Journal of Water and Soil
Vol. 31, No. 2, May.-Jun. 2017, p. 386-398

s e b
LA GiAy

(53)9S @slioo g psle) S g O 4y
YAF-YAA .o ATAF 5 — 010 )5 ¥ o loud F) ul>

e

oL L S 53 S Lasla b b, cilise glaauls 53 of 1K1 65,50 bl

S 9 Lo g0

0 £, < . Yia A é . ) T Z..
ol doms = 55laS Oley = U pd gdge = S AT se oL e
YRR/ VAV 353 b

LXVOCS

ol ISl 6531 (el 20,5 (oo g (455l i 3 o e IS o)) )3 zokao Colio o inte 3l (S SB (S5 oS
S Gl oo asly i el ol i 350 530 bhe Sl S cotS (S5 o padls ) (S plysar g cilisee slaaial >
(b pgd apg) Jold ST Bl WS gy 10 S aslis b g, il (slaaials )3 O 1S5l (6550 b s B b gy ol
plosljl oy adlllas (ol 53 0 plodl (g0l B (bl 13 55k (6)gltS Sliiog ol 3 (oo (o) pg) 5 () po (e pg)
B OIS (el gy (e slajial)l «olymo 5 (2Blejl (slacsSojlul pls] g ol dlaii Yo SB 5l p5Y (slagyls paiges
adaly cles 50 g Al gy ilisee (sladisls > O S5l (651 5 o JSE1 (il wuagizme Jilis b gl atels ol ealisl
LS pasls phlidl as o (Lts gl o8 )15 o)lel o 5 4528 3,90 Ol S5 (65,0 Gaslis b o (6,Sojlil slo Shg )]
ol @ g o Ul bS5 (O e il Voo (S )3 a0 coylo) ol oslizal BB Ol aials 53 ST (IS5l (6551 e S gime StalS
5 SLs gy iie JSC5 ole cdllne ) gl ol 52 351 olye S Ul oo a5l ol g bS5l 390 (55 e inlS Sy
L aS ol oliss addllas oyl ggame p3 .bdgr gby caliso (glaaiely j3 Ol JI,S5] (65,01 (asls jlude 0aiiS s Jolge (p pnte S Lasls
25 (oo yuse sgloy dieh Gy polie b S (K58 CuieS e Sl el IS5l (651 (as s ) eslid

ol IS5l Sl wodgazme Jihis b (igb aiels ol eslizwl b o 1 gaalS” (slaojly

L dims o ) il cov 1) fbls i) o siws S S8
uT o> J._>|9 uJ._> d‘)‘.’ L5J9 c.))lb o‘.:f wa 9 b)ﬂo& L» LSJP
Olie &5 Gl 55 3)90 (paiio (655l oS Lawgs SB- )5 35250
u’_»bagio 9 wl».m ASL;c Ag5 ‘) ol ]o.wy u] RTN pJ}Q(«»
JHB STl e g)lome lyiean |, ¥ (Sl (651 (V)
gl imie 45 Wy s gl .39 451 S oL ealil
Cag oS 5L 3y50 (65l 3y5l Logad > cawlio (o)l "
ol¥ )LJ d)g0 LS))’] ):)Lan (oalmo )9b4J ol oslaiwl J)L‘) u] ULB
SLs > gl diely ails 5 g9, blas jl o S lo
sl oS S 3y5me 53,3 o S0l IS8 531 il sm

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

e Jols RoVEPRE D) Jols
(Limitation) (Factor) (Limitation) (Factor)
3b; (Sdgyhn colin 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)

@

é}l; O :Widry (h) 9 ‘55)5)5 wsL&n Cudgdome (B9 C"U ‘WpR (h) Ay ghd Cudgdome (B (y59 é}l; :O)a(h)‘bl._{j US&J”A:@ L.ul._\.ba Codgdxe (B3 Jjg el_v :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) sl 74 47 45 156 99

(Mean) ,Sko 135 184 154 237 197
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Table 6- Correlation coefficients of soil measured properties with integral energy of different soil water ranges

SB sl 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) el 0.18™ 0.20™ 0.07™ 0.48" 0.57"
(Clay) ) 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"
(1) usby ioeie JS5 Jols -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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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 o) and EIIWC). 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



