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Determination of Soil Fertility Management Zones in Honam Sub-Basin for
Wheat Production Using Geostatistical Methods, Principal Component
Analysis & Fuzzy Clustering (Lorestan Province)

Hamed Rezaei'", Farhad Moshiri?, Mohammad Reza Balali®, Kambiz Bazargan?, Leila
Esmaeelnejad®, Sina Mallah®

(Received: September, 2021 Accepted: December, 2021)

Abstract

Recognition of soil fertility status, it is possible to identify areas with the problem of deficiency or
toxicity of soil nutrients & is effective in selecting homogeneous management units. This study tries to
determine the soil fertility management zones in the Honam sub-basin. 164 surface soil samples were
selected & soil physical & chemical properties were measured. After statistical analysis, the spatial
distribution of each property was investigated via geostatistical techniques. Using the principal
component test, important soil properties that have the greatest impact on soil fertility were extracted &
finally, soil fertility management zones were determined using Fuzz method. Two fertility management
zones were identified in the region that the rates of TNV, available K, Fe, Mg, & Zn were significantly
different in these two zones. The concentration of Zn in zone one & two is in the medium & low,
respectively. Available Mn in zone two was low & it is necessary to fertilize it. Soil organic carbon in
both areas is far from its optimum amount, which limits soil production capacity. Due to the medium to
heavy texture of the soils of the region, the importance of increasing OC to improve soil fertility becomes
more apparent.
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Figure 1. Location of 164 sampling points & Honam sub-basin in Lorestan Province
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unit mean median  SD CV (%) variance skewness kurtosis  min max
pH - 7.6 7.6 0.14 1.84 0.02 -1.1 4.19 6.94 798
EC dS.m? 074 0.66 0.29 39.86 0.087 2.45 8.45 036 231
CaCOs o 26.54 28 8.65 32.57 74.78 -0.65 1.44 0.26 52.1
ocC 0 1.55 14 0.65 41.93 0.424 1.38 2.04 0.5 3.8
Available P 10.95 8.2 8.62 78.72 74.38 1.75 2.98 0.6 43.8
Available K 368.8 341 1.29 35 1.68 1.97 7.96 123 1124
Available Fe ma.ka- 9.99 9.7 4,57 45,74 20.89 0.376 -0.199 2.1 23.1
Available Mg 9-Kg 13.36 11.9 6.68 76.19 44.65 0.875 0.423 3.1 35.2
Available Zn 0.634 0.56 0.29 45,58 0.084 1.44 2.54 0.28 1.9
Available Cu 1.72 1.7 0.33 19.18 0.112 -0.033 0.365 0.9 2.7
S& 10.77 10 4,78 44.38 22.9 0.838 1.2 2 30
Silt % 46.05 46 5.61 12.18 31.48 0.059 -0.064 32 62
Clay 43.17 43 5.48 13.52 34.12 -0.156 -0.021 28 61

SD: St&ard Deviation, CV: Coefficient of Variations
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Table 2. Pearson correlation coefficients between different soil properties

pH EC TNV  OC P K Fe Mn Zn Cu S& silt  clay
pH 1
EC -0.295" 1
TNV  0.049" -0.048 1
OC -0.090" 0.465 -0.103 1
P -0.176  0.327 0.025 0.485" 1
-0.125 0.333 -0.430 0.423" 0.298 1
Fe  -0.041 -0.004" -0.370" 0.267 0.037 0.112 1
Mn  -0.117° 0.068 -0.235" 0.160 0.194 0.450 0.516 1
Zn  0.001" 0.290" -0.185" 0.612" 0.434 0.211 0236 0.224 1
Cu -0.024" 0.058 -0.379 0.146" -0.117 0.105 0.706 0.286 0.142 1
s& -0.005 0.074 0.174 0.135 0.315 -0.107 -0.017" 0.136" 0.231" -0.276" 1
silt 0.049 -0.044 0.336 -0.256 -0.068 -0.035 -0.417 -0.008 -0.271 -0.400 -0.377 1
clay -0.043 -0.019 -0.465" 0.142" -0.162" 0.109" 0.391 -0.088 0.086 0.557" -0.457 -0.651 1
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Table 3. Variogram models fitted to soil properties
Soil Nugget

Range

. unit model Sill DSD SDC R? RSS

properties effect (m)

pH - Exp. 003 0099 0307 moderate 2750  0.919 2.32x10*
EC ds.m?  Gau. 0.17 22 0077  strong 7400 0922  6.1x10°
CaCOs , Exp. 0.1 0234 0428 moderate 7011  0.97  2.55x10*
oc ' Exp. 0.07 021 0498 moderate 3650 09  1.2x103
Available P Gau. 0.64 0.91 0.71 moderate 7850 0.92 9.92x107
Available K Exp. 001 0037 0241  strong 2400 088 4.32x10°
@g’a"ab'e Exp. 0.12 021 056 moderate 5400 0916  5.6x10%
Q‘aa"ab'e mg.kg!  Exp. 8.1 186 043 moderate 1650  0.85 3.27x10%
'Z“Xa"ab'e Gau. 0305 0485 0629 moderate 6280  0.98  4.35x10°3
é;’a"ab'e Gau. 0.18 025 068 moderate 4850 0.7  2.32x10°
Sand Exp. 0.705 0.6 0.125 strong 9400 0.85 3.34x10°
silt % Exp. 007 0285 0249  strong 2800 0938 1.34x10°
Clay Exp. 0.03 0.142 0.211 strong 1700 0.95 2.35x10*

(SDC),: S Kiwly a>,0, DSD: Dependency Class Degree ((..,5), Gau: Gausian (L) Exp: Exponential
), Nugget osile 3L Sla e g50xs), RSS: Residual Sum of Square (| JiKs Sely o)) Spatial Dependency Class
b als, RaNge: ol asks SIEffect:
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Figure 2. Half-shift models fitted to different soil properties
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Table 4 . Results of Kaizer-Meyer-Ulkin & Bartlett tests

Kaiser-Meyer-Olkin Measure of sampling adequancy 0.729
Chi-square 1315.2
Bartlett tests degree of freedom 194
significance 0.000
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Figure 3. Scree plot of main components & eigenvalues
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Table 5. Eigenvalue values, variance & cumulative percentage of variance in each component

(primary Eigen value)

Components _ i
Eigen Value From variance (%) Percentage cumulative
1 4.302 30.73 30.73
2 2.58 18.42 49.155
3 1.456 10.39 59.552
4 1.151 8.22 67.773
5 1.126 8.045 75.718
6 0.926 6.617 82.435
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Table 6. Loading coefficient of selected properties in the components

Principal components

Characteristics PC1 PC2 PC3 PC4 PC5
(0.241)" (0.31) (0.413) (0.467) (0.472)

Available K 0.777 - 0.514 0.471 -

Available Zn 0.771 - - - -

Available Fe 0.669 - - - 0.481

Available Cu 0.701 - - - -

Available Mn 0.712 - - - -

CaCo3 - 0.65 - - -

Sand - 0.334 - - -

Silt - - 0.487 - -
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Figure 4. Map of spatial distribution of available Mg (a) & Zn (b) on topsoil
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Figure 6 . Map of spatial distribution of available Cu (a) & TNV (b) on topsoil
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Table 7. Accuracy criteria of the kriged maps of the studied soil properties
variable NRMSE R? MBE G (%)
Kava 11.2 0.85 0.12 0.823
Féava 135 0.81 0.24 0.736
Mnava 13.2 0.79 0.21 0.698
ZNava 12.6 0.91 0.14 0.553
CUava 10.7 0.92 0.16 0.611
CaCO; 13.4 0.89 0.13 0.812
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Table 7. Analysis of variance & comparison of average soil properties in designated management zones in
Honam sub-basin

OC CaCOz; Sand Clay Silt K P Fe Mn Zn Cu pH EC
zone % mg.kg ds.m
1.62 21.62 1192 4328 4498 43352 9.8 11.6% 17.7% 0.79% 15?2 7.6¢ 0.8
1.52 26.52 10.82 4252  44.7° 34560 1.12  9.0° 6.9° 0.49> 1.72 722 0.8

el alisee sla gy o S (Shs o (5 loline pac b (g lolins oaimoylis ¢ Kile Jlade ;o YL ool &l g >

5 pobie Jolowsl slopuslinS” J50i5 o Ol S 0
i sloal Ko By 5l sbge ST 4 By
Sl Sl b iz wlyin S 3 sl
Ao mals ) S jaus eolaiwl ol 5 suls S
P Sande aolg0 s 0 SB Al (S0l lade
Ol o oyle 18 (s, AYA-V0) lawgio B oS oogase
5 4 55 By s paiS oS fly Jlas] 2l
B 5l oS U (o5 yaud odgame 5lp) aojo YO-0-

el (Jawgio yaud 059050 (5ly) as o

YA

95 5 3550 2] pliy (Joles el Sl S ol
Ayl (g lolne Dglas o b oads lax o0y b g0 o
Ayl loboe gl ddlaie 9o 0 S slo Shg anis g
5 Jolis ol Sl olie & 5 b A D)
i ad o 4l g0 0 el cpl Golas (g lolias
Slp 2l polie eal 3 s BB b )
I S b rlS Sl el il 4zl oS
g1 shie S oolitl LB s 5 550 (2] sl 5
5 ol S slaply adyi b S5 eSSl S 352



e S G Jols o e slaasly s

Spilol> o pae (o>lg
[ e 00 4t
- 99 (R p e 4l

$39LaS l

pLld 0392 35 (55,9l s (5,1,5 10 s Jolo Cu o (>l

pL® 0392 315 (53,98 (532,15 10 s ol o o (2lei A S
Figure 8. Fertility management zones in agricultural 1& uses in Honam sub-basin

JESe e pSehS Yoo e Sew b oSl
obj smpae 4l g0 o 0 S oolatwl LB el
obed (Cuils walsts  Srwly 955 ili8l 4y oL g 00y
S i a pnliy 055 Bran 4 g5ls b g0 2
aily (IS S solanul LB ool i 5l slis adlate
Siolidl s cpl o asls 3 ol el sogase 4o g
G paiS 5 Shas b8l 15 6,80 (S5 a4 yal 0eS
BB ol Jlade andl el salgss o Slee Jomily
9059 (5 o gxe Dglas glyls Al g0 o S colarul
3,08 6yt ol S asl

S loloe WS o8 b (L e (2195 0 59, e Xks
Laugio 00guzme ;0 Cud Sy 90 g SO Al o g alils
o e b el 5L cils J13 (/YO 10) o5 9 (+/0-))
oolaiwl b 3350 05h (55, S90S 28, 4y pladl Celio
O 885 & o Sl (55,00 5 951 05 099 09 0 S
5o oslaiwl BB o ks jlaie 3ged plaBl 20555 4
PRS00 p)S e 10 51 VL (S pae aml g0 2
Ll 180k e Jlaie oMS jo cplply g ails 1,3
5 o0 oualie s sol> slasyS bl 4 o5l
a5 590 30,0 VD b 9o o 0 S T S Sl
Mirzashahi &) oo, aw m o] ang lode L
(emrdy ez Ll soby alols (Bazargan, 2015
b gwyp 25 o0 3gamme |; SL wlgs (g oo
2 J oS 25 s il Gl s as el sols oyl

ya

TSR IWCIRV-PRP P SCONYA (e R VRV UE F
05 i SIS IYY (oS5 13 0.5 Lo 0 5 5a) o
)Lxﬁ.a 6‘)|\> M)Q v 9 (f’)fﬁl‘s o r’;&.\.ﬁ &—\~)
g0 4l o polie ol aiwe Sl o 5l s jaus
Solay yand ke a5l ead e o poe a4l
6osS 3l solarwl wiojls Al 90 12 5 wi,lad (5 lolixe
2 8l hd Sl s (Y Jgoz) siis (5 ke
q ).A.M,.B g‘;?u > a0 Iadwf u.c‘)) ) sl ugLa.w al..:.f
Moshiri et al., ) cwl ool psd p,55LS 0 6,5 Lo
Sl as S @ pladl 1 LS cl (6,90 130 (2014
Sleladl pioran 0gd i HlaS 0,50 oL (gl polic
Syge b 58 i bty Je R Shnse
Jodhgiws - ulul - 0pS I g
«(Moshiri et al., 2014)p0s8 4355 § S (s fol>
JB s g ail ae 65,850 by &S Sige 0
@355 Gras g pSlS n eSS e 10 5l S Ol
buge 8L b ol o il g 06l b,
a8 i BB i 0,5 oo 2 52 sl 4 (o)
S LS > (0 5 ,LSe ;0 0,555 V0 lade ¢ 598 0>
9 25 08 Jr s Slawdngn LS j0 0 Sl V- 8L
hila (55,05 0S (he) 5o Sedes KL, LS
2 SE eSS 50 08 ko V0 5l S 0 S (e 52
255 SR 43 o TS T e baugito 3l b slacSs

e



VY 5l o o)lad Y ol

S 505,85 Sladss

Jlosl onlply Wiogy 59, 5 355 ool wormly (Jolas
ol abp 4 axg b 35 Bras Zupie oty
(Moshiri et al., 2014) oL5 4,455 3 Sl 555 fol>
Aol i pasS o Slas Gl o Wil oo 4l 2 50
2 8k 9 SbocedsS ol glaaddie 5l (S
Esbs0 ool S Il osle oo oS (605 Lol>
P i bSE 5, Cdb 4 arg L ple aihis o
Pdee S 6 pide Sl el )l Cooal
oolitl ol 5 (ST T osle o ilEl b paizmen
SE Gt dol g ond 0398 5 Brae (S olie
ol S T sole o pae gy 13 il e Lial3il

JOMPRAINRITN

Sl 5wl
S ke S92 50 Copndy (oot b | s s
o )lods b "(a5)5) plip 0jo> 5 50 ol g ST (5,10 0
Slidios dacwe + VFA-Y o) oY Y-KAY ) Cgas
Gl sy g Ohjgel wDlindos lojle ol 5 S
dawio ;o LKes aen I alwgepas 1Al
S8 o) il e alie 5 (63,5188 i

D s

VAP 5SSl bty pasS il o Slee S S okS
O Gome b iz oo i3 LS o 0 S olS
5 Sracy @lé polie 5l azg JB ke (JT olge
S5 ol Jolato 43855 a4y g ol 331 S5 40 U8 paoeS
Sl jo e oSl 5l S 1A S e ol
oIl Sln syt p cihaie pl LS (> ol
b Liwgie il 4 azgi b eizman ool S JT )8
2 I oS Gl ceeal wibie glaSs o 5,
Sl cnddshl 5 (b Sundy Senn b,
chle b S Jn s aal) cwl pilbolin] adlas
ol L s Ooled g o g g cude olde olie
ey 5 Byan o5 yolic soliul colli (S T S

bee Gl labi>Me BB (e &

Gaa b adlhs cpl pas8 Jaase Coenl 4 axg L
L el 03905 ol hnse 2l alolid
lode‘ 6B guualg> g u;l"‘" sleddlie Jud=o 5l eolarul
)aLL uls.a 0)45 w).h.\.c su_:‘)...uu w],p ‘_gl.».».c B W
Slp oSy e (6955 bdog 4 axgi g olid
o bl adhaie (o s Jaame ol (il
oo Al g0 bl 5 Wilgh oo 0dll yukd S i
peedS LS ol jo lobe Oglas (glyls ol s



e S g Jols Co e ooy s

Referrence

Ayoubi Sh., Khormali F. 2008. Spatial variability of nutrients available in topsoil using principal
component analysis & geostatistical technique (Case study in Apipoli region, &hra Pradesh, India).
Agricultural Science & Technology & Natural Resources, 12 (46): 609-620

Bartlett M. S. 1954. A note on the multiplying factors for various Chi-square approximations. Journal
of the Royal Statistical Society.16: 296-298.

Beck C., Grieser J., Kottek M., Rubel F., Rudolf B. 2006. Characterizing global climate change by
means of Koppen climate classification. DWD, Klimastatusbericht 2005:139-149

Behera SK., Shukla AK. 2015. Spatial distribution of surface soil acidity, electrical conductivity, soil
organic carbon content & exchangeable potassium, calcium & magnesium in some cropped acid soils
of India. L& Degradation & Development 26:71-79.

Behera S.K, Ravi K, Mathura R.K. 2018. Spatial variability of soil properties & delineation of soil
management zones of oil palm plantations grown in a hot & humid tropical region of southern India.
Catena, 165:251-2509.

Black C. A., Evans D. D., Dinauer R. C. 1965. Methods of Soil Analysis. American Society of
Agronomy, Madison, WI, pp. 653-708.

CambardellaC. A., T. B. Moorman J. M. Novak T. B., Parkin D. L. Karlen R. F. Turco & A. E. Konopka.
1994. Field-scale variability of soil properties in central lowa soils. Soil Science Society of America
Journal.58:1501- 1511.

Davatgar N. Neishabouri MR., Sepaskhah AR .2012. Delineation of site specific nutrient management
zones for a paddy cultivated area based on soil fertility using fuzzy clustering. Geoderma 173-
174:111-118.

Delgardo A., Gomez JA. 2016. The Soil Physical, Chemical and Biological Properties. FJ Villalobos, E
Fereres (Eds.), Principles of Agronomy for Sustainable Agriculture. © Springer International
Publishing.

Denton O.A., Aduramigba-Modupe V.O., Ojo A.O., Adeoyolanu O.D., Are K.S., Adelana A.O.,
Oyedele A.O., Adetayo A.O., Oke A.O. 2017. Assessment of spatial variability & mapping of soil
properties for sustainable agricultural production using geographic information system techniques
(GIS). Cogent Food & Agriculture 3:1279366.

FAO. 1994. Evaluation & farming systems analysis for 1& use planning. FAO working document. FAO.
Rome. 160 p.

Gee G.W. Bauder J.W., 1986. Particle-Size Analysis. In: Klute, A., Ed., Methods of Soil Analysis, Part
1. Physical and Mineralogical Methods, Agronomy Monograph No. 9, 2" Edition, American Society
of Agronomy/Soil Science Society of America, Madison, WI, 383-411.

Goovarets P. 1997. Geostatistics for Natural Resources Evaluation. Oxford Univ. Press, UK.

Hair J. F., Black B., Babin B., &erson R. E. & Tatham R. L. 2006. Multivariate data analysis (6" ed.).
New Jersy: Prentice Hall.

Kaiser H. 1974. An index of factorial simplicity. Psychometrika, 39: 31-36.

Malakouti M.J., Tehrani M.M. 2005. The role of micronutrients in increasing the yield of agricultural
products, micro elements with macro effect. Tarbiat Modares University Press, Tehran, Iran. (In Persian)

McLean E. 1982. Soil pH and lime requirement. Methods of Soil Analysis- Part2. Chemical &
Microbiological properties. Agronomy Monograph, 9.2, pp. 199-224.

Minasny B. McBratney AB. 2006. A conditioned Latin hypercube method for sampling in the presence
of ancillary information. Computers & Geoscience 32(9):1378-1388.

Mirzashahi K. & Bazargan K. 2015. Soil Organic Matter Management. Technical Journal, No. 535, Soil
& Water Research Institute, 19 p. (In Persian)

Mohammad Zamani S., Ayoubi Sh., Khormali F. 2007. Spatial variation of soil properties & wheat yield
in a part of Sorkhankalateh arable 1&s, Golestan province. Journal of Soil & Water Sciences. 11 (40):
79-92.

Mohammadi J. 2006. Geostatistics, vol: 2. Pelk publication, 453 pages. (In Persian)

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

Shahabi A., Keshavarz P., Asadi H., Samavat S., and Tehrani M. 2014. Guidelines for integrated soil
fertility & plant nutrition management of wheat. Soil & water research institute. (In Persian)

)



VEY 50l F ojled Y ul> S oo p,8 wlides

Nawar S., Corstanje R., Halcro G., Mulla D., Mouazen A.M., 2017. Delineation of soil management
zones for variable-rate fertilization: A review. Advances in Agronomy 143:175-245.

Olsen SR, Cole CV, Watanable FS, et al. 1954. Estimation of available phosphorous in soils by
extraction with sodium bicarbonate. In: Circular of United States Department of Agriculture No. 939.

Ovalles F.A., Collins M. E. 1988. Variability of northwest Florida soils by principal component analysis.
Soil Science Society of America Journal, 52(5), 1430-1435.

Pallant, J. 2005. SPSS survival manual: a step by step guide to data analysis using spss. Buckingham:
allen and unwin

Peralta NR, Costa JL. 2013. Delineation of management zones with soil apparent electrical conductivity
to improve nutrient management. Computers & Electronics in Agriculture 99:218-226.

Schoning 1., Totsche K.V., Kogel-Knabner 1. 2006. Small Scale spatial variability of organic carbon
stocks in litter & solum of a forested luvisol. Geoderma, 136: 631-642.

Seyedmohammadi J., Sarmadian F., Jafarzadeh A.A., Ghorbani M.A., Shahbazi F. 2018. Application of
SAW, TOPSIS & fuzzy TOPSIS models in cultivation priority planning for maize, rapeseed &
soybean crops. Geoderma 310:178-190.

Shukla A.K, Sinha N.K, Tiwari P.K, Prakash C., Behera S.K., Lenka N.K., Singh V.K., Dwivedi B.S.,
Majumdar K., Kumar A., Srivastava P.C. 2017. Spatial distribution & management zones for sulfur
& micronutrients in Shiwalik Himalayan region of India. L& Degradation & Development, 28:959-969.

Singh A. K., R. Tripathy, U. K. Chopra. 2008. Evaluation of CERES-Wheat & Crop Syst models for
water management, 95:776-786.

Tesfahunegn GB, Tamene L, Vlek PLG. 2011. Catchment-scale spatial variability of soil properties &
implications on site-specific soil management in northern Ethiopia. Soil & Tillage Research,
117:124-139.

Tripathi R., Nayak A.K., Shahid M., Lal B., Gautam P., Raja R, Mohanty S., Kumar A., Panda B.B.,
Sahoo R.N. 2015. Delineation of soil management zones for a rice cultivated area in eastern India
using fuzzy clustering. Catena, 133:128-136.

Walkley AJ, Black 1A. 1934. An examination of the Degtjareff method for determining soil organic
matter & a proposed modification of the chromic acid titration method. Soil Science 37:29-38.

Wani MA, Shaista N, Wani ZM. 2016. Spatial Variability of Some Chemical & Physical Soil Properties
in B&ipora District of Lesser Himalayas. Journal of Indian Society Remote Sensing, 45(4):611-620.

Weindorf DC, Zhu Y. 2010. Spatial variability of soil properties at Capulin Volcano, New Mexico,
USA: Implications for sampling strategy. Pedosphere, 20(2):185-197.

Wilding LP, Bouma J, Goss DW. 1994. Impact of spatial variability on interpretive modeling. In:
Bryant, R.B., Arnold, R.W. (Eds.), Quantitative modeling of soil forming processes. SSSA Spec.
Publ. 39. ASA, CSSA, & SSSA, Madison, WI, USA, pp. 61-75.

Yy



