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Table 1- Field data characteristics

a9 0o

1 2 3 4 5 6 7 8 9
Furrow NO.
>
e 1 15 2 1 15 2 1 15 2
Discharge (L/sec)
Snjere 0.216 0.1251 0.0174 0.1153 0.025 0.0675
Roughness coefficient
$3909 o p o5 0399 8568 5735 7115 0401
Inflow Volume (m?3)
o g, a9 &5 66 1334 829 1339
sl 65l Runoff Volume (m%)
9 _LS) e Goria o 254 170 140 273 182 157
| First Advance time (min)
irrigation 5 o 772 696 1053 873 827
o ek ol 913
Cutoff time (min)
R 01753 00274 00369 0163 009 01084 01155 0.1284 0.0528
Roughness coefficient
909 o p> cogs (039 BAIS 7ASL 1210 14997 9495 7166 8236
Inflow Volume (m?3)
] 9> g, sy 143 007 955 3544 21.97 1365 731  14.67
@95 6yl Runoff Volume (m?)
Second Sopa e 70 189 153 153 2713 262 390 238 131
irrigation Advance time (min)
ol alad ol oi7s3 20 780 1390 1310 1230 1751 856 749
Cutoff time (min)
S oy 0.961 0.0388 0.026 0.1236  0.094 0.0533 0.0777 0.063 0.023
Roughness coefficient
d59)9%—'|rv7.‘> 122.57 76.77 121.7 13581 9415 119.88 94.67 87.14 112.94
Inflow Volume (md)
9 g'_,1‘313) 15.55 8.33 10.95 11.21 7.28 11.11 12.3 9.56 12.19
Wi Runoff Volume (m%)
Pi‘j‘r"h_éé £ Soyi olos 9530 250 180 810 271 177 495 218 154
irrig;rt-ion Advance time (min)
ol aad ol 2300 994 1095 2040 1150 1174 1720 1060 1100
Cutoff time (min)
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Table 2- Infiltration Parameters

! aailigs by 9565959 B9y IPARM Jue
Two point method Inflow-outflow method IPARM model
fo fo
. a k 3 a k 3 a k fo
ez ojled ) (m®.m?*.min?) (1m m ) (mEm™min?) (1m :m ) (m®.m*.min?) (m®.m™.min)
Furrow NO. min) min)
1 0.43 0.008 0.000049  0.88 0.000413 0.00049 0.28 0.0012 0.00051
2 0.13 0.0343 0.0008 0.94 0.000443 0.0008 0.27 0.0093 0.00069
i 3 0.19 0.0478 0.00111 0.98 0.000568 0.00111 0.65 0.0062 0.00058
Jsl k! 4 0.22 0.0291 0.00046 0.85 0.00044 0.00046 0.03 0.051 0.00046
First 5 0.11 0.0603 0.00081 0.93 0.00042 0.00081 0.48 0.007 0.00055
irrigation 6 0.27 0.0357 0.00101 0.92 0.000686 0.00101 0.41 0.011 0.00084
1 0.34 0.0176 0.0004 0.61 0.0029 0.0004 0.51 0.0086 0.00066
2 0.08 0.0766 0.00072 0.88 0.0006 0.00072 0.02 0.009 0.00053
3 0.25 0.0347 0.00106 0.92 0.0006 0.00106 0.03 0.045 0.0011
4 0.29 0.0381 0.00057 0.89 0.0004 0.00057 0.65 0.0033 0.00021
5 05 0.0168 0.00061 0.79 0.0012 0.00061 0.38 0.015 0.00058
n 6 0.64 0.0108 0.001 0.92 0.0007 0.001 0.7 0.012 0.00095
ps> S)k! 7 0.42 0.0168 0.0005 0.87 0.0005 0.0005 0.3 0.0071 0.00043
Second 8 0.22 0.038 0.00077 0.95 0.0008 0.00077 0.82 0.0023 0.00061
irrigation 9 0.35 0.0224 0.00103 0.92 0.0007 0.00103 0.01 0.035 0.00104
1 0.47 0.0168 0.00051 0.92 0.00033 0.00051 0.22 0.033 0.00049
2 0.21 0.0503 0.00079 0.94 0.0004 0.00079 0.21 0.023 0.00064
3 0.43 0.0212 0.00111 0.94 0.0006 0.00111 04 0.01 0.00091
4 0.52 0.0167 0.00049 0.85 0.00073 0.00049 0.5 0.012 0.00034
! 5 0.55 0.009 0.00082 0.95 0.00039 0.00082 0.19 0.013 0.00076
6 0.31 0.0361 0.00109 0.96 0.00046 0.00109 0.1 0.012 0.00092
Ead 7 0.49 0.0165 0.0005 0.94 0.00028 0.0005 0.23 0.024 0.00048
Third 8 0.22 0.0404 0.0008 0.94 0.00043 0.0008 0.22 0.039 0.00036
irrigation 9 0.17 0.0165 0.00108 0.96 0.00051 0.00108 0.21 0.027 0.00083
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Table 3- Parameters of the Kostiakov-Lewis Equation by SIPAR_ID

SIPAR_ID Juw
SIPAR_ID Model

a9 o)lod a K fo 0.5fo
Furrow NO. ) (mé.m.min?) (mé.mt.min) (mé.mt.min)

1 0.48 0.0088 0.000487 0.000243

2 0.67 0.0049 0.0008 0.0004

3 0.75 0.0058 0.00111 0.000556

4 0.88 0.0013 0.000458 0.000229

sl e 5 0.59 0.0071 0.000806 0.000403
First irrigation 6 0.48 0.0053 0.001015 0.000507
1 0.60 0.0049 0.000396 0.000198

2 0.56 0.0098 0.000724 0.000362

3 0.73 0.0039 0.001059 0.000529

4 0.98 0.0005 0.000572 0.000286

5 0.81 0.0027 0.000608 0.000304

6 0.96 0.0016 0.000998 0.000499

7 0.70 0.0038 0.000501 0.00025

pss 6okl 8 0.78 0.0028 0.00077 0.000385
Second irrigation 9 0.88 0.0019 0.001026 0.000513
1 0.98 0.00064 0.000512 0.000256

2 0.99 0.00083 0.000794 0.000397

3 0.62 0.0088 0.001107 0.000553

4 0.68 0.0063 0.000494 0.000247

5 0.64 0.0065 0.00082 0.00041

6 0.62 0.0071 0.001094 0.000547

ap o] 7 0.79 0.0025 0.0005 0.00025
e 8 0.79 0.0029 0.0008 0.0004
Third irrigation 9 0.46 0.018 0.00108 0.00054
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Table 4- Estimation of infiltration volume by SIPAR_ID

aad Zi1=kt*  Zx=kt*+fot Zs=kt?+0.5 fot
Statistical indicators
RE -48.65 -24.64 16.63
R? 0.31 0.42 0.46
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Figure 2- Evaluation of advance time (a: Two Point
Method, b: SIPAR_ID Model, ¢: IPARM Model, d: Inflow-
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Figure 1- Simulated advance time (a: First irrigation,
b:Second irrigation, c: Third irrigation)
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Figure 3- Evaluation of Runoff Volume (a: Two Point

Method, b: SIPAR_ID Model, ¢: IPARM Model, d: Inflow-
outflow Method)
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Figure 4- Evaluation of Infiltrated VVolume (a: Two Point

Method, b: SIPAR_ID Model, c: IPARM Model, d: Inflow-
outflow Method)
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Introduction: Surface irrigation systems are the oldest and common irrigation method. Surface irrigation is
of low cost and energy requirements compared to sprinkler and drip irrigation systems. In general, a main large
number of fields' data is needed to show the farm average condition. Infiltration parameters are one of the most
important parameters in surface irrigation systems and it has led to increase the irrigation systems efficiency,
especially since the characteristics of infiltration vary with time and place. The modified kostiakov-lewis
equation is one of the most useful infiltration equations in surface irrigation. In the current study, the infiltration
parameters of the modified kostiakov-lewis equation were determined with two sets of usual methods including
direct methods such as two-point Elliot and Walker and Input-Output, computer models such as SIPAR_ID and
IPARM. Finally, the results were compared with the results of field experiments.

Materials and Methods: The current field was irrigated three times from 14 September to 31 October 2016
at the R 5-22 farm located in Salman Farsi Agro-Industry sugarcane fields with age of Raton 2. To collect the
required data, the fields experiments were conducted on nine furrows of 250 m in length, 1.83m in space and
0.04% in slope, which all furrows were irrigated under three events and three inflow (1, 1.5 and 2 1/s), and fields’
data were obtained from experimental measurements during summer and autumn2016 at sugarcane fields of
Salman Farsi Agro-Industry %. In the current study, the inflow rate and runoff were measured by W.S.C type 1
and 2 and all furrows divided into 10 stations. The advane time and infiltrated depth were measured at each
stations. In this study 18 furrows were considered, nine furrows were used for testing and the other furrows had
buffer roles. The furrows were irrigated by closed-end method. In this study, three indicators of infiltrated
volume in the root zone, advance time and runoff volume were used to evaluate the accuracy of estimation of
infiltration parameters. Surface irrigation model: WinSRFR 4.1.3 was used to simulate irrigation phases and
infiltration value in each method. In this study, zero inertia model was used for simulation.

Results and Discussion: Results of this study showed that using the direct methods to estimate the
infiltration parameters in WinSRFR 4.1.3 software improves the simulation process significantly. The results of
the Two- Point and Input-Output method were showed a little difference with the results of the WinSRFR 4.1.3
software in simulation of the closed-end furrow irrigation process with sugarcane cultivated in furrows. The
direct methods for infiltration parameters in furrow irrigation showed more accuracy than computer models in
advance time , runoff and infiltrated water volumes. According to the results of this study, the Two-Point method
in estimation of advance time with mean of RMSE, MAE and RE of 10.52, 14.91 and 10.1%, infiltrated water
volume with mean of RMSE, MAE and RE of 9.6, 7.36 and 7.8 and runoff volume with mean of RMSE, MAE
and RE of 8.8%, 8.7% and 1.2%, had a very acceptable performance. Also, the RMSE and RE values of other
direct method (input-output method) were 11.4% and 6.8% for infiltrated water volume, respectively, and 1.6
and 0.3% for runoff volume, respectively, shows that this method has high accuracy in estimating these two
performance indicators although this method with an average of 25.11% and 27.2% was not able to accurately
simulate advance time. On the other hand, the results of computer models showed that the IPARM model with
the average mean absolute error and relative error was 23.33, 15.5% of the advance time, 20.02 and 26.7% of the
infiltrated volume and 11.81% and 1.8% estimated runoff volume, which was better than the SIPAR_ID model.
Although computer models had acceptable performance in estimating infiltration parameters, direct methods
performed better due to the use of more input data and data from all stages of irrigation. In general results of this
study were showed that, if the direct methods for infiltration equations used Instead of the computers models in
the designing, simulation and evaluation of the furrow irrigation systems, increased the accuracy of results to
significantly and will improve and increase irrigation performance indicators.

Kewwords: Infiltration parameter, Inflow-outflow method, IPARM, SIPAR_ID, Two-point method
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Table 1- Physicochemical properties of the studied soil
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Table 2- Chemical and qualitative properties of the irrigation water
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Figure 2- Gross depth of irrigation water for one day in between irrigation interval and daily evapotranspiration rate of
pistachio in three irrigation regimes I, I, and 15
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Figure 3- Distribution of moisture content after irrigation, July 5th (97 days after first irrigation), in three irrigation regimes
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Figure 4- Distribution of moisture content after irrigation, July 6th (98 days after first irrigation), in three irrigation regimes
I, I and I3
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Table 3- Variance analysis of soil moisture ratio based on three time of sampling (97-98 days after the first irrigation
(Developement), 151-152 days after the first irrigation (middle) and 207-208 days after the first irrigation (Later)
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Table 4- Averages comparison of independent effects of time (before and after irrigation), irrigation regime and soil depth on

moisture
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Table 5- Comparison of bilateral interactions effects of irrigation regimes and soil depth, irrigation regime and time, soil
depth and time on the ratio of moisture
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Table 6- Comparison of three-way interactions effects of irrigation regimes, soil depth and time (before and after irrigation)
on the ratio of moisture
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The Effect of Different Irrigation Regimes under Subsurface Drip Irrigation
System on Soil Moisture Distribution in Pistachio Orchard
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Introduction: Creating a uniform and adequate moisture in the root zone is one of the most challenging
issues in irrigated lands. Use of irrigation systems with high water efficiency, such as sub-surface drip irrigation
is recommended as a solution to reduce water losses. Information on soil moisture variation is an important
factor for managing and designing a subsurface drip irrigation system. This study was conducted to evaluate the
soil moisture variation for different irrigation regimes in a pistachio orchards equipped by a subsurface drip
irrigation system (SDI).

Materials and Methods: This study was carried out in a two-hectare of 10 years old pistachio orchard
located in Semnan province, Iran ( located at 35°28" N, 53°12'E and elevation of 1160 m above sea level) during
the 2012-2013 growing season. The climate of the studied area is hot desert having an average annual
precipitation of approximately 110 mm. Daily meteorological data such as the temperature, relative humidity,
wind speed, rainfall, and solar radiation were collected from a meteorology station in farm. The soil was sandy
loam textured with average field capacity and permanent wilting point of 12.23 and 5.01%, respectively.
Subsurface drip irrigation system was equipped by EuroDrip Company emitters (PC2), inline, to a distance of 80
cm and with a discharge of 26.2 Lit/ hr installed at a depth of 40 cm. In this study, a factorial experiment in split
plot design was used with three replications. Three irrigation treatments i.e. control (I1), Irrigation based on
irrigation requirement (12) and 12 plus leaching requirement (13), and changes in the moisture front were
investigated by weight sampling between two drip lines, between the trees rows, on the drip line and out of the
drip line of each row, before and after irrigation and in development, middle and late season.

Results and Discussion: For the evaluated irrigation systems, increased levels of irrigation regime resulted
in increased moisture content in the root zone. The higher average soil moisture (16.6 %) was measured after
irrigation under 13. The I1 irrigation regime did not significantly change the soil moisture content in upper part
of emitters before and after irrigation event. Average soil moisture content at different depths showed that the
soil moisture content in 75 soil depth was significantly higher than that in 25 and 50 cm soil depth, which can be
attributed to higher root water uptake by root in 0-50 cm soil depth. Bilateral impact of irrigation regimes and
soil depth showed higher soil moisture content (19.3%) under 13 and 75 cm soil depth which may lead to deep
percolation. Bilateral impact of irrigation regimes, soil depth, and time before and after irrigation event also
resulted in higher soil moisture content (22.5 %) in 75 cm soil depth after irrigation under 13. The lowest soil
water content (10.5 %) was measured in 25 soil depth before irrigation under 11.

Conclusion: The results of this study showed that 12 and I3 irrigation regimes did not show water shortage
during growth season (before and after irrigation), but the 11 irrigation regime caused water scarcity. Therefore,
the formation of continuous moisture profiles with low moisture in 11 irrigation regime was caused as a result of
low irrigation during this period. Accumulation of moisture at depth of 50-75 cm from the soil surface, even
under low irrigation conditions 11 irrigation regime, implies that irrigation time is not suitable for irrigation
regimes. In general, in order to improve the irrigation management, it is necessary to reduce the irrigation
intervals and have a more appropriate distribution of moisture in the soil profile.

Keywords: Irrigation time, Leaching requirement, Moisture front, Soil depth, Subsurface drip irrigation
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Figure 1- The location map of sampling stations in the Beheshtabad River
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Table 1- Classification of each parameter based on its value and assigned value according to Liou index (35)

S Sl Aol jlade AL Geb oaudodls ol ke Liou jas L jlade Ol G Cnidy
Quality Parameter . Liou . . Value of Liou Status of water
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Table 2- The Values of Liou Pollution Index in different stations of the Beheshtabad River
ol oy)lowd oy Culigud,l Ba 5 g 392 e

Station number  April May June July August September
1 15 15 1 1 1 1
2 15 1 1 1 1 1
3 15 1 1 1 1 1
4 2 15 15 1 1 15
5 15 1 15 1 1 15
6 15 1 1 1 1 1
7 15 1 1 1 1 1
Ol 1.57 1.14 1.14 1 1 1.14
Mean
Ol cas jials Jol Je aS sl )8 oxgll Sl edgaxe b adlllen 350 aildgy p0 1) LiOU sl jl (glawolie ¥ Jgi>
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Table 3- The average of index in the Beheshtabad River compared to different rivers

é{.;.n Liou ‘_,a.&l.w )l.\io 43‘539)
Reference Value of Liou index River
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Table 4- The average of surface water quality parameters in different stations of the Beheshtabad River

;s:"l' DO (mg/lit)y BODs" (mg/lit) NHsz N (mg/lit) TSS (mg/lit) T (Ce¢) pH  EC(us/cm)
ation

1 9.15 1.16 0.25 15.41 12.28 8.17 312.3

2 8.92 0.96 0.21 16.1 1237 8.26 440.7

3 9.32 1.76 0.28 16.36 1328 8.28 460.7

4 9.17 1.86 0.33 14.59 133 8.845 676/8

5 9.3 1.95 0.3 13.55 15.16 8.54 672

6 9.2 1.36 0.32 14.83 1493 847 512.2

7 9.25 1.11 0.24 16.15 14.09 8.6 544.3
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Table 5- The results of principal component analysis for measured parameters in studied river

2k adlye
Parameter Component
1 2

DO 0.7 0.03
BODs 0.72 -0.56
NH3_N 0.71 -0.56
TSS -0.63 0.57
T 0.23 0.96
pH 0.93 0.09

EC 0.89 -0.1
bl 57.26% 21.3%
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Table 6- The Standard of surface water pollution based on different sources

oyl &g, 43 lade 3, lasbiu! 83945 P
Parameter Value in river Standard range Reference
Boyd and Gautier
DO (mg/lit) 7.8-10.4 >5 (6) 5555 5 23t
Boyd and Gautier
0_2 ")‘5L )L‘-""‘J
Very clean
BODs (mylit) 0-3.7 - 039)] Liun (®) lﬁi-)nl odzcio YL w) b 5l cblis lojle
Slightly polluted  Environmental Protection Agency (EPA)
5 o3gll Ly s
Very polluted
NH3_N (mg/lit) 0.07-0.42 - -
TSS (mg/lit) 4.5-45 - -
EC (us/cm) 205-969 150-500 (18) olfSon s &
Kelly et al.

B0k o 58 s laadlye 3 iy ]y Fluenl oS
S Sl g 5 (abondsSand sl yiell (om0
SLacSiSs (oL 5 gatodgu imgly ol bl oo 36
5ol (Sl pasli g Jool adlie Lo o) ite aix (o)Ll
sbaosls jl (glaegoomo s g Jlod gl 1y o el )l honins
Copioo sy |y o S S8 008 5 Of CodeS b5yl s
odlail el s ol a8 amd o )l e J CasS yihe
b ol gl cypie asdy a8 (o sy (LSl ) ST sl Jous

S 03 JHBT 523l dewgs pololyy

S 5 4
2 ey dlleiny alsag) Ol udS Cumdg adlas pl
o Liou (S3s 1 jasli 5l oslizl b o)kt 5 Jbesls ol
bt ad oy WA Ly L5 9398 jl ol & e
Liou 5360 jasli b 48 ol i dalllas ol j1 ool
S Olyas lise claole b )0 sblcuigs sy, of cuas
3 ol laadye WUl pimen D s Of cuiS  cusly
Lol e (85 (Sogll )3 ool 1 plaS o Cumnl (s gl
ko)l g Jsl 4l )3 1) Sore slojially 4 (5 psboey A8



VAN g9 50 — Ol 30 ¥ o )lod Y b (S gl 4,25 FVY

20-

21-

22-

24-

25-

26-

&l

Aminpour Shiani S., Mohammadi M., Khaledian M.R., and Mirroshandel A. 2016. Water quality evaluation of
Gazroudbar river using NSFWQI and Liou indices. Journal of Wetland Ecobiology 8(1): 63-74. (In Persian)
APHA. 1992. Standard methods for the examination of water and wastewater. 18" ed. American Public Health
Association, Washington, DC.

Bahar M.M., Ohmori H., and Yamamuro M. 2008. Relationship between river water quality and land use in a
small river basin running through the urbanizing area of Central Japan. Limnology 9(1): 19-26.

Bouza-Deano R., Ternero-Rodriguez M., and Fernandez-Espinosa A.J. 2008. Trend study and assessment of
surface water quality in the Ebro River (Spain). Journal of Hydrology 361(3): 227-239.

Boyd C.E., and Gautier D. 2000. Effluent composition and water quality standards. Advocate 3: 61-66.
Camdevyren H., Demyr N., Kanik A., and Keskyn S. 2005. Use of principal component scores in multiple linear
regression models for prediction of Chlorophyll-a in reservoirs. Ecological Modelling 181: 581-589.

Effendi H. 2015. River water quality preliminary rapid assessment using pollution index. Procedia Environmental
Sciences 33: 562-567.

Effendi H., and Wardiatno R.Y. 2015. Water Quality Status of Ciambulawung River, Banten Province,Based on
Pollution Index and NSF-WQI. Procedia Environmental Sciences 24: 228-237.

Environmental Protection Agency (EPA). 1996. Quality Criteria for Waters, Washington, DC.

Fan X., Cui B., Zhao H., Zhang Z., and Zhang H. 2010. Assessment of river water quality in Pearl River Delta
using multivariate statistical techniques. Procedia Environmental Sciences 2: 1220-1234.

Fathi E., Zamani-ahmadmahmoodi R., and Zare Bidaki R. 2018. Water quality assessment of Beheshtabad River
at the intersection of Shalamzar Spring with Koohrang River. Journal of Environment and Water Engineering 4(2):
178-183. (In Persian with English abstract)

Gayoor H., and Montazarei M. 2005. Classification of temperature regime of Iran using PCA and CA. Geography
and Development Iranian Journal 2(4): 21-34. (In Persian)

Hoseinzadeh E., Khorsandi H., Rahimi N., Hoseinzadeh S., and Alipour M. 2013. Evaluation of Aydughmush
water quality by national sanitation foundation oundation water quality (NSFWQI) and Liou pollution indices.
URMIA Medical Journal 24(2): 156-162. (In Persian with English abstract)

Jang C.S. 2016. Using probability-based spatial estimation of the river pollution index to assess urban water
recreational quality in the Tamsui River watershed. Environmental Monitoring and Assessment 188(1): 36.

Kelly T.R., Herida J., and Mothes J. 1998. Sampling of the Mackinaw River in central Illinois for physicochemical
and bacterial indicators of pollution. Trans Il State AcadSci 91: 145-154.

Lausch A., and Herzog F. 2002. Applicability of landscape metrics for the monitoring of landscape change: issues
of scale, resolution and interpretability. Ecological Indicators 2(1-2): 3-15.

Liou S.M,, Lo S.L., and Hu C.Y. 2003. Application of two-stage fuzzy set theory to river quality evaluation in
Taiwan. Water Research 37(6): 1406-1416.

Mohamed 1., Othman F., lbrahim A.l, AlaaEdin M.E., and Yunus R. 2015. Assessment of water quality
parameters using multivariate analysis for Klang River basin, Malaysia. Environmental Monitoring and
Assessment 187(1): 1-12.

Nazemosadat S.M.J., Baigi B., and Amin S. 2003. Application of the principal component analysis for the
regionalization of winter precipitation over Boushehr, Fars and Kohgiloye and Boyerahmad provinces. Journal of
Water and Soil Science 7(1): 61-72. (In Persian)

Noori R., Abdoli M.A., Jalili Ghazizade M., and Samieifard R. 2009. Comparison of neural network and principal
component-regression analysis to predict the solid waste generation in Tehran. Iranian Journal of Public Health
38(1): 74-84.

Noori R., Khakpour A., Omidvar B., and Farokhnia A. 2010. Comparison of ANN and principal component
analysis-multivariate linear regression models for predicting the river flow based on developed discrepancy ratio
statistic. Expert Systems with Applications 37(8): 5856-5862.

Nosrati K., Derafshi K.H, Gharechahi S., and Rahimi K.H. 2011. Assessment of surface water quality of Haraz-
Gharesou watershed using with multivariate techniques. Journal of Earth Science Researches 2(5): 41-55. (In
Persian)

Oram B. 2011. Calculating NSF Water Quality Index (WQI). Wilkes University Center for Environmental Quality
Geo Environmental Sciences and Engineering Department.

Ouyang Y. 2005. Evaluation of river water quality monitoring stations by principal component analysis. Water
Research 39(12): 2621-2635.

Papatheodorou G., Demopouloua G., and Lambrakis N. 2006. A long-term study of temporal hydro chemical data
in a shallow lake using multivariate statistical techniques. Ecological Modeling 193: 759-776.

Pasha Zanoosi H. 2014. Practical Statistics for Environmental and Biological Scientists John Townend. Jahad
Daneshgahi Publisher, Mazandaran Branch, Iran.


https://link.springer.com/journal/10661

Yy ‘_A..o| adlao J.J:ugl_lou ‘;o,ﬂ el ebM|bébTw alsog, uiw‘sw)}u

27-

28-

29-

30-

31-

32-

34-

35-

Riitters K.H., Oneill R.V., Hunsaker C.T., Wickham J.D., Yankee D.H., Timmins S.P., Jones K.B., and Jackson
B.L. 1995. A factor analysis of landscape pattern and structure metrics. Landscape Ecology 10(1): 23-39.

Sabahi H., Faizi M., Veisi H., and Asilan K.S. 2010. Study on the influence of agricultural activities on water
quality of Sikan. Environmental Sciences 7(4): 23-30. (In Persian with English abstract)

Samantray P., Mishra B.K., Panda C.R., and Rout S.P. 2009. Assessment of water quality index in Mahanadiand
Atharabanki Rivers and Taldanda Canal in Paradip area, India. Journal of Human Ecology 26(3): 153-161.
Sanchez E., Colmenarejo M.F., Vicente J., Rubio A., Garcia M.G., Travieso L., and Borja R. 2007. Use of the
water quality index and dissolved oxygen deficit as simple indicators of watersheds pollution. Ecological
Indicators 7(2): 315-328.

Seifi A., Mirlatifi S.M., and Riahi H. 2011. Developing a combined model of multiple linear regression- principal
component and factor analysis (MLR-PCA) for estimation. Journal of Water and Soil 24(6): 1186-1196. (In
Persian with English abstract)

Shamsaie A., Oreei S., and Sarang A. 2004. The comparison of water indices and zoning quality in Karoon and
Dez rivers. Journal of Water and Wastewater 16(3): 39-48. (In Persian)

Sheykhestani N. 2001. Explanation of surface water quality indices, and their applications in evaluation of quality
vulnerability and interpolation of rivers. MSc Thesis in Environmental engineering. Iran University of Science
Technology. (In Persian).

Shih C.H., Chu T.J., Kuo Y.Y., Lee Y.C., Tzeng T.D., and Chang W.T. 2010. Environmental pre-evaluation for
eco-leisure: A case study of a restored stream system in Hofanchuken creek of Taipei county,Taiwan. Journal
Environment Engineering Management 20(2): 99-108.

Terrado M., Barcelo D., Tauler R., Borrell E., and Campos S.D. 2010. Surface-water-quality indices for the
analysis of data generated by automated sampling networks. TrAC Trends in Analytical Chemistry 29(1): 40-52.
Yidana S.M., Ophori D., and Banoeng-Yakubo B. 2008. A multivariate statistical analysis of surface water
chemistry data-The Ankobra Basin, Ghana. Journal of Environmental Management 86: 80-87.



Journal of Water and Soil (559U @rluo g pgle) S 9 O & 2
Vol. 33, No. 3, Jul-Aug. 2019, p. 405-417 T FoB-FIV .o ATAA 599 50— 313 yo ¥ o lecs FF s

Water Quality Assessment of the Beheshtabad River Using Liou Pollution Index
and Principal Component Analysis

R. Zamani-Ahmadmahmoodi'Z- E. Fathi2- S. Bayati®- P. Ghorbani-Dashtaki*
Received: 25-02-2019
Accepted: 15-05-2019

Introduction: Surface water, especially rivers, are the important sources for drinking water, agricultural and
industrial uses. These reservoirs are easily affected by pollution and various activities. The vulnerability of
surface water is greater than that the groundwater. Therefore, the importance of water quality evaluation,
especially for drinkable water, has increased due to the reduction in its quality and quantity in recent years.
Optimal use and conservation of water resources in terms of quantity and quality are the principles of sustainable
development of any country. Water quality indices are among the useful tools in water quality assessment and
management. The aim of this study was to evaluate the water quality of the Beheshtabad River in Chaharmahal
and Bakhtiari Province, Iran by using the Liou Pollution Index and selecting the most important parameters
based on Principal Component Analysis (PCA).

Materials and Methods: In this study, 7 water quality parameters including temperature, dissolved oxygen,
biological oxygen demand, ammonia nitrogen, electrical conductivity, total suspended solids, and potential
hydrogen were measured by standard methods along the river in 7 selected stations for 6 months (April to
September 2016). Some of these parameters were measured at the sampling site and others in the laboratory.
Then, the values of the Liou Pollution Index were calculated to evaluate the water quality of the Beheshtabad
River in different stations. In this study, SPSS software was used to analyze the principal component. In the next
step, the appropriateness of the statistical universe was assessed using the Kaiser-Meyer-Olkin test.

Results and Discussion: The results of this study showed that the water quality was good during the study
period at sampling stations\, according to the Liou Pollution Index. The value of Liou Pollution Index was in the
slightly polluted class in March in station 4. Then, the average of Liou Pollution Index in the Beheshtabad River
was compared to different rivers. The result showed that the average of Liou Pollution Index in the studied river
is higher than rivers outside Iran. In addition, according to the statistical technique of PCA, two components
were introduced as the main component. The first component expressed 57.26% of the total variance and
included dissolved oxygen, ammonia nitrogen, biological oxygen demand, electrical conductivity, total
suspended solids and potential hydrogen parameters. The second component, temperature, expressed 21.3% of
the total variance. Furthermore, the result of comparing the measured quality parameters with the standard value
of surface water showed that biological oxygen demand, electrical conductivity, and total suspended solids
parameters in some stations were within the standard range and in some others were higher, which indicated a
negative result. The best and worst water quality in terms of biological oxygen demand was observed in May and
June, respectively. The electrical conductivity in April and May in all stations was within the standard range.
However, electrical conductivity was higher than the standard level in June in stations 4 and 5, higher again in
July and August in stations 4 to 7, and higher as well in September in stations 2 to 7. The fish farming
workshops, industrial pollution and geological survey may be the reasons. The value of potential hydrogen in all
of the stations was within the standard range of 6.5 to 9.5. The value of dissolved oxygen was high because of
increasing rainfall and stream flows due to the snow melting.

Conclusion: The results of this study showed that the water quality in the Beheshtabad River did not change
during the last 6 months (April to September 2016), and water quality was good. In addition, PCA plays an
important role in prioritizing the importance of each parameter in the pollution. Therefore, PCA places more
important parameters in the first component and less important parameters in the subsequent, respectively. On
the other hand, the measurement of physicochemical parameters is important for the study of water quality. This
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research demonstrates the usefulness and efficiency of the multivariate statistical technique of PCA and the use
of indicators for effective management of surface water quality. Therefore, using water resources in the future is
possible, and does not endanger their management based on sustainable development.

Keywords: Chaharmahal and Bakhtiari Province, Physicochemical parameters of water, River pollution
index, Water resources
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1- Penetration Resistance

2- Penetrometer

3- Retention curve slope at inflection point
4- Mass-size Fractal Dimension
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Table 1- Chemical and physical properties of the studied soil

Bos ECe oH  SAR Bd Clay Silt Sand & cal M PWP  FC
Depth cm)  (dS/m) (grem?®) (%) (%) (%) soiltexture (%) (%)
0-30 520 790 7.11 1.35 23 25 52 b gy Py WYY Y¥/e.
L CA Y X WSO 7 31 KY B E RV WV I vE P EYN POV Ve PR PRPR 5 B g PP
Table 2- The variance analysis of different treatments on measured parameters of studied soil
.. ay Slazyo (ke
S lie 83150 Mean squares
Sources Df  Bd FC  PWP Ks WAS PR S MWD  Dnm
Soby 2 "0.002 ™0.222 ™0.351  "0.009  ™0.007  "0.047 ™0.000 "0.007 "0.003
JToske g4 2 *0.001 "2.834 ™0.353 *"0.039  "1.983 *'0.263 0.006 ™0.132 “0.116
S oslo lade 2 *0.137 *"B5.748 **0.378 *21.738 *'31.604 *1.004 0.002 *0.137 "™0.078
sk ok 2 "0.000 *1.157 ™0.479 *0.510 *'3.421 *0.086 *0.004 "0.085 0.205
Josle jlage x Il oslo g5 4 "0.000 *0.971 ™0.308 *0.040 **0.427 *0.032 ™0.00 *0.107 "™0.036
ok zobw x Jlodle g5 4 *0.001 0.436 "™0.064 0.005  0.082 "™0.006 0.001 *0.193 **0.152
sk zobaw x T ool Jlade 4 "0.000 ™0.228 ™0.163 *0.121  **0.355 ™0.021 ™0.00 "0.080 0.172
et xS °°L""":° AL g mgoo0 M4l M0258 70430 0221 0001 000 0414 0121
et )
eialojl olsl 52 0.000 0.150 0.240 0.002 0.015 0.001 0.00 0.037  0.032
(303) ol psss oy 0.995 1.518 4.268 2.557 3.156  13.848  0.99 15.63 4.44

Ablge Ao V Jleis ] e p3 )b gime 5 0 Jlein] pdaw )3 Jb e b Gze pé s 5 4 *K, * NS
** * ns are significant (P<0.01), (P<0.05) and non-significant respectively
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Figure 1- Mean comparison of interaction effect of the type of organic
matter and the level of soil moisture content on Bd
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Figure 2- Mean comparison of main effect of the
level of organic matter weight on Bd
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Figure 3- Mean comparison of interaction effect of the type of organic matter and the level of organic matter weight on FC
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Figure 4- Mean comparison of interaction effect of the type of organic matter and the level of soil moisture content on FC
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Figure 6- Mean comparison of interactive effect of the type of organic matter, the level of organic matter weight and the level
of soil moisture content on soil saturated hydraulic conductivity (Ks)
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Figure 7- Mean comparison of interactive effect of the type of organic matter, the level of organic matter weight and the level
of soil moisture content on stability of wet aggregates (WAS)
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Introduction: Destruction of soil structure and reduction of soil organic matter are major problems of
cultivated soils which result from improper tillage operations, excessive consumption of chemical fertilizers and
low consumption of organic and green fertilizers. One method for maintaining sustainable agriculture is to add
organic and inorganic amenders. By producing resistant aggregates, organic matters improve soil structure and
enhance soil permeability, FC moisture and water availability capacity. Furthermore, through enhancing
organisms’ activities, especially earthworms, organic matters improve soil hydraulic conductivity and reduce
bulk density. Organic matters may be added to soil through different way, however, the effect of each one on the
soil’s physical properties is different. Chicken feather (CF) is readily available through henhouses and
slaughterhouses, however, significant amounts of CF are destroyed by burning and burying them. Potassium
Humate (PH) is a potassium salt from humic acid. Humic acid is extracted from various natural sources such as
humus, peat, lignite and coal. Vermicompost (VC) is a compost which is produced by a non-thermal process.
The impact of CF on different soil properties has not been studied yet. Accordingly, we investigated the impact
of adding differing weight percentages of three types of amenders (PH, CF and VVC) on the physical properties of
soil under wheat cultivation at different moisture levels.

Materials and Methods: The experiment was conducted in factorial form based on randomized complete
block design with 27 treatments in three replications. The first factor included the above-mentioned amenders;
the second factor included three weight levels of these amenders (0%, 2.5% and 5%); the third factor included
three moisture levels (0.5FC, 0.7FC and 0.9FC). The amenders were uniformly mixed with the soil up to the
depth of 10 cm; then, wheat seeds were planted and moisture treatments were carried out during the growth
period (from late April 2016 to September 2016). The soil moisture of the plots was controlled during the
experiment period using the gravimetric method. For investigating the changes in the soil’s physical properties,
samples (disturbed and undisturbed) were taken from the plots before and after the experiment. The following
physical parameters were measured: bulk density (BD), soil moisture in field capacity (FC), permanent wilting
point (PWP), wet aggregate stability (WAS), saturated hydraulic conductivity (Ks), penetration resistance (PR),
retention curve slope at inflection point (S;), mean weight diameter of aggregates (MWD) and mass-size fractal
dimension of aggregates (Dm). Statistical analysis was done by SPSS software and means were compared via
Duncan test. Tables and graphs were generated by Excel software.

Results and Discussion: Variance analysis and means comparison indicated that using amenders reduced
bulk density for 89%. Reduced bulk density was caused by high keratin (91%) in CF, high porosity and the
production of coarse pores in soil. On the other hand, VC with many pores led to increased aggregation and
reduced bulk density.

Results revealed that consuming CF increased soil moisture to field capacity (FC) (87%). CF had more
significant impacts on increasing FC at high moisture levels. Thanks to its keratin structure, feather operates like
a sponge which enhances soil porosity; hence, it absorbs more moisture and improves FC. Furthermore, results
indicated that increasing the amounts of amenders led to increased soil moisture in PWP (91%). By increasing
the amount of amenders in soil, aggregation and soil porosity increased which led to enhanced PWP.

Large amounts of CF, PH and soil moisture (0.9FC) resulted in 3.7 times enhancement of Ks. CF led to the
production of large soil pores and reduced soil density which resulted in improved soil structure and increased
Ks. Thanks to its adhesion properties, PH increased Ks.

Increasing the amount of amenders and the level of soil moisture in all three types of organic matters
(especially CF) caused the 2.5 times enhancement of WAS.

The results revealed that increasing soil moisture and amenders led to reduced S; (101%). Given all three
types of amenders, PH had the highest impact on the reduction of S;. Moreover, soil penetration resistance (PR)
was reduced as a function of increasing the soil moisture level.

1, 2, 3 and 4- Assistant Professor and M.Sc. Graduated in Soil Science Department of Soil, Tabriz Branch, Islamic Azad
University, Tabriz, Iran, respectively.
(*- Corresponding Author Email: mdalalian@iaut.ac.ir)
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Contrary to the expectation, MWD was reduced as a result of increasing amenders. Furthermore, it was found
that, given little soil moisture, increasing the amount of amenders resulted in increased Dm; however, given high
soil moisture, increasing the amount of amenders led to decreased Dm. Thus, it should be noted that adding
amenders improved the stability of aggregates over long time periods and at high soil moisture levels.

Conclusion: One major strategy for improving soil physical and chemical properties is using modifiers,
especially organic matters. In this study, we investigated the impact of chicken feather on physical properties of
soil and compared its effect with those of potassium humate and vermicompost under different levels of soil
moisture and wheat cultivation.

The results indicated that consuming amenders resulted in reduced Bd but increased FC, PWP, Ksand WAS.
In other words, it improved physical properties of soil. Moreover, S; decreased as a result of increasing soil
moisture and organic matters. Among the three types of amenders, potassium humate had the highest impact on
reducing Si. PR was reduced as a function of increasing soil moisture. However, increasing organic matter led to
decreased MWD. Furthermore, it was unexpectedly found that, given low soil moisture, Dy, increased as a result
of increasing the organic matters weight. Nevertheless, in high levels of soil moisture, Dy decreased as a
function of increasing organic matter. Thanks to positive impacts of organic matters (especially CF which is
cheaper and more accessible than other amenders) on soil’s physical properties, they are highly recommended
for soil improvement. Regarding future studies, investigation of the effect of these amenders on soil chemical
properties under different soil textures is suggested.

Keywords: Amenders, Organic fertilizers, Soil moisture, Soil structure, Stability of aggregates
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1- Astragalus maassoumii
2- Echinops ritrodes

3- Bromus tectorum

4- Hordeum bulbosum

5- Cichorium intybus

6- Thymus serpyllum
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Table 1- Analysis of variance (F statistical) and comparison of mean (n = 3) some of soil characteristics in different types of
land uses in two regions of khargosh and sheida
The numbers in brackets represent the values of Std.Error (SE).

)5 &5 Sk cal s B Ojers 059 4 ) Cund
’ Soil texture Organic carbon  Total nitrogen C/N
Land use (mg/g soil)
o S
CRO (ﬂi/ 6.78 (1.16)2 0.58 (0.04)2 11.59 (0.83)?
AR15 S o P9 2.44(0.41)° 0.31(0.01)° 7.8(0.7)°
Sandy clay loam 041) (0.0 .7
AR40 & o) P 5.56(0.95)? 0.55(0.05)? 10.03(0.48)2
Sandy clay loam 0.95) 0.05) (0.48)
UR & ) P 4.57(0.82)% 0.45(0.06) 10.49(0.71)?
Sandy clay loam (0.82) (0.06) ©.71)
(£
CRO ) 29 7.32(0.87)° 0.31 (0.01)° 23.54(1.57)°
Clay loam (087) (0.01) (1.57)
AR15 ) 29 9.85(0.13)b¢ 0.41 (0.02) 24.03(0.24)°
Clay loam (0.13) (0.02) (0.24)
AR40 ) 29 11.97 (0.92)° 0.47 (0.02)° 25.22 (0.65)°
Clay loam 0.92) 0.02) (0.65)
R =) =3 24.86(1.71) .8(0.09)2 1.45(1.05)2
u Clay loam 86(1.71) 0.8(0.09) 31.45(1.05)
Analysis of variance (F statistical) (F o,bl) by 4555 gls
ailase 155.4° 0.73 277.25"
Area
bl 6 31.8™ 121" 4.82°
Land use
K x aglaio
= 35.57"* 16.57°" 3.7°

Land usex area

5 (AR40) Jusvo-f+ 5 (AR1LS5) Jlo V+=10 ;5 (65,08 ool (5lolay (CRO) SIS 5 cusS cos oyl gl ls gxo pe NS P < ofed e P < ofo) s P < ofo0) s
Al e Gl sy pie cp SO Cygaj] (il pr o/+0 Jlesn] o 53 I3 ime BMES] oaimd Sl gty 1 Sogliste gy b bapSilie adbaio jo (ly (UR) w50 (o51))
**% p <0.001, ** p <0.01, * p<0.05 and ns Non-significant. The effect of cultivated land (CRO), the release of agricultural land in 15-10 years

(AR15) and 15-40 years (AR40) and unchanged lands (UR). For each area, averages with different letters in each column indicate a significant
difference at a probability level of 0.05 based on the Duncan test between different plowing management.
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Table 2- Analysis of variance of the effect of land use change on weight distribution of soil particle size, carbon and nitrogen

content, carbon enrichment factor (Ec) and nitrogen (En) and C/ N ratio of soil particle in two khargosh and sheida regions

F o)Ll
@R iy @i e S gl be
et e @l Particle-cl,3 S ens I ojaske QoS oS e
df . size Organic carbon  Total nitrogen 059y Ec En
distribution(%) C/N

Area (A) dilaio \ 0.57™ 330.93™ 15.44™ 72.28"™ 6.5" 15.11™
Land use (L) ¢, ¥ 1.14 47.05™ 7.85” 7.84 2.75™ 8.66™
Fraction (F) o8, ¥ 1.49m 116.84™ 93.31™ 4.49° 5556 547
Lx A v 0.19™ 52.17" 8.51™" 9.87"" 3.82° 10.26™"

FxA v 24.8™ 0.79" 357" 26.35""  13.92™ 2.06™

LxF v 2.26™ 253" 2.86" 3.82" 2.49" 2.11m
FxLxA v 4.9 167 1.28 7.35" 39" 1.47m

oM aE e :En S(JL& JS eSS o opS F)f/ iS58 p S elS 3 S (a)f) oS oMb bE HeS B :Ec Gze we NS 4 p < Jodse P < ofoN mr P < ofoe) g
(S U5 2 59kS )3 0 35 1 025 8 £35S 3 0ol £)5) 035
*** 5 <0.001, ** p <0.01, * p<0.05 and ns Non-significant. Ec: carbon enrichment factor (grams of carbon per gram of carbon / gram of carbon per
kg of total soil); En: nitrogen enrichment factor (grams of nitrogen per kg of fraction / gram of nitrogen per kilogram of total soil).
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Table 3- Comparison of mean (n = 4) of organic carbon, nitrogen and C / N ratio of soil particle in two khargosh and sheida

regions
The numbers in brackets represent the values of Std.Error (SE).
OF B (S
SH &P Khargosh Sheida
Land use o EAW o) O Sl o)
Sand Silt Clay Sand Silt Clay
(Ca/kg fraction) JI oy ,S

CRO 3.94(0.76)~°  7.26(0.38)"° 10.10(0.9)" 4.48(1.93)%°  10.65(0.54)%@  13.43(0.81)B2
AR15 0.95(0.14)8B¢ 4.82(0.24)B° 10.24(1.67)"*  6.38(0.30)B%  12.07(0.18)°P 13.5(0.3)B2
AR40 2.85(0.96)"B¢  7.73(0.47)"° 11.39(0.43) A2 10.5(0.35)8  14.05(0.73)8°  17.39(0.91)B2

UR 0.75(0.34)%¢  6.29(1.09)"8b 11.12(0.78)A  16.04(1.64)"°  22.63(0.39)"°  29.12(2.16)"2

(Ng/kg fraction) Js 59,5

CRO 0.39(0.08)"B¢  0.71(0.03)"° 1.02(0.06)"*  0.45(0.09)"B¢  0.74(0.03)"8>  1.04(0.08)Ba
AR15 0.24(0.01)%  0.42(0.03)°® 0.59(0.06)°*  0.46(0.04)"B¢  0.65(0.02)%° 0.84(0.07)B2
AR40 0.54(0.05)*°  0.67(0.03)"° 0.82 (0.01)B2 0.31(0.03)%  0.59(0.02)8° 0.85(0.07)B2

UR 0.34(0.02)%¢  0.57(0.00)%° 0.79(0.03)B2 0.59(0.07)"°  1.02(0.18)"% 1.32(0.16)"

(CIN) L35 4 (S o

CRO 10.19(0.37)%  10.31(0.34)"2 10.01(1.11)B2 9.22(2.09)%  14.37(0.29)B2  13.29(1.89)“2
AR15 3.95(0.7)B®  11.68(0.47)A%  18.07(3.93)%  14.09(0.93)B> 18.53(0.30)"B2  16.17(0.9)BC
AR40 5.49(2.1)B  11.62(1.19Y% 14.02 (0.78) A2 34.21(1.79/%  23.9(1.67)*°  20.75(2.28)BP

UR 2.08(0.81)B°  11.04(1.98)"*  14.09(0.88)"Ba  28.44(6.09)"* 23.55(4.11)"2  22.33(1.47)"
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The effect of cultivated land (CRO), the release of agricultural land in 15-10 years (AR15) and 15-40 years (AR40) and unchanged lands (UR). For
each region, averages with large different letters in each column indicate a significant difference at a probability level of 0.05 based on the Duncan
test between agricultural land management departments.
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Figure 1- The effect of cultivated land (CRO), agricultural release in 10-15 years (AR15) and 15-40 years (AR40) and
Uncultivated lands (reference) (UR) on the coefficient of carbon and nitrogen enrichment in different fractions of soil particle
(sand) , Silt and clay) in rabbit and rice fields
The numbers are averages with SE. The meanings with large letters indicate a significant difference at a probability level of 0.05 on

the basis of Duncan's test between the types of user, and the averages with small small letters indicate a significant difference at the
probability level of 0.05 based on the Duncan test between the various subsurface factors.
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Introduction: Although many studies have been done on the effects of agricultural land abandonment, there
is very little information about the impact of climate conditions on the restoration of abandoned agricultural
lands. Human has changed most of rangelands to agricultural lands causing a decrease in carbon sequestration,
depending on land management and tillage operations. One of the methods for rebuilding the land cover is the
land abandonment, which results in enhanced organic carbon and decreased CO, emission. Understanding the
storage and dynamics of soil organic matter, especially in relation to changing land use, is fundamental to
evaluate the role of soil as a carbon source or sink. After land use change from rangeland to cropland,
agricultural practices decrease the C stored in soils and cause a net release of C into the atmosphere, which has
strongly influenced the atmospheric CO; levels and global C balance over the last centuries. For this purpose,
this study aimed to assess the effect of interaction between agricultural land abandonment and climatic
conditions on organic material reserves of primary soil particles.

Materials and Methods: The study area was located in semi-steppe rangelands of Sheida and Khargosh in
about 60 km northwest of Shahrekord city, Chaharmahal-va-Bakhtiari province, central Iran. In this study, four
treatments including rangeland, agricultural and cultivated land abandoned in the time series of 10-15 and 15-40
Year were selected. The sample plots were placed in the distance of transects, and the soil samples were
collected from 0-30 cm depths with different rainfall conditions from two above-mentioned regions in three
replications. For each region, the soil samples were transferred to the laboratory and then analyzed. The selected
locations had same soil shape, topography, parent material, and slope. The soil samples of three plots were then
combined and 24 samples were prepared. The distribution of carbon and nitrogen concentrations was determined
at different soil particle components.

Results and Discussion: The results showed that the rangeland change to cultivated land did not have a
significant effect on the amount of organic carbon, total nitrogen, and total carbon to total nitrogen ratio.
However, the values of these indicators decreased significantly in the Sheida region. Under all land management,
the amount of carbon and nitrogen of soil particles increased with decreasing the particle size from sand to clay.
Hence, the abandoned agricultural land and rangelands did not significantly affect the amount of carbon and
nitrogen concentration in sand, silt and clay particles. The amount of carbon, however, increased with the
abandonment time and non-agronomic activity of carbon in sand and silt particles, although the carbon content
of clay particle was not influenced. Agricultural practices may negatively or positively impact natural ecosystem
depending on climatic condition and soil quality in unchanged lands. However, despite suitable climatic
conditions (in terms of precipitation) and land cover in the rangelands over Sheida, the cultivation adversely
influenced the soil quality and organic matter of the unchanged land. Although, the precipitation and soil quality
were relatively lower in Khargosh region, the agricultural activities seem not to negatively affect the land
quality. Moreover, rangelands change to cultivated lands did not have a significant effect on the amount of soil
nitrogen in this region. The greatest nitrogen amount was measured in clay fractions of cultivated and abandoned
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lands for 40 years, and the minimum nitrogen content was detected in sand particles of lands abandoned for 15
years. The highest and lowest amount of nitrogen over all three fractions was, respectively, found for unchanged
and abandoned lands in Sheida region. Therefore, the cultivated land depending on climate condition and
management may considerably increase or decrease the organic carbon content in sand, silt and clay particles.

Conclusion: The results indicated that the agricultural land abandonment may differently affect the
rangelands restoration measures such as the vegetation reclamation and soil carbon sequestration depending on
climatic condition.

Keywords: Agriculture land abandonment, Organic carbon and total nitrogen, Soil particle
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Table 1- Selected physico-chemical properties of the soil used in this study
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CCE CEC EC,
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Unit
e 40.6 38.0 21.4 0.41 41.3 12.6 2.45 7.7
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Table 2- Concentration of selected elements in the soil used in this study
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Property  Total N NaHCOs-extractable P NH,OAc-extractable K Total Zn DTPA-extractable Zn
KeS ) )
9 gkg* mg kg™
Unit
ke 0.36 135 273 56.5 0.51
Value
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Table 3- Selected physico-chemical properties of biochars used in this study
SR sy Yoo'C e JK5 Y0+°C (dunj J¥5 0¢+7C (o Jj
Property Unit 200°C Biochar (B200) 350°C Biochar (B350) 500°C Biochar (B500)
"l—ﬁt—)
> 6.78 + 0.09 8.59+0.15 9.72+0.13
pH (1:10)
S el
S8 i dS m? 0.860 + 0.007 0.953 +0.009 1.056 +£0.018
EC (1:10)
=3 CJEC “E mol, kgt 33.85 +0.90 29.92 +1.49 22.85 + 1.04
> 5ec % 67114374 4753+041 4354+£328
Yield
Sl
’;Sg N % 12.40 +0.72 29.47 £0.41 54.73 +£0.42
s
e % 78.88 +1.26 4955+ 1.03 35.33+0.87
Volatile matter (VM)
oMb S o % 8.39+0.73 22.31+0.48 31.67 +0.47
Fixed carbon (FC)
VM/FC i
i - 9.40 £ 0.27 2.22+0.11 1.12 +0.24
VM/FC Ratio
""C’s % 45.15+1.94 56.11 + 1.07 39.08 £ 0.93
05’;'*"’ % 2.604 + 0.048 1.598 + 0.096 0.588 + 0.013
U)’il’w % 0.575+0.021 0.805+0.012 0.693 + 0.009
di")‘“ﬁ % 38.98+0.34 1159 +0.31 448 +0.12
O & gy S - 0.692 +0.027 0.342 +0.021 0.181+0.011
H/C Ratio
§ S | s
o« “”“5_ i - 0.648 + 0.023 0.155 + 0.012 0.086 + 0.008
O/C Ratio
"‘F;“'“’ gkg? 0.156 + 0.01 0.234 +0.01 0.786 + 0.03
“"*K”L“ g kgt 0.816+ 2.6 247412 6.55 = 0.71
‘Z mg kg* 23.45+1.15 40.68 +0.47 62.5+0.70
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Table 4- Variance analysis (mean squares) of the treatments effects on pH, CEC, TOC and DOC.
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Biochar type
e JI o 1 0.005" 0.674" 0.122" 136.1"
Biochar rate
gl X £9 3 0.013™ 0.269" 0.001™ 57.5™
Ratex Type
s
16 0.001 0.048 0.0001 7.4
Error
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Figure 1- Soil pH at different biochar treatments
L)l (P<e/+0) (gl sine V] (SSls (slaiols i 9051 bl o S o gy (sl (sl Silio
Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Figure 2- Soil CEC at different biochar treatments
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Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Table 5- Variance analysis (mean squares) of the treatments effects on Zn Chemical fractions in soil
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Table 6- Mean comparison of exchangeable (Exch), carbonate (Car) and organic (OM) fractions at different biochar

treatments
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Means similar letter(s) are not significantly different in each column according to the Duncan’s -test (P<0.05)

(FY o F) Casl odds (5,158 55

S @l % g o2l (a1 L ol Mg (55,
gy bl o s JI&5 g9 (ol STl i bmasly bl
o Lol 51 Ll g ls gne 3i5ie g oyl (claanST L o Wgu
Mmool o (i JE5 w5 g8 Jlite Sl g (s J5
M GUis st JE5 g9 ol Sl 5k aualiio (B J2) 395
P AV Joi2) 292 S0k obdne sobar wald o b awlie
aali jles Ly B500 5 B350 slajles oy WSl aS Jbs
slornST Ly 0dd Ngn 59y (92 St Y Jg2) 295 o dne
3 oo o8 43 > ol & Slgice B20O Jlos 3 550 5 0]
9y odlo L S ialS pioren Al 03,8 1485 W 15K
(F US=a) o cpl o coamnST JSi @ o)l IS5 yuis 9 S
S ST 00l Law 59y Lilidl LY 5l S0 (S Wl o
5 b s b golss ool .ail B200 jLeg p j5e g oyl
g 0lS" ianj &5 Mo > ¥ g V0 zokaw 3,8 3l olis 5.5 (YY)
G e 55l ool do > Fro (glod )5 o as puS 2l
L as il 38 g onl clossT b odd Sgn (g9, clile 5
g e Giagty cnl gols

g s JUE g5 kol 11T g0 L 0ad Wgm (9

sy 59y Cale ol blize S1 ien g (s JI6 e
Laosly pSle dulio (0 Jods) 291 45 sime S5 ST sl b o
Lo o g g9y clalé (gt JU5 slaylass (oolos 53 0> (LS
oy bl oyt (7 Jsie) 292 aals sleg ) 5oke I Jlse
B200 iy JLéj dop ¥ s &) bgsye T olse b ois Wigey
cbale s laJlE) 1o Y 9 ) zohw le dulis 3 05
e les o ¥ e glajlog 5 T olse b osd g (g,
P AN las Sl og byl aoyn ¥ maw 5 ke (S
b 5 a5 I iz gyl i ;I B500 g B350 ) o i
Sy Ly 005 Ws g9) B200 s JEj dopd ¥ 5 ) pehaws 9
y9bod .39 B500 § B350 (cla)lous I 5w (s I ixe yobots JI
may ey J85 slaleg 5o T olse b osd wigy g e JS
T S 5391 5 -39 C < B500 < B350 < B200 & ygu0
L g JL5 slpjloss polow 4y Cumns B200 jlas )5 (59,
okt oran 9 ol 4 BB S g Sote 4 olgie
S g (¥ JS) sl ol 3 Jsdoe (I 0005 009
L 1 (FY) Bcanl; adlas gl b o T el uSlyaS
Fro slod 3 odd g pusS (IS g oS (gt JU85 (139381 31>
gy g9y el o (Sl S S )3 Gogral )
PSS s (T olge b odd Kgm g9y il i JI olge b o
sbales )3 odd ag s G JIE] L odd Jlos Sal glasls
S oiasss o5 (S g (T 038 2ol sl g il



VAN g9 50 — 018 y0 ¥ o )lod K'Yl (S g ol 4,05 YOF

23lo B 5 (SpmeST GBS )3 (g9, CIIE i w3 JE £93 ool 1 (uSilos dmnrliio -V S
Table 7- Mean comparison of main effects of biochar type on the Zn concentration in Fe and Mn oxides (Fe-MnOx) and
residual (Res) fractions
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Means similar letter(s) are not significantly different in each column according to the Duncan’s -test (P<0.05)
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Figure 4- Proportion of Zn chemical fractions at different biochar treatments
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Table 8- Person correlation coefficient (r) between Zn chemical forms in soil (n=21)
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* are significant at the probability levels of 0.05, 0.01 and 0.001, respectively.
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Introduction: Zinc is a key micronutrient which takes part in plant physiological functions. One of the
extensively wide range abiotic stresses arises from Zn shortage in agricultural calcareous soils. Zn is one of the
most prevalent disorders among various crops. Zinc deficiency is very common in most calcareous soils.
Different mechanisms are involved in the deficiency of Zn In calcareous soils. The presence of calcium
carbonate, lack of organic matter and high pH lead to Zn deficiency. Knowledge on the total Zn contents of in
soil gives little information for their bioavailability. In order for better understanding availability of Zn to plant,
knowledge about their mobility, and distribution in soil fractions is necessary. Biochar is a carbon-rich material
produced by pyrolysis of biomass under oxygen-limited conditions and relatively low temperature. Biochar as a
valuable soil amendment has received much attention due to its beneficial effects on carbon sequestration, soil
physiochemical properties, soil microbial activity as well as soil fertility. Pyrolysis temperature has a significant
influence on biochar physicochemical properties. Furthermore, biochar may alter the distribution of Zn fractions
in calcareous soils. The impact of produced biochars at different pyrolysis temperature on distribution of Zn
fractions in calcareous soils has been less studied. Therefore, the objective of this research was to evaluate the
changes in distribution of Zn fractions in a calcareous soils treated with sugarcane bagasse derived biochars at
different pyrolysis temperature.

Materials and Methods: An incubation experiment was carried out in laboratory condition as a factorial
experiment based on a randomized complete design with two factors: (1) biochar type in four levels including
control (without biochar) and biochar produced at 200 (B200), 350 (B350) and 500 °C (B500), (2) biochar
application rate in two levels including 1 and 2% (w/w), and in three replications. Biochars were produced at
200, 350 and 500°C pyrolysis temperatures under slow pyrolysis conditions with a heating rate of 5 °C min™*.
Heating at this temperature lasted for 2 h. Then biochars were sieved to pass through 2 mm sieve and some
properties were measured using the standard methods. The soil used in this study was sampled from the surface
layer (0 to 20 cm depth), then, air-dried and sieved through 2 mm. Biochars produced at 200, 350 and 500°C
were mixed at 1 and 2% (w/w) with the 300 g of soil sample and incubated in ambient temperature at laboratory
conditions (25 * 2°C), for 90 days. Soil moisture content was maintained at 80% of field capacity. The samples
were weighted every day and the required amounts of distilled water were added. At the end of incubation
period, soil samples were air-dried and soil chemical parameters such as pH, cation exchange capacity (CEC),
total organic carbon (TOC) and dissolved organic carbon (DOC) were measured. Chemical fractions of Zn in the
incubated soil were determined according to the Tessier fractionation method. The Tessier sequential extraction
method categorized Zn into 5 different fractions including: the exchangeable (Exch), bound to carbonate fraction
(Car), bound to organic matter (OM), bound to Fe and Mn-oxides (FeMnOx) and residual fraction (Res).

Results and Discussion: Result indicated that application of different biochars significantly increased soil
CEC and TOC. Maximum CEC and TOC were measured in B200 and B350 treatments, respectively, while their
minimum values were observed in control treatment. In B200 treatments (B200, 1% and B200, 2%), pH
significantly decreased compared to control, while this value significantly increased in B350, 1% , B500, 1% and
B500, 2% treatments. B350 1% treatment did not have a significant effect on the soil pH. Application of 1 and
2% B200 significantly enhanced DOC (23.9 and 38%, respectively), compared to the control, but increase of
DOC in B350 and B500 treatments was not significant compared to the control. Results showed that
concentration of exchangeable Zn fraction decreased by 9.3, 19.5 and 9.5 % in B350, 2%, B500, 1% and B500,
2% treatments, respectively, compared to the control. However, B200 treatments (B200, 1% and B200, 2%)
caused a significant increase in concentration of exchangeable Zn fractions (12.5 and 21.6%) compared to the
control. The concentration of OM and Car Zn fractions increased in all biochar treatments compared to control.

1, 2, 3 and 4- Ph.D. Student, Associate Professor, Professor and Associate Professor, Department of Soil Science,
Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran, respectively.
(*- Corresponding Author Email: moezzil51@scu.ac.ir)
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The highest concentration of OM and Car Zn fractions was observed after application of 2% B200 and 2% B500,
respectively. Results showed that application of B350 and B500 had no significant effect on concentration of
FeMnOx Zn fraction, while, this concentration significantly increased after B200 was applied. There were no
significant (P <0.05) differences in concentration of residual Zn fraction among all the biochar treatments. The
mean comparison results showed that the concentration of residual Zn in B200 treatments was significantly (P
<0.05) lower than B350 and B500 treatments. There were no significant differences in this concentration among
B500, B350 and the control treatments. Results revealed that in all treatments, different Zn fractions in the soil
were distributed in the following order: Res > FeMnOx > Car > OM > Exch. The largest effect of biochars on
the change in distribution of Zn fractions of soil was observed at 2% application rate.

Conclusion: It can be concluded that biochar B200 application could be an effective amendment for
improving chemical properties and conversion of Zn from less available fractions to fractions with more
bioavailability in the calcareous soil. Moreover, the biochar produced at 350 and 500°C is better suited for
enhancing soil organic carbon and Zn stabilization in calcareous soil.

Keywords: Organic amendments, Pyrolysis temperature, Sequential extraction, Zinc availability
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Figure 1- Random arrangement of pots in the greenhouse (right), flowering of bell peppers shrubs (middle) and removable
fruits (left)
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Table 1- Soil and superabsorbent properties used
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Table 2- Analysis of variance (Mean Square) of some indicators related to the effect of various levels of superabsorbent,
irrigation and nitrogen fertilizer

Sia iRl ol ads) 339 a8l oy Srae il
o 2abio ‘; ’ ”f Shoot weight Root weight Stem 9:"-’:9 o
i egree 0 - " - rui :
Sources of variations frge dom » S B Suis Shs Jsb weight ~ Water use
Fersh Dry Fersh Dry Diameter Length efficiency
S *’"’bﬁ“’b . 2 837.24** 138.63* 780.1** 237.32** 0.003ns 170.74** 681.96* 93.54*
uperabsorben
| d)LZI 2 276.05%* 1191.79*+ 829.47+* 1538.09** 0.048 ns 146.27* 118.11* 9.05*
rrigation
i islf 1 125358 2241.38* 304.26* 310.56** 0.001ns 43.74ns 940.25% 5.48 ns
ertilizer
d)tsejxv:’l?)iﬁ“’
Superabsorbentx irrigation 4 81.52* 274.45** 48.71* 87.50** 0.015ns 93.64* 423.11* 20.42%
385Xk g
Superabsorbentx fertilizer 2 4151= 448+ 88.22* 10.16* 0.0005ns 4.53* 252.57* 7.11%
395% 55l
Irrigationx fertilizer 2 3.59#* 5.01*  8.34* 6.07** 0.007ns 21.16* 25.46* 2.57*
X
395% 6 bl gu
Irrigation x fertilizerx 4 51.68ns 87.55ns 44.62ns 29.43ns 0.014 68.82ns 17.38ns 6.76 ns
superabsorbent
E%:or 36 25.13 33.93 25.32 14.65 0.02 32.43 85.05 3.87
CV% - 9.70 13.58 9.78 15.36 14.87 12.26 10.46 19.91

woyd N e ) 5 gxe M i g o > O ey 45 e BRI s ()b Gze OS] 3934 pas NS
ns non-significant, * Significant at the 5% probability level (P<0.05), ** Significant at the 1% probability level (P<0.01).
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Table 3- Mean comparison of the single effects of superabsorbent, irrigation and nitrogen fertilizer treatments on the traits of

bell peppers
2 2led eIl o je 2 A 059 .

o . . Wl 209 09 i s
98 Ll s v Stem (cm) gy P Spae sl
BN Shoot weight (g)  Root weight () o Water use efficiency

i Treatment : » . ot " Fruit weight (kg m?)

» Suis » Seis shd Jgb © g
Fersh Dry Fersh Dry Diameter Length
g A0 (09) 4411 ¢c 41.12b 56.78a 2887a 0.98a 4381lb 425.27b 7.89¢c
1 g Al (39) 53.59 b 4147b 5344a 2417b 10a 4569a 503.42 b 9.34b
7y g A2(59) 5734a  46.09a 44.08b 21.73b 1.01a 4583a 666.20 a 12.36 a
>

(%2}

_ & WI(70%) 48.22b  348lc 59.23a 3528a 1.0la 44.40b 47353 b 1057 a
3 g W2 (85%) 50.89b  43.58b 4824b 21.99b 095a 4501b 493.18 b 9.15b
2 ‘E W3(100%) 55.93a 50.28a 46.84b 1750c 1.03a 49.92a 621.81a 9.87 ab

& F1(75%) 4686b  36.45b 49.06b 2253b 0.99a 4562a 601.20b 9.54a
V=
7 £ F2(100%) 56.50a 49.33a 53.8la 27.32a 10a 4727a 638.70 a 10.14 a
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level (P<0.05). A0, Al and A2 At the each column and factors, the values with the same letter are not significantly different at the 5% probability
mean zero, three and five grams of superabsorbent per kilogram of soil, respectively, W1, W2 and W3 irrigation with 70, 85 and 100 percent water
requirement, and F1 and F2 meaning consumption of 75 and 100 percent of nitrogen fertilizer requirement of pepper crop, respectively.
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Table 4- Mean comparison of the interaction effects of superabsorbent, irrigation and nitrogen fertilizer treatments on the
traits of bell peppers

2 sl el o

_ 5 A9 ) Ay 139 bl 22 2940 (339 n i
8 2 slowd % Root weight (g) Stem (cm) &gy ey st
38 Shoot weight (g) o Water use efficiency
w Treatment - i N S - Fruit weight kg m3
b b hé Job (9) (kg m)
Fersh Dry Fersh Dry Diameter Length
AOW1 40.70e 37.32de 67.85a 43.18a 0.93a 43.56bc 368.70 ¢ 8.23 de
« AOW?2 43.30de 45.75bc 51.30c 2557c 097a 4330bc  471.08 bc 8.74 cde
§3 £ c AOW3 48.32cd 40.28cd 51.20c 17.87de 1.05a 4458bc  421.47 bc 6.69¢
2 2 ¢ Alwl 52.75bc 30.77e 5858b 30.28b 0.97a 39.97c 499.07 b 11.14 be
3' g 5 AIW2 5437bc 3828d 5090c 2262cd 1.00a 47.99b 459.22 bc 8.52 de
5 £ t Alws 53.65bc 55.38a 50.85c 19.62de 1.03a 49.10ab 527.31b 8.37 de
5 2 A2W1 51.20bc 34.43de 51.27c 3237b 092a 49.67ab 552.38b 12.33 ab
w A2W2 55.0b 48.65ab 4252d 17.80de 1.10a 44.41bc 540.07 b 10.19bcd
A2W3 65.82 a 55.18a 38.47d 15.02e 1.02a 554la 916.65 a 1455 a
X AOF1 39.80d 3437b 5217b 25.79b 0.98a 43.38b 369.75d 6.86 C
§3 j‘cs s AOF2 4841c  4787a 6140a 31.96a 0.99a 4424b 480.78 cd 8.92b
25 L AR 4997c 3560b 53.26b 19.21c 1.00a 44.85b 494.80 cd 9.50b
J 8% mR 5721b  4733a 53.63b 2577b 1.00a 4653ab  512.05hc 9.18 b
& g U A2F1 50.81c¢  39.38b 41.77c 2258bc 1.00a 48.40ab  661.35ab 12.27 a
@ A2F2 63.86a 5280a 46.40c 2424b 1.02a 51.26a 670.51 a 12.44 a
W1F1 4389d 2731e 576la 3253b 095a 44.65b 439.48d 9.81ab
3 Sy WIR2 5254bc 41.03cd 60.86a 38.02a 0.92a 44.15b 507.14 c 12.32a
9 .88 W2FL 45.69d 37.6d 4569cd 2027c 1.00a 44.19b 485.1 cd 9.00b
\2\ % ‘g W2F2 56.09ab 50.83ab 50.79b 23.72c 1.04a 46.28b 500.73 ¢ 9.29 ab
A EY W3F1 51.00c 44.43bc 43.89d 14.78d 1.02a 47.80ab 618.03 ab 9.81 ab
W3F2 60.86 a 56.13a 49.79bc 2022c¢ 104a 516la 625.59 a 9.93 ab
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level (P<0.05). At the each column and factors, the values with the same letter are not significantly different at the 5% probability
A0, Al and A2 mean zero, three and five grams of superabsorbent per kilogram of soil, respectively, W1, W2 and W3 irrigation with
70, 85 and 100 percent water requirement, and F1 and F2 meaning consumption of 75 and 100 percent of nitrogen fertilizer
requirement of pepper crop, respectively.
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The Effects of Different Levels of Superabsorbent, Nitrogen Fertilizer and
Deficit Irrigation on Yield and Water Use Efficiency of Bell Pepper
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Introduction: Water scarcity and its limitation are the main limiting factor for irrigated agriculture. One of
the ways to maintain moisture in the soil is to use super-absorbent materials and plant greenhouse crops.
Cultivars of the plant produce fruits in different colors, including red, yellow and green. The plants need water
and fertilizer for optimal growth and yield. Drought can reduce the average yield by up to 50% and more. Super
absorbents are hydrophilic modifying substances that can release water and nutrients absorbed for the plant,
manage irrigation water and increase water use efficiency. The purpose of this study was to investigate the
usefulness of interactions between different levels of superabsorbent, water and fertilizer varieties on vyield,
water use efficiency and some growth factors of bell peppers.

Materials and Methods: This greenhouse experiment was conducted in the greenhouse of Kamyaran
Technical Center (Kurdistan) in summer and autumn of 2013 on pots. In this greenhouse experiment, the effects
of three levels of zero (A0), three (Al) and five gram (A2) aquasorb super absorbent per kg of soil, three levels
of 70 (W1), 85 (W2) and 100 (W3) percent of irrigation requirements and two levels of 75 (F1) and 100 (F2)
percent of nitrogen fertilizer requirements were studied on some traits of bell pepper plant. The experiment was
factorial based on randomized complete block design with 18 treatments and three replications. The fertilizer
requirements were measured using a soil analysis method. Urea fertilizer, super-phosphate and potassium sulfate
were used 350, 144 and 200 kg/ha, respectively. Urea fertilizer was given to the pots at the time of application of
irrigation treatments, along with irrigation water and super-phosphate fertilizers and potassium sulfate during
soil preparation. Irrigation treatments were applied after fourth week of planting. The water requirements of the
pots were carried out on a volumetric and daily scale based on measurements from a micro lysimeter located
inside the greenhouse. The amount of water consumed during the growth period was 1658 mm in 100% water
requirement and 1409 and 1161 mm in the treatment of 85 and 70% water requirement respectively. After
harvesting, the fresh and dry weight of the shoot and root, stem length and diameter, fruit weight, irrigation
water, and water use efficiency were determined in each of the treatments. Statistical analysis of the results was
performed using SPSS software and a comparison of the mean simple effects and interactions of different levels
of treatments in two separate tables.

Results and Discussion: The results showed a significant effect of superabsorbent and irrigation treatments
on all components except stem diameter. Among the superabsorbent treatments, the highest fruit yields (666.2 g)
and water use efficiency (12.36 kg/m®) were obtained in A2 treatment. The reason for the highest yields and
other growth factors of A2 treatment was access to the greater water storage by the superabsorbent and its proper
vegetative growth compared to the other two levels. Among the irrigation treatments, the highest values of the
mentioned functions were obtained in the W3 and W1 treatments with 621.81 g and 10.57 Kg/m? respectively.
The results showed that as deficit irrigation increasing while reducing the amount of irrigation water and non-
significant yield in the W1 treatment, water use efficiency was increased in this treatment compared to other
irrigation treatments. The effect of fertilizer treatments on shoot weight, root and fruit yield was significant. The
highest fruit yield was 638.70 g in F2 treatment. The interaction of irrigation and superabsorbent on fresh and
dry weight of shoot and root, fruit yield, and water use efficiency was significant. The highest fruit yields
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(916.65g) and water use efficiency (14.55 kg/m®) were observed in A2W3 treatment. The interaction effects of
superabsorbent and fertilizer showed that the highest yield and water use efficiency were equal to 670.51 grams
and 12.44 kg / m® in A2F2 treatment. The interactions of water and fertilizer showed that the highest yield and
water use efficiency were 625.59 g in W3F2 and 12.32 kg/m® in W1F2 treatment. The interaction of three
superabsorbent, water and fertilizer variables on all studied traits was not significant.

Conclusion: The results of this study showed that super absorbent has a positive and significant effect on
improving water use efficiency and saving this valuable and limited source. The results showed that the highest
water use efficiency with 14.55 kg/m® was obtained in A2W3 treatment. The difference in water use efficiency
between two A2W3 and A2W1 treatments was not significant; therefore, using 0.5% superabsorbent in the soil
by maintaining maximum water use efficiency can save 30% of irrigation water. In this study, the interaction of
the super-absorbent and nitrogen fertilizer treatments showed that the highest fruit weight and water use
efficiency belonged to the A2F2 treatment, while there was no significant difference between the fruit yield and
water use efficiency in A2F2 and A2F1 treatments. Therefore, using 0.5% superabsorbent in soil by maintaining
maximum fruit yield,water use efficiency can save 25% of nitrogen fertilizer.

Keywords: Fruit yield, Greenhouse, Root, Shoot
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Tablel-Mean of square bulk density in different tillage treatments and different depths
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Figure 1- Comparison of mean of dissolved organic carbon (DOC) among different tillage practices (CT:conventional
plowing with moldboard plowing, RT: chisel plow plus disc harrow, MT: minimum tillage with mulch cultivator, NT1: no-till
in standing residue, NT2: no-till in entire residue)
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Figure 2- Comparison of mean of total organic carbon (TOC) among different tillage practices (CT:conventional plowing

with moldboard plowing, RT: chisel plow plus disc harrow, MT: minimum tillage with mulch cultivator, NT1: no-till in
standing residue, NT2: no-till in entire residue) TOC (mg g%)
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Figure 3- Comparison of means of mean weight diameter of aggregates in the dry state (MWDuary) among different tillage
practices (CT:conventional plowing with moldboard plowing, RT: chisel plow plus disc harrow, MT: minimum tillage with
mulch cultivator, NT1: no-till in standing residue, NT2: no-till in entire residue)
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Figure 4- Comparison of means of geometric mean diameter of aggregates in the dry state (GMDary) among different tillage

practices (CT:conventional plowing with moldboard plowing, RT: chisel plow plus disc harrow, MT: minimum tillage with
mulch cultivator, NT1: no-till in standing residue, NT2: no-till in entire residue)
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Figure 5- Comparisons of mean bulk density in different depths of two examined locations
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Figure 6- Comparison of mean of fractal dimension (Dm) among different tillage practices (CT:conventional plowing with
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Introduction: Soil is one of the nonrenewable resources (in human being life time scale) that is important to
be protected. Tillage operations are carried out in a variety of ways, which in general can be divided into two
comprehensive classes of conventional and conservation tillage practices. The tillage has a very important
impact on soil physical, chemical and biological properties. Different tillage systems can have conflicting effects
on soil physical properties, which is thought to reflect the impact of different weather conditions. Therefore, it
seems necessary to study the effects of different tillage practices on the soil attributes in different climatic
conditions.

Materials and Methods: This experiment was conducted for five years from 2011 to 2016 in a randomized
complete block design (RCBD) with repeated measurements in two different locations and four replications. The
applied tillage practices included no-till in standing residue (NT1), no-till in entire residue (NT2), chisel plow
plus disc harrow (CH), minimum tillage with mulch cultivator (MT) and conventional plowing with moldboard
plowing (CT). The experiment was carried out at Dryland Agricultural Research Institute (DARI) in Maragheh.
Soil samples were taken at the end of fifth year and then soil texture were determined by hydrometer method,
weight and geometric means of aggregates diameters by wet-sieving (MWDyet, GMDwer) and dry-sieving

(MWDgry GMDygry) procedures, the stability of 1 to 2 mm aggregates (WAS) by wet-sieving, total soil organic
carbon (TOC) by wet oxidizing method, dissolved soil organic carbon (DOC) using carbon analyzer and mass
fractal dimension aggregates using Tyler and Wheatcraft model. The soil bulk density (Dy) was also measured by
intact samples (from two depths of 0-15 cm and 15-30 cm) prepared from the study area using sampling
cylinders with a diameter of 5 and a height of 4 cm.

Results and Discussion: In general, the results showed that the interaction of depth and location on Dy, was
significant at 5% probability level. The measured Dy in 15-30 cm was greater than the measured Dy, in a depth of
0-15 cm. Also, in spite of the significance of the main effects of location and tillage and the interaction of tillage-
location on soil dissolved organic carbon (DOC), tillage treatments and their interaction effects on total organic
carbon (TOC) were not significant. The results showed that conventional tillage, CT, had the highest amount of
DOC. However, no-till in entre residue (NT2) and minimum tillage (MT) showed the lowest amount of DOC.
Further, the main effects of tillage practices on MWDygy and GMDygry Were significant at 5% probability level.
No-till (NT1 and NT>) practices had the highest MWDygry with values of 1.17 and 1.25 mm. Tillage practices and
location had no significant effect on WAS, Dm, and MWDyt and GMD yet.

Conclusion: It seems that the reason that DOC content of CT was higher than conservation tillage practices
is due to the preservation of crop residues on the soil surface in conservation and no-till systems and less mixing
of them with soil and consequently their less decomposition. While in conventional tillage, plant residues were
mixed with soil, and the effect of biological degradation increased soil DOC. The greater MWDgry in NT1 and
NT, practices suggests that tillage, even at a minimum or reduced state, breaks down the aggregates and
produces smaller particles or aggregates. It also seems that the main reason for GMDygry reduction in minimum
tillage is due to the further degradation of aggregates by the tillage agent. Therefore, to better and more
accurately observe the effects of different types of tillage, sampling should be done at the end of each growing
season.

Keywords: Aggregates stability, Bulk density, Dissolved organic carbon, Fractal dimension
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Table 1- The percentage of chemical element oxides in studied clay minerals by XRF

MgO CaO MnO P20s TiO2 LOI* Total

ey Si0:  ALO; K0 NaO  Fe:Os
Mineral name
Feldspar 64.50 17.44 13.67 2.76 0.35
llite 47.32 34.24 10.74 0.62
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Table 2- The cultural properties of potassium-bearing mineral dissolving bacteria isolates

'KSB aylas 95 ($3995890 P55 LSy TR Sl s
KSB isolate Colony morphology Gram reaction Colony Clearance zone
diameter (mm) diameter (mm)
3 lato audls i w 51 111
KSB20 o eehbadbos
(White, regular margin, slimy surface)
H iplate dusls oo + 5.0 13.3
KSB22 o eelesdbos
(White, regular margin, slimy surface)
KSB30 z7 phate dibls (08 + 53 9.9
(Creamish, regular margin, slimy surface)
KSB40 wlatel ails wadus oy8 + 54 9.9
Creamish white, irregular margin
g g
KSBA2 &5 obiio 4l i + 3.7 10.2
(White, regular margin, slimy surface)
§ obaiol auils b + 4.3 9.7
KSBOO & il il
(White, irregular margin, slimy surface)
olaio 4l (o S + 6.2 12.3
KSB92 . .
(Creamish, regular margin)
KSB10 plite 4Bl ¢y - 4.3 10.7

(Bright, regular margin)

1- KSB: potassium solubilizing bacterium

el 0" > (65, :KSB -

or ~ KSB4o |
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Figure 1- Potassium-bearing mineral dissolving isolates with well-demarcated clearing zones in Aleksanderov agar media
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Table 3- Some of biochemical properties of potassium-bearing dissolving bacteria isolates

YKSB aylas TestCuws
KSB isolate 0)5 Cund oyl Cann 535w Cond 3598 Cund Al g 0 Cans
Gram Test Florescent Test Sucrose Test Glucose Test Starch Hydrolysis Test

KSB20 (+, Positive) cuze (-» Negative) _aw +, Positive) cuze (+, Positive) coze (-, Negative) _aw
KSB22 (+, Positive) cute (-, Negative) i +, Positive) cute (-, Negative) i (-, Negative) e
KSB30 (+, Positive) cute (-, Negative) i +, Positive) cote (+, Positive) ot (+, Positive) ot
KSB40 (+, Positive) cute (-, Negative) i -, Negative) e (-, Negative) Law (-, Negative) e
KSB42 (+, Positive) cute (-, Negative) i +, Positive) cote (+, Positive) ot (+, Positive) ot
KSB90 (+, Positive) cute (-, Negative) i +, Positive) cute (-, Negative) i (+, Positive) ot
KSB92 (+, Positive) cue (-, Negative) i -, Negative) . (-, Negative) i (+, Positive) cuze
KSB10 (-, Negative) i (+, Positive) cuze +, Positive) ¢z (+, Positive) oz (+, Positive) oz

1- KSB: potassium solubilizing bacterium

Dg (VA g VA A s i ) 93 51 S 55 KSB92

sl A oS oLl ol slaodly bl 4500 ol
Uy blod 5l 6851 cladlis oS ol )l 5850 )50 (6,55L
Lo LS 5l maly (siloalil lade o capilty sl S (28 J>
aols Hlde 1 Sle duslio ol (¥ i) L5l v2 L (£ 0.01
laasliy g (lwald 5 Keo) omly slo S5 51 ot Sl
ol ol s ¥ S 5o sl (sla SIS osiiS > (658
S S (3505 > oblg 3850 3)50 (6,8 h s A den !
Sl VIV JBlas o 5o ime Giols 8l Cows g dizily 1y I euwlss
CuiS e 4y G B )l mlo cuiS las ) ol clale
5 (sL5) 2 ST il 9

ol 0118 Jo 555, KSB -

VS QL deel laodly (ib)ly 48 s b
J= e blod S ladhis (5o )90 (6381wl
ol cuiS o 59y lad alls sl 5 ewwly (sl S 55,8
o2 U (P 0.01) (o)l sime olis (Mo Lasli) gyl
(¥ Jgis) sl
oid J 5l ol e jad Ll (0l duslie gl
gyl dols CuiS Lo y3 (jlowdld o o) owwls (sl SIS
ol odly L ¥ ST o 3800 D90 (6,8 L slaalis by
KSB22 las S aslis el o el asls el
) pSls aols g ynlusd] cuiS lae ,> KSB10 5 KSB42
KSB70 (658U anlis codled 451 )5 5 (Y0 o YIV NIA ey
5 KSB40 KSB30 coMs Lasli jlais .3 (VY) Jolis

28U gl an S 03Ul LB sl 9 oS bt 53 0 13T ol el (B i,y 42529 € Jgua
Table 4- Variance analysis of solubility index, released potassium in medium and soil available potassium after bacterial
inoculation

Source of variation

Olaypo (pNibo
Mean of squares

&3l a2y
Freedom degree

il 5 ar g, A0 S okl S8 oLy
Soil available potassium after
90days of inoculation

&lo CuiiS bz 4 00w 331 iy
Released K into liquid medium

&S s 8
Bacteria inoculation

ialol sllos 18
Error

620.98™ 12.356™"

13.96 0.139

*** indicate significant differences at 0.1% probability level.
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Figure 3- Effect of potassium-bearing minerals dissolving isolates on the mean of potassium concentration in liquid



VAN g9 50— 018 30 ¥ o )lod K'Yl (S g ol 4,05 FAP

axdllao 390 S (o loainSy b Clpogad -0 Jos>
Table 5- The physico-chemical properties of studied soil

pH S’ Ol )5 Pl Il cud b S os ] )
Jaleo CEC Organic carbon(%) K o s o
CCE(%) (mec/100g) (MIKG)  sand silt  Clay
6.79 0.25 19.2 0.52 158 23.4 37.4 39.2
_1:555"‘ 190 A cd § be \\ \
Sk y de % \ \ § \
4 2w N\ ¢ N \ \ \ \
) S BEEEREEEEE
s T B B b & & B B
AL !
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Potassium-bearing mineral dissolving bacteria isolates
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Figure 4- Effect of K-bearing minerals dissolving bacteria isolates on the mean of soil available potassium
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Introduction: Potassium (K) is one of the major essential macronutrients for plant growth. Soil has rich
reserves of K, among which only 1-2% can be directly absorbed by plants. It may be more economically viable
to transform the fixed slow-release K into available K that can be absorbed by plants. The ability of some
microorganisms to dissolve soil K-bearing minerals, such as micas is an important feature for increasing the
yield of high-K-demand crops such as tobacco. Also, these microorganisms have both economic and
environmental advantage. A large number of saprophytic bacteria such as Bacillus mucilaginosus and fungal
strains such as Aspergillus spp. are known for their potential in releasing insoluble native K-source in soil into a
plant available nutrient pool. Tobacco (Nicotiana spp.) is one of the most important industrial crops. K plays a
vital role in increasing the tobacco yield and controlling quality parameters such as leaf combustibility that is one
of the key criteria taken into account by the tobacco industry for assessing quality. Thus, high ranges of K
fertilizers are applied in tobacco fields based on plant K requirement to build up soil K in tobacco producing
countries. Increasing cost of the fertilizers and environmental risks necessitates alternate means to fertilizers such
as application of microorganisms. The use of chemical K fertilizers can be reduced by exploiting the potential of
bio-inoculants which are inexpensive and eco-friendly. Information related to K-solubilizing microorganisms in
tobacco rhizosphere and their suitability in increasing the available K in tobacco-cultivated soils is not well-
documented. Hence, the present study was conducted to screen the KSB isolates from tobacco-cultivated soils
and evaluate their potential in dissolving K bearing silicate minerals and increasing soil available potassium.

Materials and Methods: Soil samples were randomly collected from the rhizosphere of tobacco from 25
different locations in northwest of Iran. The serial dilutions of the soil samples were made up to 10 and 5 pl of
diluted soil suspension plated on Aleksandrov medium plates (on the agar-based culture medium). Aleksandrov
medium contained 5.0 g Glucose, 0.5 g MgS04.7H20, 0.1g CaCO3, 0.006 g FeCl3, 2.0 g Ca3P0O4, 2.0 g
insoluble mica powder as potassium source and 20.0 g agar in 1 liter of deionized water. The plates were
incubated at 28+2°C in incubator for 10 days. Finally, nine isolates of potassium silicate solubilizing bacteria
were isolated and purified. Solid and liquid Aleksandrov media were applied for qualitative (Solubility Index =
Diameter of zone of clearance/ Diameter of growth) and quantitative (K content) evaluation, respectively, based
on the completely randomized design (CRD) with three replication. Liquid Aleksandrov medium containing 2 g
L of mica and feldspar mixture, was inoculated with bacterial isolates. Bacterial isolates creating high solubility
index and releasing more K from K-bearing minerals into liquid medium, were selected as effective isolates. In
order to evaluate the efficiency of the potent bacterial isolates for increasing soil available K, an experiment was
conducted with three replication and eight potent bacterial isolates along with a control (non-inoculated soil).
Sterilized soil samples were inoculated with bacterial isolates separately and incubated at 25°C, with 75% field
capacity moisture levels for 90 days. After incubation, available K in soil samples were extracted with
Ammonium Acetate 1M. Variance of solubility index, K concentration into liquid Aleksandrov medium and soil
available K were analyzed using SPSS (Statistical Package for the Social Sciences). Student-Newman-Keuls
(SNK) test comparisons were also used to compare available soil K using SPSS 16.0.

Results and Discussion: Eight KSBs isolates, including KSB20, KSB30, KSB40, KSB22, KSB42, KSB90,
KSB92 and KSB10, were isolated and purified as effective isolates for dissolving mica and feldspar minerals.
Most isolates were gram-positive, rod-shaped, and white in appearance. The studied isolates, except KSB22,
KSB40 and KSB20, had a-amylase enzyme activity. Bacterial isolates, including KSB20, KSB30, KSB42 and
KSB10, were significantly superior in sucrose and glucose hydrolysis. The isolate of KSB10 also had
fluorescence properties. The highest solubility index (2.8, 2.7 and 2.5) was obtained from the activity of KSB22,
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KSB42 and KSB10 isolates in solid Aleksandrov medium, respectively. The highest concentration of potassium
into liquid Aleksandrov medium was found for the KSB42 and KSB10 isolates (9.40 mg L). The KSB42 and
KSB10 isolates increased medium K concentration approximately three times more than non-inoculated
medium. In addition, KSB42 and KSB10 isolates were more effective in releasing potassium from soil
potassium-bearing minerals. The amount of available potassium in soil incubated with KSB42 and KSB10
isolates increased by 44 and 46 mg kg™ compared to the control, respectively.

Conclusion: Among bacterial isolates purified from the tobacco rhizosphere, the KSB42 and KSB10 isolates
increased more significantly the solubility of potassium minerals and potassium availability in soil compared to
other isolates. These bacteria isolates increased potassium concentration into Aleksandrov liquid medium by
more than three times and also increased soil available potassium by about 44 to 46 mg kg compared with the
control. As a result, these isolates (KSB42 and KSB10) can be used as a bio-fertilizer to reduce potassium
fertilizer application and increase the quality of tobacco after field experiments.
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1- Climate Research Unit

2- Global Precipitation Climatology Center

3- Asian Precipitation -Highly-Resolved Observational
Data Integration Toward Evaluation of Water Resources
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Figure 1-Comparison between mean annual precipitation of two gauge-based datasets (GPCC and CRU) over Iran for 1981-
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4- Climate Prediction Center

5- Merged Analysis of Precipitation

6- National Center for Environmental Prediction/
National Center for Atmospheric Research

7- Climate prediction center of MORPHing technique;
CMORPH
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1- Active Micro Wave
2- Passive Micro Wave
3- Real Time
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Information using Avrtificial Neural Network
5- PERSIANN Cloud Classification System
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1- Global Satellite Mapping of Precipitation
2- Kalman
3- Joyce
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5- Integrated MultisatellitE Retrievals for GPM
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1- PERSIANN Climate Data Record
2- Tropical Rainfall Measuring Mission
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Table 2- The characteristics of satellite-based precipitation datasets
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P Pl 09 _I‘_': m):ral Spatial ) »0
Name Time period POl resolution(lo Unit Delay
resolution
n-lat)
1979-
1 CMAP 5 day, monthly 25 mm/day 1-mon
present
2003- .
2 CMORPH 30 min 0.08 mm/hr 18-hr
present
2003- . .
3 CMORPH 30 min, daily 0.25 mm/hr days
present
4 GPCP v1.2 11996- Daily 1 mm/day months
present
5 GPCP v2.2 1979- 2015 Monthly 25 mm/day —
2016-
6 GPCP v2.3 present Monthly 25 mm/day months
1979-
7 GPCP_pen_v2.2 present 5-day 25 mm/day months
2008-
8 GSMaP-NRT Hourly 0.1 mm/h hours
present
GSMaP-gauge- 2017- .
9 NRT present Daily 0.1,0.25 mm/h hours
2015-
10 GSMaP-NOW present Hourly 0.1 mm/h RT
2014-
11 GSMaP- MVK Hourly 0.1 mm/h days
present
GSMaP-gauge- 2014- .
12 MVK present Daily 0.1 mm/h days
13 PERSIANN 2000- Lehr, 3-hr, 6-hr, 0.25 mm hours
present daily, monthly
14 PERSIANN-CCs  200% L-hr, 3-hr, 6-r, 0.04 mm hours
present daily, monthly
15 PERSIANN-CDR 1983- Daily, monthly 0.25 mm months
present
16 TRMM 3B42-RT ~ 1998-2015 3-hr 0.25 mmh
17 TRMM 3B43 1998-2015 Monthly 0.25 mmh
18 TRMM 3B42V7  1998-2015 Daily 0.25 mmh
30min, 3-hr,
19 NR'T'\("eEﬁ)‘f;un) pzrgsfr;t daily, 3-day, 7- 0.1 mm/h 6-hr
day, monthly
30min, 3-hr,
20 IMERG- 2015- iy, 3-day, 7- 0.1 mm/h 18-hr
NRT((late run) present
day, monthly
. 30min, 3-hr,
21 IMERG (final 2015- daily, 3-day, 7- 0.1 mm/h 4-mon
run) present
day, monthly
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1- Climate Hazards Group Infrared Precipitation with
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1- Multi-Source Weighted-Ensemble Precipitation
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Table 3- The characteristics of assimilated precipitation datasets

pU o 893 Sy o e S8 sy P
Name Time period Temporal Spatial Unit Delay
resolution resolution
(lon-lat)
1 CHIRPS 1981-present Daily, 5-day 0.05 mm 2-day
2 CHIRPS 1981-present monthly 0.05 mm 1-mon
3 MSWEP 1979-2015 3-hr, daily 0.25 mm -
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Table 4- Areal average of annual and seasonal precipitation for seven selected precipitation datasets, as well as their mean
and standard deviation

Mean S.D.
a¥lw g dad yi,b (mm) 51 o]
? o PERCSIIDARNN- CRU CMORPH TRMM3B42Vv7 APHRODITE GPCP PERSIANN oS5l e
(o o) ok Jore
(30 skw0)
Winter 118.6 92.2 52.4 1129 101.1 1175 78.0 96.1 24.2
Spring 54.5 52.9 69.9 53.4 35.5 53.4 83.3 57.5 15.1
Summer 11.7 10.3 15.7 9.7 7.9 12.1 12.6 11.4 25
Autumn 76.9 54.3 42.4 79.5 55.3 75.0 46.0 61.3 15.5
Annual 261.8 209.7 180.4 255.4 199.8 258.0 219.9 226.4 32.3
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Figure 2- Areal average of annual precipitation and the seasonal precipitation contribution for seven selected precipitation
datasets
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Figure 3- Mean and standard deviation of annual precipitation of seven selected datasets for 2003-2007
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Figure 4- The noise estimates and SNR values of monthly precipitation using the GTCH method for CRU, PERSIANN-CDR,
and TRMM-3B42V7 (Katiraie-Boroujerdy et al. 2017)
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Figure 5- The spatial distribution of 228 selected pixels that include at least three rain gauges
The color legend shows the number of rain gauges in each pixel.
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Figure 7- The scatter plots of seven datasets versus gauge monthly precipitation for 228 selected pixels for 2003-2007
The horizontal axis of each diagram shows gauge monthly precipitation.
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Introduction: Precipitation has an important role not only in the variety of scientific applications including
climate change, climate simulations, weather modeling, and forecasting but also in decision making such as
water management, hydrology, agriculture, drought, and crisis management. Different temporal resolutions and
coverages of data are required for this and other applications. For example, long term meteorological data are
needed for monitoring the climate variability and trends and for climate simulation assessments in local and
global scales. Also, present data are used to assimilate into forecast models to improve the predictions. Historical
and present precipitation data are the main requirements to monitor and predict droughts which help to early
warning system and water management decisions in a country. The recent rainfall data are also the primary input
of hydrological models to flood forecast in a basin. The accurate estimation of precipitation amount is vital for
these applications.

Materials and Methods: However, rainfall is discontinuous and varies greatly both in time and space which
makes it parallel with difficulties in the actual measurements. The two main sources of observational
precipitation datasets are ground-based rain gauge measurements and space-based remote sensing satellite
estimations each one with its own limitations and strengths. Historically, rain-gauge measurements have been
considered as the “ground truth”, but they have mostly limited to land surface, the measurements are sparse or
nonexistent in some regions like deserts or high topographic areas. Although rain gauges measure rainfall
directly, their data are only representative for a limited spatial extent and may be subjected to some errors caused
by local effects such as topography or wind-induced undercatch. An alternative approach which can provide
relatively homogenous estimates with complete coverage over most of the globe is based on using satellite
observations. Therefore, satellite data are capable to estimate precipitation over the oceans and over remote areas
where few or no ground measurements are available. The satellite-based precipitation estimates are derived
mainly from visible, infrared (IR) and passive microwave (PMW) radiances which are measured by satellites.
Although the visible channels cannot be used at night, the IR data are available in fine spatial resolution (about
3-4 km) with high temporal sampling (15 min) which are provided by geosynchronous satellites. Another source
of data is PMW that can be used to estimate rainfall more directly. Low-altitude polar-orbiting satellites serve to
measure the PMW data. Although, the microwave sensors can penetrate into the clouds and provide more
information about the cloud characteristics such as water vapor, cloud particles, and structure of hydrometeors,
but at the expense of temporal sampling. In recent years, different algorithms have been developed using the
combination of the IR, Visible (VIS) and PWM observations to provide more accurate rainfall estimations in
high spatial and temporal resolutions. To demonstrate the similarities and differences between the spatial
distribution of different satellite-based and gauge-based precipitation datasets over Iran we compared seven
different datasets. For comparisons all datasets are regridded to 0.25-degree latitude longitude spatial resolutions.
Then the spatial distribution of the mean and relative standard deviations of annual precipitation of these datasets
have been calculated. We also used more than 2000 rain gauges to evaluate the selected datasets. To reduce error
only 228 pixels, include at least 3 rain gauges are used for comparisons of spatial average of monthly, seasonal
and annual precipitation of gauge and seven datasets.

Results and Discussion: The results showed a large amount of differences in annual precipitation between
seven selected datasets. The most differences pronounce in wet areas in the north of Alborz Mountain, in the

1- Assistant Professor, Department of Civil Engineering, Iran University of Science and Technology, Tehran, Iran &
Regional Center on Urban Water Management (RCUWM-Tehran) Under the Auspices of UNESCO, International
Drought Initiative (IDI) Secretariat, Tehran, Iran

2- Assistant Professor, Department of Meteorology, Faculty of Marine Science and Technology, Tehran North Branch,
Islamic Azad University, Tehran, Iran

(*- Corresponding Authore Email: sima_katiraie@yahoo.com)



WWAA 591 o — 3100 oY o)locs FY alo (S g 0T ay,i5 DY

semi-arid and arid regions of the central desert and in the high mountainous areas of the southern Zagros. The
reason for these differences is that not only satellite-based but gauge-based datasets have large uncertainties
estimating areal precipitation in such high topographic areas. The satellite products are prone to some errors
arising from not fully understood physical process, sampling error and parameter estimation. Therefore,
verification of precipitation datasets is one of the most important parts of the data development and refinements.
In this paper, the spatial distribution of seven different global-observational precipitation datasets over Iran are
compared for the period 2003-2007. At first all datasets were regridded to 0.25° spatial resolutions using linear
interpolation method. Then, the mean and relative standard deviation of annual precipitation of the datasets were
calculated to analyze the spatial discrepancies between datasets. The areal average of annual precipitation and
the contribution of seasonal precipitation were calculated for comparison purposes. The results showed that areal
average of annual and seasonal precipitation for 228 selected pixels for PERSIANN-CDR, TRMM, and GPCP
which are satellite-based and gauge adjusted datasets are more similar to the rain gauge data than other datasets.
The results for the above datasets are even better than CRU and APHRODITE which are gauge-based datasets.

Conclusion: The results showed that the satellite estimates are not capable to show the precipitation
(detection and amount) over the coast of Caspian Sea and the high areas of the Zagros Mountain as well as other
parts of the country. There are some useful recommendations for data users at the end of this paper. In fact, in
this paper our spatial focus is on Iran and we introduced a web address which data users can access freely from
one of the most popular and widely used satellite-based products in easy-to-use format only for Iran. The results
show considerable differences between the datasets. The difference is about 0.8 times of mean annual
precipitation (about 300 mm in a year) for the coast of Caspian Sea. The satellite-based estimations were less
accurate over the coast of Caspian Sea and high mountainous area of the southwest of Zagros comparing to other
parts of the country. While spring precipitation shows maximum contributions in annul precipitation for in-situ
datasets, winter precipitation shows maximum contribution in annual precipitation for other datasets. The results
showed that areal average of monthly, seasonal and annual precipitation over 228 selected pixels for PERIANN-
CDR, TRMM and GPCP were consistent with rain gauge data. CMORPH and PERSIANN underestimate areal
average of monthly and seasonal precipitation over the pixels.

Keywords: Evaluation, Iran, Precipitation datasets, Remote sensing, Satellite-based precipitation
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