns 1.51** 0.01ns 0.17* 0.15ns 3.59ns
NTAxCd x| 8 0.05ns 0.1ns 1.6* 1.17** 0.05ns 0.12ns 1.4%* 3.46ns
> 54 0.07 0.37 0.7 0.21 0.08 0.37 0.4 1.79
Error
(0 )) s o 5
Coefficient of _ 0.41 1.56 1.8 9.01 0.42 1.38 2 13.45

variation (%)

deoyd ) Jlein] gdaws )3 (gl dre *F o 3 0 Jlain | o )3 (6 I dme® 3 dxe BMiS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level
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Figure 1- Contrast effect of irrigation round, Cd and NTA levels on Cd concentration in drainage water of cultured soil
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Figure 2- Contrast effect of irrigation round and Cd (a) and NTA (b) levels on Cd concentration in drainage water of non-
cultured soil
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Figure 3- Contrast effect of irrigation round and NTA levels on pH in drainage water of cultured soil (a) non-cultured soil (b)
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Table 4- Variance analysis of effect Cd and NTA on Cd concentration and dry weight in shoot and root

) Pgredls Clals SUS 439
Ol padS 2o RIS Cd concentration Dry weight
S.0.v df lapelal Ay AL YARY) Ay
Shoot Root Shoot Root
(Cd) pgsesls 2 15541.2** 119057.8** 521.6** 51.6**
NTA 2 1862.2** 8968.2** 24%* 6.7**
NTA x Cd 4 619.1%* 3495.9** 4.8* 0.98**
(Error ) las 18 0.69 76.6 1.6 0.2
[o3) Sl 2 0.3 1 11 12

Coefficient of variation (%) -

Joyd N Jlein] gdaw )3 (gl dre *F o )3 0 Jlain | o )3 (6 I me® 3 dxe OS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level.
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Figure 6- Contrast Effect of Cd and NTA levels on Cd concentration in shoot and root
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Table 5- Variance analysis of effect Cd and NTA on DTPA-extractable Cd, pH, EC and CCE of cultured and non-cultured

soil
oWy CuwiS S s CaiS S8
s Cultured soil Non-cultured soil
Ol i e d';,i Ol B agedls Ol B egedls
) . .
sov & pH  EC e e pH  EC S -
CCE DTPA- CCE DTPA-
(%) extractable Cd (%) extractable Cd
(Cd) pgsosls’ 2 0.06**  0.8** 0.54** 255.28** 0.02* 0.23**  0.25** 434.97**
NTA 2 0.03* 0.07ns  0.34** 0.22%* 0.03**  0.04* 14.8** 2.59**
NTA x Cd 4 0.02**  0.02* 0.27* 0.62** 0.02**  0.03* 0.05* 0.79*
(Error ) s 18 0.01 0.01 0.08 0.024 0.01 0.01 0.03 0.245
(3u233) Sl g
Coefficient of _ 0.2 3.01 0.15 0.6 0.08 1.6 0.08 1.34

variation (%)

doyd ) Jlein] gdaws )3 (gl dre *F o3 0 Jlain | o )3 (6 I me® 3 dxe BMiS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level.
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Introduction: Decontamination of heavy metals (HMs), especially cadmium (Cd) which has high mobility
in the soil, is very important due to the effects of HMs pollution on the soil, environment, and human. Numerous
efforts have been made to develop technologies for the remediation of contaminated soils, including ex-situ
washing with physical-chemical methods, and the in-situ immobilization of metal pollutants. These methods of
clean up are generally very costly, and often harmful to properties of the soil (i.e., texture, organic matter,
microorganisms). Recently, the phytoremediation of HMs from contaminated soils has attracted attention for its
low cost of implementation and many environmental benefits. Several chelating agents, such as DTPA, EDTA,
and NTA, have been studied for their ability to dissolve metals, leach heavy metals, and enhance the uptake of
metals by plants. Although many researchers have reported that EDTA is excellent solubilizing agents for HMs
from contaminated soils, it is quite persistent in the environment due to the low biodegradability. Hence recently
the easily biodegradable chelating agent NTA has been proposed to enhance the uptake of HMs in
phytoremediation as well as the leaching of HMs from the soil. Therefore, in the present study attempts are made
to investigate the effect of applicability NTA in Cd leaching and the refining of Cd from contaminated-soil by
maize.

Materials and Methods: In this research, the effect of NTA on Cd leaching and its absorption by maize in
contaminated-soil in a greenhouse experiment were investigated. The experiment was a factorial experiment
based on a completely randomized design. The treatments consisted of three levels of Cd contamination (0, 25
and 50 mg kg'soil) and three levels of NTA (0, 15 and 30 mmol per pot) in loamy soil and in the cultured and
non-cultured conditions under three irrigation conditions. The soil was contaminated with cadmium chloride
(CdCl,.2.5H,0). Nitrogen, phosphorus, and potassium (in the form of urea, triple superphosphate and potassium
phosphate, respectively) were added to the pots. NTA was added in three steps to the pots. The first step of
adding NTA was beginning 4 weeks after cultivation, occurring approximately once in 14 days. Also, 7 days
after adding NTA, the pots were irrigated with an amount corresponding to 20% more water than the moisture of
soil saturation condition. The drainage water collected from each irrigation event was kept in a refrigerator at
5°C prior to Cd analysis. The plants were cut about 5 mm above the soil surface after 10 weeks of maize growth
and were dried for analyzing Cd in the plant. Analysis of variance was used to study the effects of different
treatments of Cd and NTA on Cd contents in drainage water, plant, and soil. Statistical analysis were performed
using SPSS. Means of treatments were compared using Duncan’s Multiple Range Test (DMRT) and the graphs
were plotted in Excel.

Results and Discussion: The contrasting impact between irrigation rounds and Cd treatments, as well as
NTA treatments on Cdia leached was significant (P<0.05). The highest Cd leached was in 50 mgCd kgsoil
(Cd50) and 30 mmol NTA (NTAS30) in the first irrigation round. In the next two rounds, the Cd leached from the
soil was inconsiderable. Different levels of Cd and NTA showed a significant difference in Cd concentration in
the first round of leaching. In non-cultivated pots, the amount of Cd leaching in Cd50NTA15 and Cd50NTA30
treatments increased by 8 and 15 times, respectively than that in Cd50NTAQ treatment. In the case of similar
treatments in the presence of maize, the Cd leaching rate increased by 5.8 and 6 times, respectively, than that in
(NTAOQ). Cd absorbed by maize in (Cd50, NTA30) was maximum and that measured 58% more than that in
(Cd50, NTAO0), while dry weight decreased significantly (30% in the shoot and 40% in the root). After the
cultivation and leaching process, the maximum amount of DTPA-extractable Cd was observed in (Cd50, NTAQ).
While using (NTA15, NTA30) at the same level of Cd-contamination (Cd50), there was a significant decrease in
DTPA-extractable Cd (due to the increase in Cd dissolved, Cd leached and Cd absorbed by plants). Due to pH
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between 2-3 and EC about 2.5-3.5 in NTA solutions, the application of NTA in soil decreased pH and increase
EC in the soil. On the other hand, the decrease in pH of soil increased solubility of calcium carbonate equivalent
(CCE), thereby reduced CCE in the soil. The results of this study showed that the soil pH was effective on HMs
absorption by plants, therefore the availability of Cd after the use of NTA may be due to the decrease of
alkalinity in the soil. The presence of organic-metal bonds in chelate-metal compounds causes metals to be less
exposed to colloids, hydroxides, and oxides thus will prevent their stabilization in the soil. So it can be said that
one of the effective methods for increasing the absorption of HMs from the soil by the plant is to reduce the pH
of the soil. Some of the soil properties, such as pH and total heavy metal concentration, improves the efficiency
of the chelator agent.

Conclusion: The results showed that an increase in the amount of Cd contamination and NTA applied
increased Cd content in drainage water and Cd which was uptake by maize. Also, results showed well, the
combined of maize planting and the use of NTA is successful in refining Cd from contaminated-soil. It seems
that Adding NTA as a natural chelator in Iranian calcareous soils can increase the dissolution of Cd and extract it
from the soil during a leaching period without contamination of the environment, as well as increase the
efficiency of removing Cd by maize.

Keywords: Cadmium, Leaching, NTA, Phytoremediation
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Figure 1- Schematic view of the soil columns leaching
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Table 1- The effect of vermicompost on the soil chemical, physical and hydraulic properties

;ﬁ5 MJB m,gduo”‘_;bladl& O‘MM)D
Property Natural soil Vermicompost-containing soil Change percent
() o eske 1.61 1.81 12.42
Organic matter (%)
I oS 0.936 1.052 12.42
Organic carbon (%)
A 38.4 84.08 118.96
Extractable nitrate (mg 1)
Jobre 6.03 10.88 80.43
Soluble sodium (mg I%)
Jobe 5 ol 33.32 48.14 44.48
Exchangeable and soluble sodium (mg 1)
EC (dS m?) 1.27 2.66 109.4
TDS (mgl?) 666.57 1396.13 109.4
pH (-) 8.10 7.91 -2.35
2l Je 1.206 1.16 -3.81
Bulk density (gr cm)
S 58.7 58.9 1.38
Porosity (%)
gledl (Sgpn ol _ 0.069 0.074 7.25
Saturated hydraulic conductivity (cm min-1)
Sloji ol ey 0.215 0.227 5.6
Pore water velocity (cm min-t)
s (cm® cm'®) 0.579 0.587 1.38
Or (cm? cmr3) 0.114 0.128 12.28
o (cm?) 0.016 0.023 43.75
n() 2.417 2.508 3.76
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Table 2- The effect of vermicompost on the 6 and 24-hrs solute leaching of natural and vermicompost-containing soils

&5 buwgis
ailg Sk bl e ol s bl wo Tl
Parameter Soil Leaching Leaching amount Leaching Leaching rate
duration (hr) (mg Kg?) percent (%) mean
(mg mint)
b S 6 240.9¢ 7.23¢ 0.67°
Natural soil 24 655.6° 19.672 0.46°¢
Jslee 23Ul S
Cows 3 6 491.4¢ 7.04° 1.36°
Total dissolved solute 9e5 29 e
Vermicompost- 24 946.3% 13.56 0.66°
containing soil
b S 6 11.84° 7.11° 0.033%¢
D5 5 Jglre mades Natural soil 24 15.69° 9.42b 0.011¢
Exchangeable and soluble  cavgeS sepg sl S 6 65.222 27.10? 0.18?
sodium Vermicompost- 24 72.16° 29.98° 0.05
containing soil
b S 6 20.08¢ 10.46¢ 0.056°
s Natural soil 24 44.48° 23.17¢ 0.031¢
L_)).H.J .
Nitrate CangneS o9 b SB 6 116.71° 27.76° 0.3242
Vermicompost- 24 146.26° 34.79° 0.102°
containing soil
b S 6 23.2¢ 0.25¢ 0.064°
7 Natural soil 24 58.340 0.62° 0.041°
Jobe Jonss
s ; 6 47.68°¢ 0.47°¢ 0.1382
Dissolved organic carbon ”"J‘f"” b St

Vermicompost- 24 95.112 0.90 0.0660

containing soil
b S 6 15.11¢ 0.009¢ 0.042°
s Natural soil 24 29.390 0.017° 0.02d

Colloi CamginS sayg syl S 6 24.86° 0.014° 0.069°
Vermicompost- 24 4197 0.0242 0.029¢

containing soil

)3 (5l gine B! 1S b er/+0 (g lol o 13 oguial dilge b (sl oglite gy b (sl Silie
Means with dissimilar letters for each of leaching parameters have significant differences at the statistical level 0.05.
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Introduction: Vermicompost is a type of biological organic fertilizer obtained from earthworm activity.
Vermicompost is used in sustainable agriculture due to its beneficial effects on diversity of plant nutrients and
physical-hydraulic modification of soil. However, high presence of solutes in the structure of vermicompost
causes soil salinity, increases soil sodium content and changes soil pH. Soil flushing is one of the well known
strategies to minimize the mentioned disadvantages of vermicomposting. Although flushing can reduce the soil
salinity and sodium content, it leads to transportation of some soil substances such as nitrate, dissolved organic
carbon and colloids which their tracing is necessary because of soil quality monitoring and possibility of water
resources pollution. The objective of the current study was to investigate the effects of vermicomposting on soil
chemical, physical and hydraulic properties and its role on the amount of soil total dissolved salts (TDS),
sodium, nitrate, dissolved organic carbon and leaching behavior of colloids.

Materials and Methods: To treat the soil, 1.45 weight percent of vermicompost (17.68 tones/hectare) was
mixed with regular soil. Physical, chemical and hydraulic properties of soil were determined. PVC columns with
length of 20 cm and internal diameter of 5.95 cm were used and filled with soil to perform leaching during 24
hrs in saturated condition experiment. The effluent of columns were collected at various interval times, and their
sodium, nitrate, dissolved organic carbon, TDS and colloid contents were measured and the cumulative amounts
of them were calculated at 6 and 24 hrs. All experiments were carried out in three replications, and the mean
comparison of leaching parameters was done according to Duncan's multiple range test at probability level of
5%.

Results: Vermicompost increased the studied soil chemical properties i.e, organic matter, organic carbon,
extractable nitrate, soluble sodium, soluble and exchangeable sodium, EC and TDS to 12.42, 12.9, 118.96,
80.43, 44.48, 109.4 and 109.4 %, respectively and decreased soil pH to 2.35 %. Soil bulk density reduction to
3.81 % and enhancement of soil porosity, saturated hydraulic conductivity and the pore water velocity to 1.38,
7.25 and 5.6 %, respectively are the other results of vermicompost application. The used vermicompost fertilizer
caused displacement of soil water retention curve to more moisture around of saturated and permanent wilting
points and reduction of air entry potential. In this regard, vermicomposting increased all of soil hydraulic
coefficients of van Genuchten model including 6r, 8s, a and n, and its effect was specially more on 6r and a. The
result of leaching experiments showed that the amounts of leached TDS, sodium, nitrate, dissolved organic
carbon and colloid in vermicompost-containing soil during 6 hrs were 491.4, 65.22, 116.71, 47.68 and 24.86, and
during 24 hrs were 946.3, 72.16, 146.26, 95.11 and 41.97 mg/Kg, respectively. For the natural soil, these
amounts during 6 hrs were 240.9, 11.84, 20.08, 23.2 and 15.11, and during 24 hrs were 665.6, 15.69, 44.48,
58.34 and 29.39 mg/Kg, respectively. Therefore, vermicompost significantly increased the amounts of leached
TDS, sodium, nitrate, dissolved organic carbon and colloid, because of containing more contents of solute,
sodium, nitrate and organic matter in its structure. It also increased the porosity and hydraulic conductivity of
soil, and made changes in soil water retention curve (P<0.05). The presence of more sodium in vermicompost
together with its effect on soil porosity enhancement increased the colloid dispersion and consequently its
leaching. In addition, the leaching rate of all of parameters at 24 hrs in comparison to 6 hrs decreased
significantly due to high amount of solute leaching through mass flow at initial time of leaching experiment and
leaching residual solute by time-consuming process of diffusion.

Conclusion: Although vermicompost can enriched the soil due to increasing nitrate and organic matter
contents, it leads to soil salinity and increases sodium contents. Flushing the soil treated by vermicompost
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removed the amounts of TDS, sodium, nitrate to 10.4, 76.2 and 44.6 % during 24 hrs. Therefore, leaching had a
considerable effect on soil sodium reduction and a little effect on soil salinity reduction. Moreover, in
comparison to chemical fertilizers, the high nitrate fraction of applied vermicompost resulted in sustainability of
soil fertility. It is expected soil salinity and nitrate leaching fraction of vermicompost will be reduce by managing
leaching methods, treating vermicompost before using and reducing fertilizer application rate. Thus, the results
of current study warn the farmers who used vermicompost in soil to control the soil salinity, ground water
pollution and vertical colloid migration.

Keywords: Colloid leaching, Dissolved organic carbon leaching, Nitrate leaching, Soil hydraulic
coefficients, Soil water retention curve
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Table 1- Statistical parameters related to the characteristics of sand, clay and silt
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Figure 2a- Representative VNIR/SWIR spectra of 10 selected soil samples, 2b- Absorption spectra of VNIR/SWIR spectra of
10 selected soil samples, 2c- Savitzky—Golay plus the first derivative, of 10 selected soil sample randomly
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Table 2- Results of comparison of different models for predicting clay, sand and gravel based on test data

MODEL R2 RMSE(g kg™?)
Je o pd o nbe
edew Silt 5 Sand o Clay el Silt oy Sand w, Clay
(ANN) 0.73 0.70 0.76 7.01 9.14 5.54
(PLSR) 0.17 0.25 0.18 8.80 12.57 7.46
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Introduction: Soil texture is the most important environmental variable because it plays a very important
role in reducing the quality of land and water transfer processes, soil quality control and fertility. On the one
hand, soil texture components are the basis of environmental predictive models and digital mapping of soil and
on the other hand, soils are temporally and spatially variable, thus distinguish zoning and their monitoring with
traditional sampling methods and laboratory analysis is very costly and time consuming. As a result, the
development of methods for analyzing the soil and for required information has become very important. Visible
and near infrared spectroscopy (VIS-NIR) is widely used to estimate soil physical properties and estimate soil
texture. The present study aims to predict soil texture using spectral measurements and artificial neural network
models and partial least squares regression.

Materials and Methods: The study area in southeastern Iran is approximately 70 km from Kerman. In the
study area, based on the hypercube technique, 115 profiles were identified and then horizons were sampled. In
this way, for each point of study, the necessary information, including the location of the profile on the ground,
the type of geomorphic unit and the type of materiel, were recorded and taken from the horizons of each profile.
In all soil samples, after drying and passing through 2 mm soil, the soil texture was measured by hypercube.
Spectral radiometer was used to measure the spectral reflection of soil samples. The soil samples were air dried
and sieved and then placed in a petri dish with an approximate diameter of 10 cm and transferred to the dark
room for spectral analysis. Each specimen was tested four times (for each 90 degree sequential rotation) to
remove the effects of a change in the radiation geometry. Soil samples were scanned, and absolute reflections at
a spectral range of 2500-350 nm vyielded 2150 spectral data points (SDPs) per soil sample with a spectral
resolution of one nanometer. Finally, to construct a suitable model for forecasting the percentage of clay, sand,
and silt, the least squares model was used with the number of factors 1 to 10 by Artificial Neural Network
(ANN) modeling using JMP software Work.

Results and Discussion: The reflectance spectrum of the visible range - near infrared - was measured for
specimens. Since preprocessing of spectral data has an effective role in improving the calibration, in order to
perform spectral preprocessing, two first nodes of the first and the end of the spectra were first removed in the
range of 350-400 and 2450-2500 nm. In addition, the interruption due to the change in the detector in the range
of 900 to 1000 nm was also eliminated. Types of preprocessing methods were performed on spectral data. Then,
using partial least squares regression analysis, the best model was produced when the first derivative was fitted
to reflection values. The explanation coefficients for this low and unacceptable model were obtained. Therefore,
using partial least squares regression analysis, the best wavelengths were selected to predict the percentage of
clay, sand, soil, and extracted from the model. Then it was used as input in the neural network model. To
determine the best combination, root error index and error coefficient were used. The results of artificial neural
network showed that the number of neurons 9.8 and 10 had the best composition for predicting clay, sand and
soil silt. The root-squared error results for clay, sand, and soil silt were 3.42, 6.94, and 4.383 respectively. Also,
the results of the explanatory factor were 0.84, 0.83 and 0.81, respectively. After obtaining the optimal structure
in the artificial neural network training phase described above, the trained network has been tested on the test
data to determine the accuracy of this model to predict clay, sand and silt of surface soil. The root-squared error
results for clay, sand and silt components were obtained at 5.54.9.14 and 7.01. Also, the results of the
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explanatory factor were 0.76.0.70 and 0.73 respectively. The best result of the prediction for partial least squares
regression was obtained for the sand sample. The results indicate that the neural network performance is better
than partial least squares regression, which is consistent with Mouazenet. al (2010) and also ViscarraRossel R.
et. al (2009). Acceptable performance of the artificial-neural network can be attributed to the ability of this
model for non-linear behavior of soil texture in visible spectroscopy. In this study, specific wavelengths, which
Ben Finder et al. (2003) obtained in the study on the soils of Israel, were used. This conclusion confirms that
various types of soil can be modeled using specific wavelengths. The advantage of this study is that, when using
the artificial neural network, no pre-processing of reflection data is required before applying the model. Since the
relationship between the percentage of soil particles (clay and gravel) and the reflection of the soil is not linear,
the neural network method is very useful for analyzing the relationship between soils. Finally, the map of clay,
sand and silt and map of soil texture was prepared by artificial neural network method in GIS environment.

Conclusion: The results of this study showed that the neural-dynamic network has a better performance than
partial least squares regression. Calibration models designed and used in this study can be transported for use
with other soils. When the partial least squares regression model was implemented, it had a very low accuracy
(R? ~ 0.1-0.3); on the contrary, the neural network-based method had high accuracy and less error. Note that
although neural-dynamic modeling estimates higher precision results from soil texture, both approaches depend
on wavelength selections, and so wavelengths should be selected before using any of the two models. To be
finally, a meaningful relationship between the selected wavelengths and the percentage of clay, sand and silt in
the present study indicates that soil texture is not only possible but also reliable by reflection spectroscopy.

Keywords: Artificial neural network, Infrared, Modeling, Prediction, Partial least squares regression, Visible
spectroscopy
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Table 1- Some physical and chemical properties of the studied soils

A hed
S es o e P e e JoF s gisess o
S sand e S s F S Jus  %0rganic o q eqiioogsoily  Olsen-
Soil (%) gl EC(dS/m) Yeactive  Carbon P
No. ' %CaCOs  cacos (mg/kg

soil)
1 665 15 185 78 0875 13 5.92 0.662 835 475
2 505 19 305 72 149 6.75 3.04 4.09 25.04 12.25
3 345 21 445 766 0781 85 5.75 117 15.4 7.41
4 148 224 628 745 331 1825 7.8 0732 1354 8.38
5 365 23 405 75 0589 4045 1825 0540 1835 7.08
6 505 19 305 71 107 55 3.69 312 20.12 129

axllae 3,90 (LS 45 pandS WloyS 5 JTodle Bl 1,5 - Joun
Table 2- Efficiency of organic matter and calcium carbonate removal in studied soils

(%) S s (%) Jalao pds Sl )5
Organic carbon(%b) Equivalent calcium carbonate (%6)
S ol E-RESS I - Sds 5l o () Qi ylowst E-RESS JE-RENS RS (%) Gdo ylowst,
Soil lil Before After Removal efficiency Before After Removal efficiency
ot No. remove remove (%) remove remove (%)
1 0.662 0.025 96.2 13 1.25 90
2 4.09 0.90 78 6.25 15 76
3 1.17 0.04 96.6 8.5 0.5 94.1
4 0.732 0.078 89.3 18.25 3.05 83.3
5 0.540 0.04 925 40.45 10.02 75.2
6 3.12 0.84 73.1 55 0.5 90.9
Mean .St 1.72 0.385 87.6 153 2.80 84.9
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Figure 1- The relationship between the amount of P adsorbed (q) and P equilibrium concentration (Ce) in the studied soils
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Table 3- Parameters and coefficients of determination of Langmuir equation in control and treated soils

i Sl b 2 jlows S

8 ylowd

(NAOCI) gy S IS gt by 05 Lo S

ald S
S . . (N?OAC)_ Soil treated with sodium hypochlorite
S Control soil Soil treated with sodium acetate (NaOCl)
Soil (NaOAC)
No.
Omax ki 2 Omax ki 2 Omax ki 2
mgKg_l ng_1 R SE mgKg_l ng_l R SE mgKg_1 ng>l R SE
1 597 0.088 0.99 0.022 500 0.054 0.98 0.017 653 0.097 0.99 0.009
2 552 0.090 0.99 0.018 507 0.068 0.99 0.018 656 0.115 0.99 0.014
3 682 0.072 0.99 0.013 628 0.063 0.99 0.011 734 0.085 0.99 0.015
4 668 0.097 0.97 0.037 550 0.067 0.99 0.012 710 0.106 0.98 0.023
5 1025 0.104 0.98 0.036 680 0.055 0.98 0.026 1062 0.117 0.98 0.038
6 612 0.094 0.97 0.030 569 0.076 0.97 0.029 682 0.117 0.97 0.036

o Hlowd 9 ol GBS 45 mduigyd dalee (asuid colps g yelyb - Jous
Table 4- Parameters and coefficients of determination of Freundlich equation in control and treated soils

ot Sline! U 005 ylow ST&

old S

i S IS g U ol jlowd S1&

5 loud (NaOAC) (NaOCl)
Sk Control soil Soil treated with sodium acetate Soil treated with sodium hypochlorite
. (NaOAC) (NaOCil)
Soil No.
n ks R? SE n ke R? SE n ks R? SE
1 182 70 0.98 0.022 1.79 46 0.99 0.01 1.84 82 0.98 0.022
2 192 71 099 0.017 1.83 53 0.99 0.012 1.93 94 0.98 0.026
3 175 71 098 0.022 1.76 61 0.99 0.017 1.76 83 0.98 0.022
4 183 86 099 0.022 1.81 57 0.99 0.010 1.86 97 0.99 0.018
5 1.64 125 098 0.037 1.7 58 0.97 0.031 1.65 139 0.98 0.026
6 191 80 095 0.042 1.86 65 0.96 0.033 1.87 96 0.90 0.047
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Table 5- PMBC and SPR values in control and treated soils
bl SB (PH=5) praw bl b o jlow S w ol gud b 0ad Hlowd S

Soil No Control soil Soil treated with sodium acetate Soil treated with sodium hypochlorite

" PMBC SPR PMBC SPR PMBC SPR

1 52.5 30.5 27 224 63.3 36

2 49.1 34.2 34.1 25 75.4 43.7

3 49.8 35.2 39.5 25.7 62.4 35.6

4 648 457 36.8 27.3 75.2 48.8

5 106 61.1 374 14.3 124 69.9

6 57.5 36.2 43.2 30 79.8 43.8
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Introduction: The availability of the applied phosphorus (P) is controlled by sorption-desorption reactions in
soil. Since the sorption-desorption reactions are affected by physical and chemical properties of the soil, the
presence of organic matter (OM) and carbonates can also effect on the P sorption capacity in soil. The purpose of
this study was to investigate the effects of OM and carbonates on phosphorus sorption isotherms in some
calcareous soils of Kerman province.

Materials and Methods: Six surface soil composite samples (0-30) were collected from Kerman Province
located in southeast of Iran. The soils with a wide range of OM and calcium carbonate were selected for
sampling. Samples were air dried and passed through a sieve of 2 mm. Physicochemical properties of the soil
samples were determined according to the Soil Survey Laboratory Manual. Thereafter, the soil samples were
divided into three parts. One portion was used for treatment with sodium hypochlorite to remove organic matter.
The second part was treated with sodium acetate buffer (pH = 5) to remove carbonates. The third was used as a
control without any treatment. Batch experiments were carried out to determinthe P-sorption isotherms in soil.
The sorption behavior of P was studied by Langmuir and Freundlich isotherm models. All experiments were
conducted in three replications.

Results and Discussion: The results showed that organic matter and equivalent calcium carbonate, removed
from the studied soils with an average efficiency of 86.7% and 84.9%, respectively. Although the isotherms data
showed that both Langmuir and Freundlich equations fits to data,Langmuir equation with higher mean of
correlation coefficient (R?=0.982) and lower standard error (0.022) showed the best fit to P-sorption data for all
soil samples (with and without treatment). Removal of organic matter by sodium hypochlorite increased the
phosphorus adsorption capacity in the studied soils. After removal of soil organic matter, an increase in
phosphorus adsorption capacity in the studied soils. With respect to control, removing the organic matter
increased the adsorption capacity parameters (gmax and ki) about 37 to 104 mg.kg? and 11 to 23 L.kg?,
respectively. These results indicate that Fe- and Al-oxides and other available adsorption sites on the mineral
surfaces are coated by organic matter and are activated after removal of OM. Removal of carbonates from the

soil significantly reduced the P-sorption capacity. gmax and kf were decreased by 17% and 32%, respectively,
compared to untreated soils. It is, therefore suggested that available P adsorbing surfaces decreases by removing
carbonates from the soil.Constants related with bonding energy increased by 17.03% and decreased by 28.78%
by removal of OM and calcium carbonate, respectively. The P maximum buffering capacity is an important
indicator for assessing phosphorus stabilization capacity in soil. The greater P buffering capacity, the fewer
ability of phosphorus replacement to soil solution. After removal of carbonates, this parameter decreased by an
average of 42.5%. The results suggested that carbonates is an important factor in availability of phosphorus in
soil. The required phosphorus standard increased by 14.43% by removing OM in the studied soils. However, the
removal of carbonates reduced the need of soil for phosphorus by 40.5%.

Conclusion: In this study was investigated the effect of removing organic matter and carbonates on
phosphorus sorption isotherms in some calcareous soils of Kerman province. The results of this study showed
that P sorption capacity is affected by the amount of carbonates and organic matter. Removal of organic matter
from the soil increased the sorption capacity of phosphorus due to Fe- and Al-oxides. Other available adsorption
sites on the mineral surface which are coated by the organic matter are active. Carbonates is known as an active
site for maintaining phosphorus in the soil and its removal from soils reduces the phosphorus adsorption
capacity. Applying/Preserving organic matters to/in soil can increases the efficiency of phosphate fertilizer
application and improves plant nutrition. The removal of carbonates from the studied soils reduced their need for
phosphorus. Therefore, as well as the addition of organic matter to soil, the removal or reduction of carbonates

1 and 2- Ph.D. Student and Professors, Department of Soil Science, Agriculture Faculty, Shahid Bahonar University of
Kerman, Kerman, respectively.
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from agricultural soils is important for improving phosphorus utilization efficiency and plant nutrition
management.

Keywords: Adsorption, Isotherms, Phosphorus, Organic matter, Standard requirement
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Table 1- Results of physiological and growth stimulation tests of bacterial isolates
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2 o 70 bag Phosphorous production  pogassium Nitrogen Hydrogen Polysaccharide
Isolate o solubility (mg/l) I fixation cyanide production
Qualitative (mg/l) Release  (nmolC,Ha/h) (mg/l)
growth in 5% (mg/l)
salt
Azotobacter ot 2155 61.2 28.3 7.04 + 5.2
Azospirillum ++ 78.45 354 5.34 9.24 - -
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Table 2- Physical and chemical properties of the studied soil
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%) () () . ) EC pH (%) N (mg/kg)  (mg/kg)
Soil texture (ds/m) (%)
1 60 29  Silty clay lome 16.5 78  0.85 0.07 7.3 312.8
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Table 3- Analysis of variance (ANOVA) for the effects of experimental treatments on plant growth and physiological

parameters
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. . SUEA s [$3}) (|
M&Lw a0 (33 . EWw, a. L b, L& .
Source of 833 2lgp plil 5 LS 52, sl B deoa) oax
rian J Root * Chlorophyll  Chlorophyll Total Proline
variance Degrees . Shoot A dry Plant a b chlorophyll moligt
of ryweight — \eight ~ height  (mg/gifw)  (mg/gfw)  (mg/gfw) W)n(
freedom (9/pot) (g/pot) (cm)
Bdfb‘_ 3 5.46™ 12.95™ 45 33.88™ 1417 91.72™ 70.28™
acteria
Sng)yut 1 21.64™ 8.1 69.83™ 48.87" 19.08™ 129.03" 257.67**
alinity
&a5ix s S
Bactrias 3 0.36" 0.34" 53" 5.21" 33" 16.54" 19"
Salinity
s
E 48 0.0025 0.015 0.052 0.48 0.26 0.96 0.67
rror
Coefg'fc'e”t 1.38 0.8 1.39 11.13 11.33 9.08 4.53

variation
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Table 4- Mean comparison for the effects of experimental treatments on plant growth and physiological parameters

039
Sis SWES 439 - 8y IS JS Jds s
poe . o 8 J - 9 b 3 ‘}J )_’
S ol Ay, - Judg 5 Total P9
B} od ; L& Chloroph Proli
P Bacterial stloh Dry o * ylla Chlorophy  chlorophy r(; in
y weight ant mglg’ IIb I _
Salt D_ry root height ? 9) (mglg W) mg/g) Mol/g*
weight / (cm) fw AW e
shoot @/pot)
(@/pot)
Control 3.08¢ 2.16 15.44 8.05°¢ 5.674 13.72¢ 10.98¢
S1 Azotobacter 5.052 4.83° 18.56° 11.55° 9.06" 20.61° 15.86¢
Azospirillum 4.71° 4.71° 18.39P 11.24° 8.44°¢ 19.69° 14.55¢
AzotxAzos
5.822 6.01° 20.252 13.642 10.652 2434 18.16°
Control 1.509 1.269 9.4¢ 3.59¢ 2.8f 6.4¢ 15.914
S2 Azotobacter 2.81¢ 3.84¢ 16.54¢ 7.124 5.12¢ 12.244¢ 23.16°
Azospirillum 2.52f 3.82¢ 16.36°¢ 6.784 4.78¢ 11574 21.88°
AzotxAzos 3.82¢ 4,134 17.77°¢ 8.49°¢ 6.19 14.59°¢ 24.812

o prion s V(55 52 eyta puiasj i (635 SS1 epoely il 5 5Slg3l (Al o :AZOXAZOS
Salinity 16 ds/m:Sz,Salinity 8 dS/m :S1,Combined treatment of Azotobacter and Azospirillum:AzotxAzos

Al s (P<e/eY) o iz BMB) (gl)ls oty 5> S yiie gy L slach

- Numbers with common letters in each column were not significantly different (P <0.01)
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Table 5- Analysis of variance (ANOVA) for the effects of experimental treatments on plant nutrients concentration
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Source of Degrees of P K Na
variance freedom () ) )
7St 3 115"  0.039™ 052"  0.108"
Bacterial
Sz 1 0.87"*  0.026™ 1.068™ 0.00019"
Salt
d)f“zx“):%l". 3 0.0007**  0.055™ 0.09™
Bactria~ Salinity
s
48 0.0003 0.003 0.00011
Eroor
Oy o b
Coefficient of 2.82 45 0.67
variation
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Table 6- Mean comparison for the effects of experimental treatments on plant nutrients concentration
. OJ9re  Fwd pewly e
Sy 31 N p Kk Na
Salt Bacterial ) o) o) o)

Control 1.35¢ 0.23¢ 1.21f 1.65°P
S1 Azotobacter ~ 1.99® 0.32° 2.06° 1.23¢
Azospirillum  2.31° 0.27¢ 1.92¢ 1.319

AzotxAz0s 297% 0368 224® 1.059

Control 1.22¢ 0.15f 0.879 1.892
S Azotobacter  1.82¢ 0.21¢ 1.36°¢ 1.31¢
Azospirillum  1.67¢% 0.19°¢ 1.32¢ 1.39¢

AzotxAzos  2.22° 0.27°¢ 1459 1.15f

Foromiotiisd V555 12 e piorjeudh £r9h ST gk sl 5 7Sl (Al o AZOIXAZOS
AzotxAzos: Salinity 16 ds/m:Sz,Salinity 8 dS/m :Si,Combined treatment of Azotobacter and Azospirillum.
Bl ged (P<e/oN) Jo iz BB gl)ls g jo )3 S e gy b slack
- Numbers with common letters in each column were not significantly different (P <0.01).
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Effect of Azotobacter and Azospirillum on Growth and Physiological
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Introduction: Worldwide studies have shown that inappropriate land uses over the past 45 years have
resulted in salinization of 6% of the world's land. Salinity has negative effects on soil physicochemical properties
and microbial activities. The imbalance in nutrient uptake, ion toxicity and decreasing water consumption due to
high osmotic pressure are resulted from high accumulation of solutes in soil solution. One of the strategies to
mitigate soil salinity is the inoculation of crops with different types of beneficial soil bacteria and fungi. Plant
growth promoting bacteria (PGPB) are a diverse group of bacteria capable of promoting growth and yield of
many crops. The most important growth promoting mechanisms of bacteria are the ability to produce plant
hormones, non-symbiotic nitrogen fixation, solubilization of insoluble phosphate and potassium, biocontrol of
plants pathogens through producing hydrogen cyanide and siderophore production. Plant inoculation with
growth promoting bacteria causes an increase in several indices such as shoot fresh and dry weight, root dry
weight and volume as well as chlorophyll content. The synergetic effect of Azotobacter and Azospirillum on the
plant has been documented by increasing the absorption of nutrients, production of hormones that stimulate plant
growth such as auxin, and influencing the root morphology. Due to the wide area of saline soils, appropriate
methods to reduce the negative effects of salinity are of great significance. Given the importance of using
bacteria adapted with climatic conditions and soil ecosystems in each region, as well as the efficiency of the
combined application of growth promoting bacteria, this study was conducted to investigate the effect of growth
promoting bacteria as a single and combined application at two levels of salinity calculated based on the
threshold of barley yield reduction (Karoon cultivar) and 50 % reduction in barley yield.

Materials and Methods: In order to record the Azotobacter isolates, 15 soil samples were collected from salt
affected lands of Golestan province. Thirty two Azotobacter isolates were isolated by physiological and
biochemical tests and cyst production in old culture. Then, their ability to grow in different concentrations of
salinity, drought stress tolerance, polysaccharide production, auxin production, phosphorus and potassium
solubilization, hydrogen cyanide synthesis and biological fixation of molecular nitrogen were investigated.
Based on physiological and growth stimulation tests, Az13 isolate was selected as the superior isolate of
Azotobacter for greenhouse test. Azospirillum superior isolate was then prepared from the microbial bank of Soil
Science Department, Gorgan University of Agricultural Sciences and Natural Resources. A soil with 16 dS/m
salinity was selected to determine the effects of experimental treatments at two threshold salinity levels of yield
reduction and 50 % reduction of barley yield. Then, soil salinity was reduced to 8 dS/m (yield reduction
threshold) by leaching. After reaching to the desired salinity, the soil was removed from the pots and air dried.
The sample was sifted through a 2 - mm sieve and again transferred to the pots. The barley seeds, Karoon
cultivar, were used. To prepare the inoculum, firstly the bacterial isolates were grown in the pre-culture nutrient
broth medium, and then incubated at 120 rpm in a shaking incubator at 28°C for 48 hours. Afterwards, each seed
was inoculated with one milliliter of the bacterial inoculant with a population of 10° CFU/ml. This experiment
was conducted as factorial in a completely randomized design with three replications in the greenhouse at
Gorgan University of Agricultural Sciences and Natural Resources. The treatments included four levels of
bacteria (without inoculation, Azotobacter inoculation, Azospirillum inoculation, combined inoculation of
Azotobacter and Azospirillum) and two levels of salinity (8 and 16 dS/m). After 70 days (late vegetative growth
period), some growth and physiological indices and concentration of nutrients uptake were measured.

Results and Discussion: The results showed that salinity stress had a significant (p < 0.01) negative effect
on growth and physiological traits and nutrient uptake of the plant. The combined application of Azotobacter and
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Azospirillum bacteria showed a positive significant influence (p < 0.01) on growth, dry weight, and root dry
weight in the plant under salinity stress. The combined application of bacteria increased the chlorophyll a, b and
a + b content at a salinity level of 16 dS/m by 136.49, 117.86 and 127.97 %, respectively. The combined
application of bacteria resulted in a 65.39 and 55.94 % increase in proline amino acid content at salinity levels of
8 and 16 dS/m, respectively. The results revealed that nitrogen, phosphorus and potassium levels increased by
81.97, 80 and 66.67%, respectively, at 16 dS/m salinity level in combined application of both bacteria. Sodium
ion accumulation in all bacterial treatments decreased in both salinity levels compared to control treatment and
the highest reduction was observed in combined bacterial inoculation. These findings underline the positive
effect of bacterial inoculation, particularly their combined application, on the growth and nutrients uptake of
barley under salt stress.

Conclusion: Our results indicate that increasing salinity level significantly decreased shoot dry weight, root
dry weight, plant height, chlorophyll content and nutrient concentrations of barley. Inoculation of salt-resistant
bacteria, including Azotobacter and Azospirillum, reduced the adverse effects of salinity on growth and
physiological traits, which was more pronounced in Azotobacter than Azospirillum. The combined application of
Azotobacter and Azospirillum had a significant effect on root dry weight, plant height, chlorophyll content,
increasing nutrient concentration efficiency (nitrogen, phosphorus, and potassium) and decreased sodium
concentration at both salinity levels (8 and 16 dS/m) compared with the individually inoculated bacteria. Hence,
the application of Azotobacter and Azospirillum isolates is an appropriate method for pot experiments with saline
soils. To apply these results, field experiments in saline soils must be carried out to evaluate the effect of these
bacterial isolates on the crop growth, yield and physiological characteristics.

Keywords: Chlorophyll, Plant growth promoting, Proline, Salinity
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1- Response Surface Methodology (RSM)
2- Nutrient Agar
3- Nutrient Broth
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Table 1- Range of studied variables amounts in modeling

Independent variable

aRa (g0 A5 4lade
Coded amount of variable

52380 g dkold
Range and amounts

Xi +a, +1 0 -1 -0
(,\.op) Ca.w%o.f@)g
(Vermicompost (%)) X1 51 4157 28 1443 5
CupgS ol X2 80 65.65 45 2435 10
(Phlogopite (%)) - -
((Swlf)r?fo/ 9;) X3 50 3975 25 1025 O
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Table 2 — Matrix of coded variables amounts in central composite design modeling

) L paxio (500WISS 0l
Uf“~"°5‘_ 2 )lows Amounts of coded variables) M’“’l‘“ cdle )
Experiment - — Potassium concentration
Vermicompost ) Sulfur
1 1 1 -1 82.63
2 1 -1 1 70.29
3 0 0 0 67.82
4 -1 -1 1 43.13
5 0 0 0 70.29
6 -1 1 -1 33.26
7 0 0 0 72.76
8 0 1.68 0 67.82
9 0 0 0 67.82
10 0 0 1.68 45.60
11 0 -1.68 0 72.76
12 1.68 0 0 72.76
13 1 1 1 70.29
14 -1 -1 -1 62.88
15 1 -1 -1 117.2
16 0 0 -1.68 80.16
17 -1 1 1 38.20
18 -1.68 0 0 20.92
19 0 0 0 67.82
20 0 0 0 62.88
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Table 3— Coefficients of central composite design multi variable function for predicting dissolved potassium

e i Je sl el o pd Fojlel — pojll
Part of model Model parameters Coefficient ~ (F-Value)  (p-Value)
Jse el
Constant of 68.07 20.88 <0.0001
model
. Vermicompost 18.31 1121 <0.0001
L.}J” Phlogopite -5.66 10.74 0.0083
Linear Sulfur -9.67 31.31 0.0002
vermicompost x 6.46 14.72 0.0033
93 43y Vermicompost
Second order Phlogopite x Phlogopite 1.83 1.18 0.3024
Sulfur x Sulfur -0.787 0.22 0.6501
Vermicompost x Phlogopite 0.000125 3.059E-009 1.0000
"“‘"’“f" Vermicompost x Sulfur -5.54 6.04 0.0338
Interaction Phlogopite x Sulfur 7.41 10.74 0.0083
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1- Pareto analysis
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Figure 1- Measured and predicted concentration of dissolved potassium by central composite design model
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Figure 2 —Pareto analysis results for comparison of the effects of central composite design parameters on potassium
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1- K- solubilizing microorganisms (KSMs)
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Figure 3— 3 dimensional present of K amount against central composite design variables
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Figure 4— Optimization of input parameters of the model for obtaining maximum soluble potassium concentration
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Introduction: Potassium (K) is abundant in soil, however, only 1 to 2 % of Potassium is available to plants.
Depending on soil type, 90 to 98% of soil K is in the structure of various minerals such as feldspar (orthoclase
and microcline) and mica (biotite and muscovite). About 1 to 10 % of soil K, in the form of non-exchangeable K,
is trapped between the layers of certain types of clay minerals. The concentration of soluble K, which is directly
taken up by plants and microbes in the soil and is exposed to leaching, varies from 2 to 5 mg I* in agricultural
soils. Imbalanced use of chemical fertilizers, a significant increase of crop yield (depletion of soil soluble K),
and the removal of K in the soil system result in a large rate of K fixation in the soil. As a result, K deficiency
has been reported in most plants. The annual increase in the price of K fertilizers and the destructive effects of
them on the environment have made it necessary to find a solution for the use of indigenous K of soil. The use of
biofertilizers containing beneficial microorganisms is one of these strategies. Although K solubilizing bacteria
can be an alternative and reliable technology for dissolving insoluble forms of K, lack of awareness among
farmers, the slow impact of K biofertilizers on yield, less willingness of researchers to develop K biofertilizers
technology and deficiencies of technology in respect to carrier suitability and proper formulation, are the major
reasons for why potassium solubilizing microorganisms and K biofertilizers draw low attention.

Material and Methods: The purpose of this study was modeling and evaluating the effects of different
vermicompost, phlogopite and sulfur ratios on the solubility and release of K by Pseudomonas fluorescens and
indicating the optimized levels of these variables for efficient biofertilizer preparation. 20 experiments were
carried out using the response surface methodology (RSM) based on the central composite design and the effect
of different values of vermicompost, phlogopite and sulfur variables, in the four coded levels (+a, +1, 0, -1 and -
a), was evaluated on K dissolution. The applied vermicompost, phlogopite and sulfur in the experiment were
ground and filtered through a 140 mesh sieve and their water holding capacity were determined. According to
experimental design, different amounts of mentioned materials were combined and samples were sterilized in
autoclave. The required amount of water along with 1 ml of bacterial inoculant were added to the samples. The
samples were kept in incubator for 2 months. At the end of experiment, amount of soluble K were measured by
the flame photometer.

Results: The analysis of variance (ANOVA) depicted the reliable performance of the central composite
predictive model of K dissolution (R?= 0.949 and RMSE=0.8). Based on the results, the interaction of
vermicompost with sulfur (p < 0.038) and the interaction of phlogopite with sulfur (p < 0.0083) were relatively
high and significant. Sensitivity analysis of the central composite design revealed that the vermicompost (Xy),
phlogopite (X2) and sulfur (Xs) had positive and negative impact on potassium dissolution, respectively.
Therefore, when sulfur content increased to 91.70%, K dissolution decreased to around 31.61%. According to
the prediction under optimized condition, maximum potassium dissolution was obtained at the presence of 41.78,
24.35 and 10.25% of vermicompost, phlogopite and sulfur, respectively.

Conclusion: The results indicated that the applied fertilizer composition (vermicompost + phlogopite +
sulfur) had a desirable impact on Pseudomonas fluorescens solubilizing ability on a laboratory scale. Due to the
fact that Iran soils are often calcareous, there are high amounts of insoluble and unavailable nutrients. Under
these unsuitable conditions, the application of these nutrients chemical fertilizers cannot reduce deficiencies.
Therefore, we must use the ability of efficient microorganisms to dissolve and mobilize soil native elements. A
combination of 41.78% vermicompost, 24.35% phlogopite and 10.55% sulfur could create a proper potassium
biofertilizer by providing favorable conditions for bacterial activity. Along with solubilizing activities of
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bacteria, the presence of sulfur reduces soil pH and thereby nutrients availability and stability increase in these
soils. Because of its acidity, sulfur has a significant effect on nutrients dissolution such as phosphorus, nitrogen
and potassium, and micronutrients. On the other hand, the presence of vermicompost in this fertilizer, while
meeting the carbon and energy requirements of bacteria and acting as a suitable carrier, improves the
physicochemical properties of the soil, increases the biodiversity of the microbial community and, as a result,
promotes the soil quality and health. The evaluation of this fertilizer composition efficiency (using optimal
amounts of materials) at the greenhouse and field scales is suggested.

Keywords: Biofertilizer, Modeling, Response Surface methodology, Vermicompost
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Table 1- Physical and chemical properties of farm soil

EC N Ca Na SBocdl o LA )
pH -1 -1 -1 -1 OM(%) . .
(dSm™) (%) (mgkg™) (mgkg™) (mgkg™) Soil texture  Sand (%)  Silt (%) Clay (%)
7.42 1.49 0.1 120 130 200 0.94 Clay Loam 25 38 37
23lisun! 3590 ola O (o3 beowd 4135 @G- Y Jga
Table 2- Results of chemical analysis of well water used
HCos Cos cl Mg Ca K Na SAR EC
1 1 -1 -1 1 1 -1 _1,05 -1, PpH
(mgr.L") (mgr.L™) (mgrl™) (mgr.L”) (mgrLl™) (mgrlT) (mgr.L”) (meqg.L™) (dSm™)
195.2 0.0 582.2 103.7 258.45 0.0 50 0.66 2.35 6.5

islojl 3 03Liiusl 390 b liog 5l oius - ) S

Figure 1- The Electromagnetic device used in the research
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Table 3- Results of analysis of variance mean squares of traits evaluated in cucumber cv Kish F1

Spao )5 dpas 2,8 9 ogpe 215 . -
Ol s 2alio 4y dgme 5yt o 555 s J;fl)ls 0‘::"“ Sy gdaw
7 - N oro
S.0.V. (df)estl  Fruityield  \water use Fertilizer use Iiumtber of indeF;( Y Leaf area
efficiency efficiency ruits per
plant
)‘,’S . 2 345424.6ns 36.9ns 3337.7ns 192.5ns 15.3ns 53.2ns
Replication
(a) 0)9] CJQAJ *kk dkk * Kkk K,k *hk
4 210108.8 20.7 620.1 61.7 41.0 61634.0
Urea level (UL)
(@) st 6 8426.0 0.3 773 33 3.1 11
Error (a)
L;“MJOLM L.j
Magnetized 1 356997.0"" 39.2"" 5664.2" 5717 1.6™ 37623.17"
water (MW)
TawX aablize U
o39) 4 14683.0™ 25" 1379.4" 16.0” 8.2" 8183.8™
ULXMW
Sl 10 8506.1 05 67.7 25 3.9 3564.3
Total error
() &1y e ps - 5.8 4.9 19.0 5.8 49 47

Cross validation

Lo > B g Y /Y e )3 5 e i A g *F Gy Lo yee NS
ns: no significant; * ™ and T significant at 0.1%, 1% and 5% respectively.
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Table 4- Comparison of the mean effects of fertigation on measured traits in cucumber

o b)-SJ.o.C yid)m‘_?ﬂ-)ls ;,S‘.é-,.tmdl,ls dgwo dlaxd Sy haw Judg IS Las L

- s Yield Water use efficiency Fertilizer use Number of Leaf area Chlorophyll
reatment (t/ha) (kg/m?) efficiency (kg/kg) fruits (cm?) index
— 100% 47.4a 16.7a 33.3b 31.9a 1427 4a 41.1ab
_3) % 75% 46.4a 16.3a 41.4ab 30.1a 1294.7b 44.0a
g 50% 41.6b 14.6b 40.6ab 26.9b 1269.4b 40.0b
& % 25% 38.9b 13.1c 57.4a 25.8bc 1233.7b 40.5b
0% 35.6C 12.5¢ --- 24.1c 1149.6¢ 36.7¢c

Wl Iy gime gy dopd B sl s 53 ¢ygiw b )d S yidie Bgp gl)b sl ko
Numbers followed by the same letter in the colmens, are not significantly differentns (P<0.05).
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Table 5- Comparison of the mean effects of magnetized water on measured traits in cucumber

s b)s"'“c <! d)..m ‘—*"")ls '555 Jf“ d‘)ls oga0 KTy ‘Sﬁ E"*" J.@g).ls Q»Lw
7o Yield Water use efficiency Fertilizer use Number of Leaf area Chlorophyll
Treatment 3 . - .
(t/ha) (kg/m?®) efficiency (kg/kg) fruits (cm?) index
Magnetized 44.9a 15.8a 58.5a 29.1a 1310.4a 40.7a
water
No magnetized 39.1b 13.5b 27.8b 26.4b 1239.5b 40.2a
water

Wl s gime gy wopd B s s 53 ¢y5iw o )d S yidie Bg iy )b b Siko
Numbers followed by the same letter in the columns are not significantly differentns (P<0.05).
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Figure 3- Mean comparison of interaction effects of urea
fertilizer levels and magnetized water on leaf area
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Figure 2- Mean comparison of interaction effects of urea
fertilizer levels and magnetized water on Chlorophyll Index
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Figure 5- Mean comparison of interaction effects of urea
fertilizer levels and magnetized water on yield

355 g 5 it I (sloslagt S sy ol Al
s 3 (P JS3) ol s asgy )3 )L ogee Slas (1SSle 2 0
Sibe Ll el anblise T L g o)l oyl 565 peaus
355 Moy YO 9 YO zokaw jd Liul8l pl &8 05 &gy 1D ogue Sl
Ot At Y e ]33l Zolaw Ay 53 9 392 13 ixe 0
blize Ol 0)g) 355 103 VB Jlasi 13 )l oge0 i Lausgie
Vel8 dpae YYIY) ol jloy 4y s aS" 0 Juols (dae YY/A)
Casld i3l (aoys FYIV) sas

Js 3 jSlas
Sy ol oSy orels 2529 Lol ot pol taghy ol

abline O Lo )3 090 3, Shoe 3:SLie )ld sladsgy Lo
3 05 YY) b liio e O Jlos 4 cns (48 45 o5 FF/R)
B3 D Joi) 1 5yt (s VE/R) S, 5 DA ([ i
JS5 g aly Gl ol (e ST meblide (e S T g
75 I peen o b oo e S 4 g Sl Sl el
G o gy Ly dms )3 il oo ol Ol (Siaml (950
) it dlse s Ol giaml (g9 b ablio sl 5t (655
it oo g o s Ll b (V) 48 e ol S 51 s,
b @Bl l5 8l Lacdl (59 (lise 0l ady) bawgs
33,5 (o LaJobw (S3edS 5 pundi o) Sl &5 (oo yg0)90
b Gl olS S a5 S 0l g 900
oS bawgs jiwgd oo g dudygd 98 C8b)d (e Ll s cul 5
2= YY) 33,5 ey 0k Jpamme a5 5 0 es sl (2ol

40 - -
@ Magnetice Water @ Non Magnetice Water
- ab ab &
s ) bc
< 30 A
32
T2
%320
A S
N b=
FY o
ER
)
£ 10
4
0 T T T T
100% 75% 50% 25% 0%
031 355 gdaw

Urea Fertilizer Level

b lie O g 091 395 zslaw Lilite O 31 uilie dunmyliio £ JSUU5

Qg9 1D dgao A
Figure 4- Mean comparison of interaction effects of urea
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Interaction of Urea Fertilizer and Magnetized Water on Yield and Water and
Fertilizer Use Efficiency in Cucumber (Cucumis sativus cv. Kish F1)
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Introduction: In arid and semi-arid regions such as Iran, water shortage and soil absorbable nutrients
deficiency are limiting factors of plants growth. Nutrient deficiencies are compensated by chemical fertilizers.
The main issue in fertilizer consumption is to use the optimal amount of fertilizer that increases water and
fertilizer use efficiency. One of the newest and most effective approach for efficient use of water in agriculture is
to magnetize the irrigation water. For producing magnetized water, it is crossed through a permanent magnetic
field. By crossing water through a magnetic field, its physical and chemical properties improve. The aim of
current research was, investigating the effect of urea fertigation by magnetized water on yield, water and
fertilizer use efficiency in cucumber cv. Kish F1.

Materials and Methods: This study was performed as split plot experiment based on completely
randomized block design with three replications from June to November 2018 on cucumber cultivate Kish F1 at
the Research Farm of Agricultural Faculty, University of Zanjan, Iran. The treatments consisted nitrogen
fertilizer levels at 5 levels from urea source (0%, 25%, 50%, 75% and 100% crop fertilizer requirement) and
irrigation water (magnetized and no magnetized water). The treatment of 0% urea fertilizer and no magnetized
water were considered as control. For crops irrigation, tape-drip irrigation system was used and for magnetizing
of water, an electromagnetic field with 0.1 tesla was used. The crop water requirements were calculated by FAO-
Penman-Monteith Approach on a daily basis using on-time weather parameters data of Zanjan Station. The
irrigation frequency was 3 days. During the growth period, fertilization was done as fertigation approach on four
times (15%, 30%, 30% and 25% of total crop urea fertilizer requirement). The first fertilization was applied 45
days after planting and the rests was carried out as 10-day periods after first fertilization.

Results and Discussion: The effect of urea fertilizer levels were significant at 0.1% level on yield, water use
efficiency, number of fruits and leaf area, at 1% on chlorophyll index and at 5% on fertilizer use efficiency.
Magnetized water was significant at 0.1% level on the all evaluated traits, except chlorophyll index. Treatment
interaction effects were significant on water use efficiency, urea fertilizer use efficiency and number of fruits at
1% and no significant effect on the rest of traits. Compared with control, the highest and lowest increase in mean
chlorophyll index were in 75% and 0.0% urea fertilizer level and magnetized water (21.1% and 0.4%
respectively). At any urea fertilizer level, mean leaf area in magnetized water treatment was greater than no
magnetized water treatment. Maximum and minimum difference between magnetized and not magnetized water
treatments were in 25% and 0.0% urea fertilizer level (155.8 and 143.6 cm?, respectively). Based on treatments
interaction, maximum mean of fruits number, achieved in 75% urea fertilizer level-magnetized water (32.8
number). It was 47.7% more than control. Maximum mean of cucumber yields with 50.3 t/ha, were in 75% urea
fertilizer level-magnetized water that it increased 17.9, 2 and 3.8 t/ha compared with control, 100% urea
fertilizer level-magnetized and no magnetized water, respectively. Results showed that application of magnetized
water to irrigate plants, increased water use efficiency. Maximum water use efficiency achieved in 25% urea
fertilizer level and magnetized water as much as 17.7 kg/m®. The trend of variations in mean water use efficiency
showed, in no magnetized water, by reducing the application amount of urea fertilizer, averages of water use
efficiency decreased but in magnetized water treatment, the trend of variations were incremental from 100% to
75% urea fertilizer level. On results, at each level of urea fertilizer treatment, using magnetized water for plant
irrigating, increased mean of fertilizer use efficiency compared no magnetized water treatment. Maximum
difference between means of urea fertilizer use efficiency at magnetized and no magnetized water was achieved
in 25% urea fertilizer level as 74.3 Kg/Kg (367%). The results also showed, the trend of variations in mean urea
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fertilizer use efficiency at no magnetized water were decreasing from 100% to 25% urea fertilizer level but at
magnetized water, the trend was increasing.

Conclusion: based on results of the current research, the optimum urea fertilizer level in Zanjan Region for
cucumber is 75% urea fertilizer requirement, which by applying magnetized water to irrigate cucumber plants,

mean of yield increases. In this case, in addition to save 25% of urea fertilizer amount, it is also prevented
environmental problems.

Keywords: Cucumber, Fertigation, Fertilizer use efficiency, Magnetized water, Water use efficiency
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10- Cubist (Cu)

11- Data mining

12- Support Vector Regression (SVR)

13- Artificial Neural Network (ANN)

14- Root Mean Square Error (RMSE)

15- Determination of coefficient (R?)

16- Conditioned Latin Hypercube Sampling (cLHS)
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1- Soil Organic Carbon (SOC)

1- Geographic Information System (GIS)
2- SCORPAN

3- Digital Elevation Model (DEM)

4- Remote Sensing (RS)

5- Expert systems

6- Unsupervised classification

7- Machine learning

8- Decision Tree (DT)

9- Random Forests (RF)
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1- Stratified random sampling

2- Operational Land Imagery (OLI)

3- Normalized Difference Vegetation Index (NDVI)
4- Visible Atmospherically Resistant Index (VARI)

5- Ratio Vegetation Index (RVI)

6- Soil-Adjusted Vegetation Index (SAVI)

7- Modified Soil Adjusted Vegetation Index (MSAVI)
8- Normalized Difference Moisture Index (NDMI)

9- Modified Normalized Difference Water Index
(MNDWI)

10- Normalized Burn Ratio (NBR)

11- Normalized Burn Ratio2 (NBR2)
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Figure 1-A: The location of Urmia Lake and study area in Iran; B: The selected locations of the study area for mapping and
modelling in the east shore of Urmia Lake with sampling points (Number of soil samples= 131)
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Figure 2- The flowchart of method used for digital soil mapping in this study
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6- Out of Bag (OOB)
7- Mean Square Error (MSE)
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1- Salinity Ratio (SR)

2- Gypsum Index (GI)

3- Carbonate Rock Index1 (CRI1)
4- Carbonate Rock Index2 (CRI2)
5- Clay Minerals Ratio (CMR)
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1- Mean Error (ME)
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Table 1- Descriptive statistics of soil organic carbon for samples used in this study (n=131)
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oS
ARELS
Soil 131 0.83 5.22 2.52 1.03 211 4.07 1.46 57.94 0.43 -1.34
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Figure 3- Box plot of soil organic carbon values for samples used in this study (Number of soil samples= 131)
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Table 2- Performance of RF and Cubist models in modelling and predicting spatial distribution of soil organic carbon in this
study (n=131)
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Calibration Validation
R? RMSE Bias R? RMSE Bias
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Random Forest model
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Figure 5- Predicted spatial distribution of soil organic carbon in study area using A: RF model and B: Cubist model
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RF model Cubist model
(st oS 2.53 2.58
Soil organic carbon (%)
e ] 1.27 1.33

*Standard deviation
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*: Standard deviation for each predicted mean value of soil organic carbon at the time scenario 2017.
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Introduction: Soils are considered as one of the most important parameters to be achieved the sustainable
agriculture at any place in the world. Additionally, the digital environment needs to have a soil continuous maps
at local and regional scales. However, such information are always not available at the required scale and
mapping with high accuracy. Digital soil mapping (DSM) is a key for quantifying and assessing the variation of
soil properties such as organic carbon (OC) especially in un-sampled and scarcely sampled areas. Using
remotely sensed indices as an important auxiliary information relevant to the study area and data mining
techniques were the pathway to create digital maps. Previous studies showed that digital elevation model (DEM)
and remotely sensed data are the most commonly useful ancillary data for soil organic carbon prediction. the
importance of DEM and derivative data in soil spatial modelling, it was not carried out in our research because
there were no sharp differences in relief, and climate for that matter, across the study area. This research aims to
investigate the spatial distribution of soil organic carbon (SOC) in a study area in north-western Iran using 21
remotely sensed indices as well as two data mining techniques namely Random Forests (RF) and Cubist.

Materials and Methods: This study was performed on the east shore of Urmia Lake located in the east
Azerbaijan province, Iran. The area extension is about 500 km?. Based on the synoptic meteorological station
report, the average annual precipitation and temperature of the study area is 345.37 mm and 10.83°C,
respectively. Soil moisture and temperature regimes are Xeric and Mesic, respectively. Using stratified random
soil sampling method, 131 soil samples (for the depth of 0-10 cm) were collected. Soil organic carbon (SOC)
were then measured. The next step was to gather a suite of auxiliary data or environmental covariates thought to
be useful (and available) for predicting SOC within a DSM framework for the region studied. Then, a number of
remotely sensed imagery scenes from the Landsat 8-OLI acquired were collected in July 2017. The RF and
Cubist models were applied to establish a relationship between soil organic carbon and auxiliary data. Both
reflectance of the individual bands and indices derived from combinations of the individual bands were used.
Fourteen spectral indices relevant to four types of data including: i) vegetation and soil; ii) water; iii) landscape;
and iv) geology were gathered. Three different statistics was used for evaluating the performance of model in
predicting SOC, namely the coefficient of determination (R?), mean error or bias (ME) and root mean square
error (RMSE).

Results and Discussion: The results of the descriptive statistics of determined and calculated SOC for 131
soil samples showed that the mean and median values for SOC were 2.52% and 2.11%, respectively. Also, the
CVs was recorded 57.94%. Minimum and maximum recorded values for SOC were 0.83% and 5.22%,
respectively. The contents of SOC was left-skewed in the data set. The RF model prediction was quite good with
calibration (R>= 0.89, MSE = 0.16 and ME = 0.01). While, in the Cubist calibration data set, the Valve of RMSE
and ME were increased (R?= 0.85, MSE = 0.21 and ME = 0.03). In terms of R?, The RF model showed the
higher value (0.89) compared with the Cubist model (0.85) for the validation dataset. Generally, the remote
sensing (RS) spectral indices can successfully predict various SOC across the study area. The covariate
importance rankings showed that VARI, NDVI, CRI2 and CRI1 were the four important covariates to predict
SOC in the study area. Accordingly, the changes in SOC over space were not uniform across the study area and
also it means that the study area is very dynamic and evolved over time.

Conclusion: The results of this study showed that although variables and auxiliary data had different
importance in predicting the distribution of SOC, in general it can be found by modelling the relationship
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between them and SOC through the model. The results revealed that the RF model was suitable for the target
variable. Accordingly, the auxiliary variables had different importance in predicting the spatial distribution of
SOC. Remote sensing imagery, particularly those encompassing the combined indices played an important role
in the prediction of SOC. The obtained results also indicated that the Visible Atmospherically Resistant Index
(VARI) and Normalized Difference Vegetation Index (NDVI) were important to predict SOC. The current study
revealed that DSM using important environmental covariates can be successfully used in Iran which there is no
sufficient soil databases. This research also provided a pathway to start further works in the future such as DSM
relevant to the soil erosion, soil ripening, trace elements and so on.

Keywords: Cubist, Digital soil mapping, Environmental covariates, Modelling, Random Forest
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Table 1- Analysis of variance of soil physicaland and chemical properties in different types of land use

ol Ol ggome (o3lj1a20 Oluye (il L)l O cu o
(sS) (dlf) (MS) F (CV %)

os  Sand(%) 1140.64 3 380.21 9.18" 26.68
cle  Silt(%) 181 3 60.37 0.55 1 28.05
o Clay(%) 482.90 3 160.96 4.72¢ 16.83
o €Sl 5 i35 ik MWD(mm) 3.28 3 1.09 21.79% 3955
Jslss  Porosity(%) 269.87 3 89.96 1017+ 8.92
sl JSs  BD(glem?) 0.19 3 0.06 1017% 6.87
S5 ety pH 0.38 3 0.13 15.46% 3177
SSeps)l ol EC(dS/mTY) 0.52 3 0.17 12.36 3.76
Joleo osedS ©lys CaCOs (%) 419.46 3 139.82 14.01% 18.96

(P<0.01) a0 > ¥ s 1 5 (P<0.05) 503 & grlaws )3 (5 ixo iy s g # ()5 Jme pac NS
ns:Non-significant, * and **; significant at 5% (P<0.05) and 1% (P<0.01) respectively.



\AR B30 adbio (S oS ol 9 (SO s s I (S 0 (4 ‘sﬁ)U).x.iJﬁfU

()

(=)
(B)
40
=, C
-=
w
iz 20
o
o
o |
=l et i s
natural 1 Bl
Forest Farmland Destroyed
Forest
w5
Land uses
- a (C)

— "
Sile (%)
4

l

a
a
E*’xﬁ*’rﬁ &:’?Ji]

(=)
()
[-1+]
o
S
o 2o
o —
pFf W e
“.-IIITIII Sjpis %]
Forest Garden Farmland  Destroved
Forest
wdl) g
Land uses

25
23,5 £ el et T
matural Walnut Farmland B
Forest Garden
el s
Land uses

Destroved
Forest

St 023 (oo 233 (2 oy o (AT cilison (g g 09,18 10 SB 3 051051 &g 397 -Y UKW
(P<0.05) 35)l55 jls sme dMS) aylisie g y> by slo uSSleo

Figure 2- Soil particle size distribution in different land uses. A) Clay percentage. B) Sand percentage. C) Silt percentage
Means with the similar latters are not significantly different at P<0.05.

Joi> Bilae 285 )13 () 2y90 il SIS el lgie
39 ke Ol 2 6 e () Jgi) peibly w20 @l
md s it ¥ S (P<0.001) el o ailiSls b
o9t sy lS gl 3| sy JSim 5 lSs 5 gy Sk
sl WTY S LaailaS B Jlad 55 (565ke & (550 &
GokS Do d YOO g8+ /YVAY/Y sy 4 e opl 0o
b Ll oddiy 55 S 5 6)ygliS (L3l 935 gL
ey pae 90l (Il sl dgmg e 4y K> S
YL ) lie) SB O ojlal @jgr wiomen 5 SB leisle
Ol pBLS (izmed b g bjie i o8 J odle (55)5La8
Laaslsls j s 559 e0lee (B0l crge (0 I8l 9 )
Shs g oS uﬂ odlo 3939 ju o LB K> > Sl sl S
oS a8 Jb 3 a5l MWD tals LYs 5l wlg e S
Jds asliSs o 59 pas s SB 4 JI ble cusSy 99,5 EL
ylas d aBlbiee (6))5liS ol & s MWD (09, yidin
ge g A8 o o |y (sl SIS g, (58 3529 03l
L g 95,5 oo LaaliSs iy o)l 5 5,50 claaluss sl

bl Jholine Sles pie (oo | (2l (VV) oo 5 599
9 (P99 Sleals a3l Cgldie L;Laadﬁ)l_{ PR RIS S
b SUS a5 20 ot 4 b Azl el (V) K
S olge 4528 (A5 iy & oo g 0ud by (55SB Shagrge
ol O > nlia Koo @lyd g ond aalaSE s sMe 4
b Ly a8 o by JUil 5omly Y 4 Ol b olian 5 oud
S (0 &8 o Gl o 4 (rlaw ol Oy,

4 olwdlsSE Wy aad o L SlSB gl l s K,
e L 48 GlaS S @ sl o3l sp)l8 g5 ) e 0
S oy el Gl il Loyl plo 4 )50 IS 5l 608
iz iy ol 3035 o 03938l ol b (l3e 4 g atlS
ol olboa 5 JSin 3 S5 @l ojlu] gig Ab Lasuie
ddlaie p Y (SH)badagi b aS )l (65,5liS LSl 4 (o3
5 S 55 Jds 4y (o SB b g gl a1
D9d 425 Sl o hund (LS by

(MWD) Ladalasla s 559 (paSilae
4y (MWD) SLs clyd jdad  Sis wSlae Simeh cpl



1Y 599 poeis — 310 30 oF 6 ko FF Al (S g ol Wi VY

VREEIYe Gliee & 0l ofag > halEl el )8 s
S g g5y9lsS (=l 90,5 EL g3 iy 4 oy WWIVD
SIS S b G5 Gl dgde SR &) Copd 04d )5S
oBalS g b Rl Lol JSix g (55,98 s ) & S )
ORIl pogasa p i fieS S 4 13 9 ) Oliee
oS 9,5 EL 4 55l Sl 6 ) s b wioren b oo
P sl pogase py Sl cuw g aad e Ey bl ol

33,5 (0 §5ygliS (LBl 4 G 93,5 b s )8

=
3

[E=Y

o
3

o

OIS jlas S5y (1:Ske 5 ol 38 b LRlBl g ey LRl
Ol el dad e LS Glagh ol @l Wl Rl b
S oolo Ly (595 5 oo Siamad baliSls b i

cdls (r=+/vY)

sl o598 2
Slag S bl ojng oy jluie (ib)ly 4525 b
Jlaisl g 3 (3l 508 s 1 2030 i 5 90
boiye @l () Jgi2) cul 30 (5,8l ooy py p bop> o/ o)
223 o L gl ol o 03,9l & JSKi 50 by pSilio dunnlio 4

W SIS b g il
Mean Weght Diameter (mm)

Natural Forest

Walnut g3 5 £
Garden

XV QERPC gy 578
Destroyed
Forest

339w Sy
Farmland

2l s
Land uses

LA Sl 555 il 50 2§y et i ¥ U
(P<0.05) 35)l55 Jls sme a8 ailisie g y> by (slo uSSleo
Figure 3- Effects of land use change on mean weight diameter of aggregates
Means with the similar latters are not significantly different at P<0.05.
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Figure 4- Correlation of soil organic matter with mean weight of aggregate diameter
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Figure 5- Effects of land use change on soil Bulk density
Means with the similar latters are not significantly different at P<0.05.
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Figure 6- Effects of land use change on soil porosity
Means with the similar latters are not significantly different at P<0.05.
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. Means with the similar latters are not significantly different at P<0.05
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Figure 9- Effects of land use change on CaCOs3 content.
Means with the similar latters are not significantly different at P<0.05.
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Introduction: The most important factor in environmental degradation and pressure on ecological resources
is rapid population growth combined with unsustainable exploitation of resources. Soil is one of the most
important and worthful natural resources of environment. Land use change and deforestation decrease soil
quality. Land use change also causes destruction of the evolved soils and decrease soil quality which result in
permanent destruction of land fertility. Therefore, studying land use management effects on the soil quality has
got an attention in recent years. Destroying the vegetation especially in the last 50 years resulted in important
problems like soil erosion, land slide as well as increasing flood in the Bazoft area. In this area, degradation of

the forests and their convert to other land uses like pasture, agriculture and urban or rural land use, occurs
annually at high extent, in which make high damages to natural resources. In this study, the effect of land use
change on soil quality indices in this area located at Chaharmahal-Va-Bakhtiari province was investigated.

Materials and Methods: In this research, four different managements with relatively similar conditions in
terms of the influence of soil producing processes were chosen. Then, 10 composite samples from 0-30 cm depth
of each land use (40 samples in total) were taken and different soil properties including soil texture, mean weight
diameter of aggregates (MWD), porosity, bulk density, soil acidity, electrical conductivity and calcium
carbonate equivalent were determined. One-way ANOVA was used to analyze the dataset. Tukey HSD test was
applied to compare the means at the probability level of 5%. The first land use includes the natural forest with
predominant cover of Iranian oak and the highest density and cover with the least human interference. Another
land use is the degraded forest, caused by deforestation over the last 50 years. The third land use is the
agricultural land which transformed from forest land use by deforestation in the last 50 years. The fourth land
use is the walnut garden which established from agricultural land about 20 years ago.

Results and Discussion: The results showed that land use change from natural forest to other uses had a
significant effect on most of the studied parameters. The percentage of particle size distribution was affected by
different land uses, so that the percentage of clay was significantly higher in the land use of natural forest and
walnut orchard than other land uses. The results also showed that the mean weight diameter of aggregates was
influenced by the land use change (P <0.001). Factors like soil compaction due to livestock grazing and
machinery traffic, agricultural operations and reduced biological activity increased the bulk density in all land
uses compared with the forest land use. Deforestation also resulted in 6.92%, 12.05% and 14.16% porosity
reduction in walnut orchard, agricultural land and deforestation, respectively. Changing management from
farmland to walnut orchards also improved soil porosity by 6 percent. In the study area, the problem of changing
vegetation, grazing, planting and other mismanagement increased soil pH in other land uses compared with the
forest land use. The comparison of means showed that degraded forest and agriculture land uses had the highest
rate of electrical conductivity which showed significant difference with natural forest land use and walnut
orchard. Analysis of variance indicated that the land use had a significant effect on calcium carbonate equivalent
at the probability level of 0.001. The comparisons also showed that the equivalent calcium carbonate content in
agricultural land was higher than the other land uses, and there was no significant difference between walnut
orchard and natural forest.

Conclusion: The results of the present study showed that the soil physical and chemical properties were
significantly affected by land use change. Overall, it can be stated that the rate of changes in soil quality under
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human management and different utilization systems indicates failure in sustainable management of soil
resources in the study area. Some characteristics such as soil particle size distribution percentage, soil porosity
and calcium carbonate equivalent shows that there is no significant difference between walnut orchard and
natural forest. However, the walnut orchards can be selected as the best management in areas where it is
impossible to restore natural forests. Also, the need for stopping deforestation in Zagros ecosystem is highly
recommended.

Keywords: Bazoft, Land use change, Soil quality
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Figure 1- a) Location and geographic map of study area, b) simplified geological map and c) drainage scattering and type of
soil distribution map (Adapted from 7 & 18)
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Table 3- Classification of heavy metals evaluated with Enrichment Factor, Index of Geoaccumulation, Contamination Factor

and Pollution Index (16, 21, 22 and 26)

Range s3g45w Description Loy
EF<1 No enrichment S EE Cygh
I<EF<3 Minor enrichment Sl Sas g
3<EF<5 Moderate enrichment bgie (Sab b
S<EF<10 Moderately severe enrichment L s Sab g
10 <EF <25 Severe enrichment LS (Sab g
25 <EF <50 Very severe enrichment LS s Sas e
EF > 50 Extremely severe enrichment L5 ol o SAb €
lgo <0 Unpolluted SS9 e
0<lgeo <1 Unpolluted to moderately polluted  lewsze (S35 b (Sogl oy
1<lgeo<2 Moderately polluted Luwgie (534l
2<lgeo<3 Moderate to strongly polluted 235 U bawgie (Sl
3<lgeo<4 Strongly polluted Lad Sl
4<lgo<5  Strongly to extremely polluted Colig o b auas (5ol
lgeo > 5 Extremely polluted oleger SS9l
CF<1 Low contamination ol (Sl
1<CF<3 Moderate contamination Luwgio Sl
3<CF<6 Considerable contamination ag LB 5ol
CF >6 Very high contamination Y s Sl
PI<1 Unpolluted, low level of pollution ol (Sl
1<PI<3 Moderate polluted Luwgio S35
PI>3 Strong polluted YL Syl




yyy

iy dibin (LS )5 S Wl p (Fogll (ST oo § oy

57°30'

8

=
L}
b !
57°30' 58°
(RN
Soll s Legend
B 40 No enrichment
B Minor
. Moderate
S ek Moderately severe
— e Severe
oo Very severe
B .cewa Extremely severe
57°30' 58°
)
L]

>
L}
o
w
Lag]
(RN
o Legend X
No enrichment 5 Km )
Minor  — =1
Moderate

Moderately severe
Severe

Very severe
Extremely severe

EF-Sr

35°30"

57°30' 58°

o 1 1 L N o,
21 %
> >
L} L}
o - Fo
al - - &
“ 57030’ s8°

Leaat

ol s Legend

B <0« No enrichment

. s Minor

s Moderate

“=b=  Moderately severe
— e Severe
oo Very severe
B .cwwe Extremely severe
57°30' 58°

o 1 L L 1 O,
21 %
> >
L} L}
[ Fo
w T T T T w
“ 57030 5§

Leiat

ol s Legend N

B o« No enrichment 5 Km

Minor —s ¥ =t
Moderate

Moderately severe
Severe

Very severe
Extremely severe

EF-V

S S g b et L ]y addllie 5590 dllrio 43 gl pial g 0925Ulg (Suw ) (JSW molis (a9l STy -Y S
Figure 2- Pollution distribution of nickel, arsenic, vanadium and strontium in the study area based on EF pollution index
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Table 4- Contamination status of the heavy metals in the study area

Location of Source Statues Percentage of polluted area based Element
pollution Pl Igeo CF EF
Oyt g 35 gy Sl Sl Seasy]
S,wW Lithogenic Low pollution 2% 3% 2% 5% As
- S Sogll a3 $9)
- Lithogenic No pollution <1% <1% 2% <1% Zn
- 23 G9x/3l3 09 Sl s o
- Lithogenic/ o yolition <1%  <1%  <1%  <1% Cu
Anthropogenic
- o3 yep0 AN REE "
- Lithogenic No pollution <1% <1% <1% <1% Pb
B ooz gy 3y 09 o3¢l P9
E, SW, C Lithogenic polluted 55 % 55 % 56 % 53 % Cr
Jless S5 oy Sl Sl I
N Lithogenic Low pollution 4% 2% 2% 3% Ni
- S5 9y3 AN REE s
- Lithogenic No pollution <1l% <1% <1l% <1l% Co
B foge 35 09 Sl (Sl po3Uly
SW,C Lithogenic Low pollution 4% 2% 3% 4% \Y
T o 09 Sl (Sl sl o
SW Lithogenic Low pollution <1% 2% 2% 2% Sr
- SIS SS9l 58 yess]
- Lithogenic No pollution <1% <1% <1% <1% Sh
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Table 5- Correlation matrix for studied elements

Element Zn Pb Cr Ni Cu As Sb Co \% Sr
yais 9 @y peS S me Shwyl gleetl IS 0gadlly  peand] les!
ZALIVIY) 1
Pb & 057 1
Cr pg,s 049 054 1
Ni JSo 0.04 -01 0.19 1
Cu e 044 -0.04 -0.16 0.15 1
As Sww,!  -0.05 0.02 -0.06 -0.07 -0.03 1
Sb oylgess] 024 058 034 -002 -0.08 0.2 1
Co LS 067 038 053 061 045 -007 0.5 1
V 04s30Ulg 0.76 0.67 0.67 -006 0.09 -0.06 0.26 0.65 1
Srpawdl ! -0.06 0.31 -0.04 -022 -0.21 0.15 0.28 -0.2 0.05 1
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Figure 3- Distribution of chromium contamination in the study area based on pollution indices, a: EF, b: lgeo, ¢: CF and d: PI
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Figure 4- Correlation matrix of the investigated elements in the study area
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Introduction: Sheshtamad area is located in the western part of Khorasan Razavi province and includes
Sheshtamad city and its surrounding villages. A variety of sedimentary and igneous rock units, mainly belonging
to the Cretaceous or younger age, are found in the area. A series of orogenic movements, lithofacies changes and
magmatic activities led to the distribution of heavy elements that can cause environmental problems in the area.
This study aimed to assess the heavy metal contamination of the soil in the extent of the study area. It has been
attempted to investigate the origin of pollution and its impact on the environment using geochemical data.

Materials and Methods: In this study distribution and possibility of contamination from arsenic (As), lead
(Pb), zinc (zn), copper (Cu), chromium (Cr), nickel (Ni), cobalt (Co), antimony (Sb), strontium (Sr) and
vanadium (V) were investigated. These variables were determined using chemical analysis of the sediments. For
this purpose, network sampling was carried out at 1.5x1.5 km and 3 to 4 samples were taken from each cell.
Throughout the study area (geological sheet of 1:100,000 Sheshtamad), 1248 samples of sediments were
collected by Jiangxi Company and analyzed by ICP-MS method. The analysis results were summarized in
ArcGIS software and elemental concentration zoning was performed by Kriging and Inverse Distance Weighting
methods. Some indices have been proposed to evaluate heavy metal contamination in sediments and soils. In
order to determine soil contamination with heavy metals, some parameters such as Contamination Factor and
Pollution Index were calculated. Multivariate statistical analyses such as correlation analysis have been applied
to identify the geochemical behaviors of different geochemical groups.

Results and Discussion: Surface distribution of As with values above 270 mg kg was observed in the
drainages of the southern part of the study area. Sr and Sb were measured with values above 2900 mg kg in the
drainages from south to eastern part, and above 4 mg kg™ in south and central drainages, respectively. Surface
dispersion of Zn above 210 mg kg was present in the drainages from central, south, southwest and northwestern
parts of the region. Cu and Pb were measured with values greater than 240 mg kg™ in North and Northwestern
parts, and greater than 110 mg kg in East, Central and southwest, respectively. Surface distribution of Co
element with values above 58 mg kg™ from drainages in central, north and southwest and V with values higher
than 85 mg kg! in central and southwest part were also observed. Finally, distribution of Cr element with values
above 7400 mg kg in east central and southwestern part and Ni with values higher than 890 mg kg in center
and north section were found.

Pb had significant contamination only in a small area of the central part. Cu also showed little pollution only
in a small area of the center of the region on the fringes of mining activities. According to the Pollution Index,
As had a high pollution in the south and west parts. The central and southwestern parts of the study area show
moderate Cr pollution, based on the Contamination Factor. Based on the correlation matrix used to determine the
relationship of heavy elements with each other, some elements have a positive correlation with each other, which
may indicate their common origin. For example, Co had a positive correlation with Ni and Cr indicating a
common origin associated with the distribution of mafic rock units in the region. Pb and Zn have a positive
correlation with each other as well as with Co and V, whereas the absence or negative correlation of As with
these elements indicates a separate source for this element compared to Pb, Zn, V and Co. The presence of Cu
element, despite its limited correlation with zinc, appears to be independent and likely to be more closely related
to mineralization processes and mining activities in the region. Sr was negatively or very weakly correlated with
most elements. It is chemically similar to calcium and can be present in carbonate sediments with gypsum in
addition to substituting for plagioclases. The results of correlation coefficients with elemental zoning maps,
geological maps and results of pollution coefficients showed very good agreement. The results of this study

1, 2 and 3- M.Sc. Graduated in Enviromental Geology and Associate Professors, Department of Geology and Petroleum
Engineering, Mashhad Branch, Islamic Azad University, Mashhad, Iran, respectively.

(*- Corresponding Author Email: saeed.saadat@colorado.edu)
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indicated that heavy metal contamination in the region was mainly due to the geological characteristics of this
area. In other words, that was mainly “lithogenic”.

Conclusion: The results showed that Cr in the central and southwestern parts of the region had moderate
contamination and it should be considered by experts and residents of the area to prevent Cr entering the
biological cycle of the region in the future. It is one of the most toxic heavy metals and contaminated areas
should receive proper attention. Studies were also indicated the presence of As in the stream sediments,
especially in the southern parts of the region, and it is necessary to measure the permeability of this element into
groundwater and surface waters in addition to the soil. V, Sb, Zn and Co had no significant contamination and
specific environmental problems at current concentrations, is unlikely. Anthropogenic contamination, except
from limited mining activities, did not play a significant role in the contamination of this region.

Keywords: Environment, Heavy metals, Northeast of Iran, Pollution
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Table 1- The physical and chemical properties of the soil used in this study

o Slaie 221y G Jake >y
(Property) (Quantity) (Unit) (Property) (Quantity) (Unit)
o 55 % i 8 et 125 (mg kg™)
(Sand) (Available P)
e 27 % i B e 240 (mg kg)
(Silt) (Available K)
o) 18 % o> 8 o) 7.4 (mg kg™?)
(Clay) (Available Fe)
oS 0.66 % S 636 (mg kg™)
(oC) (Total Zn)
ot I o8 0.21 (g Clkg soil) e IS o) 37 (mg kg)
(DOC) (Available Zn)
Jooo oS b5 13.66 % S o 560 (mg kg™?)
(TNV) (Total Pb)
42,50 Cogh 19 % i B e 54 (mg kg™)
(FC) (Available Pb)
JS 03 0.21 % JS poee 7 (mg kg
(Total N) (Total Cd)
oSl exbin B 0.926 (ds m) e B e 062 (mg kg™)
(EC) (Available Cd)
SE ] 7.69 (1:5)
(pH)
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Table 2- Characteristics of growth-promoting bacterial species used in this study

. Mool o Ulgs JVodl o Ulgs Cudd o Ulys skl 2Ulg Josial Mg wilows e
L G JERERICIEINE il 0395 lilgus .
i i N . Sl Sl 5g
(Bacterial species) (Phosphate (Potassium (Nitrogen (Sulfate IAA HCN

solubilizing)  solubilizing)  fixation) reduction) (IAA) (HCN)
Proteus vulgaris - + - + + R
Pseudomonas putida + - - - - -
Bacillus subtilis - - - - - +
Bacillus megaterium - + - - + +
Azotobacter chroococcum - - + - - +

‘\SJLL.AJ)}AWMWLML’CMLI*AM%JJYWMWL&@NL’“‘F

+: appropriate response to studied trait, -: lack of appropriate response to studied trait

pobis CBLE 5 (g ity S N Slhsms] 5 9 CBLE 1 ol 03 S e S5 5 3 €95 50 ool fs a9 s Y o

oS LS S eawliy 9 p0d o359 %8
Table 3- The Analyses of variance of data showing the effects of plant type and PGPR species on concentrations of organic
acids of the rhizosphere soil and concentrations of the N, P and K in the leaf of cabbage plant

Ol e @ilan gy SElel g OO i e raweliy Cdalé
(Variables) (df) ali (Ac_etlc i (N . P (K concentration)
(Malic acid) (Citric concentration)  concentration)
acid)
"’K"’s)_ i 2 14.46™ 8144.00™ 13747.87™ 0.28™ 0.01™" 5.54™"
(Cabbage varieties)
d’f{b' i . 5 19.75™  24175.75 2720.81™ 1.95™ 0.01™" 2.26™
(Bacterial species)
S Sk BSxlS 03,
(Cabbage varieties x 10 7.86™  875.99"  752.23" 0.08™ 0.0005™ 0.13™
Bacteria species)
b= 36 0.0184 24.8753 4.7996 0.004 0.00007 0.004
(Error)
Olyos o b

Variation (%)

™ significant at 0.01 level, " significant at 0.05 level, ™, not significant.
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Table 4- The interactive effects of cabbage varieties and PGPR species on concentrations of organic acids of the rhizosphere
soil and concentrations of the N, P and K in the leaf of cabbage varieties

Slo ] S!Sl S nws !

Oa e cuilé bond il oy il

oS o, SrS5L a8 Malic acid Acetic acid Citric acid N concentration P concentration K concentration

Cabbage varieties PGPR species (V:0) o bas g owd g 0,5 e KW
(mg/dl 1:5) (%)

Control 0.61(k) 21.03(l) 229 (ij) 1.13 (i) 0.16 (i) 0.40 (i)

Proteus vulgaris 1.04 (hij) 71.69 (i) 7.52 (ghi) 1.32 (h) 0.20 (h) 1.27 (f)

i) olS Pseudomonas putida  2.09 (cd) 112.75 (ef) 30.36 (e) 2.03 (ef) 0.25 (cd) 0.62 (h)

Ornamental cabbage Bacillus subtilis 1.21 (fghi) 120.44 (de) 8.36 (gh) 2.03 (ef) 0.21 (gh) 0.61 (h)

Bacillus megaterium  1.50 (ef) 149.44 (c) 12.18(9) 2.10 (def) 0.20 (h) 1.57 (e)

Azotobacter chroococcum 1.02 (hij) 72.58 (i)  3.81 (hij) 2.35(c) 0.21 (gh) 0.71 (h)

Control 0.91 (ijk) 43.49 (k) 18.22 (f) 1.40 (h) 0.16 (i) 0.73 (h)

Proteus vulgaris 1.19 (fghi) 98.32 (gh) 45.91 (d) 1.86 (9) 0.24 (de) 1.31 ()

Ko olS Pseudomonas putida  9.59 (a) 141.30 (c) 118.34(a) 1.89 (g) 0.30 (b) 0.94 (9)

Broccoli Bacillus subtilis 2.12(c) 179.96 (b) 57.45(c) 2.07 (def) 0.20 (h) 0.95 (g)

Bacillus megaterium 254 (b) 233.88(a) 69.28 (b) 2.06 (def) 0.22 (efg) 1.83(d)

Azotobacter chroococcum 1.12 (ghi) 104.96 (fg) 29.53 (e) 2.68 (b) 0.21 (gh) 0.93 (9)

Control 0.78 (k) 56.25()  1.22(j) 1.17 (i) 0.21 (gh) 1.22 (f)

Proteus vulgaris 1.07 (hij) 92.39 (h)  2.85(ij) 1.95 (fg) 0.24 (de) 2.54 (b)

Sy als Pseudomonas putida  2.69 (b) 94.15(gh) 19.33 (f) 2.09 (def) 0.32 (a) 1.25 ()

Cabbage Bacillus subtilis 143 (fg) 128.22 (d) 5.69 (hij) 2.16 (de) 0.23 (def) 1.56 (e)

Bacillus megaterium ~ 1.79 (de) 18950 (b) 8.49 (gh) 2.18 (d) 0.26 (c) 2.87 (a)

Azotobacter chroococcum 1.28 (fgh) 92.46 (h)  2.51 (ij) 2.88 (a) 0.23 (def) 2.11(c)

)15 o b (PO.05) (gl e BT ()bl Lilod 51 eyl S o By S Jolas 45 gty 3 b puSile
Different letters indicate significant differences at the 5% probability level.



1Y'AQ 59 e —010 30 o oylos FF Wl (S g Of 4,5 YYY

(Oigrie ymolis clald )T S &S A3 e LS IS OlS S
Tl gh) Sals Jloss &) bgyo oIS 63 dw p2 )3 jiud g uliy
sobar ]y Sy polis pl cldale (6 38L b il 9 35 (8L L
slcdale o5 i &S gysbas o Ll <[4V (o) e
o YIAY 5 <I8Y YT i ysSilon b sy 5 yinsd <3595
L oad il slalosd coif a9 Sy ol 05y 4 Lo
B. megaterium o P. putida A. chroococcum ¢la s uSLy
> odlatl 3)90 slas S (oUly a4 b (Y Joia) 25
A Sl as el plsse (93 4 (Y Jsiz) pinles]
el BB gy Gl w59y i b Chroococcum
o slophil 4 g oo (e oy olS 5 0ad olS (ol
Ul s« P.oputida (55850 o pt ool 0ol Jlas!
SE > de B jaud clale (Bl e Jolol jand Mol
Al o logi plo 4 Comns (gt Himd Gl oblgs olS g 00d
el Mol SUlgs cpils b 56 B, megaterium (¢ ,:Sl .ol
ool olS el s ymda o BB sl conl anuilys Jlowals
9wl ol (e Slge g Joloels lacland Mool a8
9 el (ks (o pid il Sl 9y (Njglan S
9 AT) 2950 olS 0y (I3l g ol a5 dgu0 4 )3 9 yhud
ar

pmolis i by S 3 0 il VL ke IS boay
e SLs 3 s LB jind dga8’ cely pind 1ilo olS lie
Iy yaad 2900 (YY) 2l (o 0 1y olS ady idlS yol oyl a8 2gud
Ul a5 olS 15 S pme slas Sl codisS S b s e
5 Fon AV 5 VY) 3,5 ol wen [l ]y cliud Sus Js
Ay Syome Loy L olS iy w5 ol (V0 oy
= e l_zaoi A o ilidl 1y olS s olie ole clale
fonelS” yannd cualy (19 k0 1 Jold Bpas (238 polie clale
Uiy35 B, megaterium (gL L osds el jlos 3 1) puie g
Wiars Mg polis Gl il 8l 50 6)50s i 538
SoaisS b il 31 )3 1) ol bawg mjsie g sl )hd onliy
(VA 905 YF AV Ve 0 A) wlea,S 5155 wsluesly

9 ddliny poaaalS 9 oo iBLE s (5 Sk g Ayl
pls oLsS (ol 92 (A
by 45 amd o s Wodly il jly 40l ol s

Juainl s 3 (gloisime b o] Bz 15 (38 b el
GiSe gy peadlS g oy bl P/ ) dop S

(0 Jgiz) cusls oS olS lgn

Ml clale 6381 g o8, blite il sla 1Sle duslds
Ol Ly Sl sl clale 1 5o &5 a3 00 (L5 Sl
Jbud_lam(\a) o)l_.a.c )_;Ju_w.))_:ﬁ)ju_lm YY‘Y‘/AA
54 B. megaterium (¢ SU b odd zali Loy oS (550w,
Sy ol g (Hop oS ) oI5 03) w3 (Y Jgi2)
,» P. putida 4 B. subtilis sLa xS L sass il slacSs
L S il a8 (g bay aiB S )18 pow 5 psd sl
clale P. putida 4 B. subtilis B. megaterium ¢La ¢ xSL,
)_’])J‘“/Y 9\°/\ O w).iéb u.lfgﬁplfﬂ,_a) )0 ‘ﬁl).g NAY 9a/V
(¥ Jgie) o> ljl oadds udli (6 ymgin,
Sl lalis olase an pH ials ol LagSL Uy
o> 4o (YY) el uﬂ sl g 51y e (g5l gum!
g Goyb jlaidy) s ad (sl &S Gl ol as Ll

P et i Gl g bausg o5 JeSse g b I (slasen]
) S5 3 ol yiud Lil3hl 5 dne i oyjlke Mol
Ul oop 3 (V) OhlSen g jig> (A 5 Ve 0A YD)
e (S lam 45 490,815 olS Ay S e slas S
B. 6,Ls L ok el Jlawi 5 ST 5 Siglle N (gloigus
o= US|y el ol s o)l o el Caws 4 megaterium
93 il Sl Sl i) Mg 5 omaslty ol )3 (6,55,
YL LUlg 48 oladlgsl plos & 0 )l 6 )Ss aolllas
FEEE L5 Y JEY sy ,ol5 w s panlty o5l Joloxa
Sle g SoslogS S8 oSt N slodeasl 2 1 25 e
slag Sl (ol pusille &S S g S sl (V) W29
O gl 4 i o Cal I ol A5 ety 00" >
o3y Jsleels Sdse dlge cudMa g o dutyy bl laxe
basgs |y diliseo 1 (sloseul 15 35 (6,500 e (V) a3 0
I sl 1 dgr 1ilos,)S ()15 nlly 08 Jo slags S
(V) Sb)b 5 SIST(VP) Sigs ol 9 St « SIS
Sle S 9 (Fr 9 TV) SO 5 Sle Syt «SJ1S1

sl odd ()1 (V) SojlegS” 9 Sig)8

paaliy 9 A ed (59,000 S BlE (5538 g a8 sl
ps S

LS medlh aS e o olis bodly bl & 500 gl

= <A 10Y) deoyd S Jlein] gaw > (gl ine b 68

oS oL Sy )3 (eamolly phud ¢()59yi) Bpuae p polie clalé
P Byane yy yole cble b 1 Sho dwlis (¥ Joio) cusld



VYY ol ol 50 pgaodls 3 oy il g T slosusl sdgi p oidy S yxo (slas 551 53T

955 2,8t 5 allh (it g duly) 0900305 9 o pew (GBS 1 0LS il ) S yome (S5 7S g o8 £95 U uilyly 4320 W -0 Jgua
alS olS S
Table 5- The analyses of variance of data showing the effects of plant type and PGPR species on concentrations of the Pb and
Cd in the root and shoot and fresh-dry biomass weight of cabbage plant

Sl (1o
(Mean square)
s oo ) O e Pguedls clals
= ’*’” & &3 (Pb concentration) (Cd concentration)
(Variables) q N o e 5 5,5es Suis 3 Slos
(df) iy ¥ | ’ iy ¥ | * (Fresh biomass) (Dry biomass)
(Root) iy (Root) sl
(Shoot) (Shoot)
w5 o) . 2 14940.92™  495.88™ 19.25" 1.44™  175236.4056™  6261.66285™
(Cabbage varieties)
“5)'5 i . 5 2180.99™  386.86™ 39.78™ 2.62™ 44658.4806™  1517.48343™
(Bacterial species)
S Sk BSxlS 05,
(Cabbage varieties x Bacteria 10 285.84™ 94.33" 5.65™ 0.30™ 5544,0095™ 200.26983™
species)
1229
36 15.00 4.33 0.17 0.02 33.2278 4.03538
(Error)
ot - 452 3.69 458 2.18 2.974132 5.956490

(Coefficient of Variation (%)

*

" significant at 0.01 level, " significant at 0.05 level, ™, not significant.
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Table 6- The interactive effects of cabbage varieties and PGPR species on concentrations of the Pb and Cd in the root and
shoot and fresh-dry biomass weight of cabbage plant

o o il
(Pb concentration)

pawedls clilé
(Cd concentration)

P 2,5kes iS5 Slos

oS o3 & SL aigs Al Slod Gty Ay, il Lis (Fresh biomass) (Dry biomass)
(Cabbage varieties) (PGPR species) (Root) (Shoot)  (Root)  (Shoot)
PR 2 oS e OIS 55 05
(mg kg?) (g in the plot)

Control 91.00 (d) 52.75() 7.21(b) 4.79 (k) 41.88 (1) 6.25 (i)

Proteus vulgaris 98.55 (bc)  60.95 (bc)  7.56 (b) 6.15 (ij) 59.64 (k) 8.79 (hi)
g olS Pseudomonas putida 120.20 (a) 90.77() 9.01(a) 7.37 (bc) 78.03 (j) 11.49 (gh)
(Ornamental cabbage) Bacillus subtilis 95.45 (bcd) 59.77 (cd) 8.85(a) 6.45 (fghi) 95.80 (i) 14.57 (fg)
Bacillus megaterium 100.22 (b)  66.00 (b)  7.69 (b)  6.50 (fgh) 109.59 (h) 17.59 (ef)
Azotobacter chroococcum  95.00 (cd)  60.10 (cd) 7.39(b)  6.27 (hij) 95.16 (i) 14.65 (fg)

Control 61.28 (h) 4588 (f)  7.27 (b) 5.98 (j) 115.19 (h) 20.39 (e)

Proteus vulgaris 67.27 (fg) 53.47 () 7.45(b) 6.69 (efg) 228.64 (f) 36.08 (d)

Kop oS Pseudomonas putida 77.63 (e) 62.05 (bc) 8.76 (a) 8.18 (a) 251.57 (de) 41.06 (c)
(Broccoli) Bacillus subtilis 66.02 (fgh) 54.83(de) 7.77(b)  6.86 (cd) 253.13 (de) 47.44 (b)
Bacillus megaterium 67.95(f) 56.52(cde) 7.92(b)  7.05(cd) 397.11 (b) 72.50 (a)
Azotobacter chroococcum 67.50 (fg)  54.22 (de) 7.68(b)  6.70 (efg) 230.10 () 43.01 (bc)

Control 55.45 (i) 4110 (f)  7.12(b)  6.40 (ghi) 111.64 (h) 20.21 (e)

Proteus vulgaris 65.62 (fgh) 54.37 (de) 7.24(b)  6.70 (efg) 213.31(g) 40.98 (c)
Sy pls Pseudomonas putida 73.95 (e) 61.27 (bc) 7.82(b) 7.51 (b) 249.03 (e) 45.63 (bc)
(Cabbage) Bacillus subtilis 66.90 (fg) 54.27(de) 7.29(b)  7.09(cd) 277.83 (c) 46.42 (b)
Bacillus megaterium 62.38 (gh) 5297 () 7.34(b) 6.85(de) 416.77 (a) 76.96 (a)
Azotobacter chroococcum  62.38 (gh) 5352 () 7.20(b) 6.79 (def) 264.27 (d) 43.03 (bc)

)5 o b (p<0.05) (g)ls sime M3 g )lol Ll 5l ety S piie B o St &8 gt 5n )3 by uSikie

Different letters indicate significant differences at the 5% probability level.
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Table 7- The Analyses of variance of data showing the effects of plant type and PGPR species on available concentration of
Pb, Cd and phosphorus, pH and DOC of the rhizosphere soil after harvest of cabbage plant

©la e a5be
(Mean square)

Oyt @lio NEHEYSH -
: ’ " A, B Ll .
(Variables) (df) Clr HB o wie il egedl wia LBl sl JT oS
(Available Pb) (Available Cd) (Available P) (DOC)
(pH)
o o 2 81.69™ 0.006" 18.05™ 0.15™ 0.16™
(Cabbage varieties)
“5)'5 e . 5 170.01™ 0.006" 23047 0.15™ 0.60™
(Bacterial species)
S35k 85%alS o)
(Cabbage varieties x Bacteria 10 12.14 0.004"s 7.70 0.008" 0.01
species)
(k> 36 2.99 0.002 1.04 0.018 0.002
(Error)
ot - 3.87 9.43 4.03 1.99 5.63

(Coefficient of Variation (%)

" significant at 0.01 level, " significant at 0.05 level, ™, not significant.
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Figure 1- The main effects of cabbage varieties (A) PGPR species (B) on available concentration of the rhizosphere soil after
harvest of cabbage plant
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Figure 2- The main effects of cabbage varieties (A) PGPR species (B) on pH of the rhizosphere soil after harvest of
cabbage plant
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Table 8- The interactive effects of cabbage varieties and PGPR species on available concentration of Pb, Cd and phosphorus,
pH and DOC of the rhizosphere soil after harvest of cabbage plant

oIS o3, PR @ JB oy e 6y Jslose I op S

(Cabbage varieties) (PGPR species) (Available Pb) - (Available P) (DOC)_
(mg/kg soil) (g C/kg soil)

Control 50.62 (a) 15.08 (h) 0.54 (ij)
Proteus vulgaris 49.65 (ab) 23.64 (ef) 0.74 (gh)
e Pseudomonas putida 48.52 (a-d) 31.82 (b) 0.83 (fg)
(Ornamental cabbage) Bacillus subtilis 38.67 (hij) 25.36 (de) 0.88 (ef)
Bacillus megaterium 38.84 (hij) 27.79 (c) 1.28 (b)
Azotobacter chroococcum 49.55 (abc) 24.55(ef) 0.68 (h)
Control 48.01 (a-e) 19.31(g) 0.52 (j)
Proteus vulgaris 47.81 (a-e) 22.87 (f) 0.65 (hi)
Kop oS Pseudomonas putida 50.00 (ab) 32.96 (ab) 0.81 (fg)
(Broccoli) Bacillus subtilis 45.03 (def) 22.77 (f) 0.96 (de)
Bacillus megaterium 37.83 (ij) 27.01 (cd) 1.30 (b)
Azotobacter chroococcum 46.20 (b-f) 24.47 (ef) 0.86 (ef)
Control 45.29 (c-f) 19.39 (9) 0.65 (hi)
Proteus vulgaris 43.74 (efg) 23.55 (ef) 0.84 (efg)
Sy pls Pseudomonas putida 46.18 (b-f) 34.75 (a) 0.89 (ef)
(Cabbage) Bacillus subtilis 40.31 (ghi) 28.88 (c) 1.15 (c)
Bacillus megaterium 35.63 (j) 28.84 (c) 1.43 (a)
Azotobacter chroococcum 42.10 (fgh) 23.78 (ef) 1.02 (d)
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Different letters indicate significant differences at the 5% probability level.
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Introduction: Contamination of soils by heavy metals is one of the most serious environmental problems
that increases the risk of toxic metal entry into the food chains. When heavy metals enter the soil, they are
progressively converted to the insoluble form by reactions with soil components. A variety of mechanisms such
as absorption, ion exchange, co-precipitation and complexation incorporates heavy metals into soil minerals or
bounds them to various soil phases. Organic acids are natural compounds that are secreted from the root of the
plant and can affect the solubility and uptake of heavy metals.

Materials and Methods: To evaluate the effects of plant growth promoting rhizobacteria (PGPR) on organic
acids production and heavy metal uptake by different cabbage varieties, a factorial pot experiment with
completely randomized design and three replications was performed under the greenhouse conditions. The
factors included (a) rhizosphere soils of three varieties of cabbage [Brassica oleracea var. acephala L.
(Ornamental cabbage), Brassica oleracea var. italica L. (Broccoli cabbage) and Brassica oleracea var. capitata
L. (Cabbage)] and (b) five species of PGPR consisting of Pseudomonas putida PTCC 1694, Bacillus megaterium
PTCC 1656, Proteus vulgaris PTCC 1079, Bacillus subtilis PTCC 1715 and Azotobacter chroococcum and
control (without rhizobacteria) used to inoculate the rhizosphere soils. The experiment had 18 treatments and
there were 54 experimental units and three seedlings of cabbage were planted in each pot. In all treatments
inoculated with rhizobacterial species, 2 ml of a bacterial suspension with 107-108 (cfu ml?) were used to
inoculate the soil of root area. The data obtained in this study were statistically analyzed by SAS software
(version 9.4) and the mean comparison was performed by Duncan’s multiple range test at 1 and 5 percent
probability levels.

Results and Discussion: The analysis of variance (ANOVA) showed that the cabbage varieties, bacterial
inoculation and their interactions had significant effects (p < 0.01) on organic acids concentration, fresh and dry
biomass of plant, concentrations of Pb and Cd in root and shoot of cabbage plant. The results showed that
inoculation of the rhizosphere soils with PGPR species increased organic acids concentration of rhizosphere. The
highest concentration of malic and citric acids in rhizosphere soil (9.59 and 118.34 mg dI, respectively) was
obtained when the rhizosphere soils of the broccoli were inoculated with Pseudomonas putida PTCC 1694 and
the highest concentration of acetic acid in rhizosphere (233.88 mg dI!) was determined when the rhizosphere of
broccoli were inoculated with Bacillus megaterium PTCC 1656. Inoculation of the rhizosphere with PGPR
species also increased the fresh and dry biomass of plant, and Pb and Cd concentrations in cabbage root and
shoot. The highest fresh and dry biomass of cabbage (416.77 and 76.96 g in the plot, respectively) were obtained
when the rhizosphere soils of cabbage were inoculated with Bacillus megaterium PTCC 1656, the highest
concentration of Pb in the root and shoot and Cd in the root of cabbage (12.20, 90.77 and 9.01 mg kg,
respectively) were obtained when the rhizosphere soils of the ornamental cabbage were inoculated with
Pseudomonas putida PTCC 1694. Inoculation of the rhizosphere soils of the ornamental cabbage, broccoli and
cabbage by B. megaterium PTCC1656 caused an increase in the DOC concentration by 137, 150 and 120%,
respectively, compared to uninoculated rhizosphere soils. Bacterial inoculation also increased the concentrations
of available phosphorus in the rhizosphere soils and the highest concentration of phosphorus was measured in
the treatments inoculated by P. putida PTCC1694. Furthermore, the concentrations of available phosphorus in
the rhizosphere soils of the ornamental cabbage, broccoli and cabbage increased by 79, 71 and 111%,
respectively, relative to uninoculated rhizosphere soils.

Conclusion: It is concluded that inoculation of Pb and Cd contaminated soils by PGPR species, especially
Bacillus megaterium PTCC 1656 and Pseudomonas putida PTCC 1694, enhances the tolerance of host plants,
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metal uptake performance and thus phytoremediation process by increasing the metal bioavailability and
biomass production of the plant. As the distribution and accumulation of heavy metals in plant tissues are
important factors for evaluation of plant role in phytoremediation of polluted soils, the PGPR inoculation of
rhizosphere soils can be used as a biotechnological tool to enhance biomass production and plant uptake and thus
the efficiency of phytoextraction.
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