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Figure 1- a: Full Irrigation, b: Partial Rootzone Drying
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Figure 2- Sample of planted crops in pots
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Tablel- Chemical properties of used water
Chemical properties o boss <baS 5

ui ColS

L EC»s  HCOs SO4 Mg Ca K Na Cl
Water quality  pH 1o/ (meg/l)  (meg/L) (meg/l) (meg/l) (meg/l) (meg/l) (meg/L) SR
Freshwater oo o1 8.2 12 7.8 17 28 44 0.6 4.1 24 173
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Table 2- Some of chemical and physiological properties of Soil

SB el S eyl AL J& o, S o
Soil texture  PH  Electrical conductivity Bulk density Clay  Silt  Sand
dsm? gem3 %
(S1) (ow) st 7.85 1.25 1.34 42 50 8
(S2) g 7.58 1.46 1.1 30 33 37

(S3) s pd  7.64 1.35 1.47 16 30 54
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Table 3- Mean comparison of interaction of irrigation methods and growing bed
on growth and yield properties of Quinoa

Syl Sl 2,132 059 wboles  algp el njy  Aliw o9 Ew)!
Treatment 1000 kernel weight  Grainyield  Shoot weight  Panicle weight  Plant height
S1FI 433a 2122 a 21.97b 28.19b 9298 a
S2FI 37e 17.98 e 20.35d 23.79d 87.19b
S3FI 4.24b 20.8b 23.82a 23.82d 77.09d
S1PRD 3.92¢c 19.19¢c 18.71 f 21.82e 79.14c
S2PRD 3.85d 18.77d 21.29¢ 25.72¢ 91.97a
S3PRD 3.3f 1595 f 19.67 e 28.88 a 76.3d
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 4- Mean comparison of yield and yield components of Quinoa plant
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(S1) sy (st 3.78b  184b  217a  2634b 057b  76.7c 45b 2.9b 10.7b 45b
(S2) (o) po) 378b  184b  208b  247c  059b  896a 6.0a 30b 10.8b 72a
(S3) s pgl 412a  202a 20.62b 27.09a 075a 86.06b 6.0a 34a 119a 6.5a
FI Jglo ()bl 4.04a 19.7a 214a 25.2b 0.67a 84.35a 54a 33a 118a 5.8a
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 5- Analysis of variance of yield and yield components characteristics of Quinoa
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2 -
Skocd - . . . . . * wox * .
] &l 2 0.3 6.7 3.2 4.4 0.06 266.2 45 0.4 2.7 115
Soil texture
. “”_L”' 9 0.7 18.7 20.9 0.2m 0.02 48.5 2.7 0.8 5.6 6.7
Irrigation method
Obgy # S cdl
! 2 05 119" 111* 523" 0.0002" 137.1" 04™  0.002 03" 15m
Soil texture *
Irrigation method
. 12 0.001 0.04 0.1 0.1 0.002 1.1 0.5 0.01 0.2 1.0
Error
u"g\;"’"’ 1.8 1.9 1.6 2.9 7.8 1.2 12.8 33 3.9 16.5

&b sme pac ™ g (significant at 5 % levels) oy 0 Jlasl pmaw )3 (5l iz * (Significant at 1 % levels) ao s G Jloas! mdaws )5 (g)ls ime **
(non-significant)
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Introduction: Since the agriculture is the main water consumer, it is necessary to increase water use
efficiency. As a management practice, deficit irrigation strategy is applied to cope with water shortages,
especially during drought periods. A greenhouse experiment was conducted to investigate the impact of water
and salt stress on Quinoa plants (Chenopodium quinoa Willd.), Aly et al (2) showed that quinoa plants can
tolerate water stress (50% FC) when irrigated with moderately saline water (T1 and T2, respectively). The
results of some studies showed that Amaranth was the most responsive plant to water. Quinoa showed the best
performance in the treatment with the upper-middle water level among the other evaluated species. Millet
showed thermal sensitivity for cultivation in the winter, making grain production unfeasible; however, it showed
exceptional ability to produce biomass even in the treatment with higher water deficit. Water stress can affect
plants by reducing the plant height, relative growth rate, cell growth, photosynthetic rate, and the respiration
activation. Cultivated plants have several mechanisms of adaptation to water deficit, but the responses are
complex and adaptation is attributed to the ability of plants to control water losses by transpiration, which
depends on the stomatal sensitivity and greater capacity of water absorption by the root system, among other
factors. In PRD method, half of the root zone is watered and the other half is kept dry intermittently. The
objective of this research was to study yield and yield components of Quinoa (Chenopodium quinoa Willd.)
Titicaca cultivar, using PRD irrigation method in three growing bed, under greenhouse conditions.

Materials and Methods: This research was conducted to study the effects of water stress on yield and its
components of Quinoa under the different growing beds in the experimental research greenhouse of Ferdowsi
University of Mashhad during 2018. Titicaca cultivar of Quinoa was planted and experimental design was
factorial, based on complete randomized design and three replications, included two irrigation managements (FI,
full irrigation and PRD, partial root-zone drying method) and three levels of growing bed (S;, silty clay, S, clay
loam and, Ss; sandy loam). Research station is located in north-east Iran at 36° 16' N latitude and 59° 36' E
longitude and its height from sea level is 985 meters. The seeds of Quinoa were planted at a depth of 1.5
centimeters in the soil of each pot and were irrigated with tap water. Plants were harvested after 4 months and
plant height, branches number, panicle number, thousand kernel weights, grain yield, biomass; steam, leaf, and
panicle dry weight panicles were measured. Physical and chemical properties of irrigation water and soil were
determined before the beginning of the experiment. The obtained data analyzed using the statistical software of
SAS (Ver. 9.4) and the means were compared using LSD test at 5 % percent levels.

Results and Discussion: Results showed that the highest plant height (84.4 cm) was in FI treatment and the
shortest plant height (82.5 cm) was in PRD treatment. The highest and the lowest 1000 kernel weights and grain
yield were measured in FI (4.0 and 19.7 g per plant) and PRD (3.6 and 17.7 g per plant) treatments, respectively.
With a 50 % reduction of water in PRD compared to FI treatment, 1000 kernel weights were decreased by 9.1%.
Grain yield was decreased by 10.2% (changing from FI to PRD). The highest and the least grain yield (20.2 and
18.4 g per plant) were obtained in S; and S5 soils, respectively. Silty clay soil with 1000 kernel yield of 4.12 g
had higher than clay loam and sandy loam soil, which produced 3.78 g and 3.78 g, respectively.

Conclusion: In general, the effect of the PRD irrigation method on reducing water use in the greenhouse
production of Quinoa was positive and recommendable. Silty clay soil with 1000 kernel yield of 4.12 g had
higher than clay loam and sandy loam soil, which produced 3.78 g and 3.78 ¢, respectively.

Keywords: 1000 kernel weights, Deficit irrigation, Greenhouse conditions, Panicle and grain yield, PRD
method, Quinoa
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Japaswe ob Cultivation area of D Cultivation area of G Cultivation area of F
Product’s name S KW i oy S KW
ha % ha % ha %
é_;ﬁ 54555 66 78503 66 56775 67
Rice
_L;,'),L:S Ly 308.59 0.38 12.30 0.01 654.58 0.78
Agricultural beans
o 108.94 0.13 0.99 0 235.61 0.28
Watermelon
s 181.52 0.22 2259 0.02 219.60 0.26
Clover
e P 910.08 112 0.02 0 1.95 0
Groundnut
st 1553.41 1.90 100.48 0.08 841.69 1
Tea
el 23997.47 ~ 39610.62 B 28855.57 B
Others**
S ol 81615 118250 84314
Total area

* The values are the ratios to the total area of the basin.

** Wheat, barley, legumes, fodder crops and vegetables
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Table 2- Number and area of the reservoirs in the developmental areas
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Command area Number of pond Pond area Storage volume (MCM)
F 399 1167.11 11.67
G 116 1531.29 15.31
D 110 3949.33 39.49
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Table 3- Specifications of renewable energy plants in Guilan province

Nl
26958 U sy dlaes Nominal Average Gross Technical Plant operation
Name of power Number power practical production consumption hours
plant of units power
olglKe gl Celw Slgsls i celw
Mw Mw 1000 Kwh hr
29t e 5 88 88 124895 624 1622
Sefid-rud Dam
Jizie o3b
Wind power 1 92 92 115526 0 _

plant of Manjil
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Table 4- Specifications of non-renewable energy plants in Guilan province
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Figure 2- Long-term average monthly net water requirement (million cubic meters) All required nodes under the reference
scenario (regardless of nexus perspective)
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Figure 3- Difference of net water requirement by considering the linkage approach, regardless of the linkage approach (cubic
meter)
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Table 5- Annual net water requirement (MCM) all demand nodes in the study range up to 2020

2016 2017 2018 2019 2020

SV 259 Oa 2113.026 1819.634 2136.954 2050.667 2275.556
Without Nexus approach

g 3555 b 2121.670 1828.291 2145.952 2059.421 2284.292

With Nexus approach
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Figure 4- The difference between the water requirement of the network and the non-energy sector
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Table 6- The values of delivered water and the requirement of network for medium-long term 2014-2014 (MCM)

S 35559) 9k

A ) _ 1603.188
WS 4 s o S Without Nexus approach
Total water delivered to the network SV 2,59, b 1611.700
With Nexus approach
_ g 355295 O9% 1736.206
& e 4 4 b lade Without Nexus approach
Water demand g 3N b 1744.718

With Nexus approach
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Figure 5- Difference of supplied water compared to non-consideration of the energy sector
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Table 7- Annual Water Supply (MCM)
2016 2017 2018 2019 2020

S 2,29) O
Without Nexus 1349.7 1225.8 1275.1 1218.6 1399.6

approach

S 2,59, b
With Nexus 1358.4 12345 1283.7 1222.4 1407.5

approach
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Figure 6- The difference of unmet demand compared to non-energy sector
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Table 8- Water shortage amount in the form of a long-

term monthly average compared to energy sector
consideration (MCM)

S3a9liS
Agriculture
DS’ by S T T
Consumer Foumanat Central East
| 25 o 55798  136.176 117.571
Without Nexus approach
g 25529, 55.811  136.431 117.680

With Nexus approach
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Table 9- Monthly changes in the storage volume of the Sefidrud Dam as a long-term average (MCM)

92yt
Scnario

Oct Nov Dec Jan Feb

Mar Apr May Jun Jul Aug Sep

3,508 (s
SHm 1161.1
Without Nexus
approach
GV 2,509, b
With Nexus
approach

11525 11499 11222

1159.7 1151 11454 1120.6

11418 1163.5

1140.2 11619 1225

12259 12865 12942 12727 11645 1169

1285.7 12935 12722 11635 1167.7
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Figure 7- Difference between evapotranspiration values in both Nexus (energy considerations) and without Nexus (without
energy)
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Introduction: Implementing Integrated Water Resources Management requires balancing conflicting goals,
and the effects on developing countries, which have a poor institutional capacity for change, and suggests a
slower pace of integrated water resources management. The growing population of the world, especially in
developing countries on one hand, and the need to provide food for this population, on the other hand, have not
been the result of overreaching of resources. In this manner, the continuation of an untapped harvest of resources
will endanger the sustainability of the region in the near future. Food production is largely depending on the
water so that 70 to 80 percent of the water extracted from resources is consumed for irrigation, which is the
reason why irrigated cultivation is regarded as inefficient consumers. Understanding how to extract, manage and
consume water is the key to solve this problem. On the other hand, the health and safety of communities and
agricultural production require energy. Principally in irrigation, it is not possible to extract water without
consuming energy. Seeking to establish the goals of the third millennium of the United Nations, researchers have
presented a variety of interdisciplinary approaches to achieve a dynamic balance in the food production and
consumption of resources, most notably the approach of Water, Energy and Food (WEF) Nexus. Considering the
limitation of the resources which is increasing day by day. This approach causes productivity increase by
integrating water, energy and food cycles. Managing water, energy and food, despite the inherent systemic
differences, are very similar, due to the close relationship between the system perspective and their interaction
with each other, a new concept is now called a Nexus approach. This viewpoint describes the interconnected
nature and the interplay of the three sectors.

Materials and Methods: This research was carried out in Sefid-Rud dam Irrigation and Drainage Network.
Sefid-Rud basin is located in the Guilan province, which is benefits from high precipitation, but factors such as
dams construction in the upper reaches of the Sefid-Rud dam, the timely inconvenient precipitation and the lack
of infrastructure to harvest the runoff, causes water shortages in the area. It is worth mentioning that 50% of the
Guilan households have engaged in rice cultivation and more than 70% of the lands are located in the irrigation
and drainage network of the Sefid-Rud dam. Hence, reducing rice cultivation in this region will have a great
impact on economic and social life. Managing a Nexus approach to provide WEF security requires integrated
and analytical approaches that can identify cross-sectoral exchanges, cost-effective planning, policy, and strategy
management. Therefore, in this study, WEAP and LEAP software were used for managing water and food
resources and managing the energy sector in Sefid-Rud irrigation and drainage network, respectively. Then, the
integrated water resources management in the area was addressed by establishing a linkage between these two
applications. In the first part of this study, the parameters output such as net water demand, water resources share
for each demand node, unmet demand and the coverage regardless of the energy sector were compared.

Results and Discussion: The results reveal that the annual water requirement of the Sefid-Rud irrigation and
drainage network in 2016 with the NEXUS approach estimated about 8 million cubic meters more than the non-
NEXUS approach. Agriculture is the most water-consuming node in the region and there are lots of
dependencies on rice cultivation as the most water-consuming crop in the Guilan region. The next step aims to
balance the supply and demand, the unmet demand at the agricultural section in the Foomanat, Central and East
areas under various management scenarios. These scenarios are including dredging, increase the efficiency of
transmission and distribution channels of irrigation and drainage networks, and eliminating unauthorized wells
were evaluated.
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Conclusion: By examining the results of the applied management scenarios mentioned above, the 30%
increase in the efficiency of transmission and distribution channels of irrigation and drainage networks in Sefid-
Rud has the greatest impact on meeting the demand and reducing the unmet demands of triple areas. As a result
of the 30% efficiency improvement scenario, decrease the agricultural demands of the Foomanat area, the central
area, and the east (about 29.1, 84.5 and 62.1 million cubic meters, respectively) more than the reference scenario.

Keywords: Guilan province, Integrated Management, Nexus Approach, LEAP, WEAP
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Figure 1- Position of the study area
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Table 1- the properties of used soils in the study

S’ cal Sl (weyd) vy (o y8) oy (e y5) cdpw
Soil texture Number Clay (%) Sand (%) Silt (%)
Pl Jilas Sl NEIKES PSSl Jilas
Max Min Max Min Max Min
£yl 9 17.6 25.7 26.2 50.3 28 48
Loam
sy P9 5 27.2 31.6 24.4 36.4 34 48
Clay loam
po) (sihow 1 25.4 25.4 24.6 24.6 50 50
Silty loam
il oy pol 4 314 35.6 14.3 18.6 46 52
Silty clay loam
5 pg) 2 17.4 19.4 56.6 58.6 24 24
Sandy loam
5 ) po) 1 33.6 33.6 48.3 48.3 18 18

Sandy clay loam




1A Sl o)l = 30588 O oyleds PPl (S g Of 4 i5 Yo

O9i wlade Jole (¥) 5 (V) ladhsleo 3l oolasiwl b .l Sl
hoslar wl Ly ca liseo 3905 (sladlsleo g A 5 S (5ly 0a 5 05 S
el Coawd 4 ;5 slaalslae

S
asj' = (_;j‘

()
)

a,.
4

— i1z
~ &
(VA §30 ) Cal Jlis]

4 (0a) g (05) 5 edlaal b wlg o (Iy) (rem0 3985  xie

(v)

)
e olej g (o208 398 iy 4 BT 9T daalal) ol o
5 (Bg) wsin (Bm) olas Lol 9 @y Ag olds
- gl (loj 5 3985 ¢l ol &5 L (A ) Sigele

= al

Dgud

S 93 Jhe b calio job 4 (K6 jo 3 lgi 1) d9&5 S
il i MolS la e b.:])_w 5 (\ 4_];,_3])) 55 Gy Culid
an 1ol oad i pwlade JSG 3 balSe dan 3485 Cunoguad
9 oy (1) Ay )90

N
olel (ilsiage 5l odlitl b ppizmed (say oo (sl g8 lé( |
siiaobie 5515 (A) 5 (¥) bl oozl b o abns
gsame JSl5 0,5 il b 398 (alosl 2 sl (@ope) ante
0Slie 3985 g (I7) 0 s ol 3985 (o SSE) las o

9o dpslns (1) Ay b (A 5 S iy o T)
SSE = Z:(I7- I+)? ()

I* = S§t**? 1 Ar+

21y 395 Gialejl oy U5 alie dem ggazme ool 50 &S

UM |) .)9.0; qua)i)lb)b Lg’L") dLZbO)L J u»)..\:l 9 .))af‘_sﬁ))
S e

Sualgadiag 4 g,
aolee (il wlie (gl din g 00l by S Buiivs opl 4o
&S ko dg5 Aslee (gl yialyl Tl ¢ hgy oyl 5> b &3] Culid
aoply gd o0 pasuie 398 o0 0l (Ipg£) gy D98 (Soxia
ul_A) gi_s Lﬁ])—’ o.))_f .)9.0) u] d_o.c squc)i bl )JL» d‘).:

G Jao
e Jo oS amd e (L5 (liors 1 (6l Sl ol
S985 Sloj Slogad cinog (sl ol 39 (dnk b ok
O3Sy Cagw Jdd an Jae cpl sl o S e ol
3585 ) ot 2 ypo an |y o) Wil oo &Sl 5 el )y
3985 Joce (V0) Camsl 50 L5l S ol Sl 5 res
(VV) conload Glo j @yt culd Si290
I=5t% 4+ At (\)
o s cgy3) S (mm) ST 3gis LS | alal, ol 5o
0 d985 sl el )l (Mm/min sl o p5) A 9 (MM/min®>

2L

bl dalas (5 jlupulillo s g2 90 slagh gy 2 SH9

oy polyS e daly e (il plide (Lol San
Jdlse 31 oolital Ly gmpe SLs Ly Lasetio ol oS5 0 S
Sl (yp 2 @9 9L 4 Silogeliie (V) Cunl uolde
155,548 Ll 390 (Byme |y arlite clalae 4y b a S
A dylie ki (5 ] a8 S g _oSug Ss kil &S
WS (o0 (38 (S datule Job 4l alacuns S o b

ladox 93 Juo sl jiehl (3,5 dm o S olul
(VY 5 7)) baogs (JLil Joole) A g (o] i g0) S lid
S ygb 4 b el

£ o
/ (v)
9
A A."
‘E‘:.'Z ‘;::.'1
/ (v)

S Glvgad | gliasuie Job A jalyl daly ol 5
34 ol islojl 3)90 (slaalati o)l | uagiyp; g Cowl dilaie
as oS ol (gldlads o)lods I juygiyj g Ldgy abas YV langls (]
9uiul.»_,.4>9..a> Ja_w}m) Caol 00 A_J)f)]a.»)b & u|9~°
A ol 34 ookl oy wlize slalawre aus ) 5l ST.(SB
09 whie Jole il wnled Slusy polie gl ¥ o Y doles jo
P4 25 0 (S Spgeo ol 4 O smy

a:ilz

B i ()
OBy S 15 3L g e SIS aasetio Jobo A dlly ool 5

B hi



YV Gl 3ai ol (5 3lw e cilisio gl shgy (2 3]

348 Jao sla yiol ybs (paads

I 4y o lises bla o oad 6,50 jl0l mends Dga5 (glaodld
A 9S Jio glapel)ly wlupe Jilis B9y L g ad (3l ulid
(mm/min®®) (S) Ol Lis coys ol Hlade el couws 4
(mm/min®%) (A) Jlas! coyo yiol)ly Hlude o A/FF o ¥/¥F 0
O s A e L3 ]y (A) JS! oy g (S) O il
e (A) 5 (S) sabley (o chinss oy sosims s RE = <18
ool s (V) elgpewlas ¢ (olyge 5 (V) ohyKen ¢ (bbb
a5 055 JLanl o psd g Ol cupd o (6 bxe dayly &S
Sgpian ol g Cia cops o dbaly (V0 Lewdl e
5 (10) ghlSen 5 Jlgzle a5 Jlo 3538 ol i gl
A Glade (ol LS Hlude Lilidl & fles (YA) o, Ken o Loyl

les,S )5S

Jse sLa ol 1y suaaulio
PA S polie o580l 6pw VY slaodls 5l oolitwl b

(O&L“") &2y (e sla el ke ‘c_s—““““’l"’)T sleglSe
oolaie calise gla g,y 3l edliw] b 39i (sla s b duwlre
bla s o olis Py @y, @n @ @m g s ol
3 oeSlee (e i 3 gy s el 0dd (g lide
@ Cons |y (ine bl (an) olol 2 g olide oS Jb 5 o)

A3 ged LS (1Sl D95 Sxie

¥ 5l e 03,5 3985 Ol (es I Baios (pl 3 4S) (Eg) pasuie
=l (3 g FS) olide Jole o] cund 4 (w5 odlazul ceelu
4 k5 )50 )lg8 3 (Bg) pasdie Gloj 5l ug 03,8 385 o (3es L

Dy led x 10 4lgi 3 asudie loj jl s 03,5 Dgd 91 (Bos
I; _ SE'EE'E+AE'ES (\\)

li o)l @8y 2 an bgpye (olido 5516 Fi oy ol >

(Es) pasite Gloj Sl m 03,5 3988 O Bas (512, ...0)
4B, i ) iB VEe byl Gaios ol ) o)l L e il
@l > et Gloj 3l ey 03,5 35 Of Gos Tae 5 (5
a2 ye e Hlgis ot 5:0ke S985 Ablee gl il S g Ar
LU 1 Sy sl (Ts) o yoluio 3985 ke o )3 ikt

F,

=i

- 0.5
IREIf 5?-1:3 +4 »Lz

bl plyp iolejl 5590

I, = F, (5t*° + At) (')
22 Gl (Bai g Asi) 0ad el S8 sl el iopen

3b e pj Oy 4 (k! asdly) dlais

S =FuS, Ay = F4, (O7)
3 35 ol 3 03 ety il liie g, (2L sl
Slee 4y 5 (MBE) s Bl 0o ¢ (RY) e s
2 odlatwl (RMSE) s cilayye

RMSE — JZ?:l ':zreferenc:_zscaied:'z ()
MBE = %E;;l[zrafaranca — Z grated) (%)

01 6y iSeJil (s mans do o = SrEFETERCE ] s i
1) Lﬁb.}l.} .)‘.\_’5 n 9 OMU»LM L.F’“Q'?U .39.&) :Zscaled s(é>).o m)

016 o
£ VERTTA L AP e oo
= e =
£ 0.12 Resede) =2
E -
-g_ q} 0.08
> 3
£
> M
S 4 004
v
=
2 0
® 0 2 ‘ 6 8 10
= DO o b
Sorptivity (mm/min®5)

adllbne 3,90 LU JUI oo 9 e i ot ety -V IS
Figure 2- Relation between sorptivity and transmissivity parameter in study area
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Table 2- Results of statistical indices based on different scale factors
Lo ,o518
o 5 RMSE MBE R2
Scaling factor
0A 0.043 +0.00029 0.858
os 0.064 -0.0071 0.872
nf;.t 0.049 -0.0041 0.932
wly 0.047 -0.0017 0.905
al, 0.046 +0.0033 0.927
aopt 0.005 -0.0011 0.992
Fs 0.006 +0.0019 0.999
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Table 3- Statistical characteristics of the scaling factors and their correlation with scaling factor F;
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Scaling factor Mean  Standard deviation  Coefficient of variation Range  Correlation coefficient
oA 0.93 0.32 35 0.51-2.34 0.44
g 1.03 0.40 38 0.51-1.41 0.93
B 0.99 0.29 29 0.62-1.53 0.91
G 0.95 0.28 29 0.59-1.50 0.87
B 0.92 0.28 29 0.53-1.49 0.80
Gopt 0.95 0.20 18 0.65-1.37 0.96

Fs 0.98 0.19

18 0.70-1.44 -
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Table 4- The results of Statistical characteristics based on different reference curve
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1 0.0086 0.9890 +0.0041
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18 0.0050 0.9902 +0.0019
22 0.0052 0.9925 +0.0022
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Table 5- Parameters and scaling factor of the infiltration for 15 soil samples of Mehrabi and Sepaskhah data

S ol Qe g JU! g 55 (Fs) olpilo 9516
Soil number 5(em min~"%) A(em min™?) Scaling factor (Fs)
1 1.038 0.004 0.737
2 0.289 0.009 0.288
3 0.429 0.017 0.465
4 0.319 0.009 0.308
5 0.648 0.026 0.707
6 0.736 0.022 0.725
7 0.755 0.164 2.717
8 0.418 0.033 0.625
9 1.017 0.049 1.195

10 0.727 0.049 1

11 0.417 0.073 1.042
12 1.049 0.178 2.561
13 0.424 0.069 1.012
14 0.483 0.044 0.783
15 0.903 0.144 2.109
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Figure 7- Cumulative infiltration curves of 15 sites over Mehrabi and Sepaskhah data
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Introduction: Infiltration is found to be the most important process that influences uniformity and efficiency
of surface irrigation. Prediction of infiltration rate is a prerequisite for estimating the amount of water entering
into the soil and its distribution. Since the infiltration properties are a function of time and space, a relatively
large number of field measurements is needed to represent an average of farm conditions (Bautista and
Wallender, 1985). In recent years, researchers have proposed methods to reduce the requirement of the regional
and field data in order to describe water dynamic in the soil. One of these methods is scaling which at the first
was presented by Miller and Miller (1956) and developed on the similar media theory in the soil and water
sciences (Miller and Miller, 1956; Sadeghi et al., 2016). According to similar media theory, soils can be similar,
provided that different soils can be placed on a reference curve with ratios of a physical characteristic length,
called "scaling factor". The objective of the present study was scaling the Philip infiltration equation and
analyzing the spatial variability of infiltration characteristics by using minimum field measurements. In this

research, a new method was presented for scaling infiltration equation and compared with previous methods
scaling including: based on sorptivity (zs), transmissivity (z), the optimum scaling factors (e.,.) arithmetic,
geometric and harmonic.

Materials and Methods: The basic assumption of scaling through this method was “the shape of the
infiltration characteristics curve is almost constant despite the variations in the rate and depth of infiltration”.
The data required for infiltration scaling were a reference infiltration curve (whose parameters are known) and
the depth of water infiltrated within a specified time period in other infiltration curves. In this method, first,
equation infiltration parameters are specified for one infiltration curve, called the reference infiltration curve
(Tzep)- If, for other infiltration equations, the depth of water infiltrated is obtained after the specified time(ts) (for
example, depth of infiltration water after 4 hours), the scale factor (Fs, dimensionless) is equal to the depth of
water infiltrated after ts in the reference infiltration equation to depth of infiltrated water after t; even infiltration
equation is as follows:

I Sitd® + A, )

I S,8.°5 + A2,

Fy =

where 1i (i=1,2, ...,n) is depth of infiltrated water after a given time (t;) for each infiltration families and I,
is depth of infiltrated water after a given time in reference, and 5, and A4, are parameters of reference curve.In
order to assess the proposed scaling method, root mean square error (RMSE), mean bias error (MBE) and
coefficient of determination (R?) were used for a totally 24 infiltration tests.

Results and Discussion: The parameters of this model (i.e. sorptivity S and transmissivity factor A) showed
a wide variation among the study sites. The variation of these parameters showed no significant difference
between sorptivity and transmissivity factors. In addition, Talsama et al. (1969) illustrated that there is a weak
relationship between sorptivity and saturated hydraulic conductivity. Results showed that scaling achieved using
aa was better than that obtained using os. Mean curve was chosen as reference curve and scale curve was
obtained by different methods. The results of statistical analysis showed that the proposed method had the best
performance (RMSE=0.006, MBE=0.0019 and R?=0.9996). In order to evaluate the effect of the reference curve
selection on the results, the scaled cumulative infiltration curve based on different reference curves (different
infiltration equation) was evaluated. The results showed that the selection of the reference infiltration curve is
optional and each cumulative infiltration families can be selected as the reference curve. For defining the
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relationship between F, and @ opes Bz, O A Oy &g data, a statistical analysis was performed. According to

our results, F, had the highest correlation with 2 J—

Conclusion: In this study, a new method for penetration scaling was presented. In this method, the
infiltration curve can be obtained using the minimum information including a reference curve and the depth of
infiltrated water after a given time. The selection of the reference infiltration curve is optional and each
cumulative infiltration equation can be selected as the reference curve. In the light of the results of this research,
it can be concluded that the proposed method in this study is promising to be used for surface irrigation
management.

Keywords: Infiltration, Scaling, Sorptivity, Transmissivity
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Figure 4- Land use maps of the study area for the years 1987 (a) and 2015 (b)
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Table 2- Change of land use area from 1987 to 2015

) 80, (1) colue (IVAE) Coluno e ylado
Land use Area (1987) Area (2015) The amount of change

(km?) % (km?) % (km?) %

Rocky (slo o (ool 65.67 0.39 65.67 0.39 0.00 0.00
Residential joSiwe sble  195.84 1.17 293.88 1.75 98.04 50.06
Water i ai 083 0.00 240 0.01 1.58 189.16
Irrigated cultivation Jcus 1417.56 8.45 142025 8.46 2.69 0.19
Garden ¢b s 28159 1.68 279.21 1.66 -2.38 -0.85

Dry farming pss cuss 5762.94 34.35 5760.98 34.33 -1.96 -0.03
Good rangeland w5 &5, 68219 4.07 34825 2.08  -333.95 -48.95
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Figure 5- Curve Number maps of the study area for the years 1987 (a) and 2015 (b)
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Table 3- Optimization of Lag time and initial abstraction in different events
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Figure 6- Simulated and observed hydrograph of the three events after HEC-HMS model calibration
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Table 4- Optimization of Lag time and initial abstraction in different events
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Table 5- The effect of land-use changes on flood characteristics in the Kashafrood River
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Introduction: Runoff estimation is one of the main concerns of hydrologists and plays a key role in various
engineering calculations and designs. Many factors such as climate, topography, soil properties, land cover, etc,
are involved in producing surface runoff. Land use and land cover changes have a direct impact on the
hydrological cycle in the ecosystem. The most common model of surface runoff estimation is the curve number
model developed by the US Soil Conservation Service (SCS-CN). Accurate estimation of its important
parameters increases its precision and performance. Land use is one of the most important parameters of this
model.Remote sensing (RS) and geographic information system (GIS) technologies are used in order to increase
its speed and accuracy of estimation. One of the problems that have occurred in the Kashaf-Rood Basin is the
extensive land use changes that may cause changes in peak discharge and surface runoff volume. In this study,
due to the great importance and impact of land cover change on increasing flood risk, the effects of land use
change over 28 years (from 1987 to 2015) on flood hydrograph characteristics were investigated.

Materials and Methods: The Kashaf-Rood basin is a part of the Ghara-Ghum basin. The total area of the
basin is 16779 square kilometers with the highest and lowest elevation of 3235 and 378 meters above sea level,
respectively . The length of the Kashaf-Rood River from the highest point to the outlet of the basin is about 374
km and its average and gross river slope are 0.0028 and 0.0043 m/m, respectively. The digital elevation model
was used to calculate the topographical properties, hydrological properties and geometrical corrections required
on satellite images. In this research, the data of the Global Digital Elevation Model (ASTER) with a spatial
accuracy of 30 m was used. Also, the soil hydrologic group map prepared in Ghara-Ghum water resources
balance studies was used. Since no land use change occurs in the short term and can be detected at long intervals,
a 28-year interval was chosen for satellite imagery. In general, five images of Landsat satellite are needed for full
coverage of the Kashaf-Rood Basin. For the oldest data, Landsat 5 images and for the latest data, Landsat 8
images were used. ERDAS IMAGINE 2014 software was used to digitally process satellite images. The images
were classified in three methods: The Minimum distance, Mahalanobis distance and the Maximum Likelihood.
In order to select the appropriate method, after applying different classification algorithms for the image of 2015,
the accuracy of their classification was evaluated and, the image of 1987 was also classified based on the
selected method. By combining soil hydrological group and land use map derived from Landsat satellite imagery
using ArcGIS 10.3 software, the curve number maps for 1987 and 2015 were prepared. In the present study, the
US soil conservation service standard curve number method (SCS-CN) was used to calculate the amount of
rainfall and losses in the HEC-HMS model. For the calibration of the HEC-HMS maodel, four flood events at the
bridge of Khatun Kashaf-Rood hydrometric station with relatively concomitant precipitation were selected.
Three flood events were used for calibration and one flood event for validation.

Results and Discussion: The images were classified into three methods: The Minimum distance,
Mahalanobis distance, and the Maximum Likelihood. Comparing the results of these three methods showed that
their overall accuracy in evaluating and identifying land use was 78.5, 83.7 and 87.3, respectively. Thus, the
maximum likelihood algorithm was used to classify the images and the image of the year 1987 was classified
with this method. Ten land use classes were identified in the study area. The results showed that during the 28
years of study, the area of rocky lands and rangelands did not change. The highest percentage of change was due
to water zones, poor rangelands and residential lands, which increased by 189, 143 and 50 percent, respectively.
The highest amount of increase in the area occurred in the poor rangelands, which 1514 km?, and the highest
decrease occurring in moderate rangelands which is 1278 km?2. By combining soil hydrological group maps and
land use maps in ArcGIS software and using standard tables, the curve number maps for 1987 and 2015 were
prepared. The weighted average of the curve number in the mean moisture conditions for 1987 and 2015 was
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775 and 78.4 units, respectively. After performing the calibration and validation steps, the HEC-HMS
hydrological model was used to investigate the impact of land-use change on the flood hydrograph of the
Kashaf-Rood River between 1987 and 2015. According to the results, in all four events which were studied,
land-use changes have increased the peak of discharge and the flood volume over the 28 years of study. On
average, the peak flood discharge in 2015 was 15.2% higher than the peak flood discharge in 1987, and
similarly, the flood volume increased by 13.7% during the study period.

Conclusion: In conclusion, it can be derived that in recent decades, land-use changes which were caused by
human interference, affected the flood characteristics and increased the risk of flooding in the Kashaf-Rood
river. Therefore, land use must be managed and prevented further destruction of natural resources to prevent
flooding in the area.

Keywords: Flood, Curve number, Landsat, HEC-HMS
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1- Land Use and Land Cover

2- Geographical Information System
3- Land Use and Land Cove Change
4- Remote Sensing
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Figure 1- Study Area in Iran map
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Figure 2- Study area and streams
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2- training samples
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1- Image processing
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Table 1- Spectral bands and GSD values of Landsat 8 datasets
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Band name
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Band 1- Ultra blue or coastal/aerosol
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Band 2- Blue
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Band 3- Green

8% ik
Band 4- Red
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Band 5- Near infrared (NIR)
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Band 6- Shortwave infrared (SWIR 1)
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Band 7- Shortwave infrared (SWIR 2)

Band 8- Panchromatic
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Band 9- Cirrus
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Band 10- Thermal infrared (TIRS 1)
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Band 11- Thermal infrared (TIRS 2)

(o9 5w) z90 Job (i) (wigls,
Band width (um)  Resolution (m)
0.43-0.45 30
0.45-0.51 30
0.53-0.59 30
0.64-0.67 30
0.85-0.88 30
1.57-1.65 30
2.11-2.29 30
0.50-0.68 15
1.36-1.39 30
10.60-11.19 10030
11.50-12.51 10030
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Considering the conditions, ie minimum cloud cover and maximum in the study area, images of August 27 were selected to continue
the investigation.
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1- supervised classification
2- Maximum likelihood
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Table 2- Land cover classification scheme

Sy § 528 WS oy
Landuse classes Description
Bare land Bare lands, bare soil (without vegetation), roads and paths, residential and industrial areas
Jsis (e 5 4 )bl gj) o @hinl Glel Wil egtmn o (JKin wlo aub) €0 Lide b ol
Forest Lands covered with trees (natural such as forest) and artificial like gardens (olive, pomegranate, etc.)
ObiungS o 5 (S ditg giSpn (SidsS o5
Mountain Highlands, rocky terrain and cliff
b byl llis 5 caelyy cos o)l
Vegetation Agricultural land and paddy fields
o WBg) 939) bz ol 5 e oo
Water body Temporary and permanent rivers and streams
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4- Magnitude change
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1- pre-processing

2- Digital Number

3- Fast Line-of-sight Atmospheric Analysis of Spectral
Hypercubes
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Table 3- Accaracy assessment of produced maps (2014-

2017)
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Overal accuaracy Kappa coeff.
92.16 % 0.89 % 2014
89.19 % 0.85 % 2017
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Mountain and rock

o 194.6 37% 226 43 %
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Water body

g Akl 8 0.15 % 16 0.31%
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Eoexe 5220 100 % 5220 100 %
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Table 4- Land Use Change (2014-2017)
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Changes magnitude (KM?)
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% of changes  Annual cate of change

y 2kl 83 (-) 6.41(-) 277
Bare land

Rt T 185 (+) 14.92 (+) 6.17
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v 314 (+) 16.14 (+) 10.46
Vegetation

p oo 17.1(4) 22.98 (+) 5.7
Water body

A &45")\3...@95
Mountain and rock NA
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Unknown
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The (+) and (-) symbols in Table 4 indicate the increase and decrease in changes in the area of land use at different intervals, and the
“NA” also indicates no change in the classes.
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Introduction: Land use is an aggressive process applying to human activities and different uses
accomplished over land. It can be argued that human actions can lead to significant changes in current state of
earth’s surface. Changes in surface cover (land cover change) may in turn lead to alternations in balance of
energy, water, and geochemical fluctuations at local, regional or global levels. Thus, studies on different land
uses changes seem necessary in general environmental evaluation. LULC change detection include
implementing multi-temporal Remote Sensing (RS) knowledge to analyze the historical LULC data (maps) and
therefore helps in determining the trend of changes associated with LULC properties.

Materials and Methods: Image processing and performing supervised image classification helps to extract
information from imageries. In this study, ENVI 5.3 software was used for processing two selected imageries in
this project (2014 and 2017). Five LULC classes were established as forest, bare land, vegetation, mountain and
water body. For each LULC class, 500 samples were collected at least and used for the supervised classification
of images in ENVI. About half of these samples, which were used as “training samples” were collected from the
study area through Land Surveying Geographical Positioning System GPS (ground truth data) and Google Earth
images. The first step in pre-processing of LANDSAT 8 OLI data in this study referred to the collection of
training samples for each class and validating the geometric accuracy of Landsat images, while the next step
belonged to the conversion of DNs into At-Satellite radiance using algorithms such as FLAASH. Two dated
Landsat images were compared via the supervised classification technique. In this classification technique, two
or more images with different dates are independently classified. Maximum Likelihood Classification (MLC)
algorithm as a supervised classification method was carried out using training areas and test data for accuracy
assessment in ENVI 5.3 and accuracy assessment was done for both images using ENVI v5.3.

Results and Discussion: In order to recognize the past land use pattern of Tarom, researchers first focused
on imagery of Landsat 8 ETM+ for the year 2014. Summary of supervised classification accuracy for the 2
different time frames (2014 and 2017) found from accuracy assessment showed that the highest accuracy was
found for 2014 supervised classification (92.16% accuracy). Kappa value is also used to check accuracy in
classification and having a Kappa value (0.81-1.00) denotes almost perfect match between the classified and
referenced data. Different LULC classes had been recognized and used as the base map. From the identified
LULC classes, Mountain area by 3524 km? (62.75% of total land area) was the highest category, after which,
came bare land areas with 1295 km? (24.0%) coverage and vegetation area with 194.6 Km? (3.7%). Forest was
the next class with (2.7%) coverage whereas, water body (1.4%) and unknown pixels 8 km? (0.15%) specified
the least amount of coverage, respectively. Based on the 2017 image classification results, the highest category
belonged to mountain area (3532 Km?, sharing 67.7% of total area). The remaining land uses were bare land
(23.21%), forest (2.73%), vegetation (4.3%), and water body (1.75%). The unknown and uncategorized pixels
were identifiable in this stage that shared 0.31% of the total area. The relative changes in land use and land cover
from 2014 and 2017 images showed some irregular patterns in the study area. Land-use change from this period
showed positive changes in most of the categories. About 31.4 Km? of vegetation area had increased in 2014—
2017 period which showed a positive change of (+16.14%). While a negative decrease (83 Km?, -6.4%) in bare
land category. The results showed that the extraction of adequate samples from different classes of land
cover/land use would increase the possibility of correct distinction of image pixels received from the satellite and
accurate extraction of LULC classes. Thus, obtaining accurate results from the classification of images via the
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maximum likelihood method is depending on adequate and appropriate training samples. The trend of land-use
changes found in this study, especially percentage increase in forest land and a decrease in bare lands will be
helpful for policymakers to make appropriate decisions.

Conclusion: Land cover is the physical material at the earth’s surface and an essential variable which links
the physical environment by human activities, and land use is the description of how the land has been utilized
for the socio-economic activities purposes. Population growth increases the demand for food, water, and energy,
which causes a prompt change in land cover and pattern of land-use. The mentioned process depends on the
social and economic development of the nation. In order to have appropriate and unrestrictive management of
natural resources (water and soil), it is necessary to have complete information about the pattern of land use and
its alteration pattern over time. Thus, it can be concluded that remote sensing is a proper technique to investigate
the land-use changes using satellite imagery. Spatiotemporal analyses of LULC help us to manage the
environmental changes, which are an appropriate tool for decision-makers on water resources’ to enhance their
decisions. In the presented study, LULC map for Tarom basin, Iran, acquired from OLI sensor data sets
(Landsat-8) by applying a pixel-based classification method (MLC) with the aid of remote sensing technology.
The results that are presented in this study proved the usefulness, effectiveness and also convenience of the MLC
technique for generating land-use maps by using a free archive of Landsat data and processing the digital images
through the ENVI software. Accuracy assessment using overall accuracy and kappa coefficient for 2014 and
2017, shows the performance of the used algorithm. What matters most in this regard is the accuracy, speed, and
quality of land-use maps. In the present study, it was shown that due to high speed and accuracy in generating
land-use maps of Tarom, MLC method, would act as the best classification method in this area. However, it is
suggested to classify the data by using other methods and compare the results with image outputs provided by
Landsat 8 satellite.

Keywords: ENVI, Kappa coefficient, LANDSAT 8, Sattelite imagery, Tarom basin
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Table 1- The results of total heterotrophic bacterial count in the studied forest stations with maximum heterotrophic

population
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Table 2- Cellulase producing bacteria screened by congo red screening and their characteristics
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Figure 1- A: Gel electrophoresis of 16SrRNA gene PCR product on agarose 1% gel. Lad well: 100bp marker, well 1: a sample

of the amplified band. B: The result of gel electrophoresis for analysis of endoglucanase gene PCR product on agarose 1%
gel. Lad well: 100bp marker, well 1: negative control, well 2: the amplified band using specific primers for endoglucanase
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Figure 2- Phylogenic tree of the cellulase producing bacterial isolates including Bacillus subtilis and Bacillus cereus
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Figure 3- The effect of different concentrations of carboxymethyl cellulose carbon source on endoglucanase production rate

by B2 strain in carboxymethyl cellulose broth medium
No significant differences were seen between the groups showed with the same letters.
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Figure 4- The effect of culture medium pH on endoglucanase production rate by B2 strain in carboxymethyl cellulose broth

medium
No significant differences were seen between the groups showed with the same letters.
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Figure 5- The effect of different concentrations of sodium chloride salt on endoglucanase production rate by B2 strain in

carboxymethy! cellulose broth medium
No significant differences were seen between the groups showed with the same letters.
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Introduction: Cellulase enzymes are the second largest group of the enzymes with many industrial
applications such as in textile industries, production of detergents, animal and human food processing, paper
industries and biofuel production. Many microorganisms are capable for production cellulases, but only a small
number of them produce significant amounts of this enzyme. The main sources of cellulases production are
microorganisms including fungi and bacteria. Among the cellulose degrading aerobic and anaerobic bacteria,
most of the studies have been done on Cellulomonas spp. and Clostridium spp., respectively. Also Bacillus spp.
has been used for production of cellulase in a homologous manner. Expression of cellulases in some bacterial
genera such as Bacillus, Pseudomonas, Ralstonia and Zymomonas, as well as some yeast species such as
Saccharomyces cerevisiae and some fungal genera such as Aspergillus and Trichoderma has been reported too.
Low levels of cellulase production has always been a major concern that leads to researches for finding of highly
active microorganisms strains and employing biological technologies for identification of their enzyme coding
genes suitable for probable transformation other organisms. The purpose of this study was the screening of the
cellulose degrading bacteria in Mazandaran forest soils and detection of the enzyme coding gene in the isolate
with the highest cellulase activity.

Materials and Methods: In order to isolate cellulase producing bacteria, soil samples were obtained from
different regions of Mazandaran province forests including Nanoacla (A), Siaocla (B), Someesara (C),
Namakabroud (D), Noor (E), Izadshahr (F), Sisanghan (G) and Sehezar (H) forests. Cellulase producing isolates
were selected on carboxymethyl cellulose agar using congo red dye and the amount of their endoglucanase
activities was measured by assessment of released glucose using dinitrosalicylic acid reagent. Each micromole of
released glucose in 1 ml of enzyme solution per minute was considered as an enzyme activity unit (U/min.ml).
Identification of bacterial species was performed by amplification and sequencing of a 1500 bp length fragment
in 16S rDNA by using 1492R and 27F universal primers. Enzyme production by the selected isolates was also
detected in different growth conditions. In order to investigate the effect of carbon source concentration, the
amounts of 2-10 g/L of carboxymethyl cellulose were added to bacterial growth culture media. The effect of
growth pH values in the range of 4 to 10 and sodium chloride at concentrations of 0 to 10 g/L were studied on
endoglucanase production by the selected isolates in carboxymethyl cellulose media. Then the endoglucanase
coding sequences in different strains of the bacterial sp. with the highest endoglucanase activity were
investigated in Gen Bank and the primers were designed based on the obtained data for the gene amplification.

Results and Discussion: The results of heterotrophic bacteria counting showed the highest number at station
B (Siakla forest). Subsequently, station A (Nanocla forest) and station G (Sisangan forest) had the highest
number of heterotrophic bacteria, respectively. From the eight selected forest stations, eight top cellulase
producing isolates were selected in carboxy methyl cellulose broth medium. The highest endoglucanase
activities were belonged to the isolates A2 (1.92 U/min.ml), B2 (1.65 U/min.ml), and H3 (1.51 U/min.ml),
respectively. The amplification of the 16SrRNA gene resulted in the formation of a 1500 bp band after
electrophoresis in agarose gel electrophoresis. Sequencing results of the purified PCR products showed that B2
and A2 isolates belonged to Bacillus subtilis with 99% similarity. H3 isolate also belonged to Bacillus cereus
with 99% similarity. In other studies in the forest soils of Iran for isolation of cellulase producing bacteria,
Bacillus had been one of the most active cellulase enzyme producers. The present study showed that Noor
forests are among the best places to isolate bacterial cellulase-producing strains. PCR amplification protocol was
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designed and the total sequence of endoglucanase with 1072 bp length was amplified. Molecular evaluation of
endoglucanase gene in Bacillus subtilis (B2) showed 77% similarity to the endoglucanase gene (elgS) in Bacillus
subtilis subsp. subtilis. Since the strain B2 had the highest production of endoglucanase among the isolated
bacteria, it was attempted to enhance the production of the enzyme using this strain by changing the growth
conditions. The isolate B2 was able to grow at different concentrations of carboxymethyl cellulose as a carbon
source, but the highest endoglucanase activity was observed at the concentration of 8 g/L with a significant
difference compared to other concentrations. The pH equal to 7 and the absence of sodium chloride salt was also
led to significant highest endoglucanase production by this isolate.

Conclusion: The endoglucanase gene obtained in this study was reported for the first time with a new
sequence. The enzyme showed more sustainable activity than other aerobic bacterial endoglucanases which had
previously been studied. This sequence can be introduced into high expressional bacterial strains and used to
produce high amounts of endoglucanase for bio-energy industries applications.

Keywords: Bacillus subtilis, Endoglucanase gene, Soil bacteria
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Table 3- Descriptive statistics of total concentration of Mercury (ppb) in surface soils around the Kerman cement plant

Element N  Minimum

Maximum Mean

Coeff. Variation (CV) Skewness  Kurtosis

Hg 103 6.700

340.963 164.061

0.549 0.165 -1.084

Table 5- Geo-accumulation index and contamination
factor
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Table 4- Overview of the soil cleanup standards for Hg
(mg/kg) for industrial land use in various countries (16)

IS Sxo (5 51,8
Country Industrial land
Belgium 30
Germany 80

France 600
Sweden 7
Great Britain 480
Canada 50
USA 310
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Figure 3- Spatial distribution map of Hg total concentration in the surface soils around Kerman cement plant



Y L by Gl A48 SBlubl S 10 sgu (K0 &3 595

400.00

350.00

300.00

250.00

200.00

150.00

100.00

Hg Conc. (ppb) cge> il

50.00

0.00
0.00

1000.00

1500.00
Distance form factory (m)

(o) 65,15 51 alols

Ol BI85 51 Aold b dgp il puuis —€ S

2000.00 2500.00

Figure 4- Variation of Hg concentration as a function of distance from the Cement factory

(%) glas)!
a Elevation (m)
a

2(

180

160

140

120

100

80

60

40

20

Slope aspect

P

ww;)

Slope (%)

TR

P

0
<1750 1750-1770 >1770

o (5, 1L Cod bgua ClilS 2954 —0 S
(2sboo ()lol doyd O Jloin] aws ) I xe BMES] o (Ui dopuSilio (g9 2 iglite by >

South

North

West

<2% 2-5%

-

Figure 5- Distribution of Hg concentration under environmental factors
(Differential letters on the mean show a significant difference in 5% level).

>5%



1WA Sl oyl — (190599 ) oyleds FF uls (S gl 4,5 AY

2ogdle &5 €8S s s wld (Y JS3) ogr S ST
e 405 Gl bl S Sael el 45 a0l )l el

.Jdb)f SoS ufa;ﬂ O:’.‘ )b&.ea RPN u.la.&u L;Lm)ial)l,g

& 5 42l

Olosw 45B)5 0394 50 (5 bS48 ol LS yols dalllas
5 addllas 590 ddlaio 15,3 0gun y23lie .50 039)] 09> 4 oS
i 0aS ol a5 Canl pYL Slea pSSle plie g diej lade
Cpmed Al e dcdbaie ol yle o3l )3 Slusl clacylad
raie ol g SB (Sogll s (Sl ej padl el
oy a5 bwgio U5 odgll e slacSs do 13 landiges dad )
53915 (CF<1) o 539l oo Sl 15556 olul 5 13
05> S @ie5 )5 odaline (3.00<CF<6.00) dasMo |15
YU polds b asla )8 Gl bl jd o clale s o LS
Moy Sogdlas STl o ald B 51 alols b 5 el
Copds dy e w laS1e oud Lud adllas dyg0 adlais
= B 4 Ul oge e &5 2 W)l b (A (Jacmecin
Gliadss plosl bl yigg g oo dg9d0me SB (g g0 Bl A
Gy b )3 03 YT oyl clale 3590 40 (6 iy leMb (i
4 g G b oo ciliseo (il 5 Lol (S8 (6801 g ailaie
a1y a5l )55 5815 ot it o 4 & (3]l > o
o2 p9] Cowd

adlats )3 g i g GBS el Sl 4295 390 5 e
Cuound 33 Gxy cddbaie Bod i 0 oYL clale gl oS cusl
ST Yiatnl Ay o 5 1o 4y 8l o GBS Cawd oyl
sl sl 56 o @ o ailate A5 g5 e | Jarme

Lot 5 elis) o b cov S og clile mjys
ol odly isles ¥ JSb 40 g 00,8 36T o)y Alisee Cad
2 g S slacu s 5 alelas)l ) ogs (YU slaclale .ol
Co2 9 (2972 b hopd 0y odalde g oldle
) o i a5 s s ] 2 alain 5
St (A) e g )lgd cawl gy il > datine aomid oyl
529 come oSS p9)S polis SIS g 1) (laee (sl it
st g 5 (Upper Red) o) ul by, 5ol ojn )3 1) o
ysg53ee polie (VL laclale (e ol 93)S (s 0 o2
Cble 18,5 a0 3 55,5 B s 5 i) o ok
SLs 5 B 55 oy b o S > St ol
Dedse J S

052> (YL slacdale wud ooy lis ¥ ISS 0 &S jakailen

B o9 5 s Cam &y ol (1S 0jp> 5 A58 BLLI )
ol opl S e Iy EalS o dilate glisy) g cud 45 ol ol
3 5eS b )3 g yidy Sloclle &8 5 Jlyen ¥ S5
@2 @l G 53 g e WOl S el o ¥
W3, edalie
i g aalllas 3)90 atlain Jame MLl (185 )5 )5

&l

1- Adriano D.C. 1986. Trace Elements in the Terrestrial Environment. New York: Springer-Verlag; 533p.
2- Airey D. 1982. Contributions from coal and industrial materials to mercury in air, rainwater and snow. Science of

Total Environment 25: 19-40.

3- Bahuiyan M.AH., Parvez L., Islam M.A., Dampare S.B., and Suzuki S. 2010. Heavy metal pollution of coal mine-
affected agricultural soils in the northern part of Bangladesh. Journal of Hazardous Materials 173(1-3): 384-392.

4- Boszke L., and Kowalski A. 2006. Spatial Distribution of Mercury in Bottom Sediments and Soils from Poznan,
Poland.Polish. Journal of Environment Studies 15(2): 211-18.

5- Conko K.M., Landa E.R., Kolker A., Kozlov K., Gibb H.J., Centeno J.A., and B.S Panov Y.B. 2013. Arsenic and
mercury in the soils of an industrial city in the Donets basin, Ukraine. Soil and Sediment Contamination 22: 574—

93.

6- Crock J.G. 1999. Mercury. p. 769-792. In A.L. Page et al. (ed.) Methods of Soil Analysis. Part 3. 2nd ed. Agron.

Monogr. 9. ASA and SSSA, Madison, WI.

7- De Bartolomeo A., Poletti L., Sanchini G., Sebastiani B., and Morozzi G. 2004. Relationship among parameters of
lake polluted sediments evaluated by multivariate statistical analysis. Chemosphere 55(10): 1323-29.

8- Duan X., Zhang G., Rong L., Fang H., He D., and Feng D. 2015. Spatial distribution and environmental factors of

catchment-scale soil heavy metal contamination in the dry-hot valley of Upper Red River in southwestern China.
Catena 135: 59-69.

Fukuzaki N., Tamura R., Hirano Y., and Mizushima Y. 1986. Mercury emission from a cement factory and its
influence on the environment. Atmospheric Environment 20(12): 2291-2299.

Kheirabadi H. 2011. Investigation of the origin of heavy elements in soil and their risk assessment on human
health in surface soils of Hamadan province. Thesis Master of Science in Soil Science, Faculty of Agriculture,



av

e oS o SIS BT GBS 5 50 S0 82399

11-

12-

13-

14-

15-
16-

17-

18-

19-

20-

Isfahan University of Technology.

Luo W., Yonglong L., Bin W.,-Xiaojuan T., Guang W., Yajuan S,-Tieyu W., and John P.G. 2009. Distribution and
sources of mercury in soils from former industrialized urban areas of Beijing, China. Environmental Monitoring of
Assessment 158: 507-571.

Meza-Montenegro M.M., Gandolfi A.J., Santana-Alcanter M.E., Klimecki W.T., Aguilar-Apodaca M.G., Rio-
Salas R.D., O-Villanueva M.D.L., Gomez-Alvarez A., Mendivil-Quijada H., Valencia H., and Meza-Figueroa D.
2012. Metals in residential soils and cumulative risk assessment in Yaqui and Mayo agricultural valleys, northern
Mexico. Science of the Total Environment 433: 472-481.

Mizanur Rahman G.M., and Skip Kingston H.M. 2005. Development of a microwave-assisted extraction method
and isotopic validation of mercury species in soils and sediments. Journal of Analytical Atomic Spectrometry 20:
183-191.

Mniszek W. 1996. Emission of mercury to the atmosphere from industrial sources in Poland. Environmental
Monitoring and Assessment 41: 291.

Muller G. 1969. Index of geoaccumulation in sediments of the Rhine River. Geojournal 2: 108-118.

Provoost J., Cornelis C., and Swartjes F. 2006. Comparison of soil clean-up between countries: Why do they
differ? Journal of Soils standards for trace elements and Sediments 6: 173-181.

Sergio A., Covarrubias S.A., Armando Flores de la Torre J., Maldonado Vega M., Francisco Javier Avelar
Gonzalez F.J., and Cabriales J.J.P. 2018. Spatial Variability of Heavy Metals in Soils and Sediments of “La
Zacatecana” Lagoon, Mexico. Applied and Environmental Soil Science ID 9612412, 8 pages.

Solgi E., Esmaili Sari A., and Riyahi Bakhtiari A. 2013. Evaluation of mercury contamination in soils of industrial
estates of Arak city. Journal of Health in the Field 1(2): 22-28.

Taylor S.R., and McLennan S.M. 1995. The geochemical evolution of the continental crust. Review Geophysics
33: 165-241.

Wilding L., Drees L.R., and Nordt L.C. 2001. Spatial variability: enhancing the mean estimate of organic and
inorganic carbon in a sampling unit. p. 69-85. In: Lal, R., Kimble, J.M., Follett, R.F., Stewart, B.A., (ed.),
Assessment Methods for Soil Carbon, CRC/Lewis Publishers, Boca Raton, FL.



Journal of Water and Soil (6329US @slioo 9 psle) S 9 O @ i
Vol. 34, No. 1, March-April 2020, p. 85-95 Wi AB-80 .o IAR i dyl = 3599 ) o)leds F'F ule

Spatial Distribution of Mercury Contamination in Soils around of Kerman
Cement Plant

M. Yousefifard!- A. Jafari2*
Received: 15-04-2019
Accepted: 28-12-2019

Introduction: In recent decades, industrial and technological advancements have led to the gradual increase
of heavy metal concentrations. As such, this phenomenon of heavy metals being present in the environment at
high concentrations causes deleterious effects on various terrestrial creatures and human beings. Mercury (Hg) is
one of the most toxic elements and can cause renal and neurotoxicity to humans and wildlife. It has been
identified as a priority toxic substance in many countries. It is, however, rare to find information on Hg in soils
from industrialized areas of Iran in literature. In order to ascertain the distribution of Hg, as well as the extent of
contamination with Hg, and to provide policymakers with remediation measures for the affected soils, a study of
surface soils was conducted in areas around of Kerman cement plant.

Materials and Methods: Soil samples were collected from the depth of 0 to 20 cm. 103 samples were taken
and analyzed. Mercury concentration in soil samples were determined by atomic adsorption method coupled
Graphite furnace. Statistical analysis and indices calculation were performed by SPSS and EXCEL, respectively,
and distribution maps were prepared by kriging method in ArcGIS software. For evaluating pollution,
Geoaccumulation index, enrichment factor and contamination factor were also calculated and interpreted.

Results and Discussion: The mercury concentration in soil samples ranged from 6.70 to 340.96 pg/kg, with
a mean value of 164.06 ug/ kg. Mercury is naturally present in very low concentrations in the soil. The
concentration of this element in soils ranges from 0.01 to 0.5 mg/kg around the world. The average Hg
concentration in the earth crust is reported to be 80 png / kg. In soils of the study area, the Hg concentration was
higher than most of the reported values for soils worldwide and earth crust. This indicates that industrial
activities have increased the concentration of mercury in the soil. In fact, the concentration of mercury more than
the amount of earth crust indicates the onset of contamination due to various anthropogenic activities. The
coefficient of variation of mercury concentration in the soil was 55%, which shows a high variability (CV> 35%)
according to the classification proposed by Wilding et al. (19). The high variability coefficient shows the
heterogeneous and non-uniform distribution of the property. Therefore, there is a high concentration of mercury
in some areas of the study region. In other words, soil was affected by external factors in some areas. Based on
the cleaning standards of soil for mercury in soils used for industrial purposes in some countries, all soil samples
in the studied area have a much lower concentration of mercury than standard values. In other words, although
the activity of the cement plant has increased the concentration of mercury in the soil, it can continue its
industrial activity. The plant’s managers should, however, take a close look at the release of this metal and other
pollutant. According to the results derived from lgeo, Hg was graded as unpolluted to moderately polluted. Low
levels of contamination (CF <1) to significant contamination (3.00 < CF <6.00) of mercury were observed based
on the contamination factor. The results suggest that anthropogenic sources control the concentration of mercury
in the soil. The average contamination factor more than one (CF> 1) indicates that the soils of this region have
been exposed to mercury contamination. Spatial distribution map indicates that the highest concentration of
mercury in the soil is between 200 and 341 ug/kg, which was observed around the factory and south-east of the
region. Release of mercury in the environment is related to natural processes and human activities. Mercury
release due to human activities is mainly due to combustion of fossil fuels, iron ore processing, steel industry and
cement plants. Considering the high concentrations of mercury in the southeastern part of the region, the lower
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part of the plant, it seems that environmental factors such as the topography of the area may affect its
distribution. The high concentrations of Hg were observed at low elevations, on the south side, and over the
areas with relatively low slope gradients.

Conclusion: The results demonstrated that the concentration of Hg was higher than most of the reported
values for soils worldwide and earth crust. This indicates that industrial activities have increased the
concentration of mercury in the soil. According to the results derived from Igeo, Hg was graded as unpolluted to
moderately polluted. In addition, the level of contamination was identified to be low to high, based on the
contamination factor (CF). The spatial distribution map of the total concentration of mercury shows that the
highest concentration of mercury was observed around the factory and to the south and southeast of the region.
The high concentrations of this metal were at low elevations and on the south side of the catchment and in areas
with relatively low slope gradients. It is concluded that although the concentration of this pollutant is not critical
in the study area, due to the close proximity of the industrial area to the residential area, planning to control the
release of this metal and other pollutants should be seriously considered.
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Table 2- Some physical and chemical characteristics of 12 used soils in this study
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S oyled oM Sand  Silt Clay CCE ACCE* pH** EC:1:2  ma/kg)
Soil No. (soil
/. dS.m?
1 2.75 2455 3445 4100 1620 588 7.95 4.04 19.48
2 0.27 61.12 2202 1686 1845  3.63 8.38 1.86 4.89
3 0.96 67.06 1559  17.35  8.75 2.94 7.63 2.47 9.70
4 0.96 4802 2650 2548  7.00 1.47 7.65 2.70 9.17
5 3.17 4445 2666 2889 2350 147 8.06 1.34 11.84
6 0.37 6196 2564 1239 3000 294 8.34 158 5.65
7 1.18 2055 37.63 4182 2550  3.68 8.05 1.79 8.02
8 2.81 19.18 4125 3957 3500  10.78 8.05 1.94 6.49
9 2.37 5347 2972 1680 2700 245 8.35 2.25 9.85
10 1.96 2795 3288 3917 3300 931 7.77 1.07 7.26
11 1.58 4917 2569 2514 3150 6.3 8.25 151 3.67
12 3.29 18.61 43.24 38.15 17.14 8.58 8.15 2.71 11.23
'\7‘2’; 1.81 4134 3011 2855 2275 494 8.05 2.11 8.94
el oy 61.04 4401 2688 3866 4078  64.04 3.25 38.14 46.60
*(CV%)

g SBY 4 ojlas % il e Jld Joleo mandS Sl )S g Joleo mandS clySe JT o3l cdalé s 4y ACCE ,CCE <OM
OM, CCE, ACCE are organic matter, CaCOs-eq, and active CaCOs-eq concentration, respectively. * Coefficient of variation (CV)
was calculated by dividing the standard deviation to mean.
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Table 3- Efficiency of organic matter removal with sodium hypochlorite (NaOCI) soluion in the studied soils

A gﬂ osbo (%) B UL
. . Removal
0,
Jl>_ 8 ylows Organic matter (%0) efficiency (%)
Soil No. Jodle i 1 L3 o o3le B> 31 axy
Before SOM removal After SOM removal
1 2.75 0.27 90.18
2 0.27 0.05 81.48
3 0.96 0.05 94.79
4 0.96 0.08 91.66
5 3.17 0.09 97.16
6 0.37 0.05 86.48
7 1.18 0.12 89.83
8 2.81 0.37 86.83
9 2.37 0.12 94.93
10 1.96 0.13 93.36
11 1.58 0.11 93.03
12 3.29 0.30 90.88
I\f;ﬂ: 181 0.11 90.88
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Figure 1- P sorption and retention isotherm in soil 1, before (B) and after (A) organic matter removal
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Figure 2- P desorption concentration in each stage of the desorption process in two studied soils, before (B) and after (A)
removal of organic matter
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Table 4- Percentage of P desorption in studied soils before and after the removal of organic matter

S o lowd (1) N osbo i 31 Ju3 (%) T odlo Gdo 1 ur
Soil No. Before SOM removal (%) After SOM removal (%)
Desorption Desorption

1 314 20.1
2 64.1 61.4
3 32.6 216
4 49 31
5 45.6 27.2
6 34.9 26.2
7 444 36.8
8 434 29.7
9 385 28.1
10 29.7 16.6
11 355 23.8
12 37 24.8

ooke 405 28.9

Mean
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Figure 3- Freundlich equation fitting to the P sorption data in the soil 1, before (B) and after (A) removal of organic matter
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Table 5- Freundlich sorption isotherm coefficients in used soils, before (B) and after (A) removal of organic matter

Kr (L.kg ) N R?
B A D% B A M % B A *) %
ﬁ“ 1702 2696  +17.82 132 146 +204 092 094 +1782
In
LT\)AW 88.72  130.55 +154.40 196 208  +37.87 0.97 099  +154.40
ax
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Figure 4- Freundlich equation fitting to the P retention data in the soil 1, before (B) and after (A) removal of organic matter
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Table 6- Freundlich equation fitting to the P retention data, before (B) and after (A) removal of organic matter
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ﬂj; 3158 4308  +36 7.2 125  +74 095 096  +1.02
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Table 7- The value of first hysteresis index (HI1) for the studied soils

(H1) Silowwy L

ST osle Bis 51 Ld SToske Gis 3l any o381
Before SOM After SOM removal Increase (%)
‘mf 1.21 1.94 +72
fﬂ’;: 7.08 11.80 +2815
. /~l.~e
“I\j’: o 3.53" 5.90" +67.1

2oy Y gaw T g0jl b I gime Ml (¥
* % The significant difference using t-test at p< 0.01
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Table 8- Second hysteresis index values (HI) for the studied soils

(HI) Slowny sl

ST esle i 51 L3 ST osle s 31 any Olul381 v
Before SOM After SOM removal Increase (%)
“,\’AT;S 2.47 256 +3.1
“,f/l’;” 7.65 11.09 +148.38
- Eslo
;\’Af o 5.39" 7.66™ +42.2

LoV oo ot geil b o stae M Kk
* s The significant difference using t-test at p< 0.01
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Table 9- Third hysteresis index values (HI3) for the studied soils

(HI) Slowny (a5 LS

ST oslo dis 51 J3 SN osle s 51 aay Ol 3817
Before SOM After SOM removal Increase (%)

S 221 2.94 +6.02
Min.
Oty 8.08 12.80 +157.3
Max.
eSle 4.53™ 6.89™ +52
Mean

2oy Y waw T geil bl me M)
* #* The significant using t-test at p< 0.01
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Table 10- Fourth hysteresis index values (H14) for the studied soils

(HI) Slowuy (3L

SN osle s 31 J3 S oslo s 3l any o381
Before SOM After SOM removal Increase (%)
f/l):rf 256 3338 +32.1
el 338.6 767.5 +181.9
Sl
LI\?? an 125.9™ 261.4" +107.6

2oy Y aw T geil bl xe M)
* * The Significant difference using t-test at p< 0.01
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Table 11- Fifth hysteresis index values (HIs) for the studied soils

(HI) Slowny sl

S osbo s 51 L3 SN osb s 51wy o817,
Before SOM After SOM removal Increase (%)

g 24.42

. 24.42 33.11

Min.

s 57.13

o 57.13 59.94

Max.

2 Silo 14.05™

0% 37.65" 42,94

Mean

2o ) g T o905l bl ine 3M K K
* = The significant difference using t-test at p< 0.01
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Table 12- Sixth hysteresis index values (Hls) for the studied soils
(Hl) Slowws u»lm
S oslo s 31 J3 SN osb s 51 any ol
Before SOM After SOM removal Increase (%)

N 0.52 0.67 +1.1
Min.
oy 0.95 1.00 +53.8
Max.
oo 0.74* 0.83* +121
Mean

2o ) g T o905l bl ine BM) ¥ K
* = The Significant difference using t-test at p< 0.01
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Table 13- Seventh hysteresis index values (HI7) for the studied soils

(HI) Slowny a5 LS
S odle Bl 51 L8 SN osle Bis 51wy o381 7
Before SOM After SOM removal Increase (%)
Ot peS 0.55 0.66 +1.2
Min.
Ot 0.87 0.92 +67.3
Max.
Sbe 0.73" 0.83™ +13.7
Mean

2oy Y o 3T ygeil b b e Vs (K ¥
* % The Significant difference using t-test at p< 0.01
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organic matter)
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Introduction: Sorption and desorption are important processes that influence phosphorus (P) chemistry in
soil. Desorption is a process more complex than sorption and usually not all that is adsorbed is desorbed. This
indicates that adsorption and desorption mechanisms are not similar and it seems that such reactions are
irreversible. Such irreversibility is usually called hysteresis. Major factors such as chemical changes in the
structure of minerals, non-equivalent processes, inflation of adsorbent material, changes in the strength of
crystals, irreversible fixation of adsorbed molecules in fine pores and equilibrium time less than its true value
lead to hysteresis phenomenon. The concentration of phosphate in soil solution and thus its availability for plant
are closely related to sorption processes by soil components. This relationship can be explicated by sorption
isotherms. Soil organic matter (SOM) especially in arid and semiarid regions is one of the important indices of
soil quality and plays important role in phosphate chemistry and fertility. Organic matter could decrease P
sorption, maximum buffering capacity, and bonding energy and could increase P concentration in calcareous
soils solution. Organic matter and organic acids resulted from its decomposition may coat calcium carbonate
surfaces and prevent the formation of apatite precipitation. There are several methods to remove soil organic
matter including using hydrogen peroxide and sodium hypochlorite solutions. It has been reported that H,O; is
penetrated into the interlayer spaces of phlogopite and vermiculite through exchange with water and cations and
decomposes into H,O and O.. Therefore, this study was conducted to quantify the hysteresis indices, to
investigate the effect of organic matter removal on phosphorus (P) hysteresis indices and to evaluate the
relationship between hysteresis indices and soil characteristics and selection of index with the close correlation.

Materials and Methods: This study was carried out to obtain soil organic matter (SOM) removal with
sodium hypochlorite solution (NaOCI, pH=8) effects on P hysteresis indices in 12 calcareous soils of Iran with
different characteristics. For experiment of P sorption, 2 gr of soil subsamples was placed in separate 50 mL
centrifuge tubes, to which were added 20 ml of monocalcium phosphate containing 5, 10, 15, 20, 30, 40, 60, 80
and 100 mg P L, which had been prepared in 0.01 M CaCl, solution as background. Centrifuge tubes were
shaken in a shaker incubator for 48-hour period to reach an equilibrium. Then, they were centrifuged at 4000
rom for 5 minutes. The supernatant was filtered through a filter paper and the P concentration of filtrates
determined using a spectrophotometer. The difference between initial and final P concentrations was assumed to
be the amount of P adsorbed by the soil. Desorption experiments were assumed at the end of sorption
experiments at the highest initial concentration of P with 0.01 M CacCl; solution. The tubes were shaken to reach
phosphate desorption equilibrium time (24 hours) at 25 °C in incubator shaker. Then, it was centrifuged for 5
minutes at 4000 rpm and 15 ml of the supernatant solution was pipetted and then 15 ml of solution of 0.01 M
CaCl, was added to tubes and the above steps continued to 9 steps. Freundlich model was used to describe the
sorption — desorption isotherms data. DataFit 9.0.59 software (1995-2008) was used for nonlinear fitting of
Freundlich to sorption data.

Results and Discussion: According to the results, P sorption and desorption data showed hysteresis which
indicates adsorption and desorption mechanisms are not the same. As expected, nonlinear Freundlich equation
showed a best fit (R>=0.96) to the data. The mean value of desorbed P in studied soils after SOM removal was
decreased by 40%, so it was concluded that P sorption was more irreversible. In NaOCI treated soils, the mean
values of seven studied hysteresis indices (HI) increased. Regression analysis indicated that the fourth hysteresis
index, obtained from the distribution coefficient (Kg), had close relation with clay (r = 0.69, p < 0.05) and active
calcium carbonate (r = 0.7, p < 0.05) concentration. Moreover, this hysteresis index showed significant (p<0.01)
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Iran, respectively.
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positive correlation with Ko and Krgesorh, Which suggests that increasing bonding energy in sorption and
desorption isotherms decreased desorption amount due to the strong interaction between adsorbed P and
absorbent surface, increasing this hysteresis index.

Conclusion: It was concluded that among seven used hysteresis indices, Hls can be introduced as the best
index for the studied calcareous soils. It is predicted that using organic matter or preventing its reduction in arid
and semi-arid calcareous soils may increase the efficiency of P fertilizer, given an increase in hysteresis index
after the removal of the organic matter.

Keywords: Desorption, Hypochlorite, Isotherm, Oxidation, Sorption
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Figure 1- Geographic position of study area
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Figure 2- Separation pattern of environmental parts
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Table 1- Soils classification of studied environmental parts

b S

Environmental parts

b #5016
Control Profile

(Yo 1€ 215 pol poimns) S 231555
Soil family (S.T. 2014)

OB wN -

1 Loamy, mixed, superactive, nonasid, mesic Lithic Xerorthents.

2
3
4
5

Fine loamy, mixed, superactive, mesic Typic Haploxerepts.
Fine, mixed, active, mesic Typic Haploxeralfs.
Fine, mixed, active, mesic Calcic Haploxeralfs.
Fine, mixed, active, mesic Typic Argixerolls.
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Table 2- Variance analyses of surface soil organic matter in different environmental parts
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Figure 3- Mean comparison of surface soil organic matter (%) in environmental parts (By Dunkan's Multiple Range Test,

p<0.01)
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Table 3- Soil organic carbon stocks in environmental parts
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2 3 4 5

Environmental parts

(U2 2 ) S IS o lies
Soil organic carbon stocks (t.ha%)

64.33 89.24 101 101.3 2748
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1- Excrement pedofeatures
2- Amorphous organic fine material
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Figure 4- Thin section micrographs of soil organic matter in different environmental parts; A- whole organ residues of bark
(P1-A by PPL), B- intact mass of interlaced hypha (P2-Bw1 by PPL), C- intact tissue residues of leaves (P2-A by PPL), D-
whole organ residues of stem (P3-Al by PPL), E- whole organ residues of needles (P4-Al by XPL), F- whole organ residues of
root (P5-Bt2 by PPL), G- moderate decomposed residues with black excrement (P2-A by PPL) H- cross section of inner
alteration of organ fragment (P3-Al by PPL), I- moderate decomposed leaves (P4-Al by PPL), J- moderate decomposed
organ by organisms activity and their excrement (P3-A2 by PPL), K- moderate decomposed tissue (P4-A2 by PPL), L- black

organic pigment (P4-A2 by PPL), M- well decomposed organic matter (P5-Btl by PPL), N- excrement pedofeature (P3-A by
PPL), O- excrement pedofeatur (P4-A2 by PPL), P- fresh excrement pedofeature (P5-A by PPL)
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Introduction: According to important ecological roles of soil organic matter in stabilizing ecosystems, it is
essential to consider soil organic carbon condition for managements of worldwide problems such as soil quality,
carbon cycle and climate change. Also, organic matter is one of the main component of soil which have vital
impress on its evolution. Therefore, assessing soil organic matter fate in various environmental conditions and its
relation with environmental factors will be useful for management decisions. Determining soil organic carbon
content, stocks and forms by the physico-chemical and micromorphological studies may respond to the question
about soil organic matter evolution from the different point of views. Based on mentioned reasons, our research
work focused on soil organic matter content, stocks and forms under various environmental condition of the
forest ecosystem to find new aspects of its relation with environmental factors.

Material and Methods: This research work was carried out in Arasbaran forest, northwest of Iran, which
recognized as a part of the international network of biosphere reserves and has unique species of plants with
special ecological properties. Sampling was carried out in a Kaleybar Chai Sofla sub-basin as a part of Arasbaran
forest with eastern longitude of 46° 39" to 46° 52" and northern latitude of 38° 52" to 39° 04". Based on the
Amberje climate classification, the climate of the region is semi-humid and moderate. The soil moisture and
temperature regimes are Xeric and Mesic, respectively. Hornbeam (Carpinus betulus) and Oak (Quercus petraea
and Quercus macranthera) were identified as the main woody species in this area and volcano-sedimentary
rocks were the geological structure. Primary site surveying showed 5 forest stand types such as Oak (Quercus
macranthera), Hornbeam-Oak (Carpinus betulus-Quercus macranthera), Hornbeam (Carpinus betulus),
Hornbeam-Oak (Carpinus betulus-Quercus petraea), Oak (Quercus petraea) along altitudinal transects, that
used as environmental parts with different conditions. In each environmental part, a soil profile was described
and sampling was done for physical, chemical and micromorphological analysis. After preparing soil samples in
the laboratory, soil physico-chemical routine analyses were carried out by standard methods and then the studied
soils were classified on the basis of 12th edition of soil taxonomy. To achieve the main aim of the study, various
aspects of soil organic matter evolution were assessed. Soil organic matter content was determined according to
the Walkley-Black wet oxidation method and using alteration factor f = 1.724 recommended by USDA.
Variance analysis and means compare of soil organic matter content in surface horizons of different
environmental parts were performed by using the SPSS software package and Dunkan's multiple range test,
respectively. Soil organic carbon stocks were calculated for each soil horizon and weighted average based on
profile depth was used to calculate this index for each soil profile. The prepared thin section for
micromorphological study was examined under both plane-polarized light (PPL) and cross-polarized light (XPL)
using a polarized microscope and explained based on standard terminology to identify various forms of soil
organic matter all over the study area.

Results and Discussion: Results revealed increasing of soil evolution with decreasing of elevation. Entisols,
Inceptisols, Alfisols and Mollisols with different families were the soil observed along altitudinal transects by
decreasing elevation. According to the obtained results, environmental effects caused different soil organic
matter content and evolution with various soil organic carbon stocks in each part. Improvement of environmental
condition by decreasing elevation resulted in more evolution of soil organic matter, dominant of decomposed
forms of organic matter and rise of soil organic carbon stocks from the highest part to the lowest one. Soil
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organic matter content in soil surface increased by elevation, although the main source of soil organic matter
have better condition in lower parts due to ecological reasons. This inverse statue can be explained by special
environmental conditions causing limited organic remnants decomposition in the highest parts. In the same trend
with soil evolution, soil organic carbon stocks increased by decreasing of elevation. This trend refers to the
relation of mentioned index ability with various soil-forming processes. Micromorphological study showed that
organic intact remnants were the dominant forms in upper parts which changed to well-decomposed forms in the
lowest parts. This observation revealed the occurrence of mechanical decomposition processes of organic
remnants in high elevation while biochemical ones happen in the lower parts. Also, this distribution of soil
organic matter decomposition processes can explain soil organic carbon content and stocks all over the study
area.

Conclusion: Elevation was identified as an important environmental factor controlling soil organic matter in
the studied scale. Generally, results confirm the same trend for soil organic matter evolution and soil organic
carbon stocks with soil development, especially in pedogenesis processes in relation to organic matter. Thus, it
can be recommended to use soil map for management of soil organic matter under various environmental
conditions in large-scale studies.

Keywords: Altitudinal transect, Arasbaran, Carbon stock, Organic remnants, Soil order
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Table 1- Some chemical characteristics of the studied soil and solid waste

BB i o ) glaol s Calad culld
A Total Organic Calcium - H
Available phosphorus carbon carbonates Electrical p
phosphorus . conductivity (EC)
equivalent
mg.Kg? g.100g* ds.mt .
(Soil) s 146 0.11 06 36 0.2 7.80
(Waste) sl - 155 37 23.3 1.34 7.70
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Table 2- Analysis of variance for soil properties as affected by waste (W), bacteria (B) and incubation time (T)

5 e Gilaryy  wawl IS iod by el jUlmd
Sources of variation Degree of pH Organic Phosphorus Basal Phosphatase
freedom carbon respiration
(Waste) slow 2 2.89™ 88.09™ 238725™ 0.947™ 0.88m
(Bacteria) s, 2 0.13" 0.50™ 548.78" 0.039" 3.24™
(Time) .b; 10 151" 11.66" 40078.14" 0.217 103.82
(WastexBacteria) ¢ ;Sb X slowy 4 0.05™ 0.33" 2344.32" 0.028" 2.53"
(WatexTime) boj X sl 20 0.05™ 0.74™ 8893.37™ 0.074™ 157
(BacteriaxTime) ;b X s S\, 20 0.06™ 0.42™ 1294.19" 0.033" 0.94™
ol X 5t XM‘W . 0.02™ 0.20™ 1017.01* 0.019™ 1.06™
(WastexBacteriaxTime)
(Error) s 198 0.01 0.10 198.39 0.010 0.39
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Values marked by * and ** are significant at 5% and 1% probability levels, respectively, and values marked by ™, are not significant
at 5% probability level.
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Figure 1- Effect of solid waste and bacteria interactions on A) pH, B) basal microbial respiration, C) organic carbon and D)

available phosphorus in soil
W0, W2, and W4 denote 0, 2 and 4% solid waste levels respectively, and Bn, Bi, and Bp denote uninoculated soil and soil inoculated
with native Bacilus sp. and Bacillus persicus respectively. In each figure, different letters on columns indicate significant differences
at p< 0.05 and error bars are deviations from the criteria (n=3).
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Figure 2- Effect of bacteria and time interactions on microbial basal respiration and organic carbon in soil
Bn, Bi, and Bp denote uninoculated soil and soil inoculated with native Bacilus sp. and Bacillus persicus respectively.
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Figure 3- Effect of bacteria and time interactions on available phosphorus and phosphatase activity in soil
Bn, Bi, and Bp denote un-inoculated soil and soil inoculated with native Bacilus sp. and Bacillus persicus respectively.
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Figure 4- Effect of solid waste and time interactions on basal microbial respiration and organic carbon in soil
WO, W2, and W4 denote 0, 2 and 4% solid waste levels respectively.
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Figure 5- Effect of waste and time interactions on available phosphorus and phosphatase activity in soil
W0, W2, and W4 denote 0, 2 and 4% solid waste levels, respectively.

&l

Ajami M., Khormali F., Ayoubi Sh., and Amoozadeh Omrani R. 2006. Changes in soil quality attributes by
conversion of land use on a loess hillslope in Golestan Province, Iran. 1™ international soil meeting (ISM) on soil
sustaining life on earth, Managing Soil and Technology, 501-504.

Alvarez M., Huygens D., Diaz L.M., Villanueva C.A., Heyser W., and Boeckx P. 2012. The spatial distribution of
acid phosphatase activity in ectomycorrhizal tissue depend on soil fertility and morphotype, and relates to host
plant phosphorus uptake. Plant, Cell and Environment 35: 126-135.

Anderson T.H., and Domsch K.H. 1993. The metabolic quotient from CO; (qCO2) as a specific activity parameter
to assess the effects of environmental conditions, such as pH, on the microbial biomass of forest soils. Soil
Biology and Biochemistry 25: 393-395.

Bloemberg G.V., Lugtenberg B.J.J. 2001. Effect of seed bacterization with fluorescent Pseudomonas on growth
promotion of Jute in Terai zone of west Bengal, India. International Journal of current Microbiology and Applid
Scienes 4: 343-350.

Chakarborty U., Chakraborty B.N., and Basnet M. 2006. Plant growth promotion and induction of resistance in
Camellia chninesis by Bacillus megatarium. Journal of Basic Microbiology 46(3): 186-195.

Choudhary D.K., and Johri B.N. 2009. Interactions of Bacillus spp. and plants-with special reference to induced

systemic resistance (ISR). Microbiological Research 164: 493-513.
Environmental regulations for reuse and recycling of waste water, 1389. Bulten No 535, Deputy Director of

Strategic Control, Ministry of Energy, Iran. (In Persian)
Gomez-Munoz B., Hatch D.J., Bol R., and Garcia-Ruiz R. 2012. The compost of olive mill pomace: from a waste

8-
to a resource — environmental benefits of its application in olive oil groves. Chapter 20.
9- Gregorich E.G. and Carter M.R., 2007. Soil Sampling and Methods of Analysis. CRC press.
10- Hammond J.P., Broadley M.R., and White P.J. 2004. Genetic responses to phosphorus deficiency. Annals of



AR}

ST S Sy 53 Tk, W15 saler wlom 31 yiasd 55 T5T 53 el sl s S sl

11-

15-

16-

17-

18-

19-

20-

22-

23-

25-

26-

27-

28-

31-

32-

33-

34-
35-

Botany 94: 323-332.

Henkin T.M. 2016. Classic spotlight: bacterial endospore resistance, structure, and genetics. Journal of
Bacteriology 198(14): 1904.

Khan A., Jilani G., Akhtar M.S., Saglan Nagv S.M., and Rasheed M. 2009. Phosphorus solubilizing bacteria:
occurrence, mechanisms and their role in crop production. Agricultural Biology Science 1(11): 48-58.

Khosro M. 2012. Phosphorus solubilizing bacteria: occurrence, mechanisms and their role in crop production,
Resources and Environment 2(1): 80-85.

Kirsten S.H., Donald R.Z., Kelly K.M., and Julie D.J. 2011. Changes in forest soil organic matter pools after a
decade of elevated CO; and Os, Soil Biology and Biochemistry, 43(7): 1518-1527.

Kloepper J.W., Ryu C. M., and Zhang S. 2004. Induce systemic resistance and promotion of plant growth by
Bacillus spp. Phytopathology 94: 1259-1266.

Kourtev P.S., Ehrenfeld J.G., and Huang W.Z. 2002. Enzyme activities during litter decomposition of two exotic
and two native plant species in hardwood forests of New Jersey. Soil Biology and Biochemistry 34: 1207-1218.
Leboffe M.J., and Pierce B.E. 2012. Microbiology: Laboratory Theory and Application,” Morton Publishing
Company.

Loveland P., and Webb J. 2003. Is there a critical level of organic matter in the agricultural soils of temperate
regions: a Review. Soil and Tillage Research 70: 1-18.

Marhual N.P., Pradhan N., Mohanta N.C., Sukla L.B., and Mishra B.K. 2011. Dephosphrization of LD slag by
phosphorus solubilising bacteria, International Biodeterioration and Biodegradation 65: 404-409.

Marin L., and Fernandez-Escobar R. 1997. Optimization of nitrogen fertilization in olive orchards. In: Val, J.,
Montanes, L., Monge, E., (Eds.), Proceedings of the Third International Symposium on Mineral Nutrition of
Deciduous Fruit Trees, Zaragoza, Spain, 411-414.

Mekki A., Arous F., Aloui F., and Sayadi S. 2013. Disposal of agro-industrials wastes as soil amendments.
American Journal of Environmental Science 9(6): 458-469.

Navaro A.F., Cegarra J., Roig A., and Garcia D. 1993. Relationship between organic matter and carbon contents of
organic wastes. Bioresource Technology 44(33): 203-207.

Regni L., Nasini L., llarioni L., Brunori A., Massaccesi L., Agnelli A., and Proietri P. 2017. Long term
amendment with fresh and composted solid olive mill waste on olive grove affects carbon sequestration by
pruning, fruits, and soil. Front Plant Science 7: 2042.

Rodriguez H., and Fraga R. 1999. Phosphate solubilizing bacteria and their role in plant growth promotion.
Biotechnology Advances 17: 319-339.

Roldan A., Salinas G.J.R., Alguacil M.M., Diaz E., and Caravaca F. 2005. Soil enzyme activities suggest
advantages of conservation tillage practices in sorghum cultivation under subtropical conditions. Geoderma 129:
178-185.

Saadi I., Laor Y., Raviv M., and Medina S. 2007. Land spreading of olive mill wastewater: effects on soil
microbial activity and potential phytotoxicity. Chemosphere 66(1): 75-83.

Sankaralingam S., Harinathan B., Shankar T., Prabhu D., and Peer M. 2014. Effect of phosphate solublizing
bacteria on growth and development of Sesbania grandiflora and Moringa oleifera. Sciences Agriculture 3(2): 88-
96.

Shahab S., and Ahmed N., and Khan N.S. 2009. Indole acetic acid production and enhanced plant growth
promotion by indigenous PSBs. African Journal of Agricultural Research 4(11): 1312-1316.

Sharma K., Dak G., Agarwal A., Bhatnagar M., and Sharma R. 2007. Effect of phosphate solubilizing bacteria on
the the germination of Cicer arienatum seeds and seedling growth. Journal of Herbal Medicine and Toxicology
1(1): 61-63l.

Sharma R.K., Arawal M., and Marshalla F.M. 2006. Heavy metal contamination in vegetables grown in
wastewater irrigated areas of Varanasi, India. Bulletion of Environmental contamination and Toxicology 77: 312-
318.

Sierra J., Fontaine S., and Desfontaines L. 2001. Factors controlling N mineralization, nitrification and nitrogen
losses in an Oxisol amended with sewage sludge. Soil Research 39: 519-534.

Sturz A.V., and Christie B.R. 2003. Beneficial microbial alleloplathies in the root zone: the management of soil
quality and plant disease with rhizobacteria. Soil and Tillage Research 72: 107-123.

Tabatabai M.A. 1982. Soil enzymes, Methods of Soil Analysis. Part 2. American Society of Agronomy, Madison,
WI, USA, 539-579.

Vessey J.K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil 255: 571-586.

Violante A., and Pigna M. 2002. Competitive sorption of arsenate and phosphate on different clay minerals and
soils. Soil Science Society of American Journal 66: 1788-1796.

Williams M.A., Myrold D.D., and Bottomley P.J. 2006. Carbon flow from *3C-labeled straw and root residues into
the phospholipid fatty acids of a soil microbial community under field conditions. Soil Biology and Biochemistry
38: 759-768.



Journal of Water and Soil (5323UiS qaluo g pole) S g O 4 i
Vol. 34, No. 1, March-April 2020, p. 129-143 AT IWAVFY .o YR g oyl — (2359,8 o) oLy F'F ul>

The Effect of Bacillus Bacteria on Phosphorus Release from Oil Refinery Plant-
solid Waste in a Calcareous Soil

E. Hashempour!'- M.B. Farhangi?*- N. Ghorbanzadeh3- M. Fazeli Sangani*
Received: 10-06-2019
Accepted: 30-11-2019

Introduction: Due to the increasing development of edible oil processing industries, large amounts of
wastewater and solid wastes (SW) are inevitable in these industries. Organic wastes can be used as soil
conditioners in agriculture due to the high content of organic matter and nutrient loads. Phosphorus solubilizing
bacteria including Bacillus spp., Pseudomonads and Rhizobium spp. can release phosphorus from insoluble
organic and mineral sources in soil. Most soils in the semi-arid regions, including southern parts of Guilan
province, have low organic matter content and do not support plant cultivation due to the low fertility and
instability of soils. Hence, industrial wastes can be applied as a suitable and low-cost source of organic materials
and nutrients in these soils. As phosphorus is one of the most important essential nutrients in plant nutrition
which is also present in oil refinery soild wastes and P solubilizing bacteria can release phosphorus from the
organic phase of the wastes and make it available in the soil solution, this study aimed to investigate the
available phosphorus (Pava) content of soil after simultaneous addition of olive refinery-solid wastes and P
solubilizing Bacillus spp.

Materials and Methods: the solid waste obtained from Ganje Rudbar oil refinery plant (located in Rudbar,
Guilan province) and a soil sample was collected from a surface layer (0-30 cm) of a pasture, located in
Lowshan area (Guilan province). A native strain of Bacillus sp. was isolated from the sampled soil based on its
P-solubilizing ability in Sperber medium. An indicator strain, Bacillus persicus was also included in the
experiments. P-solubilizing ability of the indicator strain was also evaluated in Sperber medium. The experiment
was conducted in a completely randomized design based on factorial arrangement and three replications. Factors
included three levels of solid waste (0, 2 and 4%), three levels of inoculated bacteria (no bacteria, native Bacillus
sp. and Bacillus persicus) and eleven sampling times (0, 2, 7, 14, 28, 42, 56, 86, 116, 146, and 176 days).
Different levels of solid waste were added to the soil, inoculated with bacteria (108 cell/g), and incubated at
laboratory condition (~25 °C) for six months. The moisture content of the soil mixtures fixed around 0.7 FC and
kept constant during the incubation period. Sampling was done at desired times. The pH, organic carbon (OC),
soil Basal Respiration (BR), available phosphorus concentration (Pava), and phosphatase enzyme activity were
measured in soil samples. Data analysis and means comparison were done by Duncans’ test using SAS software
package.

Results and Discussion: The studied soil was loam in texture, and had slightly alkaline pH, moderate Paya,
and low OC content. The studied solid waste contained considerable OC and total P load. The effect of solid
waste (SW), bacteria, sampling time and their interactions were significant on most of the measured
characteristics (p < 0.05). SW application decreased soil pH and mixtures inoculated with native Bacillus sp. had
lower pH values compared to those inoculated with Bacillus persicus, probably due to the greater effect of
Bacillus spp. on SW decomposition compared with B. persicus. The highest average BR was attained in mixtures
contained 4% SW which was 1.24 and 1.73 times greater than that in mixtures contained 2 and 0% SW,
respectively. While the effect of SW on soil BR was obvious, bacteria inoculation had different impact on soil
organic material decomposition and the lowest BR was measured in soil (0% SW) inoculated with Bacillus
persicus. OC content of mixtures increased with SW application. The highest OC level (3.21 g 100g™?) was
obtained in uninoculated mixture contained 4% SW, which was significantly greater than OC levels in mixtures
inoculated with bacteria (p < 0.05). The lowest OC level (3.21 g 100g™) was observed in uninoculated soil (0%
SW). SW application significantly increased Pava. The greatest Pava concentration (142.77 mg Kg1) was attained
in uninoculated mixture contained 4% SW which was not significantly different from Pay concentration in 4%
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SW-mixture inoculated with native Bacillus sp. (P > 0.05). In control treatments (0% SW), Bacillus persicus was
efficient in P release from soil native organic carbon and/or phosphate minerals. However, among the soils
contained 2% SW, those inoculated with native Bacillus sp. had the highest Paa concentration. The average Pava
concentration in the 4% SW-mixtures was 136.33 mg Kg™' which was 3.5 times greater than that in control
treatment (0% SW). Although soil Pay, was related to phosphatase enzyme, this enzyme activity was not affected
by treatments. In the P-releasing trend, it was found that 4% SW-mixtures had the highest Paa concentration
after 6 months of incubation, and bacteria inoculation made the P-release trend to be flatter compared to control.

Conclusion: The application of oil refinery plant-solid waste improved the basal respiration of the studied
soil and increased available phosphorus concentration. The comparison of applied solid waste levels showed that
the inoculation of soil with Bacillus bacteria had a positive effect on available phosphorus concentration only at
2% solid waste level.

Keywords: Microbial respiration, Organic carbon, Phosphatase, Phosphate solubilizing bacteria
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U1 until U44 are bacteria isolation.
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Table 1- Highly ability bacteria in terms of urea hydrolysis (selected from Figure 1)

B. pasteureii u3 us ui6 u3s u40

S ol 0.3505 0.342 0.1857 0.520 0.3634 0.122
EC(dS.m)

29 g 3.855 3.763 2.043 5.719 3.997 1.342

(mM urea.min™?)

0)9‘ ).Js),\.db <YL dbly L d)lfb dLmdulb u40 9 U35 U16 U8 U3
U3, U8, U16, U35 and U40 bacteria isolation with highly ability in urea hydrolysis
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Table 2- Biochemical Tests of isolated bacteria

1:_‘)9:5‘ B. pasteureii U3 us u16 Uss u40
ests
’ 1/5% + + + + + +
& 5 4905
2 oo (4905 + + + + + +
3T 3%
Salt tolerance - -
ol 6% + + + +
- + - - - -
10%
Ol 03] + - + + + +
Citrate test
Moy o903l
Awliis - - - - - -
Starch
hydrolysis test
£ S5l + - + + + +
Gram staining
osk OF
g3l ol e ) 2 Ja ) o
b o] : Without Green Yellow Yellow Green Yellow Blue
L oyl parafilm
(OFF) ypo55 LOIF
(OIF) test bl o S o s %3 o
With Blue Green Green Green Yellow Blue
parafilm
YU 905 + + + + + +
Catalase test
RIS
ouilw gl - - - - - .

Fluorascance
test
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Table 3- Some physical and chemical peroperties of the studied soil

Seedy PH S syl Jsdss ov) b R
Soil EC Prosity Clay Silt Sand
texture
(dS.m'1) YA YA YA YA
Sandy 3 7.1 1.68 54 0 0 100
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Table 4- Analysis of variance of soil penetration resistance

oS B @33l a4y ©la e (ke

S.0.vV df Mean square

(59958 Cuoglie

Penetration resistance
(@) Microbial treatment .S jlos 7 175.37**
(b) Concentration clale 37.62**
axb 14 15.36**
Error oLl 48 0.21

o>V Jleis] daws j3 )3 pixe g 5 gizeyuE )i & i 9 NS
ns and **, non- significant and significant at 1% probability levels

S g 31 (g ko il 0 43 (JEwllRe o 51) (59,958 Cuoglio I Juols gyl -0 Jgao
Table 5- The results of soil penetration resistance at 5 cm of soil depth

S5 (5¥90) 8591 81 pod &3 amadS” 3y IS Cilizo £ glanw
Bacteria Different levels of calcium chloride and urea (molar)
0.1 0.5 1
B. pasteureii 7.29f 9.03¢ 6.279
U3 9.08e 10.26¢d 13.56a
us 12.94a 10.7bcd 6.04g
uU16 4.63h 5.83g 1.21jj
U35 6.56fg 10.84bc 1.87i
u40 9.99d 13.24a 11.16b
Control 0.0001k 0.0001k 0.0001k
Cementation agent 0.97j 1.13ij 0.0001k
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at different levels of microbial treatments
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a: wind speed (0 ms™), b: wind speed (9/4 ms?), c: wind speed (25 ms™)
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Introduction: Dust is one of the most important destructive phenomena in the world, that annually causing
damage to human health and the environment. This issue ranks after two major challenges of climate change and
water scarcity as the third most important challenge facing the world in the 21st century that is considered.
Microbial-induced calcite precipitation (MICP) is a relatively green and sustainable soil improvement technique.
It utilizes biochemical process that exists naturally in soil to improve engineering properties of soils. The calcite
precipitation process is uplifted by the mean of injecting higher concentration of urease positive bacteria and
reagents into the soil. In this process, the enzyme present in the bacteria hydrolyzes the urea in the environment
and through reacting with the calcium ion, leads in the deposition of calcium carbonate. The main objective of
this study is isolation native ureolytic bacteria from different soil of around Urmia Lake and then, the evaluation
their efficiency in the MICP for stabilization of sandy soils and reduce windy erosion.

Materials and Methods: In order to isolate ureolytic bacteria, 25 soil samples were taken from different
land use in West Azarbaijan province, Iran. To increase the number of ureolytic bacteria in soil samples were
used from the enrichment solution and then ureolytic bacteria were isolated and purified. These isolates were
subjected to various biochemical tests, as well as the growth curve and urease activity were determined. In order
to investigate the potential for soil improvement, a factorial experiment was conducted based on a completely
randomized design with two factors including microbial treatment in eight levels (including five isolated bacteria
(U3, U8, U16, U35 and U40) and Bacillus pasteurii (as control Positive), non-bacterial and non-cementation (as
control negative) and non-microbial but with cementation solution treatments) and another factor including
different concentrations of calcium chloride solution with urea at three levels (0.1, 0.5 and 1 molar), in three
replications. After injection of cementation solution and bacterial solution to soil, penetration resistance and
windy erosion rates in sandy soil were assessed

Results and Discussion: In study, overall 45 isolates of the bacteria were isolated and purified. Among of 44
isolates, five bacterial isolates (U3, U8, U16, U35 and U40) had the highest urease activity. The growth curve of
bacterial isolates showed that the highest urease activity and microbial population were in the time period of 13
to 16 hours after microbial culture, which it is represents the best time use bacterial solution in the MICP
process. According to the results of soil improvement tests, the amount of soil erosion in the MICP treatment at a
wind speed of 25 m/s was zero and the rate of penetration resistance was averaged over 13 MPa, which has a
very impressive impact on MICP in controlling wind erosion, especially at high speeds of wind. The results
showed that U3 and U16 isolates had the highest amount of urea hydrolysis and also U16 and U3 had the lowest
and the highest tolerance to salinity, respectively. The results of the wind tunnel showed that the wind erosion
threshold in negative control samples (non-bacterial and non-cementation) were 9.4 m/s and for MICP samples
(including five isolated bacteria and Bacillus pasteurii ) were much higher than the wind tunnel speed in the
wind tunnel machine in Urmia university (25 m/s). The maximum penetration resistance (13.5 MPa) was
obtained in the sample treated with U3 isolate and 1 molar calcium chloride, but negative control treatments
(non-bacterial and non-cementation) as well non-microbial but with cementation solution treatments were 0 and
97.0 MPa, respectively.

Conclusion: The amount of soil wind erosion was zero in MICP treatment with the wind tunnel speed 25 m/s
that indicates very important effects MICP to control wind erosion of sandy soils to compare control treatments
(non-bacterial and non-cementation and non-microbial but with cementation solution) in high wind speeds. The
application of MICP treatment in the soil, in addition to increasing its wind erosion resistance, also increased
penetration resistance in the soil. Increasing the penetration resistance of MICP treatments (including five

1, 2, 3 and 4- Gratuated M.Sc., Professor, Assistant Professor and Associate Professor Department of Soil Science,
Faculty of Agriculture, Urmia University, Urmia, Iran, respectively.

(*- Corresponding Author Email: m.barin@ urmia.ac.ir)
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isolated and Bacillus pasteurii) can be due to the activity of bacterial isolates, chemical interactions, and the
formation of calcium carbonate precipitation into soil cavities, which causes to form a hard layer in soil. Also,
obtained resistance by using isolated bacteria indicates that there are many unknown microorganisms that can
carry out MICP better than Bacillus pasteurii and probably they will be better compatible and establish because

they are native.

Keywords: Biological cementation, Penetration resistance, Ureolytic bacteria, Windy erosion
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Table 1- Some physical and chemical characteristics of the used soil

39 o o i
Property Amount/difinition
<l b o P
Soil textural class Sandy clay loam
el 7.6
pH
()"“’ bd ()‘W)Lf‘m) 81*-“" °)L“; UQ)_.SJI wL\Jb “"""U‘E 2.15
EC (ds.m™?)
ke 13
Organic matter
(pS9kS ) pS ko) | 2 (5 63k (65 0 lae LB (2l 51
DTPA extractable Fe (mg.kg?)
(sl p S ko) It & ool o5 oslas LB 13
DTPA extractable Zn (mg.kg™)
(Sl p S o) I ot 5 ool 65 oylas LB e 0.6
DTPA extractable Cu (mg.kg™t)
(pSokS 5 p S ko) | 2 5 (63l 555 0jlas S 55 3

DTPA extractable Mn (mg.kg1))
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2- Uptake Index
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Table 2- Results of ANOVA of effect of surfactant, plant growth regulators and interactions on some measured

parameters
Ol pdS 2alio COUS g by (SLBONS puliid KV PP LY XWLIPONE STt WL JYWW) Uns
Source of Surfactant* Growth Error
Surfactant  Growth regulators
changes regulators
@Il 24
Degree of 2 3 6
freedom
s 0.301
o) 453" 10.9" 6.43"
Dry matter
~lale 115
P _ 180™ 85.4™ 70.8™
Cr concentration
ol 265
P 22475™ 5347 3108™
Cr uptake
-] clale 179612
ool _ 17284348™ 1049134 850020
Fe concentration
(e g 0.459
Biological 7.21™ 3.42™ 2.83™
accumulation
coefficient
O BRY ol I . xx . 5.82
by xSk P35 ix adld 493 117 68.2
Mean squars Cr uptake index
yJ Ol - 2072669
s 57138 11816020 4010539
Fe uptake
PSR 170
pa clle 856" 689" 849™
Mn concentration
g L 2155
i ol 127634™ 57820 32304
Mn uptake
Ll 144
o . 3489™ 500" 948"
Cu concentration
ol 865
o 7426™ 6427 1911
Cu uptake
SR 288
92 _ 18465 347 639
Zn concentration
il x e . 1069
90 8917 9359 3163
Zn uptake

S0y O gaw 3 Jhliee * )3 Y pdaww j3 loliee **
“Significant at 1%, “Significant at 5%

(U5 35 0)5) (s2lg2 PIWl Suid (459 0 Wby (SLOULS alasd 9 CIlSE o Zobaw W1 =T Joua
Table 3- Influence of surfactant levels and plant growth regulators on shoot dry weight (g.pot)

(225945 53 Jgo shuo) COUSE gu sals Sl S g Sl Sianr] Jguiy gl b3 Ry
Surfactant (mmol.kg™?) Control  Gibberellic acid  Indole acetic acid  Benzyl amino purine  Mean
0 0.717cd 0.750cd 0.883cd 0.883cd 0.808C
25 0.550d 1.88c 1.35c¢d 1.42cd 1.30B
5 0.557d 6.28a 6.53a 4.18b 4.39A
0ls 0.611C 2.97A 2.92A 2.16B
Mean

s H1 gme S 9051 53 (gylol sl dias poliie Cgys (clls a5 (oolael Cad) g gt 4
Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 4- Influence of surfactant levels and plant growth regulators on shoot’s Chromium concentration (mg.kg*) and

uptake (ug.pot?)
3 . ‘Uﬁ . . 1 s
Ppcke) g el S g ool B g
(554 Control Glbbe_relhc Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
pgyS clale 0 9.9¢c 14.2bc 20.6ab 9.5¢ 13.6B
- _ 2.5 20.9ab 20.5ab 18.9ab 24.1a 21.1A
(P35S > pScdke) 5 9.4c 19.6ab 21.6a 24.9a 18.8A
Cr concentration Sl
mg.kgt i 13.4B 18.1A 20.3A 19.5A
Mean
0 7.33c 10.6¢ 17.4¢c 8.17c 10.9C
posS ol 25 12.0c 37.6¢ 25.5¢ 33.5¢ 27.2B
(5 )3 p55,5es) | ?LA 5.17¢c 122ab 143a 100b 96.2A
Cr uptake o 8.18 56.9A 61.9A 473A
(ug.pot?) Mean

i I3 xe SIS 0] 50 (olal a5l aen polie g (hyls &S ool sy g gy 5
Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 5- Influence of surfactant levels and plant growth regulators on Chromium’s biological accumulation coefficient
and uptake index
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Surfactant (mmol.kg%) acid purine
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 6- Influence of surfactant levels and plant growth regulators on shoot’s Iron concentration (mg.kg) and uptake
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(P’s*s Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg) acid purine
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5 1 25 1574de 2552hc 1660d 1606de 1848B
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 7- Influence of surfactant levels and plant growth regulators on shoot’s Manganese concentration (mg.kg™?) and
uptake (ug.pot?)

Jgo ) IS5 90 ey spsorsiasl o
(05948 Ly IR ) Sl Jgany] ORISR Sl
- Control Gibberellic Indole acetic acid Benzyl amino Mean
(f#ggﬁ%”f) acid purine
- e et 0 74.3ab 48.7b-d 58.3b-d 69.6ab 62.7A
F;“L"A)/’&m 2.5 63.5hc 91.4a 69.2ab 41.9cd 66.5A
(pySoks »» 5 41.2cd 69.9ab 55.9b-d 34.4d 50.3B
Mn concentration Silee
(mg.kg) M i 48.6AB 70.0A 61.2AB 48.6B
. ean
P59 Sue) ie i 0 51.9cd 36.0d 47.3d 58.5¢d 48.4C
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 8- Influence of surfactant levels and plant growth regulators on shoot’s Copper concentration (mg.kg™) and uptake

(Hg.pot™)
Pele) SR IS g o R g
(ﬁ’s’lﬁs Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
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Cu uptake il
(Mg.pot™?) ok 31.1B 79.8A 72.4A 93.1A
Mean
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Table 9- Influence of surfactant levels and plant growth regulators on shoot’s Zinc concentration (mg.kg™) and uptake

(1g.pot™)
Ppe) S IS g o R
(ﬁ’s’lﬁs Control G|bbe_reII|c Indole acetic acid Benzyl amino Mean
Surfactant (mmol.kg™) acid purine
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Zn uptake (pg.pot? <
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Means followed by the same letter are not significantly different by Duncan,s multiple range test.
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Introduction: Chromium (Cr) is one of the toxic metals widely used in leather tanning, alloy preparation,
electroplating, drilling mud, refractory steel and catalytic manufacture. Besides the toxicity of chromium to
human, it also disturbs the soil ecology and plant growth due to its toxic nature even at low concentration.
Phytoremediation is effective and can be viewed as a relatively low cost, solar energy driven process for the
management of contaminated soils. Hiwever the heavy metal toxicity adversely affects the plant growth and
development. We can use some chemical compounds to increase plant resistance to heavy metal and increase the
efficiency of phytoremediation. These days, foliar application of plant growth regulators such as Gibberelic acid
Indole acetic acid and Benzyl amino purine are considered for various purposes such as enhancing plant growth
and resistance to salinity, drought and heavy metals. Exogenous application of phytohormones can modulate the
toxicity of Cr on plants most probably by maintaining hormonal balance of plant under metal stress. surfactants
effectively enhance metal ion transfer to aqueous and hence increase their availability. Assessing surfactant
assisted phytoremediation is important in order to ascertain the extent of its effectiveness under different
conditions and to find its optimum level for metal phytoremediation. The application of plant growth regulators
and surfactants can be an effective way to cope with stresses such as heavy metal contamination. The objectives
of this study were to determine the effects of the growth hormones Gibberelic acid, Benzyl amino purine and
Indole acetic acid alone and combined with surfactant on plant growth, concentration and uptake of Cr, Fe, Mn,
Cu and Zn and some phytoremediation factor for Cr.

Material and Methods: The soil was air-dried and grounded to pass through a 2-mm sieve then was
analyzed to determine various soil physic-chemical properties using standard methods. A greenhouse experiment
was conducted in a completely randomized design with a factorial arrangement of 3 x 4 including three levels of
surfactant (control, 2.5 and 5 mmol kg™ soil) and four levels of plant growth regulators (control, Gibberellic
acid, Indole acetic acid and Benzyl amino purine). All soils were contaminated by 5 mg/kg chromium and
incubated for 1 month. During incubation, the soil samples were maintained at field capacity by distilled water.
Safflower (Cartamus tinctorius L.) seeds were disinfested with 10% sodium hypochlorite, washed three time
with distilled water and planted in the pots. Growth regulators were sprayed at three stage of 30, 20 and 40 days
after planting at concentration of 1 mM. The plants were kept in the standard condition of greenhouse and the
soil moisture content was maintained at field capacity by distilled water. Sixty days after planting, the plants
were harvested and washed with distilled water, and then dried in oven at 65 Celsius until they reached a
constant weight. Afterwards, the over-dried plant samples were grounded. Then dry ashing and extracting with 2
normal hydrochloric acid, the concentration of Cr, Fe, Zn, Cu and Mn in shoot was determined by atomic
absorption (Shimadzu AA-670). The analysis of variance (ANOVA) was performed using a completely
randomized design. Significantly different treatment means were separated using Duncan test (P < 0.05).
Biological accumulation coefficient (BAC) and uptake index (Ul) were calculated with a specific formula.

Results and Discussion: The results showed that addition of surfactant and growth regulators caused a
significant increase in shoot dry weight, biological accumulation coefficient, uptake index and chromium
concentration and uptake. Addition of surfactant reduced the concentration and uptake of iron in the absence of
growth regulators, but in the presence of plant growth regulators, application of tween 80 increased iron
concentrations. Application of 5 mmol kgof surfactant decreased mean concentration of manganese, copper and
zinc. While addition of 2.5 mmol kg™ of surfactant increased metals concentrations. Although addition of 5
mmol kg* surfactant increased dry weight, it did not have a satisfied effect on increasing the concentration of the

1 and 2- Ph.D. Student and Associate Professor, Department of Soil Science, College of Agriculture, Shiraz University,
Shiraz, Iran, respectively.

(*- Corresponding Author Email: ghasemif@gmail.com)
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elements in the plant. Plant growth regulators increased uptake of elements which is a protective mechanism
against stresses.

Conclusion: It appears that using plant growth regulators increased the resistance of the plant to chromium
toxicity probably through increasing absorption of the elements such as Fe, Mn, Cu and Zn. According to the
results, application of tween 80 along with plant growth regulators could increase safflower capability to cope
with chromium toxicity.

Keywords: Benzyl amino purine, Indole acetic acid, Gibberellic acid; Micro nutrient, Tween 80
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Figure 1- Geographic location of sampling in the studied region
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Table 1- Some of physical and chemical soil properties in the studied soils

SB Sy o e el gl
Soil properties Forest Range Dry farming Irrigated farming
(PH) 4! 7.17 7.95 7.09 7.24
(Texture) S cal Clay loam  Loam Clay loam Clay loam
CaCO03 (%) Jslo pundS il 9.37 23.25 32.75 32.65
(TC)% JS o8 4.09 450 4.18 7.14
(TN)% S )35y 0.44 0.20 0.11 0.29
(TIC) % JS sase 005 1.64 2.70 3.60 4.41
(TOC)% s J oS 3.05 1.80 0.94 2.73

Ao (55 )5 (o S ()5 5 il ly o0 S -Y Jgaa
Table 2- The results of analysis of variances of Carbon pools between different land uses

SB S ©lrpo Egooe ©layo (eSbe RS F Syl sz
Soil properties (sS) (MS) (DF) Sl (Sig)
(TC) JS opy¥ 42.22 14.07 1 14.8 0.00"
S 00 9.15 3.05 1 4.75 0.004"
(TIC)
(TOC) s T on8 55.15 1838 1 361.47 0.00"
(TN) JS o395 0.55 0.18 1 4,78 0.004"

ol Yl e Ao )3 O o j> BMSI*
*significantly differences at 0.05 level.
0w 9 (SOCLoi) LOI (SOCwr) Sli- JISUlg (w39, 31 a5lins] U cilisee (g5 52,15 55 ool Cowd a4y JT (3955 duoyd (3l -V Joua

(SOCen) 1594 9 (25 & 50141
Table 3- Mean organic carbon contents in different land uses measured by Walkley-Black (SOCws), LOI (SOCLoi) and CN
analysis (SOCcn) methods

o B mdiWs o g5Ws

Forest Range Dryfarming Irrigated farming
SOCws 2.30% 1.27° 0.83¢ 2.12%®
SOCLol 4522  1.98° 0.52¢ 2.65%
SOCcn 2542 1.80° 093¢ 2,722

bl e (P<0.05) jlo sxe BB (glyly ciyd)y j 50 S yidio By > b olasl
Numbers followed by the same letter are not significantly differences (P<0.05).
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Table 4- Analysis of variance of land use on Carbon pools measured by different methods

(SS) Glas o 3omme (MS) Slarye (il (DF) (golji a ) luslone P (Sig) o5 o sime
SOCws 24.34 8.11 1 40.11 0.00"
SOCLol 19.63 6.54 1 50.07 0.00"
SOCcn 51.17 17.05 1 159.6 0.00"

ol > me Ao yd B s > S| F
*significantly differences at 0.05 level
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Table 5- Spearman correlation between soil properties and organic carbon obtained by different methods
Tic TN e Cl Silt
. a i
SOCWe SOCeNSOCLor i ot o oS v
Js QI Js oy S

SOCecn 0.88™
SOCLol 0.86™ 0.73"

TIC
(S e o) -0.08 -0.16 -0.30
TN - - -
(U5 5s5) 0.76™ 0.92 0.74 0.06
TC o
(S o) 033 030 011 085 0.45

(o»)Clay 043 046 051" -009 051" 0.1
(ckw)Silt 047 052 031 01 048 035 -0.32
(»)Sand 069" -0.85 -0.66° 0.009” -0.84 -040 -039 -0.71%

M[J‘;O)lbums o[e0 9< ofeN Cjﬂ“’)J _.’%;)54_‘,%9#%
*and** significant at 0.05 level and 0.01 level.
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Introduction: Nowadays, because of climate change, there is a great interest in carbon cycle. In most of the
soils, the main part of carbon is held as soil organic carbon (SOC) whereas, in soils of the arid and semiarid
regions, inorganic carbon, primarily carbonate, is the majority of carbon in the soils. The major minerals found
in the soils of arid regions of Iran are calcite (CaCOs3) and dolomite (Ca Mg, COs) which mainly exist in the soils
of the southern and southwestern Iran. Thus, quantifying both SOC and soil inorganic carbon (SIC) is essential
to know the way of occurrence of the carbon cycle in the soils. The aim of this study was to compare different
methods for the determination of organic carbon in calcareous soils under different land uses of Lorestan
province.

Materials and Methods: The study area is located in the Polhoro region of Khorram Abad district, Lorestan
Province in western Iran. The sampling area spanned sides of the Polhoro region, which has various land uses,
including forest land, cropland, and grassland. Dry and irrigated farming were between cultivated lands. In each
land uses, a study plot was chosen. At each sampling point, five subsamples were taken at a depth of 0-30 cm
(root zone) and mixed to form a composite sample including one central point and four other points by the
distance of 15 m in the four cardinal directions. A total of 40 soil samples were taken across an agroecological
region in southwest Iran. The soils had a clay-loam and sandy-clay-loam texture classes and pH above 7.
Representative samples were analyzed for SOC and SIC measurements by different procedures. The procedures
were included the modified traditional Walkley-Black method (WB) for SOC, Loss-on-Ignition (LOI) Procedure
given by Nelson and Sommers (1982) for SOC, and CN analyzer (Vario-EL I11) for SOC and SIC. The method
presented by Boden, VDLUFA-Verlag, Darmstadt (2016) was chosen for organic carbon and carbonate
measurement. This method was used as a reference method to compare results of different methods.

Results and Discussion: In the present study, the soil samples of forest land showed the highest values for
TOC and TN, but lowest values for TIC. The measured SOC concentration by WB, LOIl and CN analysis
methods in the top soil varied among land uses. The highest C concentration (4.52%) was observed in the forest
land while the lowest concentration (0.52%) was for dry farming land both by the use LOI method. SOC values
varied from 0.8 to 2.3 in modified WB, 0.52 to 4.52 in LOI and 0.93 to 2.72 in CN analysis methods between
different land uses. The differences in C concentrations between rangeland, forest, irrigated and dry farming
lands were statistically significant and showed the following order for the WB and LOI methods: forest land >
irrigated farming > rangeland > dry farming. As expected, C concentrations of LOI and WB were highest in the
forest, intermediate in irrigated farming and rangeland and lowest in the dry farming. The relative content of
SOC, o differed significantly across forest and irrigated farming land uses while the difference was not
significant in the other two methods. A significant difference also observed in the SOC of forest and irrigated
farming with dry and range lands obtained by all three methods. The results of the correlation between the bulk
soil and SOC in different methods from the Spearman correlation analysis showed that there was a positive
correlation between the TN, TC, clay, and silt of the bulk soil with SOC in the separated methods with the
correlation coefficient ranging from 0.1 to 0.92. Conversely, the negative correlation was found between TIC
and sand content of the bulk soil with the SOC in the different methods. It can be concluded that calcareous
nature of these soils could be one of the reasons for low organic carbon in this research. By comparison between
the SOC values measured by WB and LOI methods with CN analysis as a reference method, the WB method
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showed the results were more near to CN analysis than LOI. The high SOCo values for the forest and range
land in this research may be related to weight loss from some non-SOM. The results of this study demonstrate
that the CN method with combination of dry combustion is a potent method for the accurate estimation of SIC
and SOC in calcareous soils. The common approach often involves pretreatment with acid to remove carbonate,
which may cause remove organic matter in soil samples and also erosion the instrument. Thus, the combustion
method could be a good substitute for acid treatment of soil samples.

Conclusion: Three methods were applied for determinations of SOC concentrations in calcareous soils of
Polhoro region and the results were compared. There was a wide range of values in soil properties, but in
general, TIC was more than SOC. The results show that the Walkley-Black method with external heating can
provide precise estimation for soil organic carbon for these soils. This study illustrates that the WB and LOI
technique could be comparable with the CN analysis method and regarded as potent methods to produce accurate
results for estimating of organic carbon in arid soils. The results supported the elemental analysis as a precise
method to the estimation of SOC and TIC in calcareous soils. Further study is suggested for testing TIC by LOI
approach on a wider range of arid and semi-arid soils.

Keywords: Calcareous soils, Dry combustion, Organic carbon, Walkley-Black method
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Figure 1- Location of Doroudzan watershed in Fars province and Iran and locations of profiles in the studied area
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1- Calibration

2- Validation

3- Variance Inflation Factor

4- Coefficient of Determination
5- Forward Stepwise Regression
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1- Mean Error
2- Root Mean Square Error
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rmlzel sl esls

(@)

Validation data
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Figure 3- Particles size distribution of soil samples in Doroudzan watershed in Fars province
Hallow circles are calibration data and solid circles are validation data.
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Table 1- Summary statistic of physical and chemical properties of Doroudzan watershed soils in Fars province

(n=45) _sumly sWosls
Calibration data (n=45)

(n=15) o, Lic! sbaosls

Validation data (n=15)

SL sl 21y 1o &l o
Soil properties Unit BEIRYS PSlas oSl e BEIRYS Sl oSl e
Min. Max. Mean I Min. Max. Mean N
sD SD
Slo (pH) - 6.65 791 7.39 0.27 7.05 7.86 7.38 0.220
Colad Culild
S S ds m 0.60 4.02 1.62 347 0.350 6.07 2.16 1.67
(EC)
Jolee M(écg)gw; % 15.2 65.5 42.7% 7.8 232 66.5 405 951
A P9 (e
SIS mm 0.68 2.45 1.33° 057 0.800 1.98 126° 0400
(MWD)
d’(;"é?’” cmh? 0.80 3.80 1.70° 0.50 035 3.30 157*  0.820
e ‘E’; ’”D) 0 gem? 1.47 2.22 1.79° 0.19 1.34 2.02 142°  0.200
J1 83k (OM) % 1.50 421 3.02° 0.88 1.70 4.22 284% 0620
o (Clay) % 237 56.8 38.5° 6.30 18.9 428 37.32 7.50
Cdaus (SilE) % 322 54.6 4542 3.80 40.1 51.4 46.1° 350
o (Sand) % 13.3 441 18.3 7.50 12.2 35.4 2112 7.20
. I A ERVEE!
‘(‘S’ _f""""aﬁt‘f tha hmhrf]_l MJ 0.029 0.044 0.030° 0.002 0.027 0.046 0.031°  0.003
o1l erodipllity,
(S‘s_lrdé"t‘h ) m 0.40 1.80 1.04 0.350 0.45 1.75 1.10 0.038
oil dep
Jooii BB s
S cdy,un ton ha! year? 0.29 2.25 1.14° 0.52 0.35 1.95 1.03° 0.43

(Soil loss tolerance)

SIS S s O 355 ety nlaSE b g 3slis oleo anedS @l S gl o las S il culan cullé (i ias OM 4 BD PE MWD CCE EC

Sizwn SB ok g ¢ ynlls

EC, CCE, MWD, PE, BD and OM are electrical conductivity, calcium carbonate equivalent, mean weight diameter, water
infiltration rate, bulk density and organic matter, respectively.
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Table 2- Summary statistic of Skidmore model parameters in estimation of soil loss tolerance limit in Doroudzan watershed

in Fars province

sl s KYS P oNlbe Jlas Sl lee Bl
Parameter Unit Mean Min. Max. SD
(SE o 5c) 2 m 100 040  1.80 0.41
Z (soil profile depth)
Z1 (the lowest soil proper depth for sustainable growth of crops)
Z> (the most soil proper depth for sustainable growth of crops)
(Tour S <8550 Jooid JIB 2> ol 22) Tt mm 020 020 020 0.00
Ti (the low limit of soil loss tolerance limit, T(xy.)
(T SE cdypin Joodi LB 22 VL 2] T2 mm 185 110  2.00 0.26
T2 (the upper limit of soil loss tolerance limit, Txy.)
(S& cy0 Joos JB ) T mm year. 014 0029 0225 0.05

T (soil loss tolerance limit)
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Table 3- Correlation coefficient of physical and chemical properties of Doroudzan watershed soils in Fars province
ok ol e - oly,s
P . e gl yd adld oslo
Al Sl o SRl g ule osate el

owaiR s (K- . P
LalSE  (Sand) (Silfy (Cray) (PE) PH) Sy gl SrN Jalee
(MWD) (EC) (BD)

(dg) factor) (CCE) (om)

0.14 -0.48"

029 088" 000
O XY 021 007  -0.20

0.34" -0.06 0.20 -0.04 0.12

0.11 0.12 -0.18 -0.04 -0.09 047"

} 0.17 -0.22 -0.11 031" 0.03 0.01 0.15

sl

(BD)

oSke

ki -0.26 0.94" -0.317 -0.89" 0.23 -0.03 0.07 -0.29
(dg)

-l
Sl
(K-

factor)

ol
-
Joles
(CCE)
Sole
(M)
RS
Jezs
ik
Sk (T)

031" 0.48" 0.04 052" -0.65" 0.00 0.10 -0.05 0.22

-0.17 041" -0.22 -0.35" -0.12 -0.17 0.08 -0.22 034" -0.32"

041" -0.17 -0.06 0.22 -0.12 0.33" 0.32" 0.04 -0.15 0.24 -0.08

053" 022  -010  -019 021  -026 -016 013 017 031" 035 077

ke el IS5 celsl o)las (S S i ol (SB > O 398 sy dnaliS b s o 5ike wuia T 9 OM CCE K-factor dg BD EC . PE MWD

(o3 0 o ;> 5l gixe ) Mitad S Gioloy Jood Bl s g T odle ¢ Joles puandS il )S o« SB (o syl d il Jlad  otin
1WD, PE, EC, BD, dg, K-factor, CCE, OM, and T are mean weight diameter, permeability, electrical conductivity of saturated extract, bulk density,
geometric mean weight diameter, soil erodibility, calcium carbonate equivalent, organic matter, and soil loss tolerance limit, respectively (*.
Significant at the probability level of 0.05).
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Table 4- Details of forward stepwise regression method in estimation of soil erosion tolerance limit using soil easy-
measured properties Doroudzan watershed in Fars province

2l 3, luibiw! i LXWILY KY] -400) FEP PO
Jae Not standardized Standardized 5 il 5 a L
coefficient coefficient BB oW PP 0>
Model 5 o gls TAR: Significance Variance inflation index
SE Beta index
N 6.50 16.25 0.00
Constant
o odle -4.58 0.59 -0.64 0.00 2.12
oM
«ub
Ghss -3.08 1.44 -0.19 0.03 1.16
MWD
o 958 -2.44 0.61 -0.33 0.00 3.35
PE
Sle
-4.75 2.06 -0.19 0.03 2.25

pH.
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Figure 4- Tree diagram of soil loss tolerance limit estimation in Doroudzan watershed in Fars province (T: mean of soil loss

tolerance limit (ton ha year); OM: organic matter (%0); MWD: aggregates mean weight diameter (mm); EC: electrical
conductivity in soil saturation extract (dS m); BD: bulk density (g cm™)
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Figure 5- 1 to 1 plot of measured soil loss tolerance values (T) versus estimated values using forward stepwise multiple linear
regression (SMLR) and tree regression (RT) methods for two calibration (A) and validation (B) data sets
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Table 5- Evaluation statistics® of forward stepwise multiple linear regression (SMLR) and tree regression (RT) methods for
estimating soil loss tolerance limit in two calibration and validation data sets
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Validation Calibration ‘?w Calibration Validation Calibration
Validation

SMLR 0.67 0.81 0.27 0.28 -0.086 0.00

RT 0.78 0.96 0.26 0.125 -0.055 0.00
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+: RMSE and ME are root mean square error and mean error respectively.
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Introduction: Soil erosion is one of the most important and serious threats to food security and as a

consequence of human life. In order to perform soil protection activities against soil erosion, knowledge about
the amount of soil loss tolerable is very important. In fact, the soil loss tolerable is the potential for soil erosion,
loss of productivity and lost production, and the final criterion for controlling soil erosion and degradation of
land. Soil thickness methods, particularly Skidmore equation, based on their ability to estimate the tolerable
amount of soil loss have been widely used. In the mathematical function developed by Skidmore based on soil
thickness, the soil loss tolerable is calculated based on the soil's current depth, the lowest and maximum soil
depth for sustained growth of crops, and the upper limit of tolerable erosion in accordance with the environment.
Since the determination of soil loss tolerance by soil thickness method and the Skidmore equation requires time,
cost and energy, the researchers have tried to estimate the soil tolerance is supported by regression methods
using pedotransfer functions and easily available soil properties. Therefore, the present study was carried out
with the aims of determining the tolerable tolerance of soil loss by thickness method and the development of
regression pedotransfer functions for estimating this property in the upstream of the dam.

Materials and Methods: The study is place on Kamfiruz Watershed with an area of 422 km?, an average
annual precipitation of 443 mm and an average annual temperature of 14 °C. It is closed to the Dorudzan Dam
sub-basins and is considered as one of the five parts of Marvdasht plain in Fars province. For this work, 60 soil
profiles were excavated by excavating machine. In addition to measuring the depth of soil, some physico-
chemical soil properties were measured from the surface layer (0-30 cm) including; soil texture, organic matter,
salinity, percentage calcium carbonate, mean weight diameter in the laboratory and filed. In order to develop
regression models for estimating the tolerable soil loss, information from 60 soil profiles was divided into two
data-sets. One set of the data with 42 samples (7-% of whole samples) was used for developing the models and

another set of the data with 18 soil samples (30% of whole samples) was used for validation. Multiple linear
regression was used to develop the linear models. The same soil properties used in the multiple regression
method were considered as inputs in the tree regression method to estimate the tolerable amount of loss.

Results and Discussion: The results showed that the minimum and maximum Z; parameters (the lowest soil
depth for stable growth of crops in the study area) were considered as 0.25 and 0.51 m based on the current depth
of soil. Organic matter of the soils with the highest standardized coefficient (Beta = 0.44) and the highest
correlation (-0.77) with soil loss tolerance was the most important soil properties for estimating the soil loss
tolerance. In the regression model, only the coefficients of four characteristics of permeability, soil aggregate
stability, pH and organic matter appeared among the soil grazing characteristics and entered into the model.
Based on the evaluation statistic, tree regression method with the highest determination coefficient in both
calibration data sets (R? = 0.96) and validation (R? = 0.78) and the lowest error value in the validation data
(RMSE= 0.29 ton ha!year?) and validation (RMSE = 0.125 ton ha’ year?) were more efficient than the
multiple regression method in estimating the tolerable soil loss.

Conclusion: Soil loss tolerance was estimated using regression methods (multiple linear regression and
regression tree) in Doroudzan Watershed, Fars province. The soil loss tolerable determined using Skidmore
method, was 1.04 tons per hectare per year ranging from 0.29 to 2.25 ton ha! year?. The soils of this area are

1, 2 and 3- Postdoc Researcher, Associate Professor and Ph.D. Student, Department of Soil Science, College of
Agriculture, Shiraz University, Shiraz, Iran, respectively.
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slightly deep and their depth varies from 0.4 m in the marginal areas in the upstream parts of the catchment area
of the dam and the slope of mountain up to 2 meters in the center of the plain with agricultural lands uses. In
general, the tree regression method had a better performance than linear regression method for estimating the soil
loss tolerance based on the statistical indices.

Keywords: Calcareous soils, Erosion, Multiple regression, Skidmore method, Soil erodibility, Transfer
functions, Tree regression
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Figure 1- FT-IR spectra of nZVI, CMC-nZVI and CMC
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Figure 2- SEM image of CMC-nZVI
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5- attachment efficiency

6- Clean bed filtration theory
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Ol oS aald e 1) Lol ace (Y5 b JUis! Jeusls
$9-5 SldPU (olag dale (e sl b ol ©lMb
sl iolosl JuoS5 5l s ol 35l cublinSS oy yokate ol
(A Ve) s te il ¥ sl sy 4 Jodote Laea o JUis]
L Lmum u_,] 5 o3 loudl 5)5931_3 )].\_S.c e 9 I il
gy «oled )3 03,5 (e g LS g, g plogiby ySwl
399 3 dols ol 5 0aladly ol woyd g 4 ciligSS
PP UlPeeh b d JSS 4 eg b (0 JSS) Ad )y g
9 (= ym eSSl Voo 5 Ve armibwgus ol clale iy

woor (B e Sdee Voo g Y] fgmilinge YL clale
duwlo o)’b.}] « ‘_5';)9.9 5 ‘OML.M,W Onb dlmc&li » .394,5

o)l.x_sld,.aaLfl_, )_..J);,o)suhah clale )a‘uw)s ..\Jl.s‘_;o

WJJQ_».\.&)LN‘)G_@A_Q))_MJ):P;L;LAY ).)Lal
0y00l5T 5 adasd Jlade a5 Wilosly oyLis (YF VY) atisiS lallas

855 5l J! 5 cal b (<Y mo/l) b clacdale (> o0
ol 235 (V) a5 ol 5 o o A55IS 500l
by oo alyd iolidl U as aioly s a5elS” aunl ild (6505
Jbasl o)L «6)li50gu) (sl oy ghaw (Lol > & ¢ Jdoee
b (ol CllinSS calpl 5 pials

ool (ygrilsgus YLy clBle 5l a8 Sloj o Jl al b
odnlin & S ;0 &S (gysb lod 20,8 o (a8lie gl w35 e
cdale 5 (A=Y MMl e @) cob dwle ojlil S jd 205 o
e Ggasluoge 53 0)3956 Clale (Ll «ygrusluwge VL
Ogeiliwger Cale S 53 0gde A b oo (il CublinSS
e 5y bauwgie dwle jl 0igd dwle ol ialS b ol
g S 93 4 (aulyd iz S (o0 Ly (RS 35 ctlinS
&5l JBlas adls jd oads puiias alyd il by Jol s £
Hio gbaale 13 &8 Joloro oliard Lulyd o S 4 458
5 edd Cuzmo o] 5590 50 sty 9 Sl Sy gloanle Sl
SLagys 1L S 4 5i) glaawls ) Jlail ojl ialS 09
(70 5 1Y) ol lSa 3 &8 s bl (53, (Saalsgyvn
L 39 e o3liiasl 3550 (YL cdile 1 a8 o amd e oLt
u)@ Uil oa Jlasl 35l ¢ Jsklste Lo 3 o)'Uj‘ Linls
i 008851 (55, (Sealidg)lem slogy Sl ) Al ol ]
b S3 1 gy Tl 5T i) 5 ToseglST (S

1- Agglomeration
2- Disagglomeration
3- Deposition



Yo¥ el g JUsl b sxio g dwlo )3 63105l g 0y34i6 cdale ,Ji.'

a5 Aol S o9l (3blie 3 (e o] gl yd
eSS sl Jdgy g 4is) lagiie 4 d2gi L g I 5k
5 oslisl 55 48 el el oo CMC-NZVI &3sils
s dgi gl Bisas o (O] 2o 3) gl YU clacdale
g bawle ojlul Sials )8 oo )18 odlitul )50 (ipoj

33,5 oo gl Jlan] ilshl aoess 15 g cudligSs il

djge G & gleo Plue 3 b Sldgl Gorsluse 32)5
Hi glasle ) only cpl J145 o0 a3 4 355 )5 drgs
4y oo 45 (gyeb 4 bl e p Gldgl YL clale 3y
23,5 o gLl | sdsie lay sy @ldeil JUin] yude i3l
CMC- @365y (ive ahial il S (b 55 ol
il (IS glaaiyjae 3,5 )8 laise wb oyl ZVI

50
& w 0.297-0.5 mm
3 & ooy
ﬁ)-if,o 200
3 2?2 . o010
}j 10
$ 5 3 3
0 8 o o 0 8 8 B 5 B
0 3 6 9 12 15 18 21 24 27 30 33
o5 Jsb
L (m)
50
o o 0.5-1 mm
Y s 10000
i 0 #3000
= ]
1<, ,
L 4 [A] ) u
0 A $ 8 ¢ 6 g 8 8 8
0 3 6 9 12 15 18 21 24 27 30 33
O Job
L (m)
50
% & 1-2 mm
3 S0 10000
t-q): #3000
I 200
9 2 : 010
1% .
ol o 8 8 8 8888
0 3 6 9 12 15 18 21 24 27 30 33

O Job
L (m)

CMC-nZVI w,395L JUS g yinle;T 51 hols CuilagsS b dadgpm —0 JSd
Figure 5- the retention profiles of CMC-nZVI column experiments
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The Effect of Particle Concentration and Sand Grain Size on Transport
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Introduction: nZVI particles are strong reducing agents, capable of degradation and detoxification of a wide
range of organic and inorganic pollutants in contaminated aquifers. Understanding the transport and retention of
these nanoparticles in subsurface environments is required for treatment systems and in situ groundwater
remediation. During the last decade, several studies have been conducted to investigate the effect of different
physicochemical conditions on the transport and retention of nZVI in saturated porous media. This study aimed
to evaluate the effect of sand grain size and nanoparticle concentration on fundamental processes governing
CMC-nzZVI nanoparticle transport and retention in saturated porous media.

Materials and Methods: nZVI (NANOFER STAR, NANOIRON, s.r.o. Czech Republic was employed in
this study. To prepare CMC-nZVI, nanoparticle, suspension and polymer solution was added by the relative dose
of CMC to nZVI mass 1:2, in a 250-ml flask reactor. pH was fixed at 9.5 by NaOH and the solution was mixed
for 144 h under ambient temperature condition at the absence of oxygen. Quartz sands with ~ 99.38% SiO, and
0.27 Fe;03 based on XRF analysis, was used as the porous medium. The experiments were conducted using a
cylindrical Plexiglas column 30 cm in length and 2.5 cm in inner diameter. In order to capture the effect of
particle concentration and grain size, 12 tests were conducted with four different concentrations (C = 10, 200,
3000, 10000 mg/l) and three sizes of grain (dc = 0.297-0.5 mm, 0.5-1 mm, 1-2 mm). In each test, ~4 PVs of
nZV1 suspension were introduced into the columns and to complete the test, ~6 PVs of deionized water were
flushed. The column effluent was collected every 2 min and analyzed for total Fe using UV-Vis. The normalized
effluent iron concentration (C/CO0) for each transport test was plotted as a function of pore volumes. The spatial
distributions of retained CMC-nZVI in the sand columns were determined to right after the breakthrough
experiment. The quartz sand in each column was carefully excavated in ~3 cm increments, transferred into 50
mL vials and analyzed for total Fe. The concentration of retained CMC-nZVI in all the sand columns was also
plotted as a function of travel distance.

Results and Discussion: The breakthrough curves indicate that both grain size and nanoparticle
concentration had a relevant impact on CMC-nZVI mobility, even if the influence of nanoparticle concentration
was more evident. In all experimental conditions, the BTCs were not symmetrical, which indicates that
attachment and detachment phenomena occurred in different modes. The breakthrough curves can be interpreted
in two steps: injection and flushing times. The maximum relative concentration (C/C0) decreased, during
injection time, for three different grain sizes while influent concentration increased from 10 to 10,000 mg/L,
which can be attributed to the increase in particle-particle interaction (aggregation) and particle-sand interaction
(attachment). The breakthrough curves, after the initial increase, showed a strong decline, which is a clear
indication of the ripening phenomenon. This phenomenon affected the porous medium properties such as
porosity and hydraulic conductivity. Moreover, At higher influent CMC-nZVI concentration, Na* ion and
subsequently ionic strength increases because of higher doses of Na-CMC. As a result, aggregation and
deposition will occur under a shallower secondary energy minimum well, that they are reversible. At the same
nZVI concentrations, the breakthrough curve decreased by a decrease in grain size. Decreases in grain size can
lead to an increase in surface area, decrease in pore throat size; and consequently, retention of nanoparticles by
straining phenomena. However, another behavior was governed during the flushing time. During the flushing
time, a narrow sharp increase in C/C0O was observed called flushing peak. In this study, CMC-nZVI aggregates
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deposited onto surfaces of sands due to secondary energy minimum were eventually released during the flushing
period of the column with DI water. The results suggest that the grain size and particle concentration can have a
positive effect on this peak. The results of retention profiles demonstrate that the CMC-nZV1 retention in low
concentration (10 mg/L) is consistent with filtration theory; whiles the highly concentrated polymer-modified
nZVI dispersions (especially 3000 and 10000 mg/l) contradicts filtration theory. Based on filtration theory
(Elimelech et al. 1995; Tufenkji et al. 2004), if all factors affecting the transport of colloids are kept constant,
grain size increase can lead to a decrease in surface area and attachment efficiency (o). The contradiction at high
concentration can be explained by considering the effect of hydrodynamic forces (especially fluid shear) on
agglomeration and disagglomeration and deposition and detachment. The size of stable aggregates formed in the
pores of finer sands is smaller than when they are formed in the pores of larger sands because the magnitude of
local shear is higher for narrower pores. This led to decreased retention in finer sand.

Conclusion: The results of this research show that during the injection time, ripening and straining
phenomena are key retention mechanisms of nanoparticles by decreasing the sand size and increasing particle
concentration. While during the flushing time, secondary energy minima and hydrodynamic forces play critical
roles in the deposition and transport mechanisms of CMC-nZVI. At high particle concentration (3000 and 10000
mg/l), these factors can lead to an increase in nanoparticle mobility by decreasing sand size. However, the results
of retention profiles were consistent with colloid filtration theory at low particle concentration (10 and 200 mg/l).

Keywords: CMC-nZVI Particles, Particle Concentration, Retention, Sand Grain Size, Transport
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Table 1- Some morphological properties of studied pedons

" S5 Silwb i leo
Cwlbies ‘35_ 0 Color Consistency? Olrosss o
Thickness ng?z ngy’l SLis b o S Sob o Concentrations® Strugture
Dry Moist Dry Moist
Pedon 1\ ¢,

0-20 A A 'S 10YR 7/2 10YR 4/4 S VFR FDC, TOT 2, f, abk
20-40 C A 'S 10YR 5/2 10YR 3/2 L L FDC, TOT sg
40-80 2Btn AW 10YR 6/3 10YR 4/3 S VFR f, 1, CAM, MAT 1, m, abk
80-100 2C AW 10YR 6/2 10YR 3/2 S L F, 2, RSB, MAT 0, m, abk

100-150 3Btn A S 10YR 6/3 10YR 4/3 S L f, 1, CAM, MAT 1, m, abk
150-175 3Bk1 C,S 10YR 6/3 10YR 4/4 SH VFR FDC, FDG, TOT 1, m, abk
175-200 3Bk2 G,S 10YR 8/1 10YR 4/6 S VFR FDC, FDG, TOT 1, mpl
200-230 3Bk3 C,wW 10YR 7/2 10YR 4/4 S VFR CAM, MAT 1,f,, abk
230-265 3Bky C,W 10YR 7/2 10YR 4/4 L L CAM, MAT 1, f, abk
Pedon 2 vz,
0-30 Az CW 10YR63 10YR3/4  SH o b2 fAAA'\ﬁ' SAM. 5 m, abk
f, 1, CAM, SAM,

30-40 Btn G, W 10YR 7/3 10YR 4/6 SH FR CBM, MAT 2, m, abk
40-75 Bwl G,S 10YR 6/3 10YR 3/4 SH FR fL S':‘AI\ALI_CAM’ 2, m, abk
75-105 Bw2 C,S 10YR 7/2 10YR 5/4 SH FR FDC, TOT 1, m, abk
105-135 Bw3 C,S 10YR 7/2 10YR 4/4 SH FR f, 1, SAM, MAT 2, m, abk
135-180 Bw4 A 'S 10YR 7/2 10YR 3/4 MH FR FDC, TOT 2, m,pl
180-200 Bwb AW 10YR 6/3 10YR 4/4 MH VFR FDC, TOT 2, m, abk

200-230 Bw6 AW 10YR 7/2 10YR 4/4 SH FR FDC, TOT 1, m, abk
230-260 Bw7 AW 10YR 7/2 10YR 4/4 SH VFR FDC, TOT 1, m, abk
Pedon 3 v ¢,

0-20 A A S 10YR 6/3 10YR 3/4 S VFR FDC, TOT 2, f, abk
20-55 Bw AW 10YR 7/2 10YR 3/4 MH FR FDC, TOT 1, m, abk
55-95 Btl C,S 10YR 6/3 10YR 3/4 MH FR f 1, CBM, MAT 2, m, abk
95-130 Bt2 G,S 10YR 8/2 10YR 4/6 SH VFR f, 1, CBM, MAT 1, m, abk

f, 1, CBM, MAT,

130-165 Bt3 C,S 10YR 6/3 10YR 3/4 MH FR FDS, TOT 1, m, abk
165-190 Btk C,S 10YR 6/3 10YR 3/4 SH VFR f, 1, CBM, MAT 2, m, abk
190-215 2Bwl C,S 10YR 7/2 10YR 3/4 MH FI FDC, TOT 2, m, abk
215-235 2Bw?2 C,wW 10YR 7/2 10YR 4/6 MH FR FDC, TOT 2. m, cpr
235-260 2Bw3 C,S 10YR 7/3 10YR 4/6 SH VFR f, 1, CAM, MAT 1, m, abk
260-290 2Bk C,S 10YR 6/3 10YR 4/4 SH VFR FDC, TOT 1, m, abk
290-320 2Bw C,S 10YR 6/4 10YR 4/6 SH VFR FDC, TOT 2, m, pl

1. Boundary: distinctness (A - abrupt, C - clear, G - gradual); topography (S - smooth, W- wavy)

(23 W GLS) 13 S35 S e 5 ey C o RSA) g e
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2. Consistency: dry (L - loose, S - soft, SH - slightly hard, MH - moderately hard), moist (L - loose, VFR - very friable, FR - friable,

3. Concentrations: quantity (f - few); size (1 - fine, 2 - medium); kind (FDC - finely disseminated carbonates, FDG - finely

FI - firm)

disseminated gypsum, FDS - finely disseminated salts, CAM- carbonate masses, SAM - salt masses, CBM - clay bodies, RSB - root

sheaths); location (MAT - in the matrix (not associated with peds/pores), TOT - throughout).

4. Structure: grade (1 - weak, 2 - moderate); size (f - fine, m - medium); type (abk - angular blocky, sg - single grain, pl - platy, cpr -

Columnar).
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Table 2- Comparison of physical and chemical properties in studied pedons

. s oW . e td
oy rw &l o Sheo 2 ‘el EC  oH (rsn/?nRol G & g
|(((::nr11)ess Horizon ~ Sand (%)  Silt (%) (o/?)y Textural (dS/m) L-1)08 325/?;“1 Jalee
class CCE(%)
Pedon1 \ 3,51
0-20 A 52 42 6 SL 5.8 7.2 13 11 14.5
20-40 C 90 6 4 S 5.9 7.7 8.8 0.05 7.7
40-80 2Btn 54 32 14 SL 224 8.6 61 2.1 11
80-100 2C 94 2 4 S 17.8 8.7 50 0.5 7.5
100-150 3Btn 40 36 24 L 216 8.7 58 32 14.7
150-175 3Bk1 54 42 4 SL 214 8.5 58 3.2 18.5
175-200 3Bk2 54 36 10 SL 18.5 8.2 46 32 18.2
200-230 3Bk3 54 38 8 SL 18.7 8.1 57 2.2 16
230-265 3Bky 50 42 8 L 17.3 8.1 46 52 15.7
Pedon 2 ¥ #,s
0-30 Az 18 60 22 SiL 39.6 8.3 154 11 6.7
30-40 Btn 20 37 43 C 30.6 8.3 120 0 6.7
40-75 Bwl 26 40 34 CL 20.4 8.5 96 0 5.7
75-105 Bw2 26 46 28 L 10.1 8.7 79 0 11.2
105-135 Bw3 22 48 30 CL 4.2 9.2 33 0 10.2
135-180 Bw4 32 46 22 L 54 9.0 64 0 5.25
180-200 Bw5 32 46 22 L 6.5 8.7 75 0 125
200-230 Bw6 26 50 26 L 5.9 8.6 45 0 12.7
230-260 Bw7 28 48 24 L 7.2 8.2 41 0 115
Pedon 3 vz,
0-20 A 56 24 20 SCL 1.2 7.4 13 0 3.5
20-55 Bw 56 32 12 SL 7.7 7.3 14 0 6.5
55-95 Bt1 24 40 36 CL 117 6.9 5.4 0 9.5
95-130 Bt2 18 40 42 Cc 8.9 7.0 6.7 0 12.2
130-165 Bt3 14 38 48 C 5 7.3 6.5 0 12.2
165-190 Btk 12 42 46 SiC 6.2 7.3 8.0 0 15.2
190-215 2Bwl 18 42 40 SiC 3.6 7.5 7.6 0 11.7
215-235 2Bw2 20 50 30 SiCL 2.7 7.5 5.7 0 125
235-260 2Bw3 26 42 32 CL 2.4 7.5 4.6 0 8.7
260-290 2Bk 20 48 32 CL 1 7.6 4.1 0 15.2
290-320 2Bw 24 48 28 CL 1 7.6 3.2 0 9.7

1. Textural classes: SL — sandy loam, S — sand, L — Loam, SiL — silt loam, C — clay, CL — clay loam, SCL — sandy clay loam, SiC —
silty clay, SiCL — silty clay loam.
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Figure 2- Comparison of micromorphology images (XPL)

a: Pedon 1, horizon 2Bt; b: Pedon 1, horizon 3Btn; c: Pedon 1, horizon 3BK1; d and e: Pedon 1, horizon 3Bky; f: Pedon 2, horizon
Az; g: Pedon 3, horizon Bt1; h, i and j: Pedon 3, horizon Btk.
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(Mg: Mg saturated, Mg-E: Mg saturated treated by Ethylene glycol, K: K saturated, K-550: K saturated heated to 550 °C.
Sm: Smectite, I: llite, K: Kaolinite, Pa: Palygorskite, Ch: Chlorite)
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Table 3- Relative abundance of minerals within horizons based on X-ray diffraction

Cwls Ll Codpll  CuSw,d JU il Culs CulSew! ple
Thickness Horizon Kaolinite Palygorskite lllite  Chlorite Smectite Other
0-30 Az + ++ ++ ++ ++++ ++
180-200 Bwb + + + +++ ot A+
95-130 Bt2 + - ++ -+ ot ++
260-290 2Bk + - + -+ ot ot

+++++ >50% ++++ (30-50)% +++ (20-30)% ++ (10-20)% + <10%
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Introduction: Several archaeologists believe that there is a relationship between cultural residuals, human
beings, and soil. Soil related factors such as age index, climate change, and paleoclimate are important in
archaeology. Soils could be accounted as records of invaluable information. Appropriate compiling of these data
cause better understanding of soil and landscape genesis, and human activities in the past. There are two
distinguished archeological sites of Dagyanous (Islamic Era) and Konarsandal (before Islamic Era) in Jiroft area.
Besides, Konarsandal site is surrounded by old and new Halilrood channels. Since no data about the comparison
of soil evolution in the mentioned archeological sites were available, the present research was conducted to
compare soil evolution of archaeological sites using soil classification, clay mineralogy, and micromorphology
in Jiroft area.

Materials and Methods: soil samples were collected from three different archaeological sites including new
channel of Halilrood (pedon 1), old channel of Halilrood (pedon 2) and, Dagyanous (pedon 3). The samples were
air-dried and sieved (2 mm). Routine soil physical and chemical analyses including pH, EC, soil textural class,
soluble sodium, calcium, and magnesium, and gypsum and calcite contents were performed. The studied pedons
were classified using Soil Taxonomy system according to morphology, laboratorial results, and field
observations. The clay minerals were determined by X-ray diffraction (XRD) method after carbonates, organic
matter, and Fe were removed using Jakson (1965) and Kittrik and Hope (1963) procedures. Ten undisturbed
samples were selected for micromorphology studies and thin section preparation.

Results and Discussion: Pedon 1 is affected by Halilrood River sediments, that is why an old soil together
with a young soil was formed. Salinity and SAR in the old soil were higher than the upper young soil. A textural
discontinuity was found between the old and the young soils. Natric, calcic, and gypsic horizons were found in
pedon 1 and caused a Typic Natrargid to be formed in new Halilrood channel. Natric horizon due to high Na
cation was formed in pedons 1 and 2. On the other hand, salic, natric, and cambic horizons formed a Typic
Haplosalid in pedon 2 (old Halilrood channel). High salinity and SAR in the upper layers caused salic and natric
horizons to be formed. Pedon 3 with argillic horizon is an old polygenetic soil. Available humidity in the past
caused removal of carbonates from upper layers that followed by clay illuviation and argillic horizon formation.
Salinity and SAR in this soil were low and a heavy texture was found in pedon 3. Since pedon 3 showed cambic,
argillic, and calcic horizons, it was classified as Arenic Haplargids. Calcium carbonate, gypsum, Fe oxides, and
clay coatings were among dominant micromorphological features observed in the studied pedons. Konarsandal
archeological site is located in the lowlands of Jiroft plain downward Rabor and Baft elevations. Lenticular
gypsum crystals could be attributed to the solution of upward Neogene formations and groundwater close to the
surface which evaporates due to capillary. Powdery calcite, Fe-oxides, and clay coating and infilling of gypsum
in pore spaces of pedon 1 were observed by micromorphological investigations. Diffused clay coating around
pore spaces is explainable by high sodium content and Natric horizon formation. Lenticular, interlocked plates,
and infillings of gypsum were observed in pedon 1. However, gypsum with irregular shapes and low content was
investigated in pedon 2. This is due to location of this pedon in Halilrood old channel. That is why pedon 2
affected by Halilrood during long periods of time is unstable and shows less evolution compared to pedon 1.
Irregular and lenticular forms of gypsum show weak soil development due to low rainfall, high evaporation, and
excess salt. High NaCl is reported as a requirement for lenticular gypsum formation. This form of gypsum is
supported by high salinity in pedons 1 and 2. High Na and natric horizon formation in pedons 1 and 2 caused
dispersion of clay and ceased formation of clay films around pore spaces. Gypsum was not found in pedon 3
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during filed and laboratory studies. Besides, gypsum was not observed by micromorphological observations.
Clay and calcite coatings and calcite infillings were among the micromorphological features observed in pedon
3. Calcite coating on clay coating in this pedon could be attributed to the climate with more available humidity in
the past followed by an arid climate. Carophyte algae fossil was only observed in pedon 3. Kaolinite, illite,
chlorite, smectite, and palygorskite clay minerals were determined by X-ray diffraction. Palygorskite is highly
related to the parent material and climate. Pedogenic palygorskite formation from transformation of 2:1 clay
minerals and/or neoformation is reported by several studies.

Due to the impact of paleoclimate with more available humidity, palygorskite was not found in Dagyanous
archeological site. It seems that higher humidity in the past did not allow palygorskite formation or transformed
it into smectite. Chlorite and illite are originated from parent material. Evidences of pedogenic mica minerals in
arid and semi-arid environments were also found which is due to K fixation among smectite layers. Smectite
with pedogenic origin is also reported by Sanjari et al. (29) in the study area. Chlorite, illite, and kaolinite clay
minerals seem to be originated from parent material in the present study.

Conclusion: Laboratories analyses and micromorphology observations clearly showed weak development in
Konarsandal pedons compared to high evolution of soils in Daghyanous archaeological site. The same results
were also found for unstable surfaces of pedons 1 and 2 compared to stable surface of pedon 3. The stable
surface provided the accumulation of clay and calcite coatings around the cavities and the formation of argillic
and calcic horizons indicating high soil development. Results of the study showed polygenetic formation in soils.
Soils in old Halilrood channel show high salinity and Na adsorption ratio compared to other two pedons under
study.

Keywords: Archaeology, Argillic, Classification, Halilrood, Micromorphology
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Figure 1- Location of the Mehrgerd watershed in Isfahan province and Iran


https://scenarios/
https://scenarios/

WA Gl o)l = (9359,8 ) ojlocs FF s (S g o 4,5 YYA

doly o (glys ol dwbro ddgs 5 sy Jde gla g5 il
b 3l o (VA) Al Cansty iy (he) 4 (Seilarken
Sl il gladlaze Ol o)l 1 a5 20 Yo cds L DEM aiis
A Aol ) Ad el A g ) WA 4 didlale Dy odd dS
2 &ly Joy; S (tag)hd oKl 93 CusBse g 5 4nlyl
5 M Cuwd Ol 0 B0 g sl oie (29 S5
059> i 5 e Jao 4 Bl 0 Sie s Cusbge (izpen
3 ool b ol (opyl8 4 odm Jolye )3 b iy ol
2 (SVYM) iy oy ouile ey bt 205
oS g5 cdn Lolol oyl 51 05 4wy ENVIS.3 58l o5 Lases
S 1 ol o 25 48,5 5 > 35 e sl ojs Gl )
o zdw {ORCD) £l (WWHT) a5 cuiS (AGRL)
2l (ROCK) M5 2l (RNGE) w5, (WATR)
Je 4 oS SoS @ dab 9o L SB 4 (URBN) (g0
asd el 5yg0 ades S Al 2939 pas > 4 b (8o
Sl 4 SWAT Ju cols 0 sevge ke Sb
Adgs s Al e Wb olaiwl https://swat.tamu.edu
Bl cales > Al s alb Jlox 4 SCS b9y (pell 5
Cawd & (HRU) (SOiglsyiud punl sladsly aids Y dw oyl
Vo S oy Ve ol )8 el ailinl s s en ]
Tuoly 3519 OF oluol oyl il a8 )3 la3 3 Mo )3 B Cudd 9 doyd
d9d cpl 5l edlatwl b el cumsas asges S lp (Solelg
ol 5 S aS il (ol on)l5 5 Sl b
ey o awgs sl a3 gy bl o 5l a8 bl s )]
b colue p i o5 3Ll )l 9 SB 4 S5s 605 6ke
clodls coms I 4S5l s g e oS Kl adgs o
& ool8l M B0 g 13 Jolo ol J3o 4 503
giS JS (lidlen (ol &y asalye b Ll (e )3 el Jao
€y SWAT s odlizl 3y50 _suoliilsn (sloolSiy] cleMb
D3 2290 5 el Jlo slae p YIF B YV loj ojl
g Sl aliyy ()b ell ool 2 (V Jgiz) 25 ang Loy
o] (sauiygs ol g owd Cugby b Ce s dod S las
3lg TXT cuwoyd LB jo 5580 Sloj il (sly dalais ;0 39590
029 9 Losed Syginw oKl 93 SlMbl (yizren A5 Je
e ab (Byxe Jde 03l 85SL 43 29350 WOEN. USET L &
&y ("WGEN) oilil ooy Wgo 5 ooliul alsye oyl plol

S5l e D480 (slaodly (g5lujl

6- Support Vector Machine
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1- Nash-Sutcliffe Efficiency Coefficient
2- Coefficient of Determination

3- Root Mean Square Error

4- Digital Elevation Model

5- Hydrologic Response Unit
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Table 1- The characteristics of the stations used in the SWAT model
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3 0237 g 510-18" 310-57° 2197 oty
Borujen Synoptic Meteorology
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Table 2- Selection predictors for downscaling of precipitation and temperature

) s b A o L
P BALS (i e Wrote BALS (st e PR p ol SN
Variable Predictive variable short Predictive concept Statistics p Partial
correlation
ncepmslpgl.dat Mslp b2 e bawgte L35 0.01 0.1
Average pressure at sea level
nceppl_vgl.dat p-v ‘5’_@ e J,l* 0.02 0.08
Meridional wind
ol ncepp8_ugl.dat p8-u . 850_ hpa "” e 3L 0.01 0.1
s Wind orbital alignment hpa850
Precipitation 850 hoa 5 L.l
ncepp8zhgl.dat p8zh _ Pa ks sl 0.3 0.04
Alignment divergence hpa850
500hpa ;15 sl ss el
nceps500gl.dat p500 Geopotential height alignment 0.2 0.09
hpa500
ncepp5_ugl.dat p5_u . 500_ hpa fl): e 3k 0.03 0.4
Wind orbital alignment hpa500
500NPa j1 (duwibisis £lis)|
nceps500g!.dat p500 Geopotential height alignment 0.15 0.2
hpa500
500 hpa jl5 sk cox
5 ncepp5thgl.dat P5th - 0.3 0.18
L"_D fjs‘"b PPIg Wind direction alignment hpa500
Minimum 500 hpa 515 1,51
temperature ncepp5zhgl.dat P5zh . . 0.006 0.5
Alignment divergence hpa500
ncepp8_ugl.dat p8-u . 859 hpa fl’j e 3k 0.00 0.16
Wind orbital alignment hpa850
Fo 2 15 sled ke
nceptempgl.dat temp Average temperature alignment 2 021 0.2
meter
ncepmslpgl.dat Mslp b3 gl bwgie L35 0.00 0.3
Average pressure at sea level
ncepp5_ugl.dat p5_u . SOtha }_I’; e 3k 0.02 0.04
Wind orbital alignment hpa500
nceps500gl.dat p500 I sl £l 0.13 0.2
o> yiSlis 500 hpa
Maximum 850hpa;lys (k! chuas b
ncepp8_vgl.dat 8-v ’ 0.5 0.4
temperature PPEYE P Meridional wind alignment850hpa
ncepshumgl.dat shum s C‘{’bf ) 0.04 0.03
Relative humidity
Fo ¥l les 5650ke
nceptempgl.dat temp Average temperatures alignment 2 0.5 0.1

meter
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Table 3- Performance criteria for the CanESM2 model compared to observation values
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Figure 2- Comparison of mean and standard deviation of precipitation, minimum and maximum temperature of observation
and simulation values
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Table 4- Results of sensitivity analysis of parameters for the calibration period (2004-2012)

<3, Sl b iy dpogi tstat  p-value ik jlade
Row Parameter name Component description Optimum amount
1 V__CN2.mgt 11 gy Ll 1 SOS (i oot 180 0.7 53.74
Curve numbers scs for humidityll
2 V__REVAPMN.gw sisnies o ROVED 5 213 003 4173
Revap coefficient of groundwater
3 V__HRU_SLP.hru o 45 bwgie 276 001 0.60
Average slope steepness
mm/mm . . P
4 r_SOL_AWC(L).sol ( )(0) S oytus JB o b -3.49 0 -0.04
Available water capacity of the soil (1) (mm/mm)
5  r_SOL AWC(2)sol _ (mm/mm) () S oyt JB o cudl -9.74 0 0.40
Auvailable water capacity of the soil (2) (mm/mm)
6 V__ GWQMN.gw o S lyul 3 ol bl s -4.10 0 257.88
Threshold shallow water aquifer
7 V__ESCO.hru Sl ol 0958 _ 6.73 0 0.81
Factor to compensate for evaporation from soil
8 r_SOL_BD(1).sol e &Y 2 S ol S5 8.92 0 039
Soil bulk density in the surface layer (1)
(¥) oo Y o S gl JSe
9 r__SOL_BD(2).sol 13.77 0 0.56
—SOL_BD@) Soil bulk density in the surface layer (1)
Ay 0 gl L G5k Sl 253
10 V_PLAPS.sub Changes in precipitation rates in each sub-height ~ 70.59 0 297
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Figure 3- Calibration and validation results of the monthly runoff in Tange Zardaloo station using the SUFI-2 algorithm
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Figure 4- Runoff variations, actual evapotranspiration and potential affected by climate change (2004-2016, 2017-2030)
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Introduction: In the past century, the climate has been changing on both regional and global scales over the
earth. It is also expected that such changes will continue in the near future. Climate change is due to increased
greenhouse gas emissions in the atmosphere. The concentration of these gases is directly related to the
temperature increase. Climate change affects the hydrological cycle through changes in time, amount, the shape

of precipitation, evaporation rates and transfer, soil moisture, runoff, etc. Today, the use of hydrological models
have been developed to have the factors affecting the hydrological cycle in the watershed. The Soil and Water
Assessment Tool (SWAT) is an example of these models. The common method of assessing the effects of

climate change on flow is using hydrological models along with general circulation models (GCMS) or regional
weather models (RCMS). The purpose of this study is to investigate the effect of climate change on runoff and
evapotranspiration (real and potential) of Mehrgerd Watershed using the SWAT hydrologic model and the
CanESM2 climatic model.

Materials and Methods: For modeling the change rate of regional climate parameters in the future period
(2017-2030) and the effect of these changes on hydrological parameters, the daily data of minimum and
maximum temperature of the Borujen station and precipitation of the Tange Zardaloo station for the base period
(1984-2005) were used as inputs of the CanESM2 model. Accordingly, using the model of SDSM5.2 under the
scenario of RCP8.5 was performed the downscaling operation. To evaluate the efficiency of the SDSM model
were used statistical criteria R?, RMSE, and NS. In the next step, the SWAT 2012 model was used to simulate
the hydrologic conditions. After introducing the DEM map with a precision of 20 meters, the region was divided

into 18 sub-basins. From the combination of land use maps, soil, and slope, 54 units of hydrological response

(HRU) were obtained. Then, climatic data including precipitation, minimum and maximum temperature, relative
humidity, wind speed, and solar radiation were introduced to the model. Due to the presence of the dam and the
two water transfer lines in the area, physical data and discharge were calculated and introduced into the model.
The calibration and validation of the model were done by Sufi-2 algorithm. The calibration process was
conducted for the period 2004 to 2012 while the validation process was from 2013 to 2016. In order to evaluate
the performance of the model, coefficients NS, R?, P-Factor and R-Factor were used. For this purpose, the model
was restarted to obtain the appropriate range for each parameter. After calibrating the hydrological model was
introduced the simulated climate to the SWAT model. Finally, the effect of climate change was investigated on
runoff and evapotranspiration (real and potential) of Mehrgerd Watershed.

Results and Discussion: The results of the downscaling of the climatic model in this region indicate a
decrease of 53.48% of precipitation and increase minimum and maximum temperatures for a future period
(2017-2030), 0.84 and 3.99%, respectively. Based on the results of the sensitivity analysis of the SWAT model,
10 parameters were identified as the most sensitive parameters. In the hydrological section, the statistical criteria
of R?, NS, P-Factor and R-Factor were obtained for the calibration period 0.73, 0.69, 0.52 and 0.24, respectively
and for the validation period, 0.71, 0.58, 0.45 and 0.29, respectively. Comparing runoff simulation in the future
period under the influence of climate change and comparison of its values with the base period showed a
decrease of 23.82% in an annual average of runoff. Climate change will also reduce actual evapotranspiration by
26.03% and increase potential evapotranspiration by 10.20%.
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Conclusion: Based on the results of the SDSM model, it was determined that the precipitation is strongly
reduced in comparison with the observation period, and the minimum and maximum temperatures increase with
a slight difference compared to the observation period. According to statistical criteria, the SDMS model has
succeeded in simulating the parameters for the future period. Accordingly, the values of R%, RMSE, and NS for
precipitation, were equal to 0.92, 5.81 and 0.39, respectively, and for the minimum and maximum temperatures
were obtained 0.99, 0.16, 0.99 and 0.99, 0.21, 0.99, respectively. In the hydrological section, the statistical
criteria were acceptable values for the calibration period and the validation. Finally, it was found that under the
influence of climate change, runoff decreases. Real evapotranspiration is also declining due to a lack of available
water, but potential evapotranspiration is increasing due to the close relationship with temperature.

Keywords: Climate change, Climate scenarios, Downscaling, SWAT Model, Water balance
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