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Table 2- Soil characteristic of research region in rooting depth
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Depth (cm) Texture Field Capacity (%) Permanent Wilting Point (%) Bulk Density (gr/cm3)
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Table 3- Data about Sowing and harvesting
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1- Extinction coefficient for diffuse visiblelight [-] as
function of DVS
2- Maximum leaf CO2 assimilation as functionof DVS
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Table 4-Plant coefficient of Sunflower calibrated by model
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temperature sum from emergence to anthesis
TSUM?2 Oy B (2551 il Lo &y 1000 Cday®
temperature sum from anthesis to maturity
initial DVS
DVSEND ety dnagt dloye 2
development stage at harvest
KT e . 0, 0.0025
SLATB 255 Jolye J  Spgots Sp oy o 0.002,1 hake!
specific leaf area as a function of DVS 0.002, 2X
SPAN 2 Jo 2 S e I 85 day
life span of leaves growing
RDI e 4gl e 10 cm
initial rooting depth
RRI ) Gos 53 Aljg) Gl Ay 12 cm/day
maximum daily increase in rooting depth )
RDMCR Esh ol ey Goe 55> 150 em
maximum rooting depth
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fraction of above-gr. DM to stems 1221
1.55,0
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LAIEM (3wl 2 S e eSS 0.0053  haha'
leaf area index at emergence
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temperature sum from sowing to emergence
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1- Initial light-use efficiency of CO2 assimilation of single leaves as
function of daily temperature
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£ o1y DTS 037 28 137 003 -0.09 9.63 0053
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Table 6- Simulated and Observed values of crop parameters by WOFOST

5w o sadliico
Simulated Observed
3 Slos .
Jw Sl begie ComgjdyShos o8l o bogta Congj 02U 5“’“5’”
Year Treatment a)SL:c (t ha') 0395 ol 1 Jﬁ(ﬁ:aﬁ;’u’ -’;SJT" o393 il g . sSh).g-l)
il TWSO (%) LAI (ha ha™) il (tha') (%) 2
TAGP (tha™) HI (%) TAGP Hi(vy LAT(aha)
(tha™) (tha™y TWSO
(tha™)
FI 20.74 530 0.26 7.99 2074 531 025 76
iy, _ PRDTS 16.45 527 032 7.08 1656  4.96 03 6.9
DI 75 14.09 43 031 574 1407 414 0.29 6.1
2012 "pRp 55 12.33 34 028 5.47 1247 328 0.26 6
DI 55 10.21 3.05 03 438 1011 293 0.29 52
FI 18.52 431 023 7.95 1824  5.14 028 72
\yay _ PRDTS 14.61 4.07 028 7 15.60 47 03 71
DI 75 12.38 316 0.26 5.65 1376 442 032 6.5
2013 " pRp 55 10.92 2.47 023 532 1179 3.62 03 6.64
DI 55 9.56 232 0.24 423 9.96 3.18 032 57

FI 3 PRD 75 Jloy 95 (gjlwenad ydlEo 45 0oy 40 b 38 Tregr (39031 -V Joua
Table 7- T in 95% level in simulated parameters in FI and PRD 75 treatments

o S g 5L > Skos Lawgie J5 35
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Table 8- Water bilan and TAGP in simulated of WOFOST

Jlw slow (mm) 5,5 (mm) o (mm) G5 — ped (mm) OUL (mm) (5,but+ (33,1
Year Treatment Transpiration Evaporation ET Loss Precipitation and irrigation
FI 220 83 303 284 530
\¥4y PRD 75 167 94 261 229 418
DI 75 180 97 277 231 430
2012 ""pRp 55 168 93 261 170 353
DI 55 158 108 226 164 354
FI 227 75 302 150 319
\Yay PRD 75 174 109 283 135 290
DI 75 187 101 288 129 286
2013 "pRp 55 108 174 282 103 253
DI 55 164 116 280 100 246

WOFOST Juo b )lal O (bl 32 (559850 5 (S35t 9 )bl O bl 32 (5590 70 845 (5 jLuvinsd 9 (g0 Lo 3l -4 Jguta
Table 9- Simulated and observed productivity of irrigation and precipitation and productivity of irrigation by WOFOST

9 8ol @ ol 52 (5590 5 Syl ST bl 3 (6590 R0 (300 3) Lorund sl
Jw slosd (kg. m™)(WP(I+R)) 5%, (kg. m)(WP(D)) Relative error
Year Treatment Llosalin & }uw Llosalin & }uw WP(+R) WP
Observed Simulated Observed Simulated
FI 3.54 4.1 4.32 4.3 13 -46
¥ PRD 75 3.26 3.95 4.12 4.1 17 -0.48
DI 75 2.77 3.26 3.49 34 15 -2.6
2012 PRD 55 2.79 3.52 3.65 3.63 20 -0.55
DI 55 2.27 3.10 2.9 3.21 26 9.65
FI 3.82 5.8 4.26 432 34 -7.07
\¥ay PRD 75 3.86 5.03 4.39 4.1 23 -7.07
DI 75 3.39 4.3 3.86 3.47 21 -11.23
2013 PRD 55 3.38 431 3.95 3.64 21 8.51
DI 55 2.86 38 3.34 32 24 -4.37
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Introduction: This research as reported issimulation study by WOFOST and was focused on traditional
methods of deficit irrigation such as terms of percentage in full irrigation conditions or as evaluation of growth
and development in certain days after irrigation. WOFOST is the crop growth simulation model was originally
developed to simulate crop yield for a single location where weather, soil and crop data are assumed
homogeneous and is a member of the family of Wageningen crop models.

Materials and Methods: This research was conducted at the research farm of Sari Agriculture Sciences and
Natural Resources University, in 2012 and 2013, with 5 treatments. The experiments were arranged as
randomized complete block design with three replications. The irrigation treatments consisted of full irrigation
(FD), regulated deficit (DI75, DI5S5) and partial root zone drying irrigation (PRD75, PRD55). The WOFOST
software was also used to determine the growth and development of crops in compare with measured data on
sunflower of Azargol variety. The crop input parameters of the selected models were based on previous field
experiments. The soil condition were ranging from sandy loam to clay loam. By this specification FC, PWP and
p could be calculated. To ensure an accurate simulation of crop growth, phenological parameters for each crop
model were adjusted according to the anthesis and maturity dates in the field experiment. In this study,
WOFOST model was used to simulate performance under deficit irrigation (50, 75% water requirement compare
with full irrigation) and FI. Also, in this research the ability of the last version of WOFOST in simulating of
sunflower in DI and PRD in %75 and %55 levels is carried out in contrast to FI so that crop coefficient of
sunflower could be calculated and by this, the productivity of yield in Sari agricultural and natural resources
research field could be achieved.

Results and Discussion: The results showed that the application of DI75 and PRD75 treatments relative to
full irrigation reduced the whole growth period in the years 2012 and 2013, respectively. LAI showed that the
model relatively was able to adjust the observed and simulated parameter in contrast to the other parameter (HI,
TAGP and TWSO). Also it should be noted that the results of simulation of WOFOST in 2013 is more close to
measured data. Totally it could be concluded that DI 55 in 2013 has the best correspondence among observed
and simulation data. The results of calibrations showed that the most significant coefficients in WOFOST could
be divided into 2 categories: First crop coefficient which depends on weather, coordinates of region and
physiologic and phenologicof plant that is fixed among the simulation and second coefficient is irrigation
coefficient that is depends on irrigation treatment and their response in development of growth. Also the results
showed that by decreasing the volume of water which given to plant, AMAXTB and KDIFTB decreased and
adversely EFFTB increased. By using the measured and simulated water balance components of model, with
increasing water stress, water productivity base on total irrigation and rainfall (WPI+R) and the water
productivity base on irrigated (WPI) of both cultivars decreased and FI water productivity was higher than the
treatment under drought stress. Simulated seed yield and total biomass had normalized root mean square error
(nRMSE) index less than 10%, coefficient of residual mass (CRM) index near zero, modeling efficiency (ME)
about 0.98 and coefficient of determination (R?) about 0.93.The Effect of different treatments on seed yield,
biomass yield, leaf area index and water productivity was highly significant (P<0.05).Also the results showed
that FI has the highest ET among 2 years cultivating and PRD 55 in 2012 has the lowest ET. The maximum of
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Natural Resources University, Sari
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crop yield in both years 2012 and 2013 belong to FI with 5313 and 5148 kg. ha-1 respectively, which showed no
significant difference relative to PRD75 treatment. This trend could be seen in the other parameter.

Conclusions: Generally our findings showed the WOFOST model provides reasonable accuracy in
simulating growth and yield under water limited conditions. It seems that we can use this model for determining
optimal strategies in water management and on water scarcity conditions for sunflower cultivation.

Keywords: Extinction Coefficient, Growth Simulation Model, Grain Yield, Water use efficiency
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Table 1- Qualitative characteristics of irrigation water used
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Table 2-Introducing the tested treatments
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Figure 4- The amount of consumed water in different treatments: Surface irrigation (SO), Surface irrigation with mulch
(SM), Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes and mulch (TM)
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Figure 5- The amount of grain yield and corn forage in different treatments: Surface irrigation (SO), Surface irrigation with
mulch (SM), Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes and mulch (TM)



FEV  opd ol sogore 90,5 kas 3 @l g 55 o b (b 1§ 9 (oxbaws 55kl 51

alels 939

2 1000
g

Lz 800

3% 600
o

55z

458 400

% 5 200

-
p 0
H

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
iy
i
i
L

Treatments

U o5 8ol slowi dSM) gdlo b (odaw (55kl Jlowi (SO) oxdamw (55l o 1cilideo (gl slowd 53 €33 Aild,150 (39 ol jwe =T S

(TM) @l 5 19155 Wb g) b (o5 51 slows 5 (TO) Igl5 sla )
Figure 6- The weight of thousand seeds in different treatments: Surface irrigation (SO), Surface irrigation with mulch (SM),
Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes and mulch (TM)
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Table 3-Variance analysis of factors affecting the amount of consumed water and crop yields in different treatments
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Figure 7- Water productivity of grain and forage yield of corn in different treatments: Surface irrigation (SO), Surface

irrigation with mulch (SM), Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes
and mulch (TM)
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Figure 8- Variations of nitrate concentration at different depths of soil under Subsurface irrigation by permeable tubes (TO)
and Subsurface irrigation by permeable tubes and mulch (TM) treatments
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Figure 9- Variation of nitrate concentration at different depths of soil under Surface irrigation (SO) and Surface irrigation
with mulch (SM) tratments
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Figure 10- Variation of salt concentration at different depths of soil under Subsurface irrigation by permeable tubes (TO)
and Subsurface irrigation by permeable tubes and mulch (TM) treatments
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Figure 11- Variation of salt concentration at different depths of soil under Surface irrigation (SO) and Surface irrigation with
mulch (SM) treatments
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Table 4- Variance analysis of factors affecting the distribution of nitrate and salt concentration in different treatments
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Introduction: With due attention to the limitation of water resources in Iran and specific geographical
conditions of the country, using modern methods of irrigation with low water usage is inevitable. By applying
suitable management in water system, soil and plant, while increasing product, we can establish a sustainable
agriculture. Today, subsurface irrigation systems are used in various methods around the world, especially in the
countries encountering water shortage. One of the newest methods is applying sponge plastic pipes such as
tuporex which is installed in the area of plant root. Then, water with the pressure of 0/6-2 atmosphere flows
inside it and by exuding, it dampens the area.

Materials and Method: For this purpose, in this study number of 12 concrete lysimeters with the dimension
of 2x2x1/25 m was used to investigate the effect of vegetation (mulch) on the efficiency of water consumption
and product function for corn, salt accumulation as well as the amount of nitrate wash on soil profile under two
permeable subsurface irrigation and surface irrigation. For irrigation, a body of water with salinity of 4 ds/m was
used. The plan includes two main treatments (permeable subsurface and surface irrigation) and two sub-
treatments (mulch and without mulch) withfactorial experiment in a randomized complete block design with
three replications at the College of Agriculture Research Campus, Tehran Universityof technology Located in
Karaj, Iran in 2010. Surface irrigation was performed based on the moisturein the soil and permeable subsurface
irrigation was performed per dayas much water as was consumed.. Lysimeters soil is prepared from farm soil
and through examination, its appearance special weight was registered to be 1.4 gr per cm’ equals to 1400 kg per
m’. The amount of nitrogen fertilizer (Urea) was applied on the lysimeters according to the region convention,
was 300 kg per hectare (120 gram per each lysimeter). A half of this amount was used at the time of cultivation

and another half was used for the plant 60 days after cultivation; because the amount of water given in this type
of system is higher.On the other hand due to the lack of vegetation, the significant amount of evaporated water
and water productivity have decreased.

Results and Discussion: Results disclosed that the subsurface irrigation system has important effect in
decreasing consumed water (58% with mulch and 40% without mulch) and increasing crop yield (46% in seed
corn yield, 50% in forge yield and 12% in weight of one thousands seed corn) in comparison with the surface
irrigation system. As well as the subsurface irrigation has prevented lower soil layer from contamination and
being salty by decrease salt and nitrate leaching. Besidespresence of mulch in lysimeterhas shown important role
in decreasing water consumption and seed corn yield. The important thing is that the highest yield in two type of
performance, was recorded in subsurface irrigation treatment with mulch (TM) and this subject is so important
when we remind that (TM) treatment had the least amount of water uses. Itmeans that with the least amount of
water consumed the highest amount of product was obtained among the treatments.On the other hand, surface
and non-mulching (SO) irrigation is expected to have the lowest yield per unit water consumption.

Conclusions: Also in both subsurface irrigation with preamble tube and surface irrigation system, existence
of mulch caused to decrease salt concentration to 40% and 30% in soil surface respectively which makes it
suitable for the areas facing water shortage. It can be concluded that, existence of mulches in the both subsurface
irrigation with permeable tube and surface irrigation system causing water saving 13 and 23 percent, respectively
and the rate of saving water in surface irrigation system with presence of mulch has also increased. Thus, it is
recommended that some of the plant residuals, like mulch remain on the ground after harvest. The subsurface
irrigation with permeable tube system has been prevented from washing nitrate to the depths of the soil. As a
result, the environmental pollution caused by nitrate losses in this system is minimal and this system saves
fertilizer. Also the concentration of salt solution in the soil profile in subsurface irrigation system was

1, 2 and 3- Professor, Ph.D Student and Graduated MSc.of Irrigation & drainage, Department of Irrigation &
Reclamation Engineering, Faculty of Agriculture Engineering & Technology, Campus of Agriculture and Natural
Resources, University of Tehran, Karaj, Iran

(*-Corresponding Author Email: Aliaghat@ut.ac.ir)
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significantly lower than the salt concentration in surface irrigation. As a result in areas that use the saline water
for irrigation, the subsurface irrigation with preamble tube confirm better function than surface irrigation system
and use mulch can increase yield and reduce leaching.

Keywords: Irrigation Systems, Mulch, Nitrate Leaching, Preamble Subsurface Irrigation, Salt Accumulation
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Table 1 - The Specifications of experimental treatments
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0% zeolite and full irrigation
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2% zeolite on one side and 75% deficit irrigation

1o VB ()l 5 IS Bl 53 50 Clgpj a0 ¥

2% zeolite on two side and 75% deficit irrigation

2o B )lleS g S Byl S 3 s oy ¥

2% zeolite on one side and 50% deficit irrigation
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2% zeolite on two side and 50% deficit irrigation
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4% zeolite on one side and 75% deficit irrigation
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4% zeolite on two side and 75% deficit irrigation
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4% zeolite on one side and 50% deficit irrigation
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4% zeolite on two side and 50% deficit irrigation
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Figure 1- A View of the pots
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Figure 2- Preparing the pots
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Figure 3- Leaf area measurement
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Table 3- Results of analysis variance (mean square) for sweet pepper
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Source of <! }i Leaf area Dga0 number of fruit Y XY EYIRY]
Varianc dF fresh fruit fruits diameter shoot fresh shoot dry
total weight weight weight
o 8 1449.066™  219127.634" 8.694™ 0.012" 4850.40™ 81.95"
Treatments
L 27 1456.108 6138.31 4.66 0.005 415.72 8.081
Error
ot o - 15.37 16.38 24.62 17.95 13.66 9.93
Cocfficient of
Variation(%)
P-value _ 0.463 <0.0001 0.090 0.040 <0.0001 <0.0001
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*, ** and ns means significant at 1%, 5% and non-significant respectively
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Figure 4- Mean Comparison of fruit fresh total weight in different treatments

75 0y A8l j (7 JSd) ogse jlad (15S0ke dumlia a3l 4l
S dald o cas Lajlos plod jlo —ime a8 5l Lis oge
S 2 Cdy duopd ¥ o 4 by ogie jlad (1 le (g pieS
g5 DLs e asb o oy B iSu bl 9 5 G )b
sgm 0101 (6Ll ocS JLoel Ly 48 5305 ol 5 (1) Ko
2 o5 ylad il s ol 4Bl b sxe yialS (S5 8ds6S
ke 35 33008 o5 55 ol 6553) iy oS
Sladobe 5SS SEal carge g wad o L ]) (AL sl
o slalsd s Sa oS el iz (VF) 3500 22 sl
) s o 45 3950 o s 0l (535 B 5

(V5) 3,5 saaliie aogue 5 Sy Bl o310l 13 )lg5 o

0 g0 sl

sl s g oolal 131 48 ol Gl il 4528 b
dumlio gols ool Jby tre 0o )d v maw ;0 LS sgue Sl o
Sl bolyon (slajlass s amd o (L5 5 bajles (Sl
ool &S ilodd Ho iz ialS lad sald 4y Caud (Mo pd B+) WA
Lo ¥l e Sl cldg; aop VL syl o ials
oS w30 LIS 35 SIS Gl o)y @S (0 JS) Cusl Cgi;
el 0l Galises Ll )5 ogre 3l ials cel gl oS
(Y+)
0930 jlad

o9 sl o gladan Mo JLB 530 Ll oo 0gu slad



IFAY LT — 0 oF oylods FY Wl (S g T aspiis PAY

ogao KRy
Number of fruit

O N B OO

SESEE Q)
S

i

B
Rt
Y

s

Bliseo o lowd )3 bga0 dand (Kl duwy e —0 IS
Figure 5- Mean Comparison of number of fruits in different treatments
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Figure 6 - Mean Comparison of fruit diameter in different treatments
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Figure 8- Mean Comparison of shoot dry weight in different treatments
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Table 4 -Results of analysis variance (mean square) for sweet pepper

CJ’“L:"S D'yﬁ
Olydd @e 4200 . Jolmosals 2 dglS b gyl U8 didg ks
Source of T L. pH total chlorophyll chlorophyll total
Varianc dF v1taCm1n soluble a b chlorophyll
solids
slosd 8 54.893** 0.503*" 32.518* 0.0144 " 0.008™ 0.008™
Treatments
s
27 0.513 1.060 1.103 0.004 0.021 0.014
Error
O oS g o
Coefficient of - 0.82 4.81 12.86 15.38 12.36 7.29
Variation(%)
P-value - <0.0001 <0.0001 <0.0001 0.015 0916 0.772

M xe et g oyd Y o yd O Jlain] gaw )3 ()b e iy 4 DS g FEF

*, #* and ns means significant at 1%, 5% and non-significant respectively
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Figure 11 - Mean Comparison of total soluble solids in different treatments
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Table 5 - Analysis variance (mean square) of water use efficiency

Oy guo
Source of Varianc

) T

K ]
<7 water use efficiency

dF

ylos

Treatments

8 0.0139*

1278

Error

27 0.003

O gk G oo

- 24.04

Coefficient of Variation (%)

P-value

- 0.001

B aon ) Jlas! mdaw p3 (g dme
** significant at 1%
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3 Cdg) quse 0950 4S s )T ai g o Sy
31 el il (S Gy o g3 ym by Gyl S, ) LIS
Alage glp a8 gl lapadls (Sp 1) cdg hie tals
QU VY Kb )3 ogae yhad (gl cldgb) wje 09 g ylude bilie
hlyd )3 s jlaB Clgi 403 ¥ g Ve 93 1 5 45 a3 s
ORIl ()l sixe ©jgar 0ad @il IS Byl 9> )3 culgij &S

Ll di8l

NREIARY

5 olel o5 udghs o Blite SIS oy el A5 0l 5

2 Jsst Gtalefl &g laosls dalalS ) s @ i)

o=l 2 F Jgiz) a5 Jos 55 (BLaidlls )b > B

i @l s Jilis oS sl 4 byge ot Ja
23,5 )]l odds Iy e Lyl

&9 056 5 Culgdy ylade bl S (a8 Yl gie 4 d2g L

Jlie O 51 il lg 152 -1 Jga
Table 6- Analysis variance components for interaction effects

Oy gk @ Fojy oS PO Sid 09 ol 3
. p . ool i o
Source of Varianc &3l ogme JS fruit 2lgp el g elal o9 a Judg S
diameter & Jglome =9
dF fresh shoot fresh  shoot dry PH hlorophvll
. . R . . total Chlorophy
fruit weight weight vitamin a
soluble
total ¢ solids
weight
T St s 1 633.53" 10.944" 1697/69 62.580" 5.502" 0.6217 357017 0.0001™
‘_g)lg‘ wSezru.,‘J,;) 9 97/ 7
Zeolite*Deficit
irrigation
R 1 116.68™ 0.199™ 10604.048™ 72.030™ 5.805" 0.177* 51.005™ 0.038™
&P Gy
Zeolite*distribution
method
2% &9)""’«5}@31 pg 1 506.75 46.262 101.246™ 0.028™ 53.79 0.396 5.611 0.0038
Deficit irrigation*
distribution method
ey ‘_5)1.31 W;\MJ” 1 406.25 0.728 2544.341 11.103 1.197 0.005 63.281 0.003
&¥
Zeolite*Deficit
irrigation*
distribution method
‘3-“).*.7*.55 cupd - 8.98 2.60 12.70 10.21 9.80 498 12.55 10.47

osime pf g 2oyd Vo )d B Jlain] pdaw j5 (55 iz o5 4 DS g FEHE
*, ** and ns means significant at 1%, 5% and non-significant respectively
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Figure 14 — Interaction of zeolite and its distribution on fruit diameter
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Introduction: Optimal water utilization is one of the most important challenges of the present century. Due
to limited water resources and the existence of alternate droughts in the country, optimal use of it is necessary.
The deficit irrigation technique is one of the most effective and practical ways in which it can determine and
justify the minimum water consumption with acceptable economic performance. Its use in reducing water
consumption for biomass production and for irrigation of annual and perennial crops. To effectively apply water
deficit management, an understanding of the effects of irrigation at different stages of vine growth is required.
Partial Root-zone Drying (PRD) is also one of the new irrigation techniques over the past years. The results of
many studies indicate that water use efficiency has increased and there is no significant reduction in the yield in
this irrigation method. In this technique, only half of the roots are irrigated at each turn and the remaining half
remains dry. On the other hand, in recent years, the use of natural minerals has improved in order to improve the
physical and chemical composition of the soil, which leads to an increase in water holding capacity in the soil.
One of the methods for increasing the water use efficiency is the application of water absorbent materials in soil.
Super absorbent polymer increases the water saving in soil and decreases the amount of water used for irrigation.
Zeolite is one of these minerals that increases the soil water holding capacity. So far, many studies have been
carried out on the use of PRD, as well as the use of zeolite, but none has examined the effect of these two
simultaneously. Therefore, in the present study, the efficiency of both above method and deficit irrigation on
yield and water use efficiency of sweet pepper were investigated.

Materials and Methods: This research was carried out in a completely randomized design with 9 treatments
and 4 replications in a greenhouse in Shahrekord University. This study was carried out at three levels of
irrigation of 100%, 75% and 50% of the water requirement of the plant by Partial Root-zone Drying and zeolite
in two levels of 2 and 4% by weight in the soil, in one and two sides of the pots with a height of 30 and diameter
28 cm. After preparing the culture medium, the F1 type Lummus seedlings were transferred to the pots. During
the transfer of transplants into the pot, careful attention was paid to the fact that the roots were developed on both
sides. Physiological parameters such as leaf area, total fresh and dry weight of the whole organ, total fresh
weight of fruit, diameter and number of fruits and chemical indices including vitamin C, pH, total soluble solids
and chlorophyll a, b and total chlorophyll with water use efficiency were measured and evaluated. In order to
analyze the results, SAS software (version 1/9) was used. Mean comparison was also performed by LSD test.

Results and Discussion: The results of this study showed that there was a significant difference in the 1%
level for fresh and dry weight, fresh weight of fruit and chemical indices of vitamin C, pH and soluble solids,
and a significant difference at 5% for diameter fruit and chlorophyll. The results of comparing the meanings
showed that fresh weight and fruit diameter were significantly decreased in all treatments than control. The
number of fruits in severe irrigation (50%) and in both levels of zeolite showed a significant decrease compared
to control. Vitamin C value as an important indicator of fruit quality in all treatments was significantly higher
than control, in other words water stress causes an increase in the amount of vitamin C in the fruit, and the
amount of pH in the most treatments has decreased significantly compared to the control treatment.

Conclusion: Given that all important processes such as photosynthesis, nutrition, opening and closing of
stomatal and plant growth and development are under the influence of water, most of the studied traits in this
research (except chlorophyll) in zeolite-containing treatments, showed a significant advantage over non-
consumption of zeolite. The results also showed that application of PRD method with zeolite in deficit irrigation
resulted in significant increase in water use efficiency in all treatments.

Keywords: Chemical indicators, Deficit irrigation, Greenhouse products, Moisture, PRD
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Table2- The genetic coefficients calculated for the wheat cultivar used in this experiment

P1V P1D P5 G2 G3 PHINT
(Cday)  (days)  (°Cday) (mgday) (9  (°Cday)
54.45 90.75 720 30 2 95

and grain yield of wheat Table3- Calibration results for development stages, leaf area index, total dry weight
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258
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N 182 178 220 221 3.81 8019.31 8059.81 3899.5 3613.3
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Figure 1- Left figure shows effect of nitrogen fertilizer application on measured (points) and simulated (lines) of
development stages and right figure shows the regression analysis between the simulated and the measured wheat
develonment stages in nitrogen fertilizer abnplication treatments for model validation
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Figure 2- Left figure shows effect of nitrogen fertilizer application on measured (points) and simulated (lines) of wheat
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Table 4- Validation results for leaf area index, total dry weight and grain yield of wheat
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Figure 3- Left figure shows effect of nitrogen fertilizer application on measured (points) and simulated (lines) of

wheat total dry weight and right figure shows the regression analysis between the simulated and the measured wheat
total dry weight in nitrogen fertilizer application treatments for model validation
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Figure 1- Left figure shows effect of nitrogen fertilizer application on measured (points) and simulated (lines) of
wheat grain yield and right figure shows the regression analysis between the simulated and the measured wheat
grain vield in nitrogen fertilizer application treatments for model validation
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Figure 5- Changes in nitrogen applied, nitrogen leached, total NO3 and total NH4 during wheat growing season

sy an oS 0 d) 0)90 slal 3 JlSa j3 09l p)SLS YE
393 595 93 JiSB 3 p,Ss LS VYA o YVA AR AV/A 94>
cdy yin J5 a8 ol ol lagile and ol puimen (F JS)
g ¥ A A lajles o lyis g gl b 5l gy
STV IE SVSIY DAY 3405 i 4y S 53 0] p SolS V5
—olS dcgadme )3 (jig s Culigipm g S ) p)SelS YYO/0
Slogad (oldl byl b 5l dlise Jolos 4y (S S
Copdoe (zped 9 355 3 )8 (lie «SB plond 5 (S5
Oial38l L aosly Lis 36 (V)) o) Ko 9 ST (V) 5,1 (6L
Sre S Goe > Ol (g Ble (790 355 3 )8 e
Olire g 4 posigel oy clale & Jlo p> el bl S

S5 g 5l ki @035 )8 0yl 395 aw ialjEl L

9L S0l e Jh 4 dag b oS D90 Jobs SB
Ol Lol an ns (g9 S 0 by ol 50K pas
dgdi oo )l Ay drwgl ddlaie B 9 C,Sp Sk Somb cbay
rais (V%) 35 o oy 3 o clale [l el cylys 0 oS
Jed) pin oo )3 355 i olS by o8 Sloj ()79 i
Oz S e )8 sl 9 dmal (DUl (s Sl ok
|y kOIS elnjls Ll 5 T 539 ybys 1,55 35, i
4 pAS (25 doyo Sl 5oyt sl (liee (F) dm3 e i3I
yolis la il (ioren g Ay dewgl g A5 glad e 4 dw
oo DA &r gloylass 2 85 gyl il Sildl S ) i



IAY LT — o o F ojlods FY o> (S gl as s VoY

bl dalsl olS w095 (slosl U g el baasly ay 5,08 Jlis]
395 3,8 Oliee 4 4l bawgs oad e gy ol (P JS)
g Voo A Qv o)l lyly b 0 &S (gyebdy cudld (S 04
5 WAIY Q3D VF/A 390> ci 5 4 ,lSa ;3 05l p)Sshs Y5
bylpd o a4 5950 Jsl olee g )i )3 £, 5lS VFV/A
9> Gl 4 S )3 0gl )Tk ¥F e g e e AAL Al p)l8
sl Ldis ey JS 5l oy VYIVY o VYIAY V+/5\ SAIDS
S ialy 0y93 p> by by (sl 5l 3)90 (gt g olS b
o 03 b g (dugy slaplil | paie cpl suoe J51 5,k

(YY) 295 50 ol S5 51 )]

250 |
Treatment of 90 kh/ha
200 1 —— N Uptake
----- Totla Dry Weight N
— — Grain N
150 A

(LS 3 5 5kS) oS (59 8 i

Plant Nitrogen Chenges (kh/ha)

50 100 150 200
<ls’ 5l 59y
Day AfterPlanting
250 A
Treatment of 180 kh/ha
_ 200 — N Uptake
<
s | - Total Dry Weight N
plc %
3 @ 150 A — — Grain N /
v 2
’% 6 100
. =
15
3z
4% s0
==
a9
0

50 100 150 200

<l 5l e 59
Day AfterPlanting

250

(S 13 p 5 5k oS (339 28 S pueis

(S 53 p 5 5keS) oS (439 8 s

S 15 S (VF) J5U 5 115,55 )5 il o a8
Onb (Soysdlcolia b () (o S SG  Slyis o S
s s o, 8 &l o 5 Oy 355 Golite polde L3l Cow
ol ol el O g 0oyt Bpae liee Sl b 4oy
8l JlEl lyis g
38 Ol GRIBFIL A Gl eizmen bagile 4l b
JS) il 39 25 il slaplil 3 i olise o) 555
Y8 g ¥er A A i e doygl 555 3 p)LS Lol 5 5 (F
2 2L leplil 3 oad e g Glie SR ) )55k
2 S ekS VAY/Y o WWE AY /A NN bl iy 4 gy 0y9d
b s o b plejen 5 (SLESl 0355I e (ppiomen 29 ,lS

250 ~
Treatment of 180 kh/ha
200 - —— N Uptake
E ----- Total Dry Weight N
<= .
2 50 | Grain N
g
=
o
3}
= 100
)
g
%
= 50 4
=
[=%
0 - ]
250
B85l e 5o
Day AfterPlanting
250 4
Treatment of 360 kh/ha
200 i ——NUptake
<
E ----- TotalDry Weight N ,’
. 4
2 150 1 — —Grain N 1}
i /
g
=}
&)
f=] 4
g, 100
g
%
E, 50
[-9
0 - 1
50 100 150 200 250
<l 1 59
Day AfterPlanting

My Juad (b &ils o J5 WS (359 059050 S 9 @ Lawgd 0w wdar (359580 () jae Ol S T JSUS
Figure 5- Changes in nitrogen uptake by wheat and amount of total dry weight and grain during growing

season



Y+¥  _CERES-Wheat Juo g olS 9 S (459 s Ol a3 Luvdunits

& 5 4o
olyis aS o Lus CERES-Wheat Jas oxiwly goli
oLiile)S” cadlil Ll 5 jlidey o8 paiS” (sl Jlas 3)90 (S
S8l P A (S5 il Al S0 bawg gt
S 53 09l 358 £,56kS Yo v lawd 3 09y 04 dewlwe DSSAT
2l (Ghleil ol 2 pAS sl gyt ollae el Lol )
e 5 gjlwand I Jols glaosly aylis 5 Jao (oxinly
o>l (g0 Jnlhe Wlg o Jde aS D LS ol (6 S0l
o]y pus Al s Slas g J§ SS9 0,8 S o
Lulyd ) oo a5 3b (i 35 Jie ooyl @ls S o Gl
o a3 LS 0)gl 355" (e (IPBIL (Sludnsd )3 o g 4050
Jobo Lol el ol jal ails 3 Slae g J5' Sid 59 3, Sos o5
855 B 0ggl 395 3lS Glie U Lo pAIST (G900 0)90
i 4y byye (o) 390 Slao o 3 (b)) €8 ioml
CERES- Jio a5 JUs ;5 o5y Sy o ol g, ol
o 1y () 0y90 las ple oYL ey b cuslys Wheat
o=l (e Bl S0l izmen Jao (gil 4 bt S
asyye balyd 55 3)lS 0sl 398 Bpae Gl 55 (5o
slaggm Slooe wpae )b » 5> Geyi Gl GBI L g
2 I3l i oyl Gl 5 SB eigal 5 Ol
395 Sy jlim g a3y adgl Jolpe > liss g Slye
cledny i Jolie 3 45 390 (Jb 3 cpl edd S ol (g0
L pdS by (59,5 1ol s g olS ) i coled
S Lagg onl i 0 5508 Gl (joyis (b L2l
aS ol (L Cpismed (awyp opl oS A5 saalie islej] S
0d b ol 5exs e w95y Cuwley CERES-Wheat  Jaw
Byman S gilwdnd 1) A (s g e slaplil (g
Sl a3 g Sl ool el 59555 (ladgS s I i
g ol oMl gl (ohn a0 & 9 e (e slac]
Slllle )3 45 3580 ey (lpli 29 g Canj Lo
P lagl S o (SisSe g 0js dilse oS gy o]

2S5 B sy 390 i SB-

Sashy f5emts S5 5l duopd Ae B VD dgds ailime; e 4o
P LaS pohg & ohig) Sbplsl bwg odd Gl (g 25k
Ole Gl (V) 25 e (pels (Ll 03,5 ) J5 by
OFgr Sl Sl Klg e (gt Bpas Sl 53 &l (S
gy 3o (F) 25l disel dnl (o guas 4 olS (sl sl 5
Oigrds 45 Wbee Gl (elKin (958 Bpan il ST )
ol 55 (A) ooz 5 S'sS (FA) 151 oilp S 43 6l 55 5,90
Oiars gob ialiBl L (gl ©)3 ) (g i ylade oS 00l
Al )3 0395 S ) 9y (e a1l Bl ol
35 (F) ohbsen 5 siesl by ()79 395 Byme il 38l
ool 0 yi,l58

Qe o)l lajlos 3 0ad (Gl 4d (g8l L
AL sl s kS )3 oyl p el ¥5+ 5 ¥en A
3 A (yiarsiss e il 35 103 YOIA 5 VSIA A/
P oyl PSS ¥F e g Yo e MAC A 38 (glajless )3 5 0
a4l £, SLS YO/D o YEIA XEID XD L ply cuiyp 4 1S
Silw amd 395 Span 2Ll D9 0dd Gl (5 £S5k
2oyl p S5 LSYEe o ¥er VA Av 5p)LS slajlas 300
s asb p S LSO G SV EINVEIN L plpy ey 4 S
g Srman 2Ll ol 00 35 S Cla BB ()59 £S5k
eloe U coos g e lalS > ()98 panass 0
ORIl eiomen 0,8 1,8 SIS (hlol g cush) (gren
o pLos] Liojls 4> Mg > (5t 3l odlitel 5 e olylS
230 2235 5 oMol (JUES] 0dn 4 bje (slasiyl B
Syae 2hLS (il LY (St o0 a4 wul (g i
Oy Sl ey (S5 39k 35 VL plie 3 ()79 ks
3 ge ol pas e 4 b g dniad g (29l B2l Sl paie
5yslS JBlis Lalys 5 5ot allS Sl bl ol Lawgs o
Sy 980 pLx] yin o o 45 0LS 9ad I (Jnlye 55 ()Sae
Col (ySan & (5908 ik (hag) 35) 3l Sypo ol ] oo
e xSl Ml Al (g o 1) 5)Shes EalS 5 0l (Sanles
s Il (g i Sl gl 3 48 ol )39
Gk | 39 Gy e @l 3529 0l Bpas gy ol
¥) ubo (il Olly, 5 e ¢gmalSidy 0 ¢ gl

&bo

1- Abeledo G.L., Savin R., and Slafer G.A. 2008. Wheat productivity in the Mediterranean Ebro Valley: Analyzing the
gap between attainable and potential yield with a simulation model. European Journal of Agronomy, 28: 541-550.

2- Akiyama H., Tsuruta H., and Watanabe T. 2000. N,O and NO emissions from soils after the application ofdifferent
chemical fertilizers. Chemosphere - Global Change Science, 2: 313-320.

3- Ahmadi M., Mondani F., Khoramivafa M., Mohammadi G.R., and Shirkhani A. 2018. Evaluation of Nitrogen Uptake
and Productivity of Maize Cultivars (Zea mays L.) under Kermanshah Climate Conditions. Journal of Agroecology,



1AV LT — oo oF o)lods FY al> (S g 0T a s Ve ¥

10: 234-247. (In Persian with English Summary).

4- Arora V.K., Singh H., and Singh B. 2007. Analyzing wheat productivity responses to climatic, irrigation and
fertilizer-nitrogen regimes in a semi-arid sub-tropical environment using the CERES-Wheat model. Agricultural
water management, 94: 22-30.

5- Bannayan M., Crout M.J., and Hoogenboom G. 2003. Application of the CERES-Wheat Model for Within-Season
Prediction of Winter Wheat Yield in the United Kingdom. Agronomy Journal, 95: 114-125.

6- Blaylock A.D., Kaufmann J., and Dowbenko R.D., 2005. Nitrogen Fertilizer Technologies. Western Nutrient
Management Conference. Salt Lake City, UT.

7- Chisanga C.B., Phiri E., Shepande C., and Sichingabula H., 2015. Evaluating CERES-Maize Model Using Planting
Dates and Nitrogen Fertilizer in Zambia. Journal of Agricultural Science, 7: 79-97.

8-Cox, W.J., and Cherney, D.J. 2001. Row spacing, plant density and nitrogen effects on corn silage. Agronomy
Journal, 93: 597- 607.

9- Delghandi M., Andarzian B., Broomandnasab S., Massah-Bovani A., and Javaheri E. 2014. Evaluation of DSSAT
4.5-CSM-CERES-Wheat to Simulate Growth and Development, Yield and Phenology Stages of Wheat under Water
Deficit Condition (Case Study: Ahvaz Region). Journal of Water and Soil, 28: 82-91. (In Persian with English
abstract).

10- Dettori M., Cesaraccio C., Motroni A., Spano D., and Duce P. 2011.Using CERES-Wheat to simulate durum wheat
production and phenology in Southern Sardinia, Italy, Field Crop Research. 120: 179-188.

11- Fang Q., Yu Q., Wang E., Chen, Y., Zhang G., Wang J., and Li, L. 2006. Soil nitrate accumulation and crop
nitrogen use influenced by fertilization and irrigation in an intensive wheat-maize double cropping system in the
North China Plain. Journalof Plant and Soil, 284: 335-350.

12- Farid, H.U., Bakhsh A., Mahmood-Khan Z., Ahmad N., and Ahmad A., 2015. Calibration and Validation of
CERES-Wheat (Triticum aestivum) Model for Simulating Fertilizer Application Rates in Management Zones.
Journal of Agricultural Science, 7: 115-127.

13- Ghamari M., Andarzian B., Bakhshandeh A.M., Gharinech M.H., and Fathi G.H. 2011. Simulating Effects of
Drought and Nitrogen Stress on Yield, Water and Nitrogen use Efficiency of Corn Using CERES-Maize Simulating
Model. Crop Physiology Journal, 3: 21-31.

14- Gheysari M., Mirlatifi S.M., Homaee M., and Asadi M.E. 2007. Nitrate Nitrogen Leaching in a Corn Silage Field
Fertigated Via a Sprinkler Irrigation System. Journal of Agricultural Engineering Research, 7: 101-108.

15- Guo R,, Lin Z., Mo X., and Yang, C. 2010. Responses of crop yield and water use efficiency to climate change in
the North China Plain. Agricultural Water Management. 97: 1185-1194.

16- Hassegawa R.H., Fonseca H., Luiz-Fancelli A., Da-Silva V.N., Schammass E.A., Reis T.A., and Correa, B. 2008.

Influence of macro- and micronutrient fertilization on fungal contamination and fumonisin production in corn
grains. Food Control, 19: 36-43.

17- Heitholt J.J., Croy L.I., Maness N.O., and Nguyen H.T. 1990. Nitrogen Partitioning in Genotypes of Winter
Wheat Differing in Grain N Concentration. Field Crops Research, 23: 133-144.

18- Hoogenboom G., Jones J.W.P., Wilkens W., Porter C.H., Boote K.J., Hunt L.A., Singh U., Lizaso J.I., White J.W.,
Uryasev O., Ogoshi R., Koo J., Shelia V., and Tsuji G.Y., 2015. Decision Support System for Agrotechnology
Transfer (DSSAT) Version 4.6 (http://dssat.net). DSSAT Foundation, Prosser, Washington.

19- Hundal, S.S., and Kaur P. 1997.Application of the CERES—Wheat model to yield predictions in the irrigated plains
of the Indian Punjab. Journal of Agricultural Science, 129: 13-18.

20- Jones J.W., Hoogenboom G., Porter C.H., Boote K.J., Batchelor W.D., Hunt L.A., Wilkens P.W., Singh U.,
Gijsman A.J., and Ritchie J.T. 2003. DSSAT Cropping System Model. European Journal of Agronomy, 18,
235-265.

21- Kiani A., Koocheki A.R., Banaeyan M., and Nassiri-Mahalati M. 2003. CERES-Wheat Model Evaluation at two
Different Climatic Location in Khorasan Province: I-Yield Prediction. Biaban Journal 8: 264-275. (In Persian with
English abstract).

22- Lemon J. 2007. Nitrogen management for wheat protein and yield in the Esperance port zone. Department of

Agriculture and Food. Bulletin. 4707: 1-27.

23- Liu H.L., Yang J.Y., Drury C.F., Reynolds W.D., Tan C.S., and Bai Y.L., et al., 2011. Using the DSSAT-CERES-
Maize model to simulate crop yield and nitrogen cycling in fields under long-term continuous maize production.
Nutrient Cycling in Agro ecosystems, 89: 313-328.

24- Malhi S.S., Grant C.A., Johnston A.M., and Gill, K.S., 2001.Nitrogen fertilization management for no-till
cerealproduction in the Canadian Great Plains: a review. Soil & Tillage Research, 60: 101-122.

25- Mearns L.O., Rosenzweig C., and Goldberg R. 1992. Effect of changes in interannual climatic variability on
CERES-wheat yields: sensitivity and 2xCO, general circulation model studies. Agricultural and Forest
Meteorology, 62: 159-189.

26- Mehrab N., and Chorom M. 2014. Leaching of Nitrogen in the Presence of Zeolite Enriched with Ammoniumin



Y+d _.CERES-Wheat Juo g olS 9 S (459 s Ol i (3 luvdunits

Two Soil Textures under Wheat Cultivation. Water and Soil Science, 24: 159-170.

27- Mi G., Tang L., Zhang F., and Zhang J., 2000. Is nitrogen uptake after anthesis in wheat regulated by sink size?
Field Crops Research, 68: 183-190.

28- Mondani F. 2018. Simulation of Nitrogen Fertilizer Effect on Maize (Zea Maize) Production by CERES-Maize
Model under Kermanshah Climate Condition. Journal of Water and Soil. 31: 1665-1678. (In Persian with English
abstract).

29- Mondani F., Nassiri-Mahallati M., Koocheki A., and Hajian-Shahri M. 2015. Simulation of wild oat (4vena
ludoviciana L.) Competition on Winter Wheat (7riticum aestivum) Growth and Yield. I: Model Description and
Validation. Iranian Journal of Field Crops Research, 13: 218-231. (In Persian with English abstract).

30- Muurinen S., Kleemola J., and Peltonen-Sainio P. 2007. Accumulation and translocation of nitrogen in spring cereal

cultivars differing in nitrogen use efficiency. Agronomy Journal, 99: 441-447.

31- Nassiri Mahallati, M. 2000. Modeling Potential Crop Growth Processes: textbook with Exercises. Jahad-e-
Daneshgahi of Mashhad Press. (In Persian).

32- Nassiri-Mahallati M., and Koocheki A. 2010. Agroecological zoning of wheat in Khorasan provinces: Estimating
yield potential and yield gap.Iranian Journal of Field Crops Research, 7: 695-709. (In Persian with English abstract).

33- Noshadi M., and Mehrabi F. 2014. Measuring and Simulation of Nitrate Leachate Using LEACHN Model. Journal
of Water and Soil, 28: 430-439. (In Persian with English abstract)

34- Novakova K., and Nagel D. 2009. The Influence of Irrigation on Nitrates Movementin Soil and Risk of Subsoil
Contamination. Soil &Water Research, 4: 131-136.

35- Popova Z., and Kercheva M. 2005. CERES model application for increasing preparedness to climate variability in
agricultural planning—calibration and validation test. Physics and Chemistry of the Earth, 30: 125-133.

36- Reynolds M.P., Hobbs P.R., and Braun H.J. 2007.Challenges to international wheat improvement. Journal of
Agricultural Science, 145: 223-227.

37- Rinaldi M. 2004.Water availability at sowing and nitrogen management of durum wheat: a seasonal analysis with
the CERES-Wheat model. Field Crops Research, 89: 27-37.

38-Sadeghi, H., and Bahrani, M.J. 2002. Effects of plant density and N rates on morphological characteristics and
protein contents of corn. Iranian Journal of Agriculture Science, 33: 403-412. (In Persian with English Summary).

39- Satorre E.H. and Slafer G.A. 1999. Wheat Ecology and Physiology of Yield Determination. Food Product Press,
New York, P: 503.

40- Singh A K., Tripathy R., and Chopra U.K. 2008. Evaluation of CERES-Wheat and Crop Syst models for water—
nitrogen interactions in wheat crop. Agricultural water management, 95: 776-78.

41- Sticksel E., Maidi F.X., Retzer F., and Fischeck G. 1999. Nitrogen uptake and utilization in winter wheat under
different fertilization regimes, with particular reference to main stems and tiller. Journal of Agronomy and Crop
Science, 183: 47-52.

42- Timsina T, Singh U., Badaruddin M., Meisner C., and Amin M.R. 2001. Cultivar, nitrogen, and water effects on
productivity, and nitrogen-use efficiency and balance for rice-wheat sequences of Bangladesh. Field Crop Research,
72: 143-161.

43- Timsina J., and Humphreys E. 2006. Performance of CERES-Rice and CERES-Wheat models in rice-wheat
systems: A review. Agricultural Systems, 90: 5-31.

44- Wang D.J., Lin J.H., Sun R.J., Xia L.Z., and Lian, G. 2003. Optimum nitrogen rate for a high productive rice
wheat system and its impact on the groundwater in the Taihu Lake area. Acta Pedologica Sinica, 40: 426-432.
45- Weligama C., Sale P.W.G., Conyers M.K., Liu D.L., and Tang C. 2010. Nitrate leaching stimulates subsurface root

growth of wheatand increases rhizospherealkalisation in a highly acidic soil. Plant Soil, 328: 119-132.

46- Yang J.M., Yang J.Y., Liu S., and Hoogenboom G. 2014. An evaluation of the statistical methods for testing the

performance of crop models with observed data. Agricultural Systems, 127: 81-89.



Journal of Water and Soil (5323US @alio 9 psle) S g O @ i
Vol. 32, No. 4, Sept.-Oct. 2018, p. 691-707 &.’){(;}}3% FAV-Y¥ .0 ITAY LT — o0 oF o Lo 'Y ul>

Simulation of Changes in Soil and Plant Nitrogen by CERES-Wheat Model

F. Mondani' - B. Gholami’- A.R. Bagheri’- Gh.R. Mohammadi*
Received: 31-01-2018
Accepted: 11-07-2018

Introduction: The DSSAT model is one of the most general and extensively used process-based crop growth
simulation models. This model has been used worldwide to simulate crop biomass, yield, and soil
nitrogenleaching under different management practices and various climatic conditions. Among management
agronomic factors, nitrogen fertilizer has a major effect on crops production. However, nitrogen fertilizer
limiting causes to decrease crops production, but, high application rates of nitrogen would led to strong
environmental consequences. Thus, management of nitrogen fertilizer consumption causes to decrease
environmental pollution in the agroecosystems. Therefore, the objectives of the present study were: (1)
determination of genetic coefficients and calibration of the CERES-Wheat modelof DSSAT-CSM, (2) evaluation
the performances of model forsimulating wheat growth, development and grain yield and (3) simulationof
changesof soil and plant nitrogen in different fertilizer nitrogen application rates under Kermanshah climate
condition.

Materials and Methods: Two experiments were established based on the randomized complete block design
with three replications during 2015 2016. The treatments were included 4 levels of nitrogen fertilizer application
(90, 180, 300 and 360 kg ha™' urea). The required model inputs describe field management, daily weather
condition, soil profile characteristics, and cultivar characteristics. The cultivar coefficients calibrated under
optimum conditions (i.e., minimum stress in weather and nutrients). The genetic coefficients (P1V, P1D, P5, Gl1,
G2, G3 and PHINT) of the Pishtaz wheat cultivar were derived using the GenCal software of DSSAT v 4.6 for
300 kg Urea ha™' treatment (optimum condition of nitrogen fertilizer based on the results of soil library). After
model calibration process, the CERES-Wheat model validated by comparing simulated and measured values of
wheat cultivars phenologicaldevelopment stages (DVS), leaf area index, total dry weight and grain yield for
treatments of 90, 180, 300 and 360 kg Urea ha™ fertilizer by root mean square error (RMSE), normalized RMSE
(nRMSE) and index of agreement (d) by results ofan independent experiment from calibration experiment.

Results and Dlscussmn The results indicated that the coefficient P1V was 54.45 °C day, the coefficient
P1D was set 90.75 days hr', the value for P5 was 720 °C day, the value for G1 was 25, the values for G2 was 30
mg day”, the value for G3 2 g, and the PHINT was 95°C day. The calibration results showed that the CERES-
Wheat model was able to simulate growth, development stages and yield correctly, which indicate high accuracy
in calculated genetic coefficients derived using the GenCal software of DSSAT v 4.6. In the simulated and
measured conditions, leaf area index, total dry weight and grain yield improved by increasing of nitrogen
fertlhzer application. In the simulated and observed conditions, the highest grain yields were 7048 and 7874 kg
ha! in the treatment of 360 kguirogen ha™! and the lowest grain yields were 4006 and 4217 kg ha™! in the treatment
of 360 Kgpitrogen ha , respectively. The validation results also indicated that the CERES-Wheat model had high
ability to predictg growth, development stages and grain yield in the different fertilizer nitrogen application rates.
So that, the RMSE fordevelopment stages were about 3 to 4 days and the nRMSEwere about 7 to 8% of
measured average, respectively. The index of agreement (d) for development stages was about 0.99. The RMSE
for total dry weight were about 360 to 720 kg ha™ and the nRMSE were about 5% to 9% of measured average,
respectlvely The index of agreement (d) for total dry weight were about 0.94 to 0.99. The amount RMSE for
grain yield were 304 to 630 kg ha” and the nRMSE were 11% to 17% of measured average, respectively. The
index of agreement (d) for grain yield ranged from 0.98 to 0.99. The simulation result also indicated that amount
of soil NO; and NH, increased with nitrogen fertilizer application. The hlghestsoﬂ NO; were 41.3, 54.5, 72.1 and
80.9 kg ha in the treatments of 90, 180, 300 and 360 kg Urea ha’', respectively. The amount of nitrogen

1, 2 and 4- Assistant Professor in Crop Ecology, MSc Student in Agroecology and Associate Professor in Crop
Ecology, Department of Plant Production and Genetics, Razi University, Kermanshah, Iran

3- Assistant Professor in Weed Science, Department of Plant Production and Genetics, Razi University, Kermanshah,
Iran

(*-Corresponding Author Email: f. mondani@razi.ac.ir)
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leaching increased with rising of nitrogen fertilizer. The nitrogen leaching were 259.3, 276.2, 310.4 and 335.5 kg
ha™' in the treatments of 90, 180, 300 and 360 kg Urea ha™, respectively. The amount of nitrogen in the wheat
biomass improved by increasing nitrogen fertilizer application.

Conclusion: The results indicated that the CERES-Wheat calibrated correctly that confirm calculated genetic
coefficient for Pishtaz cultivar under Kermanshah climate conditions. The results of validation also showed that
the CERES-Wheat model was able to simulate all studied traits wheat cultivars except leaf area index accurately
in different fertilizer nitrogen application rates. Excessive nitrogen consumption led to nitrogen leaching and
groundwater pollution. Therefore, it is important to know the distribution of various forms of nitrogen and how
they move in the soil.

Keyword: Grain yield, Model calibration, Model validation, Nitrogen efficiency, Nitrogen leaching
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Figure 1- Schematic of the rhizobox system
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Table 1- Results of some physical and chemical properties of the studied soil

K P N  CaCo, EC pH S el
soil texture
mg kg’ % ds m™
98 7.64 0.08 14.25 0.47 7.53 Lomy Sand
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Table 2- Some characteristics of trees pruning waste compost and biochar of apple and grape

29591 9
Pruning waste compost
(apple and grape)

o Olls ooy 2aly b S5
Pruning waste biochar Unit

Characteristics

29591 9
Apple and grape

7.05
17.87

3.72
30.02

7.54

2748.07 mg kg’

pH
dSm’ EC
% N
% C
P (Total)
% P (avaliable)
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Figure 2- Mean comparison of the organic sources and microbial inoculation and, the organic sources and soil on the
activity of acid and alkaline phosphatase enzymes
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ACP, ALP, Cont, PWB , PWC, AMF , PGPR, RS and NRS are acid and alkaline phosphatase enzymes, control (without
organic matter), pruning waste biochar, pruning waste compost, arbuscular mycorrhizal fungi, plant growth promoting
rhizobacteria, rhizosphere soil and non-rhizosphere soil, respectively.
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Table 3- Mean comparisons of the organic sources and microbial inoculation interaction on soil phosphorus content

S salew! BB oud Jlake
Content of available phosphorus (mg.kg™)

PWC PWB Cont 295w z8li (Microbial inoculation)
87.53° 38.80° 12.25° AMF
108.72° 29.77¢ 10.13°¢ PGPR
4.90 LSDy o5

55 oy me (g lol VST 1o y3 O Jlain] prdawsyy Sl (gleiels kx> 9051 ol S yiiie gy (gl (sla puSilio
Means with similar letters are not significantly different at 5% probability level according to Duncan test.
L5y S e slae yiSh g Y gSuogl 156500 755 ¢y pd Sluld CasgroeSc wyn Sluls Hlagm ( T odle (g 1als i j4 PGPR ¢ AMF PWC PWB Cont

Cont, PWB, PWC, AMF, PGPR are control (without organic matter), pruning waste biochar, pruning waste compost, arbuscular
mycorrhizal fungi and plant growth, promoting rhizobacteria, respectively.
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Table 4- Mean comparisons of the organic sources and soil interaction on soil phosphorus content

S 3lii] L6 husd Moo

Content of available phosphorus (mg.kg™)

PWC PWB Cont S (Soil)

88.70° 26.04¢ 9.80° RS

107.50° 42.53°¢ 12.58°¢ NRS
4.90 LSDy o5
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Means with similar letters are not significantly different at 5% probability level according to Duncan test.
s (€ gyl g (S phginy S o s Sluld CavgreSlagy o JT o3k e 1ald i iu NRS s RS PGPR AMF PWC PWB Cont
Cont, PWB, PWC, RS, NRS are control (without organic matter), pruning waste biochar, pruning waste compost, rhizospher soil and
non-rhizospher soil, respectively.
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Table 5- Mean comparisons of the microbial inoculation and soil interaction on phosphorus soil content

S 3lii] L6 husd oo

Content of available phosphorus (mg.kg™)

PGPR AMF S5 (Soil)

44.09° 38.94°¢ RS

54.99° 53.45° NRS
4.90 LSDy 05

W) gyl gime d)l.ni AN 2o )3 & Jloss ! plawsyd (SOl glaield s O}").i ool 3 S e B> (g)l (slo 1 Sles
Means with similar letters are not significantly different at 5% probability level according to Duncan test.
AMF PGPR RS 5 NRS.szud (65hg30) 58 § Srhuoginy SB ) S yome slogg Sl oYsSusyl a)sSeo )6 e
AMF, PGPR, RS and NRS are arbuscular mycorrhizal fungi, plant growth promoting rhizobacteria, rhizospher soil and non-
rhizospher soil, respectively.
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Figure 3- The interaction of organic sources and microbial inoculation on root phosphorus (A) and shoot phosphorus (B)
concentrations
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Cont, PWB, PWC, AMF, PGPR are control (without organic matter), pruning waste biochar, pruning waste compost, arbuscular
mycorrhizal fungi and plant growth promoting rhizobacteri, respectively.
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Introduction: Millions of tons of trees pruning waste are produced annually in Iran, which can contribute to
supplying soil organic matter. Soils in arid and semi-arid regions, due to lack of sufficient vegetation and the
return of low amounts of plant residues to the soil, contain little organic matter. These soils are often calcareous,
and as a result, many plants in these soils are faced with nutritional problems, especially phosphorus deficiency.
Phosphorus, as an essential element for plant growth, combines with soil components and changes into less
soluble and insoluble compounds in calcareous soils with low amounts of organic matter. Organic matter and
biological amendments can affect the solubility and mobility of nutrients in the rhizosphere and improve their
bioavailability by creating different chemical and biological conditions. The pruning waste of trees can be used
to produce biochar and compost and consequently improves soil physical and chemical properties and plays an
important role in the dynamics and living of soil microorganisms. Biochar is a carbon-rich solid material
produced during pyrolysis which is the thermal degradation of biomass under oxygen limited conditions. It has
recently received much attention as a soil amendment which can be used to increase nutrient availability,
improve the soil microbial diversity and biological activities such as enzyme activity in rhizosphere and
sequester carbon in agricultural soils. In addition, compost is a chemical derived product from organic waste and
contains many beneficial elements that are gradually released into soil and available to plants. Another approach
to improve the bioavailability and mobility of phosphorus in the rhizosphere is the use of potential of phosphate-
solubilizing microorganisms including arbuscular mycorrhizal fungi (AMF) and plant growth-promoting
rhizobacteria (PGPR). Limiting the roots to examine the biological and chemical changes and the extent to which
these properties have expanded in the rhizosphere are challenges that have been less addressed Rhizobox is one
of the systems used to study rhizosphere changes. The aim of this study was to investigate the effect of biochar
and compost prepared from pruning waste of apples and grapes trees as well as microbial inoculation on
phosphatase activity and phosphorus availability at wheat rhizosphere under rhizobox condition.

Materials and Methods: This study was carried out on a completely randomized design with a factorial
arrangement in three replications, under greenhouse condition in rhizobox. The factors were organic matter
(pruning waste biochar (PWB), pruning waste compost (PWC) and control (without organic matter)), microbial
inoculation (AMF and PGPR) and soil type (rhizosphere and non-rhizosphere soil). For this purpose, a soil
sample with light texture and low available phosphorus content was prepared. PWB used in the experiment was
produced from mix pruning waste of apple and grape at the final temperature of approximately 350°C for 3
hours. Moreover, pruning waste compost of apple and grape trees was prepared from Department of Soil
Science, Urmia University. The biochar and compost were ground and screened through a 0.5 mm sieve for the
greenhouse experiment. The seeds of wheat were planted in 20 x 15 x 20 cm rhizobox (length, width and
height). At greenhouse experiment, the biochar and compost were added to the boxes in terms of 1.5% pure
organic carbon before planting (each box contained 5.8 kg of soil). In control treatments (without organic
matter), sterile soil was used with microbial inoculation. Microbial strains used for inoculation included
Pseudomonas aeruginosa, Pseudomonas fluorescens and Pseudomonas putida) and mycorrhizal fungus (Glomus
fasciculatum). Wheat seeds (Triticum aestivum L. cv. Pishtaz) were grown in rhizobox. At the end of the
vegetative growth period, acid phosphatase (ACP) and alkaline phosphatase (ALP) enzymes activities were
assayed by spectrophotometry method. Soil available P was extracted with 0.5 M NaHCOj; (Olsen-P) in the
rhizosphere and non-rhizosphere soils and phosphorus concentrations in the root and shoot were determined by
the standard method.

Results and Discussion: The results showed that the application of PWC and microbial inoculation
significantly increased ACP and ALP enzymes activity and the availability of phosphorus compared to the
control. The highest increase in ALP enzyme activity and available phosphorus was observed in PWC treatment
inoculated with PGPR. Furthermore, PWC increased the ACP and ALP enzymes activities in the rhizosphere soil

1, 2 AND 3- Professor, MSc Student and Assistant Professor, Department of Soil Science, Urmia University, Iran
(*-Corresponding Author Email: m.rsadaghiani@urmia.ac.ir)
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by 1.39 and 1.33 times compared to non-rhizosphere soil, respectively. However, phosphorus availability in the
non-rhizosphere soil of the PWC treatment was 21.19% higher than that in the rhizosphere soil. The lowest
available phosphorus content was observed in rhizosphere soil of AMF treatment. In addition, the highest
phosphorus concentrations in plant root and shoot were, respectively, found in the compost and biochar
treatments inoculated with AMF. In PWB treatment, the inoculation of AMF increased shoot phosphorus
concentration by 1.31 times relative to PGPR inoculation.

Conclusions: In general, applying organic matter and microbial inoculation had a significant positive effect
on phosphorus availability and plant growth. Adding organic matter to the soil, such as compost and inoculation
with microorganisms particularly PGPR bacteria in the root zone, led to increased soil available phosphorus. The
activity of phosphatases in soil was influenced by using organic materials such as compost and microbial
inoculation which enhance the bioavailability of inorganic phosphorus. More positive interaction of PWC and
PWB with AMF than PGPR in the rhizosphere caused greater increase of phosphorus bioavailability in the root
zone and plant phosphorus uptake. In general, according to the results of this study, it seems that the use of
organic materials and biological potential of the microorganisms have a significant effect on phosphorus
availability and improve plant growth.

Keywords: Available P, Microorganisms, Organic matter, Rhizosphere



Journal of Water and Soil
Vol. 32, No. 4, Sept.-Oct. 2018, p. 723-736

iy

(55,9 @rluo 3 psle) S 5 O & 2
YYY-VYF .0 ITAY LT — s oF oylods F'Y ulo>

Ol gl Jleds 53 ool OLsI S b 53 od O e S

. * . \d . Ay - N . =Y . O Z . P
Torb 2 Al =Tkt = S el ) et ST Il sla g egs 0 8 S ke
“‘A?/'V/\VCJE)J @)U

CXVCLS

8 e G ol ogMe -f’w‘ sl ool (61 Lyl g Ll (o aisyeS Ao 53 (58,5 515 s 4 ol Jloud sy asdllas
=0 Sl Sl b Gl o Led Ly g wbioo GRal38 () 0 S5k (e B8 & 02 g s & Jlod 1S (el o S 0 85
by o3ll 51 eolaiwl g (coudBl sl 53 lyd 031l Ol pss Wgy oy addllan (il 5 GBua ] Caslio Hlos Jae basl il g (eul8l o
Sla 6L L o8l (LS Jsbo )3 2,815 5 gyl 5l 09 ()t Gl Sligusy Lite (poni (gl b line (6580 5 (o) (s SIS 4
aSle 4 ol o Lits ols s plool lgl (g p (o (ool S g ol 03ln] sl LT g s a3 )3 L5 1> jro Jue Voo B Y e 29 I calise
o) 0 s Culdgils g cols 5 IS el Gl ) Cdas g ey e 5 (il il (Sa55L L gblie Cuews 4 Unratio 5 &l)S ol
Sload a0 b aS ol )l lyd o3l il s g ol L ylade auBl HLol,S Job 13 (650l dlge cluw isu sla SIS M550 ¢ 35165 5
=l L 9g oyte Sy S pidie guie D925 0didd HUis )y ool SIS B9y 5 00 j9d Lol e jl ddlaie Jloub 0 geS” )L b adlaie
03,8 sbg) S pelow 3 o SIS S jlade 3 Sl ol 45 @glis

o) Sligy Lt i) 5 (s Gl I (ouablio ()13 ( SW)b 1 g0l sy

5 ) 35-8e SLS (uiblite (Sl S (lise 5 () S SS
Cel colio (dSa) bl > S JSis 5 (Sadles (VY
iy 5yl 1Y) 29-3ie (pmeblite (ol (slass JiSiis
Sl (3Le Dlgo 5l i b Jgwodl )3 iz Jdo 3 (ugblize
Sl Gl purblise (6)l8 s Hlade (S5L Rl L o (V)
oebline (1B pd e glal ulpd cov Bk I (V5 V- )
ol (V) Usi)l 5 gomlS cul oo (VY 9 1Y) A8 o iy talS
el wlgi e La SIS Sl g o 55 ( Sdlga (b y3 05,8
933,35 Solite ouldl slalose )3 )y ciliie sla SIS S
P Sl i Sy oo V5l 1S 8 b o S gy b
5 UbL) SWlsa w3 5 (b ) Jsl slarnl b e bl
Bblie d dtunly @l cizmad )8 S 1y flo Jsbo 4o (led
Sl o oloj Job 3 (Sadlsm oy o JUaSl sl 8 e
o) Go 53 i gl 4y ok 355 o0 o (ol S
Y lade o5 03,8 dloidy (e (oo O 5> (IS -0y
2 2d Sl L oS0 o) 0y 3 Bl 9 CoflS e gls
b Osee Y18 53 (d =508 oy O e 93 S (oo Jladka
48 1508 ol et gl bl e e > i 2 S g
4l (Ui Jgwsdlm gl slassly (o ©gli5 5 (wlis SIS 55,

-

Ao

oyl s Lol (gd 25200 31 (sloinS dalsd )l Lo sl

@iz ul.._«pyab 9 ul;y») d)»f b)l.)ul 9 )JLJ 9).0] )] A.w)buc
9y (3 (U slaail L) 5 ptd 4 o] ol
el IS S 5 )b o1l (Y 5 1) S o S8 pd tizyeS
Ol g dies ols (ol Glyss 4 purblite )80 5
\V) .)9.‘»(54) ol dns i WJB‘ 9 Ja.a?u R W‘e&’g dl).: ul.uow
S9) 1 oo 3l Wl Lad g Cagboy B2k I elBL(VY 4
5 S5 i (S0l st b il il S sy
P S g ooy slde Gl cage g wbe Gl SB LSS

WSS g Ol pwdige 025 (S pgle 09,5 dbil g (6,5 (ggrriily =Y g )

Sl (555 OIS e il 5 (559l ol

(Email: fkhormali@gau.ac.ir 19 0diuns 8 — )

Olall 35ile G (03,18 3855 dumsgo e mablino 09,5 slisl ¥

el (S oSl «onbs ple g el 01y didl i gt kil —¥

Al il el o5y (S g T oaSiils (S pole 09,5 okl -0

olall sl it (£3,)l8 5855 dumago (535538 0 095 Sl =5
DOI: 10.22067/jsw.v32i4.67072



1AV LT — oo oF o)lod XY al> (S g T a5 VYY

Sl I gliml Jlas 53 d9290 JU 53,5 jin 3L Jlosl 4
Gl 005 48,5 55 5 S5l gladgy (sladlaie oMw

2325 sl 2y Splg GBS 39) bawgi (9w dlge 5l (S
Loy o a5l 1B 53 00 Dbl (slowsy ! 2 0gMe 0l
Sas Opgar )i sbyd lagnds e (b g o35 e )35
(B) 255 o 418 Lo yme 33 (3L Sligws) 3l aito Blgie 4 2Ly
LaSLE ol (gyole dlge o cusSoml g CaidglS 5 o IS ceuly]
g slcie 13,8 oo gl 3,k 5l ol ) LT sliie 48 5 5 3959
CoSol jladag WS (o jeasd (SH)L GRIPIL () GSE Eg
Ly sln syl Sy (53, 1 s 0 plol i
0 g Cusl Jiode Foe Jl 5VL 5 piedde YO+ 392 55 (S5)L
dibaio cpl > Glite (SH)k (lie b g (de SLSE > SWs
9 u_.wl.u.uu;u $9) LSJL:JUQA L)"I P O9M§— o] 03 f‘.?u‘
Olge &S Ban pl b lyd o3Il jelaivan o udolize (o lid s,
odlawl TMJ L;LmJB u’l"‘l*"‘“ d‘)’. pyery S5 O|9"“° L Lm‘_‘j )’\
oy ) addllas ol 5l a5yl il Ao e 3 S
=Y 5 ool LIS G ok > (il S g @lyd il il e
sl yialyb 5l edlatnl b yyte o S slice 31680 o)y
Dy eoedBl LS Jobo 45 o azaS

L yig) 9 2190
asdlas 3 90 Blolis

Sapglar )13 518 (s Gl slad 53 adlllas 390 dilaie
29 5 ¥rogae a jydlogS (sl (035 53 (d Slgus) Cuolus
009915 S b (S35 )3 e Ve dgde Gl (ud B
o dn o a8 (caldl Cod S ) Sligusy ol sy o0
35 )8 A8 ey o oa Voo B Y ee gis (Sl e
los (ke 9 2)5 (Sl s adlate pl 3 bod liee () JSC)
Sl ay ool 1Y Jgse) il o 3, Sls dajd YA LYY dgus o
lio sl (SA5)L Gl b SB Cluogad Sk o)y
0Ty Jidey Ly @l jladhate ol 3 (LS by ol
SR coled ) 5 g (SU)L L gblie )3 oSTie (ids B Jlod
(V Jgiz) S (o e

ol Bl 2939 w3l Jo youdeo +/0 )5 Sglte xuie bl
Calid ) a8 cbline (5 pdn 5 (s S 0gMe
SR S plase 4 @l o] wiiws Mbe Slguw, sbive
il slwil gl Sl claJly Sluogad
(YA) (63850 Jl dmy Sl a5 (A) JULiSly (2ol b
5oL ad sl Lolwl ol (gaindily S5 00 oo o3litu!
oL L)y dlasly pl 53 (YY) 23l oo Slgu) o Sl dlols
laol b cdiw ojlasl lyd jolaiad g cudpd &lyd oS Wm0
xS plSe s e S g g o Jie o) o S35
Blio K055 50 Yaane cudyd @y ol (YY 9 YA) w0 <S8 >
S 3 ey SIS o Iy g ok Sy 9 S W
SIS ES o Y leedye 2 9 GYob o Jolgd U il e
g A e cS o Y gaw b alor bl L baes <l
9 YA XA ) a8 <8 > e | (55599 Jolsh b Wl ol pli

(Y

085 B s 4 gl Jled (o oSt 3T sl Jlo
Ol 058 4 el Sl g Ll 5 Lygyl (ol 22008 (555 2
e bl g el 03,18 a5 ot s S LacSls
a5 )58 ey 90 eime | (oL s by col asis
ol

S5,b L Slis any dilaie S5 pd oS a6l 0 (V) oS
o) slad sl 1y yySae Y& 3 031l )13 45 e duo YO-
Ol 3 Sl ESB e B dga oS gy (Sle Clbee S (b
ao ol ejlasl aile 390 Y 5V Coond ¥ Jols a8 0 s )80
Kol 9 ¥Y 2905V olasd a3l (sl (6550 bl oS 5T g,
Ol izman (V) CiS Al s yg)See YV 3905 ¥ 0)lads
OB 3y 9 M) e iy A3l ddlaie )3 (4) (pdiee
155)S b la gyl 5,8 oamlie |y caliste claayY )5 il ol
D9y L (W) J8 bl oo Slyss ol S 0l s puo )3y
A pesdee VO () Ly LSS 53 90) 315 )13 piedle £ev (501
(V8) oylSon § Siadle g (6,505 adlllas 58 3512 (59,540
Se o Wl Gy b S el gpSojlal gl (e
OB S R S35 )3 ylarlen 00 (SH)b b b po doys adlata
ailaio ol 3 b ol e 45 €8 g iudS il 5
A5 35l yag)Se Ve

P9 YL Jd 1) e 3l a4y (0355 (W) ohlSeny oS
o a8 Glsie anggl o ey s g 52y b GV e
OSan 35 Alold L il 0355 9 15 oy gl 53,5 ol il &S
aS Lol 31 13,8 oo bl %0 cogm 31 0L 0308 31 o



YYO L Pl g 09 il eoliswl b &l yd o103l Ol sy oy 9

1 ]
340000

2
r&
5
18
=
=

~ [ L-Psection Q‘

@ Modern solls

Loess |2
Kilometers [ %
-

> 2 20 40 80)

260000 340000 420000

O

(Ol L) (pnbg g iz (3 4l )= (o (o2 9 (o (590 (S ST& (38,5 18 CapnBige —) S
Fig 1- Location map of the study area and the sites of the modern soils and loess sections at Aq Band and Toshan (Golestan
province)

A Sl (Sen oy 051 50 ausels dgg cpl b il dslre
u_:.a‘g .))91)4 ul).) ML‘”G’K 9 UM ub.) Lglém ngw J.:JJ
L el cplplis sl sdly jlade 51 a8 ] 55905 ¢ A5b anily
4By ;L5 )3 oy Gl lois an yeg)Sie 0/0 5l 4, Lad
5 o 3,lnilinl Wgas [STgy ol p @l o310l s g o
o5l cads byl (gl 8grdl,8 (6)e5 5l edlawl b (YY) ),
o ¥l S (I olge aSol 33,5 s o b s plosl il
3,8 Oy lyd o3l S5 031l LS‘)-? L)OLQ—C‘ S olousl <Jls
Iy s Bls b diges (pl (gl o Jolre padS” 0l )S7.(VY)
gl Joloe pdS Gl Blo lp Llos g slozel LB b5,
b.\_i.ﬂ)g: Aoy ) M?‘T A:.,.a».{?).&:.b L PHELLLS U ..))]..\3 S99
a8 ysSgy So s el VY Gode 4 b iged )] 5l L g L5
3503 48 Canl oyl jslaie 4 posigel Sy yum 3,8 abls) s 5
alite Ggold ol (b 5 lp ol JSis 9 sl alss

(TY) 2,5 &g

oy sl Sls
)9_Li;.n 4y Gy ul:a\’ ;Ql)‘l o 03> s Sk dLm LN
lod Jolse (508 i 5l sl ool o) (gl palls
9 te sla B9y Soass il oy @ld Gadlis g oS loww

Lads gais (5 4150 3130 § (5 la o db gad
Sl ads gad

slocJld o 5 calio iSaj b ol bl o & ,518 F
o () Jgia) 48 Qbsl ol (L3S el Jsb )3 (s5y5le8
@w 9 N Slogad da 38l s g b SE ot
o Sl b il (V) (ogigust wiusw Beb g (o)
Aol b oladiges #5158 o 5l wablize Glasgnd o il ojlul
Pyt ‘_5‘).3 ‘_;sLam\J’oo C;B pL. )‘ e b &d&l)ﬁ V. cm

@l yd o jladl jallsd
ol jleslawl Uy 3 ol Jlos b alyd o3lal s
gl o8 iulojl ;> Beckman-Coulter LS 13320 PIDS
alyd ojlul saiiS” aion WCd S Cyae KoY (0305 K555
Ol Vil 9 K555 )9 sl 9y SuSTy Jeol Sl )3 il
dygly LS e okl lyd ojluil 4y diwy (o3 ayely S cow
oz ol cpl ol Alyd o3lil b Coslisio wgSae jobo 4y ily
bl ySasS Gl 4 S (5855 agl) FS) & il
oS ) 9 S Sy 4 Cund shlgd o) cnl WS (o
L dSg0s )b Lo dges (oS Jlade 4ol alas 0yl 0,87 Jbye
O @l 5 295 (565 o}l Sl oo (alisS oloj s 3 g, ]



IFAY LT — s F ojlods FY > (S g T as s YYE

4B LS 4 () 0guSe 5 (V) oop 5 oS (V) (guse

axllls dy90 adlaio conldl OleMbl - Jous
Table 1- Climatically information of the study area

" I . e : . w31 g5
adlo B g AWl )b nle  1ga SLw by (SSb :
292
Region Vegetation cover MAP (mm) MAAT (°O) Altitude (m a.s.l)
Gox b e 200 18 54
DashliBorun Grassland
XVES 14
e e 330 17.5 380
KhaledNabi Grassland
g b Sldle 405 17 385
YelliBadraq Grassland
e s 480 17 205
Kalaleh Grassland
plel & i 600 17 320
AgEmam Shrub land
. ] Z.
Ol e S 670 17 218
SeyyedMiran Forest

MAP: Mean annual precipitation; MAAT

Mollisol nseptisol (glaedy cudy 4 (SG,b Hlade (iliel b g
i g adly (Eol58l oy Hlafe piomen A5l Alfisol 4
b Shals e

5 0wy Mo &S0l Lt (g3 il Ubay b ) ejlusl U]
aS U-ratio jlade gy yieS gy il ;3 &ly &5 o 5, el
5 s an (V-FF pm) basgie el g S Sl o e
3 1y Jlde o i S o5lul e 9 1] o Cuns (8/0-)F pm)
ey Ay Sl g ey e )15 (el LS cl Jsbo
9 £Iv0 )._g‘ﬁ u‘).) b)"IJ._Sl alo 9 U-ratio )l.).b;o 9 /-y 9 \Y/-4
0518l le g U-ratio jlude g iol3dl 53y Cdow 9 ) jlade adlais
S )3 32y Sl g oy s 4S50k b oo (ST ] 3 @y
VALY g YPIO0F jolp oo an (Sl jlade oyt b olee
@l ojlusl ale g U-ratio jlade g duwjy o 395 ;S lis &) do)d
(Y Jg,w) Ay o0 .)95 )l.\.&a JB‘» LY 09)5““’ AYA 9 Ve ):.l)g

oS Job > Lag S1e ol (63l dlge p3 (o) S S
il 31 L Bl e cuiSonl g cud Bl o IS e Jals ol
b Gl Sfa Cuanl g culgSieyg Jhade ()L Hhide
Sods U 9253 ¢55ls8” Jolis s iy Glo S (Y Jga2)
sla SLS jlbe a S u sl o cundS 5 co,lS 5 Ko o)l el
S o5 s (50 350 53 unolty Jluwld g S 5 (5558
A5 (539355 5 Elyinc sy B sty (slag 516 55 (F Jpa2)
ALl e oIS 5 Ko e o SIS

: Mean annual air temperature; Altitude (m a.s.l)

(oo Jols Jlass Hlan odel Cowd 4y oy g yd I yusnw
SLod 33 by g (Jgeme (slod 13 asly (JoSIS (4Ll g o0 ke
) SBGE (plelid Caa g 03)5 4 3lS (sl ax)5 00-
Ao oSS J Sh o s oolasuwl \u‘&il 95y oK jl o gel
b5 Sygo Jo Sl jlas gl 03y Sy b oy o S8 (8
00

rablids sluo gad

Sz (@35 Sondess giniusl olfinlej] )d adiges daen
Sy gladiun )3 9 BAD g Wadiged (Ad Suts lga I an
3 meiblita (538,03 s sl 2555 1,8 a5k 5 o3l
oS LA ¢,y s MINIKAPPA (KLF-3) oSz
Beed 5000 (uilS) 93 jl (il &y diunly pusblite (5)L8500
(V) 1 oolizw! MagnonGmbH sSws jl salizwl b

2 adlas dyg0 oz S olewd 9 (S5 Sluogas wls
C;L> s JA.)L;Q L)L'“) C.»Lu u;l Cwl 045 03)91 Y o)‘«n.:') J9.\>

5b 51,8 Entisol o3y 53 il jlde o yieS b (g0 (Lol adlaio

LY o Y0 sblyj »5) ADVANCE D8 Juo (XRD) (Sl g5 ol
(Lo B2 318 5 ol oo ¥ lya 9 g 5hS ¥ 5y can 3 ¥



yyy

G O e hg) il eolaiwl b Ol 0 3lusl Ol pends oy

0% SBESE obomdsSjd Cluogad (A5 -y
Table 2- Some physicochemical properties of modern soils

dilaie sl Gos sbpe S, S Slos oy S o &
. . . . Gypsu
Region Horizon  Depth Mooist color pH EC ocC Clay  Silt Sand m
(cm) (dS/m) %
Typic Torriorthents
09y sl A 0-10 10YR 6/3 8.3 0.8 0.5 219 591 18.9 3.21
D-B C 10-50 10YR 6/4 83 4.7 0.3 193  59.1 214 3.13
Cy 50-100 10YR 6/4 8.3 12.7 0.3 142 628 23.0 3.90
Typic Haploxerepts
A 0-10 10YRS5/4 7.4 1.8 0.7 150 738 112 29
JRLIRV/ES By 10-40 10YR6/4 7.7 0.8 0.4 150 688 162 2.8
K-N C 40-90 10YR6/3 7.6 3.6 0.2 150 688 16.2 2.8
Cy 90-110 10YR6/3 7.8 9.6 0.1 125 713 162 5.1
Typic Calcixerepts
A 0-28 10YR 4/3 8.1 1.0 2.6 273 65.1 7.5 3.1
Bkyl 28-54 10YRS5/3 83 0.8 1.4 220 644 135 43
b Bky2 54-68 10YR 6/4 8.2 1.1 1.0 219 669 11.0 3.1
Y-B Bky3 68-112 10YR 6/4 7.9 3.7 0.7 27.1 657 7.1 3.1
Bky4 112-130 10YR 6/4 7.9 6.7 0.6 29.7 621 8.1 3.1
C 130-150 10YR 6/3 8.6 2.5 0.4 296 593 11.0 3.0
Typic Calcixerolls
A 0-27 10YR 2/2 8.1 0.9 3.9 31.8° 594 8.7 -
AB 27-37 10YR 2/2-3/2 83 0.5 33 29.8 624 7.6 -
npile Bk1 37-52 10YRS5/3 8.1 0.5 22 29.7  64.7 5.5 -
K Bk2 52-89 10YR 6/4 8.2 0.4 1.2 194 719 8.6 -
Bk3 89-104 10YR 6/4 8.1 0.8 0.9 233 60.7 158 -
Ck 104-130 10YR 6/4 8.2 0.9 0.6 223 654 122 -
Calcic PachicArgixerolls
A 0-30 10YR3/3 6.8 1.4 1.9 40.0 43.1 16.9 -
plol 3l AB 30-80 10YR2/2 6.3 1.3 1.7 425 463 112 -
A-E Bt 80-110 10YR3/4 6.7 0.8 1.0 425 488 8.7 -
Bk 110-150 10YR6/4 7.5 0.5 0.4 250 563 187 -
Calcic Haploxeralfs
A 0-10 10YR3/2 6.6 1.1 5.7 40.0 407 193 -
Bw 10-28 10YR4/4 6 0.6 1.6 40.0 463 137 -
Ol o S Bt 28-65 10YR4/5 6.5 1.0 0.6 40.0 43.1 16.9 -
S-M Btk 65-90 10YRS5/3 7.5 0.6 0.7 30,0 538 162 -
Bk 90-120 10YR5/4 7.6 0.3 0.5 325 538 137 -
Ck 120-160 10YR6/4 7.6 0.4 0.3 250 563 187 -
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Figure 2- Change in some grain size parameters with depth showed the medium grain size and U-ratio decreased from low
rainfall regions to higher rainfall and clay and fine silt contents showed the reverse trend
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Figure 3- Grain size distribution curves of the samples from arid region with unimodal to polymodal in semi-arid region.
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Table 3- Semiquantitative analyses of clay minerals in the studied soils.

¢S G e Coff el Cadpl sy bl gl
Pedon Horizon mica  Chlorite  Smectite  Kaolinite  Vermiculite Mixed minerals
O Ssb (D-B) A -+ -+ + + - -
O3y SLsh (D-B) Cy -+ -+ + + - -
s I (K-N) A +++ +++ - + + -
s I (K-N) Bw +++ +++ + + - -
o I (K-N) Cy +++ ++ + + - ++
b (Y-B) A +++ +++ + + - -
&by b (Y-B) Bky, +++ +++ + + - -
&y L (Y-B) C -+ -+ + + - -
4% (K) A -+ -+ + + - -
M8 (K) Bk, +++ ++ ++ + + -
4 (K) C -+ ++ - + - ++
bl 3l (A-E) A +++ + ++ + ++ -
plol 31 (A-E) Bt ++ + +++ + ++ +
el 31 (A-E) Bk +++ ++ ++ + - -
Olyse daw (S-M) A +++ + ++ + -+ -
Olyee de (S-M) Bt ++ + +++ + ++ +
Olyee dew (S-M) Ck 4+ ++ +++ + - -

F 0oy O bt o 3 Vom0 b hido DVO-Y b a2V gl pis

++++: >50%; +++: 30-50%; ++: 15-30%, : +<10%,.-: not present

axlllan 3,90 SWE S 45 Claw (iSe (ol S gl - Jgua
Table 4- Semiquantitative analyses of silt minerals in the studied soils.

ES6 B NS CadS Pl el s o G i5
Pedon Horizon Quartz  Calcite Plagioclase  Potassium feldspar mica Chlorite

s I (K-N) A -+ - ++ + + +
s I (K-N) Bw -+ - ++ - + +
w5 I (K-N) Cy +++ - ++ + +
IS (K) A -+ - ++ + +

A4S (K) Bk, +++ - ++ - - +++
plol 31 (A-E) A +++ - ++ - + +
elel 51 (A-E) Bt St - ++ + + +

elel 51 (A-E) Bk +++ - ++ + + +++
Olyse duw (S-M) A +++ - ++ + + +
Olyse daw (S-M) Bt -+ - -+ + + +
Olyse daw (S-M) Ck -+ ++ ++ + - ++

ot Zao )3 B bt tho ) Vom0 cbtilo V0T b <o VD gl pas

++++: >50%; +++: 30-50%; ++: 15-30%, : +<10%,-: not present
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Figure 4- Relation between Ufm-Ratio and Percentage of frequency dependent Susceptibility (FD %) and Average
susceptibility.
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Introduction: The study of the northern Iranian loess is important since they are located in the middle of the
Asian and European loess belt. In addition, presence of a climatic gradient i.e. increases in rainfall from north to
south and from west to east, and the constant temperature, provide a unique area to study climate change and
environmental conditions. There are many recent studies on loess-palacosol sequences in this region, that show
the grain size variation and clay mineralogy changed with increasing precipitation. The purpose of this study was
to investigate the trend of grain size variations and clay mineralogy in this climatic gradient to infer origin of the
surface loess in this region.

Methods and Materials: Grain size and XRD analyses were carried out on six soil profiles extending from
low precipitation in DashliBorun (200mm) to high precipitation in SeyyedMiran (670mm) regions. The grain
size analysis was carried out with Beckman-Coulter LS 13320 PIDS. The device uses the principle of the
forward scattering of monochromatic light and its diffraction under a certain angle. The angle of diffraction is
inversely proportional to particle size. That means coarser particles cause a smaller angle of diffraction
compared to finer particles. This method is quick, its results offer a good reproducibility and the data are digital
and direct. Necessity for only small amounts of sample material, and covering a wide range from 0.4 to 2000
mm in diameter are other advantages of this method. Nevertheless, the amount of clay percentage may be
subjected to certain underestimations because particles smaller than 0.4 um diffract light in all directions that can
cause problems with detecting the signal correctly. Hence the sum of particles with less than 5.5 mm in diameter
were chosen as an estimate of clay percentage. Clay fractions were separated based on the methodology outlined
by Kittrick and Hope (1963) and Jackson (1975). The carbonates were initially removed using 1 N sodium
acetate buffered at pH 5. The organic matter was then oxidized by treating the carbonate-free soils with 30%
H,0,, and digestion in a water bath. Free iron oxides were removed from samples by the citrate dithionate
method of Mehra and Jackson (1960). The clay separates were removed by centrifuge and studied by a Bruker
D8 Advance X-ray diffractometer. Clay minerals were estimated semi-quantitatively from the relative x-ray peak
areas of glycol-treated samples.

Result and Discussion: The grain size analysis by laser diffraction method showed that the amount of clay
(12.09 %) and fine silt (7.03%) in the soil located in Dashlibron (200 mm/yr) profile had the lowest amount and
the U-ratio (6.35) and the medium grain-sized particle (48.28 pm) had the highest amount during this climatic
gradient. Increasing precipitation had clear impact on theses parameters, so that the maximum amount of clay
(36.56 %) and fine silt (28.02%) and the minimum amount of U-ratio (1.00) and the average medium grain size
(8.78 um) were observed in SayedMiran profile with the highest precipitation (670 mm/yr). Clay mineralogical
study of soil parent material showed mica, chlorite, kaolinite and smectite as dominant minerals in the soils. As
the amount of precipitation increases along the climate gradient, the amount of pedogenic vermiculite and
smectite increase. Silt minerals included quartz, plagioclase, potassium feldspar, mica, chlorite and calcite. The
amount of quartz, plagioclase or potassium feldspar minerals did not change in parent materials. The average
medium grain size and U-ratio are function of the maximum wind speed and distance from the source. In
addition, weathering can affect the size of the particles and cause changes in the mineralogy and amount of
minerals in the size of the silt and clay fractions. On the other hand, understanding the changes of clay minerals
can provide origin-dependent changes, transport processes, and climatic variations as they are recorded in these
minerals.

Conclusion: In general, it can be concluded that the medium grain size and U-ratio decreased from low
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rainfall regions to higher rainfall and clay and fine silt contents showed a reverse trend. Clay minerals included
mica, chlorite, and kaolinite and dominant silt minerals were quartz and plagioclase in all studied soil profiles
along the climatic gradients. The results showed that changes in grain size reflect the distance from the loess
material sources and also indicate intensity of pedogenic processes. Mineralogical analysis showed the similar
mineral types in all loess parent materials of different regions, probably indicating the similar sources for the
loess. The change in minerals abundances in the upper horizons indicate the pedogenic processes affected by
climatic conditions along the climate gradient.

Keywords: Clay and silt mineralogy, Climate and Northern Iranian loess deposits, Grain size
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Figure 1- Location of study area and spatial variability of sample points
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Table 1- Statistic parameters of soil organic carbon and auxiliary data
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Figure.2- Maps of the most important auxiliary data to estimate soil organic carbon based on sensitivity analysis
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Table 2- Contents of Root Mean Square Error of different number of neuron to estimate soil organic carbon
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Figure 3- Results of artificial neural model to estimate soil organic carbon
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Table 3- Results of models to estimate soil organic carbon
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Figure 4- Soil organic carbon map of the study area
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Introduction: Soil organic carbon is one of the most important soil properties which its spatial variability is
essential to crop management, land degradation and environmental studies. Investigation of variability of soil
organic carbon using traditional methods is expensive and time consuming. Therefore, one of the ways to
overcomethis challenge is using digital soil mapping whichcan predict soil characteristics using auxiliary data
and data mining methods. Previous studies have shown that digital elevation model (DEM) and remotely sensed
data are the most commonly useful ancillary data for soil organic carbon prediction. Artificial neural network
(ANN) is a common technique of digital mapping. The region of Marivan in Kurdistan province is one of the
forested areas inlran. In recent decades, due to population growth and the increased need for food, thisforested
area has been threatened and some parts are now cultivated. Therefore, accurate mapping of soil organic carbon
so as to improve land management and prevent land degradation is necessary. The purpose of this research
wasusing ANN model and auxiliary data to mapsoil organic carbon.

Materials and Methods: The study area is located in Kurdistan Province, Marivan (cover 20000 ha). Soil
moisture and temperature regimes are Xeric and Mesic, respectively. Elevation also varies between 1280 and
1980 m. The main land use typesarecropland, forestland and wetland. The major physiographic units are
piedmont plain, mountain and hills with flat to steep slopes. Using stratified random soil sampling method, 137
soil samples (for the depth of 0-30 cm) were collectedand soil organic carbon were measured. In the current
study, auxiliary data were terrain attributes and ETM" data of Landsat 7. Terrain parameters (including 15
factors), bands 1, 2, 3, 4, 5, 6, 7, brightness index (BI) and normalized difference vegetative index (NDVI) were
computed and extracted using SAGA and ArcGIS software, respectively. ANN model was applied to establish a
relationship between soil organic carbon and auxiliary data. Finally, soil organic carbon weremappedusing ANN
and validated based oncross validation method. Three different statistics was used for evaluating the
performance of model in predicting soil organic carbon, namely the coefficient of determination (R?), mean error
(ME) and root mean square error (RMSE).

Results and Discussion: Based on sensitive analysis of ANN model, auxiliary variables includingwetness
index, index of valley bottom flatness (MrVBF), LS factor, NDVI index, and B3were the most important factors
for prediction of soil organic carbon. The quantities of R?, ME and RMSE calculated for ANN model were0.80,
0.01 and 0.67, respectively.Soil organic carbon content ranged from0.26 to 8.45 % and the highest
contentwasobserved in forestland with hill and mountain physiography and wetland around the lake. It is
noteworthy that the differences fordifferent land uses were not statistically significant. Auxiliary data including
wetness index, index of valley bottom flatness, LS factor, and B3 in different land uses had statistically
significant difference (p<0.05) indicatinga closerelationship between auxiliary data and soil organic carbon.
MrVBF and wetness index were lower and higher in forestland and wetland, respectively. Conversely, LS factor
was higher and lower in forestland and wetland, respectively. Band 3 was lower in cropland and wetland
compared to in forestland. NDVTI index was also insignificantly higher in forestland compared to in cropland and
wetland.

Conclusion: In this research, ANN model was used to investigate the spatial variability of soil organic carbon
in Marivan, Kurdistan province. The highest content of Soil organic carbon was foundin forestland and wetland.
NDVI index was the most important auxiliary data to predict soil organic carbon within ourstudy area.
According to the values of statistics, ANN accurately estimated the soil organic carbon. Therefore,

1 and 2- M.Sc. Student and Assistant Professor of Department of Soil Science and Engineering, Faculty of Agriculture,
University of Kurdistan, Sanandaj

(*- Corresponding Author Email: k.nabiollahi@uok.ac.ir)

3- Assistant Professor of Department of Arid and Desert Regions Management, University of Ardakan
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employingpedometric techniques such as ANN model, auxiliary data of terrain attributes and satellite images to
digitally mapsoil properties and updateold maps is recommendable. Further studies are needed to compare these
results withdirect measurements of soil organic carbon.

Keywords: Digital elevation model, Land use, Satellite image
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Table 1- Average and standard error of soil physicochemical properties of Moghan rangelands

SB gla i L ©as I Slwg, S Ly, Pl Gy, ke ol £0pKbke
Soil variables Grazing Intensity Tolklo Village Kolash Village Panjalo Village Average+ Stdev
J s Heavy ;S 7.60* 7.64% 7.70% 7.66+0.15
gl J;H‘“*"*"' Moderate L 7.78° 7.88° 7.82° 7.86+0.08
P Light S 7.84° 7.71° 7.63 7.7+0.07
Loy dus bawgie 7.74£0.13
Average of three villages
e Heavy % 0.42° 0. 40° 0.34% 0.39+0.03
Electri 1‘?”? - '\n’ 4S ! Moderate g 0.38° 0.42% 0.33% 0.39+0.03
ectrical Conductivity (dS m™) Light .. 0.40° 0.41° 0.43° 0.4+0.02
by oo Lauwgie 0.39+0.03
Average of three villages
‘ Heavy & 51.19° 56.95" 53.38° 54.65+3.91
Lg” “;*/9]” Moderate L 50.68° 43.08* 52.00° 48.28+5.99
m (%) Light K 50.96° 51.80° 50.88° 50.71+2.18
by oo Lauwgie 51.2124.66
Average of three villages
Heavy ;.5 1.74° 2.14% 1.14¢ 1.68+0.26
oo e (Moderate) Ly 1.97° 2.35° 1.83° 2.0240.21
Soluble Sodium (meq ') . a a a
Light & 1.46 2.21 2.44 2.06+0.24
Log) dus Lausgie 1.92+0.27
Average of three villages
Heavy S 0.06* 0.06* 0.04? 0.05+0.01
oo ety Moderate Ly 0.05" 0.04" 0.03° 0.040.002
Soluble Potassium (meq 1) . b ab a
Light < 0.04 0.05 0.05 0.05+0.01
Ly dus bawsgio 0.04+0.01
Average of three villages
Heavy & 317.03* 474.11° 350.26" 386.54+14.31
P ol Moderate Ly 371.06° 426.98" 388.07° 392.92+53.47
Exchangeable Potassium (ppm) . a b a
Light & 347.33 430.42 410.10 392.32+21.42
by, o Lawgie 390.60+29.83
Average of three villages
el s i Heavy pSiw 19.91° 20.67° 20.49° 21.02+2.88
vl b°1° PhJ* h)w Moderate Luogi 18.88" 18.36" 16.51° 17.49+2.51
vailable Phosphorus (ppm) Light .. 17.28 15.49" 16.62° 16.2342.55
Loy dus Lawgie 18.2443.15
Average of three villages
| Heavy S 14.00* 11.90° 16.17° 15.86+0.57
Calcium Carb “g‘: Eauivalent (4 Moderate g 16.98% 10.46° 13.79% 13.02+1.18
aleium Carbonate Equivalent (%) Light . 14,92} 9.97° 10.67° 10.74+1.31
by oo Lauwgie 13.2142.40
Average of three villages
Heavy & 3.25% 3.50° 3.67% 3.534+0.17
e 1 Moderate bug 3.75° 3.25° 3.92° 3.58+0.30
Soluble Calcium (meq 1) . a a 2
Light & 3.42 3.42 3.50 3.44+0.21
Lg) dus bausgie 3.52+0.21
Average of three villages
2 ke Heavy ;S 0.83° 1.58° 0.58%® 1.11+0.10
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Soil variables Grazing Intensity Tolklo Village Kolash Village Panjalo Village Average+ Stdev
Soluble Magpesium Moderate gz 1.08* 1.42° 0.42° 0.94+0.21
(meq I”) Light S, 1.00° 1.92° 1.00° 1.220.17
Ly ds bawsgio 1.09+0.19
Average of three villages
] Heavy ;o 1.27° 1.58° 1.47° 1.42+0.09
o oS Moderate L 121° 1.57° 1.34° 1.35£0.02
Organic Carbon (%) Light K. 1310 1.43° 1.44° 1.44£0.02
Wavg s bawsgio 1.40+0.06
Average of three villages
o Heavy ;o 0.83* 1.30° 1.05* 1.08+0.03
e Moderate L 0.83¢ 112} 1.19° 0.99:£0.08
Particular Organic Carbon (%) Light . 1.06° 1.03° 1.28° 1.16+0.08
Ly ds bawsgio 1.08+0.10
Average of three villages
. Heavy ;o 0.08* 0.09 0.09 0.09+0.01
) Oisr Moderate Lugie 0.09* 0.08° 0.08 0.08+0.002
Nitrogen (%) Light .. 0.09° 0.09° 0.09° 0.09+0.01
Kavg) s bawsgo 0.09+0.01
Average of three villages
) Heavy & 9.22% 9.70° 7.49° 8.73+0.69
B o Moderate bog 8.91° 6.86° 9.74° 8.28+0.72
Dispersible clay (%) Light . 776 7.97 10.65° 9.09+0.98
Bvg) oo Laogie 8.700.78
Average of three villages
Heavy S 0.67 0.82° 0.75° 0.78+0.06
SIS 8 g el Moderate Luog 0.69° 0.76° 0.71° 0.700.12
Mean Weight Diameter (mm) Light .. 0.67° 0.79° 0.63" 0.680.03
Ly ds bawsgio 0.72+0.08
Average of three villages
Heavy ;o 28.57° 23.51° 32.77* 30.44+4.12
v“)o Moderate L 35.24 30.84* 34.44° 31.57+2.08
Clay (%) Light S 34.44° 29.51% 30.11° 31.13+2.55
Kasg 4o bawsgo 31.0542.68
Average of three villages
Heavy ;S 51.53° 5447 45.40° 48.11+1.43
Sim ) Moderate by 46.40° 53.80° 50.40% 51.20+1.45
Light <. 45.67° 53.13° 52.07° 51.64+2.67
Ky ds bawsgio 50.3142.37
Average of three villages
' Heavy ;o 19.82° 22.03 21.83° 21.45+3.71
Lé“"’o Moderate L 19.09° 15.36° 15.16° 17.23+0.67
Sand (%) Light . 19.16° 17.36% 17.83¢ 17.23+2.00
Ky ds bawsgio 18.6343.00

Average of three villages

Sl s Sl 905l sl 3o )3 B prdaw 53 (65 gxe MBI (clyl> aliie gy gyl dlael gt oy
In each column, the numbers with the same letters do not have a significant difference at the 5% level for the Duncan test
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Table 2- Analysis of variance of soil physicochemical characteristics under three heavy, medium and light grazing intensities

in Moghan rangelands
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Source of variation &l 5 sl Grazing intensity 1,» &al  Repeat ;1,55 Error s (%) CV Ol yuds cu pi

df a5 as > 2
pH 0.03™
EC 0.001™
O 31.04™
Na 0.13"
K soluble 0.0002"
K available 37.24™
P 18.47™
TNV 19.705"
Ca 0.02"
M.S clape Sile Mg 0.06™
oC 0.01™
POC 0.02
DC 0.49"
N 0.0001™
MWD 0.01™
Sand 17.82™
Silt 11.11°
Clay 0.98™

2 4
0.01™ 0.02 1.58
0.001™ 0.001 6.36
28.64™ 13.63 721
0.13" 0.02 7.24
0.0001™ 0.00003 11.81
1798.53™ 861.72 7.52
6.1% 7.51 15.02
0.1" 1.66 9.77
0.01™ 0.08 8.01
0.02" 0.03 15.8
0.003™ 0.003 4.14
0.001™ 0.01 7.69
0.61™ 0.67 9.43
0.00001™ 0.0001 8.32
0.01™ 0.01 11.44
0.85™ 8.67 15.8
9.65" 0.82 1.8
14.38™ 6.71 8.34

eyt 1 o )3 B prdaw )3 (I3 xe o yd N pdaws )3 (gl me
** Significant at 1% level, * significant at 5% level, ™: no significant
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Introduction: Soil is one of the important components of rangeland ecosystems. Soil is the natural and
dynamic layer of the earth that act as an important component of rangeland ecosystems for the human food
security and plants mechanical support which is the background for growth of them. Soil degradation decreases
the potential of rangeland production; because soil is the primary factor for forage production in any rangelands
with any kind of weather. Different grazing intensities change the chemical and physical properties of soil and
plant composition of rangelands. It is important to know soil properties for the proper management of rangeland
ecosystems. Therefore, this study was carried out with the objective of investigating the effects of grazing
intensity on soil physical and chemical properties in Moghan rangelands using grazing gradient framework.

Materials and Methods: Three villages of Tolklo, Kolash and Panjalo were selected as the representatives
of grass-shrubland in Moghan rangelands, in Parsabad county, Ardabil province, northwest of Iran. Samples
were collected from three grazing intensities and three distances from the center of villages, as the critical center.
Three soil samples were taken at each distance of village (three replications) from 0 to 30 cm (main root activity
areas) depth (27 samples). Soil parameters including pH, electrical conductivity, saturated water content,
dissolved sodium, potassium, calcium, magnesium, exchangeable potassium, available phosphorus, calcium
carbonate equivalent, organic carbon, particulate organic carbon, dispersible clay, total nitrogen, aggregate mean
weight diameter and soil texture were measured. To identify the trend of changing soil parameters in different
grazing intensities including light, moderate and heavy, weighted average was taken for each three samples,
which were collected from the three-grazing intensity at each village. Data statistically analyzed by using the
Two-way analysis of variance and using Duncan’s multiple range test.

Results and Discussion: The results of the soil data analysis showed that except dissolved sodium and
potassium, lime and soil silt percentage, there was no significant statistical difference between measured values
of soil properties in different grazing intensities in Moghan rangelands. The result of the mean comparison for
soluble sodium and potassium, lime and soil silt percentage showed that with increase of grazing intensity, the
values of soluble sodium decreased. In addition, at the nearby of critical center and with the increase of grazing
intensity, the values of soluble potassium increased. However, its highest and lowest amount was observed at the
heavy grazing intensity and moderate grazing intensity, respectively. The highest and lowest amount of lime
were also observed at the heavy and light grazing intensity, respectively. In other words, in nearby to critical
center and with the increase of grazing intensity the value of these parameters increased. The results of the data
analysis for soil texture showed that in both areas with the light and moderate grazing intensity, soil texture class
was silty clay loam, but in the areas with heavy grazing intensity, soil texture class had gradually changed from
silty clay loam to loamy texture. In other words, the soils had progressed to sandy soils, which is due to the
change in their silty particles. With approaching to the critical center and with increase of grazing intensity the
value of silt percentage decreased. The highest amounts of silt percentage were related to the light and moderate
grazing intensities and its lowest amount was recorded in heavy grazing intensity. Results showed that the effects
of heavy grazing on soil properties in the grazing gradient framework is detectable, and this framework can be
sued for rangeland monitoring to detect the rangeland condition.

1, 2, 3 and 4 - Graduated MSc in Soil Science and Associate Professor, Department of Soil Science, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili, Respectively

(*- Corresponding Author Email: a_ghorbani@uma.ac.ir)

2 and 4- Associate Professor and PhD Student of Rangeland Science, Department of Natural Resources, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili



IAY LT — 0 oF oylos FY o> S gl s pis VAY

Conclusion: Heavy grazing and overall utilization of rangelands have caused soil degradation in most
rangelands of Iran. This study revealed that heavy grazing jeopardized the sustainability of the rangeland
ecosystem by creating unfavorable changes in soil and available minerals. Therefore, it recommended that soil
parameters must be included in rangeland inventory and monitoring to use soil information for sustainable range
management and, particularly in rangeland restoration and to select sustainable strategies for better and suitable
management of these rangelands.

Keywords: Critical center, Grazing gradient, Rangeland ecosystem
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Table 1. Some physical and chemical properties of the soil

Sl gas aaly Jlade
Properties Measure Amount

pH - 7.67

EC (dSm™) 0.59

sl o5 cdyls CEC - (emolkg™) 8.15

s OC 0.16

Sal 1o, CaCoO; 15.68

o Sand (%) 69.28

<o Silt 20.00

o, Clay 10.72

J8 wisx N (Total) 210

shud P 8.50

ey K (mgkg™) 95.85

o»l Fe 1.98

s Zn 0.35

% Mn 2.09

S9355 9 CuwgueS 009 (stlbosd Oluoguas I (S 0 -V g
Table 2. Some chemical properties of vermicompost and cow manure

*

Olwo guad pH "EC ocC N (Total) p K Fe Zn Mn
Properties - (dS m™) (%) (mg kg™) (mg kg™
"“"’f”s‘—‘“” 7.90 231 17.16 10266.6  5873.76  7834.101 7916 450 185.2

Vermicompost
5
S > 8.47 13.26 45.24 15750 6391.65 32718.89 1964 362 119

Cow manure

*ratio of 1:5 fertilizer to water

Ol 4368 Vi i
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Table 3. Chemical analysis of zeolite

@ EEY 80, ALO; Ca0 K;0 Na,0 Fe,0; MgO MnO TiO P05 L.O.I*
Chemical composition
() 2o 66.5 11.8 3.1 2.1 2 1.3 0.8 0.04 0.3 0.01 12
Percent
*Loss on Ignition ol B9 JE L )l ol
b Clgij (arliowd 9 (S8 Olwogad —€ Jgaa
Table 4. physical and chemical properties of natural zeolite
* - S da 40 TIY
sy pH  EC CEC Mn Zn Fe oos e Loyt O
Degree of purity Bulk density
Parameter -  (dSm™) (cmolckg™) (mg kg™ (%) (g cm™)
"
s 9.41 0.753 160-180 1.276 0.31 7.078 85-95 1.8
Amount

* ratio of 1: 2 zeolite to water
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Figure 1- Mean Comparison of the interaction effects zeolite, vermicompost and Cow manure on shoot fresh and dry weight
of plant
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Table S- Analysis of variance experimental treatments on growth traits of corn

©lapo (Sbe
Mean Square
i leo Golfian,y PSS Ol i oll 5 gy sl glisy) O Ol sl
Source of Degrees of lo Shoot Plant di Ths
Variance freedom : fresh weight height istance between
Shoot dry weight g g nodes
i 2 78.337 2623.45 2023.365 10.50
Zeolite
[
S e 5 5392 55628 16.505™ 0.18"
Organic matter
T oslo X cuos;
e 9 10 4727 37923 26241 0.16™
Z x OM
s 36 1.450 66.97 14.5 0.15
Error
- 10.774 8.757 3.921 7.995

Coefficient of

variation

ns: Non-significant

o)) sl o )3 gs )b pixe e

0092 b Gxe pE S

**:Significance at 1% probability level

Cudld g yloj 42 8,5 b dlold g 8LS £l o i a3lw Ol 51 Sl dug e — T Jgas
Table 6- Means Comparison of the Simple effects zeolite on plant height and distance between nodes at harvest time

i b3l Hlows 8,5 oo dlold olS glis
Experimental treatment The distance between nodes Plant height
Clyi
£ (cm)

Zeolite

Z1 5.69 107.5

72 4.92 97.47

73 4.17 86.30

LSD (0.05) 0.27 2.57

ol duglio BB LSD jlade wloly (gl ze cglas

The significance difference is comparable with the LSD value
Cdgy Sig Mo WY i Z3 (B Sis Mo £ iZ2 g il edlil paciZ]
Z1: No use of zeolite, Z2: 6% zeolite, Z3: 12% zeolite,
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Figure 2- Mean Comparison of the interaction effects of experimental treatments on the uptake of iron in corn shoots
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Figure 3- Mean Comparison of the interaction effects of experimental treatments on the uptake of zinc in corn shoots
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Table 7- Analysis of variance of the effect of experimental treatments on the uptake and concentration of iron, zinc and
manganese in corn shoots
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Figure 6- Mean Comparison of the interaction effects of experimental treatments on the pH soil after harvesting of corn
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Table 8- Analysis of variance of the effect of experimental treatments on concentration of iron, zinc and manganese in the soil

after harvesting of corn
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Introduction: The amount of soil nutrients and their availability for plants are the important aspects of soil
fertility. Although micronutrients are used by plants in very small amounts, they play an active role in many
plant-based processes and reactions influencing the plant growth and yield. The efficiency of absorption of
micronutrient can be increased by adding some organic and mineral materials to soil. Saha et al. (41) observed
an increase in micronutrient concentration of corn grain by adding organic materials to soil. Zeolite is one of the
most commonly minerals used to increase agricultural production (17). The zeolites, due to their structure and
porosity, are well-suited for retaining the nutrients and gradually releasing them into the root zone (40).Despite
the positive effects of zeolite on some physical and chemical properties of soil, its application at high levels may
adversely affect the absorption of nutrients and plant growth. Hamidpour et al. (18) who used zeolite for Zinnia
flower, reported that zeolite reduced the yield of Zinnia flower. Basari et al. (4) reported that zeolite application
increased soil pH and electrical conductivity (EC). Therefore, this research was carried out with the aim of
assessing the influence of zeolite application, type (i.e. vermicompost and cow manure) and organic matter
levels on the growth and the micronutrients uptake and determining the appropriate composition for corn.

Materials and Methods: A factorial experiment was conducted in a completely randomized design with
three replications in greenhouse under controlled condition.The treatments consisted of raw zeolite (natural) in

three levels (0, 6, 12% by weight), organic matter including vermicompost in three levels (0, 0.125, 0.25% or 0,
5,10 t ha™) and cow manure at three levels (0, 0.5, 1% by weight or 0, 20, 40 t ha™).The soil was collected at a
depth of 0-30 cm from the Mashhad Soil and Water Research Center. General soil characteristics and
micronutrients concentration (iron, zinc and manganese) were determined according to standard methods (14,
27). For vermicompost and cow manure, some parameters such as pH and EC, organic carbon (46), available
phosphorus and potassium (21), total nitrogen (7) and micronutrient (iron, zinc and manganese) were also
measured (21). Further, pH, EC and micronutrient (iron, zinc, and manganese) were measured for natural zeolite
(27). The pots were prepared by mixing 5 kg soil and experimental materials. N, P, and K were added according
to soil testing. Irrigation with distilled water at field capacity level was done during the growth period. The
plants were harvested75 days after sowing and after separating shoot and root, the plant materials were
transferred to laboratory. Root and shoot dry weight were determined and after dry digesting of plant materials,
the concentration of micronutrient were quantified by Atomic Absorption (21). The soil samples were also
analyzed in order to determine the chemical properties of the soil after harvesting. Statistical analysis of the data
was performed using JMP software and the mean comparison was carried out based on LSD test at 5%
probability level.

Results and Discussion: The results of the experiment showed that increasing zeolite levels reduced dry
weight, decreased height and uptake of zinc, iron and manganese and increased soil pH and iron and manganese
concentrations. In addition, it was observed that the zeolite application had a negative effect on the plant growth
and micronutrients uptake. Burriesci et al. (8) concluded that the zeolite application without fertilizing seems not
to considerably increase plant growth. According to Kimberly and Nelson (24), the use of natural zeolite,
without adding nutrients, leads to a competition between plant roots and zeolite for the nutrients absorption.
Sarmetzidis et al. (42) showed that zeolite had no effect on the growth and yield of roses. Kolar et al. (25)
reported that increasing the amount of zeolite in the geranium cultivar increased pH and the plants growth. At
lower levels of zeolite, shoot fresh and dry weight was larger than that in higher levels of zeolite. Our results also
denoted that the maximum amount of plant dry weight, plant height, the micronutrient (zinc, iron and
manganese) uptake and the lowest soil pH were observed for the treatment of cow manure (1 %) in the absence
of zeolite which had a significant difference relative to other treatments and also control. Shirani et al. (44)

1,2 and 3- MSc Student, Associate Professors of Soil Science Department, Agricultural College, Ferdowsi
University of Mashhad
(*-Corresponding Author Email: khorasani@um.ac.ir)
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reported that the application of cow manure significantly increased corn dry matter. Ortiz and Alkaniz (36)
showed that using organic fertilizers enhances the amount of absorbent metals such as iron, zinc and manganese
as these metals are in a soluble and exchangeable form in these fertilizers. By releasing organic acids, the
organic fertilizers, especially cow manure, reduce the localized pH of soil and increase the iron uptake by plants
during the mineralization process.

Conclusion: According to the results, the use of zeolite increased soil pH, decreased corn growth and
micronutrient uptake. Applying organic materials with zeolite can reduce the mentioned negative effect of
zeolite. Cow manure at lowest level was more efficient than vermicompost at all levels. Overall, adding cow
manure can improve the plant growth and micronutrient uptake by plant when the zeolite is intended to be used
to modify soil physical characteristic.

Keywords: Cow manure, Organic matter, Plant nutrition, Zeolite



Journal of Water and Soil
Vol. 32, No. 4, Sept.-Oct. 2018, p. 779-793

iy

(55,9 @rluo 3 psle) S 5 O & 2
YYA-VAY . o AFAY LT — s oF o jlouds FY ul>

L QJS 6\&&«\% 9 S oalaiu! Ca.:J-:G » 5&7590 6‘.&‘-03 L GM% L;:nv.l). ‘5‘.@‘)\.&} ;‘

BN °-’.9ﬂ S S

Y . #Y, 0w, . \
08 o= W2 e =7 Ol Lo e — (6 mS (R p
VWAV/ e Y /0¥ isl s @)U

XV

g Calord Can oo d Ll e s 5l i 3959 el g canlaidly 1Siw @l olowdsh mie » ook i o Sladl slacylad
LS o dnlge gan llas b1y 055 cldgmge Sl g 3)b uejys slac] g (daw ool (SB p  Sow Sl s base [d S il 5
cdlSlo,S slod 15l wyp adllan ol Buan 39 o ookl ST )3 (1S Sl oo il Cagn (lod S g 4 uanj JIE I)A>|
3 oy9bate i ol 039 S @3 4y 039l (Kol Legops S S p0 @) sy slagunl g odlitul cubls 93,5 Sy s I
)I)Su\“ PRl Sk P;?J‘S\waw 4\?)3;" 9\‘" ARRS dl!bl.a.) PRl o..\MJAA.Q‘) ) JLC) (u))?) M)JY 9 Y oo/ oo ).:.)Ln.n u.)l.\lf U*M)ln)]
wlo 53 51 L 5 S (V- LS St oB)) cclabsle 3 JulS yo 45 eylles 51 Ly 15 0Lls WIS Lyl 55 59, FO codody g byl
o g () e S ) 53 (S9y CalE (lgp plal > gy clald ) S g «algp plil SiS (o) @3 455 Slagly
5y 0 et JE5 Bl S glod Ltlial L 4S sl Sl gl A5 e S (DTPA-TEA 5 Jsloes) eslisiol 5 (g5, clalé 5 (U]
lop il > () Clale ugpdis 4253 Frv (glod 3 oadand g JI85 203 T L S Hla izen boe (I gy JUSI oy
o pd D ili8l aalls 4 Caws Juopd WEIY o WYY Cuipa ]y ddny g (slon plil Sis 59 9 pialS do)d YY/+ o YVE Cuipa |y ady g
(s ) gl Jle; and glod g lade il b &S ol lis gl (P>+/+0) cusly ()l dme Cglts s I iz golaw ) (g5, Jlis!
Foro lod jd oddans ) J&j oy ¥ oy)lS (P<t/+0) cdl (gl bxe LialS DTPA-TEA L odd ¢ pSoylkac (g9 5 Jolore (59 clale
Sy JiblS o )3 YA SY/Y il s sl 4 o 1y odlatnl BB (g9 5 Jolxe (59 jlie ¢ wgmdus 55>

ohsle 5 olals u) gl SlinS pobs 5l (S «(Zn) s,
e 3 e i oA s pgSBS Sy o
s 3l e peae ol e (B (10) A5 e sl Joloo (slome 3l
Slgiee g hloo Clus 4 SUylad g o il i dl (anb
(YA) a8 s |y plals alex 5l o) whygrge I ()l i
o390 e (S5 5 3l S cdale olul Sl bl lajles
(FA) cusl 03, (0)135 £S5 5kS" o 23S sheo 80 1y 59y sl sl
(SlaS 5 oS L glesie Y (Sl (b s Ss
5y olS B oy gals 1y Caow Juwsly glyby paie oslawl cobls
oty (Slo332uS g0 & i JIE5 Dbl sl anily (s pnte
LBF 5100 )+ g o3lit] St 315 Capans il
S sl (olge gl S8 a18 Jpame (s JIj
e ool oyl g o A Dgdzre ST b sl cos
9 YL 9958 Pl bl g 05 haw (55 gyl oS

oS La)S (LS i 93,5 Sy 1 glS gLl

doddo

Ot J (S i iy S (Sog ol
g8 i Sl 15 gy 00 Jlod & b (pulul slaille
4S5 01 (Yol (Sjoden yesdes 9 @ i) g5 VL
g od (olie Cutal (88 g (oS ladix g el Wil
O Sl iy (FF) Wjlany s 4 1) 0ki5 Slygrge (oD
Ly b ed (So5eden g (2l 326 J lroan VT B
sty BB s g ale e (B SB > SYeb lojoe pplple
(A) LS o 3] s Lo g L] oD (sl

o8l «SLs pyle 05,8 kil g kil el ool S g5mmidls o ar— ¥ 5 ¥ o)
3
(Email: motaghian.h@yahoo.com 2 e 0Xian 55 — %)

DOI: 10.22067/jsw.v32i4.72071



IAY LT — s Foslois Y o> S gl s pis YA

3L sl 69y 4 cadllan dyg0 S Sgll codel Cund 4 s
Cwd 4 F)f9_L§); F;LA»AVOVOA Sk JENEYY) JS)I.\M Y
S 55 95 0L palie 55 (¥0) olylSen g 529 adllas o sl

ol ods o)) 55 Wikl )3 Same GBl)b1 03]

QAR 4o &yd cudis
3l b (e pto e ¥ SU1 51 03,8 ,55) 038l S p,SolS s
sbales 3 oada g () JUj Sis iy 2o Y g ) oD
2 dessle inlosl )5 (Lwombw an 3 oo g Fre ¥e ) calise
by lses (51,55 aw ) GlIS 5 abdS 1 bolas Ml )b LB
oo U gl o SB ) a8 e iyl oS &g ol 4 20
SIS SK asile Bl ke 00d oy S ) &) s 05 bglee
sl 4t g 5 S oS SI855S & 05 Lo 5 Ll g, &
o ) (sald) (s JE5 (gt slosd oo a5 bglse LolS
S ) b b ool )3 s islej] el o LS 53 4S5
w8LSI L) deyio0 Cud )b aoyd Ve Cusboy 10 59 FO Gdeds laSE
(Ssan &yp0 & ol 5l (S 095 039 5 OIS 4 Ol (8
g2 (o) 203 Fo o] gLl gl diod g (o) 2oy V-
PSP S ke 10+ S (o5l Bl ((LlsS 0)93 1
(s Sliudpyg) yiud pS oS 3 )5 oo 0+ fossl) 039y
S polis g (mawly Clilgw) maly p)SobS 2 )5 (oo Vo
£ e Vo 5 (A (o ytsSen) o8l ) ShS )5 o Vo s
(e 5 039381 A5 den & (5SUe Clilgu) 50 p)S5kS
(VoF ol S St o8 celbole @, iy s 0 ¢ JalS a5
Wy 0y9d Jobo p0 .0 S e ¥y ajales Sl e g S
)i Cud )b o3 Ve Cagby 53 (g)lol Jud 5l p5Y (slacdl s
S5m0 g 5 cedale] el Lol e luls ool 3 L)
Lo lIS 4 5 5 pSo3lul Lo lIS ()5 (ialS e o) 93 5o lag]
)‘ o olo 9 W fl_’>u| I dllbgo.l.c Bl 9 (J.wun adlsl gj
Cilsy S o gt s Ky 5l ool ales plil ccuts
@lop (e a8 b B e SB Sl ea olS ady) conizren D
A5 03> 513 gl )3 cslo YA ey wgrudi 453 £O (slod )
Sl S b g9y Clalé g s aisy ol S (g
(V8) 45 e JLoy ¥ Sy )5 sl by (6,50 ks St
=l Gl miwaa b ol&iws jl ool wl Ly olS > (g4, clale

St Jd a5 2l oo (e Jsle (slmogy S (e
390 25 e g Sl 38 S oot (SB35l
ol (b (M) cwl 485 )18 G Singh Sl il 428
09958 5 ol g9 2lp 5 o Sl Jlanrle SIS gl
ol b ablie (sl 135 b Jole G lgrea SB & s S
I8 olj angi djee SIS a5 jLisil (ials 5 @l
Lo lso slply cp)S Sl o sy J&j 51 ool .canl 428 S
s 5 Sgnge SiSHE CBIE alS 03,5 ks Lo o
A2 o i 4B SO0 s )y g Oldlas (YF) 4S8 S8
) opSoicw ol3ls o9l bl lgie ar ol B s &5 &5
{FY 9 ¥V YY) s LialS S

claSs Soedl g olpl o (ol g @lio drwgi 4 a6 b
Ol PSSk 5l cuans Sy b I3l 4 gble
o=l lie Yaare yase zlisciuwl (sl IS 13 .35l 255 oss Y]
e YLolLS ails 15 olS wiy p blgs oo g Canl 3L Hluns 3l
() JU5 5l odlaul L g Conl (e cul iy a3l S50
ol il 1) oS iy g gals |y exgll S5 s @l o
gaw 3929 e @) 93,58 (s JE5 S oy 0 4 385
(ol 5 Jlo)lea il )3 93,5 slagls sloj S
bl )3 oS a3y slagely p il slales y3 ordadys
9 &3 by Slagel b oslatul LB (595 om b5l 5 59, odliiul
ol 0dd aid by 0dbidgy s sl ) slo S

W g, g g

Sy gas
ool gz 3 @ 8ly bl adats jl okl 3)90 S
slacwoun By 0 adby jld — ol el Jld 4o 4
9 O (A9 e RSOl (SoSue adlate (SN o9
Sl j1aS 3l 3929 1503 (pogad (ire M2 5 L 9)
Y PN IR N R R 1[5 JE N O SRR W
Shacs olsal fase (605 0 e ¥ Y olal b (xdew ddlais
rral =Y Gas I (Bolual 9o 4o diged O v oy
SB ol g Glgie a5 bl pb b badises opl b cudls
g odmsS (9 ESe by Sl Igp S diged b w85l )
coil b 5l S ela Siig b 0305 ys6 (& yt0 e ¥ S 5
(e of ay SLE VY ygpuilianger) PH (VF) oo hgye
(YF) (e Of 4 S VY ojlac) (S5 Sl colan bl (Y1)
o3 (Y+) ool s (el 55 ) 42 Joleo oS LS
- Sliwl jlosliwl L (G951 b5 GialbelS (iomed b 655
o (¥0) 5 Gamelians] 29y 4 Jleslo g (FV) PHEY L s



YA

S sFwl 9 (59 ooliiwl Culil il dlos jo subanyd Suws ) s JLE; 1

(Y Joz) a5 e (F+) (Costech 4010, Italy

S o saldi B8 (59, 580 i

5 bglses Mol LS o S oy, cudlsy o cuiS jl
51 oolazawl L) Joloe (595 baiged pl )3 .0 dtdlyy Oi 5 laiges
9 (0ol LSS a8 VY- b olpen col :S1B VeV s g yhadec]
SB VY Cuws 9 TEA (Yoo +/V + CaCly Yo +/+V +DTPA
(V) 85 g pSojlul (ool IS5 adds VYo b ol jor 150 lac —

bl Jalad g a3
ety o polas WalS 2y b B 3 uily)ly 2230 ) S5
Laosilo Bl Jloys g 5 boslyly (San Jold (uily)ly 45
Lo ¥ gV /0] s JLE5 ke S o)y gl AD py
app P g ¥er Vov o) (g JUE5 e slod {5599
S oslal B (55, 9§ )3 (slaguly ol blite 51 g (Lgmmades
3 pedaie s oslil _dolas Mols’ )b B 53 yyeiS islel
sl 53,5 Sy ugpmdis 2 )3+ (glod )3 00l ard () JBj

JUE oy g () go28 o o ylaie b (5 pSejlul (AAS)
(¥Y) 4 dslono 55 by 5l o Sy 59,

EoZS o ps = Ay > (g9 cbale [SB 5 S g, clile
()

oy = lom pll )3 (g9, cdale fady) )5 gg, clile
Js!

ey JI8) dags
P 9255 B (sl ondaty) Syl e S5 45 Sl
9 Jlomojla gl bl od gLagl Sl g (el Juad (bl
g¥er Yoo lod e w ¥ o o) JLej b oolatwl (g )lisy
Saal b g cacbo ¥ Soods 0653 01 41,3 b ogmades ayd $o e
At ST 3908 Ll 53 g 4l gmed 423) (S)l >
S ol ol b 5l ) JE5 slo Sy comp 08
4 5ks Osmmdlios) ) o) PH (e ol & g 1)+ o L)
slosisy 3 odlinal b o sl Jols bl 5 JS (s, lato o]
b 505 5 V) BET g, b oy o o8 i 2 05 ol
elemental analysis instrument ) CHNSO ,53JUl oS>

TroaSzMel 5 (S (alewd 5 (Sujd SRy S0 -) doe
Table 1- Some chemical and physical properties of soil and biochars

Properties Soil Walnut Biochar- 200 Biochar- 400 Biochar- 600
&9 se leaf - Sy JUE - Gy JUE — gy JE
PrS Yoo oo Tee
pH 7.5 4.8 52 9.3 10.4
(se y iosj o) S0yl cylim culls 0.82 3.11 4.42 5.63 8.06
EC (dS m™)
32U Jsesile) eslS Jols cud s 10.7 30.5 28.5 22.9 19.9
(b5
CEC (cmol, kg™")
(55 52 quyoyio) 039 gdamw - 22 33 4.0 9.2
Surface area (m’ g™")
S s OC (%) 0.13 43.05 49.15 47.98 54.63
o5 Sand (%) 78 - - - -
e Silt (%) 15 - - - -
o+ Clay (%) 7 - ; - -
cél, Texture osoys Loamy sand - - - -
edS el S CaCO5 (%) 284 - - - -
(PS5 52 £S5 o) odlisol LB (59, 1904 - - - -
DTPA-TEA - Zn (mg kg™)
(25 5hS 3 o5 She) US 59, 35758 14.4 27.6 44.9 46.8

Total Zn (mg kg™

EC (1:10) 4 pH-H,O (1:10) : (Amendment) o8zl **

.EC (1:2) 4 pH-H,0 (1:2) : (Soil) s *
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Table 2- Effects of pyrolysis temperatures, biochar rates and their interactions on shoots and roots dry weight of maize

Wy lows Cdl b5 sbod &hw Level
Treatments Pyrolysis temperature (%)
(§9) 0.5 1 2
ol 3.5+0.29E 3.5+0.29E 3.5+0.29E
Control
oAt JIE5 4.7+0.09D 4.7+0.19D 4.6+0.1D 4.7d
Biomass
i) J&j 200 5.5+0.39C 5.6£0.1C 5.5+0.17C 5.6¢
Biochar
400 6.8+0.36B 7.5+0.32AB 7.8+0.64A 7.4b
600 7.8£0.07A 7.9+0.02A 8.1+0.13A 7.9a
6.2 6.4 6.5
Root 4y,
ol 2.4+0.07F 2.4+0.07F 2.4+0.07F
Control
oM gt JIE5 3.1+0.13eE 3.24+0.08deDE 3.2+0.01deDE 3.2d
Biomass
iy JE5 200 3.4+0.04dD 3.3+0.07deDE 3.4+0.12deDE 3.4c
Biochar
400 3.94+0.07¢C 4.6+0.04bB 4.7+0.02bB 4.4b
600 4.7+0.14bB 5.1+0.07aA 5.240.09aA 5.0a
3.8b 4.0a 4.1a

0 Jlis! gdaw > fisher-LSD gy b bylos (:ke 5 gime ciglas odimd ()l glite S8 By o ! dliilinl (gllad £ jlog 2 J1,SO Y (ko jlade 03l
Gl 2o )3 O Jlais| maw > fisher-LSD gy b cdald dy o I jlawd ko HId gize iglas oaimd i wglate 550 B9y sl duoyd

Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant differences
between treatments by fisher-LSD 's test at p < 0.05. Different uppercase letter(s) for each application rate represent significant
differences between unamended and amended soils by fisher-LSD 's test at p < 0.05.

Loyd ) g /0 polaw g Ll calisee polie jod)) S  (g)lade
Iy gy clale ogudw dn 3 Voo glod 3 oaddns i JIE;
Sy ials (P<-/+0) (o)l sxe O ygods a4
VY Cpm b olS el 9y Jooo ailinl g (xubs aals
O 033l QaLS 13 5 2 S5lS i p S e Ve BOr g VO b
)0 .(\A) Cal 04 L)"))‘)j P)§9_L5 — P)_fu'wo\c” (AR
9l plil ) g9y ClET Joio ot 4 i b ol adlas
PYEIY 9 FAYIY s pdn aals S > sadcusS olS audy,
o IS 4a 53 o (il 5 Apulons p S 1 5
G35 () phlSan g 95V-b)l 2858 )15 g9y Cuos 5
303,50y bS5 bl g dweie)lS claailaSs, a5 WS
3 iy JL5 0L Ll (il 8l o9y oydme 4 039l S
e ial3dl U g il LtnlS olS bawg g s wdgll S5
5 wls Pl 53 gy st i) JIE5 g lod 9 38
e olgis ) JE5 ol (1 Jpin) 8 als oS 4y,
P 039_]] Ol L;B 5 olS 0, dguda 5D J.3|93L;o oJ.J.lfc)'Lo]

JLei Loadyles SLE 5 asin) )0 55y cbale oy gl
(P<e/e0) 39 o izo 5 calisie (glalod 3 oddans (s
SB > ugpdi a2)d Fee glod 3 eddangd i JIE5 08
A Cud Qo d Vo /A g YAY MY Codpas oy o 1y (gq) clale
5 gl 23 Vee g ¥ov glalos )3 osdagd i) slo )
L oddylos SUS j0 adyy jo (g9 cbale b ials 90,5 Sy
WY e pay ogodw a3 Fro glod 3 oddans ) JI&5
A Voo glod o oddans g J5 4 Caws 1oy VF/F 4
ey JL5 L S e cdly jials 93,5 Sy g g
Y/¥ 4_»») Jel ‘) ‘59)uja.1$‘u»9~ij a4 Yoo L5L°‘> JLl DMW
b Lials Lla b o jleys SB & G doyd

cbile glss (LSD) s ime 3] Jolis 9051 Lulul p
Piine SB > gy JE5 00pd <10 5 Y 305 L ady) )3 55)
S ials ) 5 o pd /B 4 Cans dopa ¥ Ay,

o g olod o y0 oddangd jlagn 0,8 a8 ob ol mls



VAV LT — oo Foylod XY al> (S g 0T a5 VAY

56 02l SB > s JIE5 b cpl )8 L at) A,
Gt 4 dno yglome 03l S )3 g jglore (slaalls IS 25595 |
JLe; slayles bl iol58) sals & Cund doyd> YA/ 5 YY/¢
Sl i Gilw 5 9 Sy o8 03 Yl )3 (s
ool 0 (VY) B39 g0 sl (59, awes sadobul el
JEj o (G5t ele glaog S (F+) (e g ko gr @l
i IS CBIE ey 53,5 D |y (St IS
Ol 3l )3 e8y 318t s 4 isnen wcdl ialS olS 5
JLes Lendles slacSls o olild coom ( aLS o3
(¥0) 8l (hals ¢ gt

3 ordans s &5 (V) oy Ken g blg ST gols ol il
03501 SLS 31y (59) Sy Cdblb ogy ) LS5S 5y (sLl,
Ay cplplo b olga plil ) ol xess LialS el g ol ialS
AL SnCdl 15 (s a3 s 28l I &3 (s ol
oy pials 1y ol wdy g 3,5 syl Caew olS ;0 YU laclale j»
3 oy JL5 ST ol (slaog S g 03y daw (YY)
) ity JLj b (St Sl s o Sy g Jole
L slae (M 5 F) cdl Lials olS 5 gl Cuows g 02> yioljil
B 3,8 L &S m3,S (5155 (V) ohSen ¢ JI pols addllas pubs
9y cbale (ane jolome 0391 S5 3 ol tawn JIEj doyd

AL yials aald 4 s duopd VA ddy

@5 Ay g lop Il )0 (g9, e o Lyl Joliio H51 g o ¢ g JUE 5 At Slod il ¥ Jgua
Table 3- Effects of pyrolysis temperatures, biochar rates and their interactions on Zn concentrations in shoots and roots of

Lo CdlE b5 sl &b Level
Treatments Pyrolysis temperature (%)
(9] 0.5 1 2
len 5 Shoot
sols 687.1+£3.8A 687.1+£3.8A 687.1£3.8A
Control
oM gt JIE5 694.1£6.6aA 688.0+9.9aA 682.4+20.0abAB 688.2a
Biomass
) J&; 200 672.3+7.5abcABC ~ 654.0+£1.9bcC 652.8+3.6¢C 659.7b
Biochar
400 657.8+13.7bcBC 608.3+2.5dD 577.9+18.8¢E 614.7¢
600 558.9+1.3¢fEF 554.04+4.8¢efEF 538.6+3.7fF 550.5d
645.8a 626.1b 612.9b
4y, Root
swls 6760.3+£27.6A 6760.3+£27.6A 6760.3+£27.6A
Control
oM gt JIE5 6746.4£125.0A 6845.2+67.2A 6841.3+£50.1A 6811.0a
Biomass
i) J&; 200 6651.8+181.5AB  6610.5+28.7AB  6467.3+105.0B 6577.0b
Biochar
400 5948.5+35.9C 5858.3+110.8C 5686.3+11.8C 5831.0¢
600 4918.7+85.2D 4686.7+88.2DE  4530.9+135.9E 4712.1d
6066.3a 6000.2ab 5881.4b
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Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant differences
between treatments by fisher-LSD 's test at p < 0.05. Different uppercase letter(s) for each application rate represent significant
differences between unamended and amended soils by fisher-LSD 's test at p < 0.05.
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Table 4- Effects of pyrolysis temperatures, biochar rates and their interactions on Zn bioaccumulation factor and Zn
translocation factor

L los CdlE b5 sl &hw Level
Treatments  Pyrolysis temperature (%)
(WY) 0.5 1 2
() o5 o po BF
wls 0.189+0.0008A 0.189+0.0008A 0.189+0.0008A
Control
oMt Lty J5 0.189+0.004AB 0.191+0.002A 0.191+0.001A 0.19a
Biomass
s J&5 200 0.186+0.005AB 0.185+0.0008AB 0.181+0.003B 0.184a
Biochar
400 0.166+0.001C 0.164+0.0031C 0.159+0.0003C 0.163b
600 0.138+0.002D 0.131+0.003DE 0.127+0.004E 0.132¢
0.170a 0.168ab 0.164b
2l Juwl copo TF
swls 0.102+0.000C 0.102+0.000C 0.102+0.000C
Control
oddd s J5 0.103+£0.001C 0.101+0.002C 0.10+0.003C 0.101c¢
Biomass
iy JEj 200 0.101£0.002C 0.099+0.001C 0.101£0.002C 0.10c
Biochar
400 0.111+0.002B 0.104+0.002C 0.102+0.003C 0.105b
600 0.114+0.002AB 0.118+0.001A 0.1194+0.004A 0.117a

0.107

0.105

0.105
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Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant differences
between treatments by fisher-LSD 's test at p < 0.05. Different uppercase letter(s) for each application rate represent significant
differences between unamended and amended soils by fisher-LSD 's test at p < 0.05.
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Table 5- Effects of pyrolysis temperatures, biochar rates and their interactions on soluble Zn and DTPA-extractable Zn

Loy Cdllb,S slod &hw Level
Treatments  Pyrolysis temperature (%)
O 0.5 1 2
Jsbxe (59, Soluble Zn
by 0.895+0.003A 0.895+0.003A 0.8954+0.003A
Control
oAt JIE5 0.61+0.04abBC 0.63+0.02abBC 0.65+0.01aB 0.629a
Biomass
iy JE5 200 0.62+0.01abBC 0.595+0.02abcBCD 0.4+0.006fG 0.538b
Biochar
400 0.57£0.02bcdCDE ~ 0.53240.02cdeDEF 0.49+0.01¢eF 0.531b
600 0.52+0.05deEF 0.42+0.01fG 0.33+0.006gH  0.421c
0.578a 0.543b 0.468¢
oMb 8 ySoylas g9, DTPA-extractable Zn
Jols 190.4+£0.9A 190.4+0.9A 190.4+0.9A
Control
oS i) JIE5 187.0+£2.0A 174.7+3.5B 170.0+0.7BC 177.2a
Biomass
iy JE5 200 161.6+3.7D 151.6+4.3E 148.8+0.9E 154.0b
Biochar
400 164.0+2.3CD 152.8+2.3E 137.6+£2.8F 151.5b
600 140.8+1.8F 139.24+0.9F 124.043.2G 134.7¢
163.3a 154.6b 145.1¢
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Each data is mean value of three replications with standard errors. Different lowercase letter(s) represent significant differences
between treatments by fisher-LSD 's test at p < 0.05. Different uppercase letter(s) for each application rate represent significant
differences between unamended and amended soils by fisher-LSD 's test at p < 0.05.
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Table 6- Pearson correlation matrix between Soluble Zn, Zn-DTPA and maize growth indices (n=13)

79 Joow 59)  DTPA-TEA L osd (5,50 bas 5,
Characteristics Soluble Zn DTPA-extractable Zn
Shoot Shoot dry weight
Concentrations in shoot
Ady )y Aoy Sas 7) -0.79%* -0.87**
Root Root dry weight
ady) 59y clole 0.70%** 0.81%*
Concentrations in root
wYbolS sla jasli I UV 0.70%* 0.81**
Phytoremedation indices  Bioaccumulation factor
-0.58%* -0.59%*

2l Jsl oo s
Translocation factor

o3 B Jlain] o 53 4l xe ¥ o )d N Jlain] g )5 Iy resen
™ Significant at P< 0.01 , * Significant at P< 0.05.
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Introduction: Anthropogenic activities have transformed the global geochemical cycling of heavy metals.
Mine tailings are of great concern due to the detrimental effects of toxic inorganic elements causing
environmental risks. Zinc (Zn) as an essential element is required in small amounts for various biochemical
reactions and physiological functions. However, high concentrations of Zn can induce oxidative stress. Applying
an organic amendment is a promising, in situ phytostabilization approach to alleviate the phytotoxic effects of
heavy metal in contaminated soils. The application of biochar as an amendment may be a solution to reduce the
risk of pollutant diffusion. Biochars is a fine-grained biological residue combusted under low oxygen conditions,
resulting in a porous, stable carbon-based material. The potential biochar applications include carbon
sequestration, soil fertility improvement, and pollution remediation; therefore, it can reduce pollutants mobility
and bioavailability.

Materials and Methods: Results of this research indicated that biochars decreased Zn concentration in
maize shoots and roots. They reduced Zn concentration in the shoot/root of maize. Zinc concentration in shoots
and roots of maize (Zea mays L.) harvested at 60 days after sowing, decreased with increasing thermochemical
temperature and application rate of biochar. In treated soil with 2% (w/w) biochar prepared at 600 °C, Zn
concentration in shoots and roots decreased by 21.6 and 33.0 % respectively (p<0.05). Physiological responses
showed that WB applications improved the shoot/root growth and dry biomass (root and shoot). In comparison
with the control, the highest shoot and root dry matter values were found in 2% (w/w) biochar-600 °C treatment
by 131.4 and 116.7% respectively (p<0.05). Zinc bioaccumulation towards plant decreased with increasing
thermochemical temperatures and application rate of biochars. Determination of bioaccumulation factor (BF)
and translocation factor (TF) indicated that bioaccumulation factor is higher than translocation factor in maize
planting. For the treatment biochar produced at 600 °C, BF, and TF were 0.132 and 0.117 respectively. Thereby
maize can be considered as a potential phytostabilizer. At the same time efficiency of phytostabilizing nature of
maize can increase together with the application of biochar. The results showed that water and DTPA-extractable
Zn concentrations were significantly (p < 0.05) lower in Walnut leaves biochars treated soils than those in
unamended soils. Bioavailable Zn concentration (soluble and DTPA-extractable Zn) decreased by increasing
WB thermochemical temperature and application rate.In comparison with the control, the 2% biochar-600 °C
significantly reduced soluble and DTPA-extractable Zn by 63.1 and 34.9 % respectively (p<0.05). A significant
positive correlation coefficients was found between soluble Zn and Zn concentrations in plant shoot and root
(0.72, 0.70, p < 0.01), and between DTPA-extractable values and shoot and root Zn concentrations (0.90, 0.81, p
< 0.01, respectively). There is a negative correlation between soluble Zn and shoot and root dry weight (-0.78, -
0.79, p < 0.01 respectively), and between bioaccessible Zn and shoot and root dry weight (-0.88, -0.87, p < 0.01,
respectively). Importantly, the results of the Pearson correlation analysis revealed a negative relationship
between biochar surface area (and production temperature) and DTPA-extractable Zn in the soil, suggesting
biochars produced at higher temperature played a more important role in immobilizing heavy metals.

Results and Discussions: The results indicated that biochars decreased Zn concentration in maize shoots and
roots. Zinc concentration in shoots and roots of maize (Zea mays L.) harvested at 60 days after sowing date,
decreased with increasing thermochemical temperature and application rate of biochar. In treated soil with 2%
(w/w) biochar prepared at 600 °C, Zn concentration in shoots and roots decreased by 21.6 and 33.0 %,
respectively (p<0.05). Physiological responses showed that WB application improved the shoot/root growth and
dry biomass (root and shoot). In comparison with the control, the highest shoot and root dry matter values were
found in 2% (w/w) biochar-600 °C treatment by 131.4 and 116.7%, respectively (p<0.05). Zinc bioaccumulation
towards plant decreased with increasing thermochemical temperatures and application rate of biochars.
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Determination of bioaccumulation factor (BF) and translocation factor (TF) indicated that bioaccumulation
factor is higher than translocation factor in maize planting. For the treatment biochar produced at 600 °C, BF and
TF were 0.132 and 0.117, respectively. Therefore, maize can be considered as a potential phytostabilizer. The
efficiency of phytostabilizing nature of maize can be increased by application of biochar. The results showed that
water and DTPA-extractable Zn concentrations were significantly (p< 0.05) lower in the soils treated by Walnut
leaves biochars as compared with those in unamended soils. Bioavailable Zn concentration (soluble and DTPA-
extractable Zn) decreased by increasing WB thermochemical temperature and application rate. In comparison
with the control, the 2% biochar-600 °C significantly reduced soluble and DTPA-extractable Zn by 63.1 and
34.9 %, respectively (p<0.05). A significant positive correlation coefficient was found between soluble Zn and
Zn concentrations in plant shoot and root (0.72, 0.70, p< 0.01), and between DTPA-extractable values and shoot
and root Zn concentrations (0.90, 0.81, p< 0.01, respectively). There was a negative correlation between soluble
Zn and shoot and root dry weight (-0.78, -0.79, p< 0.01 respectively), and between bioaccessible Zn and shoot
and root dry weight (-0.88, -0.87, p< 0.01, respectively). Importantly, the results of the Pearson correlation
analysis revealed a negative relationship between biochar surface area (and production temperature) and DTPA-
extractable Zn in the soil, implying the fact that the biochars produced at higher temperature played a more
important role in immobilizing heavy metals.

Conclusions: Our results denote that WB application to a contaminated soil has the potential of in situ
remediation by immobilizing Zn, thereby reducing metal availability to maize. Given that Walnut leaf is a
readily available agricultural residue, we suggest that its conversion to biochar and incorporation into a
contaminated soil can be an achievable and cost-effective approach to mitigate metal exposure of maize. The
WB has the potential to significantly affect the behavior of Zn in soil by altering its solubility and availability. In
conclusion, these results highlight the biochar potential to mitigate the metals phytoaccumulation and reduce
metal exposure of maize. Further experiments are needed not only to define the biochar potential in
phytoremediation but also to better understand the criteria for choosing the best ingredient. The results of this pot
experiment are encouraging and need to be confirmed with the long-term field experiments.

Keywords: Heavy metals, Phytostabilization, Pyrolysis
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Table 1- Descriptive statistics of the measured soil variables in the bare (B) and agricultural (A) land uses

] 2ly S8 Bl Sl ke Old cops
Variable Unit Land use  Min Max Mean (CV, %)
Sand - o B »b 262 5012 2371 51.68

> ’ A gelis 4445 80.04  61.09 13.02

. Brb 3624 6591 5091 1547

. . : . . .
Silt e & A gjslis 1648 4567 3034 19.40
B xb 738 5147 2534 50.75
! . 2L . . .
Clay ) P A 0 1600 857 34.71
" B xb 0.19  3.60 1.50 60.56
. . . : : .
0C s & A gelis 009 5.07 2.08 52.69
: Brlb 2049 3527 2941 12.84
PR . : . . .
CaCo; & A iplas 1669 2368 20.11 8.32
H. i B nL 748 937 8.25 4.50
PHe s ; Agjples 681 814 7.68 3.52
B xb 026  9.67 2.23 104.77
. ” w‘ -1 . . . .
ECuas ol cdhe dSm A gelis 032 416 0.93 85.76
B ,l
L 105 »b 0.63 6399 1478 113.05
SARL2S g dy i (meq ) Giglss 053 7.83 1.15 89.71
B xb 0.03 1.41 0.51 74.82
MWD “SB o .. . /‘LA . B . .
S mm e 041 175 0.90 33.48

OC: Organic carbon; SAR: Sodium adsorption ratio; EC: Electrical conductivity; MWD: Mean weigh diameter of aggregates. CV:
Coefficient of variation. B: Bare; A: Agriculture
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Table 2- Pearson correlation (r) between soil variables in the studied area (n=100)

R o Sl ey oS Sl &y ] Cal (st o A8 39 ole
Variable Sand Silt Clay ocC CaCO;s pH, EC_ S 2N SAR g3 0w MWDWlasB
Sand .5 1 0.8' & o 8 e 0.43" -0.78" -0.66™ -0.40™ -0.60” 0.60"
Silt cdow 1 0.46" -0.40"™ 0.80" 0.57" 0.29" 0.41" -0.54"
Clay _, 1 -0.33" 0.54" 0.56" 0.40" 0.62" -0.48"

OC JI o8 1 -0.13™ -0.23" -0.417 -0.38" 0.58"
CaCO; Kal 1 0.68" 0.17™ 0.40” -0.38"
PH. <l 1 0.15™ 0.56" -0.31"
S el 1 0.61" 0.56"
ECI:Z.S
b (20 o 1 -0.57""
SAR;; s

Gl 0d 03,91 V Jodo p15 0 I puite w3Me Chogi oy O 9V Jlein] gaws )3 53 (e o i e gt
Variable symbols description is available under Table 1. ™"": Significant at P < 0.05 and P < 0.01, respectively
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Table 3- Parameters of the models fitted to the semivariogramsfor soil variables

; g U awls Ol o
e, JM&@&» L;"'W'S » ) ‘5‘ L3 )-" - ‘5‘ ) “)-"/ e )":2%’;’“’ 0 ..J‘f
Variable Spatial dependence, (%) Nugget Sl Nugget/sill PRt o
model Range (m) RSS R
Sand o5 055G 555 S 1063 98 1048 0.09 5222 0.99
Silt s 5,5 Sph 55 S 1154 13 2253 0.006 1799 0.99
Clay ) oSG 555 . S 1465 64 438.9 0.15 1906 0.98
0C I cp8 B .S 660 0.1 1.05 0.1 0.34 0.23
CaCO; Sal 5,5 Sph 5 S 1210 0.1 46.83 0.002 236 0.94
PH, a5l 3,5 Sph 58 S 1018 0.047 0.247 0.19 0.009 0.83
ECias Sy colan 055G Laugio M 1987 2.14 9.29 0.26 245 0.87
P2 (e S ws5G 558 S 1903 112 534.9 0.21 1255 0.98
SAR 25
1SS dad e s
GSE RS s oSl G g M 1614 0.111 027 0.41 0.0009 0.92
MWD
Variable symbols description is available under Table 1. S: strong; M: moderate; W: weak. Sph: Spherical; G; Gaussian; E:
Exponential.
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Figure 2. Semivariograms (points) and fitted models (lines) ofmean weight diameter of aggregates (MWD) and sodium
adsorption ratio (SAR)
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Table 4. Accuracy assessment indices for estimating soil variables using different interpolation methods

a o9y S ke s slhe (il Uad Olayye (n5ko jedoe (WS co pd
Variable Method ME MAE RMSE CCC
MWD (mm) OK 0.005 0.269 0.339 0.279
QS b Sje xSk IDW-1 0.010 0.263 0.335 0.299
IDW-2 0.008 0.262 0.078 0.325
SAR (meq 1")*? OK 0.067 6.51 11.19 0.382
s (o s IDW-1 -0.495 6.33 11.32 0.332
IDW-2 -0.347 6.46 11.48 0.351

ME: mean error; MAE: mean absolute error; RMSE: root mean square error; CCC: Concordance correlation coefficient; OK:
Ordinary kriging; IDW: inverse distance weighting. Variable symbols description is available under Table 1.
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Figure 4. 1:1 Scatter plots of the measured and estimated mean weight diameter of aggregates (MWD) and sodium
adsorption ratio (SAR)
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Figure 4- Spatial variability maps of sand, OC, MWD and SAR in the studied area
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Introduction: Salinity and sodicity are the most important land degradation problems particularly in arid and
semi-arid regions. Due to the depletion of Urmia Lake located in the northwest of Iran during recent years, the
proportion of surrounding saline agricultural lands increased at a past pace. In the salt-affected soils, aggregate
stability is weak due to the high contents of sodium. The analysis of spatial variability of mean weight diameter
of aggregates (MWD) and sodium adsorption ratio (SAR) is necessary to implement a site-specific soil
management especially in the salt-affected soils. The main object of this study was evaluating the effects of
different land uses (bare and agriculture) on the spatial variability of MWD and SAR in the salt-affected soils
around Urmia Lake.

Materials and Methods: This study was conducted in the agricultural and bare lands of Shend Abad region
located at the 15 km of Shabestar city, northwest of Iran (45° 36" 34" E and 38° 6’ 37" N). Totally, 100 geo-
referenced samples were taken from 0-10 cm soil depth with 100x100 m intervals (80 ha) in agricultural (n=49)
and bare (n=51) land uses. Sand, silt, clay, organic carbon (OC), CaCO;, pH.,, MWD, SAR and electrical
conductivity (EC), were measured in the collected soil samples. Thewet sieving method was used to determine
MWD of wet aggregates. The sieves were: 2, 1, 0.5, 0.25 and 0.106mm. The EC and SAR were measured in
1:2.5 (soil: distilled water) extra. The SAR was calculated from concentrations of Na“and Ca’ + Mg'. The best
fitsemivariogram model (Gaussian, spherical and exponential) was chosen by considering the minimum residual
sum of square (RSS) and maximum determination coefficient (R*). Ordinary kriging (OK) and inverse distance
weighting (IDW) interpolation methods were used to analyze spatial variability of MWD and SAR. Spatial
distribution maps of soil variables were provided by Arc GIS software. The accuracy of OK and IDW methods
in estimating MWD and SAR was evaluated by mean error (ME), mean absolute error (MAE), root mean square
error (RMSE) and concordance correlation coefficient (CCC) criteria. The CCC indicates the degree to which
pairs of the measured and estimated parameter value fall on the 45° line through the origin.

Results and Discussion: According to the results of coefficient of variation (CV) from the study area, the
most variable (CV=113.05%) soil indicator was SAR (bare land use), whereas the least variable (CV= 3.52%)
was pH, (agricultural land use). The Pearson correlation coefficients (r value) indicated that there are significant
(P <0.01) correlations between MWD with OC (r=0.58), sand (r=0.60), SAR (r=-0.57), EC (1=-0.56), CaCO;
(r=-0.38) and clay (r=-0.48). Also, negative correlations (P <0.01) were observed between SAR with sand (r=-
0.61), OC (r=-0.38) but positive correlations (P <0.01) were found between SAR with EC (r=0.61), pH. (1=0.56),
CaCOj; (r=0.40) and Clay (r=0.62). The spatial dependency classes of soil variables were determined according
to the ratio of nugget variance to sill expressed in percentages: If the ratio was >25% and <75%, the variable was
considered moderately spatially dependent; if the ratio was >75%, variable was considered weakly spatially
dependent; and if the ratio was <25%, the variable was considered strongly spatially dependent. The strong and
moderate spatial dependences with the effective ranges of 1903 and 1614m were found for SAR and MWD,
respectively. The OC and EC variables had the least (660m) and the highest (1987m) effective range,
respectively. The range of influence indicates the limit distance at which a sample point has influence over
another points, that is, the maximum distance for correlation between two sampling point. The models of fitted
semivariograms were Gaussian for both MWD and SAR. The best prediction according to CCC criterion was
obtained by OK for SAR (0.382) and IDW (*2) for MWD (0.325). The spatial maps showed that from
agricultural to bare land use by nearing to Urmia Lake, the MWD decreased by decreasing OC and increasing
EC and SAR.

Conclusions: Results showed that MWD negatively related to the SAR and EC and positively related to the
OC and sand in the study area. The SAR correlated positively with EC and Clay and negatively with sand and
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OC. The spatial dependency was found strong for SAR and the moderate for MWD. The soil OC showed the
smallest effective range (660m) among the studied variables. As a suggestion, for subsequent study, soil
sampling distance could be taken as 660m in order to save time and minimize cost.

Keywords: Agricultural lands, Mean weight diameter of aggregates, Saline and sodic soils, Spatial
variability, Shabestar
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Table 1- Some physical and chemical properties of soil used in experiment

EC pH CCE* 0.C F.C PWP Ca Mg P K Mn Cu Zn Fe
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3.50 7.9 57 0.43 16.4 6.5 580 275 8 200 5.1 0.57 0.54 2.8

*CCE= Calcium Carbonate Equivalent
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Table 2- Analysis of variance of nutrient concentration in leaf tomato plant
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LSS 5 zolaw 2 0.864**  0.018** 0.285%%* 2878** 2.615%* 354.3%* 278.1%*
(Drought stress)
15259550 g B 4 0.456**  0.032** 1.295%%* 14580%* 9.412%* 467.6** 282.7**
(Mycorrhizal fungi)
S 8 0.084**  (0.003** 0.067** 809** 1.842%* 85.5%* 318.7%*
(Interaction )
inlejl olas 30 0.028 0.001 0014 101.58 0.057 6.64 5.68
Experimental fault
6.78 5.65 3.66 7.12 2.87 4.25 4.36
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Coefficient of var. (%)
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Table 3- Mean comparison of arbuscular mycorrhizal fungi and drought stress levels on leaf nutrients concentration

Sl jlos

e salw Glomus Glomus Glomus Glomus ke
Irrigation ) (control) caledonium intraradices versiform mosseae (Mean)
(treatments

(N concentration %) T Oiepe clale

2.67 A 2.04 gh 2.3 efg 3.04 ab 3.1 cde 2.86 abc I,

244 B 2.12 fgh 2.2 fgh 2.79 bed 2.59 cde 2.52 de L

233 B 1.98 h 232 efg 2.52 de 24 ef 241 ef I

205D 227C 278 A 2.69 AB 2.59B Mean
(P concentration %) 7o yhud clale
0.48 A 0.37b 051 a 0.52a 0.52a 0.48 a I
0.44 B 0.36b 0.47 a 0.50 a 040D 0.47 a I
0.39 A 0.35b 0.38Db 040D 040D 041D I
0.36 C 0.453 AB 0473 A 0.44B 0.453 AB Mean
(K concentration %) 7 sl clale

3.12B 3.0de 3.11 cde 3.16 cd 3.14cd 3.19cd I,

358 A 3.32bc 3.75a 390a 3440 3470 L

3.03C 2.76 f 291 ef 3470 291 ef 3.1 cde I

3.027C 3.257B 3513 A 3.163 B 3.253B Mean
(Fe concentration %) 7ol clale
1732 A 153.8 cd 209.2 a 1809 b 156.1 cd 166.2 be I
140.4 B 108.5 gh 175.7b 1265 f 144.6 de 146.9 de I
1109 C 87.71 108.8 gh 123.3 fg 99.7 hi 135.1 ef I3
116.7D 164.6 A 143.6 B 133.5C 1494 B Mean
(Cu concentration %) 7 e clile
743 C 7.041 7.46 hi 7.18 hi 8.3 def 7.15 hi I
8.55B 7.57 gh 8.8¢ 8.65 cde 871 cd 9.03¢ L
8.95 A 791 fg 8.1f 9.86b 8.24 ef 10.66 a I;
7.50 D 8.12C 8.56 B 842 B 8.95 A Mean
(Mn concentration %) 7/ 5K cdale
5425 B 52.93 fg 59.17 cde 56.24 ef 52.67 fg 5026 g I
63.80 A 52.52 fg 63.47 c 74.50 a 58.65 de 69.86 b I
64.04 A 5052 ¢g 63.34c 75.80 a 61.95 cd 68.61Db I;
51.99D 61.99B 68.85 A 57.76 C 6291 B Mean
(Zn concentration %) Ly, cdale
5027C  47.67gh 53.0 def 49.67 fgh 4933 fgh 51.67 fg I
5895 A 4520h 60.44 be 86.90 a 52.69 ef 49.52 fgh L
54.68 B 48.50 fgh 56.44 cde 50.50 fg 60.82b 57.15 bed I
47.12D 56.63 B 62.36 A 5428 C 52.78 C Mean
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555 b by il 4 bgyje S S (b S U Sy

2l e Iy me MBI el Sl 90T b 7 B prlaws 5> i Syt By (gl gt g Lndy ya 3 &S ola Sike*
Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Table 4- Analysis of variance of drought stress and mycorrhizal fungi treatments on root colonization

JUVES I I &35l 4 40 (Mean square) e po 3aS5be
(Root colonization) a4y, ¢;lw
(Sources of var.) (Degree of freedom) e

(drought stress ) S S 391.1%*
(mycorrhizal fungi) 152)9500 2,88 714.6**
(Interaction) DSty 21.7%*
(Experimental fault) inlejl olas 1.704

(coefficient of var.)  (£) &lyus copo 7.76

#% significant at 1%

Gl Yy e AN o 2 ¥ *

Ay y ol 5205 2053 5 (5 )l (S lon g )Y gyl 315950 5B Cilideo (S g iiSeR i (Sile Amulie —0 Ju
on root colonization. Table 5- Mean comparison of arbuscular mycorrhizal fungi and water treatments

& )Lﬁi o Glomus Glomus Glomus Glomus RV
o caledonium intraradices versiform mosseae
(Irrigation ) (control)
treatment
I, 264b 30.7a 275b 28.6b 2.04 gh
L 16.9d 20.8 ¢ 17.2d 19.1 cd 57¢g
I3 109 f 147 12.1e 114f 29 h

2l ool e B! (s (SO (g0l b 7 0 prdaws )3 s S yndie s gl gt a3 a8 e SSle %
Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Figure 2- Effect of mycorrhizal fungi on root colonization Figure 1- Effects of water treatments on root colonization
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Table 6- Analysis of variance of drought stress and mycorrhizal fungi treatments on water use efficiency

JUVES I I N HET (Mean square) il po puSibo
(Sources of var.) (Degree of freedom) WUE of & pao ol,5
(drought stress ) (SdS i 2 121.8 **
(mycorrhizal fungi) 15,5550 &8 4 16.39 **
(Interaction) DiSa ys 8 4.1 **
(Experiemental fault) il (clbas 30 3.06
#xsignificant at 1% Cusl 43 gme AN sy **
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on water use efficiency. Table 7- Mean comparison of arbuscular mycorrhizal fungi and water treatments

& )in Slow Glomus Glomus Glomus Glomus RV
(Irrigation ) caledonium intraradices versiform mosseae (control)
treatment
I, 25.15 abe 2833 a 21.29 def 19.01 efgh 16.87 gh
L 25.22 abc 26.62 ab 23.72 bed 21.37 de 17.80 fgg
I3 22.06 cde 25.21 abe 20.09 efg 20.41 def 16.57h

25l o3 5> (me BB eyl 5SS y9ail b 7 B e 5> s St By gl gt pa a8 Ll (Ske
Means followed by the same letter are not significantly differentns (P<0.05) by Duncan test.
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Introduction: Tomato is one of the most important vegetables that are used by human. High price of tomato
due to its out of season production in Bushehr province has made a great tendency for farmers of this area to
cultivate it in fall and winter in nearly 12000 hectares in the province. Mean annual precipitation is about 250
mm per year. Maximum and minimum annual temperatures are 51 and -1 Celsius degrees. Mean annual
evaporation is 3000 mm. Recent droughts and going down of water table because of over usage of underground
water are main problems of this region that have enforced farmers to decrease irrigation water utilization and try
to increase water use efficiency by using new technologies. Therefore, any new technical methods which can
increase water use efficiency will help crop production quality and quantity and result in yield stability in the
region. Many researchers have proved that mycorrhizal fungi can improve agricultural systems sustainability
because of their ability to increase water absorption due to their long and expanded hyphae. Also they are known
to increase nutrient uptake from soils even poor in minerals. Therefore, a greenhouse project was designed to
determine the effect of Arbuscular mycorrhizal fungi on nutrients uptake and water use efficiency of tomato
under drought stress in Bushehr province in southern Iran.

Materials and Methods: The experiment was carried out on completely randomized block design in
factorial with three replications during 2016-2017 in the greenhouse of Bushehr agricultural and natural
resources research organization located in Southern Iran. Factors were as follows: 1) four Arbuscularmycorrhizal
fungi (Glomus mosseae. Glomus intraradices Glomus vsersiform and Glomus caledonium) and a control

(without inoculation), 2) irrigation at three levels based on soil moisture depletion at [,=25, [,=50 and 1;=70
percent of available water to show stress (from non-stress to low and high stress levels). Soil used for this
experiment was dried in sunshine for one month to be evacuated from any native fungi. Soils of the region are
calcareous ones with low salinity limitation (EC= 3.70 dS/m) and poor nutrition elements and slightly alkali
(pH=7.9). Inoculation of roots by fungi was done by pouring one spoon of fungi near tomato roots while
cultivating the transported seedlings in the pot. This would help the roots to be exposed to fungi directly while
spreading through growing. Irrigation water used were 22.3, 20.1 and 17.7 liter for each pot filled with 10 kg soil
during the season. The experiment lasted 100 days and tomato properties were measured such as yield,
colonization percent, nutrition elements concentration and also, water use efficiency. Dried leaves were milled
and put in furnace at 550 Celsius degrees. Roots were soaked in water for five minutes to be detached from soil
and cleaned toughly. Detached roots were maintained in small glass jars filled with alcohol and were kept in
refrigerator at 5 Celsius degrees. Roots were then colored by Try pan blue method and root colonization percent
was measured by Grid line intersect method.

Results and Discussion: Results showed that interaction effect of mycorrhizal fungi and irrigation levels
was significant at 1% level on tomato properties (except for N concentration in leaves). Mean comparison with
Duncan’s test proved that increase in drought stress caused decrease in all tomato properties but fungi
inoculation could mitigate water shortage in comparison to non-inoculated tomatoes Higher drought stress
decreased colonization significantly. Drought stress caused significant deficiency in nutrition elements such as
N, P and Fe, however some elements such as K, Zn and Mn were increased in medium drought stress.
Inoculation with all mycorrhizal fungi improved nutrition elements concentration in tomato leaves. Water use
efficiency was increased 67.9, 49.6 and 52.1 percent from non to medium and high stress respectively in
tomatoes treated with Glomus intraradices.

Conclusion: Using of mycorrhizal fungi specially Glomus intraradices and Glomus caledonium increased
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tomato water use efficiency and improved growth properties due to the increment of water resistance ability in
plant. This phenomenon is caused by higher nutrition elements uptake by roots and optimization of water
relationship in tomato in the presence of mycorrhizal fungi. According to results, it is suggested tomato roots
inoculation with mycorrhizal fungi especially in regions with high water stress potential.

Keywords: Arbuscular mycorrhizal fungi, Bushehr, greenhouse, Macro and micronutrients, Water stress
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Figure 1- Position of study area and Soil moisture measurement points
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Figure 2- Ambrotromic diagram of the area during the years 1986 to 2011
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Figure 4- Changes in monthly average moisture content of different soil depths in two main directions
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Table 1- Pearson correlation coefficients between forest soil moisture content and climatic indices
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Table 2- Summary of correlation coefficients of the relationship between soil moisture content and climatic indices in

different Months
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Table 3: Coefficients of Soil Moisture Regression Models in soil depths
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Introduction: Direct monitoring of soil moisture and the extraction of moisture data by point method is not
only costly and time-consuming, but in a large scale, is impractical; while drought is a regional phenomenon and
requires extensive and regional data to monitor it. Therefore, providing a simple method for monitoring soil
moisture on a regional scale is of fundamental importance. Climatological or climatic indicators that are
continuously measured and recorded at weather stations can be used as information that is readily available to
determine soil surface properties such as temperature and soil moisture. The main objective of this study was to
estimate soil moisture under forest cover, using climatic parameters that were recorded from a nearby station.
Satellite imagery is currently used to estimate the temperature and moisture status of soil, but it must also be
matched with accurate ground data and sufficient weather data stations, so it will not be applicable everywhere.

Materials and Methods: Mele-Siah forest habitat in the northwest of Ilam city was selected as the study
area in this research. In this regard, in both the southern and northern slopes of Mele-Siah forest site, 18 pairs of
humidity sensor at depths of 50, 70 and 110 cm were installed and soil moisture using TDR device was
measured monthly. Monthly measurements of soil moisture were performed for three consecutive years and
recorded as soil water content. In order to determine the relationship between soil moisture data and
meteorological variables, the following 7 variables were extracted from the climatic data available at Ilam
Weather Station: rainfall, relative humidity, average temperature, average maximum temperature, average
minimum temperature, minimum absolute temperature and maximum absolute temperature. Multiple regression
analysis and Pearson correlation coefficient in SPSS software were used to analyze the data and the relationship
between soil moisture and climate indices.

Results and Discussion: The results indicated that the moisture variations at the soil surface, in comparison
to the other depths, are more severe in all the months of the year. Therefore, the humidity drops at a distance of
20 cm between the depths of 70 to 50 cm, much more than 40 cm between the depths of 110 to 70 centimeters.
The average moisture content in the months of the year in the direction of the north was more than that one was
in the direction of the south. Climatic parameters of each month had high correlations with soil moisture levels
of the same month. In this regard, average temperature and relative air humidity showed the highest correlations.
Soil moisture in the area is minimized in September. The determination coefficient (R?) for the regression
equation was about 0.93, which represented a very good estimation of soil moisture by the model. The highest
average humidity was observed in early December and March and its lowest was observed in September.
Correlation coefficients between soil moisture content and climatic indices of each month with two months
before of them were not significant. However, the correlation coefficients between soil moisture content and
climatic indices of the same month and previous month, except for rainfall, was significant. The results showed
that we can use meteorological parameters to estimate soil moisture balance in the forests, which continuous and
extensive measurement of soil moisture in them is difficult.

Conclusion: According to the study, the weather indicators such as average temperature and relative
humidity of air whose data are available at weather stations or easy to measurable in remote areas, can be used to
estimate soil moisture content under forests cover that do not have the possibility of continuous and extensive
soil moisture measurement. Although rainfall was expected to be more strongly correlated with soil moisture
content, but it should be noted that rainfall in some dry months is negligible or zero. Incidentally, we often want
to estimate the moisture content of the soil, especially in dry months, through measurable parameters, thus the
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data of rainfall is not desirable. However, considering the topography of the study area, the distance from the
meteorological station and the effect of elevation on soil moisture content may be effective on the accuracy of
the results, but the use of data from meteorological stations near area provides the right comparison.

Keywords: Forest, Meteorological variables, Soil moisture, TDR device
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Table 2- Selected predictor variables in SRA

KVESWR ey
Birjand
i oy
Variable Coefficient
X6 -0.0005
X7 0.0778
X8 0.301
X9 -0.3801
X10 0.2754
X12 -0.0012
X13 -0.0532
X17 0.1088
X18 -0.0004
X20 -0.2421
X22 0.8435
X23 0.1195
X25 0.0469
(WS Sl ooy Jde 0.4

RMSE (mm) 1.4309

Jud ! o Kt
Ardebil
e oy
Variable Coefficient
X1 -0.7175
X3 -0.059
X5 -0.1529
X15 -0.1178
X17 0.0736
X21 0.5173
X22 0.0595
X26 -0.6069
lae j Lope e 0.76
RMSE (mm) 2.3484
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Figure 1- Scree plot of Eigenvalues vs. components along with percentage variances vs. components for Birjand (a)
& Ardebil (b)
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Table 3- Predictors with significant correlation

Jud 1 o Kt Ny 8!
Ardebil station Birjand station
Variable Correlation Coefficient Variable Correlation Coefficient
X20 -0.076 X10 0.0324
X25 -0.074 X19 -0.277
X26 -0.091 X22 0.546
Mo (S5 (Sumod 51,15 Sl puiio —€ Jogaa
Table 4- Predictors with significant partial correlation
Jud 1 o Kt X g !
Ardebil station Birjand station
Variable Partial Correlation Variable Partial Correlation
Coefficient Coefficient
X1 -0.041 X9 -0.088
X5 -0.042 X10 0.088
X26 -0.062 X22 0.373
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Table 5- Measured and downscaled descriptive statistics

a)LJ R ob ; Downscaled
- servation
Statistic Station SRA CA ParCA
) J2) 0.59 0415 0.445 0.41
(o) s5ke  Ardebil
Mean e 0.254 0.624  0.068 0.599
Birjand
Jﬁ%" . 0.43 0.473 0.48
(o o) wileo Ardebil
Median i 0.000 0.155  0.003 0.121
Birjand
' J2 ) 1766 0148 0.094 0.163
(jocse) slze 5l Blmsl  Ardebil
Std. Div. o 1.396 1.078  0.306 1.220
Birjand
J2) 3998 0342 -1.709 -1.220
(ecks) Sz Ardebil
Skewness kG 7.807 2.547  11.898 3.289
Birjand
) g 017 0197 3201 0.193
(oshe) (SawsS Ardebil
Kurtosis e 69.575 6.523  172.873 11.434
Birjand
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Table 6- comparison of dry and wet events in Birjand

O laelie
sawi (while 3 Observation Egoxe CSI
Downscaled »j9y  SWaS 59,  Summation
Wet day  Dry day
7 5(’; 60 169 229
parcA et day 0.24
99 18 1214 1232
Dry day
D“S“"“ d”’ 13 5 18
ca YW 0.15
%) 65 1378 1443
Dry day
D‘“"“"* ‘d"” 64 214 278
SRA YW 0.22
%) 14 1169 1183
Dry day
oo 78 1383 -
Summation
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Table 7- comparison of dry and wet events in Ardebil

Slebio
B (wldo 34 Observation E905w0 oSl
Downscaled 2395 Suis 39, Summation
Wet day Dry day
> 53) 9 191 209
ParCA W:f o 0.06
% 37 1244 1261
Dry day
wd"” 18 182 200
CA D;{ o 0.07
9 57 1204 1261
Dry day
5 '%“d"” 1 189 Yo
SRA ;Y. o 0.05
% 19 1242 1261
Dry day
Epomxe 200 1261 -
Summation
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Introduction & Background: Assessment of climate change impacts on hydrology is relied on the
information of climate changes in adequate scale. Due to outputs of GCMs (General Circulation Models) that are
the most confident tools for simulating climate change impacts but are available in coarse resolution.
Downscaling process which is classified to several methods such as transfer function, weather generator and
weather typing is performed for improving of GCMs projection and using them in local scale. Meanwhile feature
selection is the main essential step in downscaling with transfer function. Because the main goal of downscaling
is the improvement of GCMs projections, several researches examined vary approaches for feature selection.
This study aims to assess performance of downscaling daily precipitation under four different selection methods
such as PCA, CA, SRA and ParCA using comprehensive comparison tests.

Materials and Methods: Measured daily rainfall for Ardebil (with cold semi-arid climate) and Birjand (arid
climates) were collected for the period from 1977 to 2004. The CanESM2 (Canadian Earth System Model)
outputs were used as GCM for simulating of climate change impacts on precipitation pattern. So of CanESM2
outputs (large scale predictors) and measured daily precipitation (local scale predictants) were considered as
input and target for downscaling respectively. The Artificial Neural Network (ANN) which widely has been used
in climate change researches was selected as downscaling method. Despite of the most of literature have used
only efficiency criteria for distinguishing from different approaches in downscaling, this study reveals
performance of feature selection methods based on either them or statistical tests. The comparison tests between
measured and downscaled rainfall such as assessment criteria, statistics characteristics comparison, contingency
table event for wet and dry series diagnostics and Violin plot were used as tools for skill assessment of feature
selection approaches.

Results and Discussion: Results showed that although different methods of predictor selection had includes
various subsets, predictors such as relative humidity at surface and zonal velocity component at 500-hPa
pressure levels in Birjand and mean temperature at 2m, mean sea level pressure and rotation of the air in Ardebil
are the most descriptive features which have more relationship with measured daily precipitation. The efficiency
criteria of comparing measured and downscaled precipitation indicated that CA method is superior to other in
Birjand station and SRA’s results were better than those of other in Ardebil station. Value of RMSE, R and NSE
was achieved 1.2 mm/day, 0.55 and 0.25 in Birjand and 1.75 mm/day, 0.14 and 0.013 in Ardebil respectively.
The examination of measured and downscaled statistical characteristics reveals that CA has the better influence
on downscaling than those of others in Birjand station. In this comparative test most of downscaled statistical
components such as mean, median and skewness under CA have more similarity to measured values. But in
Ardebil, with cold and arid climate, performance of SRA to downscale was the same as performance of CA to it.
Also both SRA and CA were better than ParCA. The skill assessment of different methods to fit measured and
downscaled variability by violin plot showed that generally ParCA outperformed other method in Birjand
station. The comparison of violin plots, in Ardebil, revealed that no one of predictor selection methods has
acceptable accuracy for fitting measured variability. Outcomes of contingency table event showed although all
feature selection methods have not remarkable capability for distinguishing from the measured wet and dry
series in Ardebil station, performance of ParCA and SRA were acceptable in Birjand station. The values of CSI
for ParCA and SRA were calculated 0.25 and 0.22 in Birjand and it shows that more of 20 percent of ParCA and
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SRA’s diagnostics was correct.

Conclusions: By assessing of results, it can be inferred that generally downscaling of daily rainfall in Birjand
station is outperforming Ardebil. In other expression daily downscaling of precipitation in arid climate has better
results than cold and arid climate. Also different tests have various results about feature selection methods. In
Ardebil, SRA in efficiency criteria test and both SRA and CA in statistics characteristics have better
performance than others. But in this region no methods have remarkable performance in violin and dry and wet
tests.

Keywords: CanESM2, Partial Correlation, PCA, Reduction Dimensions, Wet and Dry Spell
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