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1 -LEPA, low-energy precision application; MESA, mid-
elevation spray application
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Table 1- Soil physical and chemical properties of field soil at the time of soil preparation

SB Ges EC S omss JrIwe] v SBocaL
Soil depth (m) (ds m) Organic carbon (%) P (mgkg?!) K (mgkg?') Soil texture
0-0.2 7.43 11 . 10.2 188 CL-SiCL
0.2-0.4 7.68 0.93 0.93 5.2 140 CL-SiCL
0.4-0.6 7.76 0.57 0.57 34 95 SiCL
0.6-0.8 7.62 0.36 0.36 2.2 77 SiCL
0.8-1.0 7.77 0.34 0.34 1.6 77 SiCL
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Figure 1- Rainfall distribution in two years pInting 2017-2018 and 2018-2019
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Table 2- Tillage treatments characteristics in main plot
. o . . et lo 33 43
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Tillage methods  Abbreviation Tillage and planting machines traffic y
Py 9 MT ol sl + 2155 L oo
(Conventional T (Moldboard ploughing + MT steps) !
tillage) plougning P
i CH MT Jole sl + sz 7
(Chisel) (Chisel ploughing + MT steps)
. axty g sy Sl + S S + 533l (3355 L 3L s Sg00 Sd 53
i Slosiy S s, b 3l +
(Minimum MT _ TR m TR R _ . 6
tillage) Two perpendicular disks+ fertilizing centrifugal machine+ disking+
furrowing+ planting with pneumatic row planter
SipSt NT 35S B Sologty Wiy b paiS (gLl o cdlS (Blypus 2

(No-Till)

Spraying+ Planting in wheat residues with NT Pneumatic row planter
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Figure 2- Different tillage treatments of sugar beet
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Figure 3- Appearance of sugar beet in different tillage treatments in the development stage
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Table 3- Results of sugar beet water consumption for two consecutive years
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Crop year Irrigation date Inflow (mm)
NT CH MT CT
25.7.96 (17.10.2017) 86.8 1349 1173 1189
1.8.96 (23.10.2017) 63.1 706 724 64
10.8.96 (1.11.2017) 55.4 619 625 624
1396-97 22.8.96 (13.11.2017) 55.5 49.3 526 531

26.9.96 (17.12.2017)

(2017-2018) 1177196 (31.12018)

55.6 645 518 517
55 557 446 494

26.12.96 (17.3.2018) 68.8 755 728 734

27.1.97 (16.4.2018) 63.4 701 668 739

2.3.97 (23.5.2018) 94.7 938 942 943

Total gsaxe 5984  676.3 6353 641
1397-98 23.7.97 (15.10.2018) 771 131.9 1166 1275
(0182019) 29797 (21102018) 63.9 891 951 975
16.2.98 (6.5.2019) 945 962 947 942

Total ¢gexe

2355 317.2 306.4 3195
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Figure 4- Effect of tillage methods on soil penetration resistance in mid stage of sugar beet growth
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Figure 5- Average comparison of penetration resistance index in different tillage management
(Similar letters indicate no statistical difference)
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Figure 6- Average of branch number for two sugarbeet variety in different tillage managements
(Similar letters indicate no statistical difference)
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Figure 7- Effect of different tillage management on soil bulk density
(Similar letters indicate no statistical difference)
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Figure 8- Comparison of soil organic carbon percent at sugar beet harvest
(Similar letters indicate no statistical difference)
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Table 4- Combined analysis of variance for yield and water productivity of sugarbeet

& ady)dSles S5 Sos iy 2l (559050 S 1 (5590 8¢

Source Root yield  Sugar yield Root water productivity Root water productivity
(Year) Ju 8019™ 4.7 20.2" 0.36"
R(Y) Jbo 1,5 45" 1.8m 0.86" 0.03m
(Till) 55515 96.2" 2.7 2.46" 0.07"
(YXTIll) gys815x L 80.4" 3.9 1.25m 0.04"
(Error) las 205.3 2.6 3.8 0.05
(Variety) o3, 318.5" 36.17 8.99" 81"
(YearxVariety) 5% L 1640™ 30.5™ 32.95™ 0.72"
(TillxVariety) o ,x¢;,55 90.9m 3.1m 1.87m 0.05"
(YearxTillxVariety) o8x c;j,51x Jlo 211" 3.2m 4.09" 0.06"
(Error) s 53.2 15 1.08 0.03
(CV) el oo 10.3 15 10.9 144

sl 3 ze 7N g b Jlein] paws > o 4yt ¥R G
*and **:Significant at the 5% and 1% levels of probability respectively.
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Table 5- Comparison of mean yield and water productivity in two sugar beet cultivars and tillage methods

ﬁé) ‘5})3‘5& 4‘“".'.) S)SJ.o& JS"‘“ ")SJ”& 4*"".’.) u‘ $99°% 0% )s‘“’ u‘ $99°% 0%
Variety Tillage Root yield Sugar yield  Root water productivity Root water productivity
(ton/ha) (ton/ha) (kg/md) (kg/m?®)

NT 69.272 8.612 9.98? 1.26%
LJb CH 74.622 9.522 9.86? 1.28¢2
Palma MT 68.642 8.05? 9.382 1.132
CT 79.918 9.982 10.68? 1.35%
NT 69.20? 7.842 9.982 1.142
b CH 65.352 6.792 8.382 0.892
Sharif MT 67.892 7.102 8.992 0.96°
CT 69.392 7.492 9.102 1.002
oSbe Palma Ly 73.112 9.042 9.98? 1.26%
Mean Sharif s 67.96° 7.30° 9.11° 1.00°

A I ine M ells (Lol Sl 5] aliie g
Similar letters indicate no statistical difference
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Table 6- Comparison of mean effect of year and variety on sugar beet yield and water productivity

o O <l 5590 %
Jw =2 adyy o Sles SuiaSles M TIE0 S
. . . Root water
Year Variety Root yield Sugar yield productivity Root Wz’_:lt_el'
productivity
L 80.22 8.6° 9.8° 1,040
Js Palma ' ' ' -
o St 86.7° 8.4° 106° 1.03"
L
; P;I ma 66° 9.52 10.2¢ 1.46°
£3
eeene si;:f 49.2° 6.2° 7.6° 0.96

A e BB (gl (gylol Jlai I aliie By
Similar letters indicate no statistical difference
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Introduction: North of Khuzestan province is one of the major areas for autumn sugar beet planting.
Conventional tillage (CT) is widely practiced by sugar beet growers in this region. CT in sugar beet consists of
burning wheat residue, using deep plowing with a moldboard plow or ripper plowing followed by several passes
of disking, leveling, and furrowing. These aggressive tillage practices have many negative consequences for soils.
Losses of soil organic carbon decreases soil permeability and consequently increases soil erosion and surface
runoff. Therefore, applying conservation agriculture principles in sugar beet planting, conservation of residues and
elimination or reduction of tillage, can help to optimize water use management and improve soil health on a farm
scale. The objectives of this study were (i) to determine the possibility of direct planting of autumn sugar beet in
wheat residues, (ii) to estimate sugar beet yield and crop water productivity (WP) under CT, chisel (CH), minimum
tillage (MT) and no-tillage (NT) systems, (iii) to evaluate the response of sugar beet cultivars (Sharif and Palma)
to different soil tillage systems, and (iv) to determine the effect of soil tillage systems on some soil physical
properties.

Materials and Methods: A field experiment was conducted for two years (2016—2017) at the Safiabad Dezful
Agricultural Research Center (32° 14.44°-32°15.93" and 48° 25.41°-48°47). The soil of the study site was deep,
well-drained with a silty clay loam texture. The mean annual precipitation and evaporation are 317 and 2400 mm,
respectively, with an elevation of 108 m above mean sea level. Irrigation water was supplied from the Dez
irrigation network without any salinity restrictions. The experimental was conducted in a split-plot arrangement
based on a randomized complete block design with three replicates. The main-plot treatment was tillage method
and the subplot treatment was two sugar beet cultivars (Palma and Sharif). Tillage treatments included
conventional tillage (CT) (moldboard ploughing + MT steps), chisel (CH) (chisel ploughing + MT steps),
minimum tillage (MT) (two perpendicular disks, fertilizing centrifugal machine, disking, furrowing, planting with
pneumatic row planter), and no-tillage (NT) (spraying, planting with NT pneumatic row planter). The length and
width of each plot were 100 and 6 m, respectively, and row spacing was 75 cm.

Soil penetration resistance or cone index (CI) readings were recorded in 2 cm increments to a depth of 50 cm
using SP1000 digital penetration tester to reflect the soil compaction. Soil bulk density was determined in 0-10
and 10-20 cm layers. In the first and second year, sugar beet samplings were done 216 and 220 days after planting,
by harvesting a row of 75 cm with length of 10 m (7.5 m?). WP was calculated by dividing the root and sugar yield
to irrigation water and effective rainfall (effective rainfall was calculated every year with SCS method). Composite
data analysis and mean comparison were performed with MSTATC statistical software.

Results and Discussion: Results of Cl showed no significant difference between four tillage methods at 0-10
cm depth. With increasing depth up to 30 cm, slight differences in soil compaction were observed for different
tillage treatments, especially in the second year. Overall, compaction in the 0-50 cm profile in the CT and CH
method were about 45% and 33%, respectively, lower than NT method, whereas in MT method it was about 37%
higher than NT method. Results of root branch number analysis showed that the NT and CT treatments had the
lowest branching (2.67 and 2.83, respectively) and the two CH and MT treatments had the highest branching (4.2
and 5.3, respectively). Therefore, NT had no negative effect on root growth of sugar beet. The results of bulk
density measurements in the 0-10 cm layer were consistent with the results of the Cl, but at depth of 10-20 cm,
NT method with the highest bulk density (1.71 g cm=) had significant difference with the other three tillage
methods. Tillage method had no significant effect on root and sugar yield and root and sugar WP. However, in CT
treatment, root yield increased by 6-8.5% and sugar yield by 6-12%, while root and sugar WP in NT treatment
was about 8% higher than in the other three tillage treatments. On the other hand, changing climate conditions,
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especially rainfall during two years of the experiment, resulted in significant interaction between year and cultivar
for yield and WP at 1% probability level. In the first year, the yield of Sharif cultivar (86.7 t ha™) was higher than
Palma (80.2 t ha'l), but in the second year, despite the decreasing yield of both cultivars, higher resistance of Palma
cultivar to Cercospora disease resulted in a significant increase in sugar yield and WP over last year.

Conclusion: The two-year results of this study showed that the direct planting of autumn sugar beet in wheat
residues (NT) is possible. Sugar beet yield and WP were not significantly different in tillage methods, but NT
reduced tillage traffic from 7 times to 2 times and reduced energy consumption. The response of the two sugar
beet cultivars to different tillage methods was the same and among them the Palma cultivar had the highest yield
because of its higher resistance to Cercospora disease.

Keywords: Autumn sugar beet, Cone index, Soil bulk density, Surface irrigation, Tillage
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1- Empirical Mode Decomposition
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Table 1- Developed models in the study

I Joe st le Jw Joe sl le
Model Model structur Model Model structur
M1 Ds(t)=f [Dw] M6 Ds2(t)=f [(Dwt-1)1]
M2 Ds(t)=f [Dwt, Dwt-1] M7 Ds2(t)=f [(Dwt-1)1, (Dst-1)1]
M3 Ds(t)=f [Dst-1] M8 Ds2(t)=f [(Dwt-1)1, (Dst-1)1, (Dst-2)1]
M4 Ds(t)=f [Dwt, Dst-1]
M5 Ds(t)=f [Dwt, Dwt-1, Dst-1]
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Figure 2- The plots of the flow discharge and suspended sediment discharge for the selected stations
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Table 2- Results of evaluating kernel-based models for two stations

Model Method Performance criteria
099, Je il b ylo
Train Test Train Test
R DC RMSE R DC RMSE R DC RMSE R DC
Station 1 Station 2
M1 GPR 0.755 0.700 0.038 0.736  0.667  0.042 0.816 0.712 0.044 0.794  0.682
SVM 0.738 0.686 0.041 0.719 0.653 0.045 0.797 0.709  0.045 0.776  0.668
M2 GPR 0.866 0.785 0.027 0.749 0.748 0.030 0936 0.795 0.033 0.809  0.765
SVM 0.847 0.768 0.029 0.732 0.733  0.032 0914 0.786  0.036 0.790  0.750
M3 GPR 0.825 0.632 0.043 0.664 0.602  0.047 0.891 0.647 0.052 0.718 0.616
SVM 0.806 0.619 0.045 0.649 0589 0.051 0.870 0.633 0.054 0.701  0.610
M4 GPR 0.842 0.773 0.033 0.812 0.731  0.036 0.909 0.792 0.034 0.876  0.748
SVM 0.822 0.757 0.034 0.793 0.720 0.038 0.888 0.785  0.036 0.857  0.736
M5 GPR 0.932 0.811 0.021 0.852 0.771  0.028 1.007 0.814 0.031 0.919 0.789
SVM 0.910 0.794 0.025 0.832 0.755 0.031 0.983 0.805 0.032 0.899 0.772
Station 2
M6 GPR 0.762 0.716 0.034 0.731 0.708 0.041
SVM 0.745 0.701 0.038 0.741 0.694 0.043
M7 GPR 0.841 0.744 0.035 0.800 0.738  0.039
SVM 0.844 0.743 0.036 0.802 0.733  0.040
M8 GPR 0.886 0.783 0.032 0.842 0.777 0.036
SVM 0.865 0.777 0.034 0.822 0.760 0.038
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Figure 4- The plots of the observed and predicted values of GPR model for two stations, (a): modeling based on the station's
own data and (b): investigating the stations relationship

oo 20,5 435 Sage s gy bwg Sloj slas e it
DWT w556 j| ol 53 ey 525 EEMD g, 5l odlisul b
gy 2 solod (551 g o 3)5 35 0)ligd YU iS5
2 83909 Slped Yo (35 b o —w ) 9 0 dwlxe
IR 43505 (gl paB gl (50 ool )5 0 e (sl Jde
5 S G dw 93 1V s ool & jo0 plaw dw L db4 ol
2525 3 EEMD (b9, (wlul and Jools o)l 6y 05 o
2 8 sl osilegdl JiSw Ky g ciliee cIMF & JiSiw
S5 hg) g2 dalgd (Lol WS o dagpl (sasgorne ol
B dwgyy el ool ol JiSams ) Al b 5 olsly WIMF
—0) US55 95 bl okilogdly YU Ly 5 48wl o dels] By
J9‘ Dlia_um)‘ ‘}L“’ gy )L LYyl )l J.«ob dl‘“d)—“’ »2) (u.”
Slaw g 90 GIMF s pl b gillas ol oad ooly L
P9 S3> Sro) il 5 4 GLIMF 5 Jol (S5 sy
@l s EEMD (bg) b 4o il Jols Gl Glags
oxd &)l (z 9 & =0) S 5 ¥ g 3 oo Juboo jI Jool>
Q350 a8 05 b o dasMe ¥ o ¥ ol zuls 4 slie L.l
ohoy b gl it 4525 g DWT (2, b Slej slas

2 ly ogeil g bigel slaodls 6y sl i Jaa Jlages
Lol o ool s ¥ S5 0 GPR g, 5l edlitwl b olStws! 42
=) (2 Mo daolis] o LS| () 2 e (imen
2 s g del Cawday Jol oliiuw] (codly Lulwl 1 pod oKl
Sl pod o] (gm0 )l slae &Blg 53 b LI Y Jgaa sles]
oo S o pad 53 lalbodly 3590 33 SleMbl g o b
G M7 MB (sl Jse gt s ol oSl glaodls jl g 15,5
&S ol i o e gols b eola wl (6399 laicay M8
Olejed ssbar (g sl s Ol (23 sodly Sl &S Sy
o b 4 Cund (50 (gm0 o3lil Jao (539 lgisas
2 dlie sty gl il (539, plgisd gy 20 51 S
3,S0s DSt2,DWe1, DSt1 (65959 sl yiol )b b Jao cdls oyl
5 S Jbe 53 4 o 60

DWT-EEMD-GPR- 33l Jus (g y3 ool Crcuads galis
SVM
9 SVM (sla Jao b sy B> Linl38l Cps ccuond oyl 5o
)b s Jabd Sloj o B poke slagby jI GPR
yolaie pdy b edlaiwl Al S Sogo i g JolS om0 de



YAY

Joo Gl pue (38,5 55 50 b (Hdli wioigh s g 3l eoliiwl b (9w ) Ehao 5k st (LBl ggeon

Jis Cuadsd puas ouy 53

F9l 45 2980 o3laiwl 5956 9> jl ulad pie (s Sl
)8 95%PPU 6dga5e 1> &S Cuwl dalllas 3y50 (lo 355 Juo
5 (XU) YU (elassly e alols (3, Slo gins 3y90 5 Aibls &l
w85 Jas 5> Jho iy pl )3 (1) el Capalad pae (K1) ol
R e B e R e
570 iy 4wl g YU (lasil g dnlxe o Jho (2025
T 3 Sy B 485 i 3 e iy JLainl 7V
Nl g b a5 a3 ppe 435 90 L e wlin Lol
Log> 5 il Shale claodls oyt ol 95%PPU Wl
Sb oye buwgie (lgi o bl eSolaliie glaosls 55kl
4 dx gox ol 2 a8 58 aulrs gy 4] liselol dlold
M K g gl 8 b wgio (550 g odld Hlxe Blysul Loy
Lol Slalie glaosly

b @ g bl odds ol dau el (63b5 d905 U EEMD
30l opl )0 a8 395 o samlie b)) Hlxe aw jl ool Cowday
DWW, DWe1, DSt1 (53555 sl ial)b L M5 Jao Jgl oKl p
oozl clls o dS 25 oo alan Mo .l Lo 1y SIS o i
38 919 yebl S plyiedr (g (23 9 Ol (2 lal)l
S 5 s (Jbpll ol adl (ilidl 35 b pls by
odlawl ;5 &S cuwl S5 Y alil o 538> (g yol)l dw b g0
Sl g J8ls polie pess ) oyl 3 Sles wilisee (sl o |
e Slagbyy @bt b Gillas 2gd 43)5 )i > b Sloj (g
oz § oSl bl (gilose 3 (gllae 8 I (Al S
29—y (2 w55 b ) (pizmen )10y Blae (a9 )b
ol S e zls o Jol olliw] (glaedly ulwl 1 pod olSiu!
@5 2 9 Ol (23 sl 93 o bl Juo oS a3
oli8l ool ague B e ohlS Wosly ayjos b g edgr yip Jas
stals ola gy 5l ealar wl Cyg o yd IS s jd il asdly
G s Lo P YO U Y 500 4 Loy b Joo <> (o3l i

s (Il Kedgn 3)die sla by,

o] 95 (512 Wa31> (1551333 (s b B5)S 2 (e gL e (2L, gl Y Jgaa
Table 3- Results of evaluating kernel-based models with data preprocessing for two stations

Model  pwrT- Performance criteria
J%  EEMD- b5l s yle
Train Test Train Test
R DC le\i/l R DC RMSE R DC RMSE R DC RMSE
) oKl Station 1 Y oKawl Station 2
M1 GPR 0.854 0.792 0.032 0.831 0.753 0.036 0.861 0.783 0.036 0.854  0.750 0.037
SVM 0.834 0.775 0.035 0.812 0.738 0.038 0.842 0.781 0.037 0.834 0.735 0.040
M2 GPR 0.953 0.863 0.023 0.839 0.837 0.026 0.987 0.874 0.027 0.869 0.841 0.029
SVM 0.932 0.845 0.025 0820 0.821 0.027 0.965 0.864 0.030 0.850 0.825 0.031
M3 GPR 0.908 0.705 0.037 0.744 0.684 0.040 0.940 0.712 0.042 0.772  0.678 0.045
SVM 0.887 0.698 0.038 0.727 0.681 0.043 0.918 0.696 0.043 0.753 0.671 0.048
M4 GPR 0.926 0.851 0.028 0909 0.824 0.031 0.959 0.871 0.028 0.942  0.823 0.032
SVM 0.904 0.833 0.029 0.889 0.806 0.032 0.937 0.863 0.030 0.921 0.810 0.033
M5 GPR 0.988 0.870 0.018 0.937 0.854 0.024 0.995 0.892 0.025 0.988 0.868 0.028
SVM 0.965 0.862 0.021 0915 0.836 0.026 0.987 0.885 0.026 0.967  0.850 0.029
Yo%l Station 2
M6 GPR 0.860 0.823 0.029 0.856 0.786 0.033
SVM 0.842 0.804 0.031 0.837 0.770 0.036
M7 GPR 0.919 0.856 0.024 0.904 0.839 0.028
SVM 0.920 0.855 0.026 0905 0.822 0.031
M8 GPR 0.968 0901 0.021 0951 0.861 0.024
SVM 0.944 0.893 0.023 0.929 0.844 0.027
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Figure 5- (a): The suspended sediment load decomposed subseries for the station 1, (b): plots of the observed and predicted
values of integrated GPR model for two stations using the station's own data, and (c): investigating the stations relationship
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Table 4- Uncertainty analysis results for the GPR and WT-EEMD-GPR methods.

o099, Performance criteria b j,! W ,bxo
Method 95PPU  d-Factor 95PPU  d-Factor 95PPU d-Factor
—
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o o c
= 0 = 0 =] 0
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Introduction: Sediment transportation and accurate estimation of its rate is a significant issue for river
engineers and researchers. So far, various and complex relationships have been proposed to predict the amount of
suspended sediment transport rate, such as velocity and critical shear stress based equations. However, the complex
nature of sediment transport and lack of validated models make it difficult to model the suspended sediment
concentration and suspended sediment discharge carried by rivers. Although the developed models led to
promising results in sediment transport prediction, due to the importance of sediment transport and its impact on
hydraulic structures it is necessary to use other methods with higher efficiency. On the other hand, in recent years,
the Meta model approaches have been applied in investigating the hydraulic and hydrologic complex phenomena.
Hybrid models involving signal decomposition have also been shown to be effective in improving the prediction
accuracy of time series prediction methods, as indicated in. Complementary Ensemble Empirical Mode
Decomposition analysis is one of the widely used signal decomposition methods for hydrological time series
prediction. Decomposition of time series reduces the difficulty of forecasting, thereby improving forecasting
accuracy.

In this study, due to the complexity of the sediment and erosion phenomenon and the effect of different
parameters in estimating, time series pre-processing methods along with support vector machine (SVM) and
Gaussian process regression (GPR) kernel based approaches were used to estimate suspended sediment load of a
natural river at two consecutive hydrometric stations. For this purpose, different models were defined based on
hydraulic and sediment particles characteristics. Moreover, the capability of integrated pre-processing and post-
processing methods in two states of inter-station and between-stations was investigated. First, the Wavelet
Transform (WT) method was used for data pre-processing then, the high-frequency sub-series were selected and
re-decomposed using the Empirical Mode Decomposition (EMD). Finally, the most effective sub-series were
imposed as inputs for kernel-based models. In addition, to assess the reliability of the superior model, Monte Carlo
uncertainty analysis was used.The results showed that the GPR model had a desirable degree of uncertainty in
modeling.

Materials and Methods: In this study, data of two stations of Housatonic River was used. The distance
between stations was approximately 50 km. The first station is located near Great Brighton, Massachusetts, and
the second station is in Connecticut. The basin area for the stations is 282 and 634 square miles, respectively. The
flow path is from the first station to the second station. SVM and GPR models are based on the assumption that
adjacent observations should convey information about each other. Gaussian processes are a way of specifying a
prior directly over function space. This is a natural generalization of the Gaussian distribution whose mean and
covariance are a vector and matrix, respectively. Due to prior knowledge about the data and functional
dependencies, no validation process is required for generalization, and GP regression models are able to understand
the predictive distribution corresponding to the test input. Wavelet Transform (WT) uses a flexible window
function (mother wavelet) in signal processing. The flexible window function can be changed over time according
to the signal shape and compactness. After using WT, the signal will decompose into two approximations (large-
scale or low-frequency component) and detailed (small-scale component) components. EEMD was proposed to
solve the mode mixing issue of empirical mode decomposition (EMD) which specifies the true IMF as the mean
of an ensemble of trials. Each trial consists of the decomposition results of the signal plus a white noise of finite
amplitude. EMD can be used to decompose any complex signal into finite intrinsic mode functions and a residue,
resulting in subtasks with simpler frequency components and stronger correlations that are easier to analyze and
forecast. Another important feature of empirical model of decomposition is that it can be used for noise reduction
of noisy time series, which can be effective in improving the accuracy of model predictions. In the uncertainty
analysis method, two elements are used to test the robustness and to analyze the models uncertainty. The first one
is the percentage of the studied outputs which are in the range of 95PPU and the next one is the average distance
between the upper (Xu) and lower (X.) uncertainty bands. In this regard, the considered model should be run many
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times (1000 times in this study), and the empirical cumulative distribution probability of the models be calculated.
The upper and lower bands are considered 2.5% and 97.5% probabilities of the cumulative distribution,
respectively.

Results and Discussion: In order to evaluate and review the performance of the tested models and determine
the accuracy of the selected models, three performance criteria named Correlation Coefficient (CC), Determination
Coefficient (DC), and Root Mean Square Errors (RSME) were used. The obtained results indicated that the
accuracy of the applied integrated models was higher than the single SVM and GPR models. The use of integrated
methods decreased the error criteria between 20 to 25 %. The obtained results for the uncertainty analysis showed
that in suspended sediment load modeling the observed and predicted values were within the 95 PPU band in most
of the cases. Moreover, it was found that the amount of d-Factors for train and test datasets were smaller than the
standard deviation of the observed data. Therefore, based on the results, it could be induced that the suspended
sediment modeling via integrated WT-EEMD-GPR model led to an allowable degree of uncertainty.

Conclusion: Comparison of the developed models’ accuracy revealed that integrated GPR and SVM models
had higher performance compared with single GPR and SVM models in predicting the suspended sediment
discharge. The use of these two methods approximately decreased the error criteria between 20 to 25 %. According
to the results, for the models that were developed based on the station data, the model with the input parameters
of Dwi, Dwe.1, and Dst.1 and in the case of investigating the relationship between the stations, the model with the
input parameters of Dsi,, Dwia, and Dsi.1 were superior models. Also, based on the uncertainty analysis, the
integrated GPR model had an allowable degree of uncertainty in suspended sediment modeling. However, it should
be noted that the used methods are data sensitive models. Therefore, further studies using data ranges out of this
study and field data should be carried out to determine the merits of the models to estimate suspended sediment
load in the real conditions of flow.

Keywords: Experimental mode decomposition, Gaussian process regression, Pre-processing, Suspended
sediment
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Figure 1- Geographical location of the Mashhad-Chenaran study area with respect to Iran’s major basins
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(o sko) ke 530 () lole (bi] e 41 3,551 (3o
Monthly precipitation (mm) Monthly depth to water-table (m)
Well name oS Max. Min. Max. oSl
Min. slado (JWw/oko) & ,U slado &, slado &, Ave.
Value  Date (YY/MM) Value Date Value Date
(Dooghaei) ;¢4 0 146.8 1386/01 53.62  1381/07/15 55.96  1394/11/15  54.49
(Gharechah) sl> o8 0 148.5 1386/01 39.31  1381/01/15 416  1395/05/15  40.44
(Shoorcheh) a5 0 120.8 1386/01 14.78  1391/04/15 17.83  1394/05/15 16.37
(Momen Abad) sui 50 0 127.9 1386/01 8291  1381/11/15 93,57  1395/06/15  88.29
(RezaAbad Sharghi) 5,5 sblls, 0 117.9 1386/01 60.03  1380/12/15 73.81  1395/05/15  68.07
(Moochenan) .\l>ge 0 113.4 1381/02 75.38  1380/12/15 91.95 1395/06/15  84.58
(Chanbargharbal) Ju ¢, 0 122.6 1386/01 79.62  1380/07/15 108.04  1395/06/15  91.42
(Ghareh Tapeh) s, 0 116.7 1386/01 61.26  1380/07/15 81.06  1395/06/15  71.58
(Yekeh Lengeh) 45 S, 0 120.6 1386/01 86.48  1381/01/15 108.56  1395/06/15  98.41
(Chamgard) >,%ex> 0 116.1 1381/02 67.82  1380/07/15 83.88  1395/06/15  75.82
(HajiAbad) sb] > 0 124.7 1386/01 472 1380/07/15 58.24  1394/05/15  54.16
(SeyedAbad) bl 0 121 1386/01 56.39  1380/07/15 70.72  1395/05/15  64.30
(AfsalAbad)sb] Juas! 0 151.3 1386/01 45.08  1380/12/15 62.91  1395/06/15  54.70
(Saroojeh) asg)ls 0 128.8 1386/01 2411  1380/12/15 3042  1395/05/15  27.84
(Ghezel Hesar) Lo J;8 0 129.1 1386/01 26.35  1381/02/15 4734 1395/04/15  40.09
(JamAb) Clges 0 118.7 1386/01 79.1  1380/07/15 97.65  1395/06/15  91.20
(Kabir) ,.s 0 123.7 1386/01 811  1380/07/15 12.95  1395/04/15 11.17
(Kalateh Sheikhha) lgzw.s 48 0 131.5 1386/01 59.81  1380/12/15 83.79  1394/06/15  73.92
(GharehJangal) JSiso,3 0 142.7 1386/01 29.29  1380/07/15 59.61  1395/06/15  43.40
(Shir Hesar) jlas o 0 142.8 1386/01 46.74  1380/12/15 62.25  1395/06/15  55.94
(Askariyeh) Suue 0 139.3 1386/01 70.32  1380/12/15 94.16  1395/06/15  83.46
(Sahl-o-din) cpl e 0 137.6 1386/01 17.33  1381/01/15 26.06  1394/11/15  22.57
(Kalateh Barfi) 3, 45 0 130.3 1386/01 75.27  1380/12/15 96.27  1394/10/15  86.23
(Ghah-gha-heh) a3 0 1224 1386/01 28.07  1381/01/15 34.09  1395/06/15  30.52
(Mazrae Nemoneh) 44e5 4< )30 0 128.2 1388/02 82.74  1380/07/15 107.28  1395/06/15  94.14
498) SHS T Sgidegpe 0 130.4 1388/02 82.96  1384/02/15 90.38  1395/06/15  85.91
(Mazrae Nemoneh -Shahrak Razaviyeh)
(JimAbad) sblee 0 122.5 1388/02 985  1380/07/15 121.79  1395/06/15  110.69
(Arazi Kenebist) cuwas ol 0 120.3 1393/01 58.82  1381/01/15 67.84  1394/06/15  63.84
(Arazi JimAbad) sUlee o)) 0 123.9 1388/02 57.77  1380/07/15 78.29  1395/06/15 67.53
(Kenebist) cuyas 0 121.5 1393/01 58.48  1381/01/15 63.09  1394/06/15  61.55
(Tangalshor) s, e — yoi JS5 0 127.1 1388/02 27.84  1380/12/15 4829  1394/08/15  38.42
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Table 4- Groundwater recharge lage time at the location of observation wells based on the highest cross-correlation

coefficient
ol 0 lows ola QU ‘km. (Fhunod o b "'W P- (bbl\)/lfa:bL:; :ur::w
Well No. Well name The h'gheét Cross-Correlation Value (month)
oefficient a=01 =005
6007-OW101 (Dooghaei) ;e 0.145 0.055 3 _
6007-OW102 (Gharechah) ol s ,3 0.146 0.052 2 _
6007-OW104 (Shoorcheh) a5 — _ _ _
6007-OW106 (Momen Abad) Ui 050 0.301 0.000 4 4
6007-OW107 (RezaAbad (3,5 Uiz, 0.385 0.000 4 4
Sharghi)
6007-0W109 (Moochenan) lsge 0.176 0.020 7 7
6007-OW110 (Chanbargharbal) Ju,é e 0.174 0.021 6 6
6007-0W111 (Ghareh Tapeh) 4o, 0.280 0.000 5 5
6007-OW112 (Yekeh Lengeh) &3 o5, 0.132 0.080 4 —
6007-OW113 (Chamgard) >,Ses 0.134 0.083 12 _
6007-0W114 (HajiAbad) sl 1> 0.205 0.006 2 2
6007-OW115 (SeyedAbad) sLfsw 0.249 0.001 5 5
6007-OW118 (AfsalAbad) sb] fasl 0.274 0.000 4 4
6007-O0W123 (Saroojeh) asg,ls 0.329 0.000 4 4
6007-OW126 (Ghezel Hesar) jlas 3 0.332 0.000 5 5
6007-OW127 (JamADb) Ulzes 0.322 0.000 5 5
6007-OW128 (Kabir) .8 0.328 0.000 2 2
6007-OW130 (Kalateh Ly <345 0.495 0.000 4 4
Sheikhha)
6007-OW145 (GharehJangal) Sz, 0.156 0.039 3 3
6007-OW147 (Shir Hesar) jlas .5 0.390 0.000 5 5
6007-OW149 (Askariyeh) 4 S 0.466 0.000 4 4
6007-OW151 (Sahl-0-din) ;pal e 0.457 0.000 3 3
6007-OW153 (Kalateh Barfi) 3, M 0.427 0.000 5 5
6007-OW163 (Ghah-gha-heh) a3 0.144 0.057 4 —
6007-OW184 (Mazrae sy 450 0.314 0.000 5 5
Nemoneh)
L9y S b = diged de)je
6007-OW185 (Mazrae Nemoneh - 0.314 0.000 5 5
Shahrak Razaviyeh)
6007-OW187 (JimAbad) sl 0.289 0.000 5 5
6007-OW188 (AraZl CowsiS 22 0.304 0.000 4 4
Kenebist)
6007-OW190 (Arazi sl o2 0.219 0.003 4 4
JimAbad)
6007-OW191 (Kenebist) cuuas 0.193 0.010 4 4
6007-OW192 S Em gt S 0.129 0.091 8 -

(Tangalshor)
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Figure 3- Cross-Correlogram for some of the representative observation wells in Group 1
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Figure 4- Cross-Correlogram for some of the representative observation wells in Group 2
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Table 3- The correlation coefficient between the lag time, depth to water-table and ground surface level

0j25 S Bos o s 31
Depth to Water-table Ground Surface Elevation
a=0.1 a=0.05 a=0.1 a=0.05
RIS r 0.655 0.635 -0.131 0.109
P- Value 0.000 0.001 0.524 0.613

Lag time
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Figure 5- The linear regression between depth to water-table and groundwater recharge lag time
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Figure 6- The spatial distribution of groundwater recharge lag time (month) and depth to water-table (meter) in Mashhad-
Chenaran aquifer.
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Introduction: In hydrological studies, time series are observed as continuous or discrete. Groundwater level
and rainfall can be considered as discrete time series. The most common way to measure the dependence
between two variables in a discrete time series is to calculate the Pearson correlation coefficient (r). Pearson
correlation test is a parametric test that quantitatively measures the linear relationship between variables. This
coefficient is essentially a dimensionless index that describes the relationship between two variables
numerically. The groundwater level is more or less influenced by rainfall, and this influence may be delayed for
a variety of reasons. The process of comparing two time series in different time steps is called cross-correlation.
In the cross-correlation analysis, the time-dependent relationship between the dependent and the independent
variables is analyzed by computing the coefficients of cross-correlation for various time lags. Results are plotted
on a graph called a cross-correlogram.

Mashhad-Chenaran aquifer with an area of about 2527 km? is the most important aquifer in Khorasan Razavi
province. Unfortunately, so far in the Mashhad-Chenaran aquifer, the recharge lag time has not been calculated
due to the very complex geological and hydrogeological conditions of the aquifer. In this study, an attempt has
been made to calculate the groundwater recharge lag time.

Materials and Methods: In this study, 15 years (Sep. 2001 to Sep. 2016) data of monthly depth to water-
table and rainfall have been used . There is 74 active observation well in Mashhad-Chenaran aquifer. Out of 74
wells, 31 well were selected based on geological and hydrogeological conditions. To calculate the rainfall at the
observation wells, the daily rainfall data from rain gauge and evaporation stations (25 rain gauge stations and 9
evaporator stations) have been used. First, the cumulative daily rainfall at each station for one month (from 15
months to 15 months later) was calculated. Then, a monthly rainfall raster was prepared using ArcGIS.Finally,
the rainfall at the observation well was extracted from the raster file.

Results and Discussion: The correlation coefficient between the groundwater level and rainfall was
calculated for the 31 wells at two confidence levels (0. = 0.05 and o = 0.1). The lag time was calculated based on
the highest correlation coefficient for the two confidence levels. Results showed that the cross-correlation
coefficient varied from at least 0.129 in the Tanglshour-Morgh Pardak observation well (very weak) to 0.495 in
the Kalateh Sheikhha observation well (moderate). The coefficients of cross-correlation for various time lags
were plotted on the cross-correlogram. In cross-correlogram, the month zero was equivalent to October and the
month 11 was equivalent to September of the next year. It was observed that the trend of correlation coefficient
followed the two specific patterns. In the first group, the water table usually reacts to rainfall after the second
month. Then, the correlation coefficient gradually increased. The correlation coefficient reached its maximum in
the fourth and fifth months and then decreased with a gentle slope. From the seventh month to the eleventh
month the correlation coefficient has become negative. Although there was a significant relationship during these
months, there was no cause-and-effect relationship between changes in the water table and rainfall. In the second
group, the relationship between the groundwater level and rainfall was not significant at the 95% confidence
level. This group includes Doghai observation wells, Qarachah, Shurcheh, Mochenan, Yekehlengeh, Chamgard,
Ghahghahe, Tangleshour - Morgh Pardak, and Shorcheh. Changes in the correlation coefficient of these wells
were very irregular and the relationship between rainfall and water table changes was probably influenced by
other factors. The map of lag time showed that the spatial variations of the lag time completely followed the
pattern of the Iso-depth map. In general, the lag time was a function of the depth to the water-table in the
Mashhad-Chenaran aquifer. With increasing water depth, the lag time also increased. A closer look at the map
showed that in the northern and southern margins of the first hydrogeological unit, the lag time was more than its
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center. In the northern and southern hydrogeological units, the lag time showed the greatest compliance with the
groundwater depth. The amount of lag time from the northern margin of the aquifer to the south gradually
increased and finally reached its maximum value in the Akhlamad, Torgabeh-Shandiz.

Conclusion: As discussed previously, the groundwater level was influenced by rainfall, and this influence
may be delayed for a variety of reasons. In this study, the groundwater response to rainfall has been estimated
from 31 observation wells by cross-correlation method in a period of 15 years (Sep. 2001 to Sep. 2016). The
correlation test results showed that after about 2 to 3 months, the effect of rainfall was gradually observed on the
groundwater level and the correlation coefficient at the confidence level a = 0.05 and o = 0.1 for 77 % and 97%
of wells became meaningful, respectively. The minimum lag time was 2 months and the maximum was 7
months. In general, the estimated lag time was well matched to the groundwater depth and fully followed the
Iso-depth map pattern. The amount of groundwater recharge throughout the Mashhad-Chenaran aquifer was
mainly controlled by the unsaturated area properties such as thickness, material, etc. Changes in groundwater
depth were the major factor affecting the lag time. It seems that with the start of rainfall in late October,
groundwater recharge in most wells begin in mid-autumn and continues until late spring. Most of the
groundwater recharge takes place in late winter. In summer, rainfall has a very small role in groundwater
recharge. In this period, the uncontrolled extraction of water from the aquifer and consequently a sharp and
continuous drop in groundwater level plays a major role in water table fluctuations.

Keywords: Cross-correlogram, Groundwater response to rainfall, Linear regression, Pearson correlation
coefficient and Cross-correlation coefficient
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Table 1- Physicochemical properties of potting soil
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Table 2- Analysis of variance (ANOVA) for the fungal phytase activity
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Figure 1- Comparison of means in activity of three Aspergillus fungal phytases
A.ni: Aspergillus niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus
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Table 3- Analysis of variance (ANOVA) P concentration in shoot and root and dry weight of maize
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Figure 2- Comparison of means of P concentration in maize shoot a) sodium phytate b) fungal phytase. A.ni: Aspergillus

niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —-P0 and P50: Two levels of zero and 50 mg/kg sodium phytate,
respectively
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Figure 3- Interaction of fungal phytase enzyme and sodium phytate on P concentration in maize shoot. A.ni: Aspergillus
niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: f zero and 50 mg/kg sodium phytate respectively
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Figure 4- Comparison of means of P concentration in maize root a) sodium phytate b) fungal phytase. A.ni: Aspergillus niger,
A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg/kg sodium phytate respectively
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Figure 5- Interaction of fungal phytase enzyme and sodium phytate on P concentration in maize root. A.ni: Aspergillus niger,
A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg / kg sodium phytate, respectively
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Figure 6- Comparison of means of shoot dry weight of maize per pot a) sodium phytate b) fungal phytase. A.ni: Aspergillus
niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg/kg sodium phytate respectively



OV )50l 30 yhund L2 g ok Slid 51 yhud ol 3 sl fens] ot g sl3led T (o)) K0 g 5l 31505

60 -
OP0@P50
° b
3 50 - i,
Sz i c

A 9 od
e de 7 T
32 w0 a
_3 - TR .-f.-f.-?/ s
v e N e =Y
) pA iy i)
4T B iy N
Gz b g
N5 i N
i iy N
2, © iy N
v 9 20 A N Ny i
3 < iy it CEEE
2 s L
~ BN ity .. __{__{__{
10 - g eea o s
iy N
R N
iy N
iy N
0 CEEEE N

o
>
E

Afl

Afu c);?gb'w}ét)'wi:A.ni Oy aled Bl WS (59 1 e Sl x B LS Pl B 51 il duw o - JSS

ot Sld 0,5 5kS )3 0,5 ao B+ g yhuo ghww 93 i 55 41 P50 9 PO — uiggdl sl s/ :AML g ugilold gl s
Figure 7- Interaction of fungal phytase enzyme and sodium phytate on shoot dry weight in maize root. A.ni: Aspergillus niger,
A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg/kg sodium phytate respectively
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Introduction: The deficiency of phosphorus has attracted a lot of attention as one of the most important
nutrients for agricultural plants especially in calcareous soils. However, in some soils, organic phosphorous
containing 80 percent of total phosphorus in some soils but in most cases, that form of phosphorus is not
available for plant uptake. The availability of phosphorus from both organic and inorganic sources by phosphate-
solubilizing microorganisms (PSMs) as bio-inoculants are promising substitutes for chemical fertilizer and other
agrochemicals amendments. Both arbuscular mycorrhizal fungi (AMF) and phosphate solubilizing bacteria
(PSB) play a key role in providing phosphorus for agricultural plants. Among several phosphate-solubilizing
fungal isolates, Aspergillus sp. is able to solubilize calcium phosphates by secreting various organic acids, e.g.,
oxalic and formic acids, and producing phytase enzyme. The present study aimed to evaluate the ability of
different strains of Aspergillus for phytase production. The second aim of this study was the purification and
application of purified phytase and its efficiency in the phosphorus availability from hexaphosphorylated
inositols.

Materials and Methods: Two separate experiments were carried out in two different stages. In the first one
phytase was isolated from three strains of Aspergillus (Aspergillus niger provided by the department of plant
protection, Agricultural college, Ferdowsi University of Mashhad), Aspergillus flavus, and Aspergillus fumigatus
strains were collected from the Iranian biological resources center, Tehran). All Isolates were recultured on PDA
(potato dextrose Agar) medium for 5 days at 30 °C in an incubator. Quality evaluation of phytase production by
three strains of Aspergillus tested using hydrolysis of phytate sodium on PSM (phytase screen medium) medium.
Solubility index was calculated for all three strains (Solubility index = (Colony diameter + Hallow diameter)/
Colony diameter). Phytase production was carried out on fermentation media (Shieh and Ware 1968) but starch
was substituted by dextrin. Fermentation media inoculated by fungal strains for 14 days at 30 °C. Fermentation
media was centrifuged (10,000 g) for 30 minutes and supernatant was collected. Purification of phytases was
done against Tris-HCI 25mM, pH=7.2 for 12 hours. Phytase activities were evaluated in a completely
randomized design with three replications. Then purified phytase from three Aspergillus strains was applied in a
pot experiment using a completely randomized design with the factorial arrangement and three replications. The
experimental factors included two levels of hexaphosphorylated inositols (and 50 mg/kg) and four types of
phytase (Control, phytase isolated from Aspergillus niger, Aspergillus flavus, and Aspergillus fumigatus. In the
greenhouse experiment, the effects of different phytase types on phosphorus availability from sodium phytate
(hexaphosphorylated inositols) and phosphorus uptake by maize plant was evaluated. Corn plants (Zea maize
704 single cross) were grown in 5 kg pots at 70 % of water holding capacity for 60 days. Plant height, root dry
weight, shoot dry weight, phosphorus concentration in shoot and root were evaluated.

Results and Discussion: The results showed that Aspergillus niger and Aspergillus flavus had the highest
(4.96) and the lowest (1.23) solubility index among the tested strains, respectively. The results from the
laboratory experiment showed that phytase isolated from Aspergillus niger had the maximum amount of phytase
activity (16.48 pumol/ min.ml) and phytase isolated from Aspergillus flavus had the minimum phytase activity
(4.67 pmol/ min.ml). Aspergillus niger phytase was more effective compared to Aspergillus flavus and
Aspergillus fumigatus phytases. The results of the greenhouse experiment represented that the highest amount of
phosphorous in the shoot (0.125 percent), root (0.0102 percent), and shoot dry weight (46.08 g/pot) belonged to
the maize plants treated by phytase isolated from Aspergillus niger in the presence of 50 mg/kg of sodium
phytate. Generally, the results showed that Aspergillus niger strain was more effective than the other two strains

1, 2 and 3- Graduate Master, Professor and Assistant Professor of Soil Science Department, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran, respectively.

(*- Corresponding Author Email: alakzain@yahoo.com)
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Azad University
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in both laboratory and greenhouse experiments. Phytase enzymes isolated from strains had positive effects on
phosphorous concentration in a different parts of maize plant and growth characteristics of maize. Phosphatase
and phytase generally improve the availability of phosphorus from different phosphorus sources. It should be
kept in mind that phytase also increases the bioavailability of other essential minerals such as Ca?*, Mg?*, P,
Zn%*, Fe%*, which are bound to phytic acid. Since the phytase production by fungi has been attained by different
cultivation methods (solid-state, semisolid, and submerged fermentation) it seems that different cultivation
methods can affect the phytase efficiency. Therefore, we suggested that phytates from different cultivation
methods can be tested for phosphorus bioavailability from different sources.

Keywords: Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus, Phosphorus availability
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1- Phytostabilization
2- Hyperaccumulator
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1- Root bioaccumulation factor (RBAF)
2- Shoot bioaccumulation factor (SBAF)
3- Translocation factor (TF)
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Table 1- Physicochemical properties of the soil at the experiment site to a depth of 30 cm

Lojlol  SBdl eilaw  aawl  (SopSlcale B e P ed s Pealy  JSeS Sopm
Statistics ~ Textural SP pH EC. Total O pwd available Total Total lead
Class (1) nitrogen available potassium Chrome (mgkg™?)
(ds m?) () phosphorus (mgkg™) (mgkg™)
(mgkg™)
Sl b L5°9j
A“”S) y Sandy 29 8.1 35 0.06 9 310 39.93 26.31
verage Loam
Jsho 9 5
Min Loamy — 25 7.3 3.1 0.04 8 210 17 14.93
! Sand
a ‘
#h> w9 33 8.8 3.9 0.08 11 380 45.66 34.38
Max Loam
(Y0) (559l S5 )3 jlone s 50-200  20-300

Limit in agricultural soil

(05554 31 055 o) 395 Cuand 5 das 92 0L 0, lud W g Al (S8 ;5 anlllae 590 CI518 ClIE (ol (Bmogi 1 o, -Y Joua
Table 2- Descriptive statistics for the concentration of studied metals in soil, roots and shoots of barley after sixty days (mg

kg™)
3 a,mm,adswu Ay y 0 J5 cdlale S 5 edale
il Total concentration in shoots Total concentration in roots Total soil concentration
Statistics P95 S P9S O P95 @
Chrome Lead Chrome Lead Chrome Lead
oSl 461 1.61 25.35 12.22 33 20.23
Average
il
4.63 14 22.00 11.95 32.77 19.94
Median
3,5kl Bl ol
. 0.57 1.24 6.99 2.68 1.12 5.48
Standard deviation
JB]_» 3.89 0.12 17.00 8.92 32 9.93
Min
Al 6 4 36.66 17.01 35 29.38

Max
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Table 3- Analysis of variance of years and drought levels on root and shoot dry weight and lead and chromium
concentrations in soil, shoot and root of barley after sixty days

SUS (39 09,5 JS cdile g J5 e SB e g5 cdile
A0S T 1 Dry wight Total Chrome concentration Total lead concentration  Total concentration in soil
= G NPT
Sources of variation © df T ldld Ay, bS] 8 )lus L Ay 8 lus L5 ©955 S
(s.0.v) Shoot Root Root Shoot Root Shoot Chrome Lead
(@m?)  (gm?)  (mgkg®) (mgkg™) (mgkg™) (mgkg®)  (mgkg?)  (mgkg?)
Ju 1 0.001"™ 0.018" 41.52"™ 0.736" 4.3 0.003" 6.9 29.7™
Year
35 Jl 4 0.001"  0.005" "23.5 0.39™ 2,56 0.37™ 0.148" 42.38™
Year x Rep
i 2 0.918™ 0.589™  295.19™ 1.083™ 1.36" 1.14™ 1.35" 6.9
Drought
i 2 8.8X10°"™ 0.002" 9.67™ 0.085" 0.65" 0.04" 2.9n 0.4"
Year x Drought
b= 8 0.0003  0.004 10.66 0.102 12.9 0.02 0.66 37.2
Error
(1) St 127 129 27.57 12.26 21.9 24.6 34 27

cv
“and": Significance at P<0.01 and P<0.05 respectively and ": no significant difference. .cusl s see Ml pic NS ¢ )l dns 87 9V aw > sy &’ 5
Root and shoot dry weight were obtained based on the log x.

sl 0] sy ol s i 8T Lpoluslys )Ll g ddy) St 39 byl b

S5 B g dudy y Cuilil {0y lud Wi Calilil jo' 1y Ll e 51 9 (SWid zgbaw g ilo;l GBI (wily,lg 41555 gl —F Jgus
s § JWEG1
Table 4- Analysis of variance of years and drought on shoot bioaccumulation, root bioaccumulation and translocation factor

. e yvyt Ay y Conilii] 49518 8 ,ld L oLl 4gi518
Ol et glio 8! 51 ) Translocation factor  Root bioaccumulation factor Shoot bioaccumulation factor
Sources of variation
(S.0V) df PIS o P95 @ P95 @
Chrome Lead Chrome Lead Chrome Lead
Ju 1 476 "™ 0.002 s 0.06" 0.076" 0.001" o
Year
A5 Jl 4 0.002"  0.006" 0.023™ 0.043" 0.00" 0.002"s
Year x Rep
i 2 0.008"  0.082" 0.292" 0.044 0.001™ 0.023™
Drought
i Jo 2 0.001ms 5.57m 0.005m 0.004 s ons 0.001m
Year x Drought
> 8 0.001 0.003 1 0.01 0.074 0.0001 0.001
Error
*) u"g’/ e 21 26 28.57 35.38 13.75 25

*k

ol Hl3 gze BB pas NS 4 > ne o ) YA o jd iy . 3
"and": Significance at P<0.01 and P<0.05 respectively and ™: no significant difference.

Cowdy =ly; cud b aoyd 00y oyl > (mgkg™) ¥,-0Y
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Figure 1- Effect of drought on dry weight of shoots and roots of barley
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Figure 2- Effect of drought levels on lead concentration in shoots and roots of barley
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Investigation of Bioaccumulation Capacity of Barley for Soil Lead and
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Introduction: The use of sewage sludge, which is mixed locally with poultry waste and is available at a
relatively low cost, improves the circulation of nutrients and organic matter in the soil, reduces the concentration
of CO: in the atmosphere, and increases the level of soil organic carbon. Fertilization with this method is of
particular importance in soils of arid and semi-arid regions that face erosion and organic matter reduction.
However, there are concerns about the presence of essential and unnecessary heavy metals such as Cd, Cr, Cu,
Ni, Pb, and Zn that enter the environment from domestic, light industrial, commercial and municipal wastewater
sources and can lead to soil contamination and eventually enters the food chain through absorption, transport,
and accumulation in agricultural and non-agricultural products and has threatened human and animal health.
Phytoremediation is the cleaning up of polluted terrestrial areas and aquatic sites from heavy metal and organic
contaminants by green plants. An appropriate plant for phytoremediation should ideally have a high ability to
translocate contaminants into the plant shoot. However, the toxicity of the remains of these plants has become a
severe problem for human health. Iran is an arid and semi-arid country and many soils face the problem of using
animal manure sources with sewage sludge and the possibility of contamination with heavy metals. Farmers
cultivate the barley plant (Hordeum vulgare L.) in these areas widely, and it has a significant role in the food
chain of livestock and humans. Therefore, in this study, we evaluated the barley plant in terms of lead and
chromium accumulation by increasing drought levels in the field.

Materials and Methods: It was a two-year field experiment with three irrigation levels (irrigation per 100
(control), 75 and 50% of field capacity). The amount of chromium and lead in soil and plant samples was
measured using atomic spectroscopy with flame mode after extraction by digestion in acid. We used bio-

R . . . . . . tal trati f t
concentration  coefficients including root bioaccumulation factor (2299 shoot
e Concemiration or Sefalparts
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bioaccumulation factor ( . P2 and translocation factor (—— - P2 to
metal concentration of soil metal concentration of root

measure the plants bio-accumulation capacity. A plant with a root bioaccumulation factor bigger than one and a
bio-translocation factor of less than one is suitable for plant stabilization of elements. In contrast, a plant with a
shoot bioaccumulation factor and bio-translocation factor of more than one and root bioaccumulation factor of
less than one is suitable for plant extraction of elements from the soil.

Results and Discussion: After barley harvest, the average concentration of lead and chromium in soil
decreased by 23% and 17% compared to before harvest. The results of the analysis of variance showed that the
effect of experimental years was significant on the concentration of chromium in the soil and the aerial part of
barley and shoot bioaccumulation and root bioaccumulation factor of the same elements in the barley (p<0.05).
The effect of drought was significant on the shoot and root dry weight, chromium concentration in both shoots
and roots, lead concentration in shoots, lead and chromium shoot bioaccumulation factor, chromium root
bioaccumulation factor, and lead bio-translocation factor (p<0.01) and chromium bio-translocation factor
(p<0.05) but the interaction effect of year and drought was not significant on any of these traits. In all cases, the
concentration of elements in the roots was higher than the aerial part, and with increasing drought stress, the
concentration of lead in the roots remained constant but increased in the aerial parts while the concentration of
chromium decreased. As the amount of drought increased, the shoot bioaccumulation factor increased for the
lead but decreased for the chromium. The root bioaccumulation factor of chromium also decreased while the

metal concentration of aerial parts
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translocation factor increased for both elements, but the increase was more pronounced for the lead. Lead shoot
bioaccumulation factor decreased linearly with an increasing dry weight of aerial parts (B = -0.86), but chromium
shoot bioaccumulation factor increased (B = 0.62). Root dry weight predicted chromium root bioaccumulation
factor (B = 0.85). The total plant dry weight regression model could predict the lead translocation factor (f = -
0.89) and chromium transfer factor (§ = -0.67).

Conclusion: In this experiment, the studied bioconcentration coefficients were all less than one. So, barley is
an avoidant plant when encountered with lead and chromium in the soil, and in increasing drought conditions in
the field, it does not translocate these toxic metals to the food chain.

Keywords: Bioavailability, Food chain, Toxic metal, Translocation factor, Water deficiency
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Table 1- Physicochemical properties of compost produced by Mazandaran Wood and Paper Industries
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Table 3- Mean squares for morphological characteristics of citrumelo, citrange and sour orange rootstocks
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Figure 1- The interaction effect of nitrogen and compost on plant height in citrumelo (A), citrange (B) and sour orange (C)
rootstocks

(N1, N2, N2, and N4 are equal to 0, 20, 40, and 80 mg kg* net nitrogen and C1, C2, C3, C4 equal to 0, 2.5, 5, and 7.5% compost
levels, respectively.
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Figure 2- The interaction effect of nitrogen and compost on crown diameter in
citrumelo (A), citrange (B) and sour orange (C) rootstocks
(N1, N2, N2, and N4 are equal to 0, 20, 40, and 80 mg kg™ net nitrogen and C1, C2, C3, C4 equal to 0, 2.5, 5, and 7.5% compost levels
respectively.
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Figure 3- The interaction effect of nitrogen and compost on number of leaves per plant in
citrumelo (A), citrange (B) and sour orange (C) rootstocks
(N1, N2, N2, and N4 are equal to 0, 20, 40, and 80 mg kg™ net nitrogen and C1, C2, C3, C4 equal to 0, 2.5, 5, and 7.5% compost levels
respectively.
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Table 4- The interaction effect of nitrogen and compost on macronutrients concentration in citrumelo, citrange
and sour orange rootstocks
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Table 5- The interaction effect of nitrogen and compost on micronutrients concentration in citrumelo, citrange and sour
orange rootstocks
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Introduction: The consumption of inorganic fertilizers in agricultural ecosystems led to the destruction of
soil physical, chemical, and biological characteristics and severely affected the quality of the products.
Therefore, the application of compost fertilizers in agricultural lands has been widely considered, and it has been
mentioned as the best environmental measure. Rootstock plays a crucial role in the growth of citrus trees.
Among all the nutrients needed by citrus, nitrogen has a vital role, and a large amount of this macronutrient is
supplied in the soil every year. The release of nutrients from organic matter, especially nitrogen, is slower than
the nitrogen release from chemical fertilizers. Rootstock affects the photosynthetic capacity of the transplanted
cultivar, which is related to the annual carbohydrate redistribution and is a determining factor for vegetative
growth and reproductive development. The growth, yield and fruit quality of cultivars are, therefore, strongly
regulated by rootstock. In the recent study, the effects of compost and nitrogen fertilizers on common rootstocks
in Mazandaran province, including citrange, citrumelo, and sour orange, were investigated.

Materials and Methods: An experiment was conducted as a completely randomized design at Qaemshahr
Horticultural Research Station. The treatments included sulfur granular compost (0, 2.5, 5, and 7.5%), produced
by Mazandaran Wood and Paper Industries Company, and pure nitrogen (0, 20, 40, and 80 mg kg™) in the form
of ammonium sulfate. Vegetative growth, including plant height, crown diameter, and the number of leaves,
were measured. Also, to study the changes in leaf nutrient concentration, leaf samples were collected, in July and
the concentration of nutrients in leaf tissue was measured. A randomized complete block design was conducted
at Qaemshahr Horticultural Research Station in 2017. The treatments included sulfur granular compost (0, 2.5, 5,
and 7.5%), produced by Mazandaran Wood and Paper Industries Company, and pure nitrogen (0, 20, 40, and 80
mg kg1) in the form of ammonium sulfate. One-year-old seedlings of the same size from citrange, citrumelo, and
sour orange were planted in 7- kg pots containing arable soil and the treatments. The applied soil was analyzed,
and its physical and chemical properties were determined. Irrigation of all pots until reaching the field capacity
(weight method) was performed uniformly for all treatments. At the end of the growth period, vegetative growth
parameters, including plant height, crown diameter, and the number of leaves, were measured. Also, to study the
changes in leaf nutrient concentration, fully developed leaves samples were collected, in July and the
concentration of nutrients was analyzed. Nitrogen was determined by the Kjeldahl method with a sulfuric acid-
hydrogen peroxide mixture. Phosphorus by calorimetric, potassium using a flame photometer, and calcium,
magnesium, iron, manganese, zinc, and copper were measured using the flame atomic absorption method.

Results and Discussion: Results showed that the highest nitrogen concentrations in citrange and citrumelo
seedlings were 2.92 and 2.97% due to 40 and 80 mg kg* N and 2.5% compost, respectively. In citrumelo
rootstock, plant height increased with enhancing nitrogen application levels at different compost levels. Compost
levels did not show a significant increase in citrange height, but the highest height growth was observed at 40
and 80 mg kg? nitrogen. In the sour orange rootstock, consumption of high levels of compost and nitrogen
significantly reduced plant height. In all three rootstocks, the highest concentrations of potassium were observed
in high levels of compost and no nitrogen application. The concentration of iron and zinc in citrumelo leaves
increased with increasing compost levels. The trend was different in citrumelo so that consumption of 2.5%
compost and 40 mg nitrogen fertilizer showed the highest concentration of leaf iron (151 pg g1), while the
application of 5% compost without nitrogen reduced the concentration of iron to 62.2 pg g™*. Changes in citrange
zinc concentration were similar to citrumelo. In sour orange, iron concentration changed limitedly and ranged
from 83.8 pg g in 2.5% compost and 20 mg kg* nitrogen fertilizer to 61 ug g in control. In this rootstock, the
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highest concentration of zinc was obtained from no compost application and 40 mg kg™ nitrogen (28.14 pg g%),
whereas the lowest concentration of iron was observed in control. Citrange seedlings performed better in nutrient
uptake than citrumelo and sour orange seedlings. Consumption of 5 and 7.5% levels of compost in sour orange
rootstock reduced plant height and crown diameter and caused rosette, led to an increase in the number of leaves.
The most effective level of nitrogen in sour oranges was 80 mg kg nitrogen. Application of 80 mg kg™ nitrogen
and 2.5% compost, and 80 mg kg nitrogen and 5% compost led to the highest number of leaves in citrumelo
and citrange rootstocks, respectively.

Conclusion: According to vegetative growth and concentration of nutrients data, especially from the nitrogen
concentration point of view, maximum vegetative growth was obtained in citrumelo rootstock from 2.5%
compost and 40 mg kg™ nitrogen treatment and in citrange and sour orange rootstocks from 2.5% compost and
80 mg kg! nitrogen treatment.

Keywords: Citrange, Citrumelo, Leaf nutrient composition, Sour orange, Vegetative growth
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Figure 1- An overview of the Gavoshan Watershed in the Kermanshah Province, Iran
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Table 1- Area of different Land-uses in the Gavoshan Watershed, Kermanshah Province, Iran

. 190 &5y9LiS
s A5 Lowsasio &5 Uk &S . <93 8509 .
“Pooér)” M 0’;5,[5 ’ z:ooéc’i” S Rainfed and &L S8
Residential irrigated Orchard Land-use
rangeland rangeland rangeland .
agriculture
1375.47 2843.30 1406.24 22.08 968.65 1107.14 () colue
Area (ha)

il 3o b 5 () elntoly 4 )3 p3¥ oMol g
S a3 S5 0 Se ¥l 58S colue b slassls
(et S o ol plonil C Wbl (5 515 VA Tyleg 5 b
YV JSs o s gl sl sl i ola! (e clalidl )
S colis N Join 139 )L ladsly 5 (sages Cusbye
Coundy s jolaiods dobl jd .ol sddddl) Sl jzul o)
sloojen s plad )3 ol meo 133l L ()5 aoly o 55 i)

5TV V) BLM g, 5l odliial b wSe ani g Sllllbs ol
s abgye Joio 8V dg0e o5 Sl el (V4
A5 A )5 Sl g eSS ()5 slassly TS

1- Bureau of Land Management (BLM)



Voo b1 — s oF o)lods ¥ il (S g O 05

OO¥

oliilo,S bl Wiyl jusl 039 (5,1 slaunly 0 S ivlw,d 255liel -Y Jou

Table 2- Soil erosion scoring in land units of the Gavoshan Watershed, Kermanshah Province, Iran
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Erosion Total Gully Ravine Rill Pedestals Rock Status  femnants  movement Land
Status Points erosion form erosion erosion unit
el 4 1 8 14 5 3 5 5 1
Moderate
e 49 1 8 1 5 12 12 10 2
Moderate
o 29 1 7 3 5 5 4 4 3
Low
~ 28 1 4 1 2 10 3 7 4
Low
bogie 43 2 8 3 13 5 4 8 5
Moderate
~ 33 3 4 2 3 6 12 3 6
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bugte 44 1 4 4 13 2 12 8 7
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~ 30 1 4 3 7 7 3 5 8
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~ 28 1 5 2 4 6 3 7 9
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o 27 1 4 3 3 8 4 4 10
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~ 33 1 4 3 8 5 4 8 11
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i 25 1 6 2 5 2 5 4 12
Low
e 47 1 12 9 5 5 5 10 13
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i 37 3 9 3 3 2 12 5 14
Low
i 33 3 4 3 5 6 4 8 15
Low
i 37 1 7 4 4 8 4 9 16
Low
i 28 1 7 3 3 6 4 4 17
Low
e 1 8 4 5 12 5 6 18

Moderate
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Figure 2- Views of conservation role of vegetation cover (a), sheet erosion (b) and terracette (c) in the Gavoshan Watershed,
Kermanshah Province, Iran
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Figure 3- Soil erosion map of the Gavoshan Watershed, Kermanshah Province, Iran
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Figure 4- Ombrothermic diagram of the Gavoshan Watershed, Kermanshah Province, Iran
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Figure 5- Hythergraph of the Gavoshan Watershed, Kermanshah Province, Iran
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Figure 6- Agro-climatic map of the Gavoshan Watershed, Kermanshah Province, Iran
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Figure 7- A view of some of the dominant species of Ephedra sinica (a), Amygduluse orintalis (b), Crataegus azarolus (c),
Salvia officinalis (d), Astragalus gossypinus (e) and Echinops robustus (e) in Gavoshan watershed, Kermanshah Province

oLiile 5 iusl (G W9 5l )9 )3 (halus B (s o pde umilio (SaisF Cilaseda - Jgao
Table 3- Characteristics of suitable species for biologic management of soil erosion in the Gavoshan Watershed, Kermanshah
Province, Iran
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(e she) ot Amygduluse orintalis PeSebl
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Shrubs with a height of about 3 m and planting time in the auttnmn
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Appearance and phenology
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Continuation of Table 3- Characteristics of suitable species for biologic management of sail erosion in the Gavoshan Watershed, Kermanshah

Province, Iran
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Physical and Biological Characteristics of the Area Scientific name name
Ol Rl > bl (&
_ _ Conservation role in reducing
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Dense branches and roots and effective in soil conservation
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Agro-climatic class
Dry and semi-dry Climate
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1700-2700 ) £
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a3 b caigny) 5 23S g 4ols 3y 5 cusls 25 Jole 5 5 ol Cluogad Daphne .
semi-shrubs or shrubs with 1 to 2 meters high, multiple stems and Appearance and phenology macronata o
branches, planting through from May to June
Uil als bl (i
Conservation role in reducing
(V) SB ol oS0 Slodizn; 5 5k (Jlgoads) Gos b erosion
high root depthl and effective in soil structure consolidation
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Height (m)
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Dense branches and shrubs with 30 to 50 cmeters high, drought tolerant
plants
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Continuation of Table 3- Characteristics of suitable species for biologic management of soil erosion in the Gavoshan Watershed, Kermanshah

Province, Iran
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Ao (dan j 9 (S SRS 9 cole ol JWRE
Physical and Biological Characteristics of the Area Scientific name  pgrsian
name
o pials 3 bl i
9 S rhw Gl cales ‘f’u” Gl 2 e 5 oslle iy gl B2 congervation role in reducing
favorable canopy surface and effective in reducing runoff and surface
erosion and high power in precipitation of atmospheric carbon
3 S5gkiS = seulil o3,
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S ihaag 5 S ]
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. . Eph by
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(F) S cblis 1§50 536 (g0l mawy Sbledsl g Jld Jlassy (gladyy ailolus erosion
Highly active root system and effective in soil conservation
23,485 S mdl o
Agro-climatic class
Dry and semi-dry Climate
2000-2500 L) et
Height (m)
4-21 (S ssbs 429) Lo Crataegus S
Temperature ("C) azarolus 2
300-400 nhe) o2
Precipitation (mm)
A5 Jole 5 5l Sluogas

S elgl 3 05y BB g (Sis 4 YU Canglin 5 0b5 gy 2l eyia ¥ Y glis)
Height 2 - 4 m, high canopy, high drought resistance and can grow in a
variety of soils

(F F) Slnss” 3bla o S Lais )3 o g 5100 o sloaiy Sl )55
Highly deep root system and effective in soil conservation in mountainous
areas

Appearance and phenology
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Continuation of Table 3- Characteristics of suitable species for biologic management of soil erosion in the Gavoshan Watershed, Kermanshah

Province, Iran
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Ao w9 S 08 GBS 39 sole @b L
Physical and Biological Characteristics of the Area Scientific name persian
name
28&3 d))ﬁl“"s _(5“315‘ 03
Agro-climatic class
Sty S ol
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(o) i)
>
1800 Height (m)
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Temperature (‘C)
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i e g . . . A5y Jolye g 6l Sluoguas ;
S 5205 (Slo S 4 polie 5 st Sl 0+ gio £li5) b oy e LS Ao 5 eia’; - aﬁ; phenoT:; y Echinops ..
Grass plant with an average height of 50 cm, resistant to extreme heat and robustus )
low water
Oelwyd puals’ > bl 8
o o Conservation role in reducing
90k ol o 5 o68 glady ol erosion
Strong root system and high water absorption
3 59k = seelil 03,
Agro-climatic class
Siiddag g o
Cold and semi-dry Climate
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Height (m)
9-13 (31,5 sl 4> ) Lo
Temperature (‘C) Astragalus | s
(2o k) L)l gossypinus e
223-362 SO SR
Precipitation (mm)
. , ‘ . ) 1) Jole 5 6 pplb Slogas
Caigedy) baulgl b (39,8 Lauwlgl 5| adgl 0,y eyta 5bo VO b Ve glisyl b sligy a8 Appearance and phenology
Shrub plant with a height of 10 to 15 cm, initial growth from mid-April to
mid-May
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0 5l Clos Sy o 13 35390 oSS e & Ul (VL ()l cub )b (g gl CONSErVation role_ln reducing
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Very complex root system with an infiltration depth of 6 to 8 m, the
ability to conserve the soil up to 15 folds of canopy, high water retantion
capacity and flood prevention
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Continuation of Table 3- Characteristics of suitable species for biologic management of soil erosion in the Gavoshan Watershed, Kermanshah

Province, Iran
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Precipitation (mm)
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Introduction: One of the most important causes of land degradation and reduced fertility is soil erosion, a
severe threat to human welfare and food security. With the intensification of erosion and sediment transport in
the watershed, water quality is reduced, and sediment production and flood risks are increased. The
consequences of soil impoverishment cause irreparable damage, including the abandonment of farms, increased
migration, economic, social, and political problems. In this regard, paying attention to soil and water resources
conservation is one of the most necessary measures to control erosion. So that the performance of natural
ecosystems increases through conserving the soil and preventing the occurrence and intensification of erosion.
Therefore, it is essential to know different stages of erosion and evaluation of the factors governing it in properly
managing soil and water resources in a watershed. So far, various biological methods and structures are used to
control soil and runoff loss in watersheds. Since biological methods are based on ecosystems' conditions, it is
essential to control soil erosion in the early stages. In recent years, extensive methods for the conservation of soil
and water resources have been introduced and used in practice. Therefore, one of the most important methods of
protecting soil and water resources is the use of biological methods in terms of low use of tillage operations,
limited intervention, and manipulation in nature, cost-effectiveness, and also better efficiency than structural
measures. However, the biological management of soil erosion has not yet been welcomed by executive experts
due to the lack of a proper implementation model.

Materials and Methods: The present study was conducted to investigate biological erosion management in
the Gavoshan Watershed, Iran, due to distributed and manageable erosion and the available information. The
Gavoshan Watershed, with an area of 7736 ha, the mean annual precipitation of 339 mm, the minimum and
maximum elevations of 1635, and 2455 meters above sea level, is located in Kermanshah Province. After
determining the erosion status, climatic characteristics, and plant growth conditions, the executive procedure of
biological management of the region was proposed.

Results and Discussion: The results showed that surface erosion is predominant in the area, and therefore
the suitability of the conditions for bio-management measures was confirmed. While reporting the prevalence of
sheet erosion, the results emphasized the erosion status in the low and moderate classes and the ability to
perform biological approaches in the watershed based on the climatic-agricultural map. The results further
showed that according to the climatic-agricultural map, the whole study watershed was divided into five
categories. In this regard, the second category with an area of 3421 ha had the highest, and the fifth category
with 82 ha had the lowest areas. Finally, after determining the area of different land-uses and according to the
maps of soil erosion and climatic-agricultural conditions as well as ombrothermic and hetherograph diagrams,
suitable rangeland species were selected and suggested for each climatic-agricultural category based on the
expected characteristics of elevation, precipitation, temperature, phenology and adequate role in soil
conservation. Finally, the executive plan of biological management of soil erosion in the Gavoshan Watershed
was presented based on phytosociology and relevant ecological expectations. Since bio-management measures
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are applicable in rangelands with moderate and poor vegetation conditions, the good rangelands were not
prioritized for the planning. Accordingly, moderate and weak rangelands with an area of about 4219 ha, i.e.>
54%, of the watershed were considered for biological activities. It is expected that by taking biological measures,
erosion control will be done in the early stages, and by increasing the vegetation level in 54.63% of the
watershed, in addition to controlling soil erosion or at least stopping it in the early stages, carbon sequestration
conditions, nitrogen fixation, and increase soil fertility. The use of endemic species in this watershed would
facilitate ecological balance and at the same time protect the basic resources of water, soil, and vegetation by
increasing the level of ground cover.

Conclusion: Biological management is a new approach in soil and water resource sustainable management
that inhibits soil loss in the early stages of erosion and prevents the destruction of ecosystems. The results of the
present study are anticipated to meet the expected needs in the protection of soil and water resources in similar
watersheds in the west of the country. The results of the present study can be used in soil and water resources
management in the western regions of the country with similar ecological conditions. Although the proposed
approach can be used in most parts of the country rangelands, appropriate field studies and continuous
monitoring of the proposed function will be necessary to provide comprehensive and integrated conclusions for
soil and water resources management.

Keywords: Adaptive soil conservation, Bio-climatic zoning, Erosion bioengineering, Vegetation cover
management
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Table 2- Statistical analysis of surface soil organic carbon and remote sensing variables
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e d"’o_‘ . 0.39 1530 1122 0.81 0.0
Standard Deviation
S 1.68 0.88 2.182 0.84
Sz 0.82
Skewness
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Kurtosis
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Table 3- Important environmental variables for soil
organic prediction using principal component analysis

L puiio L puiiio (>
Covariates  Covariates type
TSAVI Spectral reflection
RVI Spectral reflection
BAND 10  Spectral reflection
BAND 11  Spectral reflection
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Table 4- Results of principal component analysis
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Components % of Cumulative of Variance
Variance %
PC1 70.506 78.50
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PC3 4.816 98.14
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Table 5- Evaluation of machine learning algorithms in predicting surface soil organic carbon

byl pas Bl JRa G Oluge Slas (gew)S;  CommsS
Evaluation Index Random forest PLSR Cubist
R2 0.74 0.55 0.5
RMSE 0.17 0.25 0.23
MSE 0.02 0.06 0.14
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Figure 2- Measured organic carbon values versus predicted values based on models )a :(RF), b :(PLSR), ¢ :(Cubist)

YWYy s 4 MSE 4 RMSE _Jslaos b sl IS o,
el Cawd g IVE L ol RZ it g+ /0¥
5 () Ol 5 aipenslys asllas b 306 (ol @l
sla i U awlis o) dolad JSKis Jio a5 il (o guuen
A Olgie a0yt Nz (y900)S ) 9 (500 (g )S 5 CammgS
395 gadllhae 3 (V) HLSon g (suition 03905 (Spme S
h S (oS (s s 45 45 )3 (o8 slois) 245)
L obar s Jus aS ol ol bl bt \dges )y
b 95y 5 ConsS Sbg) & S +/FAL il RMSE
2 S UG gy glbs 5l slasl polod )3 0 pite a>
S sl ylay8 5 SB T S palie SIS g ol L
395 allas )3 (M) hlSen 5 JSia (pimen (V) Sen
by (bt G S 5 (Blad S ) 93 2, Ses
S ol zulis wvges wwyp SIS Olwand (o), rd did

aS wiwn S I 0y S 668 cosisS o i Yoeme yg
5 Byl 39 il 4o ol L ilbao clilllan ol gl

Ladss 2,8 b5y
O35 5 9 CmnsS ((Blad S sbohg) (b)) s
03,510 Jgiz > S (N (08 (a8 3 S Slapo Jols
OnyeS ©gldd bl ¢ghg) (05383 (lelid lp sl 0nd
Lol 5ye (3655Lse (RMSE') Lallas pye (5:50Lse y9done
Jods il odel cos 4 ol b 3L 0 R? i 9 (MSE)
SB S by )b padis sl silodre gy cn e B

1- Root Mean Square Error



VPeo 5T = po0 F oylods ¥O wl> (S g T @i VY

RF LSL“J“\“‘ LS‘)-! LJ u))f X LS)'.S o)‘l.\.ﬂ xbliia JJLE.A 5D ol
ol & Cas bols JSin o] o 40l,| Cubist o PLSR
Uas Blas 5 coxo Gl op YL ghyls oolitwl 5y50 (sl Jae

5 pshie pyb ey ool IS 1 o ol il
Jee g oS5 a5 oly s 5 (RMSE) liaye Sil

Reng
s High : 1.37745

—_ Low : 0,229293

T SN 0 UM M

PLSR
25 Clagye JBls gm0,

1 wm
[ aem W o &1 1 T
0 0.230.5 1 18 2
) . .
2 2 244000 ZAa5000 24c000

1300

S0 e

§‘ Reng
o High @ 1.44388 Random Forest
§ B .. . 0218483 lad s
2 Pl
0 0.250.5 1 1.5 2
242000 243000 244000 245000 2‘6’000
=
§~
§ Cubist
Reng Model
e High @ 1.34 .
2 Low ! 0.18 “'95 J.\o
§. xm b
| Sy B | | § ) |
0 0.250.8 1 1.8 2
242000 243000 244000 245000 248000

S S jl ealiil L S JT )8 S a595 - U
Figure 3- Spatial distribution of soil organic carbon using prediction model
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Introduction: Understanding the spatial distribution of soil organic carbon (SOC) is one of the practical
tools in determining sustainable land management strategies. Over the past two decades, the use of data mining
approaches in spatial modeling of soil organic carbon using machine learning techniques to investigate the
amount of carbon to soil using remote sensing data has been widely considered. Accordingly, the aim of this
study was to investigate the feasibility of estimating soil organic matter using satellite imagery and to assess the
ability of spectral and terrestrial data to model the amount of soil organic matter.

Materials and Methods: The study area is located in Lorestan province, and Sarab Changai area. This area
has hot and dry summers and cold and wet winters and the wet season starts in November and ends in May. A
total of 156 samples of surface soil (0-30 cm) were collected using random sampling pattern. Data were
categorized into two categories: 80% (117 points) for training and 20% (29 points) for validation. Three machine
learning algorithms including Random Forest (RF), Cubist, and Partial least squares regression (PLSR) were
used to prepare the organic soil carbon map. In the present study, auxiliary variables for predicting SOC included
bands related to Lands 8 OLI measurement images, and in order to reduce the volume of data, the principle
component analysis method (PCA) was used to select the features that have the greatest impact on quality.

Results and Discussion: The results of descriptive statistics showed that soil organic carbon from 0.02 to
2.34% with an average of 0.56 and a coefficient of variation of 69.64% according to the Wilding standard was
located in a high variability class (0.35). According to the average amount of soil organic carbon, it can be said
that the amount of soil organic carbon in the region is low. At the same time, the high value of organic carbon
change coefficient confirms its high spatial variability in the study area. These drastic changes can be attributed
to land use change, land management, and other environmental elements in the study area. In other words, the
low level of soil organic carbon can be attributed to the collection of plant debris and their non-return to the soil.
Another factor in reducing the amount of organic carbon is land use change, which mainly has a negative impact
on soil quality and yield. In general, land use, tillage operations, intensity and frequency of cultivation, plowing,
fertilizing, type of crop, are effective in reducing and increasing the amount of soil organic carbon. Based on the
analysis of effective auxiliary variables in predicting soil organic carbon, based on the principle component
analysis for remote sensing data, it led to the selection of 4 auxiliary variables TSAVI, RVI, Band10, and
Band11 as the most effective environmental factors. Comparison of different estimation approaches showed that
the random forest model with the values of coefficient of determination (R?), root mean square error (RMSE)
and mean square error (MSE) of 0.74, 0.17, and 0.02, respectively, was the best performance ratio another study
used to estimate the organic carbon content of surface soil in the study area.

Conclusion: In this study, considering the importance of soil organic carbon, the efficiency of three different
digital mapping models to prepare soil organic carbon map in Khorramabad plain soils was evaluated. The
results showed that auxiliary variables such as TSAVI, RVI, Band 10, and Band1l are the most important
variables in estimating soil organic carbon in this area. The wide range of soil organic carbon changes can be
affected by land use and farmers' managerial behaviors. Also, the results indicated that different models had
different accuracy in estimating soil organic carbon and the random forest model was superior to the other
models. On the other hand, it can be said that the use of remote sensing and satellite imagery can overcome the
limitations of traditional methods and be used as a suitable alternative to study carbon to soil changes with the
possibility of displaying results at different time and space scales. Due to the determination of soil organic
carbon content and their spatial distribution throughout the region, the present results can be a scientific basis as
well as a suitable database and data for the implementation of any field operations, management of agricultural
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inputs, and any study in sustainable agriculture with soil properties in this area. In general, the results of this
study indicated the ability of remote sensing techniques and random forest learning model in simultaneous
estimation of soil organic carbon location. Therefore, this method can be used as an alternative to conventional
laboratory methods in determining some soil characteristics, including organic carbon.

Keywords: Modeling, Remote sensing, Soil organic carbon, Spatial distribution
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Table 1- Some physical and chemical properties of the soil and Filter cake used in this study

Olwoguas S Plicad b Jlole (g9 SK edl o) sY R
CEC oM EC pH Soil texture  C1Y Silt Sand
Properties (cmol*/kg) (%) (dS/m) % % %
o 5l as 5 SB 15.2 0.54 3.5 7.6 Clay Loam 31 38 31
& o s Yo v Fee S$9) o orl e B el Cle B jas IS Ghas Sl ol i
Soil sample Mn Zn Cu Fe K P (E\I 021003 Na*
(0-30 cm) (mglkg)  (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg) (%) (%)  (meg/L)
9.4 1.2 1.9 4.5 225 3.2 0.06 37 10.76
S S Sluogas I (A 5051 G -Y Jgaa
Table 2- The results of measurement of some properties of Filter cake
o M C T P PR
S yild P CIN ‘ﬁ Ash oM EC pH
Filter cake (mg/kg) (%) (%0) (%0) (dS/m)
325 13.19 1.07 13.3 24.3 4.62 6.1
o 89 e ool 2 e olS iy
Cu Zn Mn Fe Mg Ca K
(mg/kg) (mg/kg) (mglkg) (mglkg) (mg/kg) (markg) (mg/kg)
64 109.2 278 268 35040 78000 1800
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Figure 1- The effect of plant growth-promoting bacteria P. protogenes CHAOQ and P. alloputida RUM14 and filter cake on the

concentration of macro nutrients (potassium, calcium, magnesium and phosphorus) in spinach at different levels of herbicide
Means with the same letters according to the Duncan test have no significant difference at the statistical level of 5%.
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Figure 2- The effect of plant growth-promoting bacteria P. protogenes CHAO, P. alloputida RUM14 and filter cake on the

concentration of micro nutrients (zinc, copper and iron) in spinach at different levels of herbicide
Means with the same letters according to Duncan test have no significant difference at the statistical level of 5%.
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dry weight of spinach at different levels of herbicide
Means with the same letters according to Duncan test have no significant difference at the statistical level of 5%.
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Background and Objectives: In recent years, the production of healthy foods through environmentally
friendly methods has received much attention. Spinach is a vegetable plant rich in minerals and vitamins which
is used in green and cooked forms. Thus, healthy production of this plant with the greatest quantitative and
qualitative yield is of particular importance. Weeds as unwanted plants in spinach fields can damage this plant
significantly. Nevertheless, spinach is severely sensitive to different herbicides. The goal of this study was to
investigate the effect of plant growth promoting rhizobacteria (PGPR), filter cake and metribuzin herbicide on
growth and mineral nutrition of spinach plant. In this study, the growth and nutritional parameters of spinach
interact with PGPR, filter cake and metribuzin herbicide was also aimed.

Materials and Methods: The spinach seeds (Spinacia oleracea L. Varamin cultivar) were sown in pots
containing 40% field soil and 60% sand (10 seeds in each pots). To investigate the impact of PGPR isolates and
filter cake on concentration of macronutrients (K, Ca, Mg, and P), micronutrients (Cu, Zn, and Fe) and leaves
dry weight, Pseudomonas protogenes CHAO (CHAOQ) as a reference strain, P. alloputida RUM14 (RUM14)
which was collected from Iranian field soil and 3% by weight of fresh filter cake (F3%) were used. Spinach
seedlings were inoculated for 14 days with 50 mL of bacteria strains suspension with optical density one
(ODeggo=1). 3% by weight of filter cake were mixed to soil of pots before sowing the seeds. Metribuzin herbicide
at three levels (0 (H0), 50 (H1) and 100 (H2) grams per hectare) were used. The effects of PGPR, filter cake and
metribuzin herbicides and their interactions were also studied (CHAO + FO + H1, RUM14 + FO+ H1, CHAO + FO
+ H2, RUM14 + FO + H2, BO + F3% + HO, BO + F3% + H1, BO + F3% + H2, CHAO + F3% + H1, RUM14 +

F3% + H1, CHAO + F3% + H2, RUM14 + F3% + H2). The experiment had a randomized complete block design
with three replications. The treatments (3 metribuzin herbicide x 2 filter cake x 3 PGPR) were arranged in
factorial combination. The statistical analysis was performed using Duncan’s multiple range test at 5%
probability level.

Results: Statistical analysis revealed that the application of PGPR (CHAO and RUB14), filter cake, and their
interaction increased tissue plant concentration of macronutrients, micronutrient and leaf dry weight of spinach
plant. Statistically, the highest concentration of P, K, Ca, and Mg macronutrients (5583.30, 83000.00, 10886.70,
10766.60 mg kg dry matter, respectively), Cu, Zn, and Fe micronutrients (22.73, 73.00, and 221.36 mg kg™ dry
matter, respectively) and dry weight of leaves (8.76 g) was observed in treatment of combination of PGPR and
filter cake. The application of Metribuzin herbicide led to decline the concentration of macronutrients,
micronutrient, and leaf dry weight of spinach plant. The decline increased with increasing herbicide
concentration. The lowest concentration of P, K, Ca, and Mg macronutrients (3233.30, 48867.00, 6403.30, and
6283.30 mg kg leaf dry weight, respectively), Cu, Zn, and Fe micronutrient (4.40, 19.50, and 132.66 mg kg™,
respectively), and leaf dry weight (2.83 g) was observed in BO+F0+H2 treatment (using just herbicide 100 g ha"
D). However, the detrimental effect of herbicide on leaf dry weight and mineral nutrition of spinach plant were
alleviated using the PGPR (CHAO and RUB14) and filter cake (F3%) either alone or together (RUM14+F3%,
CHAO+F3%). Statistically, the greatest alleviation of the detrimental effect of herbicide was observed in the
treatment of RUM14+F3%.
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Conclusion: The results of this research showed that inoculation of spinach with Pseudomonas PGPR (P.
protogenes CHAQ, P. alloputida RUM14) with and without filter cake not only improved the growth and
mineral nutrition of spinach plant, but also alleviated the detrimental effect of herbicide in the plant. In general,
the proper function of PGPR and filter cake in spinach plant growth is due to 1- Supplying more nutrients to the
spinach plant due to filter cake rich in nutrients 2- The ability of Pseudomonas bacteria to induce resistance of
the plants to stress and supply of some nutrients such as iron due to its ability to produce siderophore 3- Supply
of food by filter cake for further growth of PGPR and the possibility of increasing the population of these
bacteria. 4- Filter cake rich in organic matter can improve the physical and biological properties of the soil and
can provide the better conditions for plant growth and nutrition. The results of this research showed that P.
alloputida RUM14 and filter cake can be used as biological and organic fertilizers.

Keywords: Macronutrient elements, Metribuzin, Micronutrient elements, Pseudomonas
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Table 1- Statistical characteristics of the first 30 years (1959-1988) based on temperature thresholds of zero, five and 10

degrees Celsius in selected stations

i SM s)C i SM s)C i SM s)C
Variable ®) ®) Variable ®) ) Variable ) ®)
Ll 10 Lol VA RIEMALY et YA 98 VF Lﬁ;gtf
Eso 5Mar 8Mar Ess 9Mar 16Feb Eswo 4Jun (Bandar
Yazd Gorgan Bam Abadan Bam
Abbas)
98 T Adul VY s ¥ 59,8 VY o ¥ Cadged) YF
Lso égﬁjfgrr] 12Mar Lss 24May 12Apr Lsio 193un 14May
Shahrekord (Rasht) (Zanjan) (Rasht) (Zanjan) (Rasht)
N 5y Rt 5V
oo Ve Sy ZoAN o? %A oo V8
Eeo 210ct 7Dec Ees 20Sep 6Nov Eewo 28Aug 70ct
(Sharekord) (Rasht) (Shahrekord (Rasht, (Shahrekord (Rasht)
,Kerman) Ramsar) ,Zanjan)
AN JEUARN Nls AN oLy ;E')\V
Leo 1Dec 9Dec Les 26Nov 4Dec Lewo 2Nov (Banijcar
(Tehran) (Tehran) (Bam) (Abadan) (Bam)
Abbas)
S 186 323 S 120 208 S 70 146
Sco (Shahrekord) (Bam) G5 (Shahrekord)  (Rasht) SG10 (Zanjan) (Rasht)
365
364 310
276 (Bushehr 261 212
Lsco Lscs (Bandar Lscio (Bandar
(Rasht) ,Egggg)r (Bam) Abbas) (Bam) Abbas)
Asco 229 331 Ascs 171 270 Ascio 116 207
m 4.38 6.9 m 5.07 441 m 6.77 4.15
cvo (Esfahan) (Rasht) cvs (Bam) (Abadan) cvio (Bam) (Abadan)
M . 4.85 M 14.94 8.33 M 23.31 16.27
cvo (Khorramabad) ~ (Gorgan) cve (Sanandaj) (Rasht) cvio (Khorramabad) (Rasht)
3575 5139 2012 3348 938 1915
Moo (Zanjan) (Rasht) Mos (Zanjan) (Rasht) Mo10 (Zanjan) (Rasht)
M 6096 6086 " 5718 6776 v 4004 (é’aefgar
po (Yazd) (Gorgan) DS (Bam) (Abadan) p1o (Bam) Abbas)
m 4303 5752 m 2874 3976 m 1731 2412
o (Zanjan) (Rasht) i (Zanjan) (Ramsar) 10 (Zanjan) (Ramsar)
9865 8039 6212
Mo 4264 (Bandar Mrs 6467 (Bandar Mo ar2a (Bandar
(Bam) Abbas) (Bam) Abbas) (Bam) Abbas)
Tso 21% 0% Tss 26% 0% Ts10 47% 25%
Tvo 47% 25% Tvys 53% 25% Tvio 53% 25%

023395 2 i 30,8 Gl )3 Ve g iy o 318 el o)l i Sile (2 50 9 (29295 (S)C 5 (S)M 1 (olSty] pb) ol (2l g (oK) pU) aisye Sy
5 (EE10 5 EEs EE0) (13153)05 reaiy 3,5 lo a5 Ve g gy ¢ yao 308 4eilE )b 1Sk (5100 9 (305355 ((Ls10 g Lss dso) iy 50 5 (Esio 5 Ess Eso)
S5G0) (py5olisS teusyn 3,5 il dx )3 Ve g i ho sladilin] sl o) o g ASy e Job xSk g 5l (o ,50bsS (LEL0 g LES LEO) (350>
Slio p ay Juad Job )5 dopd sy Olpuss o pd e (sl g o ieS {ASGL0 5 ASGE ASGO) (ke o (LsG10 9 Lses Lsco) ¢y il (Sse10 9 Sses
wlo)S lassly 1 Sile oy yidis 5 opyieS (Mevio g Mevs Mevo) oy yiies 5 (Mevio g Mevs Mevo) o yieS icud i oS o 42,3 Ve 5z b slaailisl
5 oeyeS (Mb1o g Mps Mbo) (2 s 9 (MD10 9 MD5 dND0) (3 568 s yiz 3,5 o 4o )3 Vo g iy yiun claailinl (lio p joydo)d onnp A5y Juad
Oy 5 (MT20 ¢ MT5 INTO) (0 yiaS iy 3,8 Ol d)d Vo 5 iy o cbaliol b 2 ierae ) ey (=hi o ob)S slaasly (1She oy i
o] 2oyd (Ts10 § Tss (Ts0) oL, Sho doyd Vo g g yho ladilinl cluo p by Juad Job oline 339, (o) (slrolSium] 1oyd (MT10 9 MT5 MT0)
uoyd A L A0 slezel o 55 lslixe # (TY120 ¢ Ts (Tvo) 5,5 b dx 0 Vo g iy (o claailinl b p ol); Jlo 13 (clajgds,d ggamxa oline Jig) <yl
Elevated areas (station name) and coastal areas (station name): (S)M and (S)C, respectively, the earliest and latest average of the start
date of zero, five and 10 °C, respectively: the earliest (Eso, Ess and Es1o) and The latest (Lso, Lss and Lsio), the earliest and the latest
average of the zero, five and 10 °C event termination dates: the strongest (Eeo, Ees and Eeio) and the latest (Leo, Les and Leio), the
shortest, longest and average season length, respectively. Growth by day based on thresholds of zero, five and 10 °C, respectively:
shortest (Ssco, Sses and Ssc10), highest (Lsco, Lses and Lsc10) and average (Asco, Ases and Ascio), lowest and highest coefficient of
variation per Percentage during the growing season based on thresholds of zero, five and 10 °C, respectively: lowest (mcvo, Mcvs and
mcvio) and highest (Mcvo, Mcvs and Mcvio), lowest and highest average of heating units of the growing season in terms of degree-
day based Zero, five and 10 °C thresholds, respectively: lowest (mpo, mps and mbaio) and highest (Moo, Mps and Mba1o), lowest and
highest average of crop year heat units in terms of degree-day based on zero, five and five thresholds: 10 °C, respectively: lowest
(mTo, mts and mr10) and highest (Mo, Mts and MT10), percentage of stations with a significant trend during the growing season based
on thresholds of zero, five and 10 °C (Tso, Tss and Tsio), percentage Stations with a significant trend Total degree of growth days of

the crop year based on thresholds of zero, five and 10 degrees Celsius (Tvo, Tys and Tvyio), * significant at 95 or 99% confidence
level.
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Table 2- Statistical characteristics of the second 30-year period (1989-2018) based on temperature thresholds of zero, five and

10 degrees Celsius in selected stations

)".."‘L”w

)".."‘L”w

’-“U‘h“w

SM S)C SM S)C SM S)C
Variable ©) ©) Variable ©) ®) Variable ®) ©)
ool 10 sl 4 Lol et T 3998 ) oo VY
Eso 5Mar 27Feb Ess 24Feb 9Feb Esio 21Mar L0eb
(Yazd) (Rasht) (Bam) (Abadan) (Kerman) (Ag{)‘asar
)
Cadigd)) Ve Kl V¥ 3Ny O20y9,8 Ve a5 Y. Cudigsd )l VY
Lso 30Apr 4Mar Lss Lun 9Apr Ls1o 19Jun 2May
(Shahrekord) (Gorgan) (Shahrekord) (Gorgan) (Shahrekord) (Gorgan)
R VY »ha 9250 V5 oblye 392585 O e YV
Eeo 140ct 9Dec Ees 16Sep 10Nov Ee1o 26Aug 180ct
(Sharekord) (Rasht) (Shahrekord) (Gorgan) (Shahrekord) (Gorgan)
She Sy AW SA obive Sy
Leo 6Dec 10Dec Les 5Dec 8Dec Le1o 15Nov 7Dec
(Tehran) (Gorgan) (Bam) (Abadan) (Bam) (Bushehr)
168 285 106 215 68 169
Sseo (Sharekord) (Gorgan) Sses (Sharekord) (Gorgan) Sse10 (Sharekord) (Gorgan)
(Bandar 365 362 303
Lsco (ggg) Abbas Lscs égg) (Bandar Lscio ég’n?) (Bandar
,Bushehr) Abbas) Abbas)
Asco 239 342 Ascs 183 281 Asc10 127 223
4,94
4.97 6.41 5.19 4.95 6.8
Mcvo (Arak) (Gorgan) Mcvs (Tehran) (Abadan) Mcvio (Esfahan) (Eggg:l)r
. 6.91 18.23 7.47 20.78 9.74
Mcvo 11.40 (zanjan) (Rasht) Mcvs (Zanjan) (Ramsar) Mcvio (Zanjan) (Ramsar)
3233 5619 1767 3736 880 2365
Moo (Sharekord) (Rasht) Mbs (Sharekord) (Rasht) Mb10 (Sharekord) (Rasht)
6783 5959 6384 7372 4578 5761
Moo (Zanjan) (Rasht) Mos (Bam) (Abadan) Mb1o (Bam) (Ramsar)
4321 6089 2812 4297 1631 2687
mro (Sharekord) (Rasht) mrs (Sharekord) (Rasht) mT10 (Sharekord)  (Ramsar)
9903 8077 6251
Mro ?;fg (Bandar Mrs ?B%?nl) (Bandar Mrio E’Bla?ns) (Bandar
Abbas) Abbas) Abbas)
Tso 37% 13% Tss 42% 0% Ts1o0 47% 25%
Tvo 89% 100% Tvs 89% 100% Tvio 89% 100%
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wlo)S lassly 1 Sile oy yids 5 oS (Mevio g Mevs Mevo) oy s 5 (Mevio g Mevs Mevo) o yieS icud i oS o 42,3 Ve 5z b slbailis
9 oyeS (Mb1o g Mps Mpo) (s 2 9 (MD10 § MD5 dND0) (3 55 s o 3,5 (los 4 )3 Vo g gy Gy sloailin] (glie p joydn)d onos p AS) Juad
Oy 5 (MT20 ¢ MT5 INTO) (0 yiaS iy 3,8 Ol d)d Vo 5 iy o cbaliol b 2 ierae ) ey (=hi o ob)S slaasly (1She oy i
rolKiusl 1oy> (Ts10 9 Tss (Ts0) 31,5 b 4o )3 Vo g g cpino slotilin] (cline p by Jund Jobo jlsline 359, clyh (slaolKins) 1oyd (MT10 5 MT5 Mr0)
uoyd A2 L A0 slezel o 55 lolixe # (TY10 5 TY5 Tvo) 5,5 b a3 Vo g 2y (o claailinl b p ol); Jlo 13 clajgds,d ggamxe oline Sig) <yl
Elevated areas (station name) and coastal areas (station name): (S)M and (S)C, respectively, the earliest and latest average of the
start date of zero, five and 10 °C, respectively: the earliest (Eso, Ess and Esio) and The latest (Lso, Lss and Lsao), the earliest and the
latest average of the zero, five and 10 °C event termination dates: the strongest (Eeo, Ees and Ee1o) and the latest (Leo, Les and Leio),
the shortest, longest and average season length, respectively. Growth by day based on thresholds of zero, five and 10 °C,
respectively: shortest (Ssco, Sses and Ssc1o), highest (Lsco, Lsss and Lscio0) and average (Asco, Ascs and Ascio), lowest and highest
coefficient of variation per Percentage during the growing season based on thresholds of zero, five and 10 °C, respectively: lowest
(mcwvo, mevs and mevio) and highest (Mcvo, Mcvs and Mcvio), lowest and highest average of heating units of the growing season in
terms of degree-day based Zero, five and 10 °C thresholds, respectively: lowest (mpo, mps and mp1o) and highest (Mpo, Mps and
Mb1o), lowest and highest average of crop year heat units in terms of degree-day based on zero, five and five thresholds: 10 °C,
respectively: lowest (mro, mts and mt10) and highest (Mo, MT5 and Mr10), percentage of stations with a significant trend during the
growing season based on thresholds of zero, five and 10 °C (Tso, Tss and Tsio), percentage Stations with a significant trend Total
degree of growth days of the crop year based on thresholds of zero, five and 10 degrees Celsius (Tvo, Tys and Tvio), * significant at
95 or 99% confidence level.
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Figure 2- Zoning map of heating units of the growing season based on the threshold of 10 °C, (a) during the first 30-year
period (1959-1988), (b) during the second 30-year period (1989-2018) in selected stations
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Table 3- Number of stations with a definite trend (positive, negative and zero) of the growth season length index in the first
30-year period (1959-1988) and the second 30-year period (1989-2018) in selected stations

W’ﬁ'@' Jg‘ Al Yo 5)93 ‘99: AJlw Yo 0)9.3
Climate The first 30-year period The second 30-year period
-°C &bl 0°C bl y+°C aile! -°C alwl 8°C &bl 1-°C wilew!
Threshold 0 °C Threshold 5 °C Threshold 10 °C Threshold 0 °C Threshold 5 °C Threshold 10 °C
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3 b 3 2 3 2 3 o 3 o 3 o
o p o P a P o P o P o P
(V)i 15
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Humid(1)
Csbye (i
(V) g5
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humid
type a(2)
wob e (s
(V) g
Very 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
humid
type b(2)
Eyoze 4 23 1 4 22 6 5 16 5 3 19 6 2 19 10 1 16
Total
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The numbers in parentheses are the number of stations in each climate.
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Figure 3- Deviation from the average of the growing season length based on temperature thresholds of zero, five

and 10 degrees Celsius in (a) elevated stations; (b) coastal stations studied during the statistical period of 60 years
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Figure 4- Changes in the trend of total heat units of crop years based on thresholds of zero, five and 10 degrees Celsius (a)
The first 30-year statistical period (1958-1987); (b) The second 30-year statistical period (1989-1397)
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Introduction: It is possible to guide the agricultural experts to achieve a suitable genotype and adapt to

climatic conditions in proportion to the length of the modified growing season by identifying the impact of
climate change in recent years on the cumulative rate of degree-days of plant growth. This will prevent the waste
of capital and agricultural inputs and ultimately prevent the reduction of the final crop due to the mismatch of
genotype-crop with the current climate. In the present study, an attempt has been made to study and compare the
trend in the start and end of the growing season, the growing season length (GSL), and growing degree-
days(GDD) during 1959-2018 in the elevated and coastal areas of Iran.

Materials and Methods: For this study, the daily temperature of 27 synoptic stations were used including 19
stations in elevated areas and 8 stations in coastal areas during 1959-2018. The first day with a minimum daily
temperature equal to or greater than 0, 5, and 10 °C was considered as the start of the growing season (SGS).
Moreover, the first day after the start of the growing season which has a minimum daily temperature of less than
0, 5, and 10 °C was considered as the end of the growing season (EGS). Trend analysis was performed in time
series of GSL and GDD based on thresholds of 0, 5, and 10 °C using the Mann-Kendall test. To compare the
results, the statistical period of 60 years was divided into two periods of 30 years (1959-1988 and 1989-2018). In
both periods, the statistical characteristics of the GSL and GDD based on the three thresholds mentioned in
coastal and elevated areas were surveyed and compared. In this study, deviation from the mean was used to
complete the study of changes in the GSL. This index shows the scatter of data around the mean.

Results and Discussion: The GSL extension came from both the advance in SGS and the delay in EGS.
Comparison results of the two 30-year periods (1959-1988 and 1989-2018) showed that during 1989-2018, in
most stations the GSL has increased. During this period, based on 0 °C, the earliest and latest SGS were on
February 24 and April 30 in Yazd and Shahrekord, respectively. Accordingly, the earliest and latest EGS were
on October 15 and December 11 in Shahrekord and Gorgan, respectively. Based on 5 °C, the earliest and latest
SGS were on February 10 and June 2 in Abadan and Gorgan, respectively. Accordingly, the earliest and latest
EGS on September 17 and December 6 were at Shahrekord, Bam, and Abadan, respectively. Based on 10 °C, the
earliest and latest SGS was on February 11 and June 20 at stations, respectively. Accordingly, the earliest and
latest EGS were on August 27 and December 8 in Shahrekord and Bushehr, respectively. The shortest and
longest GSLs based on all three thresholds of 0, 5, and 10 °C were Shahrekord and Bandar Abbas, respectively.
The highest and lowest coefficient of variation of GSL were 20.8% in Zanjan and 4.9% in Bandar Abbas,
respectively. Based on 0, 5, and 10 °C, the lowest GDDs in GSL are 3233, 1767, and 880 °C.d, respectively, and
all of them were obtained at Shahrekord. On the other hand, the highest GDDo, GDDs, and GDD1g in GSL were
6783, 7372, and 5761 °C.d, respectively, in Yazd, Abadan, and Bandar Abbas. The most significant trend in
GSL was in Zanjan, Zahedan, and Khorramabad.

Conclusion: Examination of changes in the GSL indicates the existence of a significant trend in a limited
number of stations. Also, with increasing the threshold from O to 5 and from 5 to 10 °C, there is a significant
decreasing trend in more stations. At the threshold of 10 °C a significant and decreasing trend of GSL was
observed in Urmia, Sanandaj, Khorramabad, Birjand, and Bandar Abbas stations, In following, a significant
increasing trend was observed in Tabriz, Tehran, Kermanshah, Isfahan, Yazd, and Bushehr stations. The results
of the studies showed fewer changes in the time series of the GSL based on thresholds of 0 and 5 °C in the
statistical period of 1989-2018. On the other hand, the results showed that the GSL trend is significant in more
stations in the recent period based on the threshold of 10 °C. Deviation from the average GSL in coastal areas
was greater than the elevated areas so that the GSL based on 10 °C in both areas increased with greater slope and
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continuity. This increasing trend of deviation from the average in the coastal areas from the early '70s and the
elevated areas from the early '90s and continues until now. In this regard, Bandar Abbas station and then
Bushehr station had the longest GSL, and Shahrekord station had the shortest GSL among other stations which
has been studied. Comparison of GDDs of the GSL during 1989-2018 showed the decrease of GDDs from south
to north and from west to east of the country. Accordingly, in the southern stations of the country, the conditions
for tropical plants (threshold of 10 °C) have become more suitable than the cold stations of the west and
northwest, Time series analysis of the average annual GDDs based on the three thresholds during 1989-2018
showed a significant increasing (positive) trend in 93% of the stations. During the second 30-years period,
Shahrekord and Shiraz stations did not show a significant trend in all three mentioned thresholds. However, the
analysis of the annual average of GDDs during 1959-1988 showed the trend in 41% of the stations. According to
the results of this study, it can be concluded that in cold regions, due to the increase in GDDs, the supply of
cooling units for plants with certain cooling needs is more difficult. In the south of the country, as the total
required GDD is achieved earlier, the GSL gets shorter, and therefore less dry biomass will accumulate in the
product. This likely leads to a reduction in crop yields in this part of the country.

Keywords: Climate change, Mann-Kendall test, Temperature thresholds, Thermal heat units, Trend analysis
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