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4- Relative diffusivity
5- Air permeability
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1- Oxygen meter
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1- Coefficient of determination
2- Root mean square deviation
3- Geometric mean of error ratio


www.SID.ir

VoY

g (6209 505 g (i (Sanlicy S 3597 2 Slesigy i

Dp/Dy &y 595 93bj 356 Sluges S5 g9, (6,135 586
i oael Canty dlee 4D 45 smd o LS @l Cpicmen L5y
Ladsiged S5 S5 b duglio 1 Jobs R (S diged di> dcgosno

bl yieS

|y S bl oIS g b o] )18 ,55 gBly )3 5 03,8 oy
Olyige oS g ) odal vy ol b does ol amd e Lt
oyl caillan 15313 plo (V) o e
o o S Sy gy > Dp/Dy o 55,5 s liS ol
Gk | Cumogad 93 (1l g 039 S el 5 il 36

Se
o 0.2 0.4 0.6 08 1 1.2
0.0014 1.2E-07
R D/D0=-9E-04In{Se)+2E-06
0.0012 R*=0.9933 + 0.0000001
0.001 - 8E-D8
] Ka = -1E-07In{5e)-1E-08 g
} 0.0008 R*=0.9763 - 6E-D8 é}
:j 9
- 0.0006 - 4E08 4
b Ka = -1E-07In(8) + 4E-07 =
0.0004 R® —0.9763 - 2E-D8 <
(%]
0.0002 | D/DO=-9E-04In(B)+ 0.0037 o -
R® =0.9933
o ~ -2E-08
o 10 20 30 a0 50 60
(%) ==sk R S G P BT 1P

e (o y 9] SOl WS U (510905 (5130 192 (6 504 )38 g (FeniBry S Oyt i —Y S

G ol )3 48, ) & TYY 9198 b diged (alowdy (K58 Slwoguad -V Jgaa

. EC il (ogate @2 Py @52 Jlodle b S ey,
Se(%) SAR ds/ 3 3 . N . N N Rt ad
(dS/m) (g/em’) (g/em’) 5,215 (%) (%) (%) (%)
o) \YaINs ¥/\Y Yo VXY /XY Vo/¥A ON/YF YV/IvE ARAY
Y'Y AVARY V/AY Y/¥ Vi Y/5 £NIVE Y-/f0 WYV YV
Se
o 02 0.4 06 0.8 1 12
0.0016 0.0000004
Ka = -4E-07In(Se) - 8E-08
0.0014 b R* = 0.8715 - 3.5E-07
0.0012 D/D0 =-0.001In{Se)-0.0001 | 0-0000003
3_ 0.001 R*=0.8924 L 2507
:3' 0.0008 - 0.0000002
*b 0.0006 - 15607
0.000s |Ka=-4E-07In(B)+ 1E-06 | 0.0000001
R*=0.8715 -
0.0002 |D/DO = -0.001In(B) + 0.0051 - sE-0m
R* =0.8924
o - o
o 10 20 30 a0 s0 60
(%) s a (Foteg o el K

i ogh Gl VS Uy Wiged (5Tt 199 (50 35 5 Sty Connd e iocin € JSLS


www.SID.ir

AT g5 — 53T Bojlods TV o (S g ST ag s V2 YA

9‘_5_»)))4')'.33 (4]4.&;\“&' aM)J)ulmdlb 69 Se))o.\.\;}
0 Lo IS 55 plaS pa (clp odal Cants (Bjlp b a0 ddlae
Ll 005 45])‘ K,,ﬁDP/Dg ))51).3 d‘)’. W)JAA;’Q

Gl sl adolee SO OJ)Si Cundy yolaio &y Badod oyl jo
U_,‘ g.)‘)...uu Sk 65S€ )l.\.ﬁn 233 ).‘Ka 5DP/D0 )lA.E.n .))9—‘).3

olalejl ladsges dsgee gl © 5 Se ko b Coogal ¢

Cughy 9 90 £wdld )15 LKa § De/Do 3,50 (1 a6l Cuwss R? dunglie ¥ Joa

O ;1 o3l 3 suol Caws R? S, 51 o3lisi! 3 sl Cows R?

cdl
Dp/Dy Ky Dp/Dy Ky

<IAY <JAA NaYs Ay W
-5 -IA- .[a¥ V¥ oy po)
Ay Ay -y aX) po)
<JAY Ay -R¥ Navs PR
Ay IV <JA¥ 5 e ) )
Ay <A -A¥ -Iv¥ D,
Ay Ay AN D b gy py)
-Ivs vy NG -IA¥ b )
<IAN -IA¥ <AV -IAD S
JIAY -IA¥ <A N o

L WS 2 srdiged asgoze Se (59, 31 Ka 9 Dp/Dg 3 y9f p1 aldlre —€ Jgun

R’ Dp/Dg 5,51y alsleo Ka 5,91y dlaleo (dlaws) b s
Dp/Dy Ka
N <Ay Dp/D ;= -9E-04In(Se) + 5E-05 K, = -3E-07In(Se) - 2E-08 (%) oo o)
-Ja¥ i Dp/Dg= -0.0011n(Se) - 9E-06 K, = -2E-07In(Se) - 2E-08 () (s pof
-/aY NN Dp/Dy= -0.0011n(Se) + 6E-05 K, =-3E-07In(Se) - 2E-08 (¥) pgd
.Ja¥ -/20 Dp/Dy=-0.0011n(Se) - 2E-05 K, = -2E-07In(Se) - 3E-08 (¥) Loodd 038
-JA¥ .15y Dyp/Dy= -8E-04In(Se) + 9E-05 K, = -2E-07In(Se) - 6E-09 (V)esihow (s P9
-/a¥ -Iv¥ Dp/Dy=-0,001In(Se) + 1E-05 K, =-2E-07In(Se) - 3E-08 %) o
.12y -/20 Dyp/Dy = -9E-04In(Se) + 0.0001 K, = -2E-07In(Se) - 2E-08 (¥) b (o pof
-IAY -IAY Dyp/Dy =-0.001In(Se) + 8E-05 K, =-3E-07In() - 4E-08 A
-IAY -IAD Dp/Dy=-0.0011n(Se) + 0.0001 K, =-3E-07In(x Se) + 1E-08 (V) s pg)
-1AD -IA8 Dp/Dy=-0.002In(Se) + 0.0002 K, = -2E-06In(Se) + 9E-08 (¥) o5
B W 2 Gdiged dsgecne Cagh) (59 j1 Ka 9 De/Dy 3,51 ddlee —0 Jgaa
R’ Dp/Do 12 0] Canss slae Ka 12 o] Conss dlae (315 b
Dp/Dy Ka
-IAY - IAA Dp/Dy = -8E-04In(©) + 0.0033 K,=-3E-07In(©) + 1E-06 (¥) s 9,
/a5 <IA Dyp/Dy=-0.0011n(6) + 0.0051 K, = -2E-07In(©) + 9E-07 (¥) ) P9
[y -Jay Dp/Do=-0.0011n(6) + 0.0038 K, =-3E-07In(©) + 9E-07 () po
SIAY -Jay Dp/Dy = -9E-04In(6) + 0.0036 K, =-3E-07In(©) + 1E-06 () oo 08
Ay vy Dp/Dy = -8E-04In(O) + 0.0032 K, =-2E-07In(©) + 7E-07 (V)i (o P9
-y e Dp/Dy = -0.001In(©) + 0.0048 K, =-2E-07In(©) + 9E-07 (¥) o
/Ay -Jay Dp/Dy = -9E-04In(©) + 0.0033 K, =-2E-07In(6) + 6E-07 (V)sid oy p )
-Ivs -y Dyp/Dy = -9E-04In(©) + 0.0036 K, =-3E-07In(©) + 1E-06 (¥) 5 pof
-IAY -IA¥ Dyp/Dy = -0.0011n(6) + 0.004 K, =-3E-07In(©) + 1E-06 (¥) o gl
-JAY -IA¥ Dp/Dy = -0.0021n(6) + 0.0052 K, =-2E-06In(©) + 5E-06 (¥) o8



www.SID.ir

g (6209 505 g (i (Sanlicy S 3597 2 Slesigy i

Ll
0o B ™
A v/ D0= -SE-DEir(8) = 0.0033
1mn L =" B =0 TR

b gt

AL 5

/D0 = -1E-03kn{5e] + 0,000

S0t RE = 08465

=,
- L 0 oe 1 1
Se ()

Laiged plod (515 () Cugby g (A1) Se b (Fuamichy Comd Ol puti —0 JSWS

sl i Koo s omd (L5 85 Al S8
e L bl jo el Se jl oolawl gy 5> 0 (6050510l b
Sl S 3l 58 b g by odal Gl lie iy 35 GMER
lie & Cand (53,1008 b g 25l st oL iy 4
Cewdy GMER y30lias 4y a9 b .l (0355 ¢ 005 (55010
<> Dp/Dy 3591y gy asdy LG 39y 93y ;) ookl coel
w3l oo (8ly palhe 51 55550 00 dp9l 2 yudlie 5 0351 (£3y9l 2 e
4 (V/+50) Se 55803100l by, 3 oaal cwty GMER S
(sloslas 15lan 5 0353 (WAYY) © (5, Soisl gy § a8 il
-ojlasl Uby) 4 Cuni 1) Se s Sojluil gy sy RMSE 5 R
Ol oo 45 Lz dmiie (L5 DDy 39150 ysliter O (55
(V1) oolSon 5 JIS &8 s ) bl oo a8 L8 o o3l
aS 300l ol csoly pldl igh yo o SiS SB g0 duslde (gl p
5SS len e LialS 5 ity s S O o1 ailal
2 oml &S el JUS,U 8 Sandsy Gals ) o515 5k
)l do Bl B g by e glae gaw (i8S 4
B (Saisy GhalS cel Ollawgy A8l ud dgdune (500
3 a8 ol gl 3 )5 (Sundsy (oo & |2 25d 00
oialS L bls)l ) cugby (i 5503 B)b 5l g 0390 555 lame
sl shwil cel oS Lolg e pluw b awlis (0 55 Souisy
590 33 zols CleMbl 4lads bl a4 (Y8) SewdS sl Jso )b
S 3l 355 (il W) & 3850 SB (058 Clhogas U
4S5 453)S (S (YY) hlSen g 59 5 03,55 S (Swisy
Sl Cudgiime i Jie S s 4 2L (V) ey S
3] slnJse 8148 el o 3 ol 0l e (glae e bl
oo 5 s i gally ol LS Sty copu

¥ JSs alan g d US> 0ad 4l lajloges 3l
Ll talidl U g atls gue ala), S O 5 Se Jlais L Dp/D,
OYolee a8 0l o talS o)W &b @ yguay Dp/Dy jlido
Slors 0318 HUES 5 i a4 (A 9 Y Wslae) ool covs
Dy/Dy = -1E-03In(Se) + 0.0001 (v)
Dp/Dy ==8E-04In(0) + 0.0032 ()
oS ol > 4B ;S5 Wby, 9 dlge (i 53 oS jghailen
B> o)l Jame w51« Dp/Dy 5 Ka 3ygly 85 b)) (sl
i)l @l b odiwl GMER 5 RMSE R (== o5
ol 035 03,51 5 gz 3 y55he Mo dus jI Lol

Giyb 3 SB s diged Dp/Dyg 31y cdd b3yl - Jgas

Seg Cugb ) (g 503l
GMER RMSE R?  Dp/Dg 5,50y (o9,
V50 YT JA¥ED Se S o)l
MASY NG <IVFVY Cagby (6 pSojll

ool a3l 4w ja dmlio & g )3 00 )] b 3l

235 8l G (ol o 4y LS 4 by, 90 3l el sy
ErSoilsl ey YL cds (Se g O (5Sojlul )b | Dp/Dy
S o odnliin a5 jolailar 2> o Hlis O dwslis )5 1) Se
S 2] Casss A gV Vol (gl VYV o +JAESD iy 4 R
O il osliwl U aunlio )3 .S€ jl oslil 39y (5550 odimd ol
39l €85 (gho > WO iul33l ey g 03 Dp/Dy 359l (6lpo
PP o & g jiSasS RMSE Jlade jiz po (piman D90
o35 (65l 5 015 Syl yolie yid Bl orind ol Ll
59) P RMSE jlaie o 358 0 0dalin & Joao & i b .o
(FINB)O (g)sSolasl ogy L duslie jo (+/VY ) Se (g pSojlul



www.SID.ir

AT 65— 3T Bojlod VY o (S g T ag s V2P

ok SIS Cugby Jlade 4 baid K, 3] Cawds Cax lgs o3
S Oleogas pla s ST Oldlbs ) cul p3Y g3,
7 e D9 (o 35 Wl HS S (e g 0920 5 S
RMSE 4.S53) oty ol 55 GMER 5 RMSE |Ljno 5 Lol
odimd L g 039 Sy o5 e Ghay 99 8 )3 odal Gy
009_4\490 Lol ..\MLLSA [XW) .))9"); 9 d).afb)‘.bl )J.)lﬁ.n d\jl) L§;Ua>
5|y colye an (VWY) GMER Jsio O jl odliisl g, 5
SxSolul Gogy il edlatwl gl pl 3o g 039 (VYYY) Se b,
g 03> g 5 O (5 Sojlul by 4u K, 390y (ogas j> Se

g0 dnogi

3 9 (G g Aol

9= el (o3 b Buing ol ) sl vy gl 4 axg5 b
ol ) ey BB Gkl L plgie S (S8 Sluogad plo
=031l s DDy 591y 5 Sty Slp ¥ a0 bl
SYolae )3 ol &) s uizmed 3,8 ool ()] pafitane (5 S
L)L“‘" S50 9 Se )‘.\_M «“9) }1Ka .))51)_3 )9.'&.1.& L) Ve 5&
3 ol g 003,35 3y90 0 By iliél caels Se jl oslil 48 ams o
|y o o 48 sl e slael B 5L5© ) oslisial & Candlo
o S Jelgs 5 Slogas 4 Ky (Sily 4 Gl
LDp/Dy 351y yokaios 395 o oy bz 315 Coms gl
O}l pr olyiel)l g 48,5 G yan (s i Slalllae O jl eslail
slee Sy pliond 5 (el wdl) So b o il
Dygl Cawds 5 e3lS g mols

oSaie 1y (VF) silesdl O g (VA) ST Jsdss asle S8 (S 30
sla B g Se K, jaio 390y (gl ool Conds ddlae .08 o
Caol 0aid 03l Hlis & S )0 S dcgazme (gl calises
Mo o 3590l 53 39500 alaxMo JS5 (pl 3 &S jlailen
K jlade dpl Giol331 L g o3 S O g Se lado 4 dinly K,
ol Slde o Ky e 1y 53l o i &S (glalayly ol @l jialS
Adlior 5 g g (o)W dblae cmd o Ui Conogiad 93
Ka = -2E-07In(Se) + 2E-0.8 ()
Ka = -2E-07In(6) + 7E-07 (1)
eBy Lol ol oral Cosds GMER s RMSE R »3lia
Yo il Se 5 O o Sojuil )b ) b ela wises K, 554
sl 005 BV Jgin 53 i ol o a3y I S wiges

05101 G,b SISE gl diged Ky 3,910 €85 b, -V gua
Se g Cagb, 55
GMER RMSE R?  Kud0p b,
VYVY SN SINYAA e oy ojluil
WA/ Y SN 0NN Caugby (6805l

Pl edis QR b0 oanlia V Joir 3 &8 jolilen

ool Cawts @ g Se 5l odlitwl L K, )91y (sl +/OA-A g +/VYAA
L dslio p Se 5l oxliul 55 Ky 3590 3y90 53 amd o ojlis &5
Uil i8] ccel (Mo pd VYA 290 By iulidl) (ool 2905 b O
Gl (Jb 53 ol g 1580 3y9l 0 5335 1, Ko g 03 )5 3551, 25
3l o2kl (+/0AA) O (s,Soilas] gy by R 4 s b oS
9 0395 Ko 3)50 ) (sl (orolio Jlone 9 SHo Cugl) e yiel)ly

o Ko = -2E-07Injf) + P07
i y R' = DL%S808
% .".::v.
) L. " LT X
:5 = I "I‘: hhf
. ST
s Bonite 1
.'.'::_ -\: E“:.‘-l > _- '
.'-'I'-L":"!-‘; A )
n‘i-.ﬂ--l:ailﬂ‘; i
(k._l) Ml e

s
o a Ka = 2E-0Tie{Se} - 1E-08
iy RF s T80
- " .':ll'-'-l.l
7 i = = _-i.“. 3
B amers iy f“"'!.:‘"
- Tt
; 53 i " a
gl oF s
e - !;l'_."
i 5 K
el " Fm 1
-
(all)
\ ]

aiges olod (5152 () Caghy o () Se L g (52 )38 Ol pudd (i =1 IS


www.SID.ir

VoY ler (600 )08 g ¢y ST (S ity o 391 2 (Slirby ) A Lo

S codlog; sla Sl eoliiwl b sugb, ove calae dads Cugbsy yesd VYA o CBW ap 180 e (o)plin p olol =)

2-
3-

4-
5-

10-

11-

12-

13-

14-

15-

16-

18-
19-

20-

21-

22-

23-

24-

25-

26-

27-

28-
29-

30-

31-
32-

AD-V-Y o ¥ 5 VY 2 oS g Ol dbre
Ball B.C,, and Schjenning P. 2002. Air permeability. In J.H. Dane and G.C. Topp, Eds. Methods of Soil Analysis,

Part 4. Soil Sci. Soc. Am. J. 5:1141-1158.

Call F. 1957. Soil fumigation: V. Diff usion of ethylene dibromide through soils. J. Sci. Food Agric. 8:143—150.
Corey A.T. 1957. Measurement of water and air permeability in unsaturated soils. Soil Sci. Soc. Am. J. 21:7-10.
Corey A.T. 1986. Air permeability. In A. Klute, Ed. Methods of Soil Analysis, Part 1 Physical and Mineralogical
Methods, 2nd ed. American Society of Agronomy, Madison, WI. 9: 1121-1136.

Currie J.A. 1984. Gas diffusion through soil crumbs: the effect of compaction and wetting. Soil Sci. Soc. Am. J.
35: 1-10.

Gee G.W. 2002. Particle size analysis. In: H.D. Jacob and G. Clarke Topp, Co-editor (eds). Methods of Soil
Analysis. Part 4. Physical Methods. Soil Sci. Soc. Am. J. 4:201-414.

Grable A.R. and Siemer E.G. 1968. Effect of bulk density, aggregate size, and soil water suction on oxygen
diffusion, redox potentials, and elongation of corn roots. Soil Sci. Soc. Am. J. 32: 180-186.

Green R.D., and Fordham S.J. 1975. A field method for determining air permeability in soil. In Soil Physical
Conditions and Crop Production. Tech. Bull. 29. HMSO, London. 273-288.

Green W.H., and Ampt G.A. 1911. Studies on soil physics. Part 1. The flow of air and water through soils. J.
Agric. Sci. 4: 1-24.

Grossman R.B., and Reinesch T.G. 2002. The solid phase. In: H.D. Jacob and G. Clarke Topp, Co-editor (ed).
Methods of Soil Analysis. Part 4. Physical Methods. Soil Sci. Soc. Am.J. 201-414

Iversen B.V., Moldrup P., Schjenning P., and Jacobsen O.H. 2003. Field application of a portable air permeameter
to characterize spatial variability in air and water permeability. Vadose Zone J. 2: 618—626.

Jin Y., and Jury W.A. 1996. Characterizing the dependence of gas diffusion coefficient on soil properties. Soil Sci.
Soc. Am. J. 60: 66-71.

Kirkham D. 1946. Field method for determination of air permeability of soil in its undisturbed state. Soil Sci. Soc.
Am. Proc. 11:93-99.

Loll P. Moldrup P., Schjénning P., and Riley H. 1999. Predicting saturated hydraulic conductivity from air
permeability: application in stochastic water infiltration modeling. Water Resour. Res. 35:2387-2400.

Maasland M., and Kirkham D. 1955. Theory and measurement of anisotropic air permeability in soil. Soil Sci. Soc.
Am. Proc. 19: 395-400.

Mclntyre D.S., and Tanner C.B. 1959. Anormally distributed soil physical measurements and nonparametric
statistics. Soil Sci. Soc. Am. J. 88: 133—137.

Millington R.J., and Quirk J.P. 1961. Permeability of porous solids. Trans. Faraday Soc. 57: 1200-1207.

Moldrup P., Yoshikawa S., and Olesen T. Komatsum T., and Rolston D.E. 2003. Air permeability in undisturbed
volcanic ash soils: predictive model test and soil structure fingerprint. Soil Sci. Soc. Am. J. 67: 32—40.

Moldrup P., Olesen T., Komatsum T., Schjenning P., and Rolston D.E. 2001. Tortuosity, diffusivity, and
permeability in the soil liquid-and gaseous phases. Soil Sci. Soc. Am. J. 65: 613-623.

Moldrup P., Olesen T., Yamaguchi T.; Schjonning P., and Rolston D.E. 2004. Three porosity model for predicting
the gas diffusion coefficient in undisturbed soil. Soil Sci. Soc. Am. J. 68: 750-759.

Moldrup P., Olesen T., Yamaguchi T., and Schjonning P., and Rolston D.E. 2000. Predicting the gas diff usion
coeffi cient in undisturbed soil from soil water characteristics. Soil Sci. Soc. Am. J. 64: 94-100

Nelson D.W., and Sommers L.E. 1996. Total carbon, organic carbon and organi matter. In: D.L. Sparks (Ed)
Methods of Soil Analyses. Part 3. Chemical Methods. SSSA. Madison, WI. , USA. 961-1010

Neyshabouri M.R., Rafiee Alavi S.A.R., Rezaei H., and Nazemi A.H. 2010. Estimating unsaturated hydraulic
conductivity from air permeability. 19th World Congress of Soil Science. Brisbane Australia.62-65.

Papendick R.I., and Runkles J.R. 1965. Transient-state oxygen diff usion in soil: I. Th e case when rate of oxygen
consumption is constant. Soil Sci. Soc. Am. J. 100:251-261.

Penman H.L. 1940. Gas and vapor movements in soil: The diffusion of vapors through porous solids. J. Agric. Sci.
30: 437-462.

Petersen L.W., Rolston D.E., Moldrup P., and Yamaguchi T. 1994. Volatile organic vapor diffusion and absorption
in soil. J. Environ. Qual. 23: 799-805.

Taylor S.A. 1949. Oxygen diffusion in porous media as a measure of soil aeration. Soil Sci. Soc. Proc. J, 14:55-61.
Taylor S., and Ashcroft G. 1972. Physical edaphology. The physics of irrigated and nonirrigated soils. W. H.
Freeman and Company. Pages, 563.

Tomonori F., and Miyazaki T. 2005. Effects of bulk density and soil type on the gas diffusion coefficient in
repacked and undisturbed soils. Soil Sci. Soc. Am. J. 170(11): 892-901.

Van Bavel C.H.M. 1952. Gaseous diffusion and porosity in porous media. Soil Sci. Soc. Am. J. 73:91-104.

Van Groenewoud H. 1968. Methods and apparatus for measuring air permeability of the soil. Soil Sci. Soc. Am. J.


www.SID.ir

AT 65— 3T Bojlod TV o (S g T ag s Y 2 VY

106:275-279.
33- Werner D., Grathwohl P., and Hohener P. 2004. Review of fi eld methods for the determination of the tortuosity
and effective gas-phase diffusivity in the vadosezone. Vadose Zone J. 3:1240—1248.


www.SID.ir

Journal of Water and Soil (85298 e g pole) S5 g O & 2
Vol. 27, No. 5, Nov.-Dec. 2013, p. 1023-1033 VTPV XY Lo AYAY 60— 13T B o)louds YV uls

Comparison of Methods to Estimate The Oxygen Diffusion Ratio and Air
Permeability by Using The Effective Saturated and Soil Moisture

P. Mohamadi'* - M.R. Neyshaboori’ — A. Ahmadi®

Received:26-03-2013
Accepted:22-10-2013

Abstract
Gas diffusion ratio in the soil in compare to diffusion in the atmosphere (DP/D0) and air permeability in the
soil (Ka) is a function of soil physical characteristic, including pore size, continuity and air porosity. Also gas
diffusion in soil is different based on the shape, moisture content (©), size and pore tortuosity. Therefore direct
measurement is difficult and time consuming. In this study, 30 number of soil samples from different texture

classes were prepared as undisturbed soil using a steel cylinder. At different eeffective saturation (Se) and ©
content, DP/DO0 values were measured with oxygen diffusion unsteady method and Ka was measured with falling
head method. The regression equation of their variation with the moisture and Se was obtained. The results

showed that with increase in soil © and Se, DP/D0 and Ka decreased as a logarithmic function. Maximum and
minimum value are obtained, at low and high humidity (near saturation), respectively. Analysis of the results
according to R?, RMSE and GMER showed that use Se caused a significant increase in the accuracy of

estimated. Also based on the results, the amount of soil Se and © can be used to estimate DP/D0 and Ka ,
without direct measurement of them.
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