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Table 1- The soil characteristics of farm
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126.7 1.3 0.14 0.4 7.91 1.39 8.63  21.65 Clay 0-10
118.9 1.2 0.12 0.4 7.94 1.42 8.71 2239 Silty Clay 10-20
104.2 0.9 0.12 0.4 7.92 141 9.43 2342  Silty Clay 20-30
91.9 0.9 0.11 0.3 7.96 141 9.74 23.75  Silty Clay 30-50
75.2 0.6 0.09 0.3 7.96 1.42 9.49 23.54  Silty Clay 50-70
66.7 0.6 0.06 0.3 7.97 1.44 9.11 22.96  Silty Clay 70-90
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Table 2- The results of water quality
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Table 3- The depth of irrigation water in full irrigation (FI), regulated deficit irrigation (RDI) and partial root zone drying

irrigation (PRD)
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Figure 1- Mean comparison of different irrigation treatments on dry weight
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Same letters are indicating not significant difference between treatments at probability 1 percent.
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Same letters are indicating not significant difference between treatments at probability 1 percent.
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Table 4- Mean comparison of different irrigation treatments on leaf area index
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RDlss 0.75% 0912 1.11°¢ 1.28 ¢ 1.17°¢ 1.03 ¢
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Same letters at each column are indicating not significant difference between treatments at probability 5 percent.
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Figure 3- The trend of changes in leaf area index under different irrigation treatments
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Table 5- Mean comparison of different irrigation treatments on root parameters

Sl A ) > ) Gos Ay ¥ 039
Treatment Root volume (cm3)  Root depth (cm)  Root fresh weight (g)
Fl 228 16.32 362
PRD7s 242 16.4° 383
RDl7s 1.9° 13.1° 260
PRDss 16° 136° 17¢
RDlss 1.2¢ 10.2° 1.1¢
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Same letters at each column are indicating not significant difference between treatments at probability 1 percent.
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Same letters are indicating not significant difference between treatments at probability 1 percent.
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Introduction: In arid and semi-arid areas, water can be a limiting factor for plant growth and
agricultural yields. Considering limited water resources in arid and semi-arid climate of Iran, deficit
irrigation is one of the strategies for efficient use of water and increasing water use efficiency in agricultural
lands. Deficit irrigation (DI) is a suitable solution to gain acceptable and economic performance by using
minimum amount of water. The Partial Root- zone Drying (PRD) irrigation is a new improvement in deficit
irrigation in which the half of the root zone is irrigated alternatively in scheduled irrigation events. The
plants with PRD irrigation method can, therefore, have different root system in comparison with other
irrigation methods. At this method the plant’s condition would be OK by withdrawing water from wet side,
and the roots at the dry side can release abscisic acid hormone which decrease the stomatal conductance and
consequently the water use efficiency would increase. Also, by using proper irrigation management in farm,
we are able to utilize water, soil and fertilizer to produce high yield and quality products. Drip irrigation is
considered one of the most efficient irrigation methods. One of the major advantages is its ability to apply
water to the soil as often as desired and in smaller quantity than the other irrigation methods. Drip irrigation
has been practiced for many years for its effectiveness in reducing soil surface evaporation and it has been
widely used in horticultural crops in both greenhouse and open field.

Materials and Methods: In order to compare two deficit irrigation methods on plant growth
characteristics of Rosmarinus officinalis L., a field experiment was carried out during 2016 growing season
at an experimental farm in Kerman Municipality seedling production station. The experimental treatments
were arranged as randomized complete block design with three replications. The irrigation regimes consisted
of full irrigation (F1-100), regulated deficit (RDIl7s and RDIss) and partial root zone drying irrigation (PRD7s
and PRDss). In this study, drip lines were placed on the soil surface at a distance of 15 cm from the plant and
plant rows were placed between drip lines. The irrigation interval was 4 days for all treatments. In the full
irrigation and regulated deficit irrigation treatments, the plants were irrigated from two sides for every
irrigation. In the PRD, one of two neighboring drip line was alternatively used for irrigation. The irrigation
interval was 4 days for all treatments. Dry weight, leaf area index (LAI), number of shoots, plant height,
water productivity, root fresh weight, root depth and root volume were measured. Since the highest essential
oil of rosemary is at 50 percent of flowering time, the above-mentioned indices were measured at the middle
of flowering (190 days after planting) by removing the side rows in each replicate and half a meter from the
beginning and end of each row. As a marginal effect, 10 plants were randomly selected and sampled from
two middle rows, each replicate of each treatment. The harvested bushes were dried at 25 °C for three weeks
and then the dried weight of the vegetative organs was measured. Moreover, the number of 10 plants selected
from each treatment was accurately counted to determine the number of shoots. Data were analyzed
statistically using SAS Statistical software. Treatment means were compared using LSD test.
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Results and Discussion: The results showed that highest herbage dry weight (145.3 g) and leaf area
index in different stages of growth were under full irrigation treatment in which no significant difference
between this treatment and 75 percent water replacement in partial root zone drying was observed. The
highest number of shoots (128.7) and plant height (68.4 cm) were also obtained by full irrigation treatment
and there was significant difference between this treatment and other treatments. However, the highest water
productivity (2.06 kg/m?), root fresh weight (3.8 g), root depth (16.4 cm) and root volume (2.4 cm?®) were
found in 75 percent water replacement in partial root zone drying.

Conclusion: According to the results, 75 percent water replacement in partial root zone drying irrigation
treatments, in addition to saving water consumption, provides better use of soil moisture and sunlight. Thus, this
treatment can be considered as a suitable approach to cope with the water crisis and achieve a sustainable
agriculture.

Keywords: Drip irrigation, Drought stress, Leaf area index, Medicinal plant, Rosmarinus officinalis, Water
productivity
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Figure 6- Gaining and losing reaches recognized based on river flow measuring
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Table 2- The assessment of river-aquifer interactions in some points of the river
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Table 3- Mean annual water budget components estimated by the model in simulation period (MCM)
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Table 4- Comparison of the water budget components reported in this study and regional water authority (2014)
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Table 5- Comparison of the water budget components reported in this study and regional water authority (2011)
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Figure 14- Model-estimated composite groundwater level hydrograph for Bojnourd aquifer resulted from the different
scenarios
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Table 6- Model-estimated water budget components in simulation and prediction periods (MCM)
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Introduction: Understanding water budget components is crucial for making decisions regarding water
resources planning and management. Surface water—groundwater interactions are commonly investigated at the river
reach scale and generally classified as connected or disconnected type systems. Connected systems are either gaining
surface water system, where groundwater discharges through the streambed to contribute to streamflow, or losing
surface water system which loses (or recharges) water to the local groundwater system. Disconnected systems are
defined by an unsaturated zone beneath the surface water system which loses water at a rate related to the
hydrogeological properties of the streambed and the aquifer. These interactions have significant implications for both
water quantity and quality. Seepage of fresh groundwater into a river can be important in maintaining flows during
extended dry periods. This can be critical for supplying the needs of surface water users such as irrigators as well as
for aquatic ecosystems. Pumping from an aquifer near a river can dramatically change the amount of this base-flow to
the river. In contrast, if the groundwater is contaminated, increased groundwater discharge can have a negative effect
on river water quality. The Bojnourd catchment is located in North Khorasan province. The catchment covers an area
of about 1265.8 km?. The main river in this area, Firouze River, is approximately 10 km in length, and is hydraulically
connected to the Bojnourd alluvial aquifer. The alluvial aquifer of Bojnourd plain with 65.2 km? area is mostly
covered by urban area. Hence, effective management of water quantity and quality issues in the Bojnourd catchment
requires quantifying flow between surface water and groundwater. Furthermore, conveying water from the outside of
basin caused water table to rise which made some problems for urban buildings and infrastructures. Therefore, the
river and aquifer interaction needs to be studied more comprehensively.

Materials and Methods: Numerous techniques and methods are available to describe and quantify the flow
between surface water and ground water. This study combined two methods, numerical modeling using MODFLOW
code and reach measurements, to quantitatively evaluate groundwater/surface water interactions under highly transient
conditions. The groundwater flow system of the study area was conceptualized based on borehole logs, pumping tests,
and available hydrogeological and geophysical information. Moreover, field work, including measuring streamflow in
three seasons, was carried out to conceptualize and quantify the groundwater/surface water interactions. Following the
conceptual model, the numerical model was developed to simulate flow through the system. The model grid had 1274
active cells with a uniform cell spacing of 250x250 m. The water exchanges between the main regional river, Firouze
river, and Bojnourd aquifer was simulated using the River (RIV) package. Both hydraulic head target and flux target
were used to calibrate the model. The head targets were compiled from the monitoring network which contains 11
observation wells. The flux targets were located in three measurement points along the Firouze river. The data
obtained from the fieldwork were used as observed values for the groundwater/surface-water exchanges. The transient
model was calibrated and validated for 15 hydrological years, i.e. from 1 October 2001 to 1 October 2016

Results and Discussion: Model performance was evaluated using root-mean-square error (RMSE). The model
results were in agreement with corresponding observed data, including groundwater heads and measured
groundwater/surface-water exchanges. The RMSE values during calibration and validation periods were 0.83 m and 1
m, respectively. Analyzing water balances resulted from transient simulation showed that Firouze river is gaining in
some reaches and losing in other reaches. In losing reaches, the total flux into the aquifer is 6.4 MCM per year. In
gaining reaches, the volume of groundwater discharges through the streambed is about 4 MCM per year. Furthermore,
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the effect of several management scenarios, including continuing the existing condition, turning the domestic wells off
and implementing a sewage system by 2025, on groundwater heads and groundwater/surface-water exchanges was
examined using the numerical model. Results showed that by implementing the sewage system, the volume of water
discharged to the river would decrease, but it will prevent aquifer and river contamination caused by sewage water.

Conclusion: In this study, groundwater budget components in Bojnourd aquifer including groundwater/surface-
water exchanges were calculated. The results showed that understanding of these surface water-groundwater
interactions, which has been ignored in previous studies, is important for effective management of water quantity and
quality issues in Bojnourd plain. Moreover, the methodology used in this study including numerical modeling and
measuring flow at multiple points along the stream is effective and easy to apply to estimate the direction and
magnitude of seepage on a stream reach basis.

Keywords: Bojnourd plain, GMS, Groundwater feeding, MODFLOW, River and aquifer exchange



Journal of Water and Soil
Vol. 33, No. 5, Nov.-Dec. 2019, p. 685-694

&%"Au}:; ;,

(55791 @ilio 3 pale) S g O @ i
FAO-FAF .o YA o — 337 o lous Y'Y uls

(Slwlol8 o 163,90 anlllan) 500508 53 fu) p (e slajla s 5,8

Yo . *Y N \ & .
Pope e =T ()15 e = (SN )3
VWA /Y 1Bl 5 el

VWAV oy e

daSe

2 LacSiSs ol o Jlo g3 ol osd a3 o 0 168 (599,00 50 45 Canl clalinne «By5 (sloodld dcgorme (sly i Sl ST
il oo (g piwy b )hged) JuSly o (i slayloges ST () 5 (S )l (03l Gl gin i CleMbl ol polis Jlo 5 )y
Wy 9les 3 ClawlelS ()l otz (gl g3ty SIS gy 5 6y SS90 ol sty slajloges Sl 95 93 oy & caalllae () >
Sl B0 ) (WWFA-IYAS) o ¥ (5Ll 090 < b olwlolS douiin 45,b g (ool ailjg, cleMb) I oaliul b aylsges ol 395 00
5 JuSiid By gd dlox I alise slaodsly ¢ sy Bl S gyl edlitwl b sl oads edlizwl MATLAB l58ls 5 5l dajlages ol s 5
Ao )3 By gd 090 45 b LS ol Cuwl 0uds olwlids bayloges (ol 5l eolaiwl b calises iy iy & Baiod Cpl )0 B4b 031 (sl ..
s SESAYAY Jlo men Cool 4Bl (ials 5oy Yo dy 5oy Voo 3945 3l oygd oyl a5 gysb & ot S WWAS BAYFA Jlo | GleslelS
olo 45 A5 Lasudie (6 yiwy Bl,S g nm 3l oolatul b .ol oas oamlin VWYY Jlo )3 ob JluSiid 6 sl 039) daie (55l 0,93 Jgbo )> Jlo
o=l a8 e s IS5k il cuslio sl 4l b ilelin g oy sl ol cnl ()5 Ao Bl e ole (SIS pre
S o ol B 1) (e e g oy Sl L)l Sl (21 s alages

Sy SIS 9 pam JuSy p e o lages syt s )Idge cOluwlolS douix 155 s0]1g

y S S iy {adg JS8) pulidi, (o oS
548 alp s 5 Lnailesg, Ll @y dos ¢ o (SisSs
2 il €JB3 3 (30 9 )j2) S8 S o0 s Aniy ]
$bl o Ghun)lS Algg )3 Aoty CusBse g 515 ol bl cloailols
Jole 90 ol b 4 Loy 9 (S,b Caonl > 4y asll 5 (V)
Do o a1y
o Gl 5510l dgen] S 1 (rage o S ()0
] 335 g (S3ige el il ol 3 By g
L g a2 (a8 4 ol Lyl 5 151U sl oo 5
ey bl Bl aS Jbyd w8 (b (e0gre pw dgeisl By gd
o 5l (o8 203 95 0 ol sy (a] g9y 55005
AU Sl b5 o 399 b g A8 e 5 (e 4 LS
iy sl gl Ko oo 4 ol Al g o) Ol 0pdd 5y oS
OB (e 4335 )3 plie 5 Mo ol &S Jl > 98
s Ladgensl 0 Lo 03,5 IS5 Jiulag oo g Lyl (lodes
z9 g—eil ;3 @il lad 4 Wlg o ( SH,b Olads dlusi g
4 iwen g 1S )8y oMo cud la gl oy g 03,8 sl
Sl ase 3 (Sl Kygl sg2g 4 1) il gl oSS
e 033 33395 o w3 5l s ) deude 4 Koo alols
soli (S6)l gloj 4 S5 Sloj 5k 3l sganl gl aba 5 29

dodbo

0,10y0 (otr SLeMbl 359l cwd 4 oSl ot Sg0i]
wald ) dain Sl ade Gl (SKiglins slaShs
By 2030 0 |y g BB (loodls ol el 2 19381 5 25l 0
Gun 1S o )] g ol 1SS 5 5,0 cela o 456 bl
2B a2 dsloma ¢ 5l sl ©sle 40N 3o &) dgei] )y ]
952 e Ol (Seelidgyien culpd dslre ((Spelns
ol (S ol cld o Glel | dige )b e
Wl sbaemjy paseis (Ml (lals (o (S5 5 5,9)
L dady lom)) o bl omsd ol Gials’ g, jasels
5 SH 2y 9 Atz p2fy O b)) s gl 4l b
0) -
Ol A8 o 5L ez dgatl SS 2 (5 b Jelge
5 Ladls 5 550 Jals Jole ol slipl) (oulidmes Jols Jolse

ouSuily el 2l 5 (559)0 09,5 Hluiihy g (655D (gl sy 4 Y g )

)'lyb\ ‘O‘)"% ke ol&issls ‘;J P9Lc JETAV
(Email: zareih@scu.ac.ir 2 e 03k 5 — %)
UIM b L;LQ}{ oKisly (‘_;)')9\.41; 0uSUSly ‘gi GJLA (swdige 09; bl =Y
DOI: 10.22067/jsw.v33i5.80597


https://jsw.um.ac.ir/user/viewProfile/author/164855
https://jsw.um.ac.ir/user/viewProfile/author/164856
https://jsw.um.ac.ir/user/viewProfile/author/164856
mailto:zareih@scu.ac.ir

WA 0 — 43T B ojlos MY o> (S g o 4,85 PAF

L S5y SO g (obaid] Olaisie G L odls dsgommo 5l )lado
Wlg5 o Laypanns (gl il (dmy 90 pgial SO (gl b
S 5o Ll 25 385 oS (sl s 5 405 (5ol
ol 51 ealil sl (Y) S colan |y b Lulow 5 43556 9 03905 05T
Cansj bz 13 e SYob (glaodly b g 55 (sloodly degoze
¥ oY) ol osds yly

Ay aid)S Gyao lalllas I By wyp 4 daldl
Db oo 4Bl gy BlSg)hd (ogad 4 g iales

9 S by 1207 Jlo 53 )b (gl S 2 e sl jlage
SO S5 oyl 4 sl Sl JS,8 g w8 s 1)) S8
5 (B) 35,15 S50 glodls asgoome glzil sl (2 VL Jouiliy
u-u)l_AJ dl_m&.{u dl!b.));.)lf 9 Lm¢)Ly IR Yeoo Jl.w 5
= e (glmyldgas jl eolatwl piwss (F) Dby jeme JuSy
33,5 2 Voo ¥ Jlo 3 Jonss adllas 4 (Golgyin > JuSyy
OBy, oLy VWl oy oo Lis gl Il ol 5l &S
&S oyl Slej olgd jlal cpl a8 cusly il L] 3ged eolitl
B9y ool mdee QU3 |y a3 BB i sla gy ;00 L
L quo) ul_gwl LTy B & A 9 0 )JAM_‘BLE:JI )L.».w

Cupde (o 4oy 395 (655 4l bk 3 (V4IF) (5 S
il 5l aalae ool s sy LG el o LS4l aslag, by
lgy S5 slwosly dsgare ialed (gl 5yt SS9 0
(A) ol o oolazl

Oinled gy (gyiwy slayloge (Syme 4 lanl dalllae oyl 4o
S 0ys0 90 wyp A Guaaw 0l o)l S5 slaodld dasgasee
P9 e 4By (Tol ) dise) 53 balaged (ul wre Sl )8
04 3Ll Wgles 50 ClwlelS da i SleMbl | jshate oy
SladlSg)un g9 p Sladlhae 586 95 00 (Lt bl ol
L 1015 o andllan oyl 11 Conl 48,55 &g ol )3 (6 yim)
Sl o 5l eslainl g (59090 aiso) 55 I3l ol 5l eolisl (glp
A8l )9S 5> dmodsdy K03 (o) 2

L 95 9 319
dalllas 4y g0 ddlaiie

colie ity o sl olpl ©pf pre laosS 423 j1 (S
g gl slaglinl )3 5 (i5u 5 ol el Jlod )3 o]
13 45 el oS5 il cslmogS 4y 31 S 3yl )l olisle S
Ay oo yiaghS VA« Sl o a1 Ugb g 3,15 1,8 0455l sl sl
D¥ige oo Oy 9 9 SLaogS 4 oliile)S il )3 08" )
G5 3l 098 cnl eul 395 LBt 098 g atty (SUae 4 ()5 oSl
Al @ye 0515 5l 2 g 0yl el prall i e Jles b
503 ol 055 4y cpl alB gl 165 e TEVY L 3V

bt 35 log bl ool 5 (Sl 590 alold 3 ST Iy s,
el anlgs s e b ale 03,5 g0 4y e

dLo)_w L D o bl )2 .)9_»%50 C; 9 u.i).g 99:) —>90 o>
oS bgogs o dad o b el jials cel wlg o ailis
Sl Gty gt 50 9 0k a8l and aby 0gd g o)
alblwg gl .)9_.«;51 Wiygmo (pl 3 sy DB dlndin 4 0)lgd
Wl o 55 dgen] Sllwg ] Siaons Lops Juab y3 slesl
A3l b o] o &

lesol (5Sly 5,38 4y pasie 0aS O3 ouis dgenl S5
0338 3ol lesul ailelw (glislo cla g g 0,53 y90
SleMbl comia dgeil Julow ¢ Y5 ol 4.3yl oo wl )8 douis
C)l (i8S bl )5 (S8 g Canle 03l (295 JB
Slejen s L Ladgen]) O (o8 Olyuss 5108 o 1))
o e sl @l Wgd oS wo b (bl )S9eS) o] &S
el (iS58 g 059, Vb claasls (olls dgenl ol salgd Cawd
sl 9 uo)l_) )‘ J_.ol> A_O{J.x.: ul_A) 4 109_))9 o.)._:9)Yl) sl
Lg)ﬁhli 4 P)Y Lol 045 485 uT alss U“A) 4 ]oy)n ¢u»59)5
SLb S5l slaase 3 13m slohl & cul
L)l 435 g ) aand e )13 56 o |y dganl (1S90
4 pasuio abi | dgenl cdél amd oy |y dgan] claasli
1y dgmoi] jl (e ol b oo LEalS ol Wigy b ]
b gl gibele (@l ansS oo (Olow)b) (3555 (soxie
Sl o Shg g (Seoliod 0,33 v dwlxe ‘394:.31
g5 g ol _goxie oyl 3l ¢lgs]

e b alig) ol oll p davdedis alss (gla iovie puds
Cxdyb 5 cndadsh g5 ) Gln (el ) (Siin oS
Cawla lgzo]

asgarme Ghaled sly i 5l S e sla)lages
Lng_M}Luu) 9 a0 Lgl)_g Lb)‘.)ﬁo). O—.’.I Sl J))'_g slaodly
oalawl 5y (gdm din slaodly A gasmo )3 Clyos g NS
aS Cowl (ST SaST SO Sy g (e SIS g 0
s wwy b syl eolamol b 1) oadd odly igled cleMb!
o 0 4S awlio Hluw cullB & do g b b jlges opl LS 0
Oinles gl (amlio 5ol cayly S5 slrosld degazme isles
S oaidd i JuSly yb e (559l calisee (slaosydy

1- Pixel-based graphs



FAV 659095008 50 puny p1 (S 6ly19g05 & )18

W T el Jb PR PP el ujl),a.c Slles

Sledlbl g el
S ragyiad oliul 93 Lol 5l deie aul (349l canty ¢l
g5 aibaio oyl 5 el odidh odlial dilyg JUIS 4 ¢lygm Stas
b 5l ghge S olSian] Ao 39290 (6 ylog e ol
WAF Jlw 5l ailys JUIS o] a5 Jbs 55 0390 5Ll (clyl> YYFA
JUIS o8] o g 4 5 JUIS whis) 5 b sl o ol (L)l
ErsSoil g 598 g Sis ol ) sy o don il
ol gy deciiy U 5 e JUS ol @lisd 51 ey sl 008
i 298 s (6 S051] atlyg JUIS olEnl 15 5 ol 5 yoeie JUIS
il bsgio A3l o ol 53 ol (] ggeme dady (]
o A 5 oI o] il Blas il o coSogie ¥ aoi
Coliwe 33,5 o L bl .l 039 45l )d xS ie YY/AY
2 3l gy yiaghS Fe 293 g St oSl ol 4>
2> 03 olitl (g teg ) (Srolin] g dodie Cusbge (V) SO

ol 035 &) i

gmotee 9 0lisS ams JLIA 098 Jb Jolis (ol aily (slaals
9 b ladede Laced (pl 3 Mk (5 o g 1550
2 2B 9 a3 plars gl > Clwlels oL 4y (B9 me
T 855 S gadle g ogdle oS Cul odal 3290 329
igyien slod 35 OF el (sl milio jlos

s )3 9 Bl e (6 peghS Ve alold )3 Cluwlels Aol
053 51 o)) (ol (shoition yu ol o0 lg 3LTyg5 4 Wigles ol
ilee QWL Jog 08 3500 @l 4 b (02)5) 05 o8 sl
A b (ol L agl o oo i ¥ ] (o)l acia
o @8ly 3 il e 35 Sle (a3 B dgas o bawgie (clod
2 LS 3 @ye ple Vov dgdn (slodgiote 3 ol ob &) Aol
o 43lS Olawlsls daita plgie 4 )b 4 & uilas 51,8
O b gle Gl gilad Ol dsiin (YL ) g
Ol ool 039y Ul g3 oo 42335 53 Ylain] &S 3,08 o s
ol 3l a8 3Bl i Sloc] il b Jas 4 ol
5 S ST (63 gl Slacl) sl T )3 eadS Sl S
sl azily Mool (T (glo s

«SiogliS Bylias iy (Lo JUE b ey opl O
llols Ol JUS 3 050 e e 03 g (Lo (B9

2600?0

Case Study

g Sourakh

Gamasiyab Spri

3770dﬂﬂ

Legend

® City
A Spring

® Hydrometry Station

A Gamasiyab Spring I:I sub_basin

Varayeneh_Channel

Gamasiyab_River m
- High : 3482

Topography Low : 1777

0 075 15

3 4.5 6

e e e ] Kilometers

Ol 5 et bl cigleg ylies yesd 9> Olwlols donies Curdge —) S50

Figure 1- Location of Gamasiyab spring in Nahavand county, Hamedan province and Iran
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Figure 6- Raster Hyetograph of Gamasiyab Spring
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Introduction: Despite being helpful to explore and analyze large multidimensional datasets, visualization

Techniques have been rarely considered in hydrology. One of the techniques is Pixel-Based (Raster-Based) graphs.
Pixel-based graph is a graphing technique that maximizes displayed information using a pixel or raster-based approach.

Materials and Methods: This study two types of raster-based graphs, including Raster-Hydrograph and Raster
Hyetograph were evaluated, for Gamasiyab Karstic Spring located in Nahavand. The graphs were drawn by applying
discharge and rainfall daily information of gamasiyab spring in 1969-2018. The MATLAB was employed to draw the
graphs. To calculate the spring discharge, recorded data from Sang Sorakh and Variane Canal station were used. The
data gathered for Sang Sorakh and Variane were recorded from 1969 and 2005, respectively. Thus, the spring discharge
was the summation of both stations. The maximum, minimum and average discharge was, respectively, 37.97, 0.3 and 4
md/s. It is important to note that the basin area is about 60 Km?.

Results and Discussion: By applying the graphs, six different phenomena were investigated:

1. Snowmelt: According to the raster hydrograph of the Gamasiyab spring, snowmelt occurs in the first 200 to 300
days of year (e.g. early April to late July). According to this graph, during the recent years, snowmelt period shortened.

As of 2004, that the number of snowmelt days showed a considerable reduction as compared to the previous years. This
issue has become more intense for the years after 2013 indicating a change in the spring discharge regime.

2. Drought: According to the raster hydrograph of the Gamasiyab spring, droughts were observed in 1998 and
1999.

3. Storm Flow: According to the raster hydrograph of the Gamasiyab spring, a storm flow was observed in the
middle of April, 1986. Storm flows were also observed in late February of 1986 and 2005, and the late March of 2016.

4. Dry Year: Dry Year is a year that the discharge is less than the average. 2008 and 2009 were the examples of
dry years. In addition, 2014 was one-year low water.

5. Dry Month: Determine dry months are used for baseflow separation. In dry months, discharge is due to
baseflow, and rainfall and snowmelt play a very small role in the discharge.

6. Monthly changes: Monthly changes happen when rapid changes in discharge are observed from one month to
another. For example, the discharge regime suddenly changes from a dry to wet condition. According to the raster
hydrograph of the Gamasiyab spring, the monthly changes in April and May, 2014 were observed. It was observed that
the rainfall was almost equal to 0 in June to September. In the other words, rainfall period is from early November to
early June. Maximum rainfall is in April and May.

Better results can be achieved by using both Raster Hydrograph and Raster Hyetograph. Discharge of Gamasiyab
spring is affected by snowmelt and groundwater flow since late May to late September, and rainfall has no effect on
spring discharge in this period. According to these graphs, it can be also concluded that springtime rainfall was
impacted with one-month lag time. According to raster hydrograph, the minimum discharge occurs in October,
however, the area receives rainfall during October based on raster Hyetograph. Therefore, the discharge increase in the
November can be attributed to the precipitation falling during October.

Conclusion: Main benefits of this graphs are: 1. a way to view large datasets. 2. Quickly review and interpret. 3.
Develop new types of products. 4. Cost and time efficiency. This method is able to show systematic error, missing data,
outliers, comparison different places, potential new products. Results show that the snowmelt period in Gamasiyab

spring decreased from 1969 to 2018. This period shortened from 100 to 30 days per year. The year of 2008 was the
driest year during the statistical period of the spring, and a drought was also observed in 1998. According to raster
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hydrograph, the driest month was found to be October. Determining this month is very useful for base flow separation.
One can conclude that these graphs including large amount of information, accelerate the processes of scanning and
interpretation.

Keywords: Gamasiyab spring, Raster graphs, Pixel-based graphs, Raster hydrograph
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Gathering information including the physical, meteorological, and hydrological data of the study area, information on
crop patterns, water demands and product performance, information on allocation policies, environmental,
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Figure 1- Flowchart of the proposed methodology
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Figure 2- Flowchart of calculating the characteristic function for crisp Shapley Game
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Table 1- The most important downstream demands of Shahid Rajaee Dam (million cubic meters)
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Water Drinking Environmental Industry Rice Citrus Other crops

demand water sector sector sector cultivation cultivation cultivation
cpy9,8 April 2.30 7.4 1.10 32.71 3.97 2.69
Cuigd,)l May 3.50 0.2 1.36 39.64 8.49 5.75
s s June 3.50 0.5 1.45 61.82 8.31 5.63
5 duly 4.70 1.1 1.87 68.20 3.89 2.64
sls,» August 4.10 1.7 1.63 58.70 5.12 3.47
9 peaSeptember 3.50 1.7 1.36 10.61 2.86 1.94
e October 2.30 0.5 0.85 0.00 0.00 0.00
oL November 1.10 1.2 0.51 0.00 0.00 0.00
,31 December 0.50 1.2 0.34 0.00 0.00 0.00
> January 0.50 1.3 0.34 0.00 0.00 0.00
et February 1.10 1.3 0.34 0.00 0.00 0.00
L IMarch 2.90 1.8 0.85 17.54 0.04 0.03
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Figure 5- The amount of released water from the reservoir per month (million cubic meters)
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Table 2- The profit coefficient of players per each m® of water
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Table 3- The profits of water allocation to the participants in the coalitions (Billion Rials)

Type of coalition sy &

Sgw gl panass -
. " - .
Profit Initial allocation Y_’_\ il Vo) S Y‘_,_Y gl & “M”_‘_
Coalitionland 2  Coalition1and3 Coalition2and3  Grand coalition
() ‘)i))b 54558 52510 53198 54558 51150
Playerl (Rice)
(Sl ) ¥ o5oit 22116 30138 22116 30138 30138
Player2 (Citrus)
(SVgare L) ¥ o501 9869 9869 13351 4625 13351
Player 3 (Other crops)
d#l - 82648 66549 34763 94639
Coalition
Eooxe 86543 92517 88665 89321 94639

Total
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Table 4- Players' payments and receipts based on Shapley Crisp game (Billion Rials)

<l Jaleo 39w (JW)Y oail (OlSpe) ¥ oSuil (©¥game ple) ¥ oS05L
Equivalent water revenues Player 1 (Rice) Player 2 (Citrus) Player 3 (Other crops)
Sile due Jae
Optimization model 51150 30138 13351
Js st bl il
Grand coalition shapely value 57680 25566 11393
by b calsy LB e
Payable or receivable share 6530 -4572 -1958
MBI 5> ool Cuwd 4y b
Yoo ) Ml share of the coalition 52510 30138 9869
Coalition 1 and 2 cdbp b esly, BB paw
Payable or receivable share 2048 -2048 0
M 5> ool Cauwd Ay o
Yoo ) Ml share of the coalition 53198 22116 13351
Coalition 1 and 3 cdbp b csly, BB e
Payable or receivable share 1360 0 -1360
MBI 5> ool Cuwd 4y i
PR RS share of the coalition 54558 30138 4625
Coalition 2and 3 cdbp b csly, BB paw
Payable or receivable share 0 -5245 5245
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Figure 7- Comparison of profits from primary and reallocation of water
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Introduction: Population growth and water resource constraints make optimal operation of available resources
important. Considering the utility of the stakeholders and the physical limitations of the problem, the optimal
allocation of water resources is, therefore, necessary. Among the proposed strategies, the game theory is one of the
methods used to improve water resources management. Also, in order to achieve the optimal and fair allocation, a
model and method should be selected in accordance to the conditions. Our main purpose was to study the optimal
water allocation from the dam reservoir by increasing the overall profitability of the system through forming a
coalition as well as increasing the profits of each water users participated in the coalition. Increase in profits will be
possible without the need for any additional costs and only with the change in the operation management. Integration
of Genetic Algorithm optimization model with Shapley Crisp game theory can be considered as the innovation of this
research work applied to optimally allocate water from Shahid Rajaee Dam reservoir to downstream needs.

Materials and Methods: In this study, a new methodology based on crisp Shapley games is developed for
optimal water allocation from the dam reservoir. First, the standard operation policy was used to determine the volume
of available water. Then, the optimization model of the Genetic Algorithm was employed for initial allocation
considering an equity criterion. The Crisp Cooperative Game Theory was then applied for secondary optimization of
water allocation among stakeholders. The possible coalitions for increasing the overall system profits were formed
using the Shapley method and the profits of each coalition were then calculated. Finally, the Shapley's value
relationship was used to reassign profits to players in order to encourage them to participate in the grand coalition.
This study was carried out on Shahid Rajaee dam located in 45 kilometers southwest of Sari in Tajan basin. This dam
mainly supplies agricultural and drinking water. Rice and citrus production were the largest and second largest water
consumer, respectively.

Results and Discussion: In this study, the monthly amount of water released from Shahid Rajaee Dam reservoir
was determined by using standard utilization policy and then the amount of initial allocation to downstream dam needs
was calculated using genetic algorithm optimization model. Then, by using the players' profit coefficient and the
amounts allocated from the implementation of the genetic algorithm model, the initial profit values were calculated for
each stakeholder. Employing the Shapley Crisp method, the amounts of water allocated to each player and their
corresponding economic benefits were obtained for the grand and two-player coalition. The results showed that the
grand coalition had more benefits than the binary coalitions as well as the initial allocation. At this step, the Shapley
value relationship was used to reallocate the profits among the players. After allocating water to three participants
based on different coalitions, since the fair share of each was obtained in the first step, payments must be made
between the players in order to be fair. The player who receives more water share determined at the first step must pay
money to other players receiving water less than their fair share. The method proposed for the 18 years statistical
period was used to allocate water among the stakeholder. According to the findings, the formation of a grand coalition
increases overall system profit without the need for any additional costs and only with revising the operation
management.

Conclusion: In this research, an integrated model of optimization was developed using Genetic Algorithm and
Shapley Crisp Cooperative Game Approach. The amount of financial payments among the stakeholders in the
coalition was also determined based on the Shapely value. Constituent coalitions show the management impacts on

1, 2 and 3 - Ph.D. Candidate and Associate Professors, Department of Water Structure Engineering, Sari Agricultural
Sciences and Natural Resources University, Sari, Iran, respectively.
(*- Corresponding Author Email: emadia355@yahoo.com)
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water policy and demand management in the studied area. The best results were obtained when players formed a grand
coalition. In other words, by participating in the grand coalition and reallocation of water and profits among players,
the overall system profits will increase by 10 % and the profits of players cultivating rice, citrus and other agricultural
products will rise by 6, 16 and 15 %, respectively, as compared with the condition the players do not participate in the
grand coalition and water allocation is only done using the Genetic Algorithm. Therefore, the water allocation should
be based on a grand coalition requiring the cooperation and participation of all stakeholders. The results indicate that
this method can be applied to allocate resources equitably. It can be also used to solve social conflicts among decision-
makers.

Keywords: Game theory, Optimization model, Shahid Rajaee dam, Water allocation, Water resources
management
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Table 2- Variance analysis effects of humic acid and phosphorus fertilizer on phosphorus influx in sugarcane
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P x Humic acid
. 0.09™
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Error 0.06
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" Non significant, * significant at 5%, ** significant at 1%.
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Table 3- Comparison of means of main effects of humic acid and phosphorus fertilizer on phosphorus influx in sugarcane
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In each column, the means with dissimilar letters are significantly different at P < 0.05 (Tukey method).
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Ho, Ho.3 and Hoss indicate 0, 0.3 and 0.5% humic acid solution, respectively; Po, Pso and P1oo indicate control (0%), 50 and 100% P
fertilizers, respectively.
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Figure 4- Phosphorus influx in different treatments
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Introduction: Sugarcane cultivation has been revived in Khuzestan province of Iran since the 1960s and due
to good results, it gradually began to grow from north to south of this region. Currently, sugarcane is cultivated in
more than 100,000 hectares of the provinceand almost 25% of the country needs for sugar arebeing produced in this
region. Sugarcane fields of Khuzestan province are mainly rich in lime percentage and poor in organic matter and
phosphorus. Soil pH in this region of the country also is about 8-8.5 and phosphorus uptake by plants and phosphorus
fertilizer efficiency in these soils (alkaline and calcareous soils) are expected to be low. The optimum use of
phosphorus fertilizer and proper phosphorus uptake is essential for the quantitative and qualitative function of
sugarcane plants. Due to the very low mobility of phosphorus in the soil, its uptake by plants such as sugar cane is
affected by number of soil and plant factors (especially plant root characteristics). Changes in these factors can lead to
a reduction or increase of P uptake by the crop.

Materials and Methods: Because of the role of organic compounds in the improvement of mobility and
phosphorus uptake, the use of organic material has been considered in many types of research. Organic compounds
can play a direct and indirect role in plant factors and in phosphorous uptake improvement. In this regard, a
greenhouse pot experiment was conducted in 2016-2017 at Farabi Agro Industry Co, 35 km south of Ahvaz, Iran (48°
36' E, 30° 59' N). This research carried out by using three levels of humic acid (immersion of settes in three
concentrations of 0, 0.3 and 0.5% of humic acid) as well as three levels of phosphorus fertilizer (triple super
phosphate) 0, 50 % and 100% of the recommended amount in the region (250 kg/ha) in two different harvesting
periods (45 and 90 days after planting). The experiment set up as a factorial, based on complete randomized design
with three replicates. In this experiment, the effects of different levels of phosphorous fertilizers and humic acid on
aerial part (shoot height, shoot dry weight), underground part (root length, root dry weight and root hair length), and
also root CEC of sugar cane plant in two harvest times were studied. Finally, uptake and influx of phosphorus in
different treatments were investigated.

Results and Discussion: As the results show, although the range of the changes was different, the use of
humic acid can improve almost all of these factors. Shoot height, shoot dry weight in humic acid treatments showed a
significant increase in both harvests compared to non-used humic acid treatments and also in phosphorus fertilizer
treatments as the fertilizer levels rose. These results show that humic acid can increase the uptake of phosphorus from
the soil reservoir (treatments without phosphorus fertilizer) and source of soil and phosphorus fertilizer (phosphorus
fertilizer treatments). The underground plant parts have also shown similar results. Root length and root dry weights
have also been shown positive results in humic acid treatments. Therefore, an increase in phosphorus uptake in non-
use phosphorous fertilizer treatments or phosphorous fertilizer treatments, along with humic acid, relative to non-
humic acid treatments could be explained. The humic acid application seems to increase the uptake capacity of
phosphorus from soil and fertilizer sources by increasing root length and root dry weight. In addition, the use of
humic acid in alkaline soil can increase the solubility of phosphorus in water and therefore the phosphorus uptake by
the roots of the plant could be increased. Based on the results, using humic acid due to improved phosphorus fertilizer
use efficiency, phosphorous uptake by plant is expected to be increased and hence the fertilizer use would be reduced.
Phosphorus influx results had not the same direction with uptake and application of phosphorus fertilizer. P influx
results showed an inverse relationship with root length. In other words, phosphorus uptake was more dependent on
the root growth.
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Conclusion: This study showed that it is possible to use humic acid in the practical form during the cultivating
of sugarcane setts, but it seems that further research is needed to examine other important points such as the use of
humic acid during plant growth season and other its application forms, such as spraying or application in irrigation
water.

Keywords: Cation exchange capacity of the root, Phosphorus concentration, Root hair length, Sugarcane,
Shoot height
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1- Erosion agents
2- Mean weight diameter
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Figure 1- The location of the study area on true color composite of Landsat8 ETM™* image acquired in March 2018
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7- Scanning electron microscope
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1- Mean weight diameter (MWD)
2- Penetration resistance (PR)

3- Indirect Brazilian test

4- Friability index (FI)

5- Soil texture index (STI)

6- Wind tunnel
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Figure 2- Mean comparison of effect of different levels of treatments on mean weight diameter (MWD)
Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Figure 3- Scanning Electron Microscopy (SEM) images of Conocarpus (a) and sugar cane (Co) bagasse (B)
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Figure 4- Mean comparison of effect of different levels of treatments on penetration resistance (PR)
Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Figure 5- Mean comparison of effect of different levels of treatments on shear strength (a) and friability index (b)
Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Figure 6- Mean comparison of effect of different levels of treatments on tensile strength (TS)

Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Figure 7- Mean comparison of effect of different levels of treatments on crusting index (CI)
Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Figure 9- Mean comparison of effect of different levels of treatments on soil loss
Numbers or letters followed by the same letter are not significantly difference based on Duncan test (P<0.05).
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Introduction: Wind erosion is one of the most important environmental challenges in arid and semiarid regions
which cause soil loss and dust storm. In recent decades, the potential of soil erosion has been recognized as serious
threat against soil sustainability. In addition, accelerated soil erosion has led to harmful environmental effects.
Therefore, focus on soil erosion outcomes is necessary in order to mitigate its environmental impacts. Understanding
interactions between land use management and topographical properties of landscape are important in order to
effectively control soil erosion through implementing best management practices (BMPs). Application of mulch is one
of the most prevailing scenarios to prevent the erosive soil against wind as an erosive factor in the hotspots. In this
regard the type of much is really important because the environmental aspects and the mulch consistency are important
factors for production and selection of mulch between several options. Nowadays, sustainable management is one of the
most important scopes in order to achieve the aims of human healthy. In this regards the Bagasse of sugarcane and
Conocarpus were selected as feedstocks to produce biochars. Biochar is the by-product of anaerobic process which
called pyrolysis. The biogases, energy and so on are other outputs of pyrolysis. Another treatment which evaluated in
this study was Zeoplant. Zeoplant is a super absorptive material which is able to hold the water in the soil therefore is
capable to enhance the water holding capacity of the soil.

Materials and Methods: In this study the effects of biochar of Bagasse from sugarcane, biochar of Conocarpus
and Zeoplant in three levels (0, 2 and 4 percentage) and two moisture levels (25 and 50 percentage of FC) and 3
replications in randomized completely design with factorial on physical and mechanical properties of soil as indices of
soil erodibility was studied. Soil sampling accomplished from Horalazim marshes and after application of treatment,
incubated in tray with the size of 70x30x10 cm for 90 days. After incubations the trays located in wind tunnel in order
to simulate wind erosion process under a wind with 15 m/sec speed and 2 m from soil surface. The main measured soil
physical and mechanical parameters include mean weight diameter (MWD), penetration resistance (PR), tensile strength
(TS), friability index (FI), shear strength, crusting index (CI), soil textural index and organic matter. The statistical
analysis was performed using SAS 9.2 software and the mean comparison was accomplished with Duncan test (5 %). In
order to draw the graphs Origin 2017 software was used.

Results and Discussion: The soil texture was silty loam (SiL) including 62% silt, 26% clay and 12% sand,
therefore the soil was sensitive to wind erosion. Soil organic matter before application of biochars and Zeoplant was
around 1.93% and after application increased to 3.78%. Application of these treatments and the period of incubation,
enhanced the soil porosity. Generally increasing soil organic matter and soil porosity and decreasing of bulk density are
the main factors to increase the soil aggregation. Our results showed that all three treatments in two moisture levels
significantly increased soil porosity, tensile strength and field capacity and decrease soil crusting index (P<0.01).
Biochar of bagasse and Zeoplant (2%) also significantly increased shear strength whereas biochar of Conocarpus has no
significant effect on shear strength. Overall the applied treatments with armoring effect (AE) and increase the soil
aggregate stability, diminished the wind erosion.

Conclusion: Our study illustrated that application of biochar is able to improve soil physical and mechanical
properties. The main aspect of this positive effect is the specific characteristics and the structure of biochar which
showed with SEM (Scanning electronic microscope) images. Moreover, Zeoplant is organic-inorganic treatment and
including high potential to absorb the water in the soil. Indeed, the mulching is an effective management strategy to
maintain and preserve the soil against wind (as erosive agent) however afterwards a vegetation cover must be grow on
the surface. Therefore some treatments such as Zeoplant are essential to hold the water in the soils of arid and semiarid
regions because in those areas the water scarcity is one of the main challenges. Based on our results and evaluation of
these treatments we found two main processes which are effective to mitigate wind erosion. The first is aggregation
process because of organic carbon and organic matter in the soil and the binding between organic and inorganic

1, 2 and 3- Former M.Sc. Student, Assistan Professor and Associate Professor, Soil Science Department, Faculty of
Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran, respectively.
(*- Corresponding Author Email :a.khademalrasoul@scu.ac.ir)
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components. The second one is an armoring effect which is originating from amendments especially biochar lumps on
the surface. Finally our results confirmed the application of evaluated treatments to preserve the erosive soil against

wind.

Keywords: Biochar, Hotspot, Mulch, Wind tunnel, Zeoplant
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1- Partial least square regression

2- Support Vector Machine Regression

3- Normalized Different Vegetation Index
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Table 1- Descriptive statistics of the N content of plant canopy of the study area.
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CV Mean STD Kurtosis Skewness Max Min
0.18 1.11 0.20 -0.23 0.57 1.60 0.79
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Table 2- Normal Shapiro-Wilk test results

df Sig.
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Table 3- Correlation between remote sensing data and plant canopy nitrogen
Y.L o Wb £l At A gRH Y Y Wib
Band 7 Band 5 Band 4 Band 3 Band 2 Band 1
0.816™ 0.828" 0.100" 0.820™ 0.841™ 0.828™
o dime e NS g /40 o jd (g5 jme o/ o) aw 3 (g dme #x
** significant at the 0.01 * significant at the 0.05 level, ns: nonsignificant
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Figure 2- Principal component’s analysis of reflectance data of various bands of ETM* data
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Table 4- Pearson correlation between nitrogen content of plant canopy and PC: and PC: developed among

remote sensing data
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Parameter FAC: FAC:
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** significant at the 0.01 level, ns: nonsignificant
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Figure 3- The regression relationship between nitrogen content of plant canopy and standardized Z parameter (Zpcz)

developed among remote sensing data
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Table 6- Analysis of variance of employed regression between nitrogen content of plant canopy (dependent variable) and
standardized Z parameter (Zrc1) (predictors) developed among remote sensing data
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Figure 4- The relationship between measured and predicted nitrogen content of plant canopy using the equation 2
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Introduction: In cereal crops, nitrogen is the most important element for maintaining growth status and
enhancing grain yield. Nitrogen is an important constituent of the chlorophyll molecule and the carbon-fixing
enzyme ribulose-1, 5-bis-phosphate carboxylase/oxygenase. Therefore, providing enough nitrogen to achieve
optimal yield is essential. Common chemical analyzes are used to determine the nutrient elements of plants using
laboratory methods. Conventional laboratory techniques are expensive, laborious, and time-consuming.
Determination of plant biochemical content by remote sensing could be used as an alternative method which
reduce the problems of laboratory analyses. Expensive and time-consuming direct determination of the
nutritional status of the plant play an important role in the quantitative and qualitative yield of the product.
However, exposure to rainfed wheat nutrient stresses (in particular, nitrogen) compared to irrigated wheat
resulting in attempts to evaluate these features with acceptable accuracy without the direct measurement. In this
regard, remote sensing data and satellite images are of the basic dryland management and optimal wheat
production methods. As such, it collects massive information periodically from the surface of the planet, and it is
easy to use this timely information to identify the stresses and apply appropriate agronomic methods in order to
counteract them or reduce their negative impact on the production of this strategic product. Therefore, the goal of
this study was to determine the nitrogen concentration of dryland wheat in the laboratory and its fitting with
ETM* images, evaluate the accuracy of remote sensing in determining the total nitrogen content of the plant and
establish a regression relationship to estimate the amount of canopy nitrogen in the plant.

Material and Methods: This research was undertaken in parts of the south of the West Azerbaijan Province
in Iran. The sampling was done from 45 dryland wheat fields using a stratified random method in May 2016. The
wheat canopy nitrogen was determined using the Kjeldahl method. Satellite images of the ETM* were
downloaded on the USGS website. Then the required pre-processing was performed on images to reduce
systematic and non-systematic errors. Statistical analyses were performed by excel and SPSS. Descriptive
statistics and correlations were obtained between reflectance data obtained from various satellite bands and
nitrogen measured in the laboratory. Correlated variables among the reflectance data of different bands were
analyzed by principal component to reduce repeat calculations. The regression relationship between the plant
canopy nitrogen and the first principal component has been evaluated using the stepwise regression method. To
draw the plant canopy nitrogen, map, the equation was obtained and the ETM* image has been used for land
uses. Finally, the map of canopy N distribution at the studied area was drawn.

Results and Discussion: The results showed that nitrogen content varied from 1.6% to 0.79%, with an
average of 1.11%. The normality data was verified by the Shapiro Wilk test. The results of the Pearson
correlation showed that the wheat canopy nitrogen has a high correlation with digital number values of all bands
of satellite images except band 4, so that it has the highest and the least correlation with band 2 and band 4,
respectively. The correlation between remote sensing data in different bands was also evaluated using bi-plot
statistics, which results showed a high correlation between all bands except band 4 with the first one of the
principal component (PC1). Therefore, only PC1 data has been used to study the regression relationships
between wheat canopy nitrogen and remote sensing data. A regression equation N ganopy = 0-171x Z o, +1.114

between wheat canopy nitrogen and Zpc: (R?= 0.71) was developed. Zpc; is obtained according to the following
formula: Z,.; = (PC1 —FC1) /o5, where Zpc: is the standardized Z parameter, PC1 is the average of PC1 and

the oy is the standard deviation of PC1. Finally, the map of canopy N distribution was drawn to the studied
area. According to the results of this study, the application of remote sensing data such as Landsat ETM™ data is
a very important variable for improving and managing the prediction of wheat canopy nitrogen.
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Conclusion: Overall, the results indicated that the remote sensing data provide more accurate and timely
information from the drylands of Iran to manage farm fertilization and prevent the decline in yields at critical
points. However, proper management to avoid the fertilizer loss by precise and timely application of N-fertilizer
is needed.

Keywords: First one of the principal component, Nitrogen, Remote sensing
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Table 1- Some physical and chemical properties of studying soils

Colar Colild i -G . O g
S5 0 o ‘i T ol oske Jlae prnds’ S 5 oomisel N.t;“t' SB cél
: iy oW N ) Organic Calcium carbonate . itrate
Soil H matter equivalent Ammonium Textural
number PH12 ECyy q class
(ds m™) (%) (mg kg™)
1 7.9 0.14 0.26 28.5 3.7 0.5 Loamy Sand
2 7.9 0.23 0.30 29.0 9.9 15 Loam
3 8.0 0.31 0.35 36.2 13.6 4.6 Silty Clay
SBoojlond yhed el ol e &) o
Soil P K Fe Mn Zn Cu
number Available (mg kg™
1 6.3 119.5 7.0 5.0 0.17 0.36
2 13.0 604.4 5.6 9.0 0.43 0.85
3 14.5 776.7 5.3 10.3 0.61 0.84
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Table 2- The effects of nitrogen fertilizer types on ammonium and nitrate content after 30 and 60 days of spinach planting
in different soils

potisel Olas OlWgw

abs o Ammonium sulphate DMPP * pgsigel Sl iy Eeils
S o, lowd Control Urea nitrate P Ammonium sulphate nitrate +DMPP Mean
Soil number = Z e i - R R
(0,545 52 05 Juo) CudS 51 pum o, Yo dold 5 & 0gigel li
Ammonium content in soil after 30 days of planting (mg kg™
1 2.00' 19.39° 12.28° 34.58° 17.06°
2 6.91" 26.83¢ 21.60 44.32° 24.91°
3 9.779 30.98¢ 28.59% 53.99° 30.83*
(Mean) il 6.23° 25.73% 20.82¢ 44 297
S olowd (2,5 2 5 o) €S 5| ey oy Fe dlold 3 S5 pouisal e
Soil number Ammonium content in soil after 60 days of planting (mg kg ™)
1 0.67" 24.51° 15.85¢ 50.45° 22.87°
2 2.73" 29.46° 24.84f 65.89" 30.73°
3 478" 33.86° 31.41° 70.36° 35.10%
(Mean) oSl 2.72° 29.288 24.03¢ 62.23*
S o)l (B35S 2 oS ko) et 5l (g 9y T abiold )5 S s jlade
Soil number Nitrate content in soil after 30 days of planting (mg kg ™)
1 0.76' 7.839 15.807 6.879 7.82°
2 153 17.27° 28.03° 14.51f 15.34°
3 3.30" 22.86° 31.80° 19.89¢ 19.47%
(Mean)  u&ibe 1.86° 15.99°8 25.214 13.76°
S o,lowd (PSS 3 p)Siee) CadS 5l s 59, 5+ Aol > SK- s jlade
Soil number Nitrate content in soil after 60 days of planting (mg kg ™)
1 0.05° 9.72° 18.75% 8.91" 9.35°
2 0.13¢ 19.75¢ 29.24° 17.40° 16.63°
3 0.309 24.92° 33.26% 24.32° 20.70%
(Mean) u&ibo 0.16° 18.138 27.08% 16.87°¢
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Means in each column and row with the same letter (small letters) are not statistically different at a =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 3- The effects of nitrogen fertilizer types on shoot fresh weight of spinach varieties (g pot™) in different soils

S o lowd b 85! @aigel Ol g W g + pgrigel Wl yid W g Sl
Soil number Control Urea Ammonium sulphate DMPP Mean
nitrate Ammonium sulphate
nitrate +DMPP
(Spinach variety) gUiw! 4 ,lg
] PO S Y <ols ) o]y Sisslg <ols Sisslg
oogilw Viking orylw Viking oogilw Viking orylw Viking
Giant Giant Giant Giant
Santos Santos Santos Santos
1 16.2" 18.2" 175.5°% 125.97 178.9% 159.8° 128.97 127.3 116.3°
2 245" 23.4" 219.2% 183.9 225.7° 196.2% 196.3% 165.6% 154.48
3 50.09 59.19 216.1% 221.2° 229.3 175.1°% 220.2 226.1° 174.6%
(Mean) il 31.9° 190.3% 194.2% 177.4°
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Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main
effects are shown by capital letters.
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Introduction: Leafy vegetables such as spinach (Spinaciaoleracea L.) contain high levels of nitrate. Using
nitrification inhibitors (NIs) such as 3,4-dimethylpyrazole phosphate (DMPP) is one of the strategies for reducing
nitrate accumulation. Nitrification inhibitors are compounds that delay the biological oxidation of ammonium to nitrite
by depressing the activity of Nitrosomonas bacteria in soil. Soil properties such as texture, pH, organic matter, moisture,
temperature and mineral nitrogen have important effects on the efficiency of NIs to delay nitrification. A pot
experiment was conducted to investigate the effects of NI 3,4-dimethylpyrazole phosphate (DMPP) on soil mineral
nitrogen (ammonium and nitrate) content, yield and nitrate concentration of spinach.

Materials and Methods: A completely randomized factorial design was carried out employing three factors
consisted of nitrogen fertilizer type, soil type and spinach variety with three replications at Shahrekord University.
Nitrogen fertilizers included urea, ammonium sulfate nitrate (ASN) and ASN plus DMPP (0.8 %). A no N fertilizer
application was considered as control treatment. The soil factor contained 3 different soils with different physical and
chemical characteristics. Two spinach varieties were smooth-leaf (Giant Santos) and wrinkled-leaf (Viking). The dose
of applied nitrogen in all experimental treatments was 150 mg kg™ soil that was applied in two split doses before
sowing and after one month. The textures of three selected soils were loamy sand, loam and silty clay for the soils
number 1, 2 and 3, respectively. Three selected soils were non-saline (EC;.,=0.14-0.31 dS m™) and alkaline (pH;.,=7.9-
8.0). Organic carbon and calcium carbonate equivalent (CCE) ranged from 0.26% to 0.35% and 28.5% to 36.2%,
respectively. At 30 and 60 days after sowing, soil subsamples were taken to determine ammonium and nitrate content.
The ammonium and nitrate concentrations (extracted with 0.5 M K,SO,) were determined calorimetrically using a
spectrophotometer at a wavelength of 667 and 410 nm, respectively. At the end of the experiment, shoot fresh weight
was determined and plants was mixed and dried to measure nitrate accumulation.

Results and Discussion: The results indicated that the application of ASN with DMPP led to significant increase
of ammonium compared with ASN and urea fertilizers in three soils. At 30 days after sowing, the amount of this
increase for ASN plus DMPP in comparison of ASN and urea were 182% and 78% for the soil number 1 (loamy sand),
105% and 65% for the soil number 2 (loam) and 89% and 74% for the soil number 3 (silty clay), respectively. By
contrast, the application of ASN with DMPP led to significant decrease of soil nitrate in comparison of ASN and urea
fertilizers in three soils. At 60 days after sowing, the amount of this decrease for ASN plus DMPP in comparison of
ASN was 52%, 40% and 27% for the soils number of 1, 2 and 3, respectively. It means that the application of DMPP
has slowed down the process of ammonium oxidation to nitrite. In fact, the addition of DMPP retained soil nitrogen as
ammonium form for longer time. The application of NI DMPP also had positive effect on decrease of nitrate
concentration in the soil. Unlike nitrate, ammonium is less susceptible to leaching and thus the application of DMPP
can reduces nitrogen loss from the soil. However, the application of ASN with nitrification inhibitor DMPP in soils No.
2 (loamy sand) and No. 3 (loamy) significantly reduced shoot fresh weight of both spinach varieties compared with the
similar treatment but without NI. This decrease was due to the toxic effects of high level of soil ammonium on the plant
growth. While, in the soil No. 3 (silty clay) in Viking variety, the use of ASN plus DMPP resulted in significant
increase of spinach shoot fresh weight to 29% in comparison with the same treatment but without NI. The highest and
lowest values of shoot fresh weight (229 and 16.2 g pot™, respectively) were obtained by Giant Santos variety in soil
No. 3 (silty clay) with ASN plus DMPP and soil No. 1 (sandy loam) with no added N fertilizer. The application of ASN
with nitrification inhibitor DMPP induced significant decrease of shoot nitrate concentration in spinach in comparison
of ASN and urea. The amounts of this decrease for ASN plus DMPP in comparison with ASN and urea were 25.7% and
31.5% for the soil number 1 (loamy sand), 29.1% and 37.1% for the soil number 2 (loam) and 33.9% and 34.0% for the
soil number 3 (silty clay), respectively. This decrease was due to ammonium nutrition of spinach plants.

1, 2 and 3- Former M.Sc. Student, Associate Professor and Professor of Soil Science and Engineering, College of
Agriculture, ShahreKord University, respectively.
(*- Corresponding Author Email: shkiani2002@yahoo.com)
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Conclusion: In all studied soils, application of ASN with nitrification inhibitor DMPP is recommended for
diminishing nitrate content in both spinach varieties (Giant Santos and Viking).

Keywords: Ammonium, Ammonium sulfate nitrate, Nitrification inhibitor, Urea
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Table 1- Some physiochemical properties of soils at different distances from root surface

31 Al salold (W She
Ay
A B ¢ Mean values of OC at
different distances from
root
oC
AQropyron (94,31 3.477 2.457 0.791 2.242
Astragalus 55 4.052 2.976 0.728 2.585
Festuca S'gué 3.818 1.847 0.869 2.178
Phlomis el 1.707 1.173 0.730 1.203
Tanacetum gl 4.160 2.445 0.858 2.488
aold 2 53 ) (ke
Mean values of OC 3.443 2.180 0.795 CVv=0.56
for a given distance
pH
AQropyron  :ys.s,31 6.54 7.16 7.66 712
Astragalus 55 6.76 7.38 7.63 7.26
Festuca 15 gué 6.80 7.14 7.37 7.10
Phlomis el 7.05 7.21 7.44 7.23
Tanacetum gl 7.11 7.28 7.57 7.32
Aols o > PH (Sl
Mean values of pH for 6.85 7.23 7.53 CV=0.05
a given distance
oS @iy S CCE %°
AQropyron 94,31 2.36 2.83 6.73 3.976948
Astragalus 55 2.98 3.69 7.66 4.775859
Festuca 1S gué 2.99 3.99 7.74 4.907252
Phlomis el 3.21 4.15 6.80 4.721441
ok 2.54 5.67 8.81 5.67154
Tanacetum
253 eSOl yS (ke
adobé 2.82 4.07 7.55 CV=0.48

Mean values of CCE
for a given distance

CCE: Cabonate Calcium Equivalent
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1- Particulate Organic Matter
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Table 2- Changes of soil texture components at different distances from root surface

A B C
092955
Clay % s, 15.8 155 156
Silt % el 30.5 30.7 30.8
Sand % (5 53.7 53.8 53.6
oF
Clay % ., 15.4 15.4 15.2
Silt % el 30.6 31.8 30.9
Sand % . 54.0 52.8 53.8
5 g
Clay % ., 16.2 15.7 15.5
Silt % el 30.7 31.0 31.6
Sand % . 53.1 53.3 52.9
Clay % ., 15.3 15.3 15.2
Silt % el 29.6 30.8 29.9
Sand % (5 55.0 53.9 54.9
wgl
Clay % ., 15.8 15.7 15.7
Silt % el 30.1 30.8 29.8
Sand % . 54.1 53.5 54.5
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Table 3- Changes in aggregate size at different distances from root surface

Ay g o 31 liseo sralold glalass o510 (Sl
A B C Mean values of aggregate size in aggregates at
different distances from root

>2mm
Agropyron g, 0.206 0.209 0.388 0.268
Astragalus 55 0.219 0.308 0.371 0.299
Festuca ISy 0.225 0.277 0.368 0.290
Phlomis gl 0.214 0.416 0.456 0.362
Tanacetum gl 0.215 0.400 0.466 0.360

dols o 3 kS (Gl ojlul Sile 0.322
Mean values of aggregate size for a given 0.216 B AB 0.410 A
distance from root

0.5-2 —mm
AQropyron 5,51 0.249 0.187 0.362 0.266
Astragalus 55 0.170 0.274 0.240 0.228
Festuca (5. 0.261 0.124 0.327 0.238
Phlomis j..e4l 0.280 0.278 0.175 0.244
Tanacetum 440 0.132 0.186 0.135 0.151

alols PN ()L“L.S d\ddlAfB o)'L\Sl wi)lm
Mean values of aggregate size for agiven ~ 0.219 0.210 0.248
distance from root

mmo0.15-0.5
AQropyron :ys,u )51 0.270 0.316 0.154 0.247
Astragalus 55 0.241 0.196 0.170 0.202
Festuca S'gu.d 0.280 0.236 0.193 0.236
Phlomis j..e4l 0.244 0.174 0.230 0.216
Tanacetum 4l 0.191 0.186 0.185 0.187

ol 5 LS (S o)Ll 5 Solee
Mean values of aggregate size for a given ~ 0.245 0.222 0.186
distance from root

<mmo0.15
AQropyron :ysms,3! O{'j)is 052(;?17 0.103 e 0.244
Astragalus 55 O.:EZ 0&%}2 0&%%39 0.287
Festuca S'gius 05%:?14 Oéii?’ Oé%jio 0.272
PhIOMIS _yugosls 040 0452 0439 0.224
Tanacetum gl 0.463 a O'Ciig 0[)%7 0.323

ol o 3 LS IS ol ySile
Mean values of aggregate size for agiven ~ 0.384 0.246 0.179
distance from root

MWD O 3 il slaashiss jad 539 onSole

AQropyron 5,31 0.957 0.987 1.672 1.205
Astragalus 55 0.825 1.348 1.484 1.219
Festuca guus 0.934 1.091 1.340 1.122
Phlomis el 0.983 1.663 1.673 1.440
Tanacetum «gb 1.575 1.509 1.642 1.575
Aol oy bls lalSls s ojlul ySike
Mean values of MWD for a given 1055A 1.320B 1.562C

distance from root

bl ol (P<O.05) jlolime MBS gl (gt yo )3 S yidiie g y> |y ol
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 4- Changes in Organic Carbon of aggregate at different distances from root surface

SIS S (08 (ke

@a.w )" liseo dl.hdlw\é
A B C L

Mean values of OC in

aggregates at different
distances from root

ocC
Agropyron (9,053 3.477 2.457 0.791 2.242
Astragalus 5 4.052 2.976 0.728 2.585
Festuca 5'gub 3.818 1.847 0.869 2.178
Phlomis sl 1.707 1.173 0.730 1.203
Tanacetum gl 4.160 2.445 0.858 2.488
ool (ol wliss ()8 SSle
adold 2 0 3443 2.180 0.795

Mean values of OC for a
given distance from root

>2mm
AQropyron 9,531 0.457 0.458 0.520 0.478
Astragalus 55 0.633 1.013 0.289 0.645
Festuca g 0.624 0.435 0.409 0.489
Phlomis sl 0.324 0.609 0.363 0.432
Tanacetum gl 0.775 0.861 0.717 0.785
2 ol Galss S Sk
Aot o 0.563 0.675 0.460

Mean values of OC for a
given distance from root

0.5-2—mm
Agropyron 9.1 0.433 0.418 0.457 0.436
Astragalus 55 0.334 0.919 0.111 0.455
Festuca 'guué 0.843 0.179 0.575 0.532
Phlomis  yu.esls 0.123 0.315 0434 0.291
Tanacetum gl 0.370 0.486 0.123 0.327
2 oblS GlalS s S HSile
Aot o 0.421 0.463 0.340

Mean values of OC for a
given distance from root

0.15-0.5 mm
Agropyron g5, 0.960 0.848 0.254 0.687
Astragalus 55 0.899 0.635 0.252 0.596
Festuca ('guué 0.942 0.285 0.449 0.559
Phlomis sl 0.251 0.287 0.402 0.313
Tanacetum gl 0.757 0.481 0.110 0.449

2 bl alss S Sk
Aot o 0.762 A 0.507 B 0.293B

Mean values of OC for a
given distance from root

<mma0.15
Agropyron (4,053 1.164 bcde 1.071 bede 0.077 g 0.771
Astragalus 5 1.558 ab 0.591 efg 0.173 fg 0.774
Festuca IS guué 1.360 bc 0.806 cdef 0.147 g 0.771
Phlomis _juesls 1.232 bed 0.113¢g 0.312 fg 0.552
Tanacetum gl 2.057a 0.666 defg 0.428 fg 1.050
3 ObLS LalsSE 8 Sl
Lot o 1.474 0.649 0.228

Mean values of OC for a
given distance from root

b 0 (P<0.05) jblime M) (glyls ygiw s > S giie Cigys b lie]
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 5- ANOVA table of measured soil properties at different distances from root surface

e S T pr>f
Parameters df Mean square

> mm?2

Plant L3 0.01623458 0.60 0.6663
Distance alol 0.12811462 4.73 0.0170*
Plant*Distance alob % L5 0.00611895 0.23 0.9830
Error s 28 0.75875255

0.5-2 —mm

Plant oLs 0.01668471 0.76 0.5632
Distance alols 0.00590366 0.27 0.7675
Plant*Distance alob = oLS 0.01758587 0.80 0.6110
Error s 28 0.61875119

mm0.15-0.5

Plant L3 0.00517356 0.80 0.5356
Distance alol 0.01191025 1.84 0.1773
Plant*Distance alob % olS 0.00539376 0.83 0.5808
Error s 28 0.18112596

<mma0.15

Plant L3 0.01215471 1.70 0.1779
Distance alol 0.15292778 21.39 <.0001**
Plant*Distance alob = olS 0.01735161 243 0.0393*
Error s 28 0.20015157

MWD o 3 Il SailaSls i (i cuile

Plant L3 0.24221914 2.23 0.0926
Distance alol 0.77403805 7.12  0.0033**
Plant*Distance alols # oL3 0.09968361 0.92 0.5180
Error s 27 2.93606980
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ol Gl Sl oS (o
Parameters df Mean square

SIS

Total OC

Plant L3 4 2.71859992 38.19 <.0001**
Distance alol 2 26.30339107 369.54 <.0001**

Plant*Distance alol = oLS 0.87697856 12.32 <.0001**
Error s 30 2.13535674

(o]

>yYmm S oS
OC in>2 mm

Plant L3 4 0.18466767 0.92 0.4656
Distance alol 2 0.15952427 0.80 0.4613
Plant*Distance alol s olS 8 0.08736143 0.44 0.8893
Error s 27 5.61425996

sfo—ymm , J1cnsS

OCin0.5-2 mm

Plant L3 4 0.08296926 0.53 0.7155
Distance alol 2 0.04419641 0.28 0.7568
Plant*Distance alol # oL3 8 0.19482408 1.24 0.3152
Error s 26 4.07901989

+/y0 —+fomm y» JI S
OC in 0.15-0.5 mm

Plant ols 4 0.18452688 1.75 0.1668
Distance alob 2 0.78763071 7.48  0.0025**
Plant*Distance alob # oL3 8 0.15014250 1.43 0.2296
Error U3 28 2.94978776

< «/yomm ;5 JI oS
OCin<0.15mm

Plant L3 4 0.28096740 2.71 0.0511
Distance alol 2 5.39411232 52.02 <.0001**
Plant*Distance alol % ol3 8 0.25279155 2.44 0.0397*
Error s 27 2.79946359

Ol > Joloo sy 43 ()8
C in Water soluble pool
Plant oLs 4 3.41563509 17.36  <.0001**

Distance alol 2 27.89228030  141.79 <.0001**
Plant*Distance alol # LS 8 1.44702457 7.36  <.0001**
Error s 30 5.90163940

v pad B (WS 53 S

C in Labile pool

Plant L3 4 4.3274740 1991 <.0001**
Distance alol 2 57.4307860  264.21 <.0001**
Plant*Distance alols # oL3 8 1.5482818 7.12  <.0001**
Error s 30 6.5210268

a3 & olie (yiS 45 (S

C in Recalcitrant pool

Plant L5 4 8.25757403 2261 <.0001**
Distance alols 39.98987988  109.50 <.0001**
Plant*Distance alob = oLS 457645188 1253 <.0001**

Error s 30 10.9558495

o N
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Figure 1- Changes in organic carbon in biochemical C pools at different distances from root surface
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Introduction: Soil organic carbon (SOC) is released from decomposition of plant residues, while root secretion
products in rhizosphere are also a substantial source of SOC input to soil. Binding SOC to clay minerals leads to
increase aggregate stability and protects organic carbon against microorganisms. Organo-mineral complexes have
important role in decreasing organic carbon decomposition. Assessment of organic carbon, particle Size and
biochemical fractionation is an appropriate approach to investigate organic carbon dynamics and durability against
microorganisms in rhizosphere as a hot spot of activity.

Materials and Methods: This study area located in a semi-arid rangeland with main plants species including five
perennial rangeland species: crested wheat grass (Agropyroncristatum), astragalus (Astragalusverus), sheep fescue
(Festucaovina), phlomis (Phlomisoliveri), feverfew (Tanacetumparthenium). Whole soil surrounding plant roots with
all roots was taken for each plant. Three samples with different distances from root surface were taken by applying this
procedure: sample A: The soil which is adhered to the root surface and separates quickly from roots after drying,
sample B: The soil in root zone, which is not stuck and almost is so close to roots, sample C: The soil which is wholly
far from root area and apparently not affected by the roots. Intact samples removed from ground and transferred quickly
to laboratory to separate roots and soils with different distances from root surface by drying the root system before
shaking. Particle size fractionation was done by wet sieving of aggregates and SOC in different aggregate sizes and was
measured by wet combustion method. Biochemical fractionation of SOC was performed by acid hydrolysis method to
study organic carbon stability at different distances from root surface.

Results and Discussion: ANOVA results showed the significant effects of plants and distance from root surface
on aggregate size classes. The results showed the increasing amounts of microaggregates at root vicinities compare to
macroaggregates. By increasing distance from root surface, the >2 mm aggregates increased, but, the amount of <0.15
mm aggregates decreased significantly. Towards root surface from C to A locations, the mean weight diameter (MWD)
of soil aggregates decreased due to decreasing macro-aggregates at root vicinity. By the way, SOC increased
approaching to root surface due to root exudates and rhizodeposits. The highest and lowest SOC content were found in
the A location of Feverfew and the C location of Astragalus (4.16 and 0.82%), respectively. The OC contents in root
vicinity were higher than other locations due to high root exudates and rhizodeposits which had C-containing
molecules. Soil OC contents had significant correlation with measured soil parameters. The highest SOC content was
found in micro-aggregate and in vicinity of roots. Low-decomposed OC, which have crucial role in linking
microaggregates to make macroaggregates, led to high OC contents in macroaggregates. Soil OC biochemical
fractionation demonstrated the higher OC contents in recalcitrant pool at further distances from root surface, while by
going toward root vicinity the amounts of OC in water soluble and labile pool increased. In average for A locations,
66% of total OC was measured as water soluble fraction, while for C location, the average fraction of labile and
recalcitrant pools from total OC were found 62.5% and 50%, respectively. As the root exudates have fresh OC such as
carbohydrates and sugars, the concentration of OC in water soluble and labile pools were so high at root vicinity. Also,
OC in labile and water soluble pools had high correlation coefficient and, contributed to high fractions of total OC in
root vicinity. Whilst C in recalcitrant pool were found higher in further distances from root surface, because activities of
microorganisms and the fresh OC were decreased toward bulk soil.

Conclusion: This study investigated the effect of root activities of five perennial rangeland plants on the particle
size and biochemical fractionation of soil OC at different distances from root surface. In root vicinity due to addition of
fresh OC from roots to soil and more microorganisms’ activities, mineral particles were aggregated to micro-aggregates
which contained a large fraction of soluble and labile Soil OC. However recalcitrant OC were dominated in macro-
aggregates far from root surface. Rangeland plants with various root systems and characteristics had strong impact on
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particle size and biochemical fractionation of soil OC which, needs to investigate more. Durability of biochemical C
pools have important role in carbon dynamic and stability in soil.

Keywords: Biochemical fraction, Organo-mineral complexes, Physical fraction, Rangeland plants,
Rhizosphere
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Table 1- MSE values for 4 fitted spatio-temporal variogram models by using training dataset
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Table 2- Comparison of product-sum and sum-metric variogram model performances in estimating experimental data of SPI
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Table 3- Estimated parameters of product-sum model in 12-month time scale for training data
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Figure 8- Map of observed values of 12-month SPI in 2012



VAL olnl G Jled sl Jlusits (ol 50 (Giloj- (S0 Lol (oan (6.55 51

AERARET 5} ARRARE ST

YOOY ke

YOy duyl

AERAE")

Yo Y Jw aalo VY SPI ol (g v o3l auids -4 U

Figure 9- Map of predicted values of 12-month SPI in 2012

g ol Jbo oyl sailale polie 35915 55 Jae 5,Shes b5 a5
L SPI (bl & 1 Laseda eyl L5LisST (cla o 51
Shiime gy 2l (oye 5 Jibo byl I 6

6 785 4o
W wbde 13 SPI asls (claodls 5l odlil b uios cpl )
Slojm e ply o & 98 (Bpb Jlod e > aale
—)aAY dle TY u.lLo)‘ o )‘| )9]&2.9 e A 4:5-]3),; JW
Gds odld (g 5V Jls 9 00,5 oolatwl SPI jasls Y+Y

i lol (god1d (gl adlo VY SPI ad Wl pdlie 4 bgs o g lis Juliie (oomiuw Jluis] —£ Jgun
Table 4- Cross-validation of 12-month SPI values for experimental data
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Introduction: Drought is a very complex natural phenomenon which changes with time and space. Spatial and
temporal variations of drought are analyzed separately. Geostatistical methods can be used for spatiotemporal
analyses to find related spatial and temporal pattern changes. These methods, which use the spatio-temporal data,
considering the spatial position of the data relative to each other, also take into account their temporal dependence.
If needed, they can estimate values of their variable at any location and any time. Moreover, the drought spatial
variations in the studied region can be drawn at every desired period. On the other hand, it is expected that
intervening of the time dimension in the equations of these methods, as compared to the purely spatial methods,
provide more precision in estimating the values of drought indices, which is studied in this research.

Materials and Methods: Monthly rainfall data of 48 stations in the northeast of Iran for the period of 1981-
2012 were used in this study. The SPI drought index is calculated for the 12-month time scale. Data were divided
into two groups of training data from 1981-2011 and experimental data of 2012. After analyzing the data regarding
their stationarity and isotropic assumptions, the spatiotemporal data were formed and their spatiotemporal empirical
variogram was drawn. Furthermore, the purely spatial and temporal variograms for the zero space and time steps
were also drawn. Then, four models of the spatiotemporal variogram functions were applied on the training data.
The performance of these models was tested and compared by estimating the parameters of the model based on the
Square Error (MSE). Moreover, three-dimensional fitted variograms were drawn for different models. Mean The
best spatiotemporal variogram model was selected by comparing the models prediction with experimental data
using the Mean Square Prediction Error (MSPE). Using spatiotemporal kriging method, the predicted values of
experimental data were interpolated and that of the observed values were interpolated by kriging method. Cross
validation on experimental data was also performed using RMSE, MAE, ME and COR. Then spatiotemporal and
purely spatial variogram models were investigated and compared.

Results and Discussion: The results showed that the 12-month SPI index had no spatial trend but had a
decreasing trend against the time. Hence, a simple regression equation was used for fitting the trend of the data.
After detrending the data, the SPI index values were considered as the dependent variable, while the time was taken
as the independent variable. On the other hand, drawing the variogram in different directions (0°, 45°, 90°, and
135°) had no significant effect relative to each other, and the hypothesis of isotropic state was accepted. The plots
of purely spatial and temporal variograms showed that the spherical variogram for space and the linear variogram
for the time would have the best fitting. The empirical 3-D and 2-D spatiotemporal variograms of the training data
were plotted. The empirical 3-D variogram showed that the data had reached to its temporal sill in a 1-year time
lag, and had reached to its spatial sill, in about 25-kilometers, which are in conformity with the purely spatial and
temporal variograms. The comparison of different variogram functions showed that the MSE values of the
separable, metric, product-sum and sum-metric models were 0.00139, 0.00295, 0.00111, and 0.00112, respectively,
the last two of which had fewer errors. Drawing the spatiotemporal variogram of these functions showed that the
spatiotemporal variogram of product-sum and sum-metric models have more similarity to the sample one.
Regarding the selection of the best model, the MSPE statistics of the product-sum and sum-metric models were
0.281 and 0.389, respectively. Therefore, the product-sum model could be selected as the best model. The least rate
of errors was found in the exponential variogram model for space, and in the linear variogram for the time. The
parameters of the nugget effect, partial sill and range for the spatial variogram would be 0.00, 0.063, and 5.78, and
for the temporal variogram would be 0.00, 0.635, and 1.044, respectively. After predicting values of 12-month SPI
in 2012 by the product-sum variogram model and adding the values of the trend, they were interpolated by using
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the spatiotemporal kriging, and the observed values were interpolated by the use of kriging. The obtained plot from
the predicted values had great similarity with that of the observed values, which indicates the appropriate capability
of the model in predicting the unobserved values. The cross-validation of different spatiotemporal and the spatial
models with 25 and 47 neighborhoods showed that the performance of the models had no significant differences
relative to each other, and they also had no better performance relative to the purely spatial model.

Conclusion: The results of this study showed that the product-sum model had a better performance among
different spatiotemporal variogram models in predicting the 12-month SPI values of 2012. However, the
performances of different spatiotemporal models were quite close to each other. There is no significant
difference that could be observed between spatiotemporal and purely spatial models. Also, it is proposed to use
the dynamic spatiotemporal models and the results to be compared with the classical models.

Keywords: Drought, Geostatistics, Kriging, Product-sum, Spatiotemporal
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