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Abstract

Background and Objectives

Available water holding capacity (AWHC) is a key property for quantifying the amount of water
available to plants. This property determines the amount of water required for the crop and the irrigation
time interval and is related to the inherent productivity of the soil. Determining the homogeneous zones
of available water-holding capacity is a possible way to evaluate the contribution of the soil in the optimal
input of irrigation water in paddy fields. The rice fields of Guilan province, located in the north of Iran,
with an area of about 238,000 hectares, are one of the most important rice cultivation areas because more
than 30% of the country's rice is produced in this area. Irrigation in this area is done in the form of
uniform flooding for easier transfer of rice seedlings, better water retention and weed control. In recent
years, due to drought, population growth and increasing urban and industrial demand for water and
inefficient management of flood irrigation, an attempt has been made to manage irrigation in the form of
intermittent irrigation. Therefore, determining the homogeneous zones of water storage capacity
management is a possible way to evaluate the contribution of soil in the optimal input of irrigation water
in paddy fields. Because with its help, it is possible to manage the appropriate time of drying and wetting
of paddy fields in intermittent irrigation. Water resource management is a priority to reduce productivity
instability and negative socio-economic effects. For this purpose, homogeneous water storage capacity
management zones were determined in Kouchesfahan region to investigate the physical-hydraulic
conditions of paddy soils, dividing the entire region into zones with the same potential for water storage
capacity and investigating its relationship with rice yield.

Methodology

A total of 131 undisturbed and disturbed soil samples with uniform geographic distribution were
prepared from the rice root growth area and some chemical, fertility and physical-hydraulic properties
were measured. Rice yield was also measured in most of the soil sampling points. Then, among 14
characteristics, seven characteristics (clay, organic carbon, linear expansion coefficient, saturated
hydraulic conductivity, average particle diameter, accessible water and integral energy) that can affect
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the water holding capacity in the soil were selected. The number of homogeneous zones of water storage
capacity was determined using two statistics, fuzzy efficiency index and modified classification entropy

index. Then, by using the concepts related to algebraic maps, the integration of information layers was
done in the GIS environment and the relevant maps were prepared.

Findings

The results of the fuzzy efficiency index and the entropy index showed that the investigated area can
be divided into four water storage capacity areas. The lowest and highest value of the average yield was
seen in the first and fourth zones, respectively. A significant difference was seen between available water,
organic carbon, Coefficient of Linear Extensibility (COLE), integral energy and Saturated Hydraulic
Conductivity (Ks) in four management zones, but no significant difference was seen in the amount of
clay and the mean diameter of the pores. In the first zone, organic carbon, Coefficient of linear
extensibility (COLE), Median of Soil Pore Size Distribution (dmedian) and Ks showed the lowest values,
but in the fourth zone, all these properties have the opposite behavior. The yield in the first zone showed
an increasing trend from 3971 kg ha'! to 4312 kg ha™! in the fourth zone.

Conclusion

These results showed that the available water-holding capacity increases from zone one to zone four.
Therefore, one and two zones will be particularly sensitive during drought and lack of moisture during
the growing season, and the management of these zones needs special attention. In these zones, the
irrigation cycle (irrigation time interval) should be shorter than the other two areas, in order to avoid the
occurrence of drought stress. The soils of the studied area were uneven in terms of water retention. These
results showed that the uniform (fixed) management of water consumption, in addition to increasing
costs, can also lead to the waste of a large amount of water. In this situation, location-specific irrigation
management can be more efficient in sustainable economic production. The comparison of the estimation
map of homogeneous zones shows the water storage capacity and yield, in some zones, although the soil
conditions are suitable in terms of moisture conditions, the yield is not in optimal conditions. It seems
that until the state of fertility is not favorable, physical conditions cannot show their effects in
performance well. In other words, until the lack of fertility is not resolved, restrictions or suitable physical
conditions will not have clear effects on performance.

Keywords: Fuzzy Performance Index, Management zones, Modified Partition Entropy, Algebraic maps



Sl g Ol VYl /AVe 5100 (clbasis ¥ ojlods V¥ Ala [ olS 5 S il 4yt

s 953 B
S Lo 4dilh aalie 5l ouldioul L ool (5 )lagSh cud )5 ( gan (ol g5 (s
T gaddald g sane SO g puols M Ml el ) ilanid 5 ganne (5 SIS (5 95 a0
VELY/2Y/YY :u:’ﬂj‘i.(’;j)l‘: YEN/+ /Y sl s @)U
VET 87V s 3 Ll b VEY/TNY: il s
ey S S (55, 5LES 8uStily ¢ awliSIA 558 euliaSA 5,30 -
iy (OIS oty (g, 0liaS suSiznly ( cwliaSIA 65 S HLudala-Y
S (s0slaS s 5 pidsel Wil plosle (ol 5 S SlEaS i fo ludsly Y
ey OIS o8y (g, LS suSaiils (o] ruiiga 85,8 Hludilo—¢
Shabanpour@guilan.ac.ir : <o 5 5 ey (6K J fine #

LRYLEN

- <

> o ol GLALS (51 Gusiens BB OT Sl (3l (oS (sl s (S35 S Gusts BB O (55106 il
oIl pole 59 okl OT g 3505 8 S g (L) 6l (See ol K 0T (6,16 Edh cu e G Ken
ik a8 (ol e sase (s1on Gleian S dilaie 5o OT (55l il (s (sSea algh liie Col 4l
(et sla (S3a5 5 (A i L mu ddn, wd) dibie H S su)eaicis 5 sus Ay S gl YT
s Ialewsl o s ¢ Mo S ) (S5 ia ( (S50 VE s 5l o it (s oS 510) (Sl g = (S0 5 s udlials
S Lo 0T 651068 cadsh 5 w0l 55 e oS (IS 6550 5 pustens BB OT )l Gl Hhd ¢ plusl (Sulg ma culua
olass suit Plsl Guu IS o] padld 5 36 oL Gadli s)lel go 3l soliinl b wiad A wisl s
5 GIS lume 5o Sledol slacs¥ 3B (s €38 & biyoye asalin 3l ool b G i padidie o San ol
o olalia BB OT (1S il wali Hlen € sl (s 4ihie oSl Gl @l s S G db g e slacad
13 5LES 1y a3l 555 aslen aals 5o SUSA s a S LS ETVY & LUSa 5 4SS TAVY 51K aials Lo o Slee il
s dlie S Gl wuliinl BB el (Jalge Gag S ale € olen 5 Lo AlS G o g0 5 S al
s9uaS 5 (JUSBA 555 alKaa Lo b g S OT (551 LUIS b plas) (Sl maculaa (ol bl

s aalsa (glodyy sl ols 50 5 S sl Jead Sk 5o Gustea B b,

Rl u;bl ‘(B> cladads (58 G_.I‘,LS ua;L.B oA c)L-.a‘ (sd.uuuﬁls @J)LT 64*‘5 6‘-&03‘3



VY o /Y 0)led Y als [ olS o SB il 4yt

Ohlen g (6 S8 ()55 VoA

OlKan 5 Saualh) sl 1 OT 5,0 Slls S S
G aas e sslal SIE O 8,040 cud )l ) el (Y14
Slod dhald 5 Guas Jgemns 5l S as9e O Sl
Ko s 3 (Y218 alilyslgl) 0 s adidia 55kl
b (Jolad sladas 4o Slae S Gl sladas el
by ead ead e 59 pusiens BB T aedS s S
e Db (S35 S S 0T (5510650 il L ,ls 5o
il Lo ye S 313 00 b i 4 oS s g S
ol Jlae GISe —a3s 5 musate (VAAE GIISaa 5 & s )
G 4 saie Bl g0 50LES oY seans Sl 05 5e
—omel Gane; s @ 5 Ladiada (ralS (gl snls
s XAV GLlSen 5 5ls) s bane laial sla
a8 (5505LaS il e 5 UK ) (S (VY sy
Gl o S sl (o nae o SKed (als 0 a0 pand
5 @2heolic (abiand (Sl gona (K58 sl S5
CRlolis (YN Dol 5 Hlas) 05 o a3 J e
> el OIS0 5 st 9IS o Clel e
9 Jbse) adbiee sad dalllas dihis G0 osSen
S oS sols slaw¥ sl ) ssliial (Yo). olKes
Sise it Jolse B uau e 1 a3lal oul il galibe
8 e Gad Sig so s sad Alidl Jsmae
(YW ollKan 5 5ol wlo oSolae (B e
5 Gaslpen OlSel (GIS) £ il yin Sledbl alusses
oo i 1y it lie sledbl ) any Cisk alel
Y din ouls 8L K 5o Y gane SLilaa slasals oS
Sadl o) Sl o o gl K g Wb oo sl
Do o aE (YoVY olKan 5 guily) Wil g
Jlianss 318 55,18 glasals G5l 5 sasibesles (sl

sl (GIS) il yia oledlb alores i 5

3 . Available Water-Holding Capacity (AWHC)
4 . Geographic Information Systems

doudo

SLasaiS A jums (p lage O (S (ooslaS (A
Koo ot @ ol shgosbe ol O (Lo
olel O Sk sl pas (5555l oY pans
AYAC OIS Gliad 50 g ol (T Sl 0 b g0 O e
sl (Y-V- oLKaa 5 Alals) cod 5088 0 oS e
aSeie 0¥ e 4 ol aui€ w8 (150 &S ca s a0l
SV OhlSea 5 L pals) el Sl OF LKA 5
—oS g O 5ol e i wls pie
=05 g0 ee s S (Baed sl 5 palas SULs5 (3555
SIA O olaalla sLSA 4 g, ol Grals 5,
5 o ) ol age sl ws oSlee
2o o (sl (suarie slag Bl il (Y- YT )0
gd YA GhlKas 5 Kiil) sl aa s Jla 5o Ol
DS (YooY e 9 KB YAYY LKaa 5 s
TSad 5 5 olel Gt ol psadise slassal,
e 3 (S ol 4 o1 51 ol e 4wl oo (AWD)
OSea 5 olu) w ab ugus o GRS slagis,
(VAT el 5 sl Y AT ,lKan 5 sl Y41 Y
Lols B s 5 sud 05,8 4,50 AWD oual; u
plaslae s0 (02) okl o5bss 555V BY o by
soals slaclis € cl Sl saae solul s o
—S5 a8 Sl b sd swu olS Hu Saa i o) oab
Sloe ass8 Jsb sl salh SK rh o (o0 sla
o) ol Bae 5 ol (S Lo O Jaily 4 sl
Ll ool (YOAGLKes 5 Kal) wyls (S
o eolualy] 5 golus Al gsai€UES Jol yo calis
sl Jalse ol Glae B ol Glslod cueal S o
s (S5 S (AWHC) "usis Bl OT s5laes

ol GLALS (5153 G siens BB O e (g3l (oS (5150

1. Water- Saving
2. Wet and Dry Irrigation Management



A

GOl IS bl Sen (g s

Jsb L phese (il LS gl wal ol
38°40 oLslyaa ase 541°33-41°20 oLdl,aa
O Kooy o glashhlls calie 5 osls Hl,s-40° 14
Gl Sa,b (Sle (VY Ka) cul <A H15a0Y
Vo/A ¥l slon (Lo 5 3o e VY0R o gun caBlais
Aibs (g5 99 58 Gl oo O palil ol G saialis 4o 50
Ot ol gbse Dl @3l 5 Gisless s
ol slasSla Solha o sk, w3, S Gl
ok slams, @l dlie sla S VA9A L)
> ol (Mesic) Siye eolia a3, o (Udic) Koo
LS (Yo T 053 50SE s gen) (saison; S (ulal
w508 S8 J g Srnal 5 J e AT 835 o i 4dlie
wadee aladl e (i) e slaslnile skl
S o Jl 58 o oSl @l e olwssle]
alail Sl Jemd ST 50 g,8LES 31 (i sle S5 5 ida
Gote (sasdian clbio o sad odS Al ek e
35 Lel s gy (aBIS e o oY 50 skl (9)5p0 5 shiwp)
a3y by ae b ol gadls sad oS Ll
el (G133 &, 31) 3,0 B Y- sgua adila
B 3l soliial b 15l ol ) o0 saae Gpasad 31 yus
G ga3 VYV slaas « (Google Earth, Version Pro 4.2) & )
eilan 58 b SK ss, saicius gou,saows S
G o 3ac) s i) ady dilaie 5l cd 65 s 4
sugine  olidlyaa cusdge ko @ (Llegble Yo
dilaie G 4EE 5 ol sa L L ol pen Slalllas

RO IPSTON [ S

abes b gl Jla 50 a8ls OIS (i) sla )l
o oS 3hlie o stage 3 (S5 LA YYAC <+ 5sua
dlis Gl 5o HsAS @i we,e Vo5l Glus 1)
SBE Soge @ dlie Gl Lo olul sl o wls
S el JE e i ol gl ol
o9 e alasl 55 slacile 5K 5 O Sigs 55lueSS
oI 5 cares wld; (Jlasia Juds 4 al sladle
2L cn e 5 ol Gl Faie 5 sopd slals
okl &) G okl o e 5 (B2 L]
OsSer alg s Gally ol Gl (olS
Lo sl $See ol S T (LS b e nae
oIl g5l 5o okl O dage 59505 08 SIS pge
5 OMEEEA e e} Glie o SS L1y
Cu e oslite (soleT Hu ) olnlle LBl Gadipwa
3 Gosdow S Gl sl OF gl cusse S
TL IS e SYCON P RPN PP S DvEN R YA ]
S5 kulbd s (V Gus b s ol o
G his S e (Y eollls s Sy,
o (Vo 0T ol et ol Ly Joailiy b s
alas) @i Jpmne s Shae 5 OT (ol il o3l

s
Ll gy 9l 9o
Sl gas gl 9 dadllas (sailais Cuaad 9o

OIS Ll (535 50 s (sla, il o dalllas 0l
adaladl ol Jlad 5o @8l (oleduan S (L )



VY Lo /Y 6)lad Y als / ol o S il &yt

Ohlen 5 ()8 (6,950 VP

7 Aawooi
UROMIE

T Gokatan,y

.

PERSIAN GULF

f
" 4
34
J
.
( .
{ ¢
\
|e . e
H / ° o
\’ . *
/‘O
f o
[ o
Jo)
2
: ( .
1‘ 0..
\
——
N .
Ty \ \y
b
S ey e b O
g o by b
g gy
o o3

ré
o @
{
S
0
o
ve
. .
)
I
t
) g
)
ri
0 075 15 4 i
Kilometers
T T
meom oo

Sl g dh gai LolE L ol yaa (ledian oS Gl i (5, jullils By o dadlias dilaio o0 gans (slad —) JSui

—po> 5 (BDay) S (g all o padon o (s Se5 Ml
gl (Sulgrma colaa « (Bdwe) Ssrallie sado

Al soldil
ol S By o) oy aciws slaSA Gl o
SB 5 pols lalS i) swiladls 5 Sidlsa aglis
A S35 ad suls s (sieglie so SN ) desla
Josa oo el danlas 5 5Se3lal By, 5 sadolam)

s sals olas )

Sl 9 st (oS 58 slgaS G g 5 Syl
S llyd 5 oidola cunis s o ¢l
S S5, 3 Lay saddallhs dbis  lSG
5 ohd (S (55508) gxalals (pH, EC) pliavs
Salooa = Koo 5 (I a8 5 suliied B aaclsy
okl cplatl (Slssmum cnlaa o gha blowsl s )
RSB T P S P RER Ry U PR PR R
5 susa s sladigad Hebie ool G oad g ,Se 5l

(5“):\bJJ#MJGQﬁJ&J‘.J&J;%bJJpMJ

1. Integral Energy



\t4!

GOl IS bl Sen (g s

SPSS i3dla s 5 solital b sad dalllas (sl S5y

— IR ge sl (yse3] 3 .k alasl (version 26.0)

La S35 Ouse Jbo v s (p<0.05) s snansl
A solan

S g o
“L.;L*m ¢‘:).3§)‘:Lo 4‘;;5‘..\.} <d§‘.}.§ J,ol...‘b) u;q:s.o.c\sl JLAT

dadlles o) g0 dilaia o S Olus gead (5438 05100l ledigy ) J9u

e oo )il gy S
Page et al. (1982) AT S pH
Page et al. (1982) gladl s lac oS ewlaa
Page et al. (1982) Jlala< (TN) S o350
Olsen et al. (1954) el (AP)sstinn L5 i
Chapman and Pratt, (1962) st sl Slicl 8 5lae (AK) soliiaad S5 arculiy
Page et al. (1982) S Kl (OC) T cp <
Klute (1986) (Eie g b a3 850 a5 8

Parker et al. (1977)

Booltink and Buma (2002)

Klute (1986)

Dane and Hopmans (2002)
Veihmeyer and Hendrickson (1931)
Minasny and McBratney (2003)
Reynolds et al. (2009)

ol Guleal 5 (COLE) sk bl oy
ol LL i, (KS)plas) (Sl sonn culaa
Sl o) (08) plotd = 5o

SK gk paie (BpWP) (Su a3y bl sl
PAW= 0t Opwp (PAW) LS (o siens o5 b5
ol Guleal s (ED) 1S5t 53550
dalae Gubad s (dmean)S(a a5l wiles L3

1
COLE = (%)3 —1 ; BDary: dry bulk density, BDwet: wet bulk density; E; [Gi - Gf] =

wet

moisture in the upper and lower limits of PAW, dy,eqian = dos =

2 (S 5 2l ((bd) (ol Jas (p i SAT Gl
Sluye poane slassll 51 oa3 slasmisas
s23lasl(RSS) (pass s 5 (R Gl,lKaa 5 ola)
D1381as 5a (Y- - ¥(Version 5.1) GS™ (513w suliin
Dloallss ol a3 oS g0 5) 90 o9 SIA sla (S5 (sundigy
S cadls agay ladsad u so G (Ses
Sl o S PEL) balyd so o Y Jsere San S
S (B3G5 LB O AL g Hu (Pduliad ol yuds s
b ol Taloli, 31 suistigy 5 Layiie byl sl

3dla SATCGIS 104 .t suliie

2. Inverse Distance Weighting

2980«

=
(0.5"m—-1)1/n

1
Bi—gf

f:fi P (6)d(8); 0; and 65 denote the soil

;Se = 0.5, n s m: Dimensional parameters.

Slse ylef
bt S Hbalu oLl cuds gdda 5
Leipmailans 51 Lsbie Gol sl ol o1 s5ladas
Shaie (sladdl so 5 eoliiel b gaas dlayo Lo aid suliie
(Sdans) a9 s sadd (5,la et sad bLE o Layiie
S s SR gy 5iSibia (P () L i (Y- -1
5158 5 5th sl o S el z(x +h) 52(X) joulis

I ALE LY Jdao ASJ‘J
&

N 1 2
y(h) = 2N(h) Z?L(f)[z(xi) - Z(xi + h] [']

1. Ordinary Kriging



VY Lo /Y 6)lad Y als / ol o S il &yt

O 5 (K8 (598 VY

Laddisa 51 olaad o alie g3 st alas) (31 4a,0 FPI
IS KB i dials Jo FPI a5, caas o ol |
SIS swiau ) LEs His 4 Souls slagi) ol ke
sl oS IS G o elisel Syial aa o oS el
sadasg s o Souys glagis)l S Jla o
oL LT Lo sline) SIyail dayu € € ennd sla o
MPE ealis afi v SosSs 5l ae Jae 5o g ool
S by 4 sad alagl (5008 LBALL (l3ae 3l uedS
o2 sl ladd g dugs slual .on) (addie (WIS olaas
bl e caws 4 5Ly MPE S IPF lageal s 5l S5
9 Oaaod) wals Blaa Holagad i Gl (o))l &S
S Hdie Gloae (piaS saiasslin S (Ve ol ,Saa
Sl e 5o HbALw Ga il 5 LGS G L sae
) (g pA
Sl (s ¥ s 3

ArcMap (version 10.4.1) 1580 55 5) saliie b
el lads¥ 34385 Vg pua B 4 by e paalis
S ool 25,08 5 sules i S (s ua 4B b Al
sl pls 5 Slae dajlnl alas olse T L
ESRI) 508 oal plilsia dias aladl gl 1) (SlSe
ol s Lo Slae d® jua 335k 51 S0 wobie 4 (Y- )1
SHGIS slasals 51 aliae ol o) sl lgsee 15 o2l
—o,l sale s slad wiils) s shd slasuls de gans dlan
slael b Lacal (Joslan sl slasals e sana (!
(Y0 OlSan 5 sla) 58S Jlas!
G g bl
hao g3 Lol

5Siles s /05 </ Vaiels Hu LS US o550

‘)..\‘;JAJA‘JLL;ALASJJQ;JJB:\:\.JJMJ‘JZM‘)A '/*Y

3- Map Algebra

ST (5100 Cd b5 () 9808 (a6 (aaas
05508 (2l 9d (paad gl s Lo S g LAl

—S30 om ) ead aladl oladas 5 plie Gulil
5 Soik) Mo S u, S (Silgoua (S5 sl
SoEan 5 pls)) ot blias) co e « (Y+14 5llKa
(V-0 S5l g0 5 uSne) plo) (Sl g uan culaa (Y14
BB coshay (Vo8 GllKan 5 Salsi ) @l)d alie s«
SB35 5 (Y ohlKaa 5 Saals) i
(¥ OLlSan 5 oS e Yo ¥ (5 Ko 5 fsling)
il Sy S5 0T (651u6S il 4wl e S
ad olam)

Lasala (s jladls o

ool gy 1y Z-Score oy, (gouaie (p88as
XYoo GLKaa 5 HasS) wosad algidny Lasals Gusad
s2lasals (g ol Sl ssliiad b (Y VY ol K 5 silid
Jouss el 08l sa i 0 K il g Dhes S5Le L
s aladl 5 adasly 31 saliiel b Lasals
e [¥]

N

Z (Z — Score) =

Dliaecslasls g lasals (p:Sile X Lealsula X T ju «S

el
OSad a0y gy Wlaad (aaad
oaala 5 (FPD)' 56 oL Geals sylel 5o )
slaxs s (sl (MPE) s sl (st oS o 5551
(YWY OLKaa 5 55 0ll) ad solitiu) waals dugs
FPI=1-c5 1= 2 X @p?/n] (7]
[ €]

_ Zj=a Bieauijlog(ui)/n
goane alaai N g La &g ulaasc Lagl o asS

MPE

logc

Sl C_s.:J.o.A.C da yd ulJ ‘6u§333

1 - Fuzzy Performance Index
2 - Modified Partition Entropy



V&Y

GOl IS bl Sen (g s

338 (olak sule 4 50 sLS 5L b 4 sade culyd Ha
(VYN OKea 5 8al3bL)
OSilie 5 O/VY (i o VE dlbie 5o (Mo S 0 3eS
» S ol oo Sy Jep S 0 ds o VYO ol
oLualsl 5 oS Lo sl (38 ) S ghdlals
s ) SB[ slhuesed 5 (2l selie
230 L Lah (T @)l Al S plaaba
Aol

s £6)F st dalllas SASLA Lo Lus Llalie S5l
sl S35 O ol 5 IS0 Jale K (a0
L badbee S Slooaa 5 (K5 (ol
2059 oiSansl) T pudyboluasil g5 5 (o) Sl wus
Lalyd so ol Qaa (Y0 oLKea 5 Selgy) (el S
s ond aallle LaSA Lo wlie Gasl3dl plusl
s saie /Y& B +/+4 Su (COLE) ki Ll
el o) 58 5 SIe HEBeas blail 5 (LS Jualy
Ooss Al 5 (wmsutt Sk b) us dem s Gu s ol
S50 Wb sndbla) casla b culenl sla a8
9o 9 oxed a3l uss ol Ou e b sl JiYs )
LS o (ol 5 blusl GulaS (il (VAAY)
L e Guy o3 5l calil G eiSanl 51 e
-2t sl S )l g glasSla oo (g5l e il
(YAV- ) 5 polos 48 caaal a0 cpol il o ity oot
Iy eniSanl 31 a8 slasSa Ho palss) GaalasS il 53

GRS 05 55 9 Bl oS pebas et pa wlaal wiile o Slae
22 oS ebie VYV suliieal b5 e €ilea 5l 55,
aSilie EVV BY/A Gu o oluas dals 5 a Sl
5 (VYY) 0Kl G sl (Y Jun) a0 a S 6l 50
s €S aaue Slas soliie) BB Lid (Y/A) Gl
oo sad Lasuls p:Sikie il 581 4 yate (g1 S (slasals
a SIS 5 a S L A/AS S Lasuls wsju 00 S s
—dB s b S G VE LS sy o (Gle)
O3 s a SLS 5w S ghe Yo 51 Sidey soliinl
L) slads g Gl Baa b 4Bl 5o ol sud Sk
polae Sidus o e g eoliinl LB il o sllaoll cuna
b (o SBIE (Yoo ) coalanld 5 asm 0 gdipo
pSELS b p Sl VY i olS sl 1) suliial s
— s Sl w5010 4 Suu Gl 4 aa B Lo pal 2 e
OSile asle S8 Had 0 sueS (gougans Ho S sla
s S S0 a8 b YOAN suliteal bl5 avalsy
@l sud (g8 gl LIS 31 ws Hu Hlga s gaa LS
PSS or a S L (Ghas aa S S sl
ol gie piage Sas (VA Ll 5 (pslS)
Glauy, ead dallhe dhie ,l5lls S g LT
QBJJJOi‘eTJJ?:U—UQCJ&l&QA‘J&&J&:\JJJJ&H
5 Solsa) adl oo sl 5 aSke £V B YV G
OMS Sl 5o @ T 5 0 a5 L (1A GllSen
SBBH(Y- Y lSen 5 (Slads) Sl 5o e sia AYA0)
09 pareally a SISV san wiy Jead Yl Lo 8o
sak 3l alie sl il 4 okl BT Gasb 51 HU<a



VY Lo /Y 6)lad Y als / ol o S il &yt

O 5 (K8 (598 VY

ouid anllas SlesIa (Sulg s g oS s pilols oabiand LSy A e s LT Y Jgaa

o K-S cv O A AsS Saag JPSPEN il b oS K) oot dose LS5
[N A e
JLs fAh 1 ¥ Y/vv /1 Vo <AV i'al V/ve V/EY dS m! S malas
JLs Y ¥ (A h¥ind Y/oA =/ ALY ‘AN A7A% - pH
Jlas Y ¥4 -fen R \ITY WA -/-4 A REA L % D595
Jlo s jue (Vi3 w £ /V- Y/A- Y W Aoy afA YV mg kg'! saliid LG i
Jes i A8} T4/ a8/A- —e ¥t AL YA/t YoA  YeAh mg kg saliial B alsy
Jla e DL A Y4 o/vy Ve AVARY AYAR AN \7A Y/¥e % Sl s
Jless /%0 A e/ Yo AN Y AT $of. 1A % Clay
Jloyii YA Mg - IAY -Jo- IV -\ ofY AN LAY emem™ Bs
Jless “IA 4/t Ly A YA oA Y/e YU e em’em’? Bpwe
Jlesind VAT \¥/e oV/A YV/o A \/e £/s YEY Yoy em~em™ PAW
Jlei v VAY/Y ¥/ah -/ /e alV -fey AT /YA cm day”! Ks
Jlayipni v/o** Vol TVA/Y WV ™A oV ¥-/A ATYV ATeN Tkg! E
Jle s \YAl A /A <ve R Y/E <Yy ol AN AN COLE
Jle i /" s ofe) AL AA- BAL At E/eY A pm dnedian

Om‘JSBbJuL.u‘*GQeJ]c)QJJJA.AJJQ\:\g(_;‘J:‘
XY i o nlise) 23
280 (9502 (D95 diag luad (s

olad 1, sl ,a 0 MPE 4 FPI @BJJYJS.:L
SFPL mls g0 oS bl o Kan a5 dings slaad .aas o
JFPI C:\‘JJJ)A;JJ.A‘A MJUQ.AJJ .(Y"i O‘J‘S—A—AJ
.J:\J‘J J‘J:Q JJ& )‘A:QA Qi‘)m BL) 4&&& JL@% ‘:\MPE
oo GsSes 4al Hlen 4 sad aalllas ailaie by
Olsiee w9500 Ol 50 (V2 +4) Ool8ea 5 Ol ol s
Lol o gad anea®S  Kan al g (subs) wlaad 4 1, bl
S sl slee slasls Gael Gl (sSea ol ulass

Ak s gans wal Hla b daw 4 ael € el )

sl S5y paage O S plal (Sulsona culaa
ity G Lo Sl ol sLSLA S5
Lol 8 Koo 5 lagiSa)y bl Jae 358 e 38
(Yors olhlas 5 ASiue) cul S5e (Si55l550a
sad dalllhe laSa Hu (Sl g uas culua ol 085 o gaa
Sl 5433 sl 2053 ke 9 5 e Bl T/AN B o/ oy
5 onad) Halse wiile Alide Jolse 5Blead Wil
a9 33l 630 asy 68 (JS JAIAS (YT o,
D153 5l peutia (pSilie 5 40 il ol cailie
SIS 553 Sike sl (Vo) lSen 5 (S
wsr asSHLS 51 U553 \YO/Y sud dallhs (slaci sai L
23 e ol SHLS S s (sl a0Y 3530 S
pSOLS 5o a3 YA O st s VWVE i ad, Jsbo

S o Slal g (S8 ST 555 a2



\EO

GOl IS bl Sen (g s

0/3

+—FPI
\ —=—MPE
_02 ey Y . . =4
g ‘/ ~—— ]
g
=
0/1

\ /s

>l

Audiga wlaad il o (MPE) sud ) (s pudls @3‘)3.11 uaald 9 (FPI) 38 I yls yaald sla s gad - Y Ik

59 Silgomacalaa 5 JIS8I 6555 COLE « e S
OSle 5 e olaie 5o Lol sss (G oae wal Hlen
S nls Lo it sn Ll sine CIMEA Silie Glis ki3
3o (Slie cabiasih e (T G S e s Lol O
o9 Lol euls plas 1y Hlaie o A (Sl gy culaa
Ol il S [, Lo (S5s (nl (ol aolen 4als
Sl sl il oS 4l &S was e L il

ol 1 0T eblagSs il iSlua Lles wal

ST slaey 3ab (s 48 aualie 31 soliil b
K] uu):ud J.:L; “.“T :Q‘J.} ML&A JL:; :&l.::.fb‘ US_A.JJJ.\:\.A
09 oadld (Shs 58 gl ad alad) ISl 655
AfA; sulail LhugjﬂJ C:Ab:sei:t g_.\:s).‘.é J‘ < el ;l:u
wal Dl oo Sl S5y oSk YJsua m
9S4l 5o i oo She (Sl lule G yidi

comieas o8 0T Gy Lo dae BYEAT ael cuws 4 Ll

e aali jley oo slas S laSiag (B aSlie Y gua

Saloowa colaa kil Gl &5 o NHCR RS E28) 3 Slee sl
gl REE S e Ll E S S yade
cm day™! (um) Jkgh - (cm™ cm) (%) (%) (ton ha!)
At g/ve VYE/vY? -/\o? YY/® Vot gg/eal ravy? \ aals
/\A® g6+ vy VP Y4 /VA® Y/EY D gg/Net eyyy/YE Y wals
</\ab /047 AY./eY® < /\AC YV/Y-© LRI A /A A L YAl ¥ aal
. Ivee £/ \YA/YAP ofy-d ge/vyd ¥/0o©  EY/AAY EYNY/EYP § aals

wJJuSJaJlebl.megmmJaii O s Hd
s 50 w155 00 ubd 832 s b (M S (ial8 b
s s 6 5 Tl pe il S ey (5065

@J.‘JJJ}:\)JJ‘J‘JSBJJ%T%A;\.A4{@&‘}3&@63&\9

"\:‘"‘JT‘ (5‘)14.:&& BL0) J‘..\B-A (5“)‘..3 b..\.il“.’_“.la.a CSL&“SB JS
hote OsSes wal Sl oy (wens EE Sil)

YV O oesies BB b, (Jalse ol b Gl



VY Lo /Y 6)lad Y als / ol o S il &yt

O 5 (K8 (598 \izg

dilie LS ailee cooliied BB cusb, «JTalse Gus
sl gl (Silsoma culaa 5 b blad) co s
S ad¥ 35 5 sas AS O olaS olls
S0 plia o b (ald oS b 5 OT 4 ol
dead ok 59 Qurtes bl cusb, S Jlasiaa
s aal s glaBs s culaua (gl g8 5 S walh wi
Sley Lald) olul Has cl a3 als ol Lo
£85 51 B sl 55 8BS Sos daals o 0 s (0l

o olial (Soa IS
O oS L 5 sud dallhe wal glasSE
CAl S oo pae als GlEs B cpl s g oAl P 5ae
Lo >a Ghlsal 5s edle ol (sla sulgs b sums ()
59998 50 O gal) Sl @8 508 4 sate Wl e
g 5o al g e OlSe 03us olul cusaae bl oyl

Ol 381 4S5 53 GEHISS (Y22 €) Guaose (Y2 VA lolSan
9 e Dl Gl @ sade Gusesh wess S
SAlalse sidn pasd go0nll pdioe SIA O (go5083
o a0 oo il 58] 50 15 OT (5,10 il SIS o
08 S blewsl Jaeailiy 51 golane olsie 4 (b bl
320 Om0 el sdaiu; 9 ga Sl G i 4 a sl Ll
IS bl oballs sl us T Jls ©
Goss ey (Vo) gadad ol 5) cl 0l Slaes
Y oday phe 5 SuslS cadsb b AasSend glags,
plEia 5o SIA blawsl 4 sade (Y00 ())lKaa o S5 50)
Llows) glos (@YU cadsl colgs 5o 5 oad cnghb; i
b (YA s 5 ) 555 sss e s
S S el il Sid i bleas] s lade
— i ot Sy g el SR 50 Gad e
aalgh LIS 5o ot sk oS o LS
AS ale ke wal G o S walb fpl ply ol



&Y

Sl GRS el (San (Al

Isema - 8 Do Ve D

e e i LA

Al 2

e e
on
- 1o - -

o

oudi gy g dlaio 53 O (5510485 8 B (ST yase (oA 95 (S a9 B - JSuh

s olsie & (IS 5 sl (pedS SlAeaB sy
Lolrd sgas bwasee Olas halals age S0
G elias S S (58 LS5 ol
Sled B oo DB 4 aili oo 5l Vb 8 Slae
LS HLIAN 5 (SIS latulse 5 hdlola cunsy &S
SoSkae Hu ) usa SIAN WIS (Sodad bl pd wnls
o3 03 (VoY) GllKan 5 Jls ;) aa plas s

S § S dauin

5ol Gl caih (S saae g SIS ) s
44.4;3‘.3.4 V- bJ‘JQmV JSA.’LJJ@).} JJ.LAM JJS.LA.L
s Skee 5 OF (ol maih () Kan hlie (peds 428
oA OV S Ll i (93 5 oslio s g2 5 b 50 3l (o5
Cof) ol S8 g Ll Ho o Slae (sl sl

Cost SIS Gt 59 o wsay LS (o8 oo



VY Lo /Y 6)lad Y als / ol o S il &yt

Ohlen 5 ()8 (6,950 VPA

S sate aly Gl s cpl ol S8 O (10 i )b
ol 38 5 e gMle (o slasalys S yuas (cul) ol oS
335 ol bl Dhle =508 4 sate Bl e Ladisa
plKia o) slodas clia GO 59 9 S waliaa S
Ay Jead Jsb oo (Qusiea B b ssaS 5o
Goll ol dhali ol a3Y algs Cpl 5o 5 il
GBS g8 5 B wdly SeBsS Koo wal po 4 s
OsSan Gblie radd 8 duplie ol olial (Saa
s L aS as e Lt g Shae 5 0T (55l il
g o gie J g8 BB o Slae 4 (SIS Gusins 59 O]
—io o 4 ol sla S5 glaid G s L
hialse 5 godlola cunsy € (Sl B oaw,
o315 8en Sl il el (So5ud byl il e

a3 Gl (o5 4 9 Slee

el 58 ol cds 5o @ollls GLSE ol

W sad (iR 1 galitie
SIS O ol sLSA @ gug,s o hals
L il ol age Sl wi o Slae 5 A
g ol g Yo Lo O psadine @l seanie
Sl soluwalyl 5 solus nad o€ S Jol ye calis
cndsl 5 AT Gl cpl 5o asls olsls cueal S o
3 s 5 9l page GRES Gusins BB OT (55laeSs
6l (Kee 8l S 0T LS b o saae 5 Sea
o305 kel O g s 09 S ap (oL
lin Glod Olsiee OF S L ) ol s, lnlls
Golel oo s @ulaalls pal)) pudpwd 5 puasaa
Sl 51 s dalllas wals slaSIA oS eyt oslite
aaalie 31 suliind b g sdlaSpd O glaes
OB 5 4l Hlea 4 s e dibie (sSan Sy sae

ouldicul v, 90 (’:'-‘C"“

Albornoz EM, Kemerer AC, Galarza R, Mastaglia N, Melchiori R and Martinez CE, 2017. Development and
evaluation of an automatic software for management zone delineation. Precision Agriculture DOI

10.1007/s11119-017-9530-9.

Anning DK, Ofori J and Narh S, 2018. Effect of irrigation management methods on growth, grain yield and water
productivity of three lowland rice (Oryza sativa L.) varieties. West African Journal of Applied Ecology 26

(2): 93-104

Babazadeh Jafari S, Faizian M and Davatgar N, 2021. Grading of soil fertility quality profile based on rice yield
in paddy fields of Kouchesfahan district of Guilan province. Scientific Journal of Soil Research. 35(3):253-

269(In Persian with English abstract)

Bansod BS and Pandey OP, 2013. An application of PCA and fuzzy C-Means to delineate management zones and
variability analysis of soil. Eurasian Soil Science 46: 556-564.

Blaschek M, Roudier P, Poggio M and Hedley C, 2019. Prediction of soil available water holding capacity from
visible near infrared reflectance spectra. https://doi.org/10.1038/s41598-019-49226-6.

Booltink HWG and Buma J, 2002. Steady flow soil column method. Pp. 812- 814. In Dane JH and Clake GC
(Eds.), Methods of Soil Analysis. Part 4, Physical Methods, Soil Science Society of America Book Series,

Madison, Wisconsin, USA.

Chapman HD and Pratt PF, 1962. Methods of analysis for soils, plants and waters. Soil Science 93: 68.
Chieng S, 2005. Water Management for Paddy Rice Production and the Environment. Pp. 110-118.

Davatgar N, Kavossi M, Yazdani MR, Rezaei M, Shakouri Katigari M, Rezaei L, Roudpeima M, Peykan M,
Ahmadzadeh S, Kashtkar F and Attar A, 2015. Identification and evaluation of pollutant sources and water quality
in the first phase of the central plain of Guilan). Final report of the project. surface GIS of Guilan plain

agriculture using the research system. National Rice Research Institute. (In Persian)


https://doi.org/10.1038/s41598-019-49226-6

V59 ---‘-.jd)"\'ecis byl u9§“‘z’u'>l9’d“‘3

Davatgar N, Kavossi M. Alinia MH and Paykan M, 2005. Study of potassium status and physical and chemical
properties of soil in paddy field of Guilan province. Journal of Agricultural Science and Technology 40: 71-
89.

Diamond S, 1970. Pore size distribution in clays. Clays Clay Minerals 18:7-23.

Ditzler CA and Tuggle AJ, 2002. Soil quality field tools of USDANRCS soil quality institute. Agronomy Journal
94: 33-38.

Doberman A and Fairhurst TH, 2000. Rice: Nutrient disorders and nutrient management. International Rice
Research Institute Philippines 436p.

ESRI, 2016. ArcGIS Desktop Help (Redlands, CA: ESRI, Inc.).

Fridgen JI, Kitchen NR, Sudduth KA, Drummond ST, Wiebold WJ and Fraisse CW, 2004. Management zone
analyst (MZA): software for subfield management zone delineation. Agronomy Journal 46:100-108.

Kitchen NR, Drummond ST, Lund ED, Sudduth K and Buchleiter KA, 2003. Soil electrical conductivity and
topography related to yield for three contrasting soil-crop systems. Agronomy Journal 95:483-495.

Kitchen NR, Sudduth KA, Myers DB, Drummond ST and Hong SY, 2005. Delineating productivity zones on
claypan soil fields using apparent soil electrical conductivity. Computers and Electronics in Agriculture
46: 285-308.

Liu L, Chen T, Wang Z, Zhang H, Yang J and Zhang J, 2013. Field Crops Research Combination of site-specific
nitrogen management and alternate wetting and drying irrigation increases grain yield and nitrogen and water
use efficiency in super rice. Field Crops Research 154: 226-235.

Meskini F, Shabanpour M and Davatgar N, 2011. Path analysis of effective soil properties on paddy soil saturated
hydraulic conductivity. Journal Water and Soil 24:1246—1253.(In Persian with English abstract)

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

Mohammadi J, 2007. Pedometry (Theory of Fuzzy Systems - Volume IV). Palak Publications. 432p. (In Persian)

Moral FJ, Tern JM and Marques DaSilva JR, 2010. Delineation of management zones using mobile measurements
of soil apparent electrical conductivity and multivariate geostatistical techniques. Soil Tillage Research
106:335-343.

Olorunfemi IE, 2014. Occurrence, causes, and impacts of hydrophobicity on soils of different land uses in Ekiti
State. (M.Sc. Thesis). Federal University of Technology, Akure, Nigeria.

Olsen SR, Cole CV, Watanabe FS and Dean LA, 1954. Estimation of available phosphorus in soils by extraction
with sodium bicarbonate. Circular (US Department of Agriculture), United States: Washington, D.C.

Page AL, Miller RH and Keeney DR, 1982. Methods of Soil Analysis. Part 2, Chemical and Microbiological
Properties. Madison, Wisconsin, USA.

Reynolds WD, Drury CF, Tan CS, Fox CA and Yang XM, 2009. Use of indicators and pore volume function
characteristics to quantify soil physical quality. Geoderma 152:252-263.

Rezaee L, Moosavi AA, Davatgar N and Sepaskhah AR, 2019. Shrinkagelswelling characteristics and plasticity
indices of paddy soils: spatial variability and their influential parameters. Archives of Agronomy and Soil
Science. https://doi.org/10.1080/03650340. 2019. 1706169.

Rezaee L, Davatgar N, Moosavi AA and Sepaskhah AR, 2020. Soil quality indices of paddy soils in Guilan
province of northern Iran: Spatial variability and their influential parameters. Ecological Indicators 117:
106566.

Saez J and Albornoz VM, 2016. Delineation of rectangular management zones under uncertainty conditions.
ICORES 2016 Pp. 271-278.-5th International Conference on Operations Research and Enterprise Systems.

Salahuddin MJ, Christopher L, Mohammed I and Al-Qinna B, 2011. Estimating spatial variations in soil organic
carbon using satellite hyperspectral data and map algebra. International Journal of Remote Sensing 32(18):
5077-5103.

Shahrokhnia MA, Eslami A and Baghani J, 2022. Investigation of applied water and water productivity of wheat
fields in Fars province. Water Resources Engineering Journal 15(52): 114-128.



https://www.worldcat.org/search?qt=hotseries&q=se%3A%22Circular+%28United+States.+Department+of+Agriculture%29%22
https://www.tandfonline.com/journals/gags20
https://www.tandfonline.com/journals/gags20
https://doi.org/10.1080/03650340

VEY Jlo /Y 0)lad Y als / olS 5 S il 4y hKan 5 (£, 5)sKs Y-

Schenatto K, Godoy D, Souza E, Bazzi CL and Gavioli A, 2017. Normalization of data for delineating
management zones. Computers and Electronics in Agriculture 143:238-248.

Shakouri M, Shabanpour M, Davatgar N and Vazifedoust M, 2022. Evaluation of spatial variability of the integral
energy of plant available water and its influential properties in paddy soil. Paddy Water Environ 20: 265—
276.

Sun Y, Ma J, Sun Y, Xu H, Yang Z, ... and Zheng H, 2012. The effects of different water and nitrogen
managements on yield and nitrogen use efficiency in hybrid rice of China. Field Crops Research 127: 85- 98.

Tessier D and Pedro G, 1980. Sur les properties de gonflement des argiles dansles sols. (In French) CR Academic
Science 291: 461-467.

Torabi Golsefidi H, 2001. Genesis, classification and land suitability evaluation of wetland soils for irrigated rice
in eastern Guilan province (Doctoral dissertation, Isfahan Technology University, [sfahan, Iran).

Tuong TP, Bouman BAM and Mortimer M, 2005. More rice, less water integrated approaches for increasing water
productivity in irrigated rice-based systems in Asia. Plant Production Science 8:231-24

Yazdani MR, Asadi R and Arab Zadeh B, 2019. Determining the water consumption of rice in Guilan and
Mazandaran provinces. Final report of the research project. National Rice Research Institute. (In Persian)

Zabihpour MR, Bagheri A, Asadi R, Akbari D and Shirdel Shahmiri F, 2023. Growth, grain yield, and water
productivity of different rice varieties in response to irrigation management techniques. Water Supply 23 (3):
1208-1219.



