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Figure 1- Location and geological map of the study area
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Table 1- Weight of the parameters in the NSFWQI index (4)

Parameters ek Rojs
Weights (wi)

Dissolved oxygen (DO) Jsloee 5] 0.17

Fecal coliform (FC) S93de p s 0.16

pH pH 0.11

BOD (5-day) (BODs) St plgd 5] 0.11

Nitrates ol 0.10

Phosphates lawd 0.10

Temperature Syl dn 0.10

Turbidity & ygdS 0.08

Total solids (TS) & lsals 0.07

Total g9 1.00
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Figure 3- Calculation of sub-indices in NSFWQI index
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Table 2- Water quality classification based on NSFWQI index (4)

ol palie . Classification . Color
WOQI value !

0-25 KOS Very bad osb Red
25-50 & Bad S Orange
50-70 bugie Medium 5;  Yellow
70-90 NS Good o Green
90-100 Se Excellent o Blue
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Table 3- Weight of the parameters in the IRWQIsc index

Parameters el _u"’” .
Weights (wi)
Fecal coliform LS9 pyals 0.140
BOD (5-day) ) Bl S 0.117
Nitrates olys 0.108
Dissolved oxygen Jgloe ()38 0.097
Electrical conductivity oSl el 0.096
COD stbosd (2l 3081 0.093
Ammonia posgel 0.090
Phosphates lawd 0.087
Turbidity ygaS 0.062
Hardness ™ 0.059
pH pH 0.051
Total Js 1.00

IRWQIsc padld (wlw! 3 Of ColsS guaisdid £ Joio
Table 4- Water quality classification based on IRWQIsc index

Sy adb

Classification Color Sy
WQI Value
<15 Very bad 4 ke Violet bl
15-29.9 Bad RY Rad o8
30-44.9 Fairly Bad % s Orange e
45-55 Medium bwgie Yellow 35
55.1-70 Fair oS [P Green po
70.1-85 Good NS Light Blue 9, o
> 85 Excellent S Dark Blue o,

2l yd e plogl (8 clallas gl (1) cowl oy 5 s>
97 2 U Sly b 580 gl Wb ed el
i sl e aslBagy Ol iS5 oLl ¢ 3l e Jelgs
slelall 69, O oS 2 2 308 ik b g2 Jlio
Ol S il oy g 0B 55 J0 8 Wil 5y i
SLilp s wlesg; CudS syl (1F) 390 culiol ixe)y;
Calin g S (e (S Jole el clale Slss ooy L
il 05 Jdoas & o L cilisee Jouad jo (S S
aly 28 lsngy S S ali oo T el S 5 25
o 53 Jobre el Clale 5 cous (i 035 )3 4l
S i) () 35 on 15 lawgie 6098 U y3d T slac]
g oS0 S0 ot (6,5 b ] sl e 4oy,
ol ol sl 5t Jodo clials o ol (sl cdale
(St 05y e e L) il ] s 2225 )5

(10) 53l g ol e (s

ciby ol ladiges G M) Ol (S anail olaly

©)9a8 jlone jluie X5 yiS (o0 5] )5 St (LS 03) ) 4lB2g) I ons
=Sl polie a5 039 O NTU 4l Gy Gl 3,k o
ol 3l YL b T BlBagy 5l ens anilsy cladiges den ) ol
2 S 50,8 Wil 3l slr 2T Wlog) IS T o &5 w32 2>
aSlBgy Ol 53 3490 s cbale il o candVl (laciend
25 oSk TV B )y S da VY J 5 b 5 o]
e 2 o oS e DF B 5l 1 o8 den WY 5l St o
(0 mg/l) jlome s jl (S5 (S0 > St Jab )3 oS Ail s
ganadib 5 2Ll plsie b alie ladlas )3 sl 0357 55l
VF) o ceas jasls jleolauwl b o ol aliag, o Las
daier o g (s b 4 020 ) CandVl 53 Ol kS oyt
G 23) gy Candimly 3 kS o oml g sl s,
55 5l b Slpss cpl ol sy (W50 3355 el oy
1503 4 ol lmoMSb izman o Sl sl
2 AS 035 jouy B 03gd e )3 390 e 4 sixino sl
] alog, (Ssll b il el sls T 4y o 3lbod domes



ARAR!

e S Gl Sloj g (S Ol pdi bl 3 S e3gamme j0 gla 2T wils g, (ST (b,

&1 Wet Period = Dry Period e |ran Irrigation Standards
40000
€ 30000
S~
320000
< 10000
0
AN NN ONODDO A NN DO
nm N v v N MM NN VN VN o o
"mv uvu v v v i N
Sampling Station
Sy dig05 blE
10 @ Wet Period H| Dry Period
8
. P ’
T 6 | |/ PR PR FR R M / ’
*. 42144142444 ¢
| H 1
/1 AAAAAAY J
2 W AA A ‘I’'R’
, A AdAAAAAAAY 1
v unu v u nouvu nuononuununonuunuonooneonm
R N WD U ON0O O R P RPRPRREPRRPRPR
O Rr N W b U O
Sampling Station
$dy diges bl
A Wet Period H Dry Period

STS
91S

G
-
©

‘o
\g.
&
w
Q
3
T
5
o
w
-+
Y]
[=4
=]

L F] Wet Period
60

=== Dry Period

Iran drinking water Standards

N
o

o

&l 2 Nitrate (mg/I)
N
o

510 ==

o
wnw un

&l 43 503 Ll Sampling Station

ZZF1 Wet Period E=== Dry Period
120

Non Plloution Waters

=
» O 0 O
o O O o

BOD (mg/l)
IS

PSS LS e

o

AWet Period HDry Period
10
Non contminate Waters

)

Jotaa
o DO(mg/l)

sl s2 s3 s4 s5 s6 s7 s8 s9510s11s12513514s15s516
&0y 4igei blis Sampling Station

bl sy, Jsb )3 (A5 Gyl )by Ol i -0 JSUS
Figure 5- Spatial variations of quality parameters along the Aji-Chay River
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Table 5- Average values of the quality parameters measured in water samples from Aji- Chay River

Minimum Value Maximum Value Average
Parameters W ol WgeS p3lio Al 3l oSbe
Wet (,5) Dry(sus) Wet () Dry(sis)  Wet(y) Dry(suis)
EC (us/cm) oSl eyl 509 1430 5750 35700 4173.6 6872
pH pH 6.3 6.17 7.33 9.05 6.8 7.7
Temperature (°C) Syl ey 17.3 17.6 23.9 28.2 21.6 24.7
Turbidity (NTU) 938 420 10 31785 2760 841.8 256.3
TDS (mg/l) Jsloe claals S 457.3 972.8 27373 15480 2307 3265
Hardness S 185.1 365.3 1276 3828.1 1034.2 986.2
NOs (mg/l) ol 11 1.2 40.1 54 17.1 18.3
PO4 (mg/l) Slaus 0.03 1 3.17 13 1.6 8.3
DO (mgll) Jgloe (5] 0.15 0.31 1.7 4.7 34 1.3
BOD (mg/l) ) 2lgd oysaS] 1 0 100 80 315 28.2
COD (mg/l) hosd (2l (j3S] 15.2 0 3084 1440 710.1 286.5
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Table 6- Calculated values of NSFWQI and classification of the Aji-Chay river

Sample Wet Season Dry Season
wiged F Jad SWis Juad
NSFWOQI, Class NSFWQI, Class NSFWOQI, Class NSFWOQIl, Class

S: 57.40 Medium 38.10 Bad 59.80 Medium 51.90 Medium
S 62.80 Medium 47.60 Bad 57.30 Medium 43.00 Bad
Ss 47.80 Bad 32.70 Bad 17.40 Very bad 7.50 Very bad
Sy 46.00 Bad 32.90 Bad 18.70 Very bad 7.70 Very bad
Ss 49.70 Bad 37.70 Bad 26.10 Bad 13.40 Very bad
Se 46.40 Bad 36.30 Bad 25.60 Bad 13.50 Very bad
S; 33.80 Bad 18.10 Very bad 23.50 Very bad 9.40 Very bad
Ss 24.20 Very bad 14.00 Very bad 24.00 Very bad 9.30 Very bad
So 26.30 Bad 10.80 Very bad 20.50 Very bad 8.60 Very bad
S1o 20.90 Very bad 10.90 Very bad 25.60 Bad 10.50 Very bad
Su 25.90 Bad 14.40 Very bad 26.40 Bad 9.80 Very bad
Sz 47.20 Bad 21.70 Very bad 30.70 Bad 17.80 Very bad
Sis 48.60 Bad 35.00 Bad 26.90 Bad 16.30 Very bad
Sia 30.20 Bad 13.50 Very bad - - - -
Sis 44.00 Bad 31.30 Bad - - - -
Si6 25.90 Bad 17.40 Very bad - - - -
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Figure 6- Quality status of the Aji-Chay river based on NSFWQI (higher values represent the better qualities)
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Sample » Jad Wet Season s Juad Dry Season
aigel WQl .valuc:\ Classific?tion WQI.vaIu? Classific?tion
oW e gy aab oW e gy aab
S1 15.10 Bad 16.70 Bad
S2 23.40 Bad 12.50 Very bad
Ss 13.80 Very bad 4.40 Very bad
Sa 20.19 Bad 7.50 Very bad
Ss 28.00 Bad 16.90 Bad
Se 21.80 Bad 18.70 Bad
S7 14.00 Very bad 7.40 Very bad
Ss 7.50 Very bad 6.50 Very bad
So 9.30 Very bad 8.20 Very bad
S1o 9.00 Very bad 17.90 Bad
Su 11.20 Very bad 12.30 Very bad
S12 9.80 Very bad 20.90 Bad
S13 14.40 Very bad 43.00 Fairly bad
Su4 9.90 Very bad - -
S5 14.00 Very bad - -
Sis 8.80 Very bad - -

4 ks Very bad s, :Bad . ks sFairly bad
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Figure 7- Quality status of the Aji-Chay river based on IRWQIsc (higher values represent the better qualities)
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Introduction: The water is the major key in sustainable development, so it is necessary to be managed and
conserved. The quality of surface water resources is mainly controlled by natural or geogenic factors including
chemistry of recharge water, soil and geology processes, as well as the man-made contaminant. Qualitative
indicators are used as effective managing tools in decision making programs. Water quality indices (WQI) are
the simple and suitable tools to determine the quality statue of the water. In order to calculate the water quality
index, many parameters are integrated in mathematical formula to represent the quality condition of the water
with a number which classifies the quality in the scales of the weak to excellent. Many water quality indices
were introduced by researchers and organizations around the world. Aji-Chay, one of the most important flowing
rivers in East-Azerbaijan province, northwest of Iran, is passing through Tabriz plain in its way and finally ends
to the Uremia lake. Regarding the focused industrial zones, agricultural field and urban areas in this plain, the
river is highly vulnerable to pollution and quality degradation. So, this study was aimed to assess the Aji-chay
River based on quality indicators, in order to helps its better management.

Materials and Methods: In this research for assessing pollution of the Aji-Chay river using water quality
indices, 16 sampling stations were located along the river and water samples were collected during wet (May
2016) and dry (September 2016) seasons. Electrical conductivity (EC), temperature, dissolved oxygen (DO) and
pH were measured in the field and total dissolved solids (TDS), turbidity, major ions (Ca, Mg, Na, K, HCOs, Cl,
SOy), nitrate (NO3), phosphate (PO.), biological oxygen demand (BOD), chemical oxygen demand (COD) and
biological contaminants (fecal coliform) were determined in the laboratory. Quality indicators including the US
national sanitary foundation water quality indices in the two forms of multiplicative (NSFWQIn) and additive
(NSFWQI,) and Iranian surface water quality index (IRWQIs) were used to assess the quality of the Aji-Chay
river.

Results and Discussion: Turbidity and Electrical conductivity (EC) is high at the upstream which is related
to movement of the River in upper red formation (Miocene series) which enhances the chloride, sodium, calcium
and sulfate. Arsenic concentrations are exceeding the drinking standards (0.01 ppm) across all samples mainly
from a geogenic sources as well as discharge of wastewater in some areas. The elements Cd, Mn, Ni, Pb, Mo,
Co, Zn, Fe and Al are mainly geogenic, whereas Cu, Ba and Cr are mostly originated from anthropogenic
activities. Based on the results, river quality at the wet season is highly controlled by the main branch and
Gomnab-Chay, but Mehran-rood plays the major role in downstream water quality at the dry season due to its
higher discharge rate. The process was confirmed by Piper and Schoeller diagrams. Most of the parameters are
increased in middle parts at the river where the concentrated sources of contaminates and discharge of
wastewater increased the organic and biological constituents and nutrients especially in dry season. Assessing
the river quality for agricultural uses based on modified Wilcox diagram shows except for Mehran-rood, the
other samples are unsuitable for agriculture and the dry season quality is better than the wet season. Based on the
results, increase in most parameters and so, pollution and quality degradation of the river are observed to the
downstream. Assessing quality of the Aji-Chay river using US national sanitary foundation water quality indices
in the two forms of multiplicative (NSFWQI ) and additive (NSFWQI,) and Iranian surface water quality index
(IRWQIs) confirmed the bad to very bad qualitative statue of the river in most stations especially in the middle
parts of the Tabriz plain. The results revealed that quality degradation of Aji-Chay river is probably due to
discharge of contaminants from municipal and industrial wastewaters (effluents), highlighting the need for
managing actions to improve quality of this important river. Comparing the quality indices showed the priority
of NSFWQIn, (multiplicative form of US national sanitary foundation water quality indices) in quality
classification and pollution assessment of the Aji-Chay river.
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Conclusion: Quality degradation of Aji-Chay river is probably due to discharge of contaminants from
municipal and industrial wastewater effluents, indicating the need for managing actions to improve quality of
this river. In this study priority of NSFWQI,, (multiplicative form of US national sanitary foundation water
quality indices) in quality classification and pollution assessment of the Aji-Chay river was confirmed.

Keywords: Coliform, East-Azerbaijan, Quality Classification, Quality degradation, Nitrate, Wastewater
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Table 1- Some physical and chemical

| properties of the soil at farm

B Cud b Cugb, sl 0,Las (£ you )
Goo S el . ) () Sopmpp casby B VST (0h) Jiasts
. sl <=l T (ds.m?) .
(cm) Soil 3 5 Permanent wilting Organic
Depth  texture (gr.cm™) (0 point Saturatgd.extract matter
Soil bulk density  Field capacity salinity
020 _&r? 1.50 285 123 2.40 1.86
Clay loam
20-40 w2 P9 1.44 26.3 11.4 1.35 141
Clay loam
- o 9 1.46 21.8 102 1.38 0.84
Sandy loam
10 cm
»

Wl 150wy oA 3y g L
Water indet ingo the pipe

™

A ' h
B e —— Sem
= — -
=1
| Som
— N =
- -
Sem =
=
4 Ayl L3y il g4 o
~ Water mlet mio the cytinder
—— R—
1 ; ‘
I : k ) \
v
2
=
s ___.-/ S350 Gl g pa byl 900 Jne

|4
30 cm
90 T dghs ol

Figure 1- Schematic view of

Warer outler whes the

ol inlet flow 35 cut off

3 lowd =Y JSOS
surge-ring infiltrometer



1WA bl — o F ojlods FF wl (S g ol a5 VYYY

aolre g Cuwl oad odlatwl day 45 pod (slozge 3 adi (eSS Hslaie
daly Blbo (290 by balpd (58,5 )l 5 jelate 4 iSLtogS
15 el ()
7 = s,ktf (%)

Jsl @ sl ol i g 0392 e iy Sy 398 oy
z Sl 39 cop e Bl oLl (dtegn )l)
2l o Cants (8) abasly 5l gam cla

Z1+nsi

Sp == ()
Jsl @ge > (smazs 4Bl S8 O] Gas zy g (€M) 3 (slogse
g9 2 > aBldsh Ol aie ige oy dpslone L adl o (CM)
Doy dalgs duwlre LB Calises glaloj 40 4

L al posd 5 Jlalie xesd 3585 Ol Mgy ¥V S5
Ol (290 ol b (miedeh slagialejl o 1) 4Bl dnug Jus
.J.m.)h;o
ol )3 el 4Bl il gl zge 4 Cumd pow 9 pgd slagge
5 Jol Cogp 4 S 9> g slagtalej] )3 3585 polie lazge
393> U g olel JB YL cugh) 090 cnl (ol S 29
2 2055 3985 e IS el g S xdaw &Y 0.So0
<l o s oS (g ygb 4 ol 4Bl ialS n & pgd slagse
Loges lastolesl iy )3 U5l g 42 o> 9o (slal 5o 4l 3o
(P9 9p & S oS sy b atl) ol 4Bl (a8 pgus

Gl oy coitin alols 4 Sloj Cugi 93 ) g slayinlejl

L SL8) pgs oolel 5 (s Mals) Jol oylol bl (giloannd

Aai gaome 3 285 plosl (oad Condi L) s g &gl Cashe,
ol ods 1)1V Jgan 13 b jiolos] clasiie 8,8

<S9Sl oS 3 g8 ddules

SYolne g )ll (5 3985 o5 SYdlxo o 3o, LS
2o bl o il o 00l ol iSlgS g LSS
alge 181 10 d9i5 sy olisS” o (glmoygd )3 Ol o)
S L weS adalee doei 50 g M)y A aless Anl a0l Cae a4
3 Amd o Cowd |y adbdos Ol Jlade | Joud B s
oolial 39 3,51 pltie & ciS s’ Ailas J1 35 52l Sty
il 0 03,91 (V) alasly 45 BgSliwsS abasly 5l IS5 05
z; = ktf' (V)

Ol oles Gloj & {(CMIMINY x5 3985 Z; «5gb dlasly )
278 oy K g (A G9io) (228 oy @ ((MiN) SB- L
93 gy sloslawl LK ga y>0 ol .l (min/cm?)
2 dbgye GYolro 33,5 o dwbre (VF) 92,558l 5 STy (sldlads
ol 05 1) 5

log(zn/Zo.5n)
— 26%n/Z0.5n) \
ZIOg(tn/tO.Sn) ( )
_Zn
== (v)

ol oy oloj JS o 4l di5 ol (es zy (358 Laly)

dy M) Jeog ey Ciuai p> 4l 395 Ul es Zg5p {(CM)
Sladllas abb o Juog loj de Caaic Eg sy 9 Jog loj e
oielS 4 oo gge Bl ol L5 (2se Solal Wej > Oy
Sl 30,8 0 3oy 5 B Y 0390000 )0 lawgio jobo 4y (6 dees
4 (Sp) euals Coypis SO 3l codds 00> drwgs Jdo )3 jslaie oyl

> Mb’b s b Lhwln)i Olasuine =Y Jg-\?
Table 2- The tests characteristics with surge-ring infiltrometer

ollil Zee ol E50 Comd poolas Okl obj G
(No.) (min) Surge rate No. Surge (min)
Test Surge time ' Test time
1 40 0.50 3 120
2 30 0.66 3 90
3 30 0.33 3 90
4 60 0.50 3 180
5 Continuous flow gy ob,»> 140
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Table 2- Comparison of observed (obs) and predicted (pre) cumulative infiltration by the developed model in ring
infiltrometer tests with surge flow
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Table 3- The values of statistical indices calculated from comparing the observed and estimated values of infiltration

oialil e Jol oy P9d Cugh
No. Surge First time Second time
Test
RMSE R? RMSE R?
F 0.08 0.96 0.03 0.97
1 Second
P9
Third 0.07 0.97 0.03 0.95
£9°
0.12 0.97 0.07 0.96
2 Second
Py
Third 0.16 0.93 0.05 0.93
£9°
0.11 0.92 0.08 0.86
3 Second
o
0.03 0.95 0.04 0.76
Third
£9°
0.10 0.93 0.10 0.73
4 Second
foe 0.06 0.97 0.05 0.81

Third




\YYO cor $Z 90 Twdgd glakads gigy jloolaiwl b (g0 6)L:.J).>f>5.éi a)ﬂ,g

g 4B Ve olayr aad (loj b pler bl 4 bgye 5 o9
ol b olas b pgs piilesl )3 35 pddois Rl (S
Loy 33 5 Jgl sl 13 e oy polie gy 4l \-

Sl ol de3 5l ol BB g 039 o1 4y o35

22 Sl 3 (2028 358 a0tz (LS zge oy ke

Obes G (lalj3l L 235 oo dlan Mo 0l oo Jol 290 4 29
395 ) oy (Rl goe cupd ke by Jiog 4 glad
P S 398 (LS 1 g Jl ()l g e i
T 2> S pdgde S cp il o LIS @l 9800 (bl

(Js! cagh sbarialojl) Too 2 ot (205 398 e 5 Tg0 il p (2,25 (51 Jol,l —€ Jgo
Table 4- Empirical parameters, surge factors and cumulative infiltration for each surge (first experiments)

o (cslounlin) 5905 eyl s (48l axwgi Juo) 3985 cul s
3 Loy oS g Kostiakov parameters Kostiakov parameters
islosl T 0 5
o) s TP e (cm) (Observed) (Developed model)
No. Test nquerIFggr Surge factor Cumulative
infiltration
a K a k
1 1 4 0.515 0.856 0.515 0.856
1 2 0.338 1.70 0.507 0.296 0.515 0.289
3 0.188 0.75 0.447 0.196 0.515 0.161
1 1 3.20 0.608 0.518 0.608 0.518
2 2 0.515 1.6 0.874 0.120 0.608 0.267
3 0.36 1.3 0.823 0.097 0.608 0.186
1 1 2 0.567 0.542 0.567 0.542
3 2 0.40 0.8 0.300 0.401 0.567 0.217
3 0.15 0.3 0.263 0.164 0.567 0.081
1 1 5 0.474 0.998 0.474 0.998
4 2 0.29 1.4 0.988 0.140 0.474 0.289
3 0.16 0.8 0.415 0.135 0.474 0.160

(093 Cug glasialesl) Zge o (gl (20 39 Il 9 90 Gl (225 (S il )y 0 Jguar
Table 5- Empirical parameters, surge factors and cumulative infiltration for each surge (second experiments)

(loadlio) s s (40l drasgs Jo) 3o
o Z9o 0,lowd . (oo Dgii Kostiakov parameters Kostiakov parameters
ool s ’ TP e (cm) (Observed) (Developed model)
No. Test urge Surge factor ~ Cumulative
number i :
infiltration
a K a k
1 1 1.15 0.524 0.240 0.524 0.240
1 2 0.435 0.50 0.322 0.191 0.524 0.104
3 0.242 0.23 0.262 0.127 0.524 0.058
1 1 1.15 0.524 0.240 0.524 0.240
2 2 0.48 0.55 0.290 0.231 0.524 0.115
3 0.33 0.45 0.238 0.188 0.524 0.080
1 1 1.4 0.222 0.839 0.222 0.839
3 2 0.32 0.45 0.585 0.117 0.222 0.270
3 0.12 0.17 0.548 0.048 0.222 0.101
1 1 1.45 0.158 0.849 0.158 0.849
4 2 0.24 0.35 0.168 0.198 0.158 0.205
3 0.16 0.23 0.147 0.139 0.158 0.135
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Figure 3- Comparison of cumulative infiltration in infiltrometer tests under surge and continuous flow.
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Introduction: In recent years, to increase the efficiency of surface irrigation methods, new techniques such
as surge irrigation have been developed. Numerous studies have shown that the surge flow can reduce water
consumption in the advance phase and subsequently improve irrigation efficiency and water distribution
uniformity. One of the factors affecting the performance of surface irrigation systems is the accurate estimation
of infiltration. Due to continuous changes in the infiltration process during on-off cycles in surge irrigation,
determining the empirical equation of infiltration in surge irrigation method is complex and requires time-
consuming and costly field data. As a result, proper selection and parameterization of empirical equations with a
simplified procedure are needed. The goal of this research was the field evaluation of the point method (surge
infiltrometer) to simulate the infiltration process in advance phase surges.

Materials and Methods: A field experiment was conducted at the experimental station of the College of
Agriculture and Natural Resources, University of Tehran, Karaj, Iran. A ring infiltrometer was modified by
connecting a pipe arm for inward and outward water flow to the ring and from the ring to the pipe to create on-
off surge cycles, respectively. Water entered the ring through the inlet hole at the top of the pipe arm and water
depth was recorded at different time intervals during the on-time of each cycle. Four treatments were performed
for infiltration tests under surge flow, including different cycle time and ratio. Also, infiltration tests were
performed under continuous flow conditions. To simulate the first (dry soil) and second irrigation conditions,
infiltration experiments were conducted twice on an 8-day interval. The Kostiakov infiltration equation was
corrected by applying surge factors to predict infiltration water depth for subsequent surges, using first surge
data. The empirical coefficients of the Kostiakov equation were calculated by applying the two-point technique.

Results and Discussion: Results of the study revealed that the infiltration data simulated by the developed
Kostiakov equation matched closely with those collected from the surge-ring infiltrometer. The coefficient of
determination and the root mean square error were calculated to be 0.92 to 0.97 and 0.03 to 0.16 cm,
respectively. In general, the amount of cumulative infiltration in the second and subsequent surges decreased.
The ratio of the infiltration depth at the end of the second to the first surge was less than 0.5. In all experiments,
the depth of water infiltrated in the third surge was significantly reduced and almost reached to the final
infiltration rate. As the cycle ratio increased, the cumulative infiltration also increased. However, the effect of
on-off time on the infiltrated water depth in the first experiment was greater than that in the second experiment.
It was concluded that in the first experiments, the surging phenomena substantially reduced water movement and
the reduction in cumulative infiltration ranged from 50 to 70% during the second surge and from 59 to 85%
during the third surge. The above values were determined 52 to 76% and 61 to 88% for the second experiment,
respectively. A significant difference was observed between surge and continuous flow tests. The surge flow led
to a 46 to 76% reduction in the cumulative infiltration depth compared to the continuous flow. The effect of
surge flow was greater in the first experiments.

Conclusion: One of the most important points in designing surface irrigation systems is to determine the
infiltration equation parameters. In particular, the difficulty involved in the planning and design of surge
irrigation systems is the prior knowledge and understanding of how infiltration changes occur during surging.
The main objective of the present study was to evaluate the surge ring infiltrometer test to predict the infiltration
in the second and third surges using the first surge data. The results obtained from the surge infiltrometer
experiments showed that the use of surge irrigation has the potential to reduce infiltration. The observed and
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predicted cumulative infiltration for the second and third surges showed a good agreement. The surge-ring
infiltrometer has the potential for creating an on-off mechanism and is best suited to determine the cumulative
infiltration from surges for constant on-off time surge intervals.

Keywords: Surge flow, Ring infiltrometer, The Kostiakov equation
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Figure 1- SEM image of magnetite nanoparticles (Fe304), b- image of Ferrosilicon and c- image of ferrosilicon magnesium
(FeSiMg)
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Table 1- Selected chemical properties of soil used

3T) Elil J5 0 )las EC Chw o) el Cugb,
Parameter EC of saturation Paste Silt  Sand Clay Saturation moisture
b ds m % % % %
Unit
L
- 3.5 72 304 525 171 40
Value
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Table 2- Analysis of variance results of simple and interactions effects of adsorbent type and amount on soil As and Mn
concentration
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Source of variation df Cu Zn Fe As
b gyl 5 0.041" 0.676™ 2.021%* 52.014%*
Adsorbent type
b lie 3 0.074" 0.036" 66.593** 222.55**
Adsorbent amount
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Type x amount
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Error
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Figure 2- The effect of types and amounts of adsorbents on soil arsenic concentration
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Figure 3- The effect of types and amounts of adsorbents on soil iron concentration
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(mg.kg™)
ol go T ol Sy
Adsorbant Level Fe As
% (MG KY D) cerrerrrrrrresnsrrssarsssenens
Control 0 6.00i 14.17 a
Fe304 0.1 7.16 gh 511j
0.2 8.18 efg 2111
0.3 9.60 cd 1.915m
Fe2So4 0.1 6.20 hi 8.15¢g
0.2 7.52fg 6.48 i
0.3 10.16 bc 3.69k
Magnesium Ferrosill 0.1 6.101i 9.05f
0.2 8.10 efg 7.54h
0.3 10.45 abc 511j
Ferro sillis 0.1 7399 9.737 de
0.2 9.87 bc 8.19¢g
0.3 10.77 ab 6.13i
Sfordi 0.1 7369 11.52b
0.2 8.47 ef 10.13d
0.3 10.67 ab 9.90 de
0.1 7.16 gh 9.56 e
Golgohar 0.2 8.70 de 8.54¢g
0.3 11.09a 7.35h
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Means with the same letter are not significantly different from each other.
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Effect of Magnetite Nanoparticles and Some Iron-Containing Compounds on the
Availability of Arsenic, Iron, Zinc and Copper in Soil
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Introduction: High concentrations of As in contaminated soils represent a potential risk for groundwater
sources and threat the food chain. It has been found that the iron-containing compounds used in remediation of
As contaminated soils have distinct effects on the solubility of As and can be used as adsorbents for As removal
from aqueous and soil solutions. The objectives of this study were to determine As stabilization in soil, with
iron-containing compounds and also to compare the fixation of magnetite nanoparticles, ferrous sulfate,
ferrosilicon, magnesium ferrosilicon and iron oxide in fixation of arsenic in contaminated soils.

Materials and Methods: A factorial experiment was conducted using a completely randomized design with
three replications. The experimental factors were the amendment types and levels. The modifiers used were
magnetite nanoparticles, ferrous sulfate, ferrosilicon, magnesium ferrosilicon, Sfordi, and Golgohar iron soil
containing 0, 0.1, 0.2 and 0.3% iron. The soil was artificially contaminated with As (20 mg/kg) using
Na;HAsO4.7H,0 salt and incubated for 1 month. At the end of incubation time, the modifiers were added to the
As contaminated soils and after 3 months, the available fractions of arsenic, iron, zinc and copper were extracted
using 0.1 M HCI and measured with ICP.

Results: The results showed that the type and the amount of the modifiers had a significant effect on the
available fraction of arsenic and iron in soil (extractable fraction with 0.1 M hydrochloric acid). The available
fraction was reduced due to the addition of all modifiers: Magnetite nanoparticles > iron sulfate > magnesium
ferrosilicon > ferrosilicon > Esfordi iron soil and Golgohar iron soil, respectively. The highest decrease in the
concentration of available arsenic occurred in the soils treated with 0.3% of modifier. Application of 0.3% levels
of magnetite nanoparticles, iron sulfate, ferrosilicon, ferrosilicon magnesium, Golgohar iron soil and Esfordi iron
soil stabilized 91, 63, 57, 32 and 48% of arsenic extractable with 0.1 M HCI, respectively. Application of 0.3%
of magnetite nanoparticles reduced available arsenic more than other adsorbents. Among the studied modifiers,
magnetite nanoparticles showed more efficiency in chemical stabilization of arsenic in soil. The application of
magnetite nanoparticles increased the Fe available fraction in soil. Golgohar iron soil, ferrosilicon, Esfordi iron
soil, magnesium ferrosilicon, ferrous sulfate and Magnetite nanoparticles, increased the iron extractable with 0.1
M HCI of the soil, respectively. The highest Fe concentrations were observed in 0.3% of Gol Gohar soil,
ferrosilicon, Esfordi soil and ferrosilicon. Increasing the modifiers decreased soil copper extractable with 0.1 M
hydrochloric acid concentration and increased soil zinc extractable with 0.1 M hydrochloric acid concentration,
which was not statistically significant.

Conclusion: Application of magnetite nanoparticles reduced arsenic concentration more than other
adsorbents and showed more efficiency in chemical stabilization of soil arsenic. Other modifiers have also been
able to stabilize the arsenic in the soil, suggesting the possibility of using iron-containing modifiers in arsenic-
contaminated soils. The use of modifiers increased the iron concentration in the soil. Due to their reasonable
price and availability, iron sulfate and magnesium ferrosilicon are recommended for soil arsenic stabilization. At
0.3% soil level, Gol Gohar and Esfordi iron soil were able to reduce 32% and 48% the arsenic concentration,
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respectively and are recommended for arsenic stabilization in contaminated soil. Golgohar, ferrosilicon, Esfordi
and magnesium iron soils caused the highest increase in soil iron concentration. Due to the concentration of
other soil elements and the price of modifiers, the level of 0.2% of iron sulfate, Gol Gohar and Esfordi iron soil,
ferrosilicon and magnesium ferrosilicon is recommended for stabilization of arsenic in contaminated soil.

Keywords: Chemical fixation, Iron sulfate, Heavy metals, Golghohar, Esfordi
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Table 1- The physical and chemical properties of the soil used in this study

Cdio o g G e ol
Property Quantity Unit Property Quantity Unit
ol 55 % S ceba 8 0.926 (ds mY)
(Sand) (EC)
- 27 % SE 7.69 (L:5)
(Silt) (pH)
o 18 % ol S8 jiud 125 (mg kg™)
(Clay) (Available P)
o o 0.66 % iz JB el 240 (mg kg™)
(0C) (Available K)
& 15.24 % S 560 (mg kg?)
(Cas0y) (Total Pb)
Joles gedd b0 13.66 % iz S o 54 (mg kg™)
(CaCOs) (Available Pb)
(FC) (Total Cd)
S i 0.21 % iz JB s 0.62 (mg kg?)
(Total N) (Available Cd)
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Table 2- Characteristics of bacterial species used in this study

Il Ul Il allg il Ul skl Uly Josulady il g9
AL S e Slund ey 039 Slgw Sl Sl 5,0
Bacterial species Phosphate Potassium Nitrogen Sulfate
I L s . 1AA HCN
solubilizing solubilizing fixation reduction
Proteus vulgaris - + - + ¥ _
Pseudomonas putida + - - - , _
Bacillus subtilis - - - - _ +
Bacillus megaterium - + - - ¥ +
Azotobacter chroococcum - - + - - n

aalllas 350 o 4y il Frwly — cdalllas 350 o 4y Calin Fly +
+: appropriate response to studied trait, -: lack of appropriate response.
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2- Acid and alkaline phosphatase
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Table 3- The Analyses of variance of data showing the effects of cabbage varieties and bacterial species on activity of enzymes
of the rhizosphere soil

Mean Square ey po (wSSbo

iyt 2alio N ETSH —— — p -
Variables bl Uld St U land jlojg! SUje,aeed
Alkaline phosphatase  Acid phosphatase Urease Dehydrogenases
it ™ 2 722803.24™ 14634.42™ 3424.96™ 2.44™
Cabbage varieties
‘5’5 iedl . 5 841551.09™ 128684.73™ 24227.16™ 37.31™
Bacterial species
S35 8SxalS o3,
Cabbage varieties x Bacteria 10 92621.55™ 11101.19™ 6110.19" 1.29™
species
ks
36 29.012 62.9602 164.8679 0.06356
Error
ol - 0.89 3.38 11.85 6.28

Coefficient of Variation (%)

s I gme BB g JI> re OV g Vi o jd oy 0 ¥ 9 **
* significant at 0.01 level, " significant at 0.05 level, ™ not significant.
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Figure 1- The main effects of cabbage varieties (A) and bacterial species (B) on activity of alkaline and acid phosphatase
enzymes in the rhizosphere soil
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Figure 3- The main effects of cabbage varieties (A) and bacterial species (B) on activity of dehydrogenases enzyme in the
rhizosphere soil
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Table 4- The interactive effects of cabbage varieties and bacterial species on activity of enzymes of the rhizosphere soil.
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o] Ul 52,9
Urease

ST N
Dehydrogenases

Control 61.83 0 50.17 k 36.54 jk 1.56 h

Proteus vulgaris 461.98 j 160.72 h 170.18 bc 355f

g elS Pseudomonas putida 584.34 h 369.46 ¢ 170.18 bc 3.10fg
Ornamental cabbage Bacillus subtilis 250.37 1 285.09 d 55.64 ijk 5.93 cd
Bacillus megaterium 447.22 k 275.73d 69.27 ghi 484e
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Cabbage Bacillus subtilis 623.63 g 21351 f 151.09 cd 8.71la
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Azotobacter chroococcum 964.65 ¢ 293.20d 208.36 a 355f
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Different letters indicate significant differences at the 5% probability level.
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Introduction: Contamination of soils with heavy metals is one of the most serious environmental problems
increasing the risk of the entry of heavy metals into food chains. Rhizosphere soil is distinct from the bulk soil
and is defined as the volume of soil around living roots which is influenced by root activities. Enzymes are
produced by both roots and soil microorganisms to alter nutrient availability in rhizosphere soil. Soil enzymes
promote the transformation of matter and energy in the soil, and their activity has a close relationship with soil
nutrient availability. Detection of microbial enzymes in a natural environment is important to understand
biochemical activities and to verify the biotechnological potential of microorganisms. However, there are few
reports to indicate the biotechnological potential of plant growth promoting rhizobacteria (PGPR) and their
effects on the activity of bacterial enzymes in rhizosphere soils under the stress of heavy metals. Thus, in the
present study lead and cadmium contaminated rhizosphere soils were inoculated with PGPR species to
investigate the influence of these bacteria on the activity of some enzymes.

Materials and Methods: A factorial pot experiment with completely randomized design base and three
replications was performed in the greenhouse conditions. The factors examined were (a) rhizosphere soils of
three varieties of cabbage [Brassica oleracea var. acephala L. (Ornamental cabbage), Brassica oleracea var.
italica L. (Broccoli cabbage) and Brassica oleracea var. capitata L. (Cabbage)] and (b) five species of PGPR,
consisting Pseudomonas putida PTCC 1694, Bacillus megaterium PTCC 1656, Proteus vulgaris PTCC 1079,
Bacillus subtilis PTCC 1715 and Azotobacter chroococcum, used to inoculate the rhizosphere soils. There was
also a control treatment (without rhizobacteria). The experiment had 18 treatments and there were 54
experimental units. To study rhizosphere soils, several rhizoboxes were used and three seedlings of cabbage
were planted in the central part of each rhizobox (rhizosphere area). In treatments inoculated with rhizobacterial
species, 2 ml of a bacterial suspension with 107-108 (cfu ml) was used to inoculate the soil of rootzone. After
three months, cabbage varieties were harvested and the activity of alkaline phosphatase, acid phosphatase,
urease, and dihydrogenase were measured in rhizosphere soils. The data obtained from this study were
statistically analyzed by SPSS statistical software package (Version 9.4) and the variance of the data was
analyzed by one-way ANOVAs (Duncan’s test) range test at 1 and 5 percent probability levels.

Results and Discussion: The analysis of variance of the data (ANOVA) showed that the cabbage varieties,
inoculation with PGPR species and their interactions had significant effects (p<0.01) on the activity of alkaline
phosphatase, acid phosphatase, urease, and dihydrogenase in rhizosphere soils. The results showed that
inoculation of the rhizosphere soils with PGPR species increased the activity of soil enzymes. The highest
activity of alkaline phosphatase (1529.28 pug pNP.g* dm.h'') was measured in rhizosphere soils of the broccoli
inoculated with Pseudomonas putida PTCC 1694. But, the highest activity of acid phosphatase (497.92 g
pNP.g'dm.h) was obtained in rhizosphere soils of cabbage inoculated with Pseudomonas putida PTCC 1694.
Also, the highest activity of urease (208.36 pg N-NHs*.g*dm.2h") was observed in rhizosphere soils of the
cabbage inoculated with Azotobacter chroococcum and the highest activity of dihydrogenase (8.71 pg TPF.g"
'dm.16h1) was observed when rhizosphere soils of the cabbage were inoculated with Bacillus subtilis
PTCC1715.

Conclusion: From the results of this study, it may be concluded that inoculation of Pb and Cd contaminated
soils with PGPR species could modulate the toxic effects of heavy metals on plant and increase the activity of
some key enzymes for plant growth in rhizosphere soils.

Keywords: Acid phosphatase, Alkaline phosphatase, Enzyme, Dihydrogenase, Rhizobox, Urease
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Table 1- ANOVA for soil physico-chemical and biological properties in studied areas

Bduasuin Olay o Egox0 Olas o (1SSle soljl 4y F ol Sl ylade
Features Sum of square Mean square Df F-value Sig
(b03) S Y 028 293.329 129.324 3 23.532 0.000
Litter C (%)
e 423.145 198.675 3 182.648 0.000
Litter N (%)
(o) S 059558 & (S’ Copu 218.543 201.372 3 113.546 0.000
Litter C/N (%)
(o) S Calied 333.640 111.213 3 47.055 0.000
Litter thick (cm)
(G pio lo F{) ol jogaze o 0144 0.048 3 2.632 0.070
Bulk density (g cm-3)
(1253) o 662.500 220.833 3 11515 0.000
Sand (%)
(oy3) s 22.250 7.417 3 0.188 0.904
Silt (%)
(x2) 0 893.750 297.917 3 10.529 0.000
Clay (%)
Cugb) 1284.616 428.205 3 3.360 0.033
Water content (%)
Sk sy 7.361 2454 3 18.340 0.000
(1:2.5 H20) pH
(50 2 o 03] S0 Sl 0.143 0.048 3 48.668 0.000
(ds m-1) EC
(325 2% 1.942 5.826 3 10.919 0.000
Carbon (%)
(o53) 039 0.240 0.240 3 67.135 0.000
Nitrogen (%)
0395 4 )5 S 1230.495 410.165 3 43.740 0.000
C/N ratio
(P55 2 pScshe) i LB i 1650.442 550.147 3 26.251 0.000
Auvailabl P (mg kg-1)
(RS 2 S k) i B oy 315401.594 105133.865 3 79.021 0.000
Availabl K (mg kg-1)
(PS5 ez ) 2 B S 75366.344 25122.115 3 10.652 0.000
Availabl Ca (mg kg-1)
(PSS 3 p S ko) i BB oo 3393.625 1131.208 3 16.291 0.000

Availabl Mg (mg kg-1)
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Table 2- Mean (xSE) of soil physico-chemical and biological properties in studied areas

Ldasuin b s LN Q9,50 JKa o
Features Natural forest Plantation Deforestation Rangeland
(122) S 8 34.60+2.76c  48.2+3.06b  55.29+2.05a  61.29+1.07a
Litter C (%)
(1222) S2¥ Gig 2.15+0.07a 1.05+0.04b 0.8+0.04c 0.78+0.02¢
Litter N (%)
(h202) Set¥ 0505 4 028 o 78.19+251d  455+2.21c  69.82+3.78b  78.19+2.51a
Litter C/N (%)
(asila) S ¥ ol 5.45+0.46¢ 9.32+0.46b  12.53+0.48a  13.80+0.71a
Litter thickness
(oo jiaile 2 p5) 625 LopaZa e g 2540 06 1.3+0.02a 1.24+0.06b  1.15+0.01c
Bulk density (g cm™)
(2222) 0 17.75+0.62c  245+0.84b  27.25+1.99ab  30.0+2.12a
Sand (%)
(10) e 44.45+193a  46.13+1.90a  46.75+2.59a  46.13+2.37a
Silt (%)
(8253) o) 37.75+154a  29.38+2.14b  26.00+2.05b  23.88+1.71b
Clay (%)
Cusb, 285141380  31.93+3.88b  38.77+5.28ab  44.96+4.32a
Water content (%)
“;: ol 707¢00la  6.69+0.05b  6.04+0.15¢c  5.89+0.19¢
(1:2.5)
(50 2t i) o) Sl Sl 0.31£0.00a  024%001b  017$0.00c  0.14+0.0ic
(dS m1) EC
(s252) o2 1.48+0.08c  1.63+0.10bc  2.05+0.18b  2.58+0.18a
Carbon (%)
(1222) i 0.35+0.01a 0.22+0.01b  0.16+0.01c  0.12+0.00c
Nitrogen (%)
0397 & 02 S 4.21+0.22d 738+0.45¢c  13.33+1.48b  20.47+0.49a
C/N ratio
(PSS 2 p 5] ol LByt 26.15¢2.36a  21.84+1.98a  12.13:0.83b  8.31:0.49b
Availabl P (mg kg™?)
(SRS 2 p5ke) ie MB ol 359 05114 908 284.63+1556b  139.25+8.93c  136.00+10.86¢
Availabl K (mg kgt)
(PSS 2 pSka) ole LB weds 998 98197170 185.88414.37a  126.00:10.74  105.88:10.87b
Availabl Ca (mg kg™?)
(P35S » p S cha) ol LB e 55.50£3.07a  44.1+172a  34.25:334b  28.38+3.32¢

Availabl Mg (mg kg1)
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Table 3- ANOVA for soil biological activities in the studied areas.

dasuba Olap ggome  Oluye onbe  ljla2ys Flaile (gl dna ke
Featuers Sum of square Mean square Df F- value Sig
: s
SB slap S slis 20500 6.833 3 11.255 0.000
Nearth
S slapS 090 4085.343 1361.781 3 12.972 0.000
Bearth
S Sl ooz 747300.375  249100.125 3 44.121 0.000
Nematod density
0395 M (e 5434.077 1811.359 3 38.692 0.000
Nmin
poize 663.578 221.193 3 13.994 0.000
NH4
<l 5475.020 1825.007 3 38.264 0.000
NOs
wf);f"Rw"“s 0.679 0.226 3 37.107 0.000
S 4 Sl s 0.965 0.322 3 14.682 0.000
SIR
oS e o5 H0g5) aag 6950.781 3 1.002 0.407
MBC
0395 (955w 035 1307.211 435.737 3 10.365 0.000
MBN
Spbe o 0.000 0.000 3 30.499 0.000
qCO2
Jl_s @9{&.@ e 2.594 0.865 3 2.391 0.900
Microbial ratio
O & eyt pa3ld 0.205 0.068 3 13.682 0.000
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Introduction: Degradation of forest habitats and alteration of soil vegetation are efficient factors affecting
the variability of ecological indices of organic and mineral layers of soils. In Iran, degradation of forest habitats
and changes in habitat type, especially over the last century, affected soil quality, plant biomass production and
environmental sustainability. Hence, in this study, the effect of different forest and rangeland vegetation types on
the ecological parameters of soil organic and mineral layer has been investigated.

Materials and Methods: To study and evaluate the effects of forest degradation and site change on soil
organic and mineral ecological indices, four types of vegetation were selected in Gorgpas areas, southwest of
Chalus city, Mazandaran Province. The land cover is as follows in the study area:

(1) Less-degraded forest dominated by Carpinus betulus L.- Parrotia persica C. A. May

(2) Fourty year's old plantation of Pinea abies (L.) Karst - Pinus nigra Arnold

(3) Deforested areas including Carpinus betulus L. - Parrotia persica C. A. May

(4) Exclosure rangeland dominated by Coronilla varia L.

Physiographically similar land covers, were selected during a field research in the studied areas. Eight litter
and soil samples (0-15 cm in depth and 30 cm x 30 cm in depth) were collected from each area in summer. In
order to reduce the boundary effects, sampling was performed in the center of each land cover. The collected
samples of organic layer (litter) and soil mineral transferred to the laboratory for analysis. The collected data was
stored as a database in Excel. Then, to analyze and compare the data, the normality distribution of observations
was evaluated by Kolmogorov-Smirnov test and variance homogeneity by Levene test. Analysis of variance used
to investigate the significant/non-significant differences of different soil organic and inorganic layer
characteristics in relation to the studied areas. Duncan test used for multiple mean comparisons. All statistical
analyzes were performed by SPSS software version 23. Principal component analysis (PCA) was employed to
study the relationship between soil organic matter and soil mineral quality in the studied land cover.

Results and Discussion: According to the results, in the soil organic layer the highest carbon/nitrogen ratio
(%) assigned to the rangeland, while the nitrogen (%) content was highest in the natural forest. The highest
amount of carbon and organic layer thickness were also observed in rangeland and degraded forest cover,
respectively. In the mineral soil layer, the highest value of sand (%), moisture (%), carbon (%) and carbon to
nitrogen ratios (%) belonged to the rangeland cover, while the highest amount of clay v (%), pH (1:2.5 H,0),
electrical conductivity (ds m™), nitrogen (%), phosphorus (%), potassium (mg kg?), calcium (mg kg?) and
magnesium (mg kg™) were observed in the forest cover. The highest number and biomass of earthworms (n m-),
nematode population (In 100-gram soil), nitrogen mineralization (mg kg™'), ammonium (mg kg?), nitrate (mg
kg™, basal respiration (mg CO2 g day?), substrate induced respiration (mg CO2 g* day?), microbial nitrogen
biomass (mg kg') and metabolic coefficient (ug CO2-C mg* MBC day) observed in forest cover. There was no
significant difference between the studied vegetations for bulk density (g cm) characteristics, silt (%), microbial
biomass of carbon (mg kg?) and microbial coefficient (ug CO2-C mg* MBC day™?). Higher nitrate density in
natural forest and under cultivated soils are due to the presence of litter species with low carbon/nitrogen ratio,
high pH and calcium. Conversion of natural broadleaf covers to needle leaf plantation and rangeland reduces the
biochemical processes of ammonium. Nitrogen mineralization rates are strongly influenced by area management
and forest canopy cover, so that under the broadleaf stands, this rate was more than the needle leaf stands. This
probably was due to the greater nitrogen of litter, the lower carbon to nitrogen ratio and the faster rate of
decomposition of organic matter in broadleaves. Most of the time the increase in pH increases the rate of

1- Assistant Professor, Department of Range Management, Faculty of Natural Resources, Tarbiat Modares University
(TMU), Noor, Mazandaran Province, Iran
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mineralization of nitrogen.
Conclusion: The present study indicated that forest habitat had the highest number and biomass of

earthworms, soil nematode population, ammonium, nitrate, metabolic coefficient, basal and substrate induced
respiration, carbon availability index, microbial biomass and nitrogen mineralization, while, there was no
significant difference between the studied forests and rangelands in carbon microbial biomass and microbial
coefficient. In general, the results of this study showed that the physicochemical and biological characteristics of
soil organic matter in the forest habitats were better than other studied vegetations and the forest degradation and
land-use changes reduced soil fertility and microbial indices.

Keywords: Broad-leaved forest, Exclosure rangeland, Needle-leaved plantation, Nitrogen biomass
microbial, Microbial activities
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Tests of Hormality

kalmagaray-Smirnoy?

Zover Statistic df Sin.
Clitt Less degraded 74 g HET
Picea-Pinus 154 a a2
Deforested ATT a By
Rangeland 236 a ABT
it Less degraded AR2 a A13
Picea-Pinus 222 g 213
Deforested 183 a 811
Rangeland 147 g afud)
CHlitt Less degraded 20 g B23
Picea-Pinus 204 a a8
Deforested 2TR a 73
Rangeland 196 g 324
Thick Less degraded 222 g a8
Picea-Pinus .31 a 83z
Deforested 198 a 148
Rangeland 241 g 42
BDO Less degraded 151 a ARB3
Picea-Pinus 294 g 059
Dieforested 226 g 23
Rangeland 240 a a0
Sand Less degraded 2048 g 3
Picea-Pinus 208 a A2
Deforested M3 a 327
Rangeland 199 a B16
Silt Less degraded 214 g 754
Picea-Pinus 163 g 623
Deforested 219 a B34
Rangeland 249 g a3
Clay Less degraded 1586 a 729
Picea-Pinus 198 a 428
Dieforested 197 g 371
Rangeland 240 a a7
Maoisture Less degraded 161 g 390
Picea-Pinus 258 a 26
Deforested 244 a 74
Rangeland A06 a 298
pH Less degraded 152 a B33
Picea-Pinus ATE g 562
Deforested 382 a 238
Rangeland 314 g Bad
EC Less degraded 208 a A12
Picea-Pinus 481 a 28
Dieforested 2T2 g 354
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C Less degraded 181 a 28T
Ficea-Finus 247 a J65
Deforested 244 a JTE
Rangeland 1494 a 643
M Less degraded 208 8 76
Picea-Pinus 323 a 164
Deforested 220 a 413
Rangeland REL g a3
CM Less degraded 229 g 087
Picea-Pinus 188 a 843
Cefarested 73 a A3z
Rangeland 273 a 091
P Less degraded 244 8 ATT
Ficea-Finus 1849 a A4z
Deforested 208 a B3
Fangeland 204 a A3
b Less degraded 220 g 271
Picea-Pinus 272 a 09z
Deforested 227 a 287
Rangeland A0 a B0
Ca Less degraded 161 g A23
Picea-Pinus 215 a B12
Cefarested 72 a 198
Rangeland A7 a 212
Mg Less degraded 133 a AR3
Picea-Pinus 239 a 381
Deforested ATT a 203
Rangeland a7 a B3
Mearth Less degraded 280 a a0
Picea-Pinus 455 a Rl
Deforested 39 a 423
Rangeland 300 a 093
Eearth Less degraded 181 8 BY3
Picea-Pinus 453 a 464
Deforested ara a h64
Rangeland 364 a 1849
Mematode Less degraded 260 8 14
Picea-Pinus 19z a 287
Deforested 212 a A1z
Rangeland 240 a 194
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Mmin Less degraded 1488 8 A43
Picea-Finus 204 g 218
Deforested 223 a 387
Fangeland 261 a A7
Ammonium  Less degraded 283 g 098
Picea-Pinus 169 a 56
Deforested 214 a 287
Rangeland 203 a 145
Mitrate Less degraded 313 a AR1
Ficea-Pinus 78 a 24
Deforested 334 a 87
Rangeland 282 a 44
BR Less degraded 248 g a8
Picea-Pinus 145 a 312
Deforested 270 a 088
Rangeland 158 a AN
SR Less degraded 243 g A8
Picea-Pinus 183 a 198
Deforested A2z a 267
Rangeland 224 a 4981
MEC Less degraded 162 g A43
Ficea-Finus 240 g 1488
Deforested B2 a a8z
Rangeland 261 a 1B
MEM Less degraded 2583 g 42
Picea-Pinus J180 a 265
Deforested 300 a 312
Rangeland 289 2 ar2
qCoz Less degraded 204 a 156
Picea-Pinus 68 a 337
Deforested 313 a 23
Rangeland 146 a 67
MF Less degraded 212 g G883
Ficea-Finus Relils a A0
Deforested a2z a 62
Rangeland 60 a 2TE
Al Less degraded 187 g a8
Picea-Pinus 223 a 452
Deforested 247 a 62
Rangeland 184 g 198
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Test of Homogeneity of Variances

Levane
Statistic dlf1 df2 2ig.
Clitt 2870 3 28 192
it 3.025 3 28 281
CHlitt 1.445 3 28 281
Thick 1.767 3 28 JTE
BD 4933 3 28 873
Sand 6.026 3 28 JBT
Silt k98 3 28 61
Clay B34 3 28 Th2
Moisture 5.280 3 28 188
pH 13.441 3 28 Ralt|
EC 2547 3 28 076
C J24 3 28 46
M 1.138 3 28 381
CM 2.841 3 28 4483
F 3.073 3 28 Jar
K 1.581 3 28 2B
Ca 3.326 3 28 286
Mg 71 3 28 4520
Mearth a.078 3 28 843
Eearth 5.650 3 28 4583
Hematode B6.407 3 28 432
Mrmin B3 3 28 B0
Armmmoniurm 3.478 3 28 342
Mitrate 2693 K] 28 387
BR 1513 3 28 233
SIR 278 3 28 .840
MEC 1.720 3 28 186
MEMN 1.232 3 28 B
ool 1.7589 3 28 T8
MF 603 3 28 B18
CAl 1.900 3 28 53




Journal of Water and Soil
Vol. 34, No. 6, Jan.-Feb. 2021, p. 1277-1285

A

(63298 2bus 3 pale) S g OF 4 i
ITYY-IYAD .o AYAR ww!l — foge oF o)louds FF ol

(E. fetida) S p 5 Jloodis 5 A3, 015 ol of o8 ST

Yw; °Jbu _ ) > r‘"u
WY/ /Y 1L )3 b

2SS

¥ 5 islas Mol o )b B 55 bl (Eisenia fetida ass (S5 5,5 Sleossj 0y olise ool o (695 55l oy psbiie &

tJols imgi ol 53 o 03y )0 Ol calise glgil i Ll laes L Jegr oSty (659l 0uSisly S5 pole onid olKislojl p3 ,1,S5
s L (Saodly gyl 13 iolojl g yie gy (puionjwd Ag Y (EC) (oSl colum b NACT Sas b ot 4 yous slac] g jlado
oy A plosl a6 4S5 jo,y BV ey 31)S b 4 3 YO (slod 3 (S, el A g y9 sl V8 L o8l dlaaes G jo aS Lold 368
ol Ayt (Sodly Bgyls 0 S1B glap S ol JIE Gl am oy Y KA Y XY XYY N Y b o SB o clep S g pes g ube 0
Jleisl s 3 (5l gme 5B (S5 slap S 539 s 5 Bl 055 80> 2 (loj CuBIS b (559 ilise ggbaw 45 3> L5 uibyly 4 jo5
Jlas 53 59, ¥Y (b o LialS oy &S (g)ska 8l talS ST slap S ale 005) duo > c(6y985 liwe iul38l bl atsly wopd S
OBl L (S oS e Olyusd oy cublS b pmizmed b sdalie 1o )d AYY lime 4 (50 uiosj w3 AEC L I L (6,W]) EC8
Ol a0 SLS lap S (59 (il Cage 53,00 (b j3 oy utesj e AEC L Ol o)l a8 (g gk 092 d90e yiib ()bl O (690
Ol Gl 005 oD FVIEY lie & (SB slap S 59 SiblS Cage oy FY L 13 (5598 e cmed &S a3 150,8 aoyd VY/VY
ooz jsd FINY 5 VIRY iy 4 a8y 6l BCOO lje g 20 o uon s ¥IVY 5 VID i s o) TV oV jlas o0 5 Sy 41,2 LCSO

(W) cusly wimlgs ounl 1o 1) ()9 Juwil b 505 Hod b ol
SuiS Ao g Suis oyl )3 ST olge 3908 W 4y 3,1 )
Sl olge 5 f mie lgis 4 o> 395 pdas JT cladgS I ool
3lS &S sl odly i Clddss gt (YA) Cowl adl b j2uS
3 sone (sLnSai al5 3l & pria 228 b o (s 355
Cpndg 3 (o> 395 )b D95 0 S (590 il 8l aoci >
295 3,8 e oyl oy LSt OluS 5 4 (S S 5y
20 g 25y dmwgd (YK (g)yglliS sl (lare ()90
Oisle 0355 9 Ay (£5) ) pitren bl o e Slles
S5 e il SB gl 5 LS (1Y 5 VY) bapaslS g ,See
9 3B 0Pl 69 S Sl 3y9e 53 ok LML
BT Jg 5,0 3955 (V¥ 5 1)) olals ¢ (Y& 1) S olowss
S Sl gk SB e 0355 Shgage 595 2 o] b

bl oo
izt shcpslus (SB Glap S dox 5l SB (B e

Aol Cawdy o g

Sl colia ¢ S1Bp S coyile 055 duop> 1 glS” s Ld2]1g

.

LY RY-T

el e bl o)l 50 odes [Sie SO S1B (5040

clale jl ol anb Lgba.\.gi/.é a2 LSB pl o (69
AU o] Jssd 51 bl Sl b s polo slgo 5 a5V
Jolse loie iy Sai 5l oolitl Ly g bmo (slaSa 4 o35
angi LYY o YY) e o &) diine bl o olias jo objz
3 30me (6l 0440 SiiS Ao g Sis Bblie > Of dgueS 4
Syl e inio 5 6y oIl Gl ales ) Gylaial (sl
ol cpl b &S (65,5la8” (3l oy 4 Cann oo 41 1) (65l
=2l 3 el SB (6505 opian 23l o0 3y g o o)l
ord s)ll ol 5l Z0e dgds IS johay il o 5lisT o (gLl

23S_tils (SLS pole 05,8 (6,38 atbgal Sl g b e =Y 9
Olxl (glen i egy oK1 ¢ sl

(Email: g.rahimi@basu.ac.ir

DOI: 10.22067/jsw.v34i6.86986

J9§.w.n [RvewpY —:"{:)



AR sl — g F oylods FF alr (S g 0T wyas VYYA

(s A2 JS) Sas sk yial33l & E. fetida guly g psSojlas
prS cllad 5 05 p (539 3B 3590 3 ($3L5 Cliios LBl e
oyt % 0S5 Jg el 0 plol (VY 5 VA V) S 5 S
gl ;8L o8 el 355t > (S oS Sleos g 43
il (globlony g Ll Cpuano 391 005 4513y (59 Lo
o e Conj Judne oy 0gMe Kl oo (1> 355" alex ]
ol plsl jl Gum S wal )b (S lap S hye ) (orlia
p)S ook g 38y lime p el ST )9 8B oy cadllne
E. olswl Jds g (el 35S i o E. fetida 485 S
Jte 3 e (390 pglie cylol cusS iolojl ol pofetida
Sleodly d cgommo 390 (wyiwdyd g dieS plo 4 Caws HYL
g Miloe 855 cnl 59951 9 Sigdom 2)90 > Ve 3 3L L
Gy oS Sl o] (s 4S5) Ly NaCl S j) cppizmes

(Y5 5 VY) Cuwl oas oolasiwl wil o S jo

g g 2lge

5 o5le 055 003 1 (ilol Ol (659 8l oy solaie &
Mol )b B s iulesT Eisenia fetida a65 S p)S L3,
018y SLs pole ouid o8 iolojl 13,1, STV j> oLy
Sy ol Gilio glil 5 | hian Lo logs oSl (g5l
l{ 04U AA-QS )9”.: dlbul 9 )]40.9 ul JAL») uum?)) w‘ 2 olud 0d
s iarjed A 55 X (EC) SopiSH colin b NaCl o
Caol 039 yio

o Bl YA XY X A olsl a  (Saodly gyl o iule ]

dg— L;al.) .)9§ P;A“ J.AL.» 04U 0y )K{ ‘_s.JIA_C)u..u W) Pl}ul
2l S a8 sue Ve el osel Y Jods 5> ookl 390
Mgl e S by lejl (slack b b 4 S ey 5k
)9Ja44.: 9 oA)l_AA’?J )_;..7:.'5 )I LS_“’L u] olals Ub)_g D942 Lgl)’
45 0355 dghue lp SIU slacsys ( SBpsS zeb Sl x5l
U ol abidmee G g0 Lo 9 8,5 1,8 oolitw] 350 lacd s
93, 5 5l da YO Loy 0 (S0 celw A g 495 celw V&
Odle 0155 Moy D dndly 455 g, FY i FO O 7 Cugho,
b Gl (S SBgy b (S lapyS (o )13 1w
S il ealiwl L bl S5 b S olap S oyile 055 sy
edllSe b Gl & (olap S 85 )3 (g 3590 3L ale
48,8 4la3 13 ed e LS Bl (gl pdises M 3 b ol lis
039 O b onimen ol 00 s o Lol 2l g
oSl duslie g aslosile o155 Byl ya (0 a8 Slap S SO

olie a3y g angs ,o Lagl i Jds 4 g 5,1 oan YT &
S5 oS st s 5350 0B (V) olSen 5 90 (Y)
S i (asls K lais 4 Wl e o SBp S abex 5 SL
ke (Nison | 0,5 )18 jlaise (65)5Li8 (lapiungs] 53
ol 3 0as et LS ol 5 SB clap S Slold o
3y et é jokay (S glap S ol (2 3)5 3929 S
sbam 5l g ((9ySee olagn o g Cullad Su 25 3k
Ll plo dgu « S T dlgo d550 4 yiuidiSu sy g ols
V) i g0 olS Wy WS> oo

5 S sbrpys paibe okiy Gl jl 2)90 Jele (yere &
J._w)9¢t_w9; b.\_».»suwuim 9)|.\.5.p J.wl.su.o L@e] dxwgd
AP gy pm 5 Ay A A4S Wil e (S lap S Cunex
529138 3 ookl 3590 ()bl Ol el 38 5L bl (So3g)am
WU ol (e a5 w3b o (o8Il Colin iliste pglaw (gl
L5 elines 1 g ybn (F) 23L az3ly S clap S 5y aseie
slapsS ulo o) g iy o slabsMe BB L5 (6y90 a5 wisls
it 5 4 38 G (V) j98 (¥ 5 VF ) o150 S
Coumed (i dga e el 3)lg0 (65l 53 ¢ gylol 5 5L 1))
St P S sl S G Jlo ool b 2gde (SB slap S
o ales jloaxie Jolge 4 olS wi,y o Claie g SB aylys
P SBp, S cldld 5 ad) aS gyekay )b (S S ()98
29d Bgie Cusl (Sen (> b g Ll G H5d slaSK

SS90 oo glie (qwyp e (1) OhlSen 9 (plidis)la
Sl cul (Koo 1S5l gl yo (459 Juoys +/0 51 NACH lade
VYD (ggluo EC o )d (6595 45 Widged )l (YY) o,
» o E. fetida i) o jialS a0 el o p yuiesj owd
Dy o o 9 S po Mo yd Oyl yuiesj owd MEY s5lue EC
gy oo (Y Clalé g as YU g &8 oo 4y 305 sl
e g Al e S (o 055 1) (S slap S pols
u.{l_é- duﬁ)j L;L:Mjsf el dlﬁ PR .\;)JS S @I) s
Sl slosd 03l S 0l Cpons puand jakain ] ow jloans
(EC50) clale 5l 4 (LC50) SaiS clale buwgio o SK p,8
p3Y 3,8 oyl B ol (B me 13 035 39250 &S oliard odlo
S 2 Sa9d 58 oyp 3 (W) e 5 yg299] (V0) sl
Do o)y as hle yl3e) LC50 e (E. fetida aiss Sk
Loy 00 ol pas ale) ECB0 4 (83y0 (SB slap S as)d
1, NaCl Seod (gl (0o osnlitio (S (slap S 3, 5 ials
9 S a5 A oo plo @lie (yp b (VF) bl 253,87 oy
Sl o5 padLd ead Wy glaaly S5 3l 5 0, e



VIVl (B o8 Glaossy 5 s olime 2 63l o 539

Oll38l L (Y Jods) cunl aslys S slap S ke 055 oy
@il alS (S lap,S (1l 0a5) 4oy o598 ol
L 6oLl ECB Jlas )3 5o, ¥Y (b )5 (ials” (s o5 (6 ks
A5 odalie Jo ) AIYY e 4 (5o p (wiesj s AEC L
by plab Seos Gial8l 1 (80 Y e 9 S pe (V) JS3)
Sy J5 sl plis oS 0nd (515 55 (W) ohlSen 9 5)92 99
L1 S iy NaCl pSolS yy p )5 oo A vv clale ) 50
209 Syo 9 95l e Cumms carge bj (6998 Blg)d sl 03l
ol o35 S lap S
P SBpsS g 9 Sy dS W o oyl diaie Oliuisd guls
o 33 48 5o g 4t 8l o 3lisT oglie EC |y (5,95
oo Jlude ( Sp)S g5 g £95 4 398 o0 9 Lrp)S jre 9 S ye
e (V0] 2, (St b g5 355 9 S o Sy S
J=B ssbar yo 9 S o E. Telida (SpS p> bl () yge
33 s A IS oo Vo v il U5 oo gladandla

D9 o0

(WA) o apslome (SB (slap S 059 g ) e b el 9
EC50 5 (sdye LapyS aoys Be ] 5 &S lale) LC50,4:5%
0 (63503l yal)ly o EalS o e o) as lale)
Loy ¥V 9 YV (bl ) S clop)S (g yueid gl (45 osmlite
Probit (¢,Lel Julos jbg, 3 SPSS ver. 16.0 ljéls 5 ;I ool
Gk il cutS yin (o 35S EC l50e (F) A 05 Analysis
(Sl 35, Y Gl 53 Ul 0355 D & ) o (6550 s
L )b sixe 9 (ANOVA) (yuilly 5o 5l oslial L b
Sy gy 3y90 b pans 53 Sl (clasals din 9051 1 edlazl
ver. (o,Lal Jl38la,s 5l oslatul b 55 osls oo g 4 jo0 8,5

.5 ool SPSS 16.0

L (syo calises polaw aS ol s uilly 4500 ol
2 &b e )...:l.s (SB lap,S ke 0 doyd p loj CudlS
A s Sk dwslie zobs (Cul atsl dop S Jlois] o

= e Sl ()98 Ll e stalo] g9y 5l dm gy Y aS

oialojl )3 23lw! 3590 (5013 395 (3 lond Clwoguad A —Y Jos>
Table 1-Some chemical properties of cattle manure used in the experiment

Gpdl  (SpCee oS ghed ey sy 0w B el S8 o
H EC oC P K Zn Cu Mn Cd Ni Pb

P (@S m) (%) (mgLY) (mgL?) (mgL?) (mgL?®) (mgL?) (mgLh (mgL?) (mgL)
9.70 1.17 33 50.63 99.2 1.62 0.39 2.63 0.14 0.85 2.13

SB e ,S Gale sy doyd p Bl G oloj 43 (59 jlowd P uilyly 452 Y Jgua
Table 2- The variance analysis of the effect of salinity treatment at different times on the % survival of earthworms

55 gilie @33l p Olaypo il
Sources Df Mean squares
3 9 15 21 27 33 39 42
W39,
Days
ot 4 16.204™ 224537 381.944" 398.148" 796.733"  932.870" 1175.926™  1476.582™
Treatment
Eu°$ 10 13.889 55.556 78.704 111.111 74.074 194.444  74.074 50.926
rror
Slme Sl
3.81 10.19 12.55 13.90 16.20 20.14 19.72 21.41

Standard deviation

blge Ao V Jlein ] o )3 J e 50 Jlein] pdaw )3 Jbdize b repé s 4 *F,F, NS
Ns, *, ** are significant (P<0.01), (P<0.05) and non-significant, respectively.
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Figure 1- Mean % survival of earthworms under the influence of salinity treatment at different times
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Standard deviation
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ns, *, ** are significant (P<0.01), (P<0.05) and non-significant respectively.
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confidence intervals (CI) estimated for the earthworm Eisenia fetida affected by salinity treatments at the end of 27 and 42
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Introduction: Salinization of soil has been reported as a problem in many parts of the world. Salinization
could occur either as a result of natural processes e.g. high concentrations of salt in parent materials or
groundwater and/or anthropogenic actions such as over-irrigation. The salinization probably affects the chemical
and physical properties of soil, soil microbiological processes, plant growth, and soil fauna. Both quantity and
quality of water, however, are the most important eco-factors needed for earthworm survival and development,
and also biodegradation processes.

Materials and Methods: In order to investigate the effect of irrigation water salinity on the survival and
growth of earthworm Eisenia Fetida, an experiment was conducted in a completely randomized design with three
replications under environmental conditions of the laboratory of Soil Sciences Department of Bu-Ali Sina
University in Hamedan. The different types of water used in this study were: distilled water and saline water
made with NaCl salt with electrical conductivity (EC) of 2, 4, 6, and 8 dS m™. The experiment was carried out
using completely randomized design in plastic containers of size 19 x 13 x 8 cm. Ten earthworms per container
used in each exposure regime were introduced into the relevant test salinity by placing them on the surface and
allowing them to burrow in. The test containers were covered with perforated lids to limit water loss due to
evaporation and kept in 16 hours light, 8 hours dark at 25°C in a climate chamber for 42 days. Sampling was
done at 3, 15, 21, 27, 33, 39, and 42 days after earthworms were introduced to the substrates to investigate
mortality and weight changes of earthworms. The LC50 (concentration at which 50% of the earthworms are
killed) and the EC50 (effect concentration at which a 50% reduction in a measured parameter) values for the
salts expressed as conductivity (dS m™) were calculated on day 27 and 42 by using the Probit Analysis.

Results and Discussion: On day 3, no significant effect of salinity on percentages of survival was found.
The survival rate of Eisenia fetida was significantly affected in the EC range used during 42 days (Table 2). The
irrigation with distilled water (ECO) had the highest survival rate while the irrigation water with EC 8 dS m had
the lowest value. During the 39 days of exposure, no significant difference was found in survival rate of
earthworms between EC 2, EC 4 and EC 6 dS m, but at the end of day 42, the salinity levels with EC 8 dS m™
had a significant effect on percentage of earthworm survival in which 91.68% mortality occurred. The mean
weight change of earthworms exposed to water with EC 2 dS m™* was not significantly different (p < 0.01) from
those exposed to the distilled water during 39 days, but there was a decrease in earthworm weight on day 42. The
calculated LC50 for mortality after 27 and 42 days was 7.5 and 4.31 dS m-1, respectively, and EC50 for growth
was 7.94 and 6.82 dS m, respectively.

Conclusion: Our results showed that increased salinity had harmful effects on the growth and mortality of
the earthworms (Eisenia fetida). Salinity can have detrimental effects on earthworms at concentrations
considered safe for many plant species. We determined 42 day LC50 for mortality 4.31 dS m* (2521 mg lit%).
The EC50 for growth was 6.82 dS dS m (3989 mg lit1). The weight of earthworms was significantly affected
by NaCl and dispersion analysis showed that NaCl concentration had a statistically significant influence on the
weight of earthworms. The argument for using NaCl is that it is the predominant salt in most saline environments
particularly in wastewaters. Since the salt type is dependent on the source of the contamination, it is, therefore,
possible that other salts apart from NaCl could be the main compounds in saline toxicity in a specific area. The
results of the current study suggest that the effects of salinity depend on the salt composition. Therefore, it would
be important to assess the type of salt ions in soil in risk assessment, as this affects the extent of toxicity to soil
organisms.

Keywords: Earthworm, Electrical conductivity, Survival
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1- Land Index: LI

2 - Uncorrected Land Index: UCLI
3 - Minimum Rating: Rmin

4- Corrected Land Index: CLI
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Table 1- Properties and criteria for determining land suitability classes

$03, Fhaw Oy paS WS ylade
Classification Level T Land Index Value Cudgusme s g 3laxd Cudgdoxe (54> 4D
o3, oS Description  duwiu daoS’ Number and intensity of limitations Rating
Order Class Max Min
s1 —— 100 75 S Cadgiome oz b lois b cudgione (g 85-100
Suitable No or only 4 slight limitations
sl B Lassio Cadgime s by 5 o8 Codgime oz 5l e
S S2 Moderately 75 50 More than 4 slight limitations and/or no more 60-85
suitable than 3 moderate limitations
Sz cwls L5 Codgise 93 b SO L g Lawgie Cudgiie dw I i
S3 Marginally 50 25 more than 3 moderate limitations and/or no 40-60
suitable more than 2 sever limitations
AT ..
N1 Temporary 25 125 CM‘@I JJ[B '\)M ";Lo _du%%m 25-40
unsuitable Very severe limitations which can be corrected
N
Y &« ..
N2 Permanently 12.5 0 el “.J)‘b.ﬁ;.&w “;p aCedpine 0-25
unsuitable Very severe limitations which can be corrected

1- Actually unsuitable but potentially suitable
2- Actually and potential unsuitable
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Table 2- The relationships to correct the land index and some characteristics of each class

Sey oS CLI* aiels e vet!l” Rmin LI* ol
Method Class  CLI range Relationship ok 4'*"5 Sk 4'*"5 LI range
Max Min Max Min

s1 [75,100] 75+ (SLI-43)x0.439 100 43 100 85  [75,100]

S2 [50,75] 50 + (SLI—10) x 0.333 85 10 85 60 [50,75]

;;’:e' S3 [25,50] 25 + (SLI 1) x 0.424 60 1 60 40 [25,50]
N1 [0,25] SLI x 0.625 40 0 40 25  [12.5,25]

N2 [0,25] SLI 25 0 25 0 [0,12.5]

s1 [75,100] 75+ (“SQLI-60)x0.625 100 60 100 85  [75,100]

S2 [50,75] 50 + (SQLI—24)x0.410 85 24 85 60 [50,75]

Kg:j; .S [2550]  25+(SQLI-5)x0.445 60 5 60 40  [2550]
N1 [0,25] SQLI x 0.625 40 0 40 25 [12.5,25]

N2 [0,25] SQLI 25 0 25 0 [0,12.5]
N1 [12.5,25] 12.5+ SLIx 0.313 40 0 40 25  [12.525]

ol N2 [0,12.5] 0.5 SLI 25 0 25 0 [0,12.5]
Proposed N1 [12.5,25] 12.5 + SQLI x 0.314 40 0 40 25  [12.525]
N2 [0,12.5] 0.5 x SQLI 25 0 25 0 [0,12.5]

#: Land Index; *: Storrie LI; **: Square root LI; +: Corrected LI; ++: Uncorrected LI.
iy oMol (adls = 4 {0 oadig Mol (aSli =+ {(005) pod ady) (e paSLE = T g5l (e (aSLE = Tt yej e paS Ll = #

w09y L S1 oIS (el ooy pa3 Ll o yieS dslxe (0

8 ygine]
AS A AD W 1 4 _
LIZAQXixixﬁxixixixi:T’Y."a

LT O N T T

ag by clagpls Y o £ (lajlide (g)l35 gl> b Jl
B9y 9 A gy Sl e ST Sl asls Ml
bl papled gyl

ua>Lw )‘m l_: S1 U»M_{ dl).» LML\J a.).wc)’hol uabl.w
R 9y 3 F 0 plp s

CLI = V0 +(SQLI-5 jx+ [SOY=V0+(5 -—5 - Jx-$Y0 = Yo

ua>Lw )‘m l_: S1 U»M_{ dl).» LML\J a.).wc)’hol uabl.w
gl 09y 33 Y ply el

CLI = ¥ +(SLI —fY)c- /FYa=ya+(Fr—F¥)c. /fT2 = Vo

2 8l e a3l Hlade (ka8 EMal Sl G (ol
e (Fe g XY polhe Mol (im) pid g (gl by, 9
Sacie len oyl 48 del Cawdds VO 3as plp sip Mol jasli

Sl (eaiigMol (ad L) (o) (adls jlade oy i
odlw Cudgazme (gl (She SO S oS cwl b 5 S2 NS
Seal SOyl i dy jlade bl S 500 9 ail
99 y2 40 S2 (M (slyy ey a3 Jlade oy il copl ol
o=l @IS Gla b b g saled AD ply (g5l 5 pid (59,

oy ST S (el ol sl de 28 Wiges (sl
Oy ol jasld dae 35,5 plp dse ol &S sl YO
Obe 4o iloe S2 WS (g SL I Sl N G Gl
Stoge 51> 52 4 S1 canlis (slaoMS VB (5550 306 13 (0
23 ls sl ool (sl o)yl slagsl el bty bl o
abais oyl ) (P ;500 4 bl gy wads b (550 abai ()l
3L Slle (gl Al 1l jose slagl polie 1l
Sl el (e ld 0l (50 dla cpl )3 (e odiE N
2 oSan &b p e sl 3 9 ST S 3 S Sl (5
Ly ST odS (el S cls 5y Nigih dnlio S2 oS
(lplis 2g-d e o3l Codgiome Jlag Jold ) oo 4 g
AD s jlae Jobd (S cudd (lpr njpw a3l 0 yieS
e (pyiaS) AB 2de oz g (03l Cudgae (gl ke (g 5eS)
e Omejy ol (Sl padld 5 298 o0 (Cadgiome (yob slp
dgr amles ¥YID 5 £\ ply ci Sy (gygil g pas o b,
¥V 95 ay cpojpw pasld oMol gl osdal)) slagl ) oS
Wbl o g b 4 Oluslows plodl ogou (Y Jgda) wiloads 5,8

59y L ST oM (sl ey a3 LS (358 dsuslna (G
JURVS

A Ad AD W W W W
LI = A x ’—x—x—sx—x—x—x_ =F+/)

TP T e N T B S



YAy

of buly) guomai 3 (o pa ol (2351 50 (oo yaw oMol (a5 LS (w2

CLI =0-+(SQLI — Y¥)x- /$)=d++ (YE-VEjx-/¥) = -

o3l e U S2 (oMS (el el oMol asls
gl o9y 33 Ve ply el

CLI = 0++(SLI =Y+ Jx+/Y¥T=d++(1+ — 1+ Jx+/Y¥T= -

Sl (patipdol (adld) culs jadls jlade g yide (@
2 ddle P by gl g paS (he) 93 2 )3 S3 NS

a3l e Ly S3 odS (gl calts oz Mol asls
R 9y 5 plp s

CLI = YO+(SQLI — a)x- /F¥a=Ya+(5+ — b)x- /F¥0 = b

a3l e Ly S3 odS (gl calts ozl asls
gl U9y 270 ply el

CLI = Y8 + (SLI —\) x /EYE=Ya+(5+ — \)x-/FY¥ = -

el (gore pmalio (ol oassal) slagl ol
L, S3 5 52 sl pudS 3 ondpdlol Lasls ade izl
Sl Canddy Be (5p0 dde ot bl Hlude g Lus ol K00
o oS 3 ks a3l Mol (el o)yl slagls ol ks
sl g Wbl e (Stwgn s> «sjye daii ol > S3 4 S2
Ny8S2 S (gl odibiiy yo5 diald 13 o ey 0z Mo
(¥ Jsi) &+ S CLI(S2) < Vb iny o)

9O D (g5y0 blE (gl 00 plonil Clusle &Sl 4 d255 L
(¥) Jodo 5> oel o @ golis L byl 3 il o LSS VY/0

Wlods oald uLw)

1l paalyd (6ygmel (o) 9 e gy lp e (V

ua>l_~3 )]J.J.o l_» S2 L)"M—{ dl).: pw)Lu oJ.wC)LoI ua>l.w
R D) Al cals

CLI=0++(SQLI — Y¥)x+/¥Y +=0++(Ad-Y¥)x+/FV+ = YO

ua>l_~3 )]J.J.o l_» S2 L)"M—{ dl).: pw)Lu oJ.wC)LoI ua>l.w
Szl (09) 33 AD il usls

CLI = 0+ +(SLI =Y« Jx/¥YY=0++(Ad — Y+ Jx+/¥YY = YO

a s L 0ybiwd imd o b YU Ol &S job lon
2 w.\.».ﬁdc)’t_ao‘ ‘Sl_tbu@l.w 8o )J.)l.o.p ‘5])4. on':\dq.‘)‘ dL&a@b
de len lmcj Jde g Bud ply S35 L S2 4 ST sla WIS
sl gy o)y slagls oplpls o] Cunddy YO (6530
b cgjyo adnds oyl ;5 S2 5 ST gl WS 1o canls (s lis
bl (Siwgn

225 gt Slubxe Y0 5 0+ (550 LIS dlp aliie jobay

(S3LS2 550) 00 (550 abols

s (ot (asl) conls pasli e oS (il
A8l Ve 9 VY ply co i gl g i by )3 S2 S
oyl

oL e Ly S2 LodS (gl caslts oMol sl
R 59y P VY plp el

WS 3 (6l (8550 3995 33 (yao e AL ydlie —Y Jgua
Table 3- The land index values within the border limits of each class

(Y0) gl i
oS e [ A . Sys (25) — .Proposed —
Class Max /Min R Sope s Sope
Khiddir Storie Khiddir Storie
UCLI** CLI* UCLI CLI UCLI CLI UCLI CLI
S1 Max 100 100 100 100
Min 60 75 43 75
s Max 85 75 85 75
Min 24 50 10 50
3 Max 60 50 60 50
Min 5 25 1 25
N1 Max 40 25 40 25 40 25 40 25
Min 0 0 0 0 0 125 0 125
N2 Max 25 25 25 25 25 125 25 125
Min 0 0 0 0 0 0 0 0

+: Corrected Land Index; ++: Uncorrected Land Index.
O g AAJLJC)'LA u°>L° =++ HR auc)&al L)°>L“’ =+
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Table 4- Some statistical descriptions of the simulation of corrected land index

8,bl UCLI Methods b g,
Statistics Proposed (golwiny  SYS (s lw
Lo ¢ jlwans Simulations 2000000 2000000 2000000

%ke Median 3.51 11.31 2.66
5:5ke Mean 4.45 177 3.09

&ipeS Minimum 0.00 0.00 0.00
aude Maximum 37.19 24.12 23.25

sk=e Gl y>ul Std. Deviation 4.02 7.03 251
g Skewness 111 -1.91 0.93
Sl gl Kurtosis 1.10 0.02 0.97
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Figure 1- The distribution of the uncorrected land index (a) and corrected land index using Sys’s method (b) and proposed
method (c) for N1 and N2 classes
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Figure 2- The distribution of the uncorrected land index whit Rmin< 40 resulting classes of S3 (a), N1 (b) and N2 (c)
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Figure 3- The distribution of the corrected land index whit Rmin< 40 resulting classes of N1 (a) and N2 (b)

Eo—dg0 oyl 00,5 hloite g N2 oS &y s (oS
Oy 0z Mol (2t ls &S sl astie o a-Y G )
S5 i g Ml oo N2 oS ) S0bles iy N1 oS (4l
blgy wlawly el i Y/ 51 iy polde (glyls Laoals
N1 (ola M8 (sl ojpw oddg Mol (ad Ll (1Sle orda])]
olen ;5 4 wleasl cowdany Al g YINY ol cuiya N2
13 Eomdsn sl 15 )8 I oS ol (gl adibiiy o5 glmaiols
423 g O Joi 4 dagi b bl g pasude 35 €Y S5
y2 b ol Omejy a3l (ke Jlde (gl &7 (63)]9a
bly) 9 adlbie ol i dinday 5 aleS polie gl S
(V0) ohan 5 sl Latls J1 5585 5 s |, ls o Sleniy
oS el o ol 3)lse dan &5 Casl S5 L losls )
0a3Ld e BLS ) (cy (6l 9 8l e (0 il
s L 3y Slas xbly o b pysoj s ostipMo] by s o]

il o wlBlas gla yimgg

e ey oddpdlal padld gl @ jlages ¥ IS
Gla oS ol 4 piie aS RMINS¥e b (Y0) b 50,
4SS jebled aad o i |y Cusl ol (D) N2 4 (@) N1 ol
(@Y JS3) NI (oMS (sl sddspMol (adli polie 15l oo
DB (WL ;o o) N2 oS ay by doly j3 (o0l 0 b
lazs 8
slapasls ooe Jhie oy o)lel sla Shy S ¥ s>
J=B S s e (L ) qals (WIS 2 53 (e pe nls
aS ol o] (VO) Lol gy 4 osdpDol (o li dy90 40 dogs
abogipe WM (gly odiciy 5 dileld )0 ool Cuwday dlael I S
ol 0l iMool sl (gly slael aiely iges (glp bl o5
yiage cpl il i psie YY/YO U +/YF INL (oS )5 (yeopuo
ortipMol Lasls (el 45 13l o cymop aSlE Sl o
Gl Lol il o Y 9 VN0 ol N2 g N1 oS )3 o5 iy
500 ol du loads £V 9 0/F ply cud iy sddp Mol s ls
00 o (Y0) ) Ken 5 bl lawgs osadbayl)l Laslg, 51 eolizl



VY40

of buly) guomai 3 (o pa ol (2351 50 (oo yaw oMol (a5 LS (w2

w5 (oM 2 3 (a0 g cntUT (S pas LS (5305 Jlado (11 (55l (S S 519 (B2 -0 Jogs
Table 5- Some statistical descriptions of the land index values in each suitability class
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Introduction: In land suitability evaluation using parametric method, Khiddir or square root method (LQSI)
and/or Storie method (LSI) are employed to calculate land index (LI), then suitability classes could be
determined based on the LI. However, the obtained LI should be corrected according to the minimum rating
(Rmin) and then the suitability classes should be determined. The existing functions to correct the LI should be
mathematically continuous at all points in order to prevent from losing some LIs and their consequent suitability
classes. In the functions represented by Sys, there is a continuity for S1 (suitable), S2 (moderately suitable) and
S3 (marginal suitable) classes, but for N (unsuitable) the presented functions are not continuous. Therefore,
presented functions for N1 and N2 classes can be very misleading since they are not able to distinguish between
N1 and N2 classes and have problem to calculate them.

Materials and Methods: In this study, the existing functions in the literature were mathematically evaluated
for each land suitability classes. Properties and criteria for determining land suitability classes are shown in
Tablel. In parametric approach, land index (uncorrected land index) is calculated using Kiddir and Storrie
methods as shown in equations land 2, respectively. The relationships between uncorrected land indices and
corrected land indices are presented in Table 2.

(1) L1= Rin x\/AxHx(x .....
) lO(Q 100 100
Ll =Ax—x—x....
100 100

According to continuity rules, the necessary corrections were made for N1 and N2 classes. Then numerical
simulation was employed to assess the obtained results from the both existing and purposed functions and
compared them with one another. For this purpose, one million random values were created for each of the S1 to
N2 classes; so that the minimum rating (Rmin) was a random number for each class in own defined range and
the other seven characteristics were random numbers between Rmin and 100. For example, in the S3 class, a
minimum random number is in the range of 40 to 60 and seven other characteristics were between the Rmin and
100. Finally, a total of two million random simulations were created.

Results and Discussion: Based on the minimum, maximum and mean obtained values the simulation
process is acceptable. These numbers show that the simulations have simulated almost all the cases that may
occur in reality, from the best to the worst. The results showed that for N1 and N2 classes the correction
functions should be respectively 12.5 + 0.314LQSI and 0.5LQSI for the Khiddir method and 12.5+ 0.313LSI and
0.5LSI for the Storie method to maintain the both the continuity of the correction functions for all classes and the
corrected land index to be in the defined range for each class. The two million times simulation results also
confirmed the accuracy of the obtained functions Therefore, it is suggested to use the proposed functions in
determining N1 and N2 classes instead of Sys’s functions.

Conclusion: The use of the usual land index, which is conventionally calculated by the Khiddir or Storie
method, called uncorrected land index (UCLI), can be largely misleading without being corrected and converted
to the corrected land index (CLI), causing the wrong land suitability classes. Therefore, it is very important to
use the relationships that have been developed for this purpose to correct the usual land index. The findings of
this study showed that the current functions, although at the order level can distinguish between unsuitable order
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Karaj, Iran

(*- Corresponding Author Email: m.baghery@areeo.ac.ir)

DOI: 10.22067/jsw.v34i6.86309



A9 sl — o & 0slods FF alr (S g O w5 Y YAA

(N) from the S3 class, but separation between classes N1 and N2 are very difficult to calculate. For this reason,
new relationships for N1 and N2 classes were calculated and presented. Therefore, it is suggested that N1 and
N2 classes can be used instead of the relationships presented.

Keywords: Khiddir method, Storie method, Simulation
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Table 1- Results of leaf nutrient analysis in reference and non-reference fields
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Nutrient Min. Max. Avg. SD % CV Min. Max. Avg. SD % CV
e N (%) 3.88 5.70 4.65 0.50 10.84 3.88 5.70 5.08 0.55 10.88
yamd P (%) 0.25 0.39 0.32 0.04 12.01 0.27 0.67 0.39 0.11 27.29
ey K (%) 321 5.84 4.28 0.70 16.30 3.04 5.84 4.51 0.64 14.14
oal Fe (mgkg?) 112.00 375.00 190.13 83.09 43.70 118.00 515.00 281.36 147.29 52.35
3% Mn (mg.kg?) 75.00 185.00 123.88 33.83 27.31 88.00 228.00 138.57 36.05 26.01
&9y Zn (mg.kg?) 20.00 82.00 35.19 16.01 4551 14.00 37.00 27.64 5.30 19.17
o Cu (mg.kg?) 5.00 16.00 12.44 3.37 27.11 7.00 24.00 15.00 5.04 33.62

Orbe 5 YL 3,Shes b £)l50 53 ¢ polis g2 0 CBIE Lo -Y Jgaa
Table 2- Reference concentrations of nutrients in fields with higher than average yields

O Huwd iy ol P $9s )
N P K Fe Mn zZn Cu
% mg.kg*!
4.65 0.32 4.28 190.13 123.88 35.19 12.44
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Table 3- Concentration, DOP and the nutrients order of plant requirement in low-yielding farms

o

ac 30 8,lowd 09 hed el e gy o
Field number N P K Fe Mn Zn Cu
(%) cdale Concentration (%)  4.87 0.29 4.24 242 144 24 15
18 DOP 4.73 -1042 -0.98 2728 16.25 -31.79 20.60
G polie i iy Zn>P>K
NOPR
(%) cLle Concentration (%) 5.2 0.39 5.07 498 158 31 23
19 DOP 1183 2046 1841 16193 2755 -11.90 84.92
i polie jli s 7n
NOPR
(%) cdale Concentration (%) 5.7 0.46 4.31 175 123 37 13
20 DOP 2258  42.08 0.66 -7.96 -0.71 5.15 4.52
e polie jb c Fe>Mn
NOPR
1 (%) clle Concentration (%)  5.62 0.48 4.69 327 88 25 7
DOP 20.86  48.26 9.53 7199 -28.96 -28.95 -43.72
e ol o iy Cu>Mn>Zn
NOPR
(%) cdale Concentration (%)  3.88 0.30 4.24 118 121 32 13
29 DOP -1656  -7.34 -098 -3794 -232 -9.06 452
S ol o o Fe>N>Zn>P>Mn>K
NOPR
(%) cdale Concentration (%)  5.59 0.67 3.94 358 133 31 24
12 DOP 20.22 106.95 -7.98  88.30 737 -11.90 92.96
e pobie b In>K
NOPR
(%) cdale Concentration (%)  4.31 0.27 4.88 125 199 29 21
13 DOP -7.31  -16.60 1397 -3425 60.65 -17.58 68.84
S ol oy Fe>Zn>P>N
NOPR
(%) <Ll Concentration (%) 5.49 0.44 4.13 464 112 28 16
15 DOP 18.06 3591 -355 14405 -959 -2043 28.64
e polie Sl sy 71> Mn > K
NOPR
(%) cLle Concentration (%)  4.79 0.39 4.69 465 160 24 15
23 DOP 3.01 20.46 953 14458 29.16 -31.79 20.60
S polie b e 7n
NOPR
(%) clle Concentration (%)  5.59 0.38 4.35 140 228 29 16
25 DOP 20.22 17.37 159 -26.36 84.06 -17.58 28.64
S polie b e Fe>7n
NOPR
(%) <Ll Concentration (%)  5.12 0.34 3.04 149 131 28 15
8 DOP 10.11 502 -29.00 -21.63 575 -20.43 20.60
(S8 pete o K > Fe>Zn
NOPR
(%) clle Concentration (%) 4.41 0.27 5.84 235 112 23 9
9 DOP -5.16  -16.60 36.39 23.60 -9.59 -34.64 -27.64
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S polie jls i

/n>Cu>P>Mn>N
NOPR
(%) <Ll Concentration (%) 491 0.31 5.26 515 115 32 16
24 DOP 5.59 -4.25 2284 170.87 -7.16 -9.06 28.64
S polie I o Zn>Mn>P
NOPR
(%) cdale Concentration (%)  5.58 049 445 128 116 14 7
2 DOP 20.00 51.35 393 -3268 -6.36 -60.21 -43.72
P pobe b i Zn > Cu>Fe > Mn
NOPR
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Introduction: Because leaf is the main and most important organ of plant metabolism, therefore, its analysis
and interpretation of the results using standard methods, can help to provide an optimal fertilizer program. There

are different methods for interpreting the results of decomposition of plant leaves, including critical
concentration values and sufficiency ranges .The main drawback of these methods is that only the concentrations

of each nutrients are considered and the balance of these nutrients is not considered. The DOP is one of the most

up-to-date methods for interpreting the results of leaf decomposition. In this method, the relationship between
the concentration of the nutrient and the reference concentration is used instead of the mere concentration of
nutrients. Due to insufficient information about the optimal level of nutrients and nutritional status of potato in

Khorasan Razavi province, the present study was conducted by using the DOP index to assess the balance of
nutrients and to determine the order of nutrient requirement for this plant.

Materials and Methods: In order to have a database, 30 potato fields were selected from the major
cultivation areas of this crop in Fariman, Torbat-e Heydarieh, and Quchan counties. Among these fields - based
on questionnaires completed by farmers - those with good management and high yield (above average) were
selected to determine the reference concentration. Accordingly, out of 30 surveyed fields, 16 fields were selected
as reference fields and 14 fields as non-reference fields. In each field, before flowering and at the beginning of
tuber formation, a composite sample of leaves (from fully developed leaves) was prepared, transferred to the
laboratory, rinsed with distilled water and 20 mM EDTA solution, oven dried at 50 °C, ground, digested and
analyzed for determining the macro and micro nutrients concentrations by atomic absorption spectrometry
(AAS) - (Perkin Elmer, 2380). According to leaf analysis results, some statistical indices, including the
maximum, minimum, mean, standard deviation, and coefficient of variation of data in both groups of reference
and non-reference fields, were calculated. Furthermore, the reference concentration (Cr) and DOP indices were
calculated to evaluate nutritional status of potato and priority nutrients requirement in low-yielding fields.

Results and Discussion: The results of this study showed that the coefficient of variation of micronutrients
was higher than that of macronutrients, stating that fertilizers containing macronutrients have been used more
homogeneously by farmers, compared to those containing micronutrients. Using nutrients concentration in high
yielding fields, Cet was obtained for N, P and K nutrients 4.65, 0.32 and 4.28 percent respectively. In addition,
Fe, Mn, Zn and Cu Cs values were 190.13, 123.88, 35.19 and 12.44 mg/kg respectively. The results also
showed that absolute value of DOP index for all nutrients was greater than zero, indicating imbalance of
absorbed nutrients by potato. Due to the fact that the concentration of nutrients in the leaves is a function of the
amount of nutrients in the soil, so these data indicate the lack of proper management and imbalance fertilizer
application in the studied fields. Among macronutrients, potassium had negative indices in 36% of the studied
fields while nitrogen had positive indices in 80% of the studied fields. In other words, most cultivated potatoes
of Khorasan Razavi province suffer from K deficiency and excessive N. Due to consecutive cultivation,
excessive use of nitrogen fertilizers such as urea and low consumption of potassium fertilizers, higher amount of
potassium harvested from the soil as compared with that released from the soil, potassium deficiency is observed
in many potato fields. Among micronutrients, zinc had highest negative indices in 57% of the studied fields.

1- Soil and Water Research Department, Khorasan Razavi Agricultural and Natural Resources Research and Education
Center, Mashhad, Iran
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After Zn, Fe had the most negative index (highest deficiency) in 35% of fields. Excessive consumption of

phosphate fertilizers and lack of sufficient organic matter in soils are the main reasons of iron and zinc
deficiency in soils and agricultural products in Razavi Khorasan province.

Conclusion: Overall, the results showed an imbalance of all absorbed nutrients by potato and imbalance
application of fertilizer in the studied fields. Due to the severe deficiency of K and Zn, fertilization of these two
nutrients should be a priority in nutrition management programs in the province's potato fields.

Keywords: Concentration, DOP, Fertilizer, Nutritional nutrients
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Table 1- Effects of experimental treatments on soil biochemical and microbiological properties

Joss S gl P o,bol
5 T) Treatment Joliso
Property 2L5(C) cd Pb CdxPb P valpe for
interaction term
ol B grels c b c a
: 0.01°+0.001  2.82°+0.03 0.03°+0.01 3.06% +0.01 P <0.001
Cdava (Mg kg'?)
e JE o 1.08°+0.01 1.61°+0.02 42115402 45.2320.08 P <0.001
Pbava (Mg kg'?)
st sSee 239C) 039 12.32+0.01 9.9°+0.27 8.4° £0.13 5.7¢40.17 P <0.05
MBN (mg N kg™
ol ogeelSisel 2.04%+0.03 1.22°40.06 1.440+0,05 1.06%+0.02 P <0.001
AA (mg NH,-N kg? h?)
e sluSlosel 8.82240.04 5.93°40.02 6.07°40.01 5.83%40.02 P <0.001
CAM (mg NH,-N kg1)
e il 35.81%4054  23.07°40.30  24.24"+031  21.42°+0.03 P <0.001
CNI (mg NO3z-N kg™
glecli cep 27.83+40.11  23.28%0.25 25.75°+0.49 19.579£0.17 P <0.05
NR (mg NOs-N kg week?)
o 4,240,004 3.4°40.017 4.0°+0.026 3.5°40.093 P <0.05
BR (mg C kg day™?)
stz 5] 535 i 39.9%40.05 33.3%40.2 31.0°40.6 29.1940.6 P <0.001
SIR (mg C kg* day?®)
i R 0 31.27°40.05 ~ 32.87°+053  32.12*+037  36.31%+0.35 P <0.01
qCO; (ug CO; mg™* MBC day™)
o - 2.63%0.02 2.475+0,01 2.37%+0.05 2.36%+0.02 P <0.05
URE (umol NH4.-N gt h?t)
g St 3.30.02 2.4°40,08 3.2:40.1 2.7°+0.04 P <0.01
ARY (umol PNP gt h?)
kS L pulyiagind 146403 9.8%0.2 14.2240.1 10.5°+0.1 P <0.01
ALP (umol PNP g* h?)
Migpen> 0.207%0.0003  0.167°40.005  0.181°+0.0001  0.148°+0.001 P <0.01
DEH (umol TPF gt h?)
Shiulis> Gmsssl 0.199%0.002  0.163°+0.001  0.161°+0.001  0.142°+0.001 P <0.001

FDA (umol Fluorescein gt h't)

i 2oyd O o (3 TUKEY (9051 olsl o > ixe M| 18 calite gy () (slapSile Jlow yo )
In each row the means sharing similar letters do not have significant differences by Tukey test at P < 0.05.
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Figure 1- The patterns of cumulative carbon (C) and nitrogen (N) mineralization in soils treated with Cd (10 mg kg), Pb
(150 mg kg*) pollution, their combination (Cd+Pb) and control (C) (n=3)
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Table 2- The nature of the interactions of Cd and Pb pollution for soil chemical and microbiological properties on the basis of
the Bliss independence model (see the text for more explanations)

oo
S5 Treatment
Property cd Pb (CdxPb)o (CdxPb)s Closo uwsrv‘;-'
Interaction
e ~191.7 14 2083 4545 2.8 SYR*
ol B Gy
- -05 -37.9 ~40.7 -57.0 0.3 SYR*
%Bﬁu +0.20 +0.05 +0.18 +0.24 0.09 ANT"
w““qcfé cers -0.05 -0.03 -0.16 -0.08 0.05 ANT*
2
e gu}fu - +0.16 +0.15 +0.30 +0.29 0.08 SYR*
°>9?:A~E5C:d)§ +0.22 +0.04 +0.27 +0.25 0.07 SYR®
Jyul\;éﬁ)w +0.19 +0.32 +0.53 +0.45 0.06 SYR*
= u'A%/:K%M +0.40 +0.29 +0.48 +0.58 0.04 ANT*
e Sy +0.33 +0.31 +0.34 +0.54 +0.01 ANT*
“’”’”é‘N’T“"‘” +0.36 +0.32 +0.40 +0.56 0.004 ANT*
. ﬁ&wgm +0.35 +0.31 +0.39 +0.55 0.01 ANT*
S +0.16 +0.07 +0.29 +0.22 0.03 SYR*
}‘D)LSJF;EJ ) +0.06 +0.05 +0.11 +0.10 0.03 SYR*
juwwAﬁi = +0.27 +0.02 +0.16 +0.29 0.05 ANT*
b i‘f‘if;“ ek +0.33 -0.03 +0.28 +0.35 0.03 ANT*
JUBs)I*;-E’H@‘*é +0.19 +0.11 +0.29 +0.28 0.02 SYR*
}ylfA?u +0.04 +0.02 +0.07 +0.06 0.04 SYR™
el Fogzy@ el +0.18 +0.19 +0.28 +0.34 0.02 ANT*

5945 JC1 95%0 oy 5 wrodlS” 05 i sty Syt 31 I(CAXPD)p o pus 9 waodls oddosnlie S jtio 51 1(CAXPD)0 o olos s g (539 1PD ¢ oo 4 waadls” (54T :Cd

Bl oo 1o )d B g ) I3 ime g 3 xe el porde 4 ey ML), 0L) TANT 4 ()b S wa) :ISYN (lie 5l g5 :INteraction s ys 40 Jlas !l adaws )3 olsebsl
Cd: Cd-polluted soil, Pb: Pb-polluted soil, (CdxPb)o: the observed effect of Cd and Pb, (CdxPb)e: the predicted effect of Cd and Pb, Clgsy, confidence
interval at 95%; SYN synergistic, ANT antagonistic. ", * non-significant and significant at 5 %, respectively.
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Figure 2- The effect of Cd (10 mg kg), Pb (150 mg kg™?) pollution and their combination (Cd+Pb) on microbial biomass

carbon (MBC) and catalase (CAT) (n=3)
Different lowercase letters represent significant differences between control (C) and treatments by Tukey’s test at 0=0.05.
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Introduction: Heavy metal contamination of soils is an important environmental concern, which has a long-term
hazardous effect on soil biochemical and microbiological properties, including microbial and enzyme activity, microbial
community structure, and the contents of organic compounds. Among heavy metals, cadmium (Cd) and lead (Pb) are
two highly toxic, non-biodegradable anthropogenic pollutants that often coexist at contaminated sites. Numerous earlier
studies have demonstrated a detrimental influence of Cd and Pb, both individually and jointly, on microbial and
biochemical properties through the reduction of microbial activity, microbial biomass and enzyme activity in polluted
soils. Metal co-contamination has a greater negative effect on soil microbial community and enzyme activity compared
with individual metals. Although the individual effects of Cd and Pb on soil biological functions are generally well-
known, their combined effects on microbial growth, population and functions are less well-known. The main aim of this
study was to investigate the interactive effects of Cd and Pb on biochemical and microbiological properties in a
contaminated soil. It was hypothesized that the combined Cd and Pb would increase the mobility and availability of Cd
and Pb, which subsequently would result in further reductions in soil biochemical and microbiological properties.

Materials and Methods: The study was conducted under controlled laboratory conditions. A factorial experiment
with two levels of Cd (0 and 10 mg kg!) and two levels of Pb (0 and 150 mg kg*) was conducted using a completely
randomized design with three replications. The soil was artificially spiked with cadmium chloride and lead chloride
solutions to attain the above concentrations. To reactivate the microbial population and for the aging effect, soil
moisture was set at 70% of field capacity, and the soil samples were pre-incubated at room temperature for 20 days.
Ultimately, the polluted soils were incubated under standard conditions (70% of field capacity and 25+1 °C) for 120
days. At the end of the soil incubation, the concentration of DTPA-TEA (diethylene triamine penta acetic acid-
triethanol amine)-extractable Cd and Pb, biochemical and microbiological properties including nitrification rate (NR),
cumulative N mineralization (CNM), cumulative C mineralization (CCM), microbial biomass C (MBC), microbial
biomass N (MBN), arginine ammonification (AA), basal respiration (BR), substrate (glucose)-induced respiration
(SIR), metabolic quotient (qCO2) and the activities of soil urease (URE), alkaline phosphatase (ALP), arylsulphatase
(ARY), dehydrogenase (DEH), catalase (CAT) and fluorescein diacetate hydrolysis (FDA) were determined. In this
experiment, the Bliss independence model was used to determine the type and nature of the interaction between C.

Results and Discussion: Results showed that the DTPA-extractable metal (Cd and Pb) concentrations were
significantly higher under the combined metals compared with the single-metals. In co-contaminated soils, a metal may
contribute to the release of other metals to soil solution and consequently would enhance the availability of the released
metals. Compared with individual metals, the qCO2 was greater in Cd+Pb contaminated soils. Microbial properties
(MBC, MBN, AA, NR, CNM, CCM, BR, SIR) and enzyme activity (URE, ARY, ALP, DEH, CAT and FDA)
significantly decreased in the presence of Cd or Pb when compared with the control. Generally, the negative effects of
Cd and Pb co-pollution on biochemical and microbiological properties were higher than those of Cd or Pb alone. The
results of Bliss independence model indicated a synergistic effect of Cd and Pb on microbial and biochemical
functionalities in metal-co-contaminated soils.

Conclusion: Heavy metal can effectively decrease the soil biochemical and microbiological properties. This study
provided strong revealing that combined Cd and Pb can increase the mobility and availability of the companion metal
and this may provoke their toxicity effects on microbial community and enzyme activity in co-contaminated soils. The
co-existence of Cd and Pb reduced soil biochemical and microbiological properties more than their individual presence.
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Therefore, considering the chemical interactions between heavy metals may improve the accuracy of the ecological risk
assessment of toxic metals at multi-metal contaminated sites. However, further information on responses of microbial
indicators to the joint effect of heavy metals under long-term and realistic field conditions is required.

Keywords: Bliss model, Enzymatic activity, Metal co-contamination, Microbial activity, Microbial functions
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Figure 1- Location of sampling areas
1- Rangeland-without flood spreading-without grazing (control), 2- Rangeland- grazing-without flood spreading, 3- Six rangeland
areas-without grazing-with flood spreading, 4- Rangeland-Atriplex hand-planting-with spread flood and without grazing, 5-
Eucalyptus control forest-without flood spreading, 6- Eucalyptus forest-first strip-with flood spread-Bishehzard network 4, 7-
Eucalyptus forest-second strip-with flood spread-network Bishehzard 4, 8- Eucalyptus forest-Third strip-with flood spreading -
Bishehzard 4, 9 - Acacia forest-with flood spread-Bishehzard 4 network.
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Table 1- Analysis of variance of studied properties in different land uses

Sl o (1o
Ol s 2slio &3l gan yd Mean squares
Variations resources Degree of freedom (g2 (ogaso o, S S woys S 8o pdd oyl
Bulk density (g/cm®)  Organic carbon (%) Carbon stored (Mg/ha)
)I)S\; . 2 0.0017 0.0461 32.99
Replication
(e slacs)5) sl 8 0.0606™ 0.6195 818.05™
Treatment (different landuses)
- 16 0.0034 0.0159 9.40
Error
Syt s - 484 20.21 12.53

Coefficient of variations (%)

Mo Y paw jd o ize s
Significant at P< 0.10s:

(o il + =Y+ Gos) Bl 59,15 ;3 SB s F59 wbo gdmulio Y Joio
Table 2- Means comparison of studied properties in diffrernt land uses (Depth 0-30 cm)

) S pogate o> S oS 015 803D (ol
Lanci use Bulk density Organic carbon Carbon stored
(g/em?) (%) (Mg/ha)
(2215) 58 g~ Moot s ~re 1482 0.14¢e 6.22¢e
Range-whitout flood spreading-with grazing (Control)
ket k"G e _ 145a 0.20e 8.61e
Range-without grazing- whitout flood spreading
e TGS sk e 143a 0.43d 18.26
Range-with grazing- with flood spreading
M yi59 =558 (9 ~Cubllcawy GuSly 5T - 550
Range-Atriplex cultivated-with grazing-whit flood 149a 0.54 cd 2412 cd
spreading
5 k" giedSyl 0l S 147a 0.51 cd 22.39 cd
Eucalypt forest- without flood spreading (Control)

Jol i mode i megillSy] S 123b 1682 61.86 a

Eucalypt forest- with flood spreading-stripe 1
Py mmslSl S 143a 0.86 b 36.83b

Eucalypt forest- with flood spreading-stripe 2
Pyl TSyl SR 107¢ 0.71 be 22.78 cd

Eucalypt forest- with flood spreading-stripe 3
e Ll IS 141a 0.5 cd 23.14 cd

Acacia forest- with flood spreading

25,15 gl me M3 2o )3 B Jlotn] zans 3 5S> (9051 b (gylol Has 51 oS o gy syl (lavpSilio cygim p2 3
*In each column, means with similar letters, have not significant at P<0.05 by Duncan test
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Table 3- Analysis of variance of effects of land use and plant species on dry weight and stored carbon by dominant range
species

©lrpe nCbe
Ol patd 2alio &3l gan yd Mean squeres
Variations resources Degree of freedom — Suis (39 olS 43y S g0 8D
Dry weight  Carbon stored in plant

I .
’_’5“ . 2 106633.54 25135.59
Replication
s 2 958444.36™ 238592.15"
Land use
oL “54595, 2 569732.67™ 133096.90""
Plant species
LS)")IS XDLﬁf Lsd‘)?f *% *k
. 4 493006.06 153426.49
Plant species *Land use
(303 Eyeeis e ; 21.66 18.89

Coefficient of variations (%)

Lo pd ) ey )b pime e
s=Significant at P< 0.10

L (2550 GLS bawgi (2,5 (507083 9 SS9 (6Nl 32 (AL S45 9 ) Sl S1-€ Jgoo
Table 4- Interaction of land use and species on mean dry weight and carbon storage by dominant rangeland plants

S5 oS gaigS Sudd 039 o255 sopdd
Land use Plant species Dry weight (kg/ha)  Stored carbon (kg/ha)
el 671.63 ¢ 381.90 d
Heliantemum lippii
)95
5) o Sy yeds — 5y - . 1145.88 b 638.00 ¢
. (2243) M i G5 =52 Cp Dendrostellera lessertii
With grazing-without flood spreading (Control) s
T 10025.5 be 547.10 cd
Artemisia sieberi
el 2013.94 a 1106.20 a
Heliantemum lippii
)95
o Sy — 548 . 1609.13 a 884.50 b
o PheogSon Dendrostellera lessertii
With grazing-with flood spreading s
o 780.99 bc 429.30 cd
Artemisia sieberi
iasatis 807.79 be 456.80 cd
Heliantemum lippii
JyRes
o 5 yad = 543 . 1150.40 b 645.60 c
] M“”‘) i ) Dendrostellera lessertii
Without grazing-without flood spreading s
’ 655.50 ¢ 478.60 cd

Artemisia sieberi
B85 ()b sime NS 1o )3 B Jlass] grdaw 45 5SS 901 b (olol Jlas 1 oS e gy sy (slouSilie cyginn b )
*In each column, means with similar letter, have not significant at P<0.05 by Duncan test
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Table 5- Estimation of total stored carbon (Mg/ha) and its environmental value (million rials) in different land uses

OS5 SoEd PSS P S gepdd gopdd S o3
Aoy SB ols g oS oy 3
Field Carbon stored Carbonstored  Carbonstored  Total stored Environmental
in soil in plant in litter carbon value
38 sdm D 5y (e gy
Range- without flood spreading 6.22 1.60 - 7.82 241.075
with grazing
S T TR E Tl P2
Range- without grazing-without 8.60 2.61 - 11.21 345.582
flood spreading
Moo i 3,8 H9h g e
Range-with grazing with flood 18.26 242 - 20.68 637.523
spreading
558 Ol uSlo iy
s i3y 24.12 4.16 - 28.28 871.816
Range-Atriplex cultivated-with
grazing-whit flood spreading
Mooyt (e sl wals K
Eucalpt forest- without flood 22.39 13.04 8.30 43.73 1348.108
spreading (Control)
oM iy ol 8yl IS
spreading*
o - 115
2o i bl S 23.14 34.06 6.55 63.75 1965.285

Acacia forest- with flood spreading

Sgdion s slal DM iz b 4 pguw g ped Jl syl (5oL #
* Means of stripes 1, 2, and 3 that irrigated via flood spreading.
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Introduction: Carbon sequestration (CS) by forests, pastures, afforested stands and soils is the most
appropriate way to reduce atmospheric carbon. A combination of all these activities can help balance the global
warming process by reducing the concentration of atmospheric CO,. The amount of CS and quality of carbon
storage in the soil depends on the interaction between climate, soil, tree species, litter chemical composition and
their management. The results of Dinakaran and Krishnayya (2008) research showed that the type of vegetation
cover has a significant effect on soil carbon storage. So that the amount of carbon storage in the soil depends on
the amount of carbon entering the soil through plant debris and carbon loss through decomposition. To increase
carbon in the soil, management activities such as increasing the amount of carbon entering the soil by adding
litter and crop residues as well as reducing the rate of decomposition of soil organic matter should be done.
Decomposition rate of soil organic matter is affected by soil condition (humidity, temperature and access to
oxygen), sequestration of organic matter, placement of organic matter in the soil profile and the degree of
physical protection by aggregates.

Evaluating the role of aquifer management in reducing via storing the atmospheric CO, to organic carbon
(O.C) is the aim of this study.

Materials and Methods: The studied land uses were as follows: 1-Rangeland-without flood spreading-with
grazing (control), 2- Range without grazing-without flood spreading, 3- Six rangelands stripes-with grazing-with
flood spreading, 4- Rangeland-Atriplex plantation-with spreading of flood, 5- Eucalyptus control forest-without
flood spreading, 6- Eucalyptus forest-first strip-with flood spreading-BisheZard 4 (BZ4), 7- Eucalyptus forest-
second strip-with flood spreading-(BZ4), 8- Eucalyptus forest-third strip-with flood spreading-(BZ4), 9- Acacia
forest-with flood spreading-(BZ4). Soil and plant were sampled from each land use type. Then, the amount of
O.C was measured in the laboratory and CS was calculated. The economic-environmental value of carbon stored
in the soil is based on Rivers' proposal, which declares a carbon tax rate of $200 per tonne of CO,. The dollar is
equal to 42,000 Iranian rials. Data were analyzed using randomized complete block design and Duncan test (at
P<0.05) was used to compare mean values using the SAS software.

Results and Discussion: The analysis of variance showed that the effect of different land uses on the bulk
density (BD), %0O.C and the CS in the soil was significant at the level of 1%. Comparison of the mean of BD in
various land uses showed that the eucalyptus forest (third strip) had the lowest BD compared to others, and the
difference between this land use and other land uses was statistically significant. The first strip of Eucalyptus
forest had the highest %0.C and the highest amount of CS in the soil, and the statistical difference between these
two indices in this land use with other land uses was significant. Among the studied land uses, the lowest
amounts of CS were related to the control range and range without grazing-without flood spreading. The
interaction of plant to plant species on plant dry weight and plant carbon storage showed that the rangeland
species of Heliantemum lippii and Dendrostellera lessertii in the range with flood spreading have the highest
dry-weight and the species of Helianthomus has the highest amount of carbon storage. This indicates that the
impacts of flood spreading on plant biomass production and carbon storage have been greater than the impact of
no grazing on these indicators. In all uses, Artemisia sieberi showed the lowest dry weight and carbon storage.
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Planting of Eucalyptus camaldulensis irrigated with flood water spreading increased the soil O.C from 0.51% in
the control to 1.68% in the first strip of eucalyptus forest (3.29 times). By calculating the mean of the three strips
in which the eucalyptus was planted, it was found that the highest carbon content of 121.84 ton/ha was stored in
the plant, litter and soil of this land use. Given that, each tonne of carbon is equivalent to 3.67 tons of CO; gas, it
can be concluded that 447.15 tonnes of CO;, gas from the air is stored as organic matter. The economic-
environmental value of this CS is 3.76 billion rials ($89523.81) per hectare.

Conclusion: The studied land that was irrigated with flood spreading, especially the eucalyptus forested area
at Kowsar station, captured significant amounts of CO, from the air and stored it as organic matter in the root
and shoot of plants and in the soil. Also, this may lead to the release of a large amount of oxygen gas to the
environment which play an important role in reducing air pollution. Considering the economic-environmental
value of the carbon stored in the eucalyptus plantation forest areas, the development of this method in flood
prone areas is quite economically justifiable. Due to the high potential of tree species in improving soil carbon
storage, it seems that increasing the percentage of woody species and their physiological diversity have increased
the carbon storage capacity of these species. Therefore, in order to improve the carbon storage capacity of flood
distribution systems, it is suggested that the planting of native and perennial compatible species in these systems
should be considered.

Keywords: Acacia, Carbon stock, Eucalyptus, Fars, Flood spreading
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Figure 2- like Figure 1 except for the period of 1989-2017
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Figure 1- Mean values of seasonal (Jan-Mar) perceptible
water (PW) and specific humidity (SH) (for the 850 mb

level) over the period of 1960 to 1988

Perceptible water (kg/m?) and specific humidity (g water/ kg
air) are shown by shading and contour lines, respectively.
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Figure 3- Differential values of the perceptible water
(shading, g /m2), 850 mb specific humidity (contours, g/kg)
and 850 mb vector wind (arrows m /s) between the 1989-
2017 and 1960-1988

The negative (positive) values of the perceptible water and
specific humidity infer that the amount of these variables
during the period of 1989 to 2017 is less (more) than
corresponding values over the period of 1960-1988. Arrows
indicates the prevalent wind direction during the recent period.
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Figure 6- Like Figure 4, except for the period 1980 to 1989
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Figure 7- Like Figure 4, except for the period 1990 to 1999
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Figure 8- Like Figure 4, except for the period 2000 to 2009
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Figure 4- Anomaly values of seasonal (Jan-Mar)
perceptible water (PW), specific humidity (SH) (for the
850 mb level) and vector wind over the period of 1960 to
1969
Perceptible water (kg/m?) and specific humidity (g water/ kg
air) are shown by shading and contour lines, respectively.

Vectors show the direction of vector wind. The magnitude of
wind speed is shown by a vector beneath the figure.
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Figure 5- Like Figure4, except for the period of 1970 to
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Table 1- Kolmogorov-Smirnov test (K-S test) for data anomaly perceptible water (PW), specific humidity (SH) and vector
wind (VW) in period10 years

J9| and @b Is 50 43 uﬂ)b JJG Uj D},{gp-s blg ‘533, 4.9-’50 bl.g S290E d.ﬂj’c
First Evél:z;te J “ecade _ (Precipitable water, PW)  (Specific humidity, SH) (U wind) (V wind)

decade D P-value D P-value D P-value D P-value

2 0.20 0.18 0.00 1.00 0.83 0.00 0.47 0.00

1 3 0.82 0.00 0.52 0.00 0.50 0.00 0.92 0.00

4 0.87 0.00 0.73 0.00 0.48 0.00 0.75 0.00

5 0.97 0.00 0.83 0.00 0.55 0.00 0.88 0.00

6 1.00 0.00 0.97 0.00 0.68 0.00 0.00 1.00

3 0.63 0.00 0.52 0.00 0.93 0.00 0.52 0.00

4 0.70 0.00 0.73 0.00 1.00 0.00 0.55 0.00

2 5 0.78 0.00 0.83 0.00 0.78 0.00 0.45 0.00

6 0.90 0.00 0.97 0.00 0.60 0.00 0.47 0.00

4 0.20 0.18 0.30 0.01 0.93 0.00 1.00 0.00

3 5 0.40 0.00 0.47 0.00 0.45 0.00 0.73 0.00

6 0.72 0.00 0.83 0.00 0.72 0.00 0.92 0.00

4 5 0.35 0.00 0.27 0.03 0.98 0.00 0.98 0.00

6 0.63 0.00 0.68 0.00 0.98 0.00 0.75 0.00

5 6 0.62 0.00 0.63 0.00 0.50 0.00 0.83 0.00
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Introduction: Based on the research and assessment carried out during the Climate Change Enabling
Activity Project under United Nations Framework Convention on Climate Change (UNFCCC) and using the
scenarios proposed by IPCC, it is estimated that if the CO2 concentration doubles by the year 2100, the average
temperature in Iran will increase by 1.5-4.5°C which will cause significant changes in water resources, energy
demand, agricultural products and coastal zones. The present study is aimed to investigate the characteristics of
climate change in Iran and some parts of the neighboring countries. Identifying the spatio-temporal changes in
three atmospheric variables comprising perceptible water (PW), specific humidity (SH) and vector wind (VW, U
and V components) over 1960-2017 was the main themes of the study.

Materials and Methods: Monthly values of these variables during wintertime (January to March) were
extracted from the CDC/ Reanalysis 2/ NOAA in 2.5 * 2.5 grids for the period of 1960-2017. The study area
locates between 20° to 45° N and 30° to 70° E. After averaging monthly data into seasonal series, as first step,
significant changes in the considered series were investigated between two equal periods having 29 years of data
(1960-1988 and 1989-2017). In the second step, the 58 years of the study period were divided into five
successive decades (1960-2009) and a period with eight years (2010-2017). The Kolmogorov-Smirnov (K-S)
field significant test was used for assessing the spatio-temporal difference between the obtained maps associated
with various decades.

Results and Discussion: According to Figures 1 and 2, for both of the 29-year time-scales (1960-1988 and
1989-2017), PW was maximum (12 to 17 kg/m?) alongside the northern coasts of the Persian Gulf and the Oman
Sea. After this, PW had the highest values over the southern coasts of the Caspian Sea (10 to 12 kg/m?). Oppose
to these coastal areas, minimum values of this variable with about 6 to 10 kg/m? were associated with the Zagros
mountains. In general, PW exhibited an inverse relationship with elevation. In contrast to PW, SH maximized
(4.2 to 5 g/kg) over the Zagros ranges and its relationship with elevation was generally positive. The lowest
value of the SH data was about 3.5 g/kg suggesting relatively low variation in the SH data within the country.
Compared to the 1960-1988 period, a significant decline was observed in the values of PW and SH in 1989-
2017. Although this decline was obvious over all parts of the country, it was slightly significant for the
southwestern (northwestern) districts. Compared to the first half of the study period (1960-1989), PW (or SH)
decreased by about 2.5 kg/m? (or 0.6 g/kg) in southwestern and 0.3 kg/m? (or 0.15 g/kg) in northwestern parts of
Iran for the recent half (1989-2017). Differences between wind data during these two time-periods were mostly
either northerly or easterly suggesting a significant decrease in the rain-bearing southerly or westerly circulation
over 1989-2017. Anomalies of the near-surface wintertime winds were mostly found to be southerly or westerly
during 1960-1988 implicating the possibility of moisture transport from the Persian Gulf, the Oman Sea, the
Mediterranean Sea, and the Red Sea into the most parts of Iran. Conversely, the anomalies were either northerly
or easterly in1989-2017 suggesting less moisture transport into Iran for this recent period.

In the decadal time-scale, maximum values of PW, SH, as well as southerly or westerly circulations, were
observed during 1960-1969. The given results suggest that the enhanced (or suppressed) values of PW and SH
are generally harmonized with the strengthened southerly and westerly (or northerly and easterly) wind
anomalies. For this period, prevailing of southeasterly winds over the Caspian Sea enhanced or suppressed the
measure of PW, SH over the western or eastern coasts of the Sea, respectively. Even though the mentioned
atmospheric circulation patterns were generally similar for the 1960-1969 and 1970-1979 decades, positive
anomalies of PW and SH, as well as the westerly and southerly airflows, were slightly suppressed for the second
decade. The anomalies of westerly and southerly winds decreased by about one-fifth for 1980-1989 as compared
with that in 1960-1969 resulting in a significant decrease in the PW and SH data for this decade. Although these

1, 2 and 3- Professor, Graduate and Master of Water Engineering, Center for Atmospheric and Oceanic Research,
Shiraz University, respectively.

(*- Corresponding Author Email: mjnazemosadat@gmail.com)
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anomalies were slightly positive over most parts of Iran, their weakness did not allow significant improvement in
the PW and SH values. The period of 2000-2009 was evaluated as the driest decade of the study period for which
the negative anomalies of PW and SH, as well as westerly and southerly circulations, were maximized (in
absolute values). In spite of the fact that these undesirable conditions have recovered during the period of 2010-
2017, PW and SH were still very low for this recent period. With the exception of the 1990-1999 decade, PW
and SH have continuously decreased for the decades after 1970. The rain-bearing southerly and westerly winds
have been gradually replaced with dry northerly or easterly wind during the recent periods.

Conclusion: The findings showed that the PW and SH distribution patterns are close together in the 29-year
periods, the measures were, however, significantly smaller in the second period than in the first. The wind
anomalies, which were mostly southerly and westerly in 1960-1988, have been changed to northerly and easterly
in 1989-2017. Since the southerly and westerly winds play an influential role in moisture transfer to Iran, their
reduction in the second period is consistent with the observed decrease in PW and SH. Among the ten-year
periods, the highest positive PW and SH abnormalities are associated with the 1960 and 1969 decade. This
positive anomaly decreased over the time. Since a positive trend is observed for 2010-2017, it can be concluded
that 2000-2010 is the driest decade of the study period. The positive anomalies of westerlies (easterlies) and
southerlies (northerlies) increased (decreased) the magnitudes of PW and SH.

Keywords: Climate change, Iran, Precipitable water, Specific humidity, Wind
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Detection Monitoring
2- Representative Concentration Pathways

aS axdl )y g asly Sl wlde ;0 (i polie Ly 4 L
s YL la o s 3 oz slajg) s 42335 Jls 0+ b
o (7) ohlSen 5 ool ol adl zals Jload 0,8 Sbe
i slaolSiuw! o odlll s> slaale Sy gileds
o=l iy Sl piale S lulpd o 35 by Sl
oI5 0ty ewoliug) oaiy] canldl g0 claslisy 3y adllas
Jol B2 9 A2 (51l 93 coui |y 0,5 5 punely ey epudil
L HadCM3 s s 53,5 Jocs odis yolsiio}s) Slaie s 5l
25 5 45,5 5 wtun SDSM oS by Jao (5,5 15,
9 O50j9S b (o (oelll (i sladlg)  eldl s
Gy Jlos )d ool (gd sldlygy Loy oy 4 (VF) oy
Gy g gl dod 5k &lig)y sleosls I oslinal b
s 5 Sy ol slbelSiu] 5 oalas bl caeles 4 0
5 Uk 4 bgye a3l YV wyp 4 VAAY=YY )bl 090 5
L oy Julos 5 4 320 oo sl RClimdex l58le 5 L Lo
slajasls & ob L als cpl o)b calles ddlais 0 p)5
P 3w gds sl sy &5 Jb o )l Lili8l B9, 5 g0
op 4 (V1) ghlen g g 2l (28l gy aslllas )90 09
oo bl )3 oal g ol 093 )0 el (ga> (sladlig, @l ]
wlolw 3l oslar ol b Jauamo 5,Sloe aizdld g Lgw o )d g5 p
SV D o Y+ ¥VRAD 0y93 95 (gl (65y9liS Y gane A3
>3l L g g cyd 3 ySlas ol oyl ol b (g jlwdns YoAF
4y 455 L RCPAS g RCP8.5 (g1 )liws 95 Lyolul 5 V) )3
e 15l dunlio ddllas b o ialS i gladlyg, il
Gble 15 05555 Looeldl Lyl 53 ol s sladlygy s
Pl (A) oS 5 smsacs (L5 by ll 51 5 Dol
2 ol pasls cuda g lod (adll o (gl cpl > 088
Olnl g9y YW -8 Gl Jls Job jo awlisslgn oS! YV
lbolid el o G 0aS )0 5 JAS= e S (g
Lo sl polos Ly a8 sl i ol s Jlas! Lo,
Blaie Groped 9 .S o Sl |y yp)S Lulyd oy JBhs olul
29 Ol |y ad 05 Glaalis (il @S ye 5SS
W9y 9 Sl Cpyider (3L b b ye (laasls (Jolo sble
ol 02> L 1y aie

Fadliee oy olS cadls gl dsinne (gladlate 558" (5,5
ol 2 I sl e Led o i 4y wlus oLS oyl &S bl
0d ] 0ygd dw yd ddhaie slod (gdo slodliS, Sl nuds Guiss
(VoVETY o) 53 o (Y+OV-Y VD) dilio (Y Y5-Y+04) Snj
)5 31,8 adllas 390 RCP il bl (slavgs b coss

o pegas  gladdlas (g &S oy (LS mlie o)y
o1 plosl dilate cpl y> T (slooy90 53 (cadlil (ga> (sla el



\YoOY 39S 0 Jlod jo RCP glags jlw bl g Lo oo basled 6,55 gy

1908000
1900000

S. b=
g o g
x
i e :
- x -
5! 18
g g
Gl

3400000

')

Leoal
. _ 4
\ T daltae 3 3e olfiu!
N ) -
A * s e 5 0
SOy
' 0 20 40 80 120 11860
§ 1 R e—— lomaters 4 §
8 1100000 1400000 8

axlllae 3590 dilare - JSW5
Fig 1 -The study area
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Table 1- Extreme indices recommended by the expert group CCI/CLIVAR/JCOMM
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Table 2- Charachteristics of global climate model

Institute Modeling center (or Group)
g0 Sl 35

Country
S J U

Model name  Atmosphere resolution

ZTRIEVL Y

MPI-M  Max Planck Institute for Meteorology =~ Germany

MPI-ESM-LR  T63 (1.875'*1.875 ") L47

03] 0y93 ;5 GCM  (slinigls dnd pupus N5 o0 duylic
B9y Ol Wb oo il g S 00 plol dwglie gols ol
(sloo3s (CDF) a8 g2j55 o (2 dunlio 5, 55 (BCSD)
Slojdguyp S ;3 GCM 59,5 slaodly 5 Slwlio ol
S 93 52 > Jho Lok a8 0 Bbie (25 ol p g AL
s3SI S Slaat] 5 ol 0y93 53 Jao 0ad (gl slaedly
G dalllo ol 0 aSolan ang L (V) A5 o (gopm wlin
sboosls ool 5 )L 5 23l e s> slapad i ()
o=l il o wslite WSl slaadli b i sl i ls
O gy yly s dm s claodly wlode 5oy g bl
sbSas o kodly 5 i Mol BCSD g (s> (sl yadlis
Sy s YU S as wSls slod sl g Bud anddb calise
SN G 9 0B 485 115 > ol SSae Jile le
5 (,2510s) YU clacSio 5l S0y (gl owlize BCSD
A Jlee! (JBlas) b slaSas

2 oals ol alod pwlidoss) g loJue (298 <8l 5l g
329 (VoVE=YVe o) g (YoOV=Y VD) (Yo ¥5=Y 0+ ) oais] 090 duw
)3 > sl asls 355, RCPB.5 g RCPAS 4l 53 Lol
85 B sy 3yse oSyl olad (gl iyl

ouds ! BCSD bad (wbidojay Juo b3y
s RMSE (slajlne (olos (olidefn) Jie (2bj)) polate &

o (TMaXmoder) Jub jly> s )3 polie 5 0d awlxe NRMSE
5 dulis (TMaXgps) (Slaalin yolde b (TMaXp) (5515 Lms 5!

43,5 (2b))
” ;0
RMSE = Zi:l(xmodeu ~ Xopsi) "
n
y ** 100 (v)
NRMSE = [UnZ(Xm,,de,_i X Gro)

i=1

2- Cumulative Distribution Function

bl MiNICAM  gilw Jis 05,5 lawgs RCPA5 45,k
S8 slalds slajl8 51 sl il cuslly C)i 2 5 Cawl 0l
Sl a9 J)Lotgo wl) TyP yo u]9 ¥/ )l..\.O.p 2 Yyeo. JL»
5 Ol quutsl claaoly L ablio ¢ b1 Lials claculw 45¢5za
Al iy RCP 8.5 jlusl (gas)liuw yuw b jd yej0)S (glon
Ol an (ol cubbly & e Koy opl asldl a5 g y5b 4 .8,
clale pla opl ;5005 02100 Jlo o @ye yio p Slg AD
W9y GLizre g ok PPM Vev vl Gl a0 38T (3
Uiyl HASA (65,,LS slagiww 32U Ml yo duwge 5
(IPCC, 2014) cuol slasl>ls
g Bl claley aslia, (slaodly I calllas 550 ddlaio (gl
A5 odlazwl CORDEX 639y o wliojsy (slo 9,5 ¢3S las
s RCP45 (so)liw 93 5,8 L MPI-ESM-LR Jas (gly laodls
9 b_w‘s S d)i"(_)‘“’ L o.\igj u]).u.u Loy (o) dl).g RCP8.5
A5 el oanl el s Sl

(oasd ! BCSD (4iig,) Leu (ladpublado 3

O Sl londits WOIG ooi o8 (goges (535 slare
- ooldie gy diojls gl g odlatwl (glalats b (cladhaio sla i
La:di LSLQL;LH U Coo L;l"“’ dlm)b'é) J‘.o&] LU s u"l"’*’
) S T sl by, Al s (e sl elide )
089y 3 385 (2 3 303 2929 (S (83,5 sl Jae (oldl
Ll o3 oolazwl ‘_5)‘.9] u‘il""u“l““)")

oul CﬁLml '‘BCSD ohey
s ads o 93 (s BCSD (olos (wbiefny s )lel (i3,
dlie )l uoaal Al o 0 Bl e 0db W g g )]

S L il 0)93 )3 (GEM) (IS (55,5 Jae 00l (665 (0ke
Wl Slojoygd 9 SLSe Lulide o oud Sbad slaodly Jloj

1- Bias-Corrected Spatial Disaggregation



\YOO 39S 0 Jlod jo RCP glags jlw bl g Lo oo basled 6,55 gy

ples 3 pasld ol cte wg) (S (Sl slaj,
elmolSi) el 1gy ol 4 18l adllas 5,90 (glmolSi]
Al o yoline SLUS g el (s 0923 g s dion po
gy LnelSiun] plai 55 (TR20) (glo,ls (cloeads i Ladls
olize gy ) yodlS 5 (plE laolKiuws! o 5 aidh cute
L5l ) Sao jl eSSl glod & Hlaje) duoyd LAl o
gy bl s 3y clnjgy LialS euimdlis 4 (TX1OP)
Sy oS Hloges il I elRiwsl plos (gl (hie (g Iolixe
]33l gy (lyls oK) ded 53 55 (TXX) sl 3yl 3y
(TNX) ailjs, Sl (glos ilale diy Lasli 1l oo lobins o
ol 3o d oS Wsl o ]38l W) (gl aolSi] plas 4o
(6lod lale azeS A3l oo oline W) oyl olSiunl ylo )3 ol8

Aol e it e gl WolSiww] )3 (TXN) ailjg, iSlas

2599 g Loa gaa SLaad bl &l jiadS wd gy (hary 3
RCP4.5 (5 94yl puliwl 43 2076-2100

S9y 2 Bobges 5l g Relimdex lisle s (295 (ol
Sgyliw gy MPI-ESM-LR Ja_o aljs, (slod (slaosly
(SU25) sl i odal i Y+ V=YY -+ 0,93 ;o RCP4.5
plad o asli ol ceite a gy 5l (Ss  Sliwl slajs,
Sloyls slaccs slaws (adls asb o dadlles 5y50 (sloolSiww!
—an ) (Hg A Cite dgy LaolKiw] yiiy 43 (TR20)
gy oml dpde o g QMRS 92,8 gy Aile Lol
) St eSSl glod aS" olajg) duo)yd bl o (ie
gy bl o 3w slajey Lials saimslis a8 (TX10P) wsly
0a3Ld )13 SLUS g iy o 4y Lol plos (gl (ite
Sohline (yaan (e gy sl)b LaolKus! don jo 50 (TXX)
plos j (TNX) asljgy J8lis (slod ailale diniiy s s 0L oo
sl 3 s 15t o 4 o8 Al o (e g, (515 LoolSit]
s led alale aieS aiil o jhlie W) ol oK)
il o blize cuzo Wigy (gl WolSiuy! o (TXN) «ljo,

0,94 g9 Lea saa slagad Ll Ol ydd al gy (ot
RCP8.5 (5 g1 s (yulaal s 20262050
cyss s MPIEESM-LR Jie ljg, (slos cslmosls oy b
w9l g Relimdex )3 3le 5 5l eslai ol b Lo (i (slo yas s
Wb odnlie YeVE=Y 0+ 0)50 )0 RCP8.5 (g4,lw (slys o jlages
03l cpl Cute g, 1 (S (Sl sy, (SUZS) adls
5 A9y ol 48 2Bl e adlllan 3)50 Laoliu] ples 5
a3l il oo bline laigd 5 dpde Cup gl SloolSi

BCSD (i3, 5 bl (oloi (b (i) (b, -V Jgoa
X gy owliiled olKing] S Tas Oyl dx )d o Mo
Table 3- Evaluation of statistical downscaling method of
modified BCSD(Birjand meteorological station)

RMSE NRMSE

oo sy g1 3574
Model
04 uu)‘.)).v o )IA:\g)g
Post processing 3.6 20.05

7N+ 3l 3ieS NRMSE lude oS Sygo )3 by, 2bj,l )d8
7Y YL g bawgie AYe BV aogd Y B Ve o Jle
o ang b (Yo ollSan o gally)) 295 00 3590 cins 3L,
o w ) oolat wl dy50 Bgy (B3l p e y8 NRMSE 500
el 01 39l gt

0,94 g3 Lo saa slagadld &l il al gy (o 3
RCP4.5 (5 g3 L sl ys 2026-2050

S9y » B)bges S5l g Relimdex l8le 5 (293 (poll
ooyl ¢l MPI-ESM-LR Jas aljs, (slod (gL aodl
(SU25) jasli 5 saal i Y+ Y5V -0+ 0)53 > RCP4.5
plad o (adli ol coite a5l (Sls (Sl slajs,
Sy ol sl 25 nl Al oo adlllas 350 (slaoliy]
(TR20) (gloyls (slness o Lasls il o jloline 4,0
g iy by (oliun] 50 g Al Cute Mgy o] plodys
22> bl oo slias B9y pl SUUS g d)de Co b o923
S (TX10P) sl oo Sio jl y2aS yiSlis (glos &5 lajg,
Sl e (g blae 89y Bl o 35w (slajg) Bl oL
0L g (B3l 5l (993,8 ol 2 &) WaolKius] plos
gy glyhs oK) den j3 55 (TXX) Ladls ) 5 (slajs,
(TNX) aSljgy JBlas (slod wilale dipiuy s s .aib o (il
s oS y] 4S a3l e 3] gy eyl o] plas
(TXn) aslig) yiSlas (slod wilale dineS abl o Hloline Mgy (y]
Al e it s gyl olSzug) >

98 Gyl da g sua glagedld Ol juudld ah gy ooy p
RCP4.5 (5 g3 ylaeu (yuleul 43 2051-2075 o, 9a
9y 2 ylges B3l g Relimdex jl5dle s (295 bl
dy)h_.w dl)_s MPI-ESM-LR JJ.A 4)])9) U)|)> 4> ‘_gl.bb.)‘.)
(SU25) sl s odal e Y+OV-Y VD 0,95 ;o0 RCP4.5



AR ] — g F oylods FF b (S g T Wi VYOS

Gl dbla Sy (glbjgy LinlS odimd ol 4 (TXIOP) M3l 55 & atbld Cuto Mgy WolStun] )3 (TR20) eyl (slaad slis
b o ybolize yeudlS g ylhies w2 Sduo jl iaS wSlis glod &S Llajsy o yd bl o Jbolixe
_‘l
J |
ﬁ"-ﬁ:-! ’_‘~,~:-p puwpaey
s
ws
i i, o \ b ":‘ .n')w
— > A o '*~u- o
s
-
— o
-
; e {
SU25 TR20 o b : —~— I
TXx
Negetivn Trerd

v g aert Megetive Treved

Positive Trevd

;_y N g

- ) e
b
) /
o~ A — s - "“
ke s g o ( -t - o
- v < ~
~
- - -
lhe
TNx o i ) g
TX10P N TXn

(TR20) glo > sacwd dlusi (SU25) Sbimsli (sbrjg, dluxi « RCPA5 [wlw! 3 Yo Y=Y+ 0+ 5,55 ;5 bod (g g yad i -Y JSUW5
PS5l glod ailale diseS (TX1I0P) 3y (b9, (TNX) ailjey Jilus slod ailale dimivng (Wi o(TXX) dilj9, pSTas slod dilalo dimineg
(TXn) ail;g,
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Figure 5- Hot extremes indices (2026-2050), Summer days (SU25), Tropical nights (TR20), Maximum Tmax(TXx,) Maximum
Tmin (TNx), Cool Days (TX10P), Minimum Tmax(TXn)
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Introduction: Global warming causes alteration of climate extreme indices and increased severity and
frequency of incidence of meteorological extreme events. In most climate change studies, only the potential
trends or fluctuations in the average long run of climatic phenomena have been examined. However, the study of
affectability and pattern change of extreme atmospheric events is also important. Changes in climatic elements
especially extreme temperature factors have a significant influence on the performance of farming systems.
Accordingly, understanding changes in temperature parameters and extreme temperature indices is the
prerequisite to sustainable development in agriculture and should be considered in management processes.
Investigation of extreme values for planning and policy for the agricultural sector, water resource, environment,
industry, and economic management is important.

Materials and Methods: To evaluate the extreme temperature indices trend, some indices of temperature,
recommended by the CCI/CLIVAR Expert Team for Climate Change Detection Monitoring and Indices
(ETCCDMI), were considered using Rclimdex software. In this study, daily minimum and maximum
temperature data retrieved from MPI-ESM-LR global climate model were used to predict future climate extreme
events over the next three periods of 2026-2050, 2051-2075, and 2076-2100 based on IPCC scenarios of RCP4.5
and RCP8.5 of the studied area, covering South Khorasan province and southern part of Razavi Khorasan
province, located in the east of Iran. The modified BCSD method was used to downscale extreme temperature
data.

Results and Discussion: Results showed an increasing trend of warm climate extreme. According to the
output of Rclimdex for RCP4.5 scenario in the period of 2026-2050, it was observed that SU25 index, summer
days, has a positive trend at all studied stations. This index was found to be significant and increased at all
stations in the mid-term future period, and it had an increasing trend in the far future period, which was not
significant. The number of Tropical Nights (TR20) index had a positive trend at all. In the mid-term future
period, there was a significant increasing trend for some stations, while there were some negative and
insignificant trends at some stations in the far future. The maximum monthly daily maximum temperature (TXXx)
and the maximum monthly daily minimum temperature (TNX) indices also had an increasing trend at all stations,
and the mid-term future period had a significant increasing trend, while the trend was decreasing in the far future
period. Results for temperature extreme indices under RCP8.5 scenario showed that SU25 index had a positive
trend at all stations studied in the near future, mid-term, and far future period. Index of tropical nights (TR20)
had an upward trend, which was significant in mid-term and far future periods at most stations. Percentage of
days in which maximum temperature is below than 10™ percentile (TX10P), indicating a decrease in cold days,
had a negative trend for all stations in the near future period. In the mid-term and far future periods, this trend
was significant at all stations. The maximum monthly daily maximum temperature (TXx) and the maximum
monthly daily minimum temperature (TNXx) indices also had an increasing trend at all stations and all three
periods, and the trend was significant in the mid-term future.

Conclusion: Minimum and maximum daily temperatures of MPI-ESM-LR global climate model were used
to predict climatic extreme events during three future periods of 2026-2050, 2051-2075, and 2076-2100 under
RCP4.5 and RCP8.5 scenarios at some stations located in South Khorasan province and southern part of
Khorasan Razavi province. During the three studied future periods, extreme temperature indices changed
significantly. The results showed that in both periods over the future years under the both scenarios, hot extreme
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indices would increase and cold extreme indices would decrease. It was observed that hot extreme indices, such
as summer day index, the number of tropical nights, warm days and nights increased, while cold extreme indices
had a decreasing trend in the period of study, which shows a decrease in the severity and frequency of cold

events.

Keywords: BCSD, Climate change, Climate extreme events, Maximum temperature, Minimum temperature
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Figure 1- Location of GPS stations used in this study
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Station number Station ID MBE RMSE R
1 ABDN -7.24 7.60 0.94
2 ABRK -2.03 2.74 0.93
3 ABSD 0.07 1.19 0.96
4 AHAR -2.13 2.79 0.97
5 AHVZ -6.51 6.92 0.94
6 AMND -1.88 3.01 0.91
7 ARDH -0.85 191 0.96
8 BAFT 0.05 2.19 0.91
9 BEBN -5.11 5.59 0.95
10 BIAJ -2.73 3.53 0.95
11 BIJD -1.88 2.61 0.92
12 BNAB -1.97 2.76 0.96
13 BOJD -2.22 3.36 0.95
14 BRMN -1.21 2.33 0.96
15 CHSM -2.64 3.25 0.95
16 ESFN -2.07 2.73 0.96
17 FARM -1.37 2.46 0.95
18 GONA -2.69 3.28 0.94
19 GRGN -4.41 5.18 0.98
20 ILLM -2.15 2.71 0.94
21 KADN -0.08 1.98 0.94
22 KLBR 1.11 2.06 0.97
23 KRAD -1.98 2.63 0.94
24 LAMD -4.48 5.72 0.94
25 MAVT -4.30 5.12 0.96
26 MSHN -0.85 2.20 0.95
27 ORYH -1.90 2.68 0.96
28 POLD -2.84 3.62 0.96
29 QAEN -2.11 2.61 0.96
30 QUCH -1.43 2.97 0.93
31 RAVR -2.82 3.57 0.91
32 SABZ -1.94 2.86 0.94
33 SAFI -2.42 3.19 0.95
34 SARK -3.71 4.38 0.95
35 SFHN -1.66 2.52 0.92
36 SHRN -2.89 3.82 0.95
37 TEHN -1.53 2.47 0.96
38 THED -1.83 2.55 0.95
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Figure 2- Frequency histogram of correlation coefficient values between GPS PWV and MODIS Near-IR PWV data over
2011
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Figure 3- Comparison of a) bias b) RMSE and c) correlation coefficient of MODIS Near-IR water vapor products on Terra
satellites (red dots) and Aqua (blue dots) compared to GPS PWYV calculated in 38 stations of the country
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Table 2- Statistical comparison between GPS PWV and MODIS Near-IR data from Terra and Aqua at different stations over

2011
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Table 3. Statistical comparison between GPS PWV and MODIS IR PWYV during day and night for all stations over 2011.
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Figure 4- Comparison of a) bias b) RMSE and c) correlation coefficient of MODIS IR water vapor products during the day
(red dots) and night (blue dots) compared to GPS PWV calculated in 38 stations of the country
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Table 4- Compatrison of performance of MODIS water vapor products in IR and Near-IR bands during the day compared to
GPS PWV data over 2011
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Introduction: Water vapor, as one of the most important greenhouse gases in the atmosphere, plays a key
role in hydrological cycles, climate change, and the global climate. Many parameters for the expression of water
vapor in the atmosphere have been proposed by meteorologists, one of which is Precipitable Water Vapor
(PWV). There are many ground-based and space-based methods to measure PWV. Meanwhile, radiosonde is
considered as one of the most common and traditional tools for measuring this parameter. However, low
temporal resolution, high cost, and lack of uniform coverage across the globe are some of the limitations of this
technique. In the last two decades, GPS Meteorology due to unique features such as usability in any weather
conditions, long-term stability, continuous observations with very high resolution, low cost, and PWV estimation
with an accuracy level of about 2 millimeters has received a lot of attention. Although radiosonde and GPS are
precise methods for estimating water vapor in the atmosphere, their observations are limited to the land. While
satellite remote sensing methods can provide continuous observations of the distribution of water vapor on a
regional and global scale. MODIS is one of the sensors capable of measuring atmospheric water vapor
measurements, which is onboard the Terra and Aqua satellites. However, PWV products obtained from remote
sensing data should be evaluated with respect to the reliable in situ data before application. The main purpose of
this study was to use PWV estimates obtained from ground-based GPS receivers in order to statistically evaluate
the accuracy of MODIS water vapor products in IR and Near-IR bands and different times of the day over Iran.

Materials and Methods: The MODIS sensor, which is on board of the Terra and Aqua satellites, is able to
provide water vapor products in the IR (both night and day) and Near-IR (day-only) bands. In order to evaluate
MODIS PWYV products over Iran, one year data of high temporal resolution GPS PWV values in 38 different
stations in the country were considered as reliable values. For statistical analysis, water vapor values were
extracted from the pixels with cloud-free conditions. Also, among the cloud-free pixels, that with the closest
distance to the GPS station was selected. Moreover, the corresponding PWV values of GPS and MODIS with a
maximum time difference of 10 minutes were selected for comparison.

Results and Discussion: Initially, Near-IR PWV products were assessed separately for Terra and Aqua
satellite data. The results showed a good agreement between the two sets of PWV measurements. The correlation
values between the GPS PWV and the corresponding values of the MODIS Near-IR products varied in the range
of 0.90 to 0.98. Average bias values indicated that MODIS Near-IR overestimated PWV in comparison with
GPS over Iran. In addition, a comparison of Near-IR water vapor values extracted from Terra and Aqua datasets
separately showed that the data quality of both satellites in this band is almost at the same level in terms of the
correlation coefficient, average bias, and RMSE. In the next step, the MODIS IR PWV products were evaluated
separately during the day and night with respect to the corresponding values obtained at the GPS stations. The
maximum correlation between GPS and IR PWV products during the day and night was 0.7 and 0.64,
respectively. Furthermore, the average bias of MODIS IR PWV data in the study area for day and night was
found to be -0.38 and 3.11 mm, respectively. In other words, MODIS IR PWYV products in the study area had, on
average, a positive bias with a small amount during the day and a significant negative bias during the night. On
the other hand, a comparison of daytime MODIS IR and Near-IR water vapor products revealed that the quality
of IR PWV data was significantly lower than the Near-IR band and requires a suitable calibration method.

Conclusion: The results of this study indicate that the MODIS Near-IR water vapor products had a high
agreement with GPS PWV values with an average correlation coefficient of 0.95 in the study region. The mean
bias and RMSE error of (GPS-MODIS Near-IR) PWV differences were -2.2 and 3.3 mm, respectively. A similar
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analysis of MODIS Near-IR PWV data from the Terra and Aqua satellites showed that almost both sets of water
vapor data had the same accuracy. The average bias values of the MODIS IR PWV data compared to the GPS
PWV for day and night were also investigated. Results showed that in the study area, MODIS IR products had a
small positive bias during the day and significant negative bias at night. Examining the efficiency of the daytime
MODIS water vapor products during the day, we found that the accuracy and precision of these data in the Near-

IR band are much better than the IR band. Therefore, proper calibration should be made before employing the IR
band.

Keywords: GPS, IR band, MODIS, Near-IR band, PWV
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