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Studying Loss of Phosphorus in Al-abrash Basin in Tartus Province
Using Mathematical Modeling and Satellite Images

Abstract
In this study, The Critical Phosphorus Source Areas (CPSAs) was determined by

identifying and studying both the transport factors of phosphorus (soil erosion,
surface runoff, slope, Euclidean Distance) and source factors (total soil phosphorus,
land use / land cover). Study was conducted on phosphorus transformation in the soil,
starting from September 2017 to May 2018 through the application of a mathematical
model based on remote sensed data (soil moisture, soil temperature) and field data
(soil organic phosphorus, soil inorganic phosphorus) for top soil samples up to a
depth of 30 cm.

Land use / Land cover was performed at the beginning of the work by using a visual
interpretation method to determine the main vegetation classes in the study area, as
follow (forest, olives, citruc, field crops) to give each of these classes a weighting
value commensurate with the quantities of fertilizers added to it in the previous
phases, to use the land use / land cover as a source factor of phosphorus, and also to
use it as input for mathematical models that were completed in this study. Besides
guantities of the soil erosion were estimated, starting from October 2017 until the end
of May 2018 by applying the Revised Universal Soil Loss Equation (RUSLE) model
to determine the severity classes of soil erosion in the study area. The depth of
surface runoff was performed by Rainfall — Runoff modeling using the soil
conservation service curve number (SCS-CN) model from October 2017 to the end of
May 2018 to obtain the annual surface runoff depth (mm) and it is spatial
distribution. The Euclidean Distance from the water resources was determined for
each GRID cell in the raster of the study area. The slope and aspect were calculated
using the digital elevation model (DEM). The transport factors and source factors are
integrated to locate the CPSAs at basin scale according to weighting values and using
Overlay weighted sum method to get the spatial distribution of the phosphorus loss

severity class’s map. The results showed that the olive area was 113.32 km?, the
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citrus 21.62 km?, the forest area 17.81 km? field crops with protected plantation
83.93 km?, urban area 37.67 km? and water area was 10.6 km® The values of the
total phosphorus in the soil at the beginning of the study ranged between (145.59 and
496.71 mg/kg), the values of the available Olsen phosphorus between (2.29 and 11.61
mg/kg), the values of inorganic phosphorus between (116.69 and 416.68 mg/kg). The
quantity of soil erosion were classified into four classes according to the severity of
the erosion, it show that about 38.5 % of the study area does not suffer from soil
erosion, the low severity class represented about 43.34 % of the total area, and the
medium severity class constituted about 1.4 % of the total area. The higher values of
soil erosion were observed mainly in the eastern and northeastern parts of the study
area, based on integration of a set of factors, including the steep slopes, high
precipitation, and soils with low depth located on limestone. The total surface runoff
for the period from October 2017 until May 2018 (191.87 mm), represents about
21.48% of the total amount of rainfall occurring during the same period. The amounts
of runoff were high in the western and southwestern parts of the study area, and this
may be due to the heavy soil type (clay, clay loam), which does not allow high
permeability, in addition to the cultivation of field crops, which does not prevent the
surface runoff significantly. While the amount of surface runoff has declined in the
eastern part of the study area and may be due to the soil type (sandy loam, sandy clay
loam), also the nature of the ground cover (Forest, olive) which prevent the surface
runoff significantly. The study indicated that (CPSASs) were located along the course
of Al-Abrash river from the eastern side of the dam (along the village of Al-Madafa
to Al-Sisniyyah village untile Al-Abrash dam), where there are a large areas of field
crops and orchards, which have relatively high quantities of total phosphorus in their
soils as a result of organic and inorganic fertilizers in previous stages, as well as the
proximity of these agriculture areas to water resources (Al —Abrash river) and it is
branches and canals, and this leads to the emergence of agricultural areas exposed to
highly phosphorous loss. Also (CPSAs) were located in the eastern parts of Al-
Abrash dam, almost parallel to the previous region (along the village of Beit Al-

Sheikh Younis to the village of Al-Mdeirjat to the dam), and these two regions suffer
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from high soil erosion due to many factors. Besides (CPSAs) were located in the
western parts of Al-Abrash dam (along the villages of Al-Tanween, Dahr Al-Dair,
Huwaysiyeh, Tal Kazal, then to the sea). It is noted that (CPSAS) were located in the
central and northern parts of the study area outside the water basin (along the villages
of Smakah, Dananir, Ras Al Deir, Al-Awiya, Mashta Ghanem), these regions include
citrus and field crops, close to a network of rivers and canals, which also expose to

medium soil erosion.

Keywords: Phosphorus, Mathematical Modeling, Remote Sensing, Land use, Soil
Erosion, Al-abrash basin, Runoff, RUSLE, NPP
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i edll Pa X duSull die (o [ sn L) KU el glad) Jis (SOL(X b)) of cus
Jici (0.5) el elnl) J8 (g0 aviaall T gum Jladll sal) gL (30 donsill Jis (FPAR(X , 1))
il eUadl) Uy 232508 o S 5 S sl a2 ) L g Mol ol L) s
Akl P& (0 (1993 4Dha 5 POREEN) ciin ndll ¢ suiall aladiad Al (g (X, 1)) olown o L
Al
e (x,t) = Ter (x, ) * Tea (%, ) * We (X, £) * Emax

(spall S dee e ol adl Seal) D L) 01 (T (X, 1) 5 Ty (X, 1) of 2
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0.01 5 0.05 ANV (5 sia dic &y gina dad A (-0.258) (s b U5 DEM (5l uaiall Jalna
gl ¥ ad of sl €0.01 50.05 e il 25 0.000 Jsaadl 8 saliall & sinall (5 sinse dad oY @llig
e JS @ e G850 135 S bl 0 ae Wil G gies Wals )l cilaii ) DEM sl haws o0

(2018 <335 Monika ;2010 <335 Singh ;1999 «Gupta and Lattoo)

SN sl axmtial) Jadd) jlaady) bl CBlalaa ad 15 Jgia

. Standardized Unstandardized
Correlations

. Coefficients Coefficients
Sig. t Model
. Zero- Std.
Part Partial Beta
order Error
0.000 | 16.386 15.104 | 247.495 | (Constant)
0.603 0.624 | 0.531 0.000 7.864 0.618 7.332 57.660 SOM 1
-0.385 -0.454 | -0.259 0.000 | -5.021 -0.395 0.051 -0.258 DEM

sl i Aalal) sawiall Jadl laai¥) Alibee d2lia oS4 (15,14 ,13) Jshaldl cibily e 2l

1k WS (DEM ,SOM) 4 jpesil) Aliisal) ol puaciall 2 e dlaic WU Al )all dakaie o 5 (8 TP (S
TP = 247.495 + 57.660 * OM — 0.258 * DEM

«(88/¢e 496.71 5 145.59) Cx Jenll Aoy (& Ll ol dihaie i (& SN ) sidl) o8 i ) i 54

Casion (o Cina IS T IS il o8 T gia s 591 2y o1 sl o8 o I (16) Jsaally

iy sial) el 5 3l eUaall Cighm (e i JS daliaal L] ciad ) dilaia 3 uiiall 3l oUail

), Al AN Aalisall (e Gl S dalisal

Al sladl) Cighaa B S ) ghudl) ol gia g SaY) aallg o) aal) 16 Jga

Aalual) | daladl | sl o b i | il i) sall | el GVl
| 09 | (e | G | S A
: &S/ &/
6.5 | 17.81 359.18 165.97 496.71 2ol S
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gyardl ) ghudl) il -5

Glie Lgie M ol Al £81 5l 8 Organic Phosphorus (OP) s sasll ) sudll S a8 25 -1-5
O Al 5 Alia Glie) 4 il Glie pen die (Aadall ) Jeall Bl 8 (5 gmall ) bl Jilail ) 3
(e Ao gana aladiuly Jlas) ol i e oLl 2017 Al anlill el diles A (Aulia 4dass 151
adl b e gL,V dgidall el Gl il d pmall salall) Akl 4y i) <) aiall
73 sail) oLy alall Liliaa W) Jghaall L Lag (Galall el el ¢ lasi¥l olail ¢ ylasiy) da
223l Jalae Ao cilS Laiy R?= 0.742 Square R sl Jalee da o (17) Jsaadl (e Laady -2-5
O BLi V) s 3 ddlaae ST dglas) Ay a5 R%= 0.736 Adjusted R Square Jasall
saxiall el HlasiV) Alales 8 ALa)al) Ay jadil] Al Colppaiall S eV oy 380 LY il
W el (S Ay il (3 (g gumal) ) shasill 0 3 aaas ) ol il (10 % 85.8 O (x 1385 (2 5ail))
R Lli¥l dalzse dad ol WS (SOM, GRVI) 0 S af & Gaad Ll Gyl Gk o
3 (gl sandll) LUl il o (Bala,Y1) 483all 38 sae Guit ) Correlation coefficient
Sig. F Change i8Mall 4, yies 2 2ie R= 0.861 ks (SOM, GRV) dliiasall &yl il jiial)

.0.01 50.05 AVl (5 giua dic 4, gire dad o8 5 0.005 (5 sbose

o) ) ghudll adatiall Jadd) jlaaiy) Aslaay daldl) dpilaa) clibal) |17 Joda

Change Statistics .
Std. Error of Adjusted R R

Sig. F F RS . R | Model
9 df2 | dfl quare the Estimate Square Square

Change Change Change

0.005 97 | 1 8.308 0.022 14.125 0.736 0.742 | 0.861 2

Jsaad) af Craadin) 85 aainall byl 2350l ANOVA Gl dilas (18) Jseall sy -3-5
F i of oD G (F JLial pladiuly (a jitall aseiall add) jlasi¥) 3 gai 4 sina e Ul (18)
2135 0.01 5 0.05 & sixall (5 sivea (30 Ji (A5 0.000 4 sine (5 sise Nie F=139.233 4 sndll
Dl ad Alales ofd il 5 <0.01 5 0.05 AV (5 sise ie (5 sina el adll jlaas¥l #3 ga
Al 8 Leadiusal) i) Candis da i) dawiall

g 3andl ) shadll anaiall (il Jaad¥) 73 sall ANOVA (uliil) Judas |18 Jgaa

Sig. F Mean Square | df | Sum of Squares Model
0.000 139.233 | 27780.604 | 2 55561.208 Regression
199.526 97 19354.045 Residual 2
99 74915.253 Total

O Baadly Cua (Stepwise 4y yhay aaeiall Jhaall Hlaai¥) 23 sai Clles a8 (19) Jsaall xuia sy -4-5
0.05 AVl (5 sine dic 4y5ina dad a5 (-18.014) st 2aaiall Jhall Hjlasi¥) 23 g Culi dad
Deiall Jalae e Wl 0,05 e il 085 0.031 (19) Jsaall 3 saliall 4, sinall (5 siuse Gad ()Y cllyg

78



dad 0¥ 35 0.01 5 0.05 UVl (5 sive die 4y gine dad 53 (34.322) (55w A5 SOM (5 sl
Ll 3 4 seanl) 3alall a8 ) 51 €0.01 50.05 (e S8 (o2 50.000 Jsaad) 8 alial) 4 ginall (5 sivsa
i) Jalae 3 0 (19) Jsaal e oty Ll s pumall ) gl il e Ui g L gina Walii ) ctalas )|
dad Y @l 0.01 50.05 AV (5 sisa die 4y sina 2ad 4 (22.418) (55t sV s GRVI (5 sl
GRVI Sl Jalall a8 o (51 €0.01 5 0.05 o J8 o25 0.005 Jsaall & saliall & ginal) (5 sivne
«Viswanath and Doddamani) i s it 138 g seaell 5 stusll 2 ae Lis g b gine Ul 5} il )

(2018 <33 )5 Monika ;1991

g 9and) ) shadll aseial) il jlasi¥) dad cBlalea ad 19 Jgaa

. Standardized Unstandardized
Correlations

. Coefficients Coefficients
Sig. t Model
. Zero- Std.
Part | Partial Beta
order Error
0.031  -2.195 8.207 -18.014 | (Constant)
0.339 | 0.555 | 0.848 | 0.000  6.577 0.621 5.219 34.322 SOM 2
0.149 | 0.281 | 0.791 | 0.005 | 2.882 0.272 7777 22.418 GRVI
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Cropadll Galfiall cposidl ad e olaieVlh Al ddhie i A OP g
-k L& (GRVI ,SOM)
OP = —18.014 + 34.322 * SOM + 22.418 * GRVI
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) elazll (e 48 jile g dga g5 S IS (s 0 Aol ) 3 sud Cupa Al Al dilaie (959 Jas g
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1Tl ) shadl) a5 -9
Clie leie 235 &l Il &8l sdl 8 Olsen Phosphorus (OLP) zliall ssudll il a8 &5 -1-9
2017 alad paulill el dles & Al il Glal) aan s Mol Joad) 2 ol (g yuaall Jalaill 4 les
G5 5S¢y gucanl) 3alall) Aiisal) 4y pdil) ol jpaiall (e de gana pladinly Jlas) ol ) #3 se ol
o) laai¥ da jo ¢ el mhass e LY (uhall AaS (bl 4paS el 43aS (pH A 6 gl
& (OLP) glial ,siudll aal i o S (g 5ina il L 6% of oS (Al (Al Gl &) ¢ lasay)
73 sadll oLl Lalal) dplan¥) Jslaall L lag 5 il yall dihaia oo 53
3paa) Jalae da ilS Laiy R?=0.513 Square R sl dalae da () (24) Jsaal) (e 2aaly -2-9
G BlEY) Dadi 8 Adlaae ST ddlas) Al a5 R®= 0.498 Adjusted R Square Jasal
aamiall adl) jlasiV) Alalas & sl Ay jadill Alstaal) <l il JS e V) e 380 LY <l il
LA 8 sl ARyl U shudl) o & st Gl Ge %70.6 O S 1385 (2 saill)
R Lli,Y) Jales e o LS ¢(pH, SOM, SAND) ¢3¢ S a8 aan 3l < il s ausdi Sy
(s Zlaall ) siudll) adlil) jpsiall G (el Y1) 48Dl 5 8 sae il 3 Correlation coefficient
Sig. F 4lall 4, sina 520 2ic R=0.716 <l (pH, SOM, SAND) dliasall 4yl <l yiall
.0.01 50.05 AV (5 gina Nic 4 gine dad ;2 50,008 ssbe Change

Ll ) sheadll snial) add) jlaady) Alslaay aldd) 4ilaay) ciliball 24 Jgaa

Change Statistics .
Sia F E R Sauare Std. Error of Adjusted R R Model
g df2 | dfl a the Estimate Square Square
Change Change Change
0.008 9% 1 7.455 0.038 1.306 0.498 0.513 | 0.716 3

Jsaall o Caadiv) 25 adinall syl #3500 ANOVA ol Jilad (25) Jsall e -3-9
Faad of aadl Cus (F JUa) aladiuly (i siiall sasiall Jhadll jlasiV) #3 sai 4 gina e 51l (25)
O 53221385001 50.05 4 siaall (5 siee oo i o5 0.000 2 sina (5 sinee 2ie F=33,747 4 sundll
D) dad Aalase o8 UL 5 <0.01 5 0.05 AVl (5 sive die (5 sina dxiall adll lasi¥) 23 ga
Al all 8 deaiinaall ULl Gl ds il axxial)

Clial) ) siudll aaial) Jaddl jlasi¥) £ gall ANOVA Gl Jalad 25 Jgan

Sig. F Mean Square | df | Sum of Squares Model
0.000 33.747 57.596 3 172.789 Regression
1.707 96 163.844 Residual | 3
99 336.634 Total

o aady Eua «Stepwise 45 Hhay 22wl GL.;J\ DY) =3 gl OOllra @ (26) J sl a5 -4-9
5005 AV (5 5ise N & sina dad A5 (21.645) (5 s 23x3al) ol ¥l 23 g il R
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A Wl «0.01 50.05 (e 8 ;250.000 (26) Jsaall A aalisadl 4 ginall (5 siue dad GY i35 0,01
0.01 5 0.05 AVall (s siwse dic iy sine dad 52 (-2.370) st Vs pH il uiiall Jalza
L pH a8 o sl <0.01 50.05 ¢ 8 25 0.000 Jsandl 8 alisall 4 ginall (5 sivse dad (Y lld
i) Jalae et 0 (26) Jsaal (e JaaSl LeS o 51 Bl ) sinadll ah e Ll § gine Ualis ) calas |
iad OY N5 0,01 5 0.05 AVl (5 sina dic 4y 5ina dad (& (1.995) (55t 525 SOM (5 sl
Al & 4 gl 32l ad O (1 <0.01 50.05 (e S8 (o250.000 Jsaall 2 salisal) 4 sinall (5 gina
Jelas dad o) (26) Jsaall e G Wil g ccpnad sl 20l ) sl o e i 50 Ly sin Ul ) il )
llas 0.01 50.05 AYall (5 sive die 4 gine dadf 8 (-0.042) 55w 525 SAND (gl ysiial)
Ll L de ) a8 o 61 <0.01 5 0.05 e il 2 50.008 Jsaall & aaliad) 4 ginall (5 siose dad Y
0359 s TOMAr) oo IS o5 G815 Lo 138 5 cpuad o Uil sl 2 e Tlas s Ul ) i
Adugna and 2010 <35 Trivedi ;2008 <35 Mohsen ;1991 <335 Chad ;1984

(2016 3> )5 Dinesh ;2015 <Abegaz ;

ZUa ) shadll dxiall Jadl) jlaaiy) bad cBlalaa ad 26 Jgia

. Standardized Unstandardized
Correlations

. Coefficients Coefficients
Zero Sig. t Std Model
Part | Partial Beta ' B
order Error
0.000 | 8.346 2.594 21.645 | (Constant)
-0.512 | -0.591 | -0.475 | 0.000 | -7.186 -0.513 0.330 -2.370 pH
0.527 | 0.603 | 0.469 | 0.000 | 7.406 0.538 0.269 1.995 SOM
-0.194 | -0.268 | -0.085 | 0.008 | -2.730 -0.198 0.015 -0.042 SAND

n Aalall aawidl) Jlaall HlasiV) (sl 73503 d2lua (26,25 ,24) Jhaall by e 2l oS4
,SOM ,pH) 43 el Alsisall Gl priall 2 Ao Slaie Wl Al jall d3hie i (8 OLP zlall ) séudl)

1ok WS (SAND

OLP = 21.645 — 2.370 = pH + 1.995 * SOM — 0.042 * SAND
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14.5
9.0
16.0
4.0
2.5
2.5
21.0

7.34
8.02
7.06
7.20
7.42
7.74
7.86
7.72
8.00
7.24
7.37
8.17
8.01
7.17
7.69
7.16
7.28
8.12
7.24
8.19
7.18
8.21
7.08
7.94
8.11
7.87
7.05
7.19
8.31
7.98
8.11
8.14
7.84
8.14
7.23
7.29
7.21
7.23
8.21
7.43
7.76
7.31
7.08
7.32
7.22
7.45
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34.687909
34.785198
34.771071
34.706763
34.787690
34.747660
34.779277
34.782410
34.718130
34.771370
34.758632
34.798472
34.713769
34.711456
34.801805
34.762430
34.741280
34.817380
34.745600
34.803888
34.680723
34.799930
34.749426
34.758283
34.755937
34.759390
34.740496
34.783670
34.789981
34.704307
34.792606
34.794726
34.780801
34.790471
34.757699
34.764604
34.692020
34.697053
34.802478
34.754730
34.712445
34.820510
34.761510
34.779421
34.709234
34.786947

36.017724
36.030664
36.026881
36.038144
36.060080
36.069370
36.103279
36.152450
35.978400
36.087990
36.030912
36.052640
36.006242
36.038462
36.059054
36.036830
36.084100
36.066940
36.008210
36.053384
35.980463
36.071977
36.052045
35.999954
36.100005
36.068230
36.053789
36.134220
36.025814
35.987121
36.038217
36.067828
36.027482
36.031382
36.023187
35.995003
35.987750
36.005922
36.079857
36.118317
36.028441
36.088371
36.007750
36.043575
35.973123
36.097941

43
44
45
46
47
48
49
50
51
52
5
54
56
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88



0.18
0.23
0.12
0.19
0.26
0.45
0.28
0.27
0.18
0.36
0.20
0.22
0.25
0.25
0.26
0.25
0.33
0.32
0.23
0.40
0.23
0.23
0.19
0.19
0.28
0.20
1.55
0.27
0.22
0.24
0.53
0.23
0.31
0.24
0.21
0.23
0.21
0.26
0.24
0.26
0.23
0.27
0.46
0.20
0.21
0.20

0.09
0.11
0.06
0.09
0.13
0.22
0.14
0.13
0.09
0.18
0.10
0.11
0.12
0.12
0.13
0.12
0.17
0.16
0.11
0.20
0.11
0.11
0.09
0.09
0.14
0.10
0.77
0.13
0.11
0.12
0.26
0.11
0.15
0.12
0.10
0.11
0.10
0.13
0.12
0.13
0.11
0.13
0.23
0.10
0.10
0.10

1.0
18.0
0.5
42.0
42.5
40.0
SIS
25.5
12.5
2.5
5.0
44.5
26.0
21.0
115
41.0
7.0
14.5
SiS
38.5
28.0
20.0
16.0
0.5
23.0
8.0
10.0
2.5
2.5
25.0
9.0
8.5
46.0
6.0
4.0
5.5
5.0
4.0
11.0
31.0
24.0
37.0
44.0
33.0
7.0
26.5

7.06
7.42
7.25
8.16
8.09
8.10
7.31
7.93
7.44
7.09
7.07
8.07
7.96
7.53
7.65
8.15
7.11
7.66
7.24
7.81
7.69
7.68
7.49
7.02
7.70
7.41
7.43
7.32
1.22
7.68
7.54
7.54
8.23
7.21
7.24
7.35
7.25
7.11
7.45
7.88
7.75
8.01
8.09
7.92
7.36
7.82
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34.766796
34.787688
34.775110
34.785593
34.794976
34.809801
34.783220
34.740622
34.807590
34.732570
34.803719
34.803990
34.706410
34.724098
34.778368
34.797612
34.701850
34.768308
34.775430
34.798819
34.780330
34.796148
34.748025
34.735008
34.772237
34.750433
34.751536
34.769637
34.746690
34.746479
34.757250
34.701325
34.750160
34.706040
34.712740
34.737510
34.754570
34.748330
34.787530
34.826270
34.741735
34.719820
34.795225
34.776342
34.703059
34.757100

36.037188
36.060334
36.050836
36.045593
36.072721
36.090953
36.148560
36.103646
36.063140
36.001870
36.094711
36.077876
35.995430
36.058316
36.077642
36.106170
35.989380
36.094245
36.082540
36.050876
36.022240
36.093627
36.067028
36.065462
36.099595
35.985319
35.975827
36.132701
36.097668
35.973135
36.024640
36.013256
36.017560
36.079330
36.059470
36.098228
36.128620
36.010460
36.152020
36.085580
35.988086
36.033530
36.048333
36.087009
36.046528
36.046640

89
129
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134



0.44
0.30
0.23
0.18
0.34
0.23
0.30
2.57
0.24
0.21
0.29
0.20
0.36
0.92
0.33
0.35
0.22

INORGANIC_P
mg/Kg
234.47
194.23
286.78
288.52
175.97
201.27
295.87
263.54
278.95
296.47
237.29
268.67
244.69
193.89
289.16
257.73
241.54
278.67
253.60
275.13
307.62
302.13
243.34
210.67
307.65

0.22
0.15
0.11
0.09
0.17
0.11
0.15
1.28
0.12
0.10
0.14
0.10
0.18
0.46
0.16
0.18
0.11

TOTAL_P
mg/Kg
368.12
301.75
419.45
382.17
242.70
316.79
390.74
317.01
441.29
410.34
296.21
326.49
336.12
305.92
361.39
327.31
349.49
341.88
313.21
397.60
372.80
41251
370.76
275.98
380.32

3.0
3.5
37.0
13.0
44.5
5.0
3.0
8.5
2.5
3.5
9.0
8.0
33.0
29.0
39.0
22.0
9.5

OLSEN_P

mg/Kg
7.65
4.10
6.77
7.18
3.54
6.87
6.54
7.13
10.11
4.32
5.95
5.46
5.85
5.56
4.12
7.76
3.12
6.76
7.62
3.35
6.26
4.23
4.93
5.89
4.97

1.27
7.29
7.94
7.21
8.25
7.41
7.17
7.12
7.14
7.04
7.11
7.46
7.81
7.84
7.88
7.72
7.11

ORGANIC_MA MOISTURE
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%
2.87
1.65
2.21
1.66
1.51
231
2.03
1.42
3.65
2.21
1.32
1.45
1.32
2.10
1.59
1.49
2.32
1.65
1.55
2.32
1.54
2.35
247
1.61
1.54

34.682569
34.746448
34.805063
34.772430
34.794509
34.803625
34.732930
34.733194
34.737150
34.734977
34.729617
34.709337
34.702916
34.758922
34.792485
34.788524
34.773400

%
8.04
151
8.46
6.79
2.17
3.30
2.67
6.41
3.47
3.94
5.16
6.84
7.78
7.40
5.05
9.19
1.09
6.76
5.69
4.26
7.51
5.47
8.79
5.40
7.07

36.002265
36.104819
36.050385
36.132740
36.062254
36.089151
35.973580
35.959766
35.978810
36.046002
36.031293
36.069846
35.978372
36.012226
36.081539
36.039962
36.119230

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

EC_TEMPERA

CO
15.0
13.7
121
14.4
13.6
14.9
16.0
13.4
145
14.4
15.0
12.4
14.6
12.4
13.8
14.3
13.6
131
16.0
16.0
121
12.4
13.7
14.7
13.2



303.66
236.48
246.31
257.71
293.98
216.21
289.31
289.54
264.78
210.92
222.54
170.62
241.99
289.43
293.24
294.35
232.67
293.84
212.63
215.80
297.28
202.52
217.18
224.57
198.23
268.59
239.51
296.58
181.47
307.62
254.44
186.57
219.31
173.68
254.73
288.69
286.63
294.65
188.95
226.07
226.71
186.41
185.42
189.14
214.87
228.63

356.93
388.61
304.82
333.14
381.65
335.75
410.84
362.68
334.12
298.43
344.88
223.35
369.23
402.64
430.67
377.78
327.99
381.16
327.15
274.04
361.00
309.30
303.49
284.82
322.39
336.41
300.76
409.89
268.67
364.40
374.27
257.89
313.43
267.89
304.15
371.44
403.14
370.14
296.09
319.32
290.28
279.95
317.30
287.98
264.41
333.89

6.64
10.29
7.21
5.11
5.91
5.94
7.98
3.58
5.54
3.87
5.91
7.06
8.23
6.27
11.01
7.81
5.74
7.54
2.68
8.12
8.76
5.12
7.35
3.87
8.94
2.35
6.65
7.52
3.54
3.10
5.64
4.81
5.54
5.67
3.42
5.97
8.24
5.12
5.51
5.26
2.96
4.21
5.61
6.13
6.98
5.68
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1.64
3.21
1.41
1.28
1.48
2.11
2.54
1.58
1.65
1.89
2.07
1.36
1.97
247
3.01
1.67
221
1.98
1.75
1.68
1.87
2.00
1.98
1.44
2.87
1.97
1.75
2.63
1.91
1.85
2.11
1.64
241
1.68
1.57
1.78
2.54
1.35
2.22
2.14
1.68
1.84
2.14
2.23
1.87
2.12

4.83
8.63
3.22
6.12
3.87
2.23
5.29
9.99
7.12
241
3.16
3.99
11.92
2.26
11.42
8.82
2.95
9.53
2.22
7.53
7.19
4.65
5.45
6.34
2.56
4.55
3.65
9.77
1.62
7.07
3.27
441
3.53
4.39
1.82
2.21
4.96
7.69
1.66
3.26
6.04
1.88
4.75
5.26
7.69
1.15

135
13.3
16.0
12.5
14.6
16.0
141
13.7
13.6
14.4
14.4
14.4
145
16.0
12.4
14.9
13.6
13.6
13.9
13.4
13.0
15.9
16.0
12.8
15.9
16.1
141
145
14.4
13.7
14.4
15.3
14.6
15.8
145
14.3
13.7
12.4
145
16.1
15.9
14.5
15.9
14.4
12.8
13.8



311.50
288.07
280.24
249.03
198.98
272.77
202.53
281.17
256.73
231.78
222.65
274.32
247.73
298.57
215.36
228.06
227.78
243.16
212.72
222.65
201.54
211.88
234.71
248.49
202.51
245.61
296.21
209.46
274.18
263.17
248.65
258.19
244.14
293.51
262.79
201.32
23541
233.78
265.03
192.86
293.74
233.38
316.91
306.17
288.63
262.52

389.63
390.39
383.78
297.85
304.51
356.28
321.95
349.28
308.90
306.07
306.32
339.69
335.62
422.11
329.81
312.28
324.48
350.80
331.15
272.22
277.67
293.33
278.25
417.62
314.93
318.76
387.63
306.33
372.06
361.58
335.79
332.73
309.45
355.77
321.40
318.64
378.19
327.20
401.35
306.13
348.86
311.74
462.12
388.92
337.34
332.08

4.54
4.00
8.17
5.12
5.64
7.95
6.87
3.18
5.09
4.24
3.69
5.12
5.12
6.84
6.87
8.87
8.34
5.27
7.67
6.76
3.54
4.29
3.29
10.62
8.74
4.12
5.34
6.11
2.65
5.87
4.59
4.63
3.52
8.98
5.76
8.33
6.32
4.75
6.11
6.24
5.54
4.99
10.75
6.82
8.82
8.28
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1.54
2.35
2.61
1.87
2.17
1.87
244
1.54
1.34
1.65
1.87
1.48
1.98
2.25
2.35
1.68
1.97
2.04
2.54
1.54
1.87
1.91
1.63
3.52
2.54
1.79
1.74
2.28
1.87
211
1.65
1.87
1.87
1.54
2.11
2.54
2.34
1.98
2.75
2.36
1.64
1.57
3.21
1.61
1.61
1.87

8.29
1.32
3.50
3.38
2.99
7.69
2.76
4.86
9.08
6.98
6.61
11.24
8.62
5.76
5.63
6.16
7.05
7.76
7.75
5.46
441
5.15
4.50
10.70
4.96
7.89
2.05
8.66
1.64
5.47
4.72
5.32
2.14
5.18
4.32
8.94
3.72
5.81
4.00
4.74
7.06
4.93
3.29
3.36
2.67
6.16

135
13.7
13.7
14.4
12.2
141
145
12,5
12.0
12.7
13.8
14.9
12.0
14.2
14.4
12.6
14.6
13.2
14.4
14.4
13.9
12.8
14.3
16.2
145
14.8
12.4
14.4
12.4
13.8
14.3
15.8
141
12.7
15.9
12.4
16.2
145
16.1
145
13.7
145
14.3
14.4
14.6
13.7



207.42
299.57
265.87
216.65
275.65
229.41
212.43
207.93
233.24
280.90
197.31
283.43
251.62
211.63
316.27
239.25
293.51
230.44
189.67
305.49
292.80
248.54
241.14
261.19
288.33
242.28
232.52
233.42
232.21
237.78
245.12
228.26
247.43
258.34

SILT

%
33
22
17
20
25
33
20
21

332.66
404.93
324.60
268.01
402.99
384.62
269.71
292.25
278.52
435.13
339.52
345.75
359.30
316.50
446.05
285.49
404.83
300.02
287.49
386.78
425.17
316.38
348.90
310.50
392.54
404.41
311.70
328.29
315.80
307.50
347.43
306.47
298.86
306.52

SAND

%
39
32
54
25
30
43
25
27

7.84
5.61
2.87
3.81
8.24
10.64
6.44
6.87
5.89
9.51
7.23
6.86
3.54
6.12
10.98
5.20
8.12
7.65
6.43
6.14
8.65
3.26
6.58
7.59
8.87
10.54
4.98
7.45
6.21
411
7.65
451
481
4.98

CLAY
%
28
46
29
55
45
24
55
52
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2.88
2.13
1.54
1.84
2.65
3.14
1.64
1.84
1.21
3.64
3.11
1.52
1.85
2.36
3.25
1.84
2.54
1.54
1.62
2.27
2.65
1.98
2.24
1.35
1.64
3.46
1.84
211
2.12
1.54
1.74
1.73
1.64
1.64

Bulk Density

glem?®

1.27

1.19

4.37
9.38
10.72
1.78
5.90
9.74
5.21
8.06
5.35
8.12
4.22
3.48
4.32
2.01
5.58
11.76
4.45
8.28
2.40
3.75
6.78
2.47
7.24
3.96
8.02
4.91
5.91
10.48
7.93
5.26
2.40
5.13
6.03
7.45

ORGANIC P

mg/Kg
133.65
107.52
132.67
93.65
66.73
115.52
94.87
53.47

14.3
12.3
13.4
13.3
12.4
121
14.3
135
12.8
13.6
16.3
14.6
12.7
13.3
15.3
12.6
121
12.5
145
15.2
12.4
14.3
12.6
12.4
12.7
12.4
14.4
14.3
14.6
12.4
14.4
12.7
14.4
14.8



23
17
20
22
34
33
24
35
27
21
24
30
22
35
20
19
23
18
33
34
17
21
19
33
21
22
32
35
29
33
34
17
22
21
19
33
23
31
29
36
25
22
22
18
22
28

28
52
30
27
42
50
25
41
32
30
38
35
32
49
35
30
29
26
40
38
24
31
52
50
37
37
45
48
36
40
39
30
33
50
29
39
48
42
32
50
29
49
26
23
52
39

49
31
50
o1
24
17
o1
24
41
49
38
35
46
16
45
o1
48
56
27
28
59
48
29
17
42
41
23
17
<5
27
27
53
45
29
52
28
29
27
<8
14
46
29
52
59
26
33
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1.17

1.12

1.15

1.22

1.12

1.13

1.21

1.24

1.10

1.13

1.20

1.20

1.16

162.34
113.87
58.92
57.82
91.43
112.03
72.23
69.58
107.95
63.21
59.61
122.47
65.18
110.38
127.42
65.31
72.67
53.27
152.13
58.51
75.43
87.67
119.54
121.53
73.14
69.34
87.51
122.34
52.73
127.24
113.21
137.43
83.43
95.32
87.32
114.52
58.24
63.72
106.78
86.31
60.25
124.16
67.82
61.25
113.31
87.20



24
32
25
22
34
20
22
33
24
21
37
20
32
33
32
29
35
19
32
30
33
34
23
21
20
21
22
29
23
19
36
20
23
31
22
29
21
24
24
30
28
34
29
22
15
17

26
41
33
53
48
48
51
38
24
49
47
28
34
50
48
35
38
27
40
34
40
39
47
29
35
34
49
33
37
52
38
51
29
34
50
31
53
49
28
33
32
48
34
25
54
50

50
27
42
25
18
32
27
29
52
30
16
52
34
17
20
36
27
54
28
36
27
27
30
50
45
45
29
38
40
29
26
29
48
35
28
40
26
27
48
37
40
18
37
53
31
33

164

1.26

1.23

1.12

1.17

1.16

1.21

1.28

1.17

1.27

1.15

1.10

1.24

56.78
119.83
71.32
94.12
94.21
49.42
82.75
116.51
75.49
107.14
93.25
63.57
93.54
131.88
98.84
49.54
105.26
78.13
102.32
103.54
48.82
105.53
83.51
119.42
68.11
52.17
74.29
83.67
65.37
87.89
123.54
114.45
84.22
96.70
107.64
118.43
49.57
76.13
81.45
43.54
169.13
112.42
73.15
91.42
96.87
97.88



22
33
21
19
21
19
22
29
33
30
35
36
22
21
19
20
31
22
22
21
24
22
21
33
31
23
29
19
20
31
31
24
18
35
23
24
28
19
31
24
20
22
21
31
32
33

30
50
24
49
25
26
28
34
40
33
47
48
29
32
30
31
35
35
52
35
50
36
35
35
36
49
33
51
31
42
42
31
48
45
36
27
38
32
35
48
30
34
33
45
50
37

48
17
55
32
54
55
50
37
27
37
18
16
49
47
51
49
34
43
26
44
26
42
44
32
33
28
38
30
49
27
27
45
34
20
41
49
34
49
34
28
50
44
46
24
18
30
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1.09

1.13

1.07

1.19

1.15

1.26

1.18

1.19

1.20

1.10

1.15

98.41
87.14
74.54
65.31
62.26
58.61
117.32
142.78
93.42
136.32
113.27
55.12
78.36
145.21
82.75
48.71
69.56
125.24
105.36
58.73
51.36
127.34
155.21
57.28
84.32
45.28
154.23
142.21
62.32
107.68
104.87
129.78
46.24
111.32
69.58
97.82
81.29
132.37
67.84
107.76
49.31
104.21
162.13
79.18
94.87
83.59



OLSEN_P

mg/Kg
8.15
10.26
5.23
8.76
7.68
6.72
10.75
8.68
6.86
9.24
7.14
8.94
6.64
7.65
6.19
7.38
11.18
8.47
7.84
6.72
9.46
9.76
7.38

22
22
23
34
21

INORGANIC_P

27
46
28
37
29

51
32
49
29
50

69.72
102.31
78.21
51.43
48.18

(2018 aled gl gl 4 A ciliad dpilanl) Jllasl) 45 Jgaa

mg/Kg
258.67
298.67
216.57
281.53
281.75
209.57
317.74
272.74
203.85
294.35
263.27
291.34
237.42
251.38
223.61
244.84
321.83
227.51
287.26
238.62
298.28
302.25
268.64

ORGANIC_P

mg/Kg
78.54
68.29
91.85
91.26
58.69
55.34
93.54
71.56
81.65
78.42
87.23
75.38
103.56
54.18
58.92
63.13
137.42
131.45
74.29
68.34
126.34
85.56
65.28
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Y

34.739720
34.721530
34.724381
34.689180
34.674137
34.741729
34.690538
34.706763
34.741280
34.758283
34.780801
34.761510
34.766796
34.732570
34.803990
34.768308
34.750433
34.701325
34.748330
34.803625
34.737150
34.709337
34.773400

X

35.966230
35.976270
36.077455
35.971041
35.990762
36.114173
36.032995
36.038144
36.084100
35.999954
36.027482
36.007750
36.037188
36.001870
36.077876
36.094245
35.985319
36.013256
36.010460
36.089151
35.978810
36.069846
36.119230



