Sl g 9 SB S e a5l

1YFUA (ol 0l (ot Al
y€o-YoA Y
http://ejsms.gau.ac.ir ﬁgﬁ&;&l%ﬁ:

3138 ()1 B 5 30 LS 351 58 S 03l B ST (a5l paedo i i3l

Y _ . \ & . I3
POlga pols § oIS g SuSius dabld
5 sl el Olojlu (Oliw s o guﬂ\@ﬁ»@u)@ﬂusu;;ﬁ}ougx;f ol 5 St Sligs sy sbskal
Opl S (83208 s 5 issel clidons Olajlo ool 5 Skt Slidons s 30 sl (Ol sl (S38LS sy

\WAN /Yt oy G)U P ICV.VER VA GG PR GJU

oS

Sl W gl O s s 2l S ciS Sldlas 55 bl id S S codS i g able
CoiS sl el a3 e i (g S o B Sl Sl 5 G e Lai> (gLl
b s S s 5 edd S olS sy Bl S el Ll b Lol dig o35dos 5 St S5
3L S5 5l Golam 0385 Ol 5 S 6 Ol 035 Blol b dag )5 Ko Ol goldle sl o
Lo OF lacussioms oS sl b o Wl syepl 51 alS o i S (5w 5 olowd (SO glaslo,
bl s Sbteslizal B T Laxle Cimd 050 Gas b tasn ool cnlply L Oosline LS Koo

Al 1 ol (silueslel Sllas 5 0 ol ol Lald il p St (S5 kS

Sk lerd 5 (Sopd sl S 5 bl S Okl (ol L Sl 51 o S w500 £ tla g, g 300
oA L (il by aw  PAW) oS eslinad BB OF arls aSs S (ol podle ud (5,03l
o2 AL (F PAW 09) Sl Ol s i Sl (VL > Olsisas e il Voo (3S0e 3 slas o b b b
Susby Sl eslial LPAW (s iy w55k (7 5 (PAWs30) e Sle YT S s (slaspe b b s
(PAWrice) 50 obS oslinal B Ol ol 5 Vb 2 Ol sy e il Yooo (286 55 Cugby 5 gl

L300 570 oS4y e Sl YT g Ve L;&,,ﬁd\@w@}qﬁ,ﬁ;pssnsom@u:uag
Solls ol 53 PAW axls o S5L S J b 3 ding be Ko CuiS b S glad sel
Shdens /oY s Je b o Kb eSS Sl PAW i g rao ) eslinal b atls aculos)
et 5o 1y Sbtealizad LB O laie PAW gg Sl eslital canllas 5550 (sladisad 53 .35 anlllas 5550 (slad sai
’)Jiﬁuf"ﬁ >3 PAW33 pete 3l eslinal S s 3505 353, sl ol 3 e S sl gl oIS
bl s S (oo s p ) 5 o £ Lol ald) Jaus gio ST 3l (sla IS 53 S eslinad LG ol
5l Dl s 3503 3ys0, a3l e Sl 5SS eslinal BB Of Gltde (S sl 0dd 5K
o) S ol Sppon 5 alie Lgy b oaddlas sy S Sl oSS 53 PAWGe 5 2S5 S el

fatemeh.meskini@yahoo.com 435 J yes *

Vg0



YA (£) o )lond d) s sy adgi 9 SI& Ca a4y pul

5o S0 ol bl A el ey S < e p L < A e ) SL < A o) 8L < Al
2558 Larli ke 550l bl s Sb sslizal W5 U1 Lasls i s 6,550 Oy g0 er g

ol st /00 51 i andlae 350 aSLE s Sl el Ol 63 g s

o33 Sl g p olS 5 Shas 1 01 A 5 ()lpdls ol > St O o is Sl 63500mn 3 Sslis 15 S o
ol szf.})'l_g G cpl pedle g oIl Lol s S esliad LB uT ol Ly Lg)f;jb.
Sl 7S5 S Gatli sl /70 Sl s Ylonm! o8 5l 0l il (l3dle ) 53 Sbe eslinad L6 O

g:,..w‘ WLA LS)‘J:JL‘:’ Ls.pb“)é eL:f LS\JJ gSL?- g_)T L;“"j:““’b &;..LL; .]obdj\ 6L>- g_)j} éﬁ.‘a“:“:‘l“sdl'f.))\

).:..,5.5 S U’a}l‘:’ LLS‘A.O)J'A g;..:ﬁjlo g;.;j.]o) LCIJJ .";J:de‘.éaj’j

ssbea S Sny ol b el b il
5SS s el b S b kS L5
St Sl (S5 SudS Sl s
;.j datiie gove s (Yerf) Sy by
sarle Olgsa &8 Al s Of cilae dbi ;3 St
Ll Sk Kb ciS cile glawir L S
s A el (Ssjkd s Saacss Bk
Sl U5 S (S oS e sl
LosSde Latls .(04) 5505 o Ll olS eslizad LG
ol St O aaseiie gowie 3l dlais 53 Sl ealizu
Ol G de Olpea Glesse c b by
Olpsas oSl S dht ok, oslazal |1
35 D5 e desles S eslinad LB T ol 2
oS s oLl B (iosliS slae
LSl ally 3w edgdes S oS
5 Ao DM S0t 4 dseme 3 Slee
Ll (Y0) Ll oo falS Conss e s S g 55
Cands 2Ll Glp a8 250l a5 4S5 pl 4 L
sla e ls ang Sislie gl p lawls (S cdS
¢m§\ﬁwndgﬂswum:%m
03 9des pnd 3l pls (V) AT B LasS>
oo ls Ll S cds b el wg

i S L s il el S olS 5 S

Y€1

doddo
bt (K5 i a3l Ygame St kS
Sl i Sldlls 35500 b)) S s
Out 5 ALl R Sy Sl sk
S re 2Ll SIL 68 Gl s e Dlles
Bies (53,5l slasls S cadS (V) o
5 dlml s ol LUy 5 S ol g b «
3V ol Sy oy anw g 4l o ;.j o 3
Skt S S slapestls ey L (YO
358 Lo s LB 5l S Caas Sl Ol e
Jpame o L35 glp & s s 5 O
S ol e A2 W8Tl 5L s
5 sl gl ool S S s
Sk gle obe 5 Of Qi 5 S s 34
S sbayamlas pl ol (V) syl oS Lug
Skt wiS Olalas 53 wlul LiE S oS
S sl 5 Cmlas Laim (gl OF s 5 3,15
(V) Ao B os 0 S o 55 5
6f,\;ﬁb s S ;.J datie govs
S Olgsa St Bile LT 5 o3l a5 LG
R S S gl kS Gme (S
ool il lacy e Jlesl 5 Sl (6 558



SOlgd ol g 280y aSuno dabld

a8 5 sl )-<-i-’ L Lacos sdoe et
oals UL (gl sla a5, Gil.:j ASL oolae
codLb oabs s SboCcugby 5l ekl
A Olgear Gra sle ¥Y L Ve 280) las e
Gle ol oy S eslaad W6 O VL
SLUESe 53w b g O il 5 635 b
Lole mbs (U5 T) 558 Sl plal sy
FEr 25des 53 WA el Sl (VAA9)
e Ve S s Sk, s
N R T AL PR
Voo Sl 28 wals 3 a8 Ksls Ol 55 (Yeo)
(F) 25 0 ST g oS 5 Shas (2alS e ol
(VA1) Ll 5yl s it Sl sl
S sy Ol S Okl e sl g
Loy o ile WA 356 4 S b, S5
03 ok sl GlalS 5 Ges 5 L Rl Jsw
o s g anl Il ol o e S o
YY) Wb e 288 oS (gl O ooz s
0 Glaspe s b ok, Sl el ol Bl
Olgear Graple YYe L Ver) ol gla s,
Ll e 5l ) s eslinad LB T VL a
Gk Saa bt cnl ool 5 Adl s
e W IS RIS (PR SRERE
2l Ko cadS bl s S eslizad LG
P ks 58 B s L 0SSkl )1l

A el LS s,

sy, 9 2198
53 S VYV el U OOLS Ol

AiBs YV g a3 YA L aids ¥ 5 a5 ¥ o gdoes
54, 00 B agds Yo 5 a5 A 5 Jld 5 e
Yevorr oS Cl w8 513 35 Jub aids Vi
(Ao 3 Y 350>) (g5o5LaS Lobyl 1 of 5l s
Lﬂ)gjbfdkﬁé\ﬁ)gi.M:&aJ@J
ool el V00 Ol s wUle Sl

ey

5SS 5 e 5l de)s YIS Ol

2 Ol e @ Sk A S Sl do s TVIM
Ol cluws JS Lo 1O/ s 9d= Q) 305 suge
ciS 1y ol ol glowes 3l dwons e 5 OIS
Rl 0> e S n5 phe e (SIS
S Sles baugie 5 LS e Yoo 4 SOy Ol
b () A3l e S s 5 ey 4 sy 5 0
AUl N LS 2 sldl
O s axy 3y OIS Okl (gl
5 o wley (N 5V cad s S 5 Calse

=l

S oLl Glp Hasn o (V) ohlSes
S sasla 5l oS bl 15l el S5
g lae oaS Wl OLES 5 65500 ealinal S
CeiS 3l el 3,5 S el (asls
A ghasy o (T) Loy by o
Ol (YA Sl 5 ooy - oS
Sl essdoe s JLSEN G551 psgie Sl eslizad
CoiS 3l atls Olgea |, Skt esliad LG
gl Sl ol Lol s S (g
Glls St ol gla WS &S sls oLas ol =
ae p S (JSEL 55 ke o St
Lols olasl st a4 50 |y xS S axls
S Sl Gospe &Sl 4w g Ll (VO)
GoosliS Bl s S L gl glass
g omar 5N S S ol s s Ol
Loalsles 5 ekd (olol ob)) e a0 s
Jid 5 S Ol (g 55 (S 0 SIS
b S S i glalias 4 St s bl
S ol Lol bl U s ol
Sl Bl e (Y 5 ) das e 2alS oS
Sk ol 0SBl L a8 Koo SO
sk, 5 b Sns 3l Gl 03508
S e S S e S
la et s a3 sdome oS ol ol o 5Uasl 50!
s oS iy Gl cwle ol dlesl Gl



sowe sleesls 5 (Voadady) (YO) s 2805 doles

i esls 5315 edds WSeslll S g.j dasein

0, -6,
0 =0, +———"t0 o)

[+ an)" |
ohile 3L amem Cusby 5 05 5 0 0T s &S
dem) S Kl iSeh (em’em™) =,
sl nog cm™) sa 35,8 SSe WSKoa
Ares SOl aaside Jove K0 eliS s

_ 1
wﬁ@.ﬁe:@\ m=1—— fﬁ)“(}:’.‘ﬂ@w
n

Yo LS\)\J 4;.3Ua.a J)}A LSLAA")‘“ K:a»v\'\ ol 43\)\
(S @0 V) o o) p) S 3L Ao s
Sl Ao s Vo (£ 503 A) (how )y 3L Ao Y

a3 YO sl s Oyl Sl wf.:t.a
s VU Sl Bl oSl 5 sl S sl
el e e A pds AUl LS 5 ol S sl
el slesy s S wgad b gt ol s
S 3l slal Oysen LS Okl (gl
o i ST 4y s g e
Slr ek 52 S5 02508 5 O S
A el e plend 5 (S8 g s el
e o (V) Sy eyl s 4 S il
Weas Sloelaal L S gl ok
A3 S s (V) e oy 4 5 ey s0cs
ol S O aasicie gove e shiew
Ol S b Y dS S e L e g
Olyesl il Ot 3l eslizal b Lol cush; 5 gl
Slmis oK L():,ad:jl.w Voo G Ve u:&.a 53)

LsLI&j(;:«‘L;“‘-’L“’\“. UV" J&AJ-’) LSJL‘:"'Q

JJJ)J(MJMV)&M-)&SB&L’M)JV/OJ(MJM ():'GL;JL“' VO oo L’,’ Yean “Sﬂ )_5) LSJL‘:"'e

RETC )\f\(aj_: )\ oalau! L: (0) A szge)\.,b\

e sbosls p (V daly) i @805 sl 3515 51 Jeol sl 5 S (S5 s Shs Fp oKl -V s
anlllas 3590 S 3L Gla WS Js S sb, cal e s S Ol aaseie

Table 1. The average of some soil physical properties and fitted parameters of van Genuchten equation (eq. 1)
on soil water characteristic curves and soil moisture coefficients for the studied soil textural classes.

93PWP s 9};0330 s 9};0100 s ?s s n BDJ S Sk sl
@mem’)  (em'em’)  @mem)  emlem’) O @em)  (gig’)  Soiltexure
0.16 0.36 0.40 0.43 1.24 1.34 33 Hhows iy )
0.03) 0.12) @0.14) @&0.14) @&0.12)  @0.20) &3.5) Silty clay loam
0.18 0.38 0.44 0.48 1.27 1.21 45 S s
(£0.02) (£0.08) (£0.08) 0.07) (£0.18) #0.19) &3) :
Silty Clay
0.17 0.40 0.46 0.50 1.28 1.20 21 e o)
(0.05) (£0.08) (0.10) (#0.12) (#0.12) (£0.20) &5) Silty loam
0.16 0.28 0.32 0.36 1.15 1.47 30 PR
0.03) 0.08) @0.09) @0.10) &0.05)  &0.22) &2) Clay loam
0.21 0.29 0.31 0.35 1.08 1.42 55 -
(£0.03) (£0.03) (£0.03) (£0.04) (£0.02) (£0.02) &1 Clay
0.17 0.36 0.40 0.44 1.23 1.31 34 L g IS
#0.03) #0.10) #0.11) #0.12) #*0.13) #0.21) #*10) Total
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il o Sb 3L WIS a5 Sy s islie jlae Sl sl 3l J=ls slael '(’"'b Sk a5 S Cosby Bpwp e Sl
BD: Bulk density; 65: Soil saturation moisture; Orcioo and Orcszo: Field capacity at soil suction of 100 and 300 cm,

respectively; Opwp: Soil moisture at permanent wilting point. " Bracketted values are standard error of each property for each
soil textural class.
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Table 2. Descriptive criteria of Dexter's S and soil available water indices by different assumptions.

PIA;WriccS PngWm} PPEWmo3 () S ja=ls
(cm’ cm™) (cm’ cm™) (cm’ cm™) S index(-)
0.413 0.436 0.530 0.148 =
maximum
LS
0.083 0.064 0.086 0.011 -
minimum
<
0.181 0.186 0.232 0.050 o
average
Iy ok s
45 54 51 74 ) s 22

Variation coefficient
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PAW, o0 and PAW33 are soil available water indicators by assumption of soil field capacity moisture at soil suction of
100 and 330 cm, respectively, as upper limit of soil water availability; PAWiic is redefined soil available water indicator for

rice in paddy fields.
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Figure 1. The classification of studied soil samples based on Dexter's S and soil available water indicators
(PAW,4 and PAW;;, are soil available water index by assumption of soil field capacity moisture at soil suction
of 100 and 330 cm, respectively, as upper limit of soil water availability; PAW,;.. is redefined soil available

water index for rice in paddy fields.).
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Table 3. The average values of Dexter's S and soil available water indicators by different assumptions for
studied soil textural classes.

PAWrice PAW;33 PAW g () S axls Sl 2dl WS
3 -3 3 -3 3 -3

(em” cm™) (em” cm™) (em” cm™) S index (-) Soil textural class
0.178 0.201 0.244 0.053 L s )

(0.088) @ 0.121) (*0.139) (0.044)° Silty clay loam
0.204 0.207 0.259 0.059 A e

& 0.059) @ 0.077) & 0.087) 0.029) Silty clay
0.227 0.238 0.294 0.079 L g

£ 0.092) & 0.088) 0.105) & 0.038) Silty loam
0.144 0.122 0.160 0.029 s )

@ 0.058) (£ 0.056) & 0.074) & 0.018) Clay loam
0.096 0.076 0.100 0.015 -
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PAW 9 and PAW33 are soil available water index by assumption of soil field capacity moisture at soil suction of 100 and
330 cm, respectively, as upper limit of soil water availability; PAWy is redefined soil available water index for rice in

paddy fields. "Bracketted values are standard error which can be used to estimate the confidence interval around the
corresponding mean.
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Table 4. The correlation coefficients between redefined indicator of soil available water for rice in paddy fields

of Guilan province.
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PAW;i. is redefined soil available water indicator for rice in paddy fields. . Significant at 1% probability level.
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Figure 2. The relation between Dexter's S index and soil available water indicator for rice (PAW,;.) in 40 soil

samples of paddy fields of Guilan province.
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Abstract

Background and Objectives: Soil physical quality plays a major role in soil quality studies and it is
considered necessary for sustainable economic production, conservation of the environment and
prevention of soil degradation. To determine the soil physical quality indicators and their optimal
range, the specific conditions of land use and type of cultivated plant should also be considered.
Unlike other land uses in rice paddies, many soil physical, chemical and biological behavior and
properties are altered by adding water to the soil and puddling. Hence, it is expected that its
limitations will vary with other soils. Therefore, this study was conducted with the aim of reviewing
the definition of soil available water index in assessing soil physical quality based on specific
conditions of rice plant and land preparation operations.

Materials and Methods: 40 soil samples were selected from rice paddies of Guilan province, and
soil physical and chemical properties were measured. In addition to Dexter's S index, the soil
available water index for plant (PAW) was calculated in three different ways including 1) by
assumption of filed capacity at soil suction of 100 cm as upper limit of soil water availability
(PAW|0), 2) by assumption of filed capacity at soil suction of 330 cm (PAW330), and 3) Redefining
of PAW using soil saturation moisture and soil moisture at a suction of 2000 cm as the upper and
lower limits of soil available water indicator for rice, respectively (PAWiice).

Results: The results showed that assuming the moisture content of the field capacity at the soil
suctions of 100 and 330 cm, 65 and 55 percent of the soil samples had a good physical quality,
respectively. While redefining of the PAW indicator of rice paddies (PAW,) confirmed a good to
great soil physical quality in 57.5% of the studied samples. In the studied samples, the use of
PAW oo overestimated the amount of soil available water in all soil texture classes. While the use of
the PAW330 concept has led to an overestimation of the soil available water value in medium soil
textural classes (i.e. silty loam and silty clay loam). However, as the soil texture becomes clayey, the
estimated soil available water using PAW33¢ was less than actual value. The variation of the average
values of Dexter S and PAWj;. indicators in different soil texture classes was observed by the same
trend and as silty loam > silty clay > silty clay loam > clay loam > clay. It should be noted that
despite the redefining of the soil available water indicator in rice paddies, the value of Dexter's S
index in its optimal range for studied soils was more than 0.035.

Conclusion: Difference in the range of soil water availability in rice paddy fields and its effect on
rice yields confirmed the need to redefine soil available water indicator paddy fields. In addition,
despite the redefining the soil available water indicator, the results indicated that the Threshold value
of 0.035 for S index is probably suitable to evaluate soil good physical quality based on the soil
water availability for plant in rice paddies.
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