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Figure 1. Geographical location of sampling points in the Central Plain of Guilan province.
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Table 1. Descriptive (Univariant) statistics of phosphorous fractions and some soil characteristics.

[ ) Siss S Sl Sl Sl St sls S
Coefficient of Variation =~ Kurtosis ~ Skewness  Average Maximum Minimum Soil properties
10.6 -0.19 -0.89* 6.96 7.96 493 pH
[P
449 2.56* 1.73* 2.43 6.46 0.99 s
Organic matter (%)
7o Jslas (...‘JS;)L:;S
12 7.137 2.413 3.07 21.6 0.0 2 ) hd
TNV%
) o
46.4 0.64* 1.004* 19.37 48.0 3.0
Sand (%)
(1) cdew
153 -0.82 0.14 49.08 66.0 34.0
Silt (%)
0
30.1 -0.56 0.31 31.38 54.0 11.0
Clay (%)
(p 5 S ) oslazal LB il
95.3 2.21% 1.63* 19.93 88.2 1.3 eSS L3 oS ko) eslixal ;‘~lé
Available phosphorus (mg kg™)
(o 5 S k) JI i
483 0.17 0.64* 21077 525.0 25.0 (A 2 eSS S ~
Organic Phosphorus (mg kg™)
(p 35 S ) Loasbo G
62.5 1.56* 094* 22607  800.0 0.0 PRS2 15 ) S L S =
Ca bounded phosphorous (mg kg™)
(5 S o) ol b sl s i
132.9 1.84% 1.56% 110.6 590.0 0.0 1A 02 A oal b et s
Fe bounded phosphorous (mg kg™)
(5% S o) pyive JT L 4Bl yy i
194.5 6.74% 2.53% 15.63 130.0 0.0 £ 2 e el S e
Al bounded phosphorous (mg kg™)
*Significant probability at 5 percent. Aoy 0l Cb—w 53 ylsbas ®

WS Gl Sy 5l Fp b s il e K3 5 eslinal bB ad o ot Kieen slacy 45 - Jod>

Table 2. Linear correlation coefficients between available phosphorous and different phosphorous fractions
and some soil characteristics.

S 6\»;;”
Soil properties <(‘J§)’L—S D (‘;JW b s S5
(¢ 5558 53 p S o) sl B Jos S g ) o ) Jens Phosphorus fractions (mg kg')
Available phosphorus (mg kg™) pH Clay (%) Organic carbon (%)
S s
-0.35%* 0.20* 0.40%* 0.58** ’
Organic Phosphorus
L anll yo i
0.33%* 0.56%* 011" 021% T s A
Ca bounded phosphorous
oA LAl gy id
0.84%* -0.37%* -0.26%* -0.40%** :
Fe bounded phosphorous
o JT L sl po i
0.94% 0.06™ -0.14™ -0.40%* sl Blkisn A5
Al bounded phosphorous
0.61%* 0.16™ 0.05™ -0.20% ol A
Soluble phosphorus
" " oslizul LG 4
1 -0.06™ -0.19™ 0.42%*
Available phosphorus
* and ** significant at 5 and 1% confidence level. o3 | bzl s s lalias a3 0 Jlazs gl 3 b *

a4
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Figure 2. Semi variant models fitted on studied variables; Clay (C), pH, Organic Carbon (OC), available
phosphorous (Ap), Al bounded phosphorous and Fe bounded phosphorous.
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Table 3. Semivariogram parameters of fitted models for studied variables.

RSS R Saan NS Glaadss Sl slkad aub Je Sk gla S
Correlation class ~ Nugget effect Sill  Range Model Soil Properties
2.39x10°  0.83 M 0.1 0.24 3700 S5 pH
o) Ji.
436x10°  0.52 M 0.09 0.17 2700 sl S
Organic matter (%)
(08)
1.3x10°  0.80 - 0.04 - - s o
Clay (%)
(r 5 S o) oslizal LB i
0083  0.70 S 0.1 064 3100 G55 PAAS 2 05 ) ey -
Auvailable phosphorus (mg kg™)
S o 05 ) JT s
3.8x10°  0.64 M 0.12 02 4000 b (558 2 05 ke) & ~
Organic Phosphorus (mg kg™)
(r 5 P Lol g
5.18x10°  0.83 S 0.08 063 6000 ol PAAE 2 8 k) el 3L =
Ca bounded phosphorous (mg kg™)
(o5 S o) AT b Bl gy o
345 055 - 3.00 - L e (55 2 05k al s liking S
Fe bounded phosphorous (mg kg™)
3 S Lo T L Bl gy S
136 026 - 3.20 - L e A e e sl

Al bounded phosphorous (mg kg™)

_/.Lmé g(C) o s(OC) L;I d"JS 4&}5 &Kﬂ ;;<7’"41‘5 S ‘.]a.w):.n &l‘{‘ L;Z»JU M ‘e.LLnL;L Ql:uf C}w RSS ‘u.:.:J g,_“fp ZR2
(Fe-P ) Al b asbt g i 5 (AL-P) p a1 L 4l sy Lid (Ap) ealinal L5

Note: R’=Adjusted R square, Rss=Sum of Squared Residuals, M=Moderate spatial dependence, S=strong spatial
dependence, C=Clay, OC=Organic Carbon, Ap=Available phosphorous and AL-P and Fe-P=Al bounded phosphorous and

Fe bounded phosphorous, respectively.
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Abstract

Background and Objectives: Phosphorus (P) has been one of the major nutrients limiting
agricultural production in many rice growing regions of the world. In spite of P importance for rice
sustainable production, the cultivated paddy fields of Guilan have not long-term, in proper and
scientific P management strategies. Phosphorus (P) chemistry in paddy soils is complicated due to
various chemical and biological processes involve in its availability through various P fraction pools.
Therefore, P fractions play a crucial role on soil available P supplying capacity especially in paddy
fields. Proper and effective managerial practices of P and assessment of their effects on rice
production requires an understanding of their variability in concentration across the fields. The
spatial variability of soil properties and P content is the outcome of the interaction of several soil
characters and processes and in agricultural fields involves also effects of management practices.
Thus, the objective of this study was to conduct a large-scale analysis of the spatial variability of
available and organic P and also inorganic P fractions and the important physical and chemical soil
characters on P factions’ distribution for better fertilizers managerial practices.

Materials and Methods: This experiment was conducted at Some-e-Sara city in Guilan province. Soil
samples were collected from 103 paddy fields with uniform geographical distribution in grids of 2x2 km.
Soil samples were analyzed to determine available P, organic P, their effective physical and chemical
properties (Texture, pH, CEC, T.N.V, Clay and O.C) and also sequentially extracted to determine
inorganic P fractions(soluble P, Al-P, Fe-P and Ca-P). Descriptive and spatial variability analysis and
mapping was done by using SPSS (ver. 16), GS+ (ver. 5.1) and Arc GIS (Ver. 9.1), respectively.

Results: The highest coefficients of variation belonged to available P and its controlling P fractions, Al
and Fe bounded P, about 132 and 194, respectively, whereas, pH showed the lowest CV, 10.6. The
nugget to sill ratio ranged from 12 to 60% for almost all the studied data sets, showing moderate to
strong pattern of spatial dependence. The small to moderate nugget effects also indicate that the
sampling grid used was proper to reflect the spatial dependence of the studied soil properties and P
fractions. Analysis of semivariogram corresponding to experimental data sets showed that the values

for the range of spatial dependence of the semivariogram models varied from 2700 to 6000 m. Based
on the results obtained from linear correlation analyses and spatial distribution maps, available P
strongly correlated with both Al and Fe-P fractions and OC, about 0.84, 0.94 and 0.40, respectively.
Conclusions: Based on the results obtained from linear correlation analyses and spatial distribution
maps, available P strongly correlated with both Al and Fe-P fractions and OC. Therefore, we
concluded that determination of spatial correlation’s area of these soil chemical properties can
effectively improve P fertilizers management in paddy fields.

Keywords: Rice, Paddy soils, Guilan, Spatial variability, Inorganic phosphorus fractions, Organic
phosphorus, Available phosphorus
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