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7- Integral energy (EI)
8- Soil moisture release curve (SMRC)
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6- Penetration resistance (PR)


www.SID.ir

YAY L pslo b sugby il sbaaiels jo o JIHSal g5, bl

Cadlb ay Jole ol a8 Conl Sdine (B) wSs g 0 Ao cuwl
S Ladlis a5 Wb sde (VF) o) en g js0, 0l bls)l S
@S5 ( Sy Colin wile S pro Sloogas 1 g5l b
Cnglio o ¢5ysS LS Gliles plovl cps S Ol agy oo
<l Cudgime Sl b aush) ials (55598 Caoglio S jasls
Bt 43 paSS S cov sbSB jd olS edlatul LB
023l a8 sl s Ll gols 39 addllas g (¢ pSojlul ]y ol
A SB pletle pS0jlul sl olre Glys e ), S
walises dl.ba&.;.),{.\.o );I )R e g calises dLmJl& Ao o
() b 9 (S 25 (o wguine SB (K38 Cluogad
CstsS Sadls p 6red Slay 38 S (el sladdllae 5
5 JS alor iS5 olS oolil B Of (JS s b s e
Sl g 6l jogase pya L )b 5 (ile (Siaren
9 S bl e k) () (e 5 (ool g2 O (s
HS3ges (e |y dedie Cubd ) SB kS (g sl S
aslles laSs 0 S (asld lude a5 ol lis Baiss oyl gl
olyd g VY 4Sle g /N Y=Y o dialy (gl o
oy Mo LS adld o weSae dlasly de3g 3l (S Siuen
G gl 0jlae (S Sl colin coll (g plb ogase p >
Sl L mudiins alasly 9 S5 (69)9)8 Cuoglio 9 s ol
aaly 5 oS eolaiwl b5 T «Kal ( Jlosle iS5 s 554
Woadixe (V) o) led g 005, Ruus gy codgare Jilas b cugb)
JoB T aelsy (LSl (65500 o s gxe g e alasly 3gng &S
S a3l jleslawl LSl saad lis S (adlis 5 olS ealitl
ojs aly i (el oS 5l 2)90 (6551 ko (ess
Ak o ol odlazul b O ails p S

2 egmad Ol o8 (ygeste ol o O ol St
o Lul el ol Gl ln sjuaely pas 5 5jpsliS i
@bl =B 3 ghkae cole (npnee | (o SB (S5 cotS
S9te Sk Fhld SaS WUl po g ploxl oS Lawgs
2348 5518 () 31 spg0 e el g ol Bpas LS
Soles

oL 0550 33 0 plosl Glddllas 139 dgdxe 4 da g5 b
3 S lyedn gl cilize (slaaiels ) Ol 1S5l (5

o pwd JoB Ol cad b adgase 1 SIS Ol e aaly s
Gyan 555 ol Ol sl LS Sl ole b all) wsb
IS5 SB Ol s (65,31 M pglaie o 3905 ol ol S oo
0 IS5 65 duslee 5 (18l e ol Lawsgs o oy
5 43> 399 olS Lawgy O Lo (gl (IS loj & canl (ol
i plalS Cold ezmen g0k (LS (Suis g led Ll
La3ls gy ol b el 005 45,5 55 43 LS 5, slye g
oS olisl JB Ol (ol conlio padlis olgie 4 J,S5l 5]
24 e (V) (Ko 5 dmwbive Gl 00 b 4oy
&5yl e 48 wslitwl LB O e s ) alie clacSls
Spae @bl ol g 5 ol 3,Skes 5 08 el Olise JI S
L sl ol &8 ol s ol adlllas zmlss .o Anlgs cglise
(Ko ghls S () (usb) (goxie JSE Jole g o jlada
9 Cte (Sisan L SLE o) Jlide Ly g o ine g (ke
<l e doly Glr gl (bS50 ©)le 4 g Wil e I ine
b cdl gy sSE 53 elS eoliwl BB T cud )b e3game
S S yo g e S5

g dbie G L 45 (1) o)lSen 5 03155 adllao ol
C2) oL slitl LB T pslie sl IS (50 )
L gl aials (ols (53503 9 40 )50 )b Ll 5 oo,
s plosl e Ol (S!S 5 codgiome Jilis
Sl el ey ISl G55 e g ey 85 ol (i3
seg ol 01 ool T IS5 L2abeiS g ol sslizl i3
g ool (Sl (oS Sl 65,0l o losine 5 g58 bl
5 JSaollRe V/0 Jobae (59)9)8 Cosglio (s> adas )3 iSte
9 Cudgime Jlas Ly gugb) atels ( JLSEl (6551 G (izmen
SOk (JBwblBe 9> Joles (59)9,8 Cunglie (gl abal > (yiSke
aaly > SIS (59y5,8 Cooglio ay ISl (51 5L 5 (Sals
sl e o Suis

S byl e (il (Soid sapadld @l )
(i ol 3 Al 0a Sl (65)0liS S (S5
b oo (B) S 9 (F) 3, 5 yind sy 4 padls
2358 ol (59) S ) S8 CdS )y 4 sl
4 Lasld ol les GLLs (a8 (o g loiilo gl (S
S ueb, ove bl Cul @jle Cunl 48,5 U S a2l
S (g (oo o G Jl padld ol ol s Al >
oalitl L) o 5le iSe Sl (o lgie 0 (39 Cugl T oalial L
03 ) oS (b @)l il 3 &5 (5955 g ddlas

1- Least limiting water range (LLWR)
2- Integral water capacity (IWC)
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2- Sand box
3- Penetrometer
4- Weighting functions
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1- Retention curve program
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Table 1- Soil bulk density, organic carbon and soil moisture release curve parameters of studied soils

D, ocC o n

(gr cm™) % (cm’cm™) (cm™) -
Max Sl 1.56 1.05 0.08 0.51 0.74 1.66
Min sl 1.29 0.26 0 0.40 0.02 1.16
Mean Sk 1.45 0.53 0.01 0.45 0.08 1.27
SD jlxe Bl 0.064 0.222 0.023 0.026 0.129 0.121
CV olps coyo 4.46 41.87 161.48 5.69 159.00 9.53
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Figure 1- Soil samples distribution based on S-index
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Table 2- Parameters of moisture release curve for soil No. 30

a n
(cm’cm™) (em™) -
(Value) ,luio 0.00 0471  0.076 1.238

Table 3- Volumetric water content in different soil water ranges for soil No. 30

IWC  LLWRsy LLWRy, PAWs  PAWjg
(em’em™)
(Value) o 0.224 0.150 0.193 0.159 0.201
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Table 4- Required factors for calculation of integral water capacity and integral energy indices for soil No. 30

R Jols RoVEPRE D) Jols
(Limitation) (Factor) (Limitation) (Factor)
3bj (Sdgyhn Colan a=0.316 (Mpacm™)
(High soil (592958 Cuoglin b=0.197

hydraulic conductivity)

K, (330) = 6.75x10°

h1‘5 MPa — 2713 (Cm)
hy 5 mpa = 36279 (cm)

(Penetration resistance)

K
hyo =24 (cm) oS Sy colia
il hys =353 (em) (Low soil
(Soil aeration) . .. d=-2.545
A =208 hydraulic conductivity)

@

CJL O :Widry (h) 9 ‘55)5)5 wsL&n Cudgdome (B9 C"‘J ‘WpR (h) Ay ghd Cudgdome (B (y59 CJL :O)a(h)‘blij US&J”A:@ wl._\.ba Codgdxe (B3 Jjg é’l" :wk(h)

w5 SHoip Calie codgie (230))
wy(h): High soil hydraulic conductivity weighting function, w,(h): Soil aeration weighting function, wg(h): Soil penetration resistance
weighting function, wyg,, (h): Low soil hydraulic conductivity weighting function
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E;(PAW,5,) = 1/10  0.201 ( Jro000 (h)C(h)dh) =200.278 (J k™) )
E/(PAW330) = 1/10 + 0159 ([ (h)C(h)dh) = 245.080 (J kg') )
E(LLWRy00) = 1/10 0.193 ([17* (R)C(h)dh) = 171.550 (J k') (v)
E;(LLWRs3,) = 1/10 * 0.150 ( o (h)C(h)dh) =212.139 (J kg') ()
y
E,(WC) = 1/10 x 0224 ([}, (1) (wa(h) * @ (W) C(W)dh + [ (W) (w(W)C(dh + [17*(W)C(h)dh +

12000 15000

f2713 (h)((‘)R(h))C(h)dh + J12000 (M)
167.489 + 21.871) = 130.771 (] kg_l)
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Figure 2- The energy requirements of soil No. 30 to take up a unit mass of soil water in integral water capacity range
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Table 5- Integral energy of plant available water, least limiting water range and integral water capacity
EI(IWC) EI(LLWR;;) EI(LLWRy) EI(PAW;;3) EI(PAW,,)

J kg

(Max) Sl 224 270 236 306 236

(Min) 8l 74 47 45 156 99

(Mean) :5ke 135 184 154 237 197

O 7Sl g il ya oS 35 Cogions Jhin b gy a5 ol Sl (651 e (Sl 5 ol ] 1 Sl ol

Cygo 4 olS Loy ol Cls slcudgioe g0 blod oS bla j> cogby p0gMe QT P &S Codgasme Blas b gy aiely
a5 b JLS0) (50 amlre g SB > Ol iKe | dtuge o6 Cnglin 5 dugns sLacudgd e (vl (S3pe} g dcyje cub)bs
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(V) ohSen 5 00lj,Kie adlllas ol .ol d5piio Mels ¥ 0, lowb Byro b olS codgiome Jolas b gby aely 0 ) S0s lo 4
aaly y3 (LSl (65,00 Jlache bawgie yobo 4 a8 3y LS ) ol gy o S pd O ol jo alde caps (65205 (65,
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Table 6- Correlation coefficients of soil measured properties with integral energy of different soil water ranges

SB SR, EI@IWC) EI(LLWR;;) EI(LLWR;y) EI(PAWi3) EI(PAW,)
(Soil properties)

(Sand) 5 -0.26™ -0.17™ -0.02 -0.50" -0.59™"

(Silt) e 0.18™ 0.20™ 0.07™ 0.48" 0.57"
(Clay) s, 0.32™ 0.07™ 0.05™ 0.41° 0.49™

(0C) JI oS 0.47" 0.24™ 0.34™ 0.25"™ 0.46°

(Dp) 2l jogaso py> -0.17™ -0.12™ -0.03"™ -0.47" -0.17™
(O6) Ll o> Cupshoy -0.22" 0.11™ 0.03™ 0.53" 0.21™
(Oyr) ol 3L oz Cagb, -0.51" -0.17™ -0.41" -0.45" -0.88™"
(@) g 399 aaiis > yio WS -0.02™ 0.14™ 0.23™ -0.06™ 0.17"
() Lsb) (sizin JSi Jole -0.58" -0.18™ -0.46" -0.47" -0.97"

Mo gmepé ™07 o )3 I gime s TV maws y3 43 gxe = eIV aws )3 3 gxe T
***: significant (P < 0.001),™": significant (P < 0.01), *: significant (P < 0.05), ™: non-significant
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Figure 3- Linear relation between integral energy of plant available water (100) and S-index
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Figure 4- Linear relation between integral energy of integral water capacity and S-index
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Table 7- Multivariate regression analysis between integral energy of different soil water ranges and soil physical properties
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) e I e kg 534.01
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(S-Index) S _asls - -2557.52 0.48 0.48 0.000
EI(IWC) (OC) Ji ¢nys (%) 58.84 0.09 0.57 0.025
(Intercept) slue jl (o, (T kgh 57.18 i — —

> Joly Clo Caa ol 5L 3y50 (655 cclin (58 CudS
O s g o bulpd 3 S kg 1o A S (asls
ooy 3 O (S (65,5 palie ()0 @l 45 L))
sob ds a S ol s sn s ddlles slaSB 5 oo, calies
9 S e pod 9 (Sb ped Bl b S bawgis
au ]y pasld cnl )l it (Slew (o) pod COL L oS
slaasoly o LSl 65,00 late duwlio L0l plaid] s
ol ISl (6550 lade Sk o 92 ol 5 (Slo gl cilie
Ol aialy )3 sl opl Hlde 5l T JISl islsuS edgame p
50095 y oS Cudgdswe Jilas by el dleld 4 oLS eslatwl 5
by O Ois lacosgixe g0 blod oS ol o 5 olis
(.5))—" Ml}m 5«51> ) ui U‘S‘)l Alw g u.:ul) Cygo 4 °l{5
Jols sy 50s s ai dacgdgise (pl il 4 asg b JIS0]
S50 lie S jasls aS sl ol @ubs (gylel Julow S o
u*‘iL’“f 9 (\ . ') cL:f ol J_:lﬁ uT a_oly Jel g.j u_n)igl
Oial5dl U g ol 5,8 18l cou ()b ime yob 4 |y o JI,S!
G5l lte S S8 cnas ;K gl 4 g (adls oy
aaly 95 ol 1 S O o asly Ll s ol jLisge
S5 Jele o5 3900 (o Glgion Egomme 3 8L ialS ogb)
S5l st Jlaie oS s S [adls g SB ugb, doe

555 45 S g e JS5 Jole o 3 s gl
L gl by o (ISl (65,50 55 e dlaily 4 00l 5 )l
by (asls pl Olpss 003 YV 5009 (Vo 0) Cudgizes Jolas
90 sl adlbe ol v ccwl 4y BB pove JS5 Jele
1 S5] 6550 Ol oy B Legosme S T 1308 oy
ol Sy YA 4 153505 4 |y S T IS5 igloeS asels
D9d o s S adls lawgs @l s

shgby (e S5 Jale a5 3900 o (g Eg00me
S NSl 550 P5e oSy nere S pasls § SB
Ol (LSl GialouS g (Ve e ) oS ooliul JolB O asals p
sl e

e g5y adllas Jols imgd ol 5 0is &)l mbs
Cage 33,5 oo dlgaadin 1 bl o S &y g lawgio bl ()l
bl GlaSs o) - alite Slllas jSeela sla o)
23,5 ploxl ggiie slacdl

IS (5wl

»SB O JLSE) 50 bl awyp Ban b psls Jimg

Seid slagadls jl (So plysed (b il gladials
P S g bwgio il L (S S [asls b S cuis
45 35 ol p 258 adllas (ol 3 ploxl 98,0 lelS il
2 ol (NSl (65,31 55 S jasls ol Ly slass
L glaS 0 500 ol 4l a8 igby calises gladiols


www.SID.ir

WA 15— olo,s F osled MY als (S g ol a a8 WAL

10-

11-

12-

13-

14-

15-

16-

&be

Asgarzadeh H., Mosaddeghi M.R., Mahboubi A.A., Nosrati A., and Dexter A.R. 2010. Soil water availability for
plants as quantified by conventional available water, least limiting water range and integral water capacity. Plant
Soil, 335: 229-244.

Asgarzadeh H., Mosaddeghi M.R., Mahboubi A.A., Nosrati A., and Dexter A.R. 2011. Integral energy of
conventional available water, least limiting water range and integral water capacity for better characterization of
water availability and soil physical quality. Geoderma, 166: 34— 42.

Beigi Harchegani H., and Banitalebi G. 2013.The effect of long-term application of municipal wastewater on soil
physical quality indices: A case study in the Taqanak farms, Shahrekord. Journal of Water and Soil, 27(5): 1046—
1056. (in Persian with English abstract)

Dexter A.R., and Bird N.R.A. 2001. Methods for predicting the optimum and the range of soil water contents for
tillage based on the water retention curve. Soil & Tillage Research, 57: 203-212.

Dexter A.R. 2004. Soil physical quality: Part I, Theory, effects of soil texture density, and organic matter, and
effects on root growth. Geoderma, 120: 201-214.

Emami H., Lakzian A., and Mohajerpour M. 2010. Study of the relationship between slope of retention curve and
some physical properties of soil quality. Journal of Water and Soil, 24(5): 1027-1035. (in Persian with English
abstract)

Emami H., Neyshabouri M.R., and Shorafa M. 2012. Relationships between some soil quality indicators in
different agricultural soils from Varamin, Iran. Journal of Agricultural Science and Technology, 14: 951-959.
Groenevelt P.H., Grant C.D., and Semetsa S. 2001. A new procedure to determine soil water availability.
Australian Journal of Soil Research, 39: 577-598.

Hao X., Ball B.C., Culley J.L.B., Carter M.R., and Parkin G.W. 2007. Soil dens1ty and porosity. p. 743-760. In:
Carter M R., and Gregorlch E. G (ed.) Soil Samplmg and Methods of Analysis. 2™ ed. Canadian Society of Soil
Science. Taylor and Francis.

Kroetsch D., and Wang C. 2007. Particle 51ze distribution. p. 713—725. In: Carter M.R., and Gregorich E.G. (ed.)
Soil Samphng and Methods of Analysis. 2" ed. Canadian Society of Soil Science. Taylor and Francis.

Letey J. 1985. Relationship between soil physical properties and crop production. Advanced Soil Science, 1: 277—
294,

Minasny B., and McBratney A.B. 2003. Integral energy as a measure of soil-water availability. Plant Soil, 249:
253-262.

Reynolds W.D., and Clarke Topp G. 2007. Soil water desorption and imbibition: tension and pressure techniques.
p. 981-997. In: Carter M.R., and Gregorich E.G. (ed.) Soil Sampling and Methods of Analysis. 2" ed. Canadian
Society of Soil Science. Taylor and Francis.

Reynolds W.D., Drury C.F., Tan C.S., Fox C.A., and Yang X.M. 2009. Use of indicators and pore volume-
function characteristics to quantify soil physical quality. Geoderma, 152: 252— 263.

Sahebjame A.A. 2002. The precise detailed study of soil and land classification of Torogh (Khorasan-Razavi)
agricultural research station. Final report, 1146. Soil and Water Research Institute. (in Persian)

Skjemstad J.O., and Baldock J.A. 2007. Total and organic carbon. p. 225-237. In: Carter M.R., and Gregorich E.G.
(ed.) Soil Samphng and Methods of Analysis. 2™ ed. Canadian Society of Soil Science. Taylor and Francis.


www.SID.ir

Journal of Water and Soil (53,98 @ilioo g psle) S g O 4 i
Vol. 31, No. 2, May.-Jun. 2017, p. 386-398 ity FAF-YAA .o AFAS 15— 10,5 ¥ o leis F) il

The Relationship Between Integral Energy (EI) of Different Soil Moisture
Ranges and S-Index in Medium to Coarse-textured Soils

M. Zangiabadil*- M. Gorjiz- M. Shorafa’- P. Keshavarz'- S. Saadat®
Received: 05-04-2016
Accepted: 06-06-2016

Introduction: Soil physical quality isone of the most important factors affects plants water use efficiency in
agricultural land uses. In the literature, some soil physical properties and indices such as S-index, Pore Size
Distribution (PSD), porosity, Air Capacity (AC), Plant Available Water (PAW) content, Least Limiting Water
Range (LLWR) and Integral Water Capacity (IWC) were mentioned as the soil physical quality indicators. It has
been reported that the soils with the same PAW, LLWR and IWC may have different physical qualities. The
index of Integral Energy (EI) of the soil moistureranges may differ between the soils with equal soilmoistureover
a defined water content range. This index is defined as the required energy to uptake the unit mass of soil
moistureby plants. According to this definition, the soils with low EI would have better physical quality for
plants roots growth. In this research, we hypothesized that EI of different soil moistureranges were negatively
related to S-index which means the plants required energy to uptake the soil water in the soils with high S-index,
is lower than the soils with poor physical quality (less S-index). So we examined our hypothesis in medium to
coarse-textured soils of Khorasan-Razavi province (Iran).

Materials and Methods:This research was conducted in Torogh Agricultural and Natural Resources
Research and Education Station in Khorasan-Razavi province, north-eastern Iran (59° 37' 33"-59° 39' 10" E, 36°
12' 31"-36° 13' 56" N). Soil textures of this research station, are classified into loam, silt loam, silty clay loam,
clay loam, and sandy loam which is as the same in more than 90% of agricultural soils in Khorasan-Razavi
province. Thirty points with different soil textures and organic carbon contents were selected. In order to
measure different properties of the soil, two soil samples (5 cm diameter X 5.3 cm length core sample and a
disturbed soil sample) were collected from 0-30 cm depth of each point. After conducting required laboratory
and field measurements using standard methods, the Soil Moisture Release Curve (SMRC) parameters (RETC
program), S-index, PAW and LLWR (measured in matric heads of 100 and 330 cm for the field capacity), IWC
and EI of mentioned soil moisture ranges were calculated. In this regard, integration calculations were done by
Mathcad Prime 3 software. Finally, the relationships between the measured properties and EI values (for
PAW 00, PAW3;30, LLWR oy, LLWR3;3 and IWC) were analyzed using Pearson correlation coefficient and
stepwise multivariate linear regression by JMP (9.02) statistical software.

Results and Discussion: The S-index of 30 soil samples were between 0.029-0.070 with average of 0.046.
These results showed that 90% of studied soil samples had good and very good and 10% had poor physical
quality. The lowest average EI values of different soil moisture ranges were observed in sandy loam and silt
loam and the highest was observed in silty clay loam soil textures. The EIIWC) mean value was lower than
EI(PAW) and EI(LLWR) mean values which indicated that calculating the EI values based on continuous effects
of water uptake physical limitations, resulted in lower required energy for plants to uptake the unit mass of soil
moisture . Statistical analysis resulted in significantly negative relations between S-index and two indices of
EI(PAW,qy) and EI(IWC). Multivariate regression analysis showed that EIIPAW ) and EI(LLWR () could be
estimated by shape parameter (n) of SMRC by regression coefficients of 0.95 and 0.22, respectively and the
value of EI(IWC) could be estimated by S-index and organic carbon content by regression coefficient of 0.57.
The parameter of saturated volumetric water content (6,;) of SMRC and sand percentage were determining
factors of EI(PAW330). In this research, it was not obtained the significant relationship between EI(LLWR33¢)
values and measured soil physical properties. According to the results, increment of the shape parameter (n) of
SMRC and S-index led to reducing the plants required energy to uptake the unit mass of soil moisture in
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PAW g and IWC ranges. We found that EI of different soil moisture ranges could be used to evaluate the soil
physical quality between the soils with equal soilmoisture contents.

Conclusion: This Research investigated the relationship of PAW, LLWR and IWC EI values with soil
physical properties and S-Index in medium to coarse-textured soils. The results indicated that increment of S-
index led to decreasing EI(PAW,o) and EIIWC) indices. According to the results, the shape parameter of
SMRC and S-index could be accounted for determining factors of EI(PAW ) and EI(IWC) indices values.

Keywords: Integral Water Capacity, Least Limiting Water Range, Plant Available Water
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