Journal of Water and Soil
Vol. 30, No. 3, Jul.-Agu. 2017, p. 797-810

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
YAY-AYe .o AYAS 550 s — 315 3o ¥ 0 leis o s

0 S 33 S (5 pds gl 3,5l 5 s lalas b JGESI mlS S
VIS-NIR-SWIR

0 T Z 3 . ¥ #Y . FPR N \ .
ool OB 50 — (6500 (ghgs = ol e - SRS plnd - )l sl ul
VWAF/NV/Y 123l 5 b

LEVCCS

2 i3S (anl g OyenS @i gy Oloie @ ol 5l Jobs b @lg g el YO B YO aely ) S Lab wlSsl I ool

cé\_:JUQA L)_" )I i l_\j w‘ 0w o)hum‘ Lg))..\J‘)M)Lw)B J)5Tﬁ )J U“J9) L)"l )l uyfb L}g‘J9 cwl ol £ g 30 Jl> uﬁb):.) dl!b;)és .))9])4.
Sl sl s pdaialid 3510 53 (VAVA) Cuanl 5 plouing salasly 9 SB Jisl @l b of awlis § S Gl ik (JS! wlys 532500
Sloslaiwl by ado GU3L sla povie 5 ads bl 3l o0kl b 5 Sgum dus CasdVl 53 3 jlnibisl )8 Fe 5l aolaiwl b (g yioloyd jolate ol
(+/VFth MIT" mm™") oass (6805181 (6 iy sinliod (uSilio 315 (L bt A8 (6550l onel s Lailyd 53 5 sinj iog yiemel olSiwd
adal, UGS g (+/+F MMt h M) Coanl 5 plouing gatbal 1 ols 008 35505 (6 i sinbinsd (5650ko 51 S il Y/VA 3905
A e 3lg g it lais 4 (Sho opl o (giye JWS @by cul onis 4B ,F Sl 5 Jalee pundS” Sl S OT 2 a8 Cooml g plostug
().myl_x YYYY 5 YYYY A\‘\"Y\‘YYV) al_‘;9§ 30,8 O9.)Ln ‘(F'YY‘ M‘Y) P sl ‘un..\o ol 9 d)J.buA.JL»)s o M ey L
Coad ‘_g):Yl_J u.j)lf Sk L;}LOJ.JI é.:ly ME 9 RMSE . R2 u.:b))l ‘_thba)Lo’l L)uLw‘ » RER W) ul}t.ul ‘_glé\.lam u.m.lo L;Lnu‘ 6’19’ EPIs >
Lo oSy (ol (6ylbe il b bt b JWs) b ccusly (o pdu il d 3,910 33 Cuenl § plodiug oy 5 b JWisl mlys 4

USLE ()l (Sauboy g iSnlgadl) g s (i (oSl 16048 (0315

5 ohbe sbao,bad) oaimd (ialo)d Jalse b JUl 5 0 L
s (A) S ol i Jole () (V) 25 m ol by
5kl &)S js &S cal (R) ol (Saslu,d 23ls ssly 4l

D90 5350l

K = )

A
R
MJ mm M){R‘tha" y! Cas g A S o sl yo
(W o)) cwlmm™ thaMJ 'cus p K gha” by
3)5 xSoill (iliee (sahe) 4 plgiiee |y s pytelio b
ottt 5 ohls ket oSt ( alEiisloj] ool (gla i ko
ool Uy g b 5 (6 iy inld o ySojasl &5 o,
3 oo 3 e (ol 680 ol b ] e (st
iz g S By ls B Sl Syj glagplide > pogas
39l e gy @) g ol Jlis 4 0)lgen (ediee Wl
by S5 g 5 (oSl 8 La Sy 5 odizal L 2l o
5 034 (Pedotransfer Function: PTFs) S  Jlas] mle oS

39l 53 03 Bl @lgs (0 53,0) g (B9 pme Sl (So Al

LV RS

oyt s b ] 5 b sladaly g B il

)l ST 1) 095 (ike Sl ] ()8 50 Cann Sl Gl
SLeMbl g jlal jguiS jusul slaasgs yiin )3 (VW) Cul o390
39l im g (Sl oS o 1 0,05 3y Liolw b diwe jo (SIS
o3l lwlxo (bl Cow 4y USLE Jas 3,8 slawl S
9V Clodgy S ol b Jousdly (055 (B9 (250)8 2
LmygiSTs 51 S, (Soil Erodibility) S (s s sinbwys (1Y
4 SB Cowlus lixe a5 0349 USLE adlgsls (sl Jdo 53 pio

SB pole 09)5 jletily g Sl (6> Jrasall £)6 iy 4 = F o ¥ A

3,5 s oSl ¢ g5,5LiS oaSiils

(Email: ghorbani-sh@agr.sku.ac.ir 2 ghne odinn g — %)

e G 5 081 ¢ 6559liS” 0uSil «SB- pole 09,5 jluiily —Y

3)5 e ol e pole g (oo lie 01l (gl 09,5 ) Lolil ~0
DOI: 10.22067/jsw.v31i3.52932


www.SID.ir

YA g1 e — 310 yo o 0ylod FY l> (SIS g ol s VAA

09l 4l ) (il (lSail g (e log yiSusldl I eslitul
U b LS il s e & (NIR) 055 33
bl 3 SLS b liee g ool o 30,5 ph L
LS9 52 e b &5 6650 dd (el (o I Shog Opl5
a2 g (b WSl S (055890 9 (alend 5 (Suid
Ol Jbos g 4 iod L A S oo s o SB (Suiits
5 s S inln b e S i lSal

3yl ymr 3 i b g, 5l odlitnl &5 cusly lo ol e
i i & 15wl (93) 9 dde Jlewn S b Sy
shagby) SW g col aiyjp 0 5 g @ oy i ()
b lp olad (alond Slge I odlitul pac > 4 (alRitole]
9039 Sl (b (3 0jll (i il 53 (i 3 Gy
ol ik sla ol Sl cd > el hgy Sl lKen
aiip Rl 5 cdgre > a1y (b (S0l ogMay S e
ol 33 1 ytadae (6 S0l o 1B 5,8 1S5 Loyl g oyl
il ® 25l )3 (i i (LB AS r Shmgly
$5:9L8 e Bblin 31 o jusul adge 29 L) S
a SLS Sl 30 29l el 235 o 5 0)8 il
Pl 5 ot sl ahate ool 3 (pdyoioleyd plea b g iales
5 plociing 4ol LTS 19S5 4ol 139 salgs o
5 5 42,55 )y B (g0l 350 adlllas 390 ailato ;5 (YF) Coan]
pigutalod 3,00 5 ladais il 5 Jisl ply 6950
Sl b (esS Baa b Giaggy cnl W el oads 632y
ladais (il Jinl &l sjmpm (V) sloagby) 4 S
(i (sloodld it 3,8 b (s ooy 3591 5> (PSTF)
= il el Ly (PTFs) SLs Jlisl el g5 (V)
Copoml g plouing dllas jl o3kl (V) 5 (S Cdbgj (sl Sy
i ol (YF)

W dg, 9 dlge
dadlos o go dilaie

OF YA s zpe yiog LS YO+ Ciawg & dalllas 350 dilais
YYOXE Y AV g B ek OYO YA FA” LS OY°
YL )5 9 3Bl b o o po)l8 il )3 Jlod (258 ¥4°
WA aY Lo slod bawgio (V JSi) Canl @8ly Sgow dus Caawd
bwgio g ytesko YeAS AVl (S05)L bawgio « 31,5 o a5y
339l tasde MA/Y el (paly gy & &VLo 85 g s

) 0l

ol (VF) Gl 5 plostng dlasly S ol ol 3

K = 2.1x((100 - C)x (55 + s1)) 1 x10 )

IS S (o) (Hlosls dsys OM adsles ol p3 &S
dop C em™) S by s pdudeis oM P Sk less b
ol SB s 10yd Si g SB35 opd 2o 0 S SB o,

S g Jas B350 dgan JIS 5 85 il 5 5
g 2loa s gl el ol gailaie glaodhy | e oyl a5 15
(VY 5 5) s9m dimled ade oLidlyis godgioes lan y> Ylais]
YL vz s ool clacolus b obase 0 uzen
» oigh SB cdlsgs Gl Shg oSl Caa )l pdiges
5 mobe; Sl plg sl eslazsl SB cblis slaz,b g Clllas
e oas S5 WM i ade jalaio 4 1 g Salgd dgjays
PSB ab slaasl WSl i sslawl 09,0l (S Jazl
(regls YO-+ L5 Y0+) (Sloo 5 S35 joy8 (193le ¢(Jpe 03930
ol il 008 pos o S (gl Sy 5l (S 25l
S ok wlSsl Gl e SB Jnl mles b alie o ol
Gt (g aly g odlaiul SLS o pdy il B (0055 Sl
PSTFs:Point ) glalax ol JU_&ul x ley olg e
et 468 e (655 — (SpectroTransfer Functions
sbacesgiomn jl )l Sl (Ao il I oolitul & s 0
(bt i 3y S5y 2 uled e |y S Jas! gl
AW &S W SB ok slaooly b mlyh dawss )0 (63959
3kl gy S L ymameio «SLS cdly 355 sl S
(F) sigd o oS

SLs Lo Siy 2y5lp > (i i 3] a0 93 3 4251
Syl yogad 0 Jgds dlllas S Jg Cuwl ol 03ldiu]
3 5 el 435 0SS5 ool b (50l sl
oSl s S (Sgpin sl Shy o bL)IA) ol Sen
&=l 3l ool wl Ly Iy (NIR) S5 30,8 oo anb o Lab

s a8 oy Lt Ll gl 60,8 oy SB i iz
5 3055 2, S Cagby 3,000 0 YU ST S el Jsl
) Wzl g p)b adlate (SOC) SB T 08 e (V) o)y Som
5 (VIS-NIR) S35 50,8 (yg3lem (550 035400 )3 (riwcinhs L
(PLS: Partial Least Squares) sy clauye Jihs 3,
1) SOC 3,51, 5 omimwcinls gy Vb > glis 035 (re55
Iy NIR o358 50 p> Lads Juuwsly (YY) o)) g plyssg 0l oyl
9 il Jip 938 adate SB o Sy 5l (S wesd sl
SUs 0l 5 ol slo Sy sl (i o 1005 A1
L (10) oS 5 dyasl 2yl Joud BB s (0 5 I Slse)


www.SID.ir

vaa

w0 S 30 S (6 98y ey L3 3591 3 30 (glabais b US| 2195 (63052

R =0.264MFI-Y %)

R e yob 04 el sl MFI ¥o ¥ &Yalas 55 45
SLpi (MJI mm ha! b ya!) oL (Sanled jasls
il ol adllles el (mm) a¥ls Su)Lp 5 (mm) slabe
Pl (icw L o] (WAY B AYAY) dlw A 5L slassls
dwbro Cga d)b )y B a s 3y 0 dalaie ;S ye 3 &S lagl
a5 onliml Ll (Sanle s asls

33510\
L
/

Fars Province

\j
\\\,\m (J 695000 700000 705000 710000 715000

Persian Golf

695000
L

S (5 ysdypalen 4§ (5 S0 jladl

Cody iyl o | pritins pobo 4 S (g p0dy sl 8
Ad Al @y ¥ gL (Sanle,d esll b 4 S
aiygh 0 Mol galaly 5l (Soil Erosivity) b (Saole,d
(F oY Q\/)Lw) 13,5 dwle (¥) Goglgyl buwgs adl dxwgs

i -3 P, (v)

700000 705000 710000 715000 720000
L N N ' L

3343000 3350000
L i

3336000
i

Study area

3357000

3350000

Slope (%)
o5
B c: o
[ 10-25
[25-35
B 35- 55
BN 55 - 195

3343000

3336000

o

3.5 4 14

3329000

720000

Mo )3Y ¢ — A o )3 0uud Do) S S 3,5 lo s .yl g (w8 bl j3 arlllas 390 dllrio Cumadge Y JS
Figure 1- Location of study area in Fras Province and Iran. The yellow points are the location of standard plots in
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Figure.2 A sample design of standard plots and deposit collecting system (20)
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Figure.3 — Distrabuation of soil textural classes. Filled and empty circle show calibrating and validating dad sets,

respecti

vely

Table 1- Descriptive statistics of soils physicochemical properties. (A) and (B) are calibrating and validating dad sets,

respectively
oSl Sl 5l oo Sl
. . Standard
Mean Minimum Maximum e e e
diviation
asly A B A B A B A B
CaCO; (%) 441 46.5 11.5 335 62.5 66.5 12.5 10.7
MWD (mm) 1.50 1.6 0.8 1.13 2.54 2.35 0.57 045
PE (cm h'l) 1.95 241 0.85 1.8 3.40 2.9 0.5 0.36
VFS (%) 17.2 17.0 7.4 1.2 27.4 29.5 5.3 10.5
oM (%) 3.1 3.2 2.1 1.8 38 3.6 0.54 0.55
Cl (%) 273 248 17.9 17.9 419 339 6.8 5.6
Si (%) 32.3 32.4 18.0 19.2 46.0 38.0 6.4 35
Sa (%) 41.4 42.8 24.1 30.1 56.0 51.1 7.6 6.6
Measured K thMJ! 0.014 0.015 0.006 0.011 0.025 0.020 0.004 0.003
Estimated K thMJ! 0.030 0.031 0.015 0.016 0.048 0.042 0.007 0.009

Sa: ; Si: Silt; Cl: Clay; FS: Fine sand; OM: Organic matter; VFS: Very find sand; PE: Permeability; MWD: Water aggregate stability

, CaCO3: Calcium carbonate
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Table 2 -Correlation matrix between measuted and soil erodibility soil properties

Cl Si Sa OM CaCO; FS MWD PE VES
Si -0.29 1.00
Sa -0.67%** -0.52%* 1.00
oM -0.08 -0.21 0.23 1.00
CaCOs; -0.21 -0.49%* 0.56%* 0.51%** 1.00
FS 0.02 0.20 -0.18 -0.14 -0.23 1.00
MWD 0.05 -0.29 0.18 0.58%%* 0.36* -0.45%* 1.00
PE -0.18 -0.42%* 0.49%* 0.54** 0.51%* -0.24 0.37* 1.00
VES -0.42 0.03 0.35% -0.23 0.26 0.06 -0.31 -0.28 1.00
K -0.25 0.47** -0.32%* -0.60%** -0.52%* 0.30 -0.58%* -0.77%** 0.43**

Sa: Sand; Si: Silt; Cl: Clay; FS: Find sand; OM: Organic matter; VFS: Very find sand; PE: Permeability; MWD: Water aggregate
stability ; CaCO; : Calcium carbonate; ***:Correlation significant at p<0.001; **:Correlation significant at p<0.01; *: Correlation
significant at p<0.05
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Introduction: Soil erodibility (K factor) is generally considered as soil sensitivity to erosion and is highly
affected by different climatic, physical, hydrological, chemical, mineralogical and biological properties. This
factor can be directly determined as the mean rate of soil loss from standard plots divided by erosivity factor.
Since measuring the erodibility factor in the field especially watershed scale is time-consuming and costly, this
factor is commonly estimated by pedotransfer functions (PTFs) using readily available soil properties.
Wischmeier and Smith (1978) developed an equation using multiple linear regressions (MLR) to estimate
erodibility factor of the USA using some readily available soil properties. This equation has been used to
estimate K based on soil properties in many studies. As using PTFs in large sales is limited due to cost and time
of collecting samples, recently soil spectroscopy technique has been widely used to predict certain soil properties
using Point SpectroTransfer Functions (PSTFs). PSTFs use the correlation between soil spectra in Vis-NIR
(350-2500 nm) and certain soil properties. The objective of this study was to develop PSTFs and PTFs for soil
erodibility factor prediction in the Simakan watershed Fars, Iran.

Materials and Methods: The Semikan watershed, which mainly has calcareous soil with more than 40% lime
(total carbonates), is located in the central of Fars province, between 30°06'-30°18'N and 53°05'-53°18'E (WGS'
1984, zone 39°N) with an area of about 350 km®. For this study, 40 standard plots, which are 22.1x1.83 m with a
uniform ploughed slope of 9% in the upslope/downslope direction, were installed in the slopes of 8-10% and the
deposit of each plot was collected after rainfall. From each plot three samples were sampled and some
physicochemical properties including soil texture, organic matter, water aggregate stability, soil permeability,
pH, EC were analyzed Spectra of the air-dried and sieved soil samples were recorded in the Vis-NIR-SWIR (350
to 2500 nm) range at 1.4- to 2-nm sampling intervals in a standard and controlled dark laboratory environment
using a portable spectroradiometer apparatus (FieldSpec 3, Analytical Spectral Device, ASD Inc.). Some bands
which had the highest correlation with K factor were chosen as input parameter for developing PSTFs. A
stepwise multiple linear regression method was used for developing PTFs and SPTFs. R2, RMSE and ME were
used for comparing PTFs and SPTFs.

Results and Discussion: The K values varied from 0.005 to 0.023 t h MJ"' mm ' with an average standard
deviation of 0.014 and of 0.003 t h MJ ' mm ', respectively. The K estimated by Wischmeier and Smith (1978)
equation varied from 0.015 to 0.045 t h MJ™' mm ™' with an average of 0.030 t h MJI"' mm™'. There was a
significant difference (p<0.001) between measured soil erodibility factor and those estimated based on
Wischmeier and Smith (1978) in the studied area. A comparison between measured and estimated K values
revealed that the measured soil erodibility factor values were from 1.08 to 3.57 with average 2.18 times smaller
than the estimated values. The K had positive significant correlation with silt content (r= 0.47, p<0.01) and very
fine sand content (r=0.43, p<0.01). The results indicated that CaCOs had negative effect on the K factor because
Ca®" affects flocculation and aggregate stability, and hence decreases erodibility factor. This parameter had,
therefore, a significant coefficient in developed PTFs, while it was not considered as input parameter in
Wischmeier and Smith (1978) equation. Based on correlation between band reflectance and K factor some band
including Bssy, Beoo, Biaaz, Basoy, Basar and Bysgs were selected for developing PSTFs. PTFs with R*= 0.84,
RMSE= 0.0014 t h MJ"' mm™' and ME= 0.000 t h MJ "' mm ' were the best method to predict K. After PTFs,

1, 2 and 4- Ph.D. Educated, Professor and Associate Professor of Soil Science Department, College of Agriculture
Shahrekord University, Iran

(*- Corresponding Author Email: ghorbani-sh@agr.sku.ac.ir)

3- Associate Professor, Department of Soil Science, College of Agriculture, Tarbiat-Modares University

5- Assistant Professor , Department of Forestry, College of Natural Resource and Earth Science, Shahrekord University


www.SID.ir

VAP yg9 50 — 010 y0 (¥ 0yleds M) Al (S gl as,is AV

SPTFs with R>= 0.53, RMSE= 0.0028 t h MJ ' mm' and ME= 0.0011 t h MJ ' mm ' were the second best
method to estimate K.

Conclusions: The results showed that the annual average of soil loss was 7.90 t h™' ya™ and measured K factor
was 0.014 t h MJ™' mm™". Organic matter (r=-0.60) and permeability (r= -0.77) had high significant correlation
with the K factor. Although the content of lime was not considered in Wischmeier-Smith and RUSLE model, we
found that this soil property decreased K significantly due to its strong effects on aggregate stability and soil
permeability. Overall, PTFs and SPTFs had better accuracy than Wischmeier-Smith function to predict K factor.
Wischmeier-Smith function showed an overestimation to predict K factor particularly for higher values of K.

Keywords: Spectral Reflection, Simakan Dam, Radiospectrometer, Rainfall Erosivity, USLE


www.SID.ir

