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1- Soil and Water Assessment Tool
2- Water yield
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Figure 1- The location of studied meteorological stations in the Zayandeh-Rud River Basin
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1- Hydrologic Response Unit
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6- Latin hypercube
7- Warm up
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1- Synoptic station

2- One factor at a time

3- Sequential uncertainty fitting algorithm
4- Obijective function
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Figure 3- The location of studied hydrometric stations in the Zayandeh-Rud River Basin
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Table 1- Specifications of selected hydrometric stsaions for calibration and validation in Zayandeh-Rud River basin
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No. Station Elevation (m) Latitude Longitude
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Table 2- Results of sensitivity analysis of parameters for the Zayandeh-Rud River basin

ool ol ai, polol  to,bl ool el as;  poll  to,l

p::? Qrsr:telt\g S Rank p-value t-state p:ﬁ;ﬂ;ﬁis Rank p-value t-state
GW_DELAY 13 0.2225 2.74 CH_K2 2 0.0435 -1461
GW_REVAP 1 0.0117  24.35 CH_N2 17 0.6467 0.62
SFTMP 16 0.3373 -1.71 CN2 12 0.1941  -3.18
SMTMP 6 0.1419 -441 SOL_K 4 0.0671  -9.46
SMFMX 11 0.1630 3.82 SOL_BD 3 0.0572 -11.11
SMFMN 5 0.1100 5.73 SOL_AWC 7 0.1505 4.15
TIMP 14 0.2300 2.65 EPCO 9 0.1595 3.91
ALPHA_BF 10 0.1619  -3.85 ESCO 15 0.2831 -2.1

RCHRG_DP 8 0.1549 4.03
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Table 3- Optimal and upper and lower limit of selected parameters during calibration period (2000-2006)

. . ol dgus .
Folil oU Sal,b g b Aol )l &y & sy Range of parameter W"m
Parameter Descrintion Method of changing Unit 9 b Optimum
name P parameter value : o=l value
Maximum  Minimum
> 4% 5oy Culia
CH_K2 P P (i S v mm/hr 114 1015 103.47
ol Juts
CH_N2 ol JU (sl Sile gy r - 0.13 0.102 0.11
1, (SCS) 3gi ioxio o ot
CN2 sl (BES) 398 (o) r - 0.281 0.197 0.24
Cogh 4 Ll
SOL_K el (Sdgyhn colia r mm/hr -0.32 -0.15 -0.31
SOL_BD SB gl yogase o r g/cm? -0.167 -0.095 -0.11
SOL AWC S5 5 3590 o oysd cub)ls r mm ':éﬁ’/ mm 0.28 0.21 0.27
LY u» o.x'\if ‘ [TRW:
EPCO PO A O e v - 0.41 0.29 0.41
oS Loy ] sV
VS SV S [N
ESCO PRI O s v - 0.501 0.41 0.46
S s
RCHRG_DP s loel 4 deis S v - 0.32 0.229 0.27
GW DELAY gyl aiss slp b o v days 159 132.7 135.52
Ol 43 30 155 o
GW_REVAP T s v - 0.115 0.085 0.11
)
SFTMP Gy bl slod v °C -1.81 1 -1.69
SMTMP Gy g el il (slod v °C -1.92 -0.95 -1.28
5 Gy ogd imdins ;iS5
SMFMX P Sp o St o5 v mm/C.day 11.36 9.72 10.67
Ol
3 Gy gd aiseS giSlh
SMFMN P SEr o e 058 v mm/C.day 8.95 75 7.92
Ol
Jlwod wid clod 355 40516
TIMP lonydd s> 25555 v ; 0.7 05 0.65

Sy

ALPHA_BF il ol oy <ol v Day 0.08 0 0.035
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Figure 4- Validation results (a) and validation results (b) of the SWAT model using the SUFI-2 algorithm for the runoff

simulation at Polzamankhan's hydrometric station
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Table 4- Statistical comparison of daily discharge simulation and observation in the calibration period
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& y0g i 8| Statistical period NS R?
Hydrometric station  Suwcowe Foly P WG v Foily P STV Foily
Validation  Calibration Validation  Calibration Validation Calibration

SR 36 84 0.97 0.97 0.97 0.98
SBole; b 36 84 0.88 0.93 0.95 0.95

A 36 84 0.90 0.89 0.95 0.95

RETN 36 84 0.83 0.56 0.85 0.70

=l 36 84 0.77 0.63 0.82 0.78

Olewge 36 84 0.69 0.68 0.83 0.79
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Figure 5- Validation results (a) and validation results (b) of the SWAT model using the SUFI-2 algorithm for the runoff
simulation at Lenj's hydrometric station
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Figure 6- Contribution of each water balance parameter from annual precipitation in the Zayandeh-Rud River Basin for
years 2000-2009
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Introduction: Understanding the concept of water balance is one of the most important prerequisites for
sustainable management of water resources in the watersheds. Therefore, the components of water resources in a
catchment system should be compared at different time periods, and also the effect of each of them should be
identified on varied hydraulic components of the hydrological systems. The SWAT model is an example of a
physically based hydrologic model which can be used for large-scale simulating and monitoring of water cycle
processes based on the characteristics of the catchment area and its climatic conditions. The main object of this
study is the hydrologic simulation and water balance estimation for the period 2000-2009 in the Zayandeh-Rud
River Basin.

Materials and Methods: The Zayandeh-Rud River Basin is located in the arid and semi-arid central region
of Iran. This area is very variable in terms of rainfall. As well as the state of water resources and water
consumption is very complicated in this catchment. In the present study, the soil and water assessment tool
(SWAT) used to simulate water balance in the Zayandeh-Rud River Basin. The input required data included
digital elevation model, land use map, soil texture map and meteorological information including daily rainfall
data and minimum and maximum temperature data were introduced to the model and the model was
implemented with these data. The sensitivity of the flow-effective parameters was determined using the p-value
and t-state criteria by the SUFI2 algorithm in the SWAT-CUP program. The model was calibrated monthly and
validated with the selected parameters in the sensitivity analysis using the Nash-Sutcliff criteria and the
coefficient of determination by the application of the data of six stations including. Calibration of the model was
conducted for 2000-2006 and validation of the model for the years 2007-20009.

Results and Discussion: The results of sensitivity analysis showed that considering the characteristics of the
study area, the SWAT model is more sensitive to the 17 effective parameters on runoff. The selected parameters
also confirm the results of previous research carried out in the region. The sensitive parameters selected in the
sensitivity analysis step were used to calibrate the model. In the next step, the parameters of SWAT-CUP
software were entered. After that, these parameters were repeated 1000 times with the SUFI2 algorithm, and the
optimal value for each parameter was determined. The Nash-Sutcliff coefficient and the coefficient of
determination in the six hydrometric stations are greater than 0.56 and 0.69 in calibration and verification
periods respectively, which indicates that the model has a satisfactory ability to run in runoff simulation. The
contribution of the components of the water balance including evapotranspiration, surface runoff, lateral flow,
groundwater flow, and deep aquifer recharge was calculated from annual basin precipitation. The amount of
extracted water from the hydrological components indicated that the largest share of the water balance was
related to actual evapotranspiration, the range of variations in the type of precipitation in the study area ranged
from 60.1% (2000) to 92.7 % (2007). After evapotranspiration, surface runoff with a change of 22.2% (2005) to
8.6% (2009) and groundwater flow with a change of 14.2% (2000) to 20.5% (the year 2007) had relatively high
fluctuations and a large share in the basin balance. These results indicate that the lateral flow with a range of 3.1
to 1.9% had no significant change in these years. Also, the deep aquifer recharge with the range of 1.2 t01.5%
was the lowest in 2003 and 2009, respectively.

Conclusion: The results showed that the calibrated model for the Zayandeh-Rud River Basin had a desirable
performance for both calibration and validation periods. Therefore, the SWAT model has acceptable
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performance for simulating the water balance of the area. In addition, the results of this study showed that
65.98% of the total annual precipitation in the basin is in form of evapotranspiration, which compares to the
other water balance components has the highest part. As well as surface runoff with 15%, groundwater flow with
13.7%, lateral flow with 1.5%, and deep aquifer recharge with 0.8% have other parts of the water balance
components in Zayandeh-Rud River Basin. The results also indicate that the highest water losses in the soil and
groundwater resources of the basin are due to evapotranspiration. Therefore, serious measures to prevent the loss
of water through evapotranspiration in the region to be necessary. The results of this research can be used to
predict the effects of climate change and the applicable management practices in the region, which are presented
in scenarios to the model.

Keywords: Calibration, Sensitivity analysis, SUFI2 Algorithm, SWAT-CUP, Validation
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Table 1- Results of chemical analysis of soil before cultivation
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The results of soil analysis in depth
0-30 (Centimeter)30-60 (Centimeter)
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Watre amount in saturation soil (percentage)
(50 2 riorjemd) S (oSl elin
Electrical conductivity of soil (dS/m)
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Saturated soil acidity
(223) J o8
Organic carbon (percentage)
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Total nitrogen (percentage)
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Absorbable phosphorus (p.p.m)
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Absorbable potassium (p.p.m)
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Soil texture
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Clay (percentage)
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Sand (percentage)
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Moisture content at field capacity (percentage)
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Moisture content at wilting point (percentage)

29 42
0.33 0.33
7.4 7.46
0.06 0.09
0.06 0.1
4 1
288 60
SL SL
10 8
33 24.5
57 67.5
23 22
14 135
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Figure 1- Network of treatments
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Figure 2- Changes in K coefficient, relative to salinity changes at full nitrogen level
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Figure 3- Changes in K coefficient, relative to soil nitrogen changes, in acceptable salinity
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Table 2- Coefficients of various forms of production functions in fertilizer-salinity-Ks coefficient
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Coefficients Linear Form Exponential form Logarithmic form Polynomial form Power form
Ay 0.959 0.895 1.039 0.982 1.038
Ay 0.103 -0.038 0.052 -0.061 0.059
A, -0.028 0.093 -0.101 0.072 -0.108
As - 0.18 - -0.012 -
Ay - -0.054 - -0.002 -
As - - - 0.013 -
F o)Ll "
o *#85.8 #2178 #0974 *5027 **783
Statistical F

ol doyd S o] s 53 (@l (IS 990 50 gimo odimd oyl e
=#: Indicates the overall significance of the function at a probability level of one percent
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Table 3- Statistical parameters of calculated to evaluate the validity of production functions

G s
&¥&”  ME(%) RMSE  R? EF CRM
Function type

ok 0.048@* 3513 0.959@ 0.928® 34 x10*®
Linear

@l 0.051® 2.89@ 0.946@ 0.951@ 11x10~*®
Exponential

S 0.114®  699@ 0.718® 0.717® —35x10~*@
Logarithmic

Kty 0.0330 1770 09840 09820 60 x 10~*®
Polynomial

Sy 01239 7380 0650 06840 —33x1074®
Power
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% The numbers in brackets indicate the priority of choosing a model, based on statistical indices
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Table 4- Analysis of variance of the traits studied in the plot
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Sources of variance

Degree of freedom

Ola o (Sl
Mean of squares
K cupo RAW s

K, Coefficient Limit of RAW
‘ o
s 2 3x1076"s 81x 1076
Replication
9 3 “ 5gg “ 0,082
Salinity
_seel 3 " 0.041 ** 0.006
Nitrogen of soil
SB ool X o -
L oT et 9 0.016 0.001
Salinity x Nitrogen of soil
s
30 12x 1075 6x107°
Error
oy S Jloin ! pdaws )d (6)b gme g (61 gire s i iy sk g NS

ns and =#: Non significant and significant at a probability level of one percent, respectively
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Table 5- Comparison of the average interactions of water salinity and nitrogen deficiency on Kg and RAW
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Treatment K Coefficient Limitation of RAW

SONO la 0.665 a

SON1 0.98 b 0.646 b

SON2 0.96 ¢ 0.641c

SON3 0.95d 0.637 cd

SINO 0.95d 0.636 d

SIN1 0.93e 0.62e

SIN2 0.9f 0.6f

SIN3 0.88¢ 0.587 g

S2NO 0.88¢ 0.586 g

S2N1 0.87 h 0.582 h

S2N2 0.86 i 0.573i

S2N3 0.83] 0.554

S3NO 0.77k 0.517k

S3N1 0.691 0.463 |

S3N2 0.64 m 0.427 m

S3N3 0.63n 0.42n
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Figure 4- Effect of salinity stress on Kg coefficient (FAO-56)

2 Oeitred b doyd ¥Y 9 00/ DAY SYIY i 5 4 RAW
S3 4 Sp jl T 5y98 e yuis b N3 9 Ny Ny N slajlos
SrSoilul 1o )d FY o YV F2/¥ VY ‘e 4 RAW . jlade
905 g (6y9 sl i ol Laid ( Buin opl Bus 4 dsgi b i
WA (SUiE S Eu &) ($39)9 9 0 oy RAW 2
& 90 JSb 3 Lajless Jlaged (¥ JS3) 25k ©opods
sl s 005 i it deds S & TAW (S50 sy
Ol oo ey adlllao sy g 0392 IS 35 TAW s> 5y i 5,90
ol b ey s & 90 cla JSi by o wyp @
oS 5D D95 o odaliio Kg g RAW & bgsye blas s il
Ot Ol L plejen o] Jude (1als 4 ol oo dacad dlael
oS i iU oasimn i b cand dges o)Ll dogyye (sla
= o O st 36 s 4 A8l e 5290 A5 I RAW
2 (Syad i & Comd O S )0 Gl Hlade s RAW Hlade
G55 9 5 1 3 Blie il e s S
bl )b olS sl Sy L ot olS 3,5 9 ps o A
Wby Jolpe 0lS gy oMo bl oo cuiS Ollos g e
391 B30 5y5 9y sl 53 55 (S5 Capde g e else
G B ke 5 5,5 5 o b ame Slois g (F)
4S5 D )5S 1N 35 0 )1 (seudiins by ol S Lawgs
lopadls 5 (2lS slaadls o gldaly Jgogl Jaw Cagb,
Cdgionn 45 0dd el Sloj sl Uho) cnl el SB 4y bgy e
90355 )38 o)lpen Ll b cpl Lol il (ggloy (15 ¢ Jaome
5l gt Je) o L1551 e )% lme (slacydgiome
o)l 5 13 (YY) 25,108 56 Jpuogll oo Cugloy Jlado o
o=l 0yl (S olS 5yx0 5 puond Hlade 4 RAW s (516 0F
O 100 (5,3 (glyy 3,10l Lyl 5 RAW o i

(O il38l 3939 b aS sl ol ¥ US> uios BB 4G

Wil &S jobo ylos Cuwlodds aid )3 las 0 RAW (lyy ol s
L S cagb) 455 (sl ol (551 csy58 35 Jlos! (o
bl cpl y sl glise o,y 3939 3,5kl Ll 5> a5 asl
b g wlys b o ol Gl ol p 5w S cpdols jlude
ool e Cagb) 3> (318 0F o)lod &yt Sl )15 & g
Sy ey Canglie 0311 |y ¢, o6 g anls clasS (ly
RAW & iy s FC s 5l S cugbsy 0 o5 L 3)b bl
2 Vg oo dlan LG9y (S sobds g Bl ol 4ijg) Cunglia
Lo o 3 bl bayly 5 53 o)Ll 95 o alold )3 g oo oy
i) SLS @l g8 g O (695 i bulyb 5 (SoNo)
AP, s iogy o8iwd L o)) 45y &gy Cuwglis (g pudiols
2 Ladsjg) Canglio sl 51 mp sl (sl 518 (5503l
L o)l Hlacte g 390 cglise J S cond ¢ (i o gl S
9035 Sl )8 (o0 Bl Cgpu 4 ] Cugh) oS 45T o,
Sl (S T ity Sials U Lol ecsl oS oy b
sanliie Loyl S oAb dtay 9 adijg) Cuglie Hlaie ;> SLSL
Cdld Joome > SIS b (cpSoihsl L ploj gl o 0
3 s oAb y51,0 087 0l ond adss gl ke daady,
9 FC as 53 (i Cgb) jlade 0 450 Cugh) jlude pundts
oeals lage oS ol L zuls WA dpwlowe RAW jluide TAW
Sacie bawgie by 0y93 Jgb 53 dg ciglisie laes S 3 S L
b Lol g duo 3 #2100 (SoNp) lasee 3 k] el s (6l RAW
@il pialS Ol (60 tli 8l F Jgo 95 50 JSS 4 g
Sl mine 55U s RAW Jlaie ;1 Ko cuypid  ogdle S
248 b osaliin B Jods 50 Lasdh 1Ske duslis b il
sde N3 oy Np I jl jlade 1oi5 b Sz 9 Sy S8 slajless



1AV o — 43T Boslods FY b (S g ol @i AYY

8 5 4o

OBy (o e G g S 9S4 2 L
olatwl post ((2liS Clidsy a ydy (1938059, S 5 (55)sliS
U5 ey oo Jlaits (55905 0lS L 3)90 OF el g @bl e
O3l d9aS g o)l Ol 5)5d Gal33l oS b Gl gy
ol iz (i ol iyl s SB o Juusly (05 o5 b S8
alS 5 ©)3 3y g e S ) Cunglio (I3l sl
05 93 Glelgs b s S 3 e Ol yied > Cgges
15 (RAW) ol g ol 5 K oy sl nlS 5y 555
RAW 5 Kg o po 90 Slpuss e i jl bz duo pd S prdams
o3 ¥Y 5510 4 +15% L5\ sy 4 S3N3 b SoN sl ;|
g P dgge (A5 5l (59) 5l K cupd pes sl 29
O Sl 9 p9d 42y ooyl ol o ad fslap, 5
a0 @bl s gols adedls 5l SS—; 5 g—; My o slacuns
280as ¢ pled g s @l el Sl dn g JAF s s b pgd
o=l gl 4y dngi L i bbb Kg copd (pmess sl (09>
@ 03)ly Gl s 59y 1 K (A5 o pd dumslna b 305
iy bl & G 1y )3 (Bl )5 9 S Ol o0 w0lS
903 3915 (32938 adlae

0.8

Y 20508
0.6 L% — V.70

04 |....... SIND

0.2 — e SN2

0.8 R2=0.99

0-6_——--

SONO

0-4 ssvenes SIND
-— - S3N1

0.2 || e« 83N2

S3N3

Lod (1390 YU cleds S g oy maldl 15 &8 15 pMlel Lol a5
9 9555 oanlidio (ol (15 el (S 351 gl ye p e
Gl 08 (pand Jide jl y S Aoy YO LY RAW Jluds
Foe oS by Ol Gl 008y al A5 Glsis s Lo ()8
4ol GlyT e o D9 o0 obS ()5 9 pSeS SR sl 5 03
Wigd oo oS 5y g puud phalS el o pla AT (285
bl byl b 4y o RAW  jlide ialS ) paiiaans jaboay
G g e oll yrolS o)l dalyd ol cod il o S50
OlS 5505 (g 3l canl olS a8ly 5L 5l e cailate sy
slogl g Jpame 3,Slas il &4 ot ol bwg Lo S O
G55 O 23,8 o dilaie Jpusliy Ll & S 3Slae M5
3l 3905 5 6)98 S Ll b )3 Jeooll fow Cugb) jlade
5l Byme LS (38l 5 Ol algy Bpae 4y 20)8 S8
Sl bulyd 3 wlei oo Jpame 3 Slee Il Cua > &l
g jl el (Jgmanme 5, Slae talS oralite Ly (ame
ailate Jouily 5y Slae 4y i) slp i )l 0ljpslisS
casls) Ligs ol 928 3ygkid 43 drgi L bl 125 oo plox]
sl S il Gl g oad samliio co)lul (a8l sl og3)

Al o B (S ol Slgizee @ olS o olows

1 ‘.ogla.lgogolgoat...

0.8

0.6 i ;

0.4 |[vaessesSONO i

- = SONI i
0.2 || m— s SONZ 5
SON3

TAW

snsens SIN

- == SINI :
— +S2N2 g
S2N3

TAW

Figure 5- Change in RAW, by changing the amount of soil nitrogen in constant salinity

(303) d2y; dasgs Foc | 4l
Depletion from root zone (percent)



AYVO

e yd Jgogll o ST Jlado 9 K o 6 0 S5 @l 99008 5 T (55940 5!

ssnsea SONO
-_— = SINO
— = S2NO
S3NO

o

1 4 1
08 [mim = mm = 0.8 [
0.6 0.6
0.4 SOND i 0.4
senese SON3
0.2 ||= =SIN3 0.2
—_— «G2N3 ,
S3N3 o
00 RAW Taw 0
(ha0)3) 42s) dasrgs s jl o
Depletion from root zone (percent)
Figure 6- Change in RAW, by changing the amount of water salinity in constant nitrogen level

bysye claassl .ub b eplply )l 059 laes 5l bayl i oS (Al 50 b Billae (yoy 4 (69959 o A i ) cplay

L 09 Ol fpad (slym GloS oo @)D (5,85 g e ke 4 2 (e g oo SS9l (gl b B pan I g el nlal

pladl ol iy Byno g LS)L.‘.'J slagimyasly » lals cel &S Cunl pwlio jS0ly S sl iulial o gy0d i byl

o (305 S b5 ol plosl adiS 4 s (6538 P 3y Sdas Elod)> 9 )3 3y g g 9 K cups Gl

uA_M) 03)9‘)_3 uma cu.la;m dl‘z’u"“-’ S99 la;‘).w o u_‘i)..a.a u] um RAW 03945%0 w0 l) )i’)‘.) Sgw )‘ ..).);L;a Jya.’x.a

&l

1-  Abedinpour M. 2017. Wheat water use and yield under different salinity of irrigation water. Water and Land
Development, 33: 3-9.

2- Akhtari A., Homaee M., and Hoseini Y. 2014. Modeling plant response to salinity and soil nitrogen deficiency.
Journal of Water and Soil Resources Protection, 3(4): 33-50. (In Persian with English abstract)

3- Alizade A. 2007. design of surface irrigation systems (2th ed.). Mashhad. (In Persian)

4- Allen R.G., Pereira L.S., Raes D., and Smith M. 1998. Crop evapotranspiration. Guidelines for Computing Crop
Water Requirements. FAO Irrigation Drainage Paper No.56, FAO. Rome, Italy: 1-326.

5- Al-Kaisi M.M., and Broner I. 1992. Crop Water Use and Growth Stages. Colorado State University Extension. No.
4.715

6- Azizian A., and Sepaskhah A.R. 2014. Maize response to water, salinity and nitrogen levels: yield-water relation,
water-use efficiency and water uptake reduction function. Journal of Plant Production, 8 (2): 183- 214.

7- Ebrahimi-Pak N. A. 2010. Estimation of wheat evapotranspiration under full irrigation and water stress conditions.
P. 1-10. 10th Irrigation Seminar and Evaporation Reduction. Kerman Shahid Bahonar University. (In Persian with
English abstract)

8- Erkossa T., Awulachew S.B., and Aster D. 2011. Soil fertility effect on water productivity of maize in the upper



AV g0 — 43T Boylos MY b (S g ol apis AVE

11-

12-

13-

14-

15-

16-

21-

22-

23-

24-

blue nile basin, Ethiopia. Journal of Agricultural Scinences, 2(3): 238-247.

Farooqg M., Hussain M., Wakeel A., and Kadambot H. M. 2015. Salt stress in maize: effects, resistance
mechanisms, and management. Institut National de la Recherche Agronomique (INRA), 35: 461-481.

Hasanli M., Afrasyab P., and Ebrahimian H. 2015. Evaluation of Aqua crop and SALTMED models in estimating
of corn yield and soil salinity. Journal of Soil and Water Research, 46(3): 487-498. (In Persian with English
abstract)

Heidarinia M., Naseri A.A., Boroomand-nasab S., and Albaji M. 2016. The Effect of Irrigation With Saline Water
On Evapotranspiration and Water Use Efficiency of Maize Under Different Crop Management. Journal of
Irrigation Science and Engineering, 40(1.1): 99-110. (In Persian with English abstract)

Heydargolinejad M., Gadimzade M., and Fayyaz A. 2003. Effect of Plant Density on Quality of Forage of
Cultivars of Hybrid Corn, Based on Agronomic Characteristics. Journal of Agricultural Science, 34(2): 418-425.
(In Persian with English abstract)

Kalra N., Chakraborty D., Ramesh Kumar P., Jolly M., and Sharma P.K. 2007. An approach to bridging yield
gaps, combining response to water and other resource inputs for wheat in northern India, using research trials and
farmers’ fields data, Agricultural Water Management, 2471: 11.

Lacerda C.F., Ferreira J.F. S., Liu X., and Suarez D.L. 2016. Evapotranspiration as a Criterion to Estimate
Nitrogen Requirement of Maize Under Salt Stress. Agronomy and Crop Science, 202: 192-202.

Min W., Hou Z., Ma L., Zhang W., Ru S., and Ye J. 2014. Effects of water salinity and N application rate on
water- and N-use efficiency of cotton under drip irrigation. Journal of Arid Land, 6(4): 454-467.

Mir-Musavi S. H., Panahi H., Akbari H., and Akbarzadeh Y. 2012. Calibration methods for estimating of potential
evapotranspiration of reference plant (ETo) and calculate the need for an olive plant (ETC) in Kermanshah
province. Journal of Geography and Environmental Sustainability, 3: 45-64. (In Persian)

Mohammadi M., Liaghat A.M., and Molavi H. 2010. Optimization of Water Use and Determination of Tomato
Sensitivity Coefficients under Combined Salinity and Drought Stress in Karaj. Journal of Water and Soil, 24(3):
583-592. (In Persian with English abstract)

Nasrollahi A. 2014. Investigating the effect of different managements of drip irrigation with saline water on yield
of corn in root zone. Ph.D. dissertation, Shahid Chamran University of Ahvaz. (In Persian with English abstract)
Renault S., Wolfe S., Markham J., and Avila-Sakar G. 2016. Increased resistance to a generalist herbivore in a
salinity-stressed non-halophytic plant. AoB PLANTS, 8:1-10.

Rudnick D.R., and Irmak S. 2014. Impact of Nitrogen Fertilizer on Maize Evapotranspiration Crop Coefficients
under Fully Irrigated, Limited Irrigation, and Rainfed Settings. American Society of Civil Engineers (ASCE), 12:
1-15.

Saadat S., and Homaee M. 2015. Modeling sorghum response to irrigation water salinity at early growth stage.
Agricultural Water Management, 152:119-124.

Shock C.C., Feibert E.B.G., Saunders L.D., and Klauzer J. 2007. Deficit Irrigation for Optimum Alfalfa Seed
Yield and Quality. Agronomy, 99: 992-998

Verdinejad V.R., Besharat S., Abghari H., and Ahmadi H. 2011. Estimation of Maximum Allowable Deficit in
Different Growth Stages of Fodder Mays Using Canopy-Air Temperature Difference. Journal of Water and Soil,
25(6): 1344-1352. (In Persian with English abstract)

Zhong Y., and Shangguan Zh. 2014. Water Consumption Characteristics and Water Use Efficiency of Winter
Wheat under Long-Term Nitrogen Fertilization Regimes in Northwest China. Journal of Scientific Reports, 9(6):
38-47.


http://www.sciencedirect.com/science/journal/03783774

Journal of Water and Soil (5329UiS @aluo g pole) S g O 4 i
Vol. 32, No. 5, Nov.-Des. 2018, p. 865-878 Ay APO-AVYA .o AYAY 60— 15T B o ylois XY ul>

Effect of Water Salinity and Soil Nitrogen Deficiency on Ks-Coefficient and
Readily Available Water of Maize

R. Saeidil- A. Sotoodehnia?*- H. Ramezani Etedali3- B. Nazari*- A. Kaviani®
Received: 17-02-2018
Accepted: 26-08-2018

Introduction: Estimating the actual evapotranspiration of the crops, is so important for determining the
irrigation needs. Typically, the climatic, vegetative and management parameters are effective on actual
evapotranspiration. If the crops are exposed to salinity, fertility and other stresses, reduce actual
evapotranspiration and yield. The correct estimation of the actual evapotranspiration of crop will allow
agricultural planners to the better agricultural water management. Previous researches show water stress and soil
nitrogen deficiency (as management stresses), effect on increasing of stomatal resistance and reducing of crops
evapotranspiration. Thus, goal of this study was to investigate the effect of salinity and soil nitrogen deficiency
on the amount of Ks coefficient and readily available water of maize.

Materials and Methods: This study was conducted in research farm at University of Imam Khomeini
International, Qazvin, Iran during June to November 2017. In this research, the effects of saline water and soil
nitrogen deficiency on Maize (SC 704) evapotranspiration, were investigated. The applied treatments included
irrigation with saline water (in four levels: 0.5 (Sy), 1.2 (S;), 3.5 (S,) and 5.7 (S3) dS/m) and soil fertility (in four
levels: nitrogen fertilizer consumption at 100 (N,), 75 (N4), 50 (N,) and 25% (Ns)). The experimental design
used in this research was a completely randomized block design with three replications. In this experiment,
maize seeds were cultivated in the plots with Length and width of 3x3 meters. The prometer device (Model:
AP4) was also used to measure stomatal resistance of maize leaf. Determining the irrigation schedule, was based
on the soil moisture reached to the limit of RAW (Readily Available Water). At the same time, with increasing
stomatal resistance, RAW was calculated and irrigation was done. Evapotranspiration of the under stress plants
were ET._,q; and evapotranspiration of SoNjtreatment was ET.. The stress factor (K,) is calculated by
ET._.q/ET.. The values of RAW and K were analyzed by SPSS software. K, coefficient was modeled with
amounts of salinity stresses and soil nitrogen deficiency.

Results and Discussion: The results of this study showed that the interaction between two factors of salinity
stress and nitrogen deficiency on the K and RAW parameters (in level: 1%) are significant. K coefficient at the
levels of S;, S, and S, were 0.95, 088 and 0.77, respectively. In saline water of 0.5 (dS/m), the K coefficient of
N,, N, and N3 were 0.98, 0.96 and 0.95, respectively. With increasing the 1(dS/m) salinity of water and 25%
reduction in nitrogen consumption, decreased the Ky amount about 4.5% and 1.7%, respectively. The reason of
results is that with increasing of water salinity, decreases the osmotic potential of water in the soil and the crop
needs to consume more energy to obtain water. Thus, amount of crop transpiration is reduced and soil water
content is remained. The linear, exponential, logarithmic, polynomial and power functions were fitted between

% and 3 data. The ability of the above functions to estimate the K coefficient value was evaluated. The
0 0

polynomial function has a good function for estimating the K coefficient. In the S, S; S, and S5 treatments, by

changing the fertility value from N, to N3, amounts of RAW were 63.7, 58.7, 55.4 and 42% , respectively. Also
in Ny N; N, and N5 treatments, with changing the salinity of water from S, to S;, RAW values were 51.7, 46.3,

42.7 and 42%, respectively. Therefore, stresses that reduce crop evapotranspiration are effective on reducing the
amount of RAW. In this situation, the actual water requirement of the crop is less than the potential
evapotranspiration of the area.

Conclusions: Increasing water salinity and nitrogen deficiency decrease evapotranspiration of maize and
increase soil water content. By calculating the stress coefficient (K), it is possible to estimate the actual
evapotranspiration of maize, in Qazvin. Thus, the amount of irrigation water is adjusted according to the actual
water requirement of maize. Under salt stress conditions with increasing the soil nitrogen, Can be increased the
K, coefficient and evapotranspiration of maize. Therefore, calculating the crop's water requirement based on the

1, 2, 3,4 and 5- Ph.D. Student of Irrigation and Drainage Engineering, Associate Professor and Assistant Professors,
Department of Water Engineering, Imam Khomeini International University, Respectively
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existence of strtesse, it will help to saving water.

Keywords: Absorbable moisture, Evapotranspiration, Maize, Nitrogen, Water salinity
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Table 1- Physicochemical properties of the soil
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Soil depth (cm)  Soil texture (%) (%) (%) BD (g/cm?) FC (%) PWP (%)
0-25 b ed 6 81 13 1.62 11.85 4.39
Sandy Loam
25-50 - pd 4 77 19 1.56 11.97 5.12
Sandy Loam
50-75 s ed 4 81 15 1.55 12.88 5.52
Sandy Loam
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Table 2- Chemical and qualitative properties of the irrigation water
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Well _Ca*  Mg*  Na* K* CO;2 Cl HCO;  SO,2 SAR pH EC TDS LSl
Meg/I| dS/m Mg/l
27.2 17.9 42.2 0.62 - 49 2.25 35.8 8.88 7.16 7.95 5070 0.36
263 168 241 051 - 275 2.65 37.05 5.2 7.17 6.10 3890 0.43
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Figure 1- The crop coefficient and different growth stages of pistachio.
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Table 3- Variance analysis of ECe, sodium, magnesium, calcium and adsorption sodium ratio based on three time of

sampling, 98 days after the first irrigation (Developement Stage), 152 days after the first irrigation (Middle Stage) and 208
days after the first irrigation (End Stage)

) 3590 Sl
Characteristics examined

CAJOVES I 9T RS Colar ) G Comnd
Sources of changes df S S o o2 v JORW
Na Mg .
ECe (dS/m) (meg/lit) (meg/lit) Ca (meg/lit) SAR
S 2 1.3™ 193.9 ** 5.1m 1.3m™ 0.889 ™
Rep.
“_’u} 1 84.4** 13414.2** 1015.3** 831.0** 84.786**
Time
> 2 3.8 225 6.8 6.7 0573
Error
_d)L"J'_‘ "’f’j) . 2 36.7** 4042.3** 276.9*%* 190.8** 22.132**
Regime irrigation
J_B Sl 2 75.1** 2185.1** 397.7** 30.5** 12.026**
Soil depth
el ) B Gae 2 8.5%* 1267.6%* 31.6%* 9.1m 14.761%
Regime irrigation* Soil depth
O ® el ey 2 87.1% A7730%  179.0%* 48.1%* 40,620
Regime irrigation* Time
‘?Lﬁj L ‘3‘& 4 17.0** 593.3** 77.8** 23.9** 3.821**
Soil depth* Time
olo # 5l wj) #S B Gas
Time* Regime irrigation* Soil 8 **52.1 1138.8** 93.8** 23.0** 8.314**
depth
> 28 196 618 7.1 4.7 0.675
Error
Ol yss g
S 6.8 10.9 112 6.8 115
CV%

sine i NS b o 13 I3 gine * AN o 53 I ine™*
** Significant level1%,* Significant level 5%, ns: Non-significant
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Table 4- Averages comparison of examined characteristics at different levels of time after the first irrigation

- oy g0 Ol
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(555) s o
Time after the first ~ SesSN Calad R 2 e ol
A X
irrigation (day) ) ) )
ECe (dS/m) Na (meg/lit) Mg (meg/lit)  Ca (meq/lit) SAR
98 1292 116.82 83.42 5312 12.12
152 1050 72.6° 28.0° 42.1°¢ 8.7b
208 11.3°b 89.50 83.8¢ 49.0° 950

(M) S 0ygd) VoA o (Ady Sl 0)93) 1jgy VOV Ay A 0)93) 59, WA 3
% 98 day (Development stage), 152 day (Middle stage), 208 day (End stage)
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Numbers with non-like characters have a significant difference at 1% level



MO b 1§ (slo s (g kT s 33 G395 Sl 2 (9l Syt 3]

B Jsiz) 1t oxalitio sz s s Wlg S bo ¥YI¥ 5 ¥Y/0 oo
FBge mise Olie oo GE 13 g 11 ) & s 2 )
Sk b se 3 miie Glie di ylel w3y 0 S 1z 55 Jos
y oz s @ o I3 olel w2 5 992 99y GRIBI L 0,
rais i b2 bl oy ladd g 0,55 sl e olie
Caolio olimd lis yol oyl g oly ialS Wiy 0y90 Jobo )5 1y oo juso
S9=b LS g 0 Lajlas plo b aalis )0 jloss cl (092
O @l el Jpaze Ay ol calio j sbul y S
2 ctslbe 51 & Of sl a5l Jlosl 48 59500 il
2o ey Gl Sae aSdy 0l ddty y adlaio 3l 2 Mol (0,8 2z
Sl Gl g e 295 oS 4 (il Gl 5

D9 e lalEl e W5 (oo (S e

2y sl 03 SB 05 i Gl el (gl &
3 5 game S s ol Sl )3 o1 55T laeygs ol
il s 3l (3L ol 4 29 SB 2 o g SB 59
Slozad Gladss plw b gl & cusl asdw bS5 0 YL
SB 0 pae paie cpl GEalS Gud sdalie Sl s (V) o)b
9 ol e 3 )Ses Y5 & 301 I3 g 12 )Ll sloge; coo
) Sl 3 g Al ady adhate Sl madw (35 ) 50 23
Ol o Jolie 55 i glise Bt pials s a2 )bl
N celie 88y 0593 Job )3 535" Jos st 35 9 S 52008
B Jsie) 25 a3 bs I )kl 5
19, L aslia L2 g 11 o)l 023y 03 majmie (e lyis
oYL 35 bs ool gy 3 Lol g SB 3 s s Sl
b 4 ol ol 5l om0y YoA 9 W Glo 3 e e

Ol 2 Syl sl 51 an oy 9 S Gos g )lel gl 51 ams o g 55kl ey 485b 90 Jilitie 151 (61 (0aSilo duunylio —0 Jgux
(SAR) prwws (s1da S 9 (Ca) ol (M) o2 50 < (N@) 2w (ECe) (5 ygu
Table 5- Averages comparison of bilateral interactions effects of irrigation regimes and time after the first irrigation: soil

depths and time after the first irrigation on the amount of ECe, sodium (Na), magnesium (Mg), calcium (Ca) and sodium
adsorption ratio (SAR)

) 3390 Olluo
Characteristics examined
v s Colad Ol Cumd
Jillia 1 51 Sl o o2 ot k0 ol -
Interactions effects ST o
Na M Ca

Treatment  ECe (dS/m) (meg/lit) (meq?li ) (meg/lit) SAR

98 10.8¢% 80.5¢ 31.0%¢ 48.9¢ 9.0cd

I1 152 9.7¢ 74.9¢ 26.8° 40.8f 9.1¢d

208 11.4% 93.3%¢ 39.82 49,95 9.9
ol sl 5l s loj 5 ool w 98 15.0% 127.8° 41.6° 52.32 13.12
Irrigation regime and time after the first 12 152 11.1% 74.1° 27.0° 40.8 9.0%
irrigation 208 9.9¢% 66.5¢ 33.2° 46.5% 7.44

98 13.0° 142.12 42.52 58.12 14.22

I3 152 10.7¢% 86.8¢ 30.1P¢ 44.8¢ 8.0d

208 12.7b¢ 108.8° 43.32 50.5% 11.1P
98 11.40c 106.62 35.1¢d 52.3® 11.32

25 152 10.2°¢ 72.3° 27.3e 44 5 8.6°

208 10.2° 79.45 34 4 49 62 8.6°
okl gl 5l s ooy 9 S e 98 13.0% 113.92 38.1¢ 53.62 11.8%
Soil depth and time after the first 50 152 10.1° 73.0° 26.9° 40.0° 9.0°
irrigation 208 10.6° 72.1° 35,1 47.0% 9.0°

98 14.52 129.92 41.9% 53.52 13.22

75 152 11.1¢ 72.5° 29.6% 4] 5% 8.6°
208 13.12 107.12 46.72 50.32 10.7¢
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% 98 day (Development stage), 152 day (middle stage), 208 day (End stage)
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Numbers with non-like characters have a significant difference at 1% level
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Table 6- The three-way interactions effects of irrigation regimes, soil depth and time after the first irrigation on the amount
of ECe, sodium (Na), magnesium (Mg), calcium (Ca) and sodium adsorption ratio (SAR)

W D590 Sle
Characteristics Examined

‘5)‘_':2‘ 3 6 S g0 *‘5_)":3' o9l 5! -W._cbl“} Calan e Camd
Irrigation ~ Time after the first pERWY (o2 30 oS
regime SOI(chn’?)pth irrigation 2 7! 2w
Na M Ca

EC.(dSIm) (i (meglity  (mealit SAR

98 9.9im 67.6N 29.3N 46.39" 8.1hi

25 152 9.1° 67.6M 22.8M 43.01 9.5¢f

208 11.1N 96.51 37.3¢% 51.1¢ 10.2¢

98 10.9Ni 91.3f 29.ghi 50.8¢% 10.18

I1 50 152 9.4m0 76.9N 23.0m 83.6' 9.7¢f
208 11,39 90.39 35.9¢f 45,99" 10.08

98 11.8¢f 79.5h 33.91 49.7¢f 8.7¢f

75 152 10.51 70.91 33.61 40.8¥ g8.2hi

208 11.9¢f 93.17 46.1bc 52.8¢ 9.3

98 12.1¢f 117.58 37.3d% 52.3¢d 12.44

25 152 11.39h 76.9N 27.3k 39.7 9.4¢f

208 9.6™ 69.71 34.8¢f 47.8% 7.70

98 14.6¢ 99.9f 39.8¢ 53.4¢ 10.3¢

I2 50 152 10.14 66.6/% 26.3K 39.3 8.3n
208 9.0° 59.8 29.ghi 45.99" 6.8K

98 18.3¢2 166.08 47.8P 51.3cd 16.72

75 152 11.8¢f 78.8" 27.3Kk 435N 9.4

208 11.0Ni 69.9i 35.1¢f 45.89" 7.7k

98 12.3¢ 131.84 38.8d 58.32 13.4¢

25 152 10.2k 63.14 31.99" 50.8¢% 6.9K

208 10.0'm 72.0N 31.29" 50.0% 8.0

98 13.64 150.4¢ 44.7°¢ 56.6° 15.0°

I3 50 152 10.9Mi 75.6N 30.6N 42.2i 8.99h
208 11.5% 96.11 39.64 49,1¢f 10.2¢

98 13.34 144.2°¢ 43.9¢ 59.62 14.2bc

75 152 11.0N 67.8k 27.91 41.5k g8.2hi
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(38 Sl 0)9) VoA 5 (a3 b 0)9) 155y VOV (L) dmusg 0,93) 9, WA #
% 98 day (Development stage), 152 day (Middle stage), 208 day (End stage)
Al o I e OS] gl s Y w53 L Glde e By )y a5 golasl
Numbers with non-like characters have a significant difference at 1% level
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Introduction: The main problem of salinity, in addition to reducing agricultural and horticulture products is
the gradual decline of their cultivation area. Several factors such as climate and irrigation (precipitation, fraction
of leaching), soil type and soil salinity, salinity of irrigation water, uniform distribution of the system and
irrigation with saline water affects the soil salinity changes. Therefore, in irrigated agriculture, soil salinity
should be reduced and controlled to an optimal level of the economic production. Leaching with proper irrigation
management is one of the effective ways to reduce soil salinity.

Materials and Methods: The study was conducted during 2012-2013 in as pistachio garden located in the
Safaeieh region of Semnan province. The garden was 100 ha and 2 ha of that was selected for this study with 10
years old pistachio trees equipped to subsurface drip irrigation system. The treatments of this study were three
irrigation regimes; control (l1), Irrigation based on irrigation requirement (1) and I, plus leaching requirement
(13), three soil depth of 25, 50, and 75 cm from soil surface and time before and after irrigation. The drip line
laterals include emitters with 2.26 Iph flow rate was buried in 40 cm soil depth. Soil samples to evaluation salt
concentration were collected from 25, 50, and 75 soil depth before and after irrigation. To study the impact of
different irrigation regimes, soil depth and time (before and after irrigation) and also their bilateral impact a
factorial design in randomize block was applied.

Results and Discussion: The results showed that ECe and SAR accumulation decreased after development,
growth stage and continued to end growth stage. The results showed that 12 and 13 irrigation regimes were more
effective in reducing the amount of sodium from the root zone and the 12 irrigation regime showed better
performance in comparison to I3 irrigation regime. Regarding the amount of magnesium in the soil, the 12
irrigation regime was more successful than the 11 and 13 regimens. In I1 irrigation regime, the amount of
magnesium at the end growth stage increased compared to the beginning growth stage. Significant decrease in
ECe level at the end growth stage compared to the beginning growth stage belonged to the 12 irrigation regime,
which suggests that 12 irrigation regime was more successful in ECe leaching during the period of pistachio
growth, which attributed to the potential for leaching from the soil surface to the depths below the soil surface.
The results showed that excessive water application under saline conditions for any reason, such as leaching not
only does not have a beneficial effect on the removal of salts from the root zone, but also may lead to
accumulation of salts and damage to the plant. The highest amount of calcium in the soil was recorded 98 days
after the first irrigation under the 12 and 13 irrigation regimes which was 52.5 and 58.1 Meq/I, respectively. The
lowest amount of this element The 11 and 12 regimens were 40.8 meq/I, respectively, which were recorded in 152
days after the first irrigation. In terms of SAR, the lowest value in the 12 regime was more noticeable than other
irrigation regimes. The effects of soil depth of time after the first irrigation showed that there was no significant
difference at the depth of 25 cm and 75 cm at the end growth stage compared with the valued recorded in
beginning growth stage, but at a depth of 50 cm there was a significant reduction in ECe. The highest ECe value
equaled to 14.5 dS/m was recorded at a depth of 75 cm in 98 days after first irrigation. In the I1 irrigation regime
at all three depths of 25, 50 and in the 13 irrigation regime at a depth of 75 cm the amount of SAR at the end
growth stage were not less than that in beginning growth stage, however, the reduction in SAR was recorded in
the 12 irrigation regime at all three depths.

Conclusions: Irrigation regime 12 was successful to control the SAR in different soil depth compared to the
other two irrigation regimes, which is very important for the next irrigation season to moderate the harmful
effects on blossoms. Moreover, it is suggested that in a field, equipped with a subsurface drip irrigation system,
leaching water at the end of the season by surface irrigation or heavy subsurface drip irrigation during the
rainfall to leach out the accumulated salt to lower soil layers.

Keywords: Irrigation management, Pistachio, Saline soil, Salt accumulation, SAR, Soil depth
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Table 1- Laboratory range and levels of independent variables used in the adsorption process

oilejl 8 jlond e (s gl (%) 22k (MY/Y) ia cudybs
Test number Actual level variable Y (%) Adsorption capacity
Xa  Xs(g/L) Xc(mg/L) Xo(min) Xe(rpm)
1 1 7 5.0 60 100 81.6 0.58
2 4 1 150.0 30 150 8.1 12.15
3 7 7 150.0 90 50 31.8 6.81
4 10 5 5.0 30 100 37.8 0.38
5 7 1 150.0 120 100 10.2 15.30
6 55 4 775 75 125 48.3 9.36
7 1 3 150.0 90 50 25 12.50
8 55 4 775 75 125 47 9.11
9 10 5 101.7 120 200 48.3 9.82
10 10 3 101.7 30 200 27.1 9.18
11 4 7 101.7 30 200 54.4 7.90
12 1 3 101.7 30 50 26.6 9.01
13 10 5 5.0 30 100 39.5 0.40
14 7 1 53.3 30 50 14 7.47
15 1 3 150.0 90 200 46 23.00
16 7 7 5.0 90 200 86.8 0.62
17 1 7 101.7 120 100 53.9 7.83
18 10 7 53.3 90 50 39.1 2.98
19 1 3 150.0 90 200 455 22.75
20 4 3 5.0 30 200 50.1 0.84
21 1 1 5.0 60 100 24.6 1.23
22 10 1 5.0 90 150 18.3 0.92
23 10 7 53.3 90 50 42 3.20
24 4 7 101.7 30 50 46.5 6.75
25 10 3 150.0 60 50 19.4 9.70
26 7 1 5.0 90 50 174 0.87
27 10 7 150.0 60 150 26.1 5.59
28 7 7 5.0 90 200 84 0.60
29 1 1 53.3 120 150 28.1 14.99
30 1 5 5.0 120 150 78.2 0.78
31 4 5 5.0 120 50 60.3 0.60
L4 e (R?) 050 Aluwg D Bl 2L Ao )Y il Fwl e

3l 9o iladidie esliale ]

1 oslatwl b onds pMeol (gaid ol ogue diwgy )3 (55919850
e LEOA30 Jio SEM) 35S GosSiss Som 5ol )
Fogiby Sl () yr iz Sl gySojlul b s (Sl
Jobo 55 i ypolie .5 pbl YO laeY Jue UV andl et
A s (V1) 3,8 Jsbre 51 5400M 50

Gl oldale ]
= Jslore 5 (V1) po,S Qi g9y 2 Jitno iita & 5l
D g2 S Lo S )0 (i 0T 0950 gy D Lag
A plosl D-optimal (s ple oy b llae clislejl oles
0Lde (64 1ol 050 diwgy ) lawss (V) )8 s (4l
S50mI L (V=YOr/L) joly (gain ped 09 dtwgy 3l coglate (5o

ey e o a3 (V1] 35 s sl s
D9d Gle pj ©)ge
XD, Xc, aJdlro u_:‘ » as ‘Y=f(XA, XB, Xc, XD, XE)
)gl)g Y PURRVINS Mi)ﬁ dLm)M d.&f ﬁ)lﬁa Xe 5XB,XA
Ceypwg U"L‘” UL") ‘l’?)—{ DA_aJ\ﬂ 4».19‘ clale su.)l> 3 cpH
ol 2 ilae Slpiie 4 425 b (2giiz Jho bl ol

Dgad 0
Y= BotPrXatP2Xe+P3Xc+PBaXpHPsXe+Ps Xa Xet B7
XaXc+ Bs Xa Xp+ Bo XeXct Pio Xp Xet+Bi1 XaZ+P12

Xg?+ B1s Xp?+ Bra Xe? (\ c\J.)l:w)
ol (eSS (ly 9 WsBise 03] (035 (Bi) Joe alps

Wy o oaliw] Ol o (508 yolie ccalise LS 5 (gl Fuwl
ol Ly (g )5y cal s ()lol coonrl 5 (bl Jao B>
9 w50 yolie (V) Nad L)MJ‘._A)‘ (ANOVA) il g )JL»\
APl Gl s e (sl (Y) Gl puiite 00D (5550l



1AV o — 43T Bolods FY b (S g ol ay i ALY

0.AM glowo 3,8 455l L A=)+ 3gamee ;5 o Jslows PH 5 45
Mgy )3 510.2G s A pasts 0.1 M NaOH | 4 HCI
595 ¥ sl Jgbore <l 51 a0 8Ll Joloo 4y (5l e 0gu0
o] Jpdoee PH «slis 3 b5 6,005 20°C (glod o

A ool

Qi Gladidie

Sloads 48,5 (SEM) Sl (59 Sl g8 ySue o5 yuguas
A2 oo lis (xaw ygad (Y SE) dd o i 1) s M
@l iy g Covw (659098500 it 3,5 (g3gds b lyd oS
A G |y (il JUb (Lo 5o Wl oo (6000 p103 0910 gy
oo (V1) p5 ol sl culls 55 wald 5 5558 90
.(\"Y) dg g0 guSto Cpw> e Ggl

"/ Spot Magn  Det WD
I3 S

43 S 5 (50-150Mg/l) cglize slacdalé b (V1) pg,S Jsloce

o3 e Gl Sl dlie 03,5 > bawsi (V1) 58" (ol Jsloxs
J5_l>z.c Ja_wy J}.lm pH .. oalol )]a.c..c ;.j 5 K>Cr,07 )9
V=Y 0dga e 10 IM MeuSgy0um s b IM il 185 00
g Joloro 516 53 (V) g8 glagyg osilendly clalé ul das
S5y dbul dluwg 4 540NM 5 UV axdsl jaseils yiogids Sl
= i (MO/G) iz cadyls (V) A8 (s 5L Jb (03
{YA) 5 dolne 5 G ygo 4 SJlio
q — (CO _Ce)\/
¢ w
oo (oled 9 4yl slachle cuiy 4 Ce 5 Co &8 >
9 > 00iS lo cuiy 4 W 5 V. (M/L) s (V) g
S (A ol dlwgy CJ)S J?’l’“ £

(V doleo)

(pszc)Jim JU_ alad’ O:i:\.iﬁ
O )25 Gy Ay (I puoS 090 Aoy (32)S (6l PHpze
a5y gy s 5l glas gazee ;3 0.1M NaCl Jgloes 51 50ml .05

650 pm

SNB o 89p0 diwgy 1,3 SEM pyguai - JSS
Figure 2- SEM figure of tamarind fruit shell Particles
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Figure 3- The correlation value between the actual test results and the predicted values of the model
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Table 2- Analysis of variance for reduced square quadratic response model

el
2 Sl yo
& Sum of Gla o g0 s3l;! Mean F p-value Prob
Source squares Df square Value >F
Je 13693.94 14 978.14 869.88 < 0.0001 Significant
Model
Acedsl PH 1166.16 1 116616 19370 40001
A-initial pH 9
B- o3k 5 (g/L) 5037.63 1 503763 4800 (o001
B-Adsorbent dosage (g/L) 8
C-psyS Jolos agl clale (Mg/L) 21074
C-Initial Cr (V1) concentration 2369.68 1 2369.68 1 <0.0001
(mg/L)
D-ples oles (Min) 224.1 1 224.1 1993  <0.0001
D-contact time (min)
E- oalj)) e o (M) 1288.64 1 128864 1180 50001
E-shaker speed (rpm) 2
AB 160.88 1 160.88 143.07 < 0.0001
AC 122.3 1 122.3 108.76 < 0.0001
AD 22.68 1 22.68 20.17 0.0004
BC 453.68 1 453.68 403.47 < 0.0001
DE 197.45 1 197.45 175.6 < 0.0001
A" 146.27 1 146.27 130.08 < 0.0001
B"? 256.89 1 256.89 228.45 < 0.0001
D" 176.22 1 176.22 156.72 < 0.0001
E™ 117.97 1 117.97 104.91 < 0.0001
oslesdl 17.99 16 112
Residual
il F“\L_ 7.45 11 0.68 0.32 0.9458 . nOt
Lack of Fit significant
ol sl 10.54 5 2.11
Pure error
Cor total 13711.93 30

R-Squared=0.9987, Adj R-Squared=0.9975, Pred R-Squared=0.9958, Adeq Precision=104.7267
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Figure 4- The response surface graph shows the effect of (a) initial pH and absorbent dose (b) the initial concentration of

chromium and adsorbent dose (c) contact time and shaker speed (d) pH and initial chromium concentration; and (e) pH and
initial contact time
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Figure 5- Chromium (V1) heavy metal adsorption charts by modified tamarind fruit shell a) Langmuir
isotherm b) Freundlich isotherm
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Table 3- Isotherm Parameters for Chromium (V1) ion adsorption by tamarind fruit shell adsorbent

ol Pr9xl
Adsorbent Isotherm
,3,.&5? L
(SR yrod Dguo dlwigy Langmuir &"”’9
Tamarind fruit shell Freundlich
Qnm K R? Kr Fr R?
3311 0.1414 0.974 5.72 0.406 0.983
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Table 4- Comparison of adsorption capacity of modified tamarind fruit shell adsorbent for adsorbing chromium (V1) ions
with other adsorbents reported in other articles

il (mg/g) s cud,b &
Adsorbent Adsorption capacity (mg/g) Reference
o)) Sl
15.82
Saw dust [33]
Ol k!
Native saltbush(leaves) 1.7 [33]
Walnut hull 99 [33]
99,5 dlwg
o)l S 15 [33]
Saw dust
PR 13.8 [33]
Maize cob
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Figure 6- The adsorption rate of chromium (V1) after four cycles of adsorption / desorption with HCI (0.5 M) + NaCl (1.0
M)
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Table 5- The values of the model accuracy of Response surface of methodology
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Introduction: The industries of leather, plating, metal processing, wood production, painting, textile, steel
making and bottling are the main industries for pollution of heavy metal chromium. Chromium in the two main
oxidation states consists of chromium (VI) and chromium (1I1). Chromium (V1) is more dangerous, more
cancerous and toxic for living organisms compared with chromium (l11). In addition, low chromium (VI)
concentration can cause health problems, including damage to the liver, as compared with chromium (I11). In
addition, lower concentrations of chromium (VI) can cause health problems including liver damage and skin
cancer. Acceptable limits of chromium (V1) for discharging to surface water and drinkable water are 0.1 and
0.05 mg L%, respectively. Therefore, wastewater treatment for reaching the desired level of chromium (VI) is
essential. There are several methods including chemical oxidation-reduction, ion exchange, electro dialysis,
electrochemical treatment, evaporation, solvent extraction, reverse osmosis, chemical treatment and adsorption
to reduce chromium (VI) from aqueous and sewage solutions. The main drawback of many of these methods is
the high operating cost and remaining sludge disposal problems. Among the techniques, the adsorption method is
preferred because of its simplicity, medium-performance and economic conditions. In the adsorption process, the
physical and chemical properties of adsorbent are very important for achieving high adsorption efficiency. In the
present study, activated particles with sulfuric acid were used to improve the removal of chromium (VI) from
aqueous solution. In the adsorption process, the removal of chromium (VI) metal depends on several process
variables in a discrete system such as the initial concentration of chromium (VI) solution, adsorbent dose,
solution pH, vibrational speed and contact time. Optimizing process variables is necessary to achieve the
maximum process efficiency for removing pollutants. A laboratory statistical design approach is necessary to
reduce the number of experiments, create an appropriate model for process optimization and also evaluate the
effect of response variability. Recently, several types of test design methods have been used to optimize the
multivariate chemical process. Response surface of methodology is a set of statistical and mathematical methods
for designing experiments in this field. Nevertheless, no study has been carried out on the optimization of the
removal of chromium (V1) by particles of the shell modified with sulfuric acid.

Materials and Methods: Chromium (VI) solution was prepared by dissolving potassium dichromate
(K2Cr207) in distilled water. It should be noted that the dominant form of chromium solution in terms of pH and
chromium (VI) contaminant concentrations is (HCrO4) ~and (CrO,) Z in this study.

Preparation of modified tamarind fruit shell: Tamarind fruit shells were prepared from the central part of Iran
(Isfahan province). The shells were washed with distilled water and placed in an oven at 110 °C for 4 hours. The
dried shells were crushed and then passed through a filter with a size of 200 microns. The resultant particles
were contacted with concentrated sulfuric acid (98 % w/w) for chemical activation and H* ion saturation ina 1: 1
weight ratio and in an oven at 150 ° C for 24 hours. The particles were then washed with distilled water and
placed in a 1% sodium bicarbonate solution for 2 days. The material was then washed with distilled water and
dried at 100 ° C for 5 hours. With this activation operation, H* ions are located on the adsorbent surface and
increase the adsorption of chromium samples. In this study, chromium samples are more (HCrO4) - and (CrOg) %
which have an electric charge. These negative samples are definitely adsorbed to the shells by placing H* ions on
the surface of the adsorbent.

Adsorption-Tests: The effect of 5 independent variables on chromium (V1) adsorption of aqueous solution
was investigated by the particles of tamarind fruit shells in a discrete medium. All experiments were performed
in accordance with the D-optimal matrix method. To adsorb chromium (V1) by tamarind fruit shells, different
weights of the tamarind fruit shell (1-7 gr/L) were combined with 50 ml of chromium (V1) solution and different
concentrations (50-150 mg/L). The chromium aqueous solution (V1) was prepared by dissolving preset amounts
of K,Cr,O7 powder in distilled water. The pH of the solution was adjusted by a solution of 1 M hydrochloric acid
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or 1 M sodium hydroxide over the range of 1-10. The residual concentration of chromium ions (VI) in the
soluble phase was determined by spectrophotometer detection of UV rays at 540 nm by the formation of
diphenyl carbazide color. Adsorption Capacity (mg g*) of the bimetallic system was calculated as follows:

q. = (CO _Ce)‘/

) W

where Co and C. are the primary and final concentrations of chromium (V1) (mg L™), respectively. V and W
represent the volume and mass of the solution containing the tamarind fruit shell particles, respectively.

Results: The adsorption of heavy metal chromium (V1) by the modified tamarind fruit shell as a sorbent was
studied by changing the pH of the solution, the adsorbent dose, the initial concentration of chromium (VI),
contact time and vibrational velocity (shaker). The design of the D-optimal experiment, along with the response
surface procedure modeling, was used to maximize the removal of chromium (V1) from the aqueous solution by
the particle of the tamarind fruit shell.

Keywords: Cr (V1) aqueous solution, D-optimal Optimization, Response surface of methodology, Tamarind
fruit shell
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Figure 1- Location of geomorphic surfaces and soil profiles in the study area in western Afghanistan; P1 to P5: soil profiles,
Af: Alluvila fan, L: Alluvial fan-piedmont plain transition, PP1 and PP2: Saline and non-saline piedmont plain, Fp: Flood
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Table 1- Some physical, chemical and morphological properties of the studied soils
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Depth Silt  Sand Gravel Jslre Soil
Dry color Clay sOoC EC pH
CCE texture
(cm) % (dSm?)
Pedon 1, Alluvial fan, Typic Calciargids 4S8! bg,sw sl <) o lows &,51
A 0-10 75YR5/4 15 8 7 54 14 0.3 18 LS 7.3
2Btk 10-45 75YR5/4 19 5.5 75.5 45 15 0.6 2 LS 7.3
3Ck1 45-70 10YR6/3 124 229 647 66 13.2 0.4 38 SL 7.9
4Ck2 0-100 10YR6/3 15.7 42 42.3 73 13.2 0.5 33 L 7.7
5Ck3 100-150 10YR 6 /3 15 45 40 62 13 0.3 3.2 L 7.8
Pedon 2, Alluvial fan-piedmont plain transition, Typic Haplocambids  glaiely cuss—aisél byysee awlgis o o loss &S5
Az 0-8 75YR 5/2 15.7 25.3 59 - 13.2 1.7 40 LS 85
Bwl 8-33 75YR7 2 324 51.9 15.7 - 16.4 1.2 28 SiCL 8.1
Bw2 33-80 75YR7 /2 12 72 16 - 151 11 2 SiL 8.1
Bw3 80-120 75YR7 /2 12.5 72 14.5 - 13.5 1 1.5 SiL 8
Pedon 3, Saline piedmont plain, Aquic Haplocombids ,ss (glacels cuss & o)less &S5
A 0-10 5YR5/3 156 688 157 - 15.6 17 49 SiL 8.6
Bk1 10-55 5YR5/3 12.3 65.4 22.3 - 13 1.2 15.8 SiL 8.3
Bk2 55-90 5YR5/3 12.3 72 15.7 - 151 15 10 SiL 8.1
Bk3 90-145 5YR5/3 14 715 145 - 141 1.1 8.3 SiL 8
Pedon 4, Non-saline piedmont plain, Typic Aquicambids g5 e (glaiely cusd & o)less &S
Ap 0-20 75YR6 /2 52.3 32 15.7 - 16.6 1.8 14 C 1.7
Bgl 20-45 10YR6/1 52.3 35.3 12.3 - 16.6 0.8 11 C 7.7
Bg2 45-90 2.5YR 6/2 45.7 32 22.3 - 16.6 0.4 1.2 Cc 8.1
Bg3 90-140 75YR7/2 35.7 45.3 19 - 16.5 0.6 1 SiCL 8.2
Pedon 5, Flood plain,  Typic Aquicambids —  Mu s> @ oyles &S5
Ap 0-25 75YR 6/2 16 44 40 - 13 1 1.2 L 7.9
Bw 25-75 2.5YR 6/4 19 42 39 - 15.6 0.8 13 L 8.1
Bgl 75-120 2.5YR 6/4 20 39 41 - 12 0.5 1 L 7.1
Bg2 120-155 2.5YR 6/5 17.5 37 38 5 13.5 04 1 L 8
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Figure 3- a) Clay coating on carbonate nodule, b) sequence of clay and carbonate coating on coarse fragment and c) iron oxides nodule in Btk
horizon of pedon 1 (XPL), d) incomplete infilling of lenticular gypsum in Bkl horizon of pedon 3 (XPL), e) subangular blocky microstructure
in Bgl of pedon 4, (XPL), g and h) hypocoating and coating of iron oxides and h) weathered biotite in Bgl of pedon 5 (XPL)
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Figure 4- XRD diffractograms of clay fraction of a) Btk horizon of pedon 1, b) Bw horizon of pedon 2, ¢) Bk horizon of Pedon
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Introduction: The soils developed in the context of the landforms and they evolve under influence of similar
factors. Therefore, the identification of soil-landform relationship is the first step for the soil survey, pedology
and paleopedology and geomorphology researches. Afghanistan is located between arid environments of Iran
and cold and humid highlands of Himalaya. Due to special social and political conditions, little information
existed on the soils of Afghanistan. Alluvial fans are the common land forms in arid environments which usually
are archive of soil formation and sedimentation periods in the past. Landform assemblage in southern Herat
(alluvial fans to piedmont plan and flood plain), could provide suitable information on the soil landform
relationship in arid areas of Afghanistan. This study was the first pedology research in Afganistan. The
objectives of this research was to identify the soils along a transect from alluvial fan to flood plain of Hariroud
River, determine the clay mineralogy and micromorphological features of the soils and finally determine the soil
evolution in the study area.

Material and Methods: The study area located in southern Herat between longitudes of 34° 20° 21” to 34°
25’ 33” E and latitudes of 43° 20° 21” to 43° 25° 33” N. The mean annual precipitation and temperature of the
study area are 250 mm and 16.1 °C. A transect from an alluvial fan from Sefidkouh Mountain to flood plain of
Hariroud River were selected. The geomorphic surfaces along the studied transect were alluvial fan, alluvial fan-
piedmont plain transition, saline and non-saline piedmont plain and flood plain. Five representative soil profiles
along a transect of Alluvial fan, intermediate Alluvial fan— piedmont plain (lowland), piedmont plain and flood
plain were described and sampled. Undisturbed samples were taken for thin section analysis and recognizing
pedofeatures. The mineralogy of the clay fraction was determined using X-ray diffraction method.

Results and Discussion: Calcic-argillic (Btk) horizon was the most developed horizon which occurred in
alluvial fan. Alternation of paleosol (Btk horizon) and undeveloped coarse-alluvial layers indicated alternation of
soil formation and sedimentation periods in the past. Regarding the argillic horizon development conditions, the
Btk is the relict features from a wetter climate in the past. Similar soils were observed in arid regions of Iran. The
gleization and few secondary carbonates and salt accumulation was the pedogenic processes in other landforms.
Bw horizon was common horizon in other studied soils. In Alluvial fan — piedmont plain transition geomorphic
surface, due to depression in the landform, salt accumulated in the surface soil and electrical conductivity
reached to 40 dS/m. However, salic horizon because of limited thickness was not identified. In non-saline
piedmont plain and floodplain geomorphic surfaces, soils showed oxidizing and reducing conditions and
consequently gleyic color pattern. Maximum EC (49 dS/m) was occurred in saline piedmont plain surface. The
results showed that electrical conductivity values increased from alluvial fan toward lowland positions. Besides,
fine soil textures were found in downward positions. The Soil Taxonomy classification of the soils were Typic
Calciargids in alluvial fan, Aquic Haplocombids in alluvial fan-piedmont plain transition, non-saline piedmont
plain and flood plain as well as Typic Haplocambids in saline piedmont plain. Chlorite, illite, palygorskite,
smectite, and kaolinite were the main clay minerals. Chlorite and illite were inherited from parent materials.
Micromorphological observations proved clay coating on carbonate nodules and coarse fractions in Btk horizon.
The alternation of secondary carbonates on clay coating is the evidence of polygenetic soils and change of from
wetter to drier climate. Also, iron oxides nodules in Btk horizon indicated suitable weathering conditions during
clay accumulation. Lenticular gypsum was observed in the soil in saline piedmont plain geomorphic surface.
Coating and hypocoating of iron oxides identified in flood plain soil. Results of this research showed the role of
geomorphic processes and climate change in the soil evolution in the area.

Conclusion: The results of this study indicated the progressive and regressive processes which are preserved
in the soil of alluvial fan. The Btk horizon in alluvial fan represent wetter condition than today. The
morphological, mineralogical and micromorphological features of the soil in the alluvial fan were similar to

1, 2 and 3- M.Sc. Student, Associate Professor and Professor of Soil Science, Faculty of Agriculture, Ferdowsi
University of Mashhad, Respectively
(*- Corresponding Author Email: karimi-a@um.ac.ir)
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correspondence soil in arid environments of Iran. Continuous sedimentation in the piedmont plain and flood
plain prevent the soil development in these landforms.

Keywords: Alluvial fan, Clay mineralogy, Soil evolution, Soil genesis
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Table 1- Selected physical and chemical properties of the soil samples
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Table 2— Range of the variables used in the modeling procedure
JEme (51 paiio Factor ,51 Range and value sl ¢ awld
Independent variables Xi -1 0 +1
Time () ob; X1 1 55 10
Glucose (mgg?) 55sis X2 0.5 525 10
Temperature (°C) L X3 15 225 30
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Table 3- Coded matrix of the variables used in the CCD modeling

oo o lend 0 g 31 ol (g L putilo 0 &S p5le
Experiment number s S S 45 0 panns 31 WU puullS Coded values of the variables
demS165 @5 o) ST (93 0,5 o) (63,505
PSS oS (9 PSS s L S5
(595 SIRin agricu_lltura_ll Temperature Glucose n
SIR in forest soil soil (mgCO2gday™)
(mgCO2g-tday?)
1 0.996 0.588 0.595 -0.595 -0.595
2 0.425 0.698 0.595 -0.595 0.595
3 1.708 0.643 0.595 0.595 0.595
4 0.230 0.127 -1.000 0.000 0.000
5 1.039 0.490 -0.595 0.595 0.595
6 1.317 0.542 0.000 0.000 0.000
7 1.236 0.555 0.000 0.000 0.000
8 0.494 0.008 -0.595 0.595 -0.595
9 1.311 0.719 0.595 0.595 -0.595
10 1.398 0.701 0.000 0.000 0.000
11 0.652 0.075 -0.595 -0.595 -0.595
12 0.793 0.703 0.000 -1.000 0.000
13 0.968 0.649 0.000 0.000 0.000
14 0.551 0.553 -0.595 -0.595 0.595
15 0.981 0.609 0.000 0.000 0.000
16 1.567 0.473 1.000 0.000 0.000
17 0.941 0.569 0.000 1.000 0.000
18 0.860 0.461 0.000 0.000 0.000
19 1.116 0.677 0.000 0.000 1.000
20 0.961 0.301 0.000 0.000 -1.000
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Figure 1- Comparison of the measured and predicted SIR values for agricultural and forest soils with the CCD model
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Table 4- Coefficients of the full quadratic CCD model for predicting SIR

Je pisa sl Forest Soil JKa S Agricultural soil ¢;,sli8 S
Part model Je P o,bl T o,b] Cu P o,L! T o,b] o
Parameters P-value T-value  Coefficient P-value T-value  Coefficient
Joo el - 0000  12.410 1.128 0000  17.130 0.586
Constant
9“5 0.533 0.650 0.039 0.000 5.240 0.119
Time
ks 55 0.025 2.640 0.159 0388  -0.900 -0.021
Linear Glucose
> 0.001 4.800 0.289 0.000 6.790 0.154
Temperature
oo X gloj 0.546 -0.620 -0.037 0.159 -1.520 -0.034
Time x Time
395 X 5S5ls
RPN Glucose x 0.128 -1.660 -0.097 0.427 0.830 0.018
Square Glucose
Loy X Lod
Temp. x 0.173 -1.470 -0.086 0.001 -4.550 -0.101
Temp.
oles X395
Time x 0.028 2.560 0.202 0.463 -0.760 -0.023
SiiSon Glucose
Interaction Obej X L
Time x 0.349 -0.980 -0.077 0.003 -3.900 -0.116
Temp.
95X L
Glucose x 0.072 2.010 0.158 0.402 0.870 0.026
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Figure 2- Pareto analysis for determining the percentage effects of each CCD model variables
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Introduction: Soil is a complex and dynamic biological system, and it still is difficult to determine the
composition of microbial communities in soil. Most soil microorganisms are dormant, so their rate of respiration
is low. However, their respiration can be stimulated by adding an easily decomposable substrate. Also, by adding
a simple organic matter, respiration may rapidly increase to a maximum and remains at a constant rate for more
than 4 h. Glucose is commonly used as a substrate because most soil microorganisms can readily utilize it as a
carbon source. The substrate-induced respiration (SIR) method was modified and adapted to measure fungal,
bacterial and total microbial contributions to glucose-induced respiration and the potentially active microbial
biomass on decaying plant residues of different composition. Decomposing residues from natural and
agricultural ecosystems were chopped and sieved to include the >1 mm fraction for routine SIR analyses on a
continuous flow-through respiration system. Substrate induced respiration is a main factor for the assessment of
the soil microbial activity. This technique is already used widely in soil microbial studies. Different factors such
as the source of carbon, temperature and incubation may play a significant role in the amount of SIR. Therefore,
optimizing the test conditions is one of the important criteria for SIR determination. For this purpose, statistical
methods such as central composite design (CCD) and response surface method can be used as a useful tool for
determining optimal conditions. This study was carried out to model and compare the effect of carbon source
(glucose), temperature and incubation time on the SIR of forest and agricultural soils.

Materials and Methods: In this research, 40 experiments were conducted for two soil types including
agricultural soil (with relatively low organic matter content) and forest soil (with relatively high organic matter
content). Soil samples were collected from the topsoil (0-20 cm) layer. In the laboratory, all visible roots were
removed and the soil samples were divided into two parts. One part was kept in plastic bottles at 4°¢ for SIR
analysis. And the rest was air dried in the shade at laboratory temperature for chemical and physical analysis.
Electrical conductivity (EC) and pH were determined in saturated soil extract and organic carbon persent (%0OC)
was determined by di-chromate oxidation. Soil texture was determined using a Bouyoucos hydrometer in
a soil suspension. Response surface methodology based on the central composite design was applied in modeling
procedure. Different ranges of the independent variables including glucose (0.5-10 mg g?), incubation time (1-
10 hr), and temperature (15-30C) were used in central composite design experiments. Totally, 40 experiments
based on the coded values of the independent variables were conducted for two soils.

Results and Discussion: Experimental results indicated that the SIR in forest soil is two times greater than
the agricultural soil, which may be related to the higher organic matter content and more microbial activity in
this soil. Results also revealed the efficiency of the central composite design in predicting the SIR of forest (R?=
0.823) and agricultural (R?=0.919) soils. Among the three independent variables, the linear effect of temperature
on the SIR were significant for both soils. However, the substrate (glucose) content has more significant effect in
forest soil in comparison with agricultural soil which may be associated with the higher decomposable organic
matter content of the forest soil. Glucose enhancement didn’t have significant effect on SIR alteration rate which
can be attributed to low organic matter content in agricultural soil. Totally, with increasing time and temperature,
the amount of SIR was significantly increased, however with increasing glucose, SIR amount was not
significantly increased especially in the agricultural soil. In the forest soil, the process of SIR changes is clearly
distinct in response to independent variables compared to agricultural soil. Maximum levels of the SIR in forest
soil is clearly associated to the highest time and glucose levels. This indicates that increasing glucose and
sufficient time in the forest soil, which contains high amounts of digestible organic matter, can stimulate
microorganisms to decompose more organic matter and it outcome is increasing SIR.

Conclusion: This study indicated the high efficiency of response surface methodology in SIR modeling for
both forest and agricultural soils. However, the quantitative amounts of SIR were very different in two soils. The
amounts of SIR in the forest soil were almost twice relative to agricultural soil. In the forest soil, the amounts of
glucose and temperature were as the main variables in increasing SIR, while the temperature and time variables
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were more determinant in agricultural soil on it.
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Figure 1- The effect of seed inoculation with plant growth promoting rhizobacteria on stem diameter of Safflower
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Figure 2- The effect of seed inoculation with plant growth promoting rhizobacteria on primary branches of Safflower
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Figure 3- The effect of seed inoculation with plant growth promoting rhizobacteria on secondary branches of Safflower
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Introduction: The excessive uses of chemical fertilizers have generated several environmental problems.
Some of these problems can be tackled by use of Biofertilizer, which are natural, beneficial and ecologically
friendly. The Biofertilizers provide nutrients to the plants and maintain soil structure. Biofertilizer is an
alternative to mineral fertilizers for increasing soil productivity and plant growth in sustainable agriculture. Plant
growth promoting rhizobacteria (PGPR) are a group of bacteria that actively colonize plant roots and increase
plant growth and yield. There is a widespread distribution of PGPR that flourishes in different geographical
habitats. These rhizobacteria significantly affect plant growth not only by increasing nutrient cycling, also by
suppressing pathogens by producing antibiotics and siderophores or by bacterial and fungal antagonistic
substances and/or by other plant hormones. Inoculation of plants with Azospirillum could result in significant
changes in various growth parameters, such as increase in plant biomass, nutrient uptake, tissue N content, plant
height, leaf size and root length of cereals. Thus, it has been shown that Azospirillum and Pseudomonas have the
potential for agricultural exploitation and can be used as natural fertilizers. The divers array of bacteria including
Pseudomonas, Azospirillum, Azotobacter, Bacillus, Klebsilla, Entrobacter and Serratia seem to promote plant
growth. These bacteria are important components of the rhizosphere of many plants, and are known to colonize
the rhizosphere of wheat, potato, maize, grasses, pea and cucumber. Strains of Pseudomonas putida and
Pseudomonas fluorescens could increase root and shoot elongation in wheat. Azospirillum, Pseudomonas and
Azotobacter strains could affect seed germination and seedling growth

Materials and Methods: To investigate yield, yield components and some qualitative and quantitative
characteristics of safflower at different planting dates, a factorial experiment was conducted based on
randomized completed block design with three replications in 2016 at the laboratory of Agricultural University
of Payam Noor, Kosar (Kivi) branch. The first factor consists of three sowing dates (5 March, 20 April and 5
May) and the second factor involves the seeds inoculation with plant growth promoting rhizobacteria (no
inoculation, seed inoculation with Azotobacter chorchorum strain 5 and Azosprilium lipoferum strain OF). The
climate of studied region is semi-arid with 1350 meters altitude from sea level. Based on the soil test, pH was
about 7.1, soil texture was loamy-sand and the depth of top soil was 70 cm. The experimental unit included six
ridges of 25 cm in 6 m length. The plant density was 40 plants per m2. Each 1 gram bacteria have 107 no, we
therefore used about 7 gr from each bacterium for seed inoculation. We also used Arabic gum to adhere the
bacteria to the seed.

Results and Discussion: The results showed that the planting date had a significant effect on all

characteristics, except brain to grain ratio and the ratio of skin to grain. The effect of seed inoculation with plant
growth promoting rhizobacteria was statistically significant on plant height, stem diameter, number of main and
sub main branches, seed oil and protein percentage. The maximum number of boll per plant, number of grain per
boll, 1000-grain weight, grain yield, biological yield, harvest index, plant height and protein percent were
achieved on the first planting date (5 April). The lowest amounts of these traits were obtained on the third
planting date (5 May). The maximum oil percentage, number of primary and secondary branches and stem
diameter were obtained on the first planting date and seed inoculation by Azotobacter. The lowest rates of these

1 and 2- Assistant Professors, Department of Agriculture, Payame Noor University, Tehran, Iran

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

3- Assistant Professor, Department of Plant Sciences, Moghan College of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil
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traits were obtained on the third planting date and no inoculation. Thus, seed priming with Azotobacter and first
date (5 March) planting are recommendable to increase number of grain per boll, 1000-grain weight, grain yield,
biological yield, harvest index, plant height and protein percent and other traits.

Keywords: Number of branches, Oil percentage and harvest index, Plant height, Plant growth promoting
rhizobacteria, Protein percentage
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Figure 1- Rainfall simulator from Soil Erosion Laboratory of the University of Zanjan

(o g WY JSKo) Bad 0l )8 Sl slacagh) 4 (i,

Vo ¥e o) o o 0g) o Jold cud g sl

i Gl p bcwd (ol A8 Jlasl S ladama (55 2 2oy
SLs sladiged g awyp dyg0 Bblie ;3 39300 oS e
(Y JS8) 2285 5158 5Ll olRaws 5 )3 y95 30 Slacad o

LS @ (Hagb) ¢ gl Jlasl
sob an) Seidlon Jold (sb) gaw Sl (agk cnl
(bl 2o y> ¥0) bl pylae Sy gl 403 0 (Lo
= (il aoyd Vo) el cugl g (bl 00y 0+ ) elidlanss
Ol g3 Lndsiges ool J13 b glusl el s Jlee! lndiges (s,
oo (VA) 38 Jols (Sidge (ho) 4 pj jl S gludl g jlade
5 e byl > Ll sloisnd gy 2ok plo Jpa> sl



Ay

e ooy, (230 3 (19500 9 s w030 by Iyl b8 o T 8 bLI I (w2

(b) -

(a)

SB anxa 0855 5953 (ylowily aliiime g (A) (SKidgo (g, 42 Laiged (Glweluil Cupa Of amdgs ;5 S cas I (galaxi -F JSUS

(<)

Figure 2- Somesoil samplesplaced in water box for capillary wetting (a) and splash box containingsoil plot (b)

SIS asl i (5 S0 3l

SB oy cwl gl BB ol gpal JEs bl p S (S5
)85 51,8 oS wSTyt0 b 0ailS 55 Jole (o yme 3 &S (b
=SS S0l sl oo () ol SaSTL SB (ST s
il pomie a8 cunl (o SB- pleitle o 55 elgs
sy s SLS (515 e 5 3980 S (60l ISy
LS gl J&s S (ST doyd s s )b s
SLUS2) o 3 s 4 s (S 56 JIS2) S 5
2y (F) dales 1 ookl b (SB 4l

S S5 sy
| gl S = sl ol S5
adgl o pols S
X Voo ()
Laouls Jalad 9 a3 523

L Laodls gyl @jor o9 Jloy il davosly Julows 51yt

Laools (puilyly 4528 (1 Jgaz) 3343 (g pp Shigmgymld 0951
o) 3 o3l Uy Uil 6ol gl b yuSilas dumslio
L Uil sla g0 6,5 plosl SAS 9.4 Lama )3 Sl
SNiwod s il A5 o)y SigmaPlot 12.0 5 8ls, 5 L,
oYL bl 1 UL Gl p sl B L SB o (S

ety isban 5 8o

SL g laae (Sladl Ghloyd s pSojlul
Vel g yio olaw Bex Yo sl 4 03ul8 sladlaase )0
o 48l plecsly S5 0 i3I ol 4 yglita & sto 5l
I8 e Gl L jloded oliwd pj aasan (TVF) 28,5
3 ot 9 Soslemen plaily 13l o oas gl SB )b b s
(el V¥ o g oS Bl a3 V40 (glod) gl 5o yuisliS
(¥ JS8) L5 s el 2 @y o g p S e ol oy

S Co glie Craas (5 180 Gladl
Jie g b olSiwd dluwg 4 S sladiges pdaw Caoglio
(a2l Caoglie) iy @pe yiaBlo o pySokS cuns » Koehler
O5i) SB e Coglie Cund ©pgo 4 gy 5 Spgo GSy
s (¥ adsles) 05 (S0l KiSlgn s 43 0 e (Any
SIS Conglio (6 50j0l cgdaw Canglio p SB Cugby yil Bl
5 plol Sazdlen s 53 el 3l i wbe Ll Jlos! j1 e

S o Cuoglio Cuns

b S o Canglia — ady) S e Cunglic -

1- Penetrometer



1AV o — 43T Bosleds FY uls (S g T ay i AFA

508 35 (e 9 9)) €L ) 9 (o) po) 9 (e pol) L
e o d g ALBD AD I S S (PH) il s ys g

Ao )3 (VY) 353g) (covduw e S § 39 10 1 eSlal Jols
Cb) 2o )d VOO b (o5 cél) doys +/FY o S JT ool
(YY) 250 S T oolo 3908 oaimd (yLis g g0 yuiiie (o) pol
SL gl e piolo oS VY S K (0l JBs
gt e (8 Sl (gl cnSe o Bl p S VEAL )
i il 32 4 S plas > o S Sl (Y Jp2)
Sy Sal (oS 09,5 3 SE ol g 39 doyd Vo 5l 5 i

Al

SAS 9.4 )‘)._9‘(:)_: )I )l ol L: (r) 09— M t.aJ).Aﬂ

Lasla gla S5
Cdl WIS b (ol 9 (S8 b Sk ¥ Jose
Uiy cly O abSB g)lul .l snd oy jlis S
R Gl 1 Lt 45 35 smle <8 1 8 S5l
L S il e ol sibe sanlu,d Jolse ply o ashsSs
ol LS cladhSE by yawo Lmoi P abSE glul

AR5 3,90 GBS alead 9 (S50 Oluogad (ST Joso
Table 2- Some of physical and chemical properties of the soils
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Table 3- Descriptive statistics of rainfall erosion processes
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Table 4- Mean comparison for the effects of soil texture, slope, and antecedent moisture content on the splash erosion, soil
compaction, and soil resistance ratio
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Introduction: Rainfall erosion results from the expenditure of the energy of falling raindrops and flowing
water when these two agents act either singly or together. Soil erosion by rainfall is a serious ongoing worldwide
environmental issue that contributes to soil and water quality degradation. Understanding raindrop-impact-

induced erosion processes are key to design and apply soil management techniques that minimize and control
soil erosion risk. Water erosion and especially raindrop-impact-induced erosion is the primary agents that cause
soil erosion-induced degradation and has been identified as one of the major processes contributing to the soil
and water quality degradation. Soil degradation caused by rainfall raindrops impacts the soil surface disperses
and splashes the soil, and displaces particles from their original position. Raindrops striking the soil surface
develop a raindrop-soil particle momentum before releasing their energy in the form of the splash. Other causes
of soil degradation are including compaction and penetration resistance.

Materials and Methods: This study was conducted to investigate the raindrop-impact-induced erosion in
relation to slope gradient (0, 10, 20, and 30%) and antecedent moisture content or AMC (air dried, quarter
saturation, semi saturation, and saturation). Toward this, six soil texture classes were exposed to simulated
rainfalls with 40 mm h* in intensity for 15-min in four slope gradients and four antecedent moisture contents.
Rainfall was simulated using rainfall simulator from soil erosion laboratory of the University of zanjan with 3-
meter height and surface of 2 m?. A total of 288 experimental soil boxes with 25 cm x 35 ¢cm dimensions and 5-
cm depth were investigated using the completely randomized block design with three replications. Data of soil
erosion processes include splash erosion particles amount caused raindrop impact, soil resistance ratio after
rainfall using penetrometer, and compaction percent using bulk density after and before rainfall was measured
and then compared using Duncan's test among the slope steepness and antecedent moisture content

Results and Discussion: Significant relationships were found between the splash erosion rate, soil resistance
ratio and soil compaction means (P<0.01).The results showed that silt soil carried the highest mean value in

splash erosion rate with 1574.93 gm2 h'?, soil resistance ratio with 10.53 and soil compaction with 17.43 percent,
while sand soil carried the lowest mean value in splash rate with 437.37 gm? h%, soil resistance ratio with 2.66
and soil compaction with 0.25 percent. Soil erosion processes were significantly affected by slope gradient and
AMC. Soil erosion processes showed a decreasing rate in 0 slope degree and increasing rate in 30 slope degree
and also decreasing rate in air dried and increasing rate in semi saturation AMC. Significant correlations (P<
0.01 and 00.05) were found between soil erosion processes and sand, silt, geometric mean particle diameter, bulk
density, saturated hydraulic conductivity, and calcium bicarbonate equivalent. among the physical properties of

the studied soils, the sand percentage, bulk density, and Geometric mean diameter showed a negative
significant correlation with splash erosion, soil compaction, and soil resistance, and the percentage of silt and
calcium carbonate content with splash erosion, soil compaction, and soil resistance were positive significant
correlated. The cause of this negative and positive correlation might be dependent on particles size and more
percent of coarse particles, the transfer of particles from the soil mass is reduced due to raindrops and
degradation processes occur with less intensity. In addition, destruction processes with more intensity occurred
with increasing silt and lime percent.

Conclusion: Increasing the slope gradient has an incremental effect on the amount of rainfall erosion
processes i.e. sediment load, penetration ratio, and soil compaction value. However, antecedent moisture content
in various soil textures has the different effect on the amount of rainfall erosion processes. Among the soil
chemical properties, only calcium carbonate equivalent with splash erosion, density, and soil surface resistance
was positively correlated and chemical properties such as a percentage of organic matter and exchangeable

1 and 2- Ph.D. Student and Associate Professor, Department of Soil Science, University of Zanjan, Zanjan
(*- Corresponding Author Email: alibaliani63@gmail.com)
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sodium percent no significant correlated with soil erosion processes. In other words, the physical nature of soil-
forming particles such as particle size, as well as some of the chemical properties of soil particles such as organic
matter, have a more effect on soil degradation, density, and soil resistance ratio. also the role of soil physical
properties such as sand percent and calcium carbonate equivalent on the rainfall processes were more than soil
chemical properties. In general, increasing the percent of silt and lime in the soil, unlike sand, was increased the
sensitivity of the soil to the rainfall erosion and as a result increasing the splash erosion leads to increased soil
compaction and soil resistance ratio.

Keywords: Rainfall simulation, Soil Compaction, Soil properties, Soil resistance, Splash erosion
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Figure 1- Average monthly rainfall and citrus water requirement during the ten-year monitoring period
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Figure 2- Effect of irrigation tratments (I3, 12 1, lo: irrigation at 20, 40, 60 kPa and none-irrigation) over canopy diameter

Means with the same letter are not significantly different at P < 0.05. 13, 12, 11 and 10: Irrigation at 20, 40, 60 kPa and none-
irrigation
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Table 2. Results of analysis of variance (ANOVA) effects of different irrigation and fertilizer treatments over soil electrical
conductivity, chlorophyll content, ion leakage and proline content of Thomson Novel orange leaves
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Figure 4- Effect of irrigation tratments (I3, I, 1, lo: irrigation at 20, 40, 60 kPa and none-irrigation) over chlorophyll content
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Means with the same letter are not significantly different at P < 0.05.
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Table 5- electrical conductivity and also ionic leakage and prolin content of Thomson Novel orange leaves of different
irrigation and fertilization treatments
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Means within a column with the same large letter and means within a row with the same small letter are not significantly different at
P <0.05;
13, 12, 11 and 10: Irrigation at 20, 40, 60 kPa and none-irrigation and K1, K2: 50 and 100 g potassium per tree
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Introduction: Citrus is the main fruit group grown in tropical as well as sub-tropical climate of more than
150 countries in the world. In Iran, the total area under citrus crops is 0.284 M ha with a production of 4.345 M
ton and a productivity of 17 ton per ha. Citrus is also one of the most important horticultural products in
Mazandaran, with 112,000ha devoted to its cultivation. Drought stress is frequent in Iran and is common in the
dry summer periods in Mazandaran. Therefore, irrigation is essential during mentioned periods in this province.
Irrigation scheduling and water requirement of the citrus crops are one of the main concerns of the citrus fruit
production. Irrigating based on soil water potential (tensiometer) is one of the irrigation scheduling
methodologies. In addition, fertilization is used to promote quantity and quality of fruit production. Potassium
has a key role in the osmotic adjustment of plants and alleviate the effects of drought stress. Until now, studies
on citrus to evaluate the effects of potassium fertilization to mitigate the negative effects of drought stress have
not been conducted. In the present study, we hypothesised that K applications via soil could contribute to
osmotic adjustment of citrus and alleviate the effects of drought stress. Thus, the objective of the present study
was to evaluate the effects of different soil water potential and rate of potassium (K) application on biochemical
indices and growth responses of Thomson navel (Citrus, sinensis (L.) osbeck) orange seedlings on Citrumelo
rootstock.

Materials and Methods: This study site was located at the Citrus and Subtropical Fruit Research Center of
Horticultural Science Research Institute (36°54'11"N, 50°39'30"E), with a mean annual rainfall of 1200 mm.
Thomson navel trees (Citrus, sinensis (L.) were planted at 7 x 6m distances. Soil had a pH (soil-to-water
suspension ratio of 1:2) of 6.2 and contained 14.3 g kg organic C and CaCO3<1%. The texture of soil was clay
loam. A two-year field study was conducted in a factorial experiment based on randomized complete block
design with four selected ranges of soil water potential, two levels of K application, and four replicates.
Irrigations were scheduled using soil moisture tensiometers. The irrigation treatments were scheduled when soil
water tensions reached 20, 40, and 60 kilopascal (kPa) on the tensiometers per treatment and results were
compared with control (none irrigation) treatment. Soil water tensions of 20, 40, and 60 kPa correspond to soil
water depletions of 17, 35, and 52%, respectively, of the available soil water for the studied soil. Levels of K
fertilizer were 50 (k;) and 100 (K,) g K x age of tree. Potassium fertilizer was broadcast below the tree canopy in
March. At the end of each year, yield, available K and some growth indices were measured. In addition, in the
last year, proline, ionic leakage and electrical conductivity were also measured. All data were represented as
mean of four replicates. Differences in yield, canopy diameter and available K among fertilizer and irrigation
treatments and sampling years were analyzed using general linear model two-way analysis of variance
(ANOVA) in SAS 9.1. Since the mentioned attributes were measured during two years to take into account
annual variation, we used ANOVA procedure for a combined analysis of data. The significance of differences
between the mean of treatments were determined by using Duncan test. All the statistical analyzes were
performed by SAS 9.2.

Results and Discussion: The results showed that irrigation increased the canopy diameter (P<0.05). Under
K, application, the tree yield was not significantly different (P>0.05) between irrigation at different water
potentials (I4, I, and 13). However, the K effects on tree yield depended on soil water potential and the positive
effects of K, application were evident only in the I, and I treatments. However, K, application reduced the yield
in irrigation treatments including I, and I significantly (P<0.05) compared with K, application. In addition, the
results of the last year showed that proline and ionic leakage were increased (P<0.05) by reduce of water
potential in irrigation time. However, double application of K (K,) increased (P<0.05) proline and decreased

1, 2 and 3- Assistant Professor, Instructor and Associate Professor of Citrus and Subtropical Fruit Research Center,
Horticultural Science Research Institute, Agricultural Research and Education Organization (AREO), Ramsar,
Respectively

(*- Corresponding Author Email: taraiesi@gmail.com)



AVO 5l ygmmols JUS 5y (SSloomignr s as L 3 9,50as 2 peailiy 9 S T Gia i

ionic leakage as compared with normal application of K (K;). Moreover, available K and electrical conductivity
were increased (P<0.05) by excessive application of K and reduce of soil water potential.

Conclusion: In summary, regarding this experiment, irrigation at 60 kPa (depletion coefficient =52%) and
potassium application rate of 50 g K x age of tree was the best treatment.

Keywords: Citromelo, lonic leakage, Irrigation, Potassium fertilizer, Proline, Tensiometer, Yield
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Table 1- Amount of irrigation water and crop water requirement
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2015-2016
Oy &5 13810 5 bawwgs ol 5L 5912 ) M3) gl o lzmn Olg D155 15800 5 bawgs aid 90 Jowo (ol 5L &b w.w.c fg,tﬁ_? oy
(m3) s Amount of irrigation (m3) Percent irrigation
Crop water requirement by Irrigation water Crop water requirement by app compared to water
app Netwat Cropwat requirement
C“”‘;“ | 33157 -
3800 ontro 2957
o= 1901.9 64.3%
Stress
ol +=Fe Bos )3 5 ©f g SB dunwio SB alowd 5 (58 Olaogad —Y Joi>
Table 2- Physical and chemical properties of soil (0-30 cm)
Colad s i oy o PR 89 e
1 .
caly Lol KA, e sy oS by oosad k) k) ) ) )
& el ) £t =3 il il o= oS se) 7 S RS reS reS reS
Tequre  PH AORU (o) (sep)  (aey) () m) I Y S A o A
Class [ SPe6)  FC®)  pwp  OC(%) ’ P(ava) & s R A

E - ‘ mg mg mg mg mg

C(?)s m (%) (mg kg?) kg k) kg?) kgl) kgt

Loam 1.7 15 30.3 16.4 7.6 0.7 0.08 14.2 272 4.38 15.6 1.92 1.58

PS5 5o (gl5a T 9 3, Mos (59, 1 Suglod 9 Sogud sl 9 (5l T iyl i Y Jgu
Table 3- Variance analysis of effect irrigation and humic and fulvic acid on the wheat yield and component yield
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833 Total vield Grain vield ~ Shoot lgd ® Al -
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weight length  umber WUE
per spik
B“f?l’i( 2 2632447.3™ 2442708.3™ 3.20m 0.52M 0.03™ 6.02" 0.44"
0oC
I(A_) dtflﬁ' 1 7593092.5* 2006944.4™ 64.5™ 104.3" 1.02 225 235"
rrigation
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umic and Tulvic acl
AxB 5 2874567.3™ 286111.1™ 11.4" 38.8™ 049  2.05® 0.18™
EUb 20 5114384.7 573263.8 4.26 7.98 0.12 2.78 0.10
rror
(o) Sliesdd 2 - 9.28 9.36 4.69 2,51 4.06 3.68 9.69

Coefficient of variation(%)

7N Jlein] gaws ) (gyls g™ b Jlain gaws ) (gyl5 gme® ()b ine yt ™
"s Not significant,* Significant at 5% probability level, ** Significant at 5% probability level
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Table 4- Means comparison of effect irrigation and humic and fulvic acid on the wheat yield and component yield
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(A) LS)L‘.%I
Irrigation
(W2) 3 23887.02 7847.22 4252 110.8° 8.542 4552 4,122
Stress
(W1) Sgone 2480560  8319.4%  454%  114.28 8878 4500 2500
Control
(B) Soglgh g Sogats s
Humic and fulvic acid
FoHo 21417¢ 6791.7d 42 .45 101.54 8.29¢ 4350 2.474
FoH20 24028 ¢ 8250.0° 42.8° 116.8° 8.77® 44. 6P 3.38°
FsHo 22028° 708339 42,6 109.3¢ 8.25¢ 435 2.89¢
FsH2o0 25667 @ 9250.02 46.02 120.22 9.182 48.32 3.802
F1oHo 27333%  9416.7° 441  108.4° 9.10°  48.0° 3.86°
F1oH20 25606 2 7708.3%¢ 4578 118.92 8.640 43.8° 3.200
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FoHo 198891 62507 40.2° 99.69 7.968 44.0¢ 3.28¢
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F1oH20 25767 % 7833cde 46,120 117.7°%¢ 8.54bcd 440°¢ 4.11°
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F1oHo 274442 96662 45.6% 109.34de 9.11% 47.3% 2.91d
F1oH20 25444 3 7583de 45.43% 120.10° 8.7582be 43.66°¢ 2.28f
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+: means followed by similar letter in each columns are not significantly different at 5% level according to
LSD Multiple Ranges Test.
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Introduction: Optimum water consumption in agricultural production is of vital importance as one of the
most important environmental factors affecting the growth and development of the plants, especially in arid and
semi-arid regions such as Iran. On the other hand, drought stress, among other environmental stresses, is one of
the most important factors that adversely affect the plant growth and yield. Due to the presence of hormonal
compounds, organic acids (at low concentrations) can positively affect the production rate and the quality of
agricultural products. Considering the water deficit and the necessity of saving water resources as well as the
role of organic acids in reducing the negative effects of stress, in the present study attempts are made to
investigate the effect of humic and fulvic acid on wheat yield (Triticum aestivum L.) under drought stress
conditions.

Materials and Methods: The present study was carried out at the research farm of the national soil and
water research institute located 15 km away from Karaj (with elevation of 1280 m) during the 1394-95 crop year.
The experiment was a split-plot experiment based on randomized complete block design with three replications
which included two main plots (full irrigation and stress) and 36 sub plots of Sivand cultivar. The treatments
consisted of the main factor of irrigation regimes at full irrigation and stress levels (35% lower than water
requirement) and a sub-factor including six control treatments (FoHo), no foliar application of fulvic acid, in-soil
application of 20kg- ha of humic acid (FoHzo), Foliar application of fulvic acid (FsHo), and no application of
humic acid (FsHo), (FsH20), (FioHo) and treatment (FioH2o). The wheat water requirement in the area was
estimated by means of Netwat software and irrigation periods were determined based on weather forecast and
soil moisture data. Irrigation was carried out using a system of drip irrigation with a specific pressure and
discharge level. The stresses were applied from mid-April through consideration of different irrigation hours as
compared to full irrigation time. After completion of the growth period, the plant water requirement was
accurately estimated by Cropwat software and the percentage of applied stress was accurately calculated
(approx. 35%). The Plant yield and some of its components were measured. Statistical analysis was performed
through LSD method at 5% significance level using SAS software

Results: The mutual impact between irrigation and fulvic and humic acid applications on total and grain
yield was not significant (P <0.05). The highest yield was related to the foliar application of fulvic acid (F1oHo)
with a total yield of 27331 kg/ha, which had no significant difference with treatment FsHyo (total yield of 25667
kg/ha). Under full irrigation conditions, treatments (FioHo, FsH2o) led to 31.81% and 28.44% increase in grain
yield (as compared to the treatment yield) respectively. Under low irrigation conditions, treatments (FioHo,
FsHao) led to 46.66% and 34.33% increase in grain yield, respectively.

The Weight of 1000 Grains The application of humic acid and fulvic acid alone did not significantly
increase the weight of 1000 grains. But the combined application of fulvic acid (FsHo) and humic acid (20 kg
/ha) significantly increased the weight of 1000 grains (8.5%). Under low irrigation conditions, the combined
application of humic acid and fulvic acid (FioHo) increased the weight of 1000 grains (as compared to the control
group) by 14.75%.

Shoot Height The highest shoot height (126.86 cm) was obtained in foliar application of fulvic acid (FsHo)
with the in-soil application of humic acid in full irrigation conditions, which increased the shoot height by
22.68% (as compared to the control group). The lowest average shoot height (99.66 cm) was obtained through
no application of fulvic acid and humic acid in stress conditions.

Spike Length The application of fulvic acid (FsHo) had no significant effect on spike length. However, the
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combined application of humic acid (20 kg/ ha-) and fulvic acid (FsHo) increased the mean spike length.
Regardless of irrigation conditions, the highest mean spike length was 9.188, 9.105 cm for treatments (FsHao,
F10Ho) and the lowest mean spike length was 8.258, 8.293 c¢cm, for treatments (FsHo, FoHo).

A number of Grains per Spike The combined application of humic acid and fulvic acid (FsHo) and the
application of fulvic acid (FioHo) led to 10% increase in the number of grains per spike as compared to the
control group.

Water Use Efficiency The main effect of irrigation and the use of humic acid and fulvic acid on water
efficiency was significant at 1% level. The mean comparison at 5% level showed that tension caused 68%
increase in water use efficiency. The use of humic acid and fulvic acid increased water use efficiency
significantly. The maximum water use efficiency (3.86 kg / m 3) was in spraying the fulvic acid at a
concentration of 10 per thousand. Under full irrigation and low water use, the use of fulvic acid at a
concentration of 10 per thousand increased water use efficiency as 43.34% and 62.25%

Conclusion: The results of this study showed that the combined application of fulvic acid (FsHo) and humic
acid (FsHzo) significantly increased all the traits under study. The application of humic acid in drought stress
conditions led to 9.09 percent increase in grain yield as compared to the control groups in the full irrigation
condition, and the application of humic acid and fulvic acid (FsHo), as well as foliar application of fulvic acid
alone (FioHo) under stress conditions led to 23.86% and 24.9% improvement in grain yield respectively ( as
compared to control treatments under full irrigation conditions) while foliar application of fulvic acid (F1oHo) in
drought stress conditions resulted in a 2.65% reduction in grain yield as compared to the same treatment under
full irrigation conditions. The results showed that the application of fulvic and humic acid in low irrigation
conditions can increase wheat yield and water use efficiency.

Keywords: Irrigation regime, Organic acids, Sivand wheat cultivar






Journal of Water and Soil
Vol. 32, No. 5, Nov.-Des. 2018, p. 987-1001

&(/;:C!J}:ﬁ ;J

($329US gbuo g ple) SIS g OF 4 s
AAY=1eo) Lo AFAY 3 — 53T o leis FY il

ot s GLS I plend 5 (S5l S 20 5 (08 R 21

dogsl azl s GBIl pasd - 0d 8

idu_; J.;.oLMI—‘“jl.:Lo ﬂlé,—*’”@w, 6*6-"“‘,;&..’ 1,25
WWAFNYNY 3l 5 b

VWAV/ /AN 2y s

daS

aallas 4 o> il Can Cped 4 bl o Jolite jluw ST Sleidle g (So58 sla Sho dee slp S slaosimd S 3l oalitl
oo 4w Gl Wbl dnog)l drlyd (Bpd Cgi dndle jlodd and (et —)pd g (edem y9d GSE (Shy pdiz p (2= Geo )
BLSIDA LY SAR § o g Guiesj o Ve BV 3l calisee (S pSl colin b oS 03 (p)55kS 10 p)5 Ve 90 cyan) (o) oo | glie
“ )3 5 v —9 S 93 5 53 1 (6503l Slogens S| (ot 2 530 5 (e oo )5 45 315 Ll 5
Mg )YVO L FY jl S yuiis a5 gy 4y e dguby (soudus —yad S o oo |) SB  Soiglan Gluvgnd o8 fowo (Cadld o
295 (Mg CO2 kgt day ™) YW i Y 0 sl jlas 3 SB i 5 a5 Jbo )3 o9 adly ]38l o0yl slaS1s )3 (CO, kgt day™
oS eSS 5255 V1) oo oo e VL G331 51 5 oS (gpgbo 4y el s 4 ST I ) e (s telie @l (izeen
0ke doy 0 Jlde jd do > YY) aslS13 o )lul po sald jlos Jlie 3 oy gewo pSkS 10 p)5 Ve Lodd jlowt S Cate Ol o
Coldd o iomed (ye gouwo b odblie (WYY Jilio )3 V/EY) ailaSE oy JUST)8 day g (5o Juo +/+F o ;5 +/Y¥) aalaSB lad s
ey yoaie 4 ST Clidog )3 398 e sl A LEalS 1) Liales] 3)9e oSS awl g Ll 1) 0sd Jle S glusl (Sg)n
9 03t (p S 2 25V i) (e o SV ol ] s 9 SIS 3 (0 s S

S i aailiSB )b e ( JUS ) da S claosins dou0 1 g0lS sla2514

U (1ahlS i baes) Sod goos &y joxie Canl 03> &y calisee
ol 5 acslys Blybl b i 55 ity b 3 5 o Yoo clile
4 51 (1) ol 00 g1y ingh T ol b 9 (slally
cblis (gl ol 5 eolol > ol) S (LS by o515 25
G ae JSaly ) Ul oy o 5 & (698 31 o (glacsls
plw a cplply Cul oad dgazs joi S ol coas s
L B Gide yie )l B Sl S CeS 350 sl
Al oo
L aS 55)b 0525 sloasS el dlge ¢s0,0,l8" (65,5l 5o
A AiSy e deue ) SB O S658 baylyd (SB s s aslsl
oo Sgo ol g8 o 00kl S slmodimd dgups (60lge i
el pordy A5l St b ST e nbs b ok 52t &gty A5l
Wgdiee SIS (g blpd S0 carge 4l ogde (b

5- Soil conditioners

LYRUFY

Bblie 3 e 5 Sl Sl JI (S e 4 S )58
CriS 3 S s e sl sl I (VF) Sitbdeg o St
5 5l (V8) 0,10 moyw g sldand gl oS’ Jbs o sl 0 S
eyl clase an puie (S5 ol delo > 4 oliEie
FY) ol 0is zylas Hlouipols
oS5 3l S ol e Jld 53 @ 8ly caneg)l a2l
bl asbeygls jod daxl)d (2S5 9 ler Hed sladrly
DIYs 4 aS asbd Ol o o ials 0grge @l )3 b (V4)

5 pole 09)5 hbaliwl g 4yl (Wl Bl (gomiil i 4 ¥ 5 Y

aélpo o8ty ¢ g5ygliS 1Sl (S i

(Email: mehdirmti@gmail.com e ki g — )

ablye oSl (559l 0aSiily ¢ BLS S3f g Mg (pwie 09,5 il Y
DOI: 10.22067/jsw.v32i5.71169


mailto:mehdirmti@gmail.com
http://dx.doi.org/10.22067/jsw.v32i5.71169

1AV o — 43T Bosleds FY b (S g ol i AAA

sl o jloss yglaan s5dpd g sert —ypd SE
el 013 ploxil lpl @ Jlad 53 @Bly aseg)l a2l

b g 9 290
dadlas 9 dilalie

db—“’w 5load 6)916""? slaSE 5l oalawl L adllas L}i‘
2 Pl Cubd ) oyl dalpy (Byd g apdls 3 oS 3oy
Al 53 g Aipw 055 (gaiald Cuwd ol 40 g (B b Ol;ql.g)b]

9 Oy Jobo 4iBy B 5 a3 ¥ oldlyas Glaise b usdols

‘;ﬂjLoﬂCijéL'; Solayds gad

S (etye Gome LS 2 SB )58 S o)l psaie 4
55 53 L (ORD) ok SlS 2o B > 55815 ol
9 = oo ilie ol 5 (e g (5)9d il gohaw Jol
Y8 29d> ¢y o pd Yo BVE gh)b) eg cil S 3 ) )ST aw
Jol ysSLs .8 )5 plodil (b duo 2 OY L FF 5 s dod
EC L (SB () Jobd cilien (govus 5 (598 o s 0235 0y
S13) SAR ~ 1.3 (mmole L)% ypH = 7.4 & 1 dS m™*
SAR = 16.5 4pH = 8.5 EC = 6 dS M (¥ (,s-
EC=30dS m? (Y g (esdw 9,95 SL3) (mmole L)°3
5 y9=d 145 S15) SAR = 58 (mmole L)% , pH = 8.0
So9=b IS o I S Al ey b 4B a5 ) (perie
Lo olals csas ooy JLasl olfiialos] 4y g (6,00 pdiged (cosduo —
s 23S Ve gD e Jold e o s g b 5 0 L]
SB T jlade b wole 5 @ite 4 g 1505 Hlod )85 aw b o SlS
i (5 )eS deyje L)l g asyie Cud)b ped S m Cglite
UL g oy 00 Lo SloSB 5l aliso (sl jiel)ly pugen
L ssy elazll o SAS I3 bla 5 5l osliul Uy gl .
o33l J 58 0nSole Slunlie (gl 205 s g 4328 il
4 SB eSS S Ve 50 polie b oozl Sl dlels s
i) 4o b ye @lidss )3 18T a8 sl s bl s oyl
50353 doyd ) ol Bpae Hlde yS s alisee (sl poudygw il 3
o=l o 1 el 0ans eolaiwl woyd V (YL polie 5l eyl &
AVE glaie 4 (5 505 V) doys ) e 35 310
e plois any (p)S5LS 1 o) 5 0) dops ¢ /B g (Bpae lais
U JU R EVIR VR EWPR

‘;Ms..r.:.uj slags ya8e jlaal
(0= Eoo S8 Fl el e S Sl 2b5) sl

082 g ol S e Bl SLs w55 o0l ol 55
oab jiww (Lo pordy L duglie > Al o At (ol (Jgaca
(V) 8l 50y BB g 039 i)l

Ol hgi )3 48 1 3glSg am LBl oo b (ye oo
s 8l Caniditn o5 S WS g0 dbm] (S A Cuols
iy 9 st suanlS lacSai olpom 4 VL JsSUge )5 L
—0/0 ol PH U sl (o5 L odgr (285 Canl (Se oS ]
9 &2 > JrSg)hen Loy, S joud> S 40 (V) 43l ¥/0
cdlo Ly 08 o810 |y oSy Wl o o wgac] Cools
(¥2) 1S slogl 1y 313 3gg & ames 55 sl J5 by LSS 5
ol SB oullS wged Jlyie 4 (2 oo I 35 (pz
byl o azzil,s (YY) ) Sed 5 pals o Jlie yobo ) s 0
JB joben (pe doo botd Jlo oS 5 O cusligSS
(V) Sl o35 b sl (N slas B ) ity aes
JB e by oo b oad jlag gSs  Of cuslgSs eyl
ol ylis 45 0 500 Sl de b bxe s Jg any
o imo e StaliEl ) abl o oo 3,18 & o] o gy
ol g 3500 5 gomo 51 s oy cl (Sae O cliligSS
g 08 o (§yrdn Ol Qo & e oS WBL Sl
s9bod (e Eeo )8 &S 3 (LS (prizmen (VY 5 V) cilises
oS5 4 i |y LaailiS15 (g)lsly (p < 0.05) (g3 _ine
29— > g Loy 45 duwy o0 Jlai 4y 0y al38l Geo (9
S8 o Jos Sl o Jlasl Jelge plyisar (oS (slayss]
oty o 45 sl 0313 s (V) Sl st gulis L(YF 4 YY)
odd jlos gloSB Ll (Sgyum colia ()b dmepd sk &
Jds LT el ools Lzals onis Jlos slaS5 b auslie o 1,
ol > el 4]y deo GRS (Sg i colia als
o=l b lails bagye Jod5S aoyd (1l g 258 9 JB e o
2 S el (Sgpien Colin 53 505 &ty o Hla5 4 3929
s 28l Ol e Bl ()05 d90ue S 4 (pe oo 1331 51
hics il Ll ()l ,o a8 Jls 5 dblio poes )3 tnlS
oy o3 5l 4y (late AL 03,5

2929 )90 SSE > (e geo 208 5l 8))S Jb 4 b
—98 9598 SLSE 53 (0 oo Gl &S o0 a4 )l
L oo 0092 9 5098 9 (205 Gowe O QESe > 4 (oo
Al e (LB (o =580 9 598t GBS )3 &S 4]
s Emo Sl gy Bua b ol Guios cplply il ©glite
P = sl Qo syl () iRl lse 4
gl (Sdgpin colin (S5 bl cugb) (ol pogase
wpl laSB JUS )5 dn 5 5ha5 S5y (e 5 yluk S
95w i g GelS s e )b (JI ) e (S5



A4

o od i — 5o ST o leoud 9 (S 38 bl ol Sty 59 (258 Eowo I

Laaslass jlad 1, Sle X g (oMS 2 )3 S 55 )5 05l]
lgy 039y L (PH) S syl a3l oo (0 ske) o2 2 50
5 9mebs 5 L SLS (T 0,8 e S el J5 5 (¥)
9 %) OhbSen 5 55k gy b 95 s cad)lo (VA) (ool
SB D05 30y demSlisd (655050l bowg «SB 59,800 s
g WY F O oy ciliseo abojo gy 5 (V) sl iy L

5 65l (e oo b S losi 5l g 5o, YV

S cslaiably ool 301 5 S Y B Y oy
901 +0) (sl mixe iglis 4 By s ol b e 0l yiulejl
b yiahl dod gl (ot =59 gshaw Comd (0 (P < +/4)
il sgmg gludl (Sdgyn colin bl 4 ond islejl SB-
SLS Glajiebly (olod 2 )bsine Sl (e doo ol 2 ogMe
Pr> 5 7> Casky 5 o> Caghy ke slitl 4 00 (ialojl
ot — (85 Jolite il gl yioren (il o lAS o gaste
s @SS ks 5o ke (T S sl e koo 9 SB
13 S8 s 5 0SS 6hnl Loy S ey JiST 5
A Jgds ) B35y 4 xS 0,8 Jlos 1 dm glate sla o
(s

silate ol (sl 50 ST 00l SlaSE 5 el cpin
0i o SLaSLS anle (S (ygmmlisSil alsye plasl 51 L
5 yglamen Lo llE 1 03,550 cumd § 03y Cand S (sladiges
03555 (sladiged jl oaliwl b :aind oolol (gum (sla iUl (gl
Ly (Do) SLs (6mlls ogasio s eyt ¥ )3 0/8 slel |
o> by 4 SBgldl Cogb 5 (VA) i) 9 rewg)S 09)
o B (S0l (W) (yeggn 5 0> 9, Sl e (Om) (S99 (V)
Slgien colie S cladsises | Ol zgs omb &5 i
Sk b g pSoslul (V1) L8l L (be) 4 s (Ks) SB- gl
sladliS s Hlob w0dyencund S dges jl alatwl b Koo
oo by e dee /YO SUl 69y 2 0xlonl plo o YUY
1 5 (xS 8] ooy S oKz 5 sl | (WAS)
oz JUS 35 4y 5 (51) 1392 by Lolesly: (MWD) oailisls
13 A 6ol (VD) il Sing 5 L5 dg, b (Dim) aailass
0N X XN oSl gy | JUS,E a9 MWD clivle]
Vo Odo dy g 42D o )0 ddpe Vo lugs aleld b o Juo +/Y0 4
adaly il 30 JLas )8 a s acwlee (ol y b oolawl 4 dds
M(X<X) oS 2 osliil M (x < X)/M, = (x/X, )"
X5l 55 Ses8 aojlil b laJbye 59y » L& (noxd py>
LaJleye plod g9y 2 obilo Bl coailaSE IS o> Me (¢ 5)
X canl iadon Al 45 Jl 53 051 0o 5Vl X0 (e 5)

o 290 S Sluogad (wibylg 4509 -) Joso
Table 1- Analysis of variance of examined soil characteristics

Olayo (uile
Mean square
Oluis @lie 3342y SeS Jols a5 gl Cagb,
Source of variation (df) () S oS (059hS 3 b Jgoiil) iyl .Saturated water (iontent
OC (%) CEC pH (%) 39 (7) o>
(Cmole+.kg™) Gravimetric Volumetric
(%0) (%)
T s 2 0.015™ 376.3™ 2.816™ 463.09™ 428.10™
Salinity - Alkalinity
s é‘m_ 2 0.034™ 0.212™ 0.411™ 15.899m 11.175™
Gum Arabic
Blize Cfl)jl 4 0.0028" 2.726™ 0.075™ 13.288™ 14.660"™
Interaction
s
18 0.0145 0.979 0.0452 19.361 14.141
Error

sz pe NS g doyd guy g )d HId gime # ¢ Mo )d S e ) > jimo
*and : significant at probability levels of 1 and 5 %, respectively; ": insignificant
S9lS ols cud )b :CEC ¢ JT )5 :0C
OC: organic carbon; CEC: cation exchange capacity
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Table 2- Analysis of variance of examined soil characteristics (continued from Table 1)
Mean square Ol o ke

popase @y T Res Sy ol
_ 39 ol : o oets
a4 5 e & Lalas g,lul R
Ol pus 2olie ‘;i res) sl BalSE ki S (7)"5’ : # Yo ilw)
Source of variation U TS P (o skes) (o o) . (celw
df Db Fose D ZWAS K
i MWD (mm) m -
(9.cm?®) (mm) (cm.h?)
LT S5 .
Salinity - Alkalinity 2 0.045 5.055™ 4.612™ 3674.6™ 0.0002"
S e N
Gum Arabic 2 0.009 1.263" 0.110% 601.95 0.0014*
Do il 3l
Interaction 4 0.004™ 1.094¢ 0.194™ 504.3™ 0.0010"
s 18 0.0078
Eror : 0.256 0.0291 79.05 0.0005

Msze pwE NS g 0o yd iy g )d HId gime # ¢ Mo pd S g yd > pixe s
*and *: significant at probability levels of 1 and 5 %, respectively; ™: insignificant
SBglal Sgpn colin Ks ¢ s el 5 asliS B g)lul WAS ¢ o) IS )5 sn Dim tladiliSs s 559 ke MWD ¢ als ogaske py»> Db
Dp: bulk density; MWD: mean weight diameter; Dm: mass fractal dimension; WAS: wet-aggregate stability; Ks: saturated hydraulic
conductivity
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Table 3- Analysis of variance of soil respiration at different times after treatment

©lape 5x0be
) a0 Mean square
O puts 2alio _ .
Source of variation o3l 293 39, 2, 59, w2 595 PETTIWETH 9 Cowr! 39
df Second day ~ Fourth day Seg:;th 13" day PO
27 day
o T (898 "
Salinity - Alkalinity 2 32946.7 82338.3"" 28539.2" 79055 10506.0™
o deo -
Gum Arabic 2 55708.2 91372.9" 34548.9"  10122.4™ 8508.5™
Do ol 3l
Interaction 4 8985.4” 16299.2”  8375.89™  1988.9" 2286.7"
= 18 499.69 2101.8 339.5 20.121 14.09
Error ’ ) : :

Loyd Sy o a3 5 o **: significant at probability levels of 1 %
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Figure 1- The interaction effects of soil salinity and gum Arabic on soil OC (A) and WAS (B)
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Figure 2- The interaction effects of soil salinity and gum Arabic on soil MWD (A) and Dm (B)
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Introduction: The use of soil amendments more specifically bio-polymers is increasing nowadays. Arabic
Gum is also one of the hydrogels that are capable for soil modification. It seems that the main usage of
amendments in soils is to improve the structure of intended soils. Saline-sodic soils are among the poorly
structured soils. The use of soil amendments in these soils may be of the most concern. The different conditions
of saline-sodic soils in terms of microbial activity and sodium concentration imply that there should be
differences in effects of different soil amendments in saline-alkaline and non-saline-alkaline soils. There is no
report (up to our knowledge) about the application of Arabic gum in saline soils. However, it seems that the
effects of Arabic gum in saline-sodic soils may differ from what in non-saline-alkaline soils due to the
interactions between Arabic gum, salinity, and sodium. Therefore, the current research was aimed to investigate
the effects of Arabic gum as an analogue of exopolysaccharides on several soil characteristics of saline-sodic and
non-saline-sodic soils collected from Lake Urmia catchment, northwest of Iran.

Materials and Methods: The current research was carried out using loam soil samples collected from Qareh
Chopogh village located on the southeastern border of Lake Urmia, Bonab plain, Northwest of Iran. In order to
evaluate the effects of Arabic gum on properties of salin-sodic and non-saline-sodic soils, a factorial experiment
based on completely randomized design (CRD) with two factors (salinity - sodicity levels and Arabic gum) and
three replications was carried out. Salinity - sodicity levels, as first factor, included EC =1 dSm™ and SAR = 1.3
(non-saline-sodic soil), EC = 6 dSm™ and SAR = 16 (saline - sodic soil), and EC = 30 dSm™ and SAR = 58
(severely saline-sodic soil). When soils were sampled from each salinity-sodicity classe and transformed to
laboratory, pots were prepared and treated with different levels of Arabic gum including 0, 5, and 10 g kg* and
incubated for one month with varying soil water content between around 0.5FC and FC. After incubation time,
disturbed and undisturbed soil samples were collected from pots and were prepared for further analysis.
Undisturbed soil samples were used to determine bulk density of pots (Dy), volumetric (6y) and gravimetric (6m)
saturated soil water contents, and saturated hydraulic conductivity (Ks). Disturbed soil samples were also used to
determine wet-aggregate stability (WAS), mean weight diameter (MWD), and mass fractal dimension (Dn) of
soil aggregates, soil pH, soil organic carbon (OC), soil cation exchange capacity (CEC), and soil respiration.
Finally, results were subjected to analysis of variance in SAS software based on applied design.

Results and Discussion: The interaction of Arabic gum and soil salinity-sodicity was significant for organic
carbon, microbial activity and soil structural characteristics (MWD, WAS, and mass fractal dimension). Arabic
Gum improved biological soil properties even in saline-sodic soils. The higher microbial activity (16 to 443 mg

Co, kg™ soil day " in higher amount of Arabic gum vs. 3 to 109 mg co, kg™ soil day " in blank soil) and organic

carbon content (0.31 to 0.36 % in higher amount of Arabic gum vs. 0.14 to 0.22 % in blank soil) were obtained
in higher amount of Arabic gum in saline-sodic and non-saline soils. While, the stability (0.88 to 60 vs. 0.9 to 13
%), mean weight diameter (0.06 to 2.53 vs. 0.009 to 0.46 mm), and mass fractal dimensions (0.935 to 2.09 vs.
0.75 to 2.45) of soil aggregates were affected by Arabic gum in non-saline-sodic soils rather than saline-sodic
soils. The main effect of soil salinity-sodicity was significant for soil cation exchange capacity, soil pH,
gravimetric and volumetric soil water contents, and pots bulk density. The higher amounts of CEC (21 vs. 9
Cmole+.kg™), pH (8.0 vs. 7.4), volumetric (53 vs. 41 %) and gravimetric (43 vs. 30 %) water contents, and the
lower pots bulk density (1.23 vs. 1.37 g.cm™) were recorded in severely saline-sodic soil compared to non-
saline-sodic soil. The main effect of Arabic gum was significant for soil saturated hydraulic conductivity and soil
pH where the higher rate of saturated hydraulic conductivity (0.06 cm.min in higher amount of Arabic gum vs.
0.04 cm.min in blank soil) and the lower pH (7.9 in higher amount of Arabic gum vs. 8.2 in blank soil) were
recorded in 10 g.kg™ Arabic gum.
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Conclusion: Based on the results, we conclude that although the effectiveness of the Arabic gum is
decreased in saline-sodic soils, it significantly affects different soil characteristics. However, it seems that we
need to apply higher amount of Arabic gum (higher than 10 g.kg™) to gain the considerable effects of Arabic
gum in saline — sodic soils. Since gradual drying of Urmia Lake, located in northwest of Iran, is leaving behind
wide areas of saline and saline-sodic soils which is threatening habitant’s health, modification of these salt-
affected areas using Arabic gum can be a useful strategy. Although, improving vegetation density seems to be
main key for this aim, application of soil amendments (more specifically Arabic gum) may support the
establishment of vegetation in area. Our objective observation also points to this fact that Arabic gum
(specifically in higher amount of 10 g.kg™?) resulted in a crust like layer in soil surface specially in dry state that
can prevent the removal of salt particles by the wind. However, the effectivity of Arabic gum in preventing the
removal of salt particle by the wind (which is a common issue in area) needs to be evaluated through wind tunnel
experiments.

Keywords: Amendment, Arabic gum, Saline-sodic soils, Urmia lake
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Table 1- Result of water analysis

COlll  pgpre  palS e Olgw N5 OlSe Ol (e p uierjews) S Cle il
#SAR Mg Ca Na SO42 CI° HCOs COs? EC (dS.m?) pH
(meq.Lt s g o¥lg ST ko)
3.8 2.8 4.8 7.5 4 7.6 - 1.8 7.9

*SAR= Sodium Absorption Ratio
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Table 2- Result of soil analysis in experiment site

o BB ooy e BB jid  (a0y) ST o1 el OLS SS cyle el S Ges
Kavail Pavail oC (e y3) (30 g1 (ywro jow?) Texture pPH (e sblw)
(Mg.kg™ @5 9kS 2 0,5 o) (%e) CaCOs EC (dS.m?) Depth
(%) (cm)
136.9 7 0.33 59.7 4.9 Silty Clay il o, 82 0-30
152.5 6 0.32 59.1 5.2 Silty Clay il o, 81 30-60
189.3 6 0.27 59.4 7.6 Silty Clay il o) 8 60-90
ORRg5 Sl 51 S doyd US55 S 458 i -V Jge
Table 3- Result of Date palm leaf analysis before of research
(00 )3) sy (30 3) i (%2,3) (55950
Potassium (%) Phosphorus (%) Nitrogen (%)
0.9 0.05 1.02
03kl 390 (03 395 (pleowd (olgd (A 1 —€ Jgsa
Table 4- Chemical properties of used manure
(b0 039 (w0 mesly  (o)3) jhd (o prejed) S Colan dlag
Nitrogen (%) Potassium (%) Phosphorus (%) EC (dS.m?) pH
2.1 1.6 0.45 1.85 8.1
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Table 5- The variance complex analysis of the treatments effect on yield and quantitative characteristics of fruit

55 e @33l ey Olazpo (b
Sources of Degree of Means of squares
variation freedom 3 8as og0 (39 g b bgwe s dgwo o2 CwdgS (g M (jy  CudsS G
Slilaesds)  (08) (Foile)  (Boble) o lle)  (05)oge  (p5) g dlud aroge
(a5 ;2 Fruit Fruit Fruit (exe Fruit Stone Ratio of
Yield weight  length diameter Eruit pulp weight (g) ~ fruit pulp
(kg tree'l) () (cm) (cm) volume  Weight (g) to its stone
(cm®)
Jle 1 59074 2,741 0.072 0.067 4.38 3.374 0.009 0.299
Year
[ 6 86.645 0.274 0.01 0.003 0.269 0.322 0.007 0.582
Error
o 5 522.76* 3.134* 0.072* 0.016* 3.38* 3.434* 0.004 0.736"™
Treatment
Jlxlags 5 17.09 0.552 0.023 0.008 0.78 0.469 0.001 0.22
TreatmentxYear
s 30 140.95 0.733 0.014 0.002 0.411 0.583 0.004 6.28
Error
Js 47 - - - - - - - -
Total - 9.77 7.85 3.58 1.86 6.04 7.82 6.6 7.63

(Mo ) Clpes g pd
Coefficient of
variation (%)

Joyd O Jlain] o 55 5 txe = wans Jb e —NS
" not significant, * Significant at the 0.05 probability level
dgee (505 Olaogas 9 3,8os p1 (pblojl Blod ST (Slo dumyliio -1 Jgi>
Table 6- Comparison mean of the treatments effect on yield and quantitative characteristics of fruit

slajled 2,5kes 2920 (939 o3 Job o9 b dgro o2 CedgS (jg A (jy  CedsS Cumd
bl e eSks)  (e) (Foile)  (ogtle) o) (o) ogme (o) om  hud 400
Experimental (cap 5 Fruit Fruit Fruit (o Fruit pulp Stone Ratio of
treatments Yield weight length diameter Fruit weight weight fruit pulp
(kg tree™) (9) (cm) (cm) volume (9) (9) to its stone
(cm’)
T1 110.5b 10b 2.9b 2.3b 9.6b 8.8c 0.91a 10a
T2 131.1a 11.6a 3.8a 2.6a 11.2a 10.3ab 0.97a 10.4a
Ts 113.5b 10.3ab 3b 2.5ab 10b 9.3bc 0.92a 10.3a
Ta 123.6ab 10.8ab 3.3ab 2.5ab 10.8ab 9.6abc 0.97a 10.2a
Ts 121.1ab 10.9ab 3.3ab 2.5ab 10.5ab 9.9abc 0.94a 10.7a
Ts 125.3ab 11.3a 4.4a 2.6ab 11.4a 10. 5a 0.92a 10.7a

il o o> B Jleis] e ) Iy e BT W86 g o > S yiie By gyl gla ) Ske
Means followed by the same letter in each column are not significantly different (P<0.05).
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Table 7- The variance complex analysis of the treatments effect on qualitative characteristics of fruit

%5 gl @3l aa Glas e (ke
Sources of Degree of Means of squares
variation freedom — Sao  (sop)amaml  wSip (o)) oLl gl (o) J5 5
pH Acidity (%) (ae2) Reducing sugar (%)  Total sugar (%)
Brix (%)
Ju 1 0.763 0.065 637.292 256.826 203.446
Year
s 6 0.241 0.005 6.91 65.591 4,947
Error
o 5 0.021" 0.009™ 7.148™ 77.448™ 29.689 ™
Treatment
Julass 5 0.072 0.011 18.904 83.439 13.517
TreatmentxYear
s 30 0.043 0.009 16.821 84.12 11.9
Error
s 47 - - - - -
Total
(10)9) Slyds o - 7.8 6.8 125 4.5 4.2

Coefficient of
variation (%)

" not significant .cu. b5 _gsens
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Table 8- The variance complex analysis of the treatments effect on leaf nutrient elements content

55 @l @33l p Olazpe (Sl
Sources of Degree of Means of squares
variation freedom  (as,3) oj95 (M 53) yhd (w03) pawlis
Nitrogen (%) Phosphorus Potassium (%0)
(%)
Jw 1 0.013 0.0001 0.016
Year
s 6 0.005 0.0001 0.005
Error
o 5 0.019* 0.001*= 0.012ns
Treatment
Jlox o 5 0.002 0.0001 0.005
TreatmentxYear
las- 30 0.005 0.0001 0.006
Error
s 47 - - -
Total
(b)) Sl oy N 6.99 8.94 7.88

Coefficient of
variation (%)

2oy Y Jlais] g )5 4l xe = FF 5 a0 0 Jleis! pdaw 3 )b e g o xe —NS
" pot significant, * Significant at the 0.05 probability level and ** Significant at the 0.01 probability level
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Table 9- Comparison mean of the treatments effect on leaf nutrient elements content

ilojl gl Lo (%23) o395 (302 53) yhond (300 )3) sy
Experimental treatments  Nitrogen (%) Phosphorus (%)  Potassium (%)

T1 0.99¢c 0.04d 0.9a
T2 1.14a 0.07a la

Ts 1bc 0.05¢c 0.93a
Ta 1.06ab 0.067b 0.95a
Ts 1.08ab 0.067b 0.93a
Te 1.06ab 0.07a 0.98a

bl oo dopd iy Jlein] e )0 5 gime GBS WBB gt a > S e Bgy b b Sihe
Means followed by the same letter in each column are not significantly different (P<0.05).
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Introduction: Date palm is considered as one of the important fruit trees in Iran. According to agriculture
statistic book of Iran (2015-2016), mature date plantation area and production of Iran are 230000 hectares and
more than 1000000 tons, respectively. This crop usually is planted in south of Iran where the soils are calcareous
with high pH. The high soil pH causes reduction of nutrient elements absorption and yield. Thus, finding a
solution for this problem is necessary. The investigations indicate that application of elemental sulfur along with
Thiobacillus inoculant in soil reduces local pH in rhizosphere area due to sulfur oxidation. The reduced pH of
calcareous soil can increase the availability of other essential nutrients resulting in an increase in the nutrient
uptake by plants. In addition, uncontrolled use of chemical fertilizers destroys soil structure and decreases
organic matter resulting in a more dense soil. This research was conducted to assess the effects of sulfur along
with manure on yield improvement and fruit quality as well as the consumption amount of chemical fertilizers.

Materials and Methods: In order to evaluate the effect of elemental sulfur along with Thiobacilli bacteria
and manure on quantitative and qualitative characteristics of date fruit, an experiment was carried out in
randomized completed block design (RCBD) with six treatments and four replications on 24 fruitful, 25 years
old date palm (cv. Barhee), in Ahwaz (Khuzestan Province). The treatments were: T1= Control (without any
fertilizer), T2= (application of chemical fertilizer based on soil test for each date palm), T3= (application of 30
kg manure based on general recommendation for each date palm), T4= T3 + (application of elemental sulfur
mixed with Thiobacillus inoculant) as 5% of manure, T5= T3 + (application of elemental sulfur mixed with
Thiobacillus inoculant) as 10% of manure and T6= T3 (application of elemental sulfur mixed with Thiobacillus
inoculant) as 15% of manure. Before the treatments application, soil and water were sampled and analyzed. In
second treatment, macronutrient chemical fertilizers were also applied. Source of nitrogen, phosphorus and
potassium were urea, triple super phosphate and potassium sulfate, respectively. The nitrogen fertilizer was split
and applied in February and May (the next year). Furthermore, all phosphorus and potassium fertilizers were
used in February. These treatments were carried out along with manure (30 kg) and chemical micronutrient
fertilizers applied based on general recommendation (i.e. 150 g of zinc sulfate, iron sulfate, copper sulfate and
manganese sulfate). In third treatment, manure (30 kg) was applied based on general recommendation for each
date palm. In T4, T5 and T5 treatments, 500g of Thiobacillus inoculant was mixed with 25 kg of elemental
sulfur and then consumed base on 5, 10 and 15% of manure, respectively. All treatments were undertaken during
winter by local placement method (Chalkood). Agro-technical practices such as pollination, thinning and
irrigation were done according to local practice. Each year, in May, 20-25 leaflets from middle of leaf in second
row were picked up, and their mineral nutrients were analyzed. At harvesting time, yield, average of weight,
length, diameter and volume of fresh fruit, weight of stone and weight ratio of fruit pulp to its stone, pH, acidity,
brix, total and reducing sugars in fruits were determined. The obtained data were analyzed with MSTATC
statistical program and mean comparison was conducted using the Duncan’s Multiple rang test.

Results and Discussion: The results showed that using sulfur along with Thiobacillus bacteria and manure
had significant effect on leaf phosphorus concentration at the 1% level and on yield and some quantitative
characteristics such as weight, length, diameter, volume and pulp weight of fruit fresh and concentration of
nitrogen at the 5% level. Sulfur application did not, however, significantly affect the leaf potassium
concentration, stone weight, weight ratio of fruit pulp to its stone, pH, acidity, brix, reducing sugar and total
sugar of fruit. As a result, application of 1500 g elemental sulfur (mixed with Thiobacillus inoculant) along with
30 kg manure for each date palm is recommended to improve yield and fruit quality and to reduce chemical
fertilizer application.

Keywords: Date palm, Elemental sulfur, Manure, Thiobacillus
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1- Coupled model intercomparison project

2 Intergovernmental panel on climate change (IPCC)
3 Representative concentration pathway
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Figure 1- Gray area represents regions studied. Synoptic meteorological stations are shown with different symbols
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Table 1- Characteristics of climate models (GCMs) and selected ensemble members of them
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number Model name Horizontal resolution Experiments and ensemble members
(latitude x longitude)

M1 ACCESS 1.3 1.25 x 1.875 hist. r[1-3]i1p1, RCP8.5 rlilpl

M2 BCC-CSM1.1 2.791x2.813 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M3 BNU-ESM 2.791x2.813 rlilpl

M4 CanESM2 2.791x2.813 r[1-5]ilpl

CESM1- -

M5 CAMS 0.942x1.25 r[1-3Jilpl

M6 CMCC-CM 0.748x0.75 hist. & RCP8.5 rlilpl

M7 CNRM-CM5 1.401x1.406 hist. r[1-10]i1p1,RCP2.6 rlilpl, RCP8.5 r[1,2,4,6,10]ilp1

VE CS'RS_(')M'G' 1.865x1.875 r[1-10]i1p1

) hist. r[1,2,6,7,8,9,12,13,14]i1p1, RCP2.6 r[8,12]ilpl , RCP8.5

M9 EC-EARTH 1.121x1.125 [1,2.6,8,9,11,12,13]i1p1

M10 FIO-ESM 2.791x2.813 r[1-3]i1pl

M11 GFDL-CM3 20x25 hist.r[1-5]ilp1, RCP2.6 & RCP8.5 rlilpl

M12 GISS-E2-H 20x25 hist. r[1-6]i1pl, RCP2.6 & RCP8.5 rlilpl

M13 GISS-E2-R 20x25 hist. r[1-6]i1pl, RCP2.6 & RCP8.5 rlilpl

M14 HadGEM2-ES 1.25x1.875 r[1-4]ilpl

M15 IPSLI-VCI‘]I?VISA- 1.268x2.5 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M16 MIROCS 1.401x1.406 hist. r[1-5]i1pl, RCP2.6 & RCP8.5 r[1-3]ilpl

M17 MIROC-ESM 2.791x2.813 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M18 MPI-ESM-LR 1.865%1.875 r[1-3]ilpl

M19 MRI-CGCM3 1.121x1.125 hist. r[1-3]i1pl, RCP2.6 & RCP8.5 rlilpl

M20 CCSM4 0.942x1.25 r[1-6]i1pl

M21 NorESM1-M 1.895%x2.5 hist. r[1-3]i1pl, RCP2.6 & RCP8.5 rlilpl
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2- Average multiple ensemble (AME)
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1- Multi-Model ensembles (MME) mean
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Figure 2- Taylor diagram for monthly variable (a)- Average temperature before bias correction(b) - Average temperature
after bias correction, (c) - Precipitation before bias correction, (d) - Precipitation after bias correction, over the region based

on the historical period. GCM models and multimodel ensembles (All: Average of all GCM models, high-re: mean models
with high resolution, low-re: mean models with low resolution) are shown with different symbols
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Table 2- Skill Score (SS) of each model and multi-model ensemble for annual and monthly precipitation (Pr) and
temperature (T) over the region based on the historical period

Jue WYlw g0l p2 3 (Pr) (pd,l 9 (T) Lo (g2 &0 2,503
9 Skill Score for annual and monthly precipitation(Pr) and temperature (T)
o S Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Model and
multimodel A T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr
ensembles

Selected 2 3.26 0.65 0.34 0.57 0.26 0.66 0.18 0.60 -0.09 0.83 -0.17 0.87 0.17 0.89 0.11 0.90 0.25 0.87 0.21 0.82 -0.01 0.76 0.08 0.57 0.16 0.95 0.50
high-re 3.52 0.67 0.29 0.57 0.29 0.66 0.20 0.64 -0.14 0.83 -0.49 0.86 -0.12 0.89 0.13 0.89 0.20 0.88 0.17 0.81 -0.09 0.74 0.07 0.56 0.18 0.94 0.49
All 3.58 0.66 0.34 0.56 0.29 0.65 0.17 0.66 -0.11 0.84 -0.57 0.87 -0.25 0.89 0.16 0.90 0.22 0.87 0.21 0.81 -0.07 0.72 0.05 0.55 0.19 0.94 0.45
low-re 3.82 0.64 0.32 0.55 0.25 0.64 0.09 0.66 -0.15 0.84 -0.72 0.87 -0.50 0.89 0.17 0.90 0.21 0.86 0.19 0.79 -0.08 0.69 0.00 0.54 0.18 0.94 0.38
M8 411 0.63 0.26 0.38 0.15 0.45 -0.09 0.67 -0.23 0.72 -0.33 0.62 -0.04 0.85 -0.04 0.85 0.11 0.76 -0.15 0.53 -0.45 0.27 -0.02 0.24 0.13 0.93 0.41
M7 4.14 0.62 0.04 0.59 0.03 0.64 -0.01 0.23 -0.27 0.71 -0.71 0.84 -0.32 0.89 -0.02 0.88 0.09 0.75 0.27 0.67 -0.33 0.62 0.02 0.61 0.00 0.94 0.47
M15 436 0.53 -0.13 0.55 -0.77 0.51 -0.14 0.47 -0.24 0.75 -0.13 0.84 0.04 0.87 -0.15 0.87 0.14 0.78 0.11 0.73 -0.23 0.65 -0.18 0.53 -0.36 0.94 0.35
M9 437 062 -0.07 053 0.16 0.57 0.03 0.60 -0.88 0.67 -0.31 0.88 0.08 0.88 -0.09 0.89 0.06 0.86 -0.73 0.82 -0.11 0.77 -0.04 0.55 -0.19 0.94 0.49
M18 450 0.58 -0.22 0.54 -0.15 0.59 0.01 0.58 -0.60 0.75 -0.42 0.83 -0.37 0.82 -0.01 0.86 0.15 0.71 -0.09 0.61 -0.09 0.64 -0.12 0.42 -0.18 0.94 -0.29
M16 450 0.64 -0.26 0.52 0.10 0.60 -0.04 0.41 -0.94 0.82 -1.10 0.84 0.12 0.87 0.04 0.89 0.16 0.83 0.13 0.82 -0.23 0.76 0.07 0.57 -0.23 0.94 0.38
M14 460 0.62 0.01 0.50 -0.08 0.51 0.09 0.10 -0.47 0.47 -1.12 0.70 -0.27 0.83 -0.06 0.83 0.25 0.82 0.26 0.62 -0.51 0.51 -0.05 0.46 -0.20 0.94 0.42
M12 4,65 0.60 0.03 0.49 -0.07 0.47 -0.31 0.56 -0.42 0.73 -1.09 0.85 -0.09 0.84 -0.06 0.79 0.04 0.69 0.09 0.70 -0.76 0.66 0.03 0.43 -0.03 0.93 0.22
M2 476 0.65 0.10 0.53 -0.10 0.59 -0.06 0.52 -0.21 0.70 -0.45 0.82 -0.50 0.84 -0.07 0.83 0.12 0.81 -0.53 0.69 -1.17 0.59 -0.16 0.41 0.13 0.93 -0.02
M4 490 0.68 0.03 0.44 0.00 0.59 -0.22 0.68 -0.75 0.80 -1.65 0.73 -0.52 0.86 0.14 0.88 0.22 0.75 0.17 0.42 -0.24 0.53 0.07 0.61 -0.18 0.94 0.11
M20 5.07 0.65 0.07 0.53 -0.03 0.61 0.02 0.54 -0.27 0.80 -1.14 0.83 -0.13 0.89 -0.50 0.87 -0.69 0.85 -1.00 0.75 -0.61 0.69 -0.06 0.67 0.08 0.94 0.23
M21 5.84 0.56 -0.07 0.38 -0.01 0.60 0.01 0.55 -1.12 0.73 -2.23 0.73 -1.38 0.87 -0.11 0.86 0.08 0.78 0.04 0.58 -0.36 0.33 -0.11 0.49 -0.26 0.93 0.22
M19 5.86 0.59 0.14 0.58 0.11 0.58 -0.20 0.64 -0.28 0.77 -1.24 0.79 -3.11 0.86 0.02 0.87 0.14 0.84 0.05 0.67 -0.28 0.63 0.04 0.42 0.14 0.94 0.27
M10 597 0.59 0.05 0.50 -0.09 0.59 -0.11 0.44 -0.12 0.75 -1.13 0.75 -2.95 0.82 -0.29 0.75 -0.10 0.84 -0.10 0.69 -0.41 0.59 -0.18 0.48 -0.05 0.92 0.23
M5 6.03 0.59 -0.20 0.52 -0.05 0.54 -0.25 0.48 -0.68 0.72 -1.03 0.79 -0.48 0.86 -0.33 0.84 -2.42 0.82 -0.68 0.73 -0.45 0.68 -0.12 0.44 -0.06 0.92 0.11
M13 6.12 0.64 -0.32 0.57 -0.41 0.53 -0.43 0.59 -0.42 0.71 -1.55 0.84 -1.57 0.83 0.08 0.84 0.07 0.54 -0.08 0.64 -2.01 0.62 -0.01 0.46 -0.20 0.94 0.28
M6 6.47 0.46 -0.29 0.35 -0.62 0.24 -0.03 0.25 -1.05 0.48 -1.07 0.68 -1.47 0.71 -0.19 0.78 0.10 0.46 -0.30 0.37 -1.82 0.40 -0.47 0.24 0.06 0.86 -0.76
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Figure 3- Box plot based on skill score (SS) for monthly and annual variable, (a) - (m) Precipitation, (n) - (z) Average
temperature, based on the output of 21 GCM models at each station. Whiskers at the bottom and top of each box show 10th
and 90th percentiles. The black and red circles represent the combination of all models (All) and Selected, respectively. Meang
and oss represent the mean and standard deviation of SS values for 21 GCMs over the stations, respectively. The stations are
arranged on a horizontal axis from the north to the south
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arranged on a horizontal axis from the north to the south
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Figure 5- Multimodel mean (All high-re dow-re Selected) change in precipitation and temperature at each station in relation

to the historical period, (a) - (d) Precipitation changes (%0), (€) - (h) Temperature changes (C°), for both RCP8.5 and RCP2.6
scenarios and the near term (2045-2065) and the long term (2080-2100). The stations are arranged on a horizontal axis from
the north to the south
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Introduction: Achieving sustainable practices of mitigation and adaptation to climate change requires
accurate projections of climate change in each region. In this regard, Coupled Model Inter-comparison Project
(CMIP) over the past 20 years has shown a good performance. Therefore, new CMIP5 climate models are
expected to be bases for many climate change studies. These models use a new set of emission scenarios called
Representative Concentration Pathway (RCP) to project climate change. Climate change is expected to impact
wheat production and food security in Iran. So far, no study has not been conducted to regionally project climate
change based on new CMIP5 models and RCP scenarios over the major wheat-producing areas in Iran. Our
objective was to evaluate the performance of CMIP5 climate models in simulating temperature and precipitation
in these areas. In addition, different combinations of climate models were evaluated to select appropriate models
in these areas.

Materials and Methods: According to the latest data, nearly 60% of rainfed wheat is produced within our
study area. The mean monthly temperature and precipitation data were provided by Meteorological Organization
of Iran for synoptic stations. Period of 1975-2005 was considered as a historical period (baseline period). We
evaluated outputs from 21 GCMs from CMIP5 climate models for monthly values of total precipitation and
mean surface air temperature. One in ten ensembles of each GCM model was evaluated as available. We used
model outputs for two emission scenarios i.e. RCP-2.6 and RCP-8.5, for the future periods of 2045-2065 and
2080-2100 to project temperature and precipitation changes. We assigned the models into two groups, high
resolution (models less than 2° latitude/longitude, high-re; 11 models) and low resolution (models greater than 2°
latitude/longitude, low-re, 10 models). Output GCM models were used for a grid in which recorded data are
available. We applied the equidistant quintile-based mapping method (EDCDF) to correct bias of monthly
precipitation and temperature simulated by models in the historical period (1975-2005) and, then in the future
periods. We also used the root mean square error (RMSE), the coefficient of correlation and the skill scores (SS)
to evaluate the model performance.

Result and Discussion: Average of all ensembles of an individual model outperformed the other ensembles
in simulating the historical climate. This superiority is largely caused by the cancellation of offsetting errors in
individual ensembles of a model, and also reduces the effects of natural internal climate variability in
simulations. Taylor diagram showed, contrary to a simulation of temperature, simulations of precipitation have
great variability than observations and the standard deviation of simulated precipitation values was less than that
of observations for most used models. The models simulated temperature much better than precipitation across
the region. Contrary to precipitation, the simulated temperature did not show a significant difference among the
models. Several combinations of models resulted in an improvement in precipitation and temperature
simulations. Therefore, a combination of models can be used in regional climate change assessment studies. The
models performance for simulating the historical climate was evaluated based on skill score (SS) and A (the
Euclidian distance from perfect skill, point (1, 1, 1, . . ., 1)). Many different combinations of 21 GCM models
were evaluated, which combination of 7 models as selected models yielded a lower A and higher skill scores. For
multimodal ensemble (MME) mean (All, high-re, low-re and Selected, models) A value was less than that for
individual models. SS values in the simulation of precipitation were more than -3 for 75% of models during the
high precipitation months. Uncertainty in the simulation of precipitation during the low precipitation months was
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more than that of high precipitation months and it was even much more in southern areas (especially in August
and September). Uncertainties in temperature and precipitation changes projections were affected by the
scenario, the time period and models selected. All models showed biases indicating the fact that direct use of
such models in climate change studies (without bias correction) is not recommendable. Although the use of
statistical methods for bias correction resulted in a significant reduction of nonsystematic biases, systematic
biases were not considerably influenced. Precipitation will increase in northern areas toward the end of the
century and a higher reduction in precipitation is anticipated in the southern areas. The average, long-term
(2080-2100) temperature increase was 5.5°C under RCP-8.5. Further, temperature increase will be greater in the
southern regions.

Conclusion: Performance of 21 GCMs from CMIP5 climate models were evaluated in major rainfed wheat-
production areas in Iran and temperature and precipitation changes were projected under RCP-2.6 and RCP-8.5.
Taking into account all GCM’s initial conditions (if they are available) leads to a better performance.
Simulations of models exhibited biases, so models output must be corrected before they can be used in regional
climate change assessment studies. Although bias correction resulted in a significant reduction of nonsystematic
biases, systematic biases were not significantly affected. The MME (All, high-re, low-re and Selected, models)
consistently outperformed individual models for both precipitation and temperature suggesting that a smaller
group of models can be used in regional climate change assessment. We recognized a subset of 21 models (7
selected models) based on performance that combination of them can provide the best performance and plausible
future projections.

Keywords: Biases correction, Emission scenarios RCP, Skill Score (SS), Systematic biases
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Preservation

Tightly sealed to prevent evaporation. Keep away from radioactive sources
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Protect from all sources of radiation, flushed with Argon.
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Figure 3- The trend of tritium fluctuations in global rainfalls (retrieved from GNIP site)
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Table 2- Measured tritium values and calculated relative age for different sources in the study area
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Introduction: Tritium is the only radioactive isotope of hydrogen, with a half-life of about 12.3 years, in

water molecule which can be used to determine the age of water in a hydrological cycle. Although hydrogen
bomb tests entered a lot of tritium into the atmosphere and then into the hydrological cycle, but at the moment
the average amount of tritium concentration in global precipitations is reaching to about 5 TU. The purpose of
this paper is to investigate the tritium concentrations in precipitations of the Middle East countries and to
determine the tritium concentration in Iran precipitation (especially in precipitations of the west of Kermanshah
province) and to determine the relative age of groundwater resources in Paveh, Javanrood, Ravansar and Sarpule
Zahab areas using tritium radioisotope.

Materials and Methods: The required tritium data for the Iran and neighbors and for the global precipitations
were retrieved from the Global Networks of Isotopes in Precipitation (GNIP) site of the International Atomic
Energy Agency (IAEA). To measure the amount of tritium in Kermanshah precipitations, samples were collected
from three rain stations, three wells and from nine springs in Paveh, Javanrood, Ravansar and Sarpule zahab
areas during fall 2015 and 600 ml in 600 ml water polyethylene containers, all water samples were analysed at
Waterloo University Isotope Laboratory.

Results and Discussion: The amount of tritium concentration in precipitations depends on latitude,
longitude, temperature, altitude and the vapor mass. The higher amount of vapor and the lower temperature or
the higher altitude, decreases the concentration of tritium. In areas such as Karachi, Bahrain and Adena, due to
its proximity to the sea and the higher amount of vapor in the atmosphere, the tritium concentration in
precipitation is low. In this paper, the tritium concentration in precipitation and groundwater resources of the
west of Kermanshah province was measured at the University of Waterloo-Environmental Isotope
Laboratory (UW-EIL). Then the average relative age of groundwater was determined. Results indicate that the
tritium concentration in precipitation of the west of Kermanshah is about 6.0 TU and it is much lower in
groundwater resources. Based on water age division using tritium concentration, the water of precipitations in
the west of Kermanshah is modern and the water of groundwater resources are mixture of modern (recently
recharge water) and sub modern water (the waters fed before 1950). By determining the amount of electrical
conductivity (EC) and the concentration of tritium in the waters of the region, it is concluded that in the direction
of flow, with increasing EC and decreasing the amount of tritium, the water age increases. By examining the EC
and the relative age of the waters, it can be concluded that in the Sarpule Zahab area, in Ghaleh Shahin plain,
groundwater recharge to the alluvial aquifer in Qaleh Shaheen spring area and then it flow in the direction
toward Sarabgarm spring. However, in Boshive plain, the groundwater flow from Marab spring towards the
Gandab spring. Tritium has a correlation with the air temperature. The higher the temperature, the more the
concentration of tritium in the abundant water resources, and the older age for the water sample. In the study
area, the average annual air temperature in the Paveh, Javanrood and Ravansar areas are about 15.1, 15.0 and
14.9 degrees Celsius, respectively, and it is about 19.9 degrees Celsius for Sarpule Zahab area. The average
concentration of tritium in Pave and Javrroud is about 3.4 TU, however, in Ravansar and Sarpule Zahab areas are
about 1.4 TU and 1.1 TU, respectively Therefore, it is evident that the relative age of groundwater is younger in
the Paveh region and it is the oldest in Sarpule Zahab region.

Conclusions: The concentration of tritium is associated with the age of water. The lower the amount of
tritium is the oldness of the water. The geology and rocks are affected by the movement of water, which is why
the age of groundwater resources in the Paveh region due to the development of karst and the rapid transfer of
groundwater is less than the Sarpule Zahab and Ravansar areas. On a global scale, the concentration of tritium in
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Geology, Faculty of Science, Ferdowsi University of Mashhad
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the northern hemisphere’s precipitations is much higher than that of in the southern hemisphere, and in the polar
regions’ precipitations it is approximately 4 times of the tropical region’s precipitations. By investigating the
concentration of tritium in the rain of neighboring countries of Iran it is concluded that the proximity to the sea
and the increase of water vapor in the atmosphere have reduced the amount of tritium concentration.

Keywords: Age measurement, Iran, Groundwater resources, Kermanshah province, Rain, Tritium
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