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Introduction

The type of management operations and land use systems are the key parameters affecting the soil quality
and sustainable land use. The exploitation systems by efficient use of soil and water recourse can decrease
productions costs and increase the yield as well as conserve the natural resources. However, farmers and
stakeholders need to be aware that through their management practices, they affect soil quality and, with the
short-term goal of production and greater profitability, lead to soil degradation. They can both use the land
economically and improve and maintain soil quality by balancing production inputs and refining their
management approaches. There are different management systems of productivity in agricultural lands in
Neyshabour plain in northeastern Iran. In addition to the water and soil limitations in the study area, the
prevalence of the smallholder system and the unwillingness of farmers to integrate smallholder, has further
increased the destruction of soils in the study area. The objective of this study was to assess the changes in soil
quality index in surface soil and profile (0-100 cm) and calculate the correlation between soil quality index and
alfalfa and rapeseed yield in rangeland and agricultural areas managed by smallholders, total owners, and
Binalood Company in the study area.

Materials and Methods

A total of 21 soil profiles were described in the total owner, smallholder and Binalood company
management system and sampled from the alfalfa and rapeseed lands. Questionnaires were prepared with the
help of farmers and experts in the study area based on Analytic Hierarchical analysis (AHP) method. The
physical and chemical characteristics of the soil samples were determined. The important soil characteristics
affecting plant growth were determined by interviewing farmers and experts study area. Soil quality index in the
minimum data set (MDS) was calculated by two methods of principal component analysis (PCA) and expert
opinion (EO), by additive and weighted methods in surface soil and profile. To achieve a single value for each
soil properties in the soil profile, two methods of weighted mean and weighted factor were used. To evaluate the
accuracy of the assessment, the correlation between soil quality index and alfalfa and rapeseed yield was
investigated of the various management system.

Result and Discussion
The results showed that the highest additive and weighted soil quality index at both surface and soil profile in
both PCA and EO methods were in rangeland. It was due to lack of cultivation and maintaining organic matter
comparing to agricultural land. The total owner management system due to its economic power and the use of
appropriate and scientific methods comparing to smallholder management system, showed the highest additive
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and weighted soil quality index. In all management system, the EO-calculated weight index by weighted factor
method had the highest value due to assigning the suitable weight for soil characteristics. The correlation
analyses soil quality indices with canola and alfalfa indicated that the EO soil quality calculated by weighted
factor for the soil profile were more correlated than surface soil in total owner system and the Binalood
company. Weight coefficient method due to the application of different weights to each layer based on their
importance, showed a higher soil quality index in both EO and PCA sets than the weighted average method. The
reason for better EO performance probably is that the PCA is a reducing the dimensions, meanwhile, the
minimum data selection in the EO method is based on regional experts which are familiar with cause-and-effect
relationship of the soil properties. Due to the relatively good correlation of the yield of the studied products, with
the soil quality index, an appropriate management needs to maintain and improve soil quality, especially in the
smallholder system, as well as meeting the nutritional needs of these products.

Conclusion

Soil quality assessment in this study indicated that calculation of the soil quality index only considering the
surface soil properties may not provide complete information for the farmers and land managers. Then inclusion
of both surface and profile soil properties with farmers' knowledge and study area experts are essential for
sustainable soil management. On the other hand, the differences in the management system also affected the soil
quality index. Although the smallholder management system due to low input, especially chemical fertilizers,
water and agricultural implements, had a high potential concerning environmental issues, but in terms of
production, total owner and Binalood company management systems because of their high economic strength
had the higher soil quality index. The farmers and stakeholders of the total owner management systems should
be considered despite the proper management, however due to high inputs of fertilizer and water, especially in
the Binalood company, the production may not be sustainable. Therefore, for further studies, calculating the
water consumption in the desired management systems is recommended.

Keywords: Crop yield, Expert opinion, Management system, Principal component analysis, Soil quality
index
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Table 1- Descriptive statistics of the soil properties in the study area

SB b Sis daw ESB
Soil properties Surface Soil profile
USJLA o Bl Aeld Oyl o > USJL.A o Bl 63940 Olyo® o b
Mean  Std.dev Range CV (%) Mean  Std.dev Range CV (%)
o 4.2 5.1-13 53 8.1 5.3 8.2-13.60 37
Na (meq/l)
S eolsn eudss
Sl el 4.2 6.4 3-9.28 69 4.4 11 33-76 24
EC(dS/m)
IS oo 31 5 20-40 50 23 3 10-35 8
N (mg/kg)
it JI6 piud 9 55 3-15 51 6 2.17 2-105 27
P (mg/kg)
Sl JE el g 550 70-280 56 70 533 50-225 34
K (mg/kg)
e 2270 73 11-38 58 2184 580 13-38 26
Silt (%)
o 68 7.9 50-82 67 58.15  11.75 34-78 20
Sand (%)
o 9.5 6.4 2-25 53 18.96 9.4 7-45 44
Clay (%)
o o 0.30 5.1 0.30-0.37 58 0.18 4.8 0.18 0.28 31
OC (%)
Plas S Sl 06 2.50 12-22 14 15.87 23 13-21 14
CCE (%)
e e Sl Sl 170  0.2-5.40 51 2.82 165  1.15-6.20 42
SAR
el 7.80 0.12 7.50 - 8 9 7.7 0.36 6.7-8.4 4

pH
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Table 2- Mean values properties of the representative soil profiles in different management systems

hw fSrls
Surface Soil profile
Jan ol P10 P13 P12 P2 P10 P13 P12 P2
Soil profile No.
. ! o oyl
e dlabo iy o) Soos s S otac Wl 2l )y Sood > S otas s3llin
Management Binalood =
Range land Smallholder total owner Range land Stallholder total owner Binalood
system company Inaloo
company
o2k 11 5.65 54 6.1 7.6 6.40 54 6
Na (meq /1)
S b Al 9.3 4.55 41 3.6 4.7 43 4.13 33
EC (dS/ m)
055 13 21 28 36 13 16 20 30
N (mg/ kg)
- 2 4 12 10 5 6 7 8
P (mg/ kg)
- 63 66 215 230 60 67 180 178
K (mg/ kg)
S 10 8 13 18 12 12 10 12
Silt (%)
o 30 34 40 68 40 38 44 53
Sand (%)
o 60 58 47 14 48 50 46 35
Clay (%)
o of 0.37 0.30 0.36 0.36 0.28 0.18 0.20 0.20
OC (%)
Jolee S S8 21.25 18.5 16.8 15 16.30 155 14.30 16.40
CCE (%)
s 5.45 1.8 1.65 0.9 0.5 0.30 0.20 0.2
SAR
pH 8 7.9 7.7 7.7 7.7 7.65 7.75 7.7

S obesl ealy JBlas lgiedy s 0359 Jlp 08,5 sl
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Table 3- Results of four principal component analysis of the surface soil properties affecting soil quality

Jolalge g allie g alie o)l adlie

Principal components

PC1 PC2 PC3 PC4

ks B 4.067 2.756 1.587 1.222
Eigen value

o=y 33.88 22.96 13.22 10.18
% Variance
.

w2 o)l 33.88 56.85 70.07 80.26

% Cumulative variance
Factor loadings (Rotated component matrix)

o2

? 0.607  -0.689 0.185 0.192
Na (meg/L)
S el Sl 0878  -0.388 -0.104 0.063
EC (dS/ m)
b 01779 0.131 0571 -0.056
Silt (%)
o -0.870  -0.251 -0.005 0.363
Sand (%)
i 0.216 0.189 0.782 -0.456
Clay (%) =
039 0.050 0.762 0.100 0.354
N(mg/ kg)
reb 0.619 0.125 0.197 -0.399
K (mg/ kg)
P 0452 0567 0.398 0.116
P (mg /kg)
o oske 0414 0769 0.106 0.070
OC (%) =
Pl S S 0.779 0.250 0.137 0.208
CCE (%)
ke (o ol Cod 0209  -0.623 0.603 0.316
SAR
pH 0.505 0.235 0.120 0.627

Slors Gl MDS lgieds ol o 0aptS s bl 45 a8 (5555 dlael
Underlined bold values were selected for MDS.

Jol alge Jlear sl 039 e b (2 Balie g1y (Shumod ol pd (o le -F Jgaa
Table 4- Correlations matrix (Pearson) for the highly weighted variables under the first four component

Parameter EC Sand Clay N pH oC
EC 1
Sand -0.56x 1
Clay -0.02 -0.45" 1
N 0.31 -0.62" 0.32 1
pH 0.20 -0.28 0.08 0.15 1
oC 0.10 -0.51" 0.24 0.64 0.39 1

e o LS |y doyd SO Jlein] pdaw ) (S alaly 39y I3 Gixe ¥
« Correlation is significant at the 0.01 probability level.
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Table 5- Results of five principal component analysis of the soil profile properties (weight factor) affecting soil quality

Jolallae  egdadlie  pgw dllie  o,lka Alie o2y allde

Principal components PC1 PC2 PC3 PC4 PC5
ek o 3.66 2.29 177 1.23 113
Eigen value
L,
0 “‘”L‘.‘” 30.55 19.100 14.79 10.24 9.43
Y% Variance
o oy 3055 4965 64.43 74.69 84.12
%Cumulative variance
Factor loadings (Rotated component matrix)
o 0.830 0.201 -0.296 0.256 -0.180
Na (meg/ )
Sl colie el
0.555 0.492 -0. . .
EC (dS /m) 392 0.037 0.254
o
j 0.8 -0.121 162 -0.22 -0.
Silt (%) 08 0 0.16 0.226 0.053
o8
-0.656 : -0. . -0.
Sand (%) 0.680 0.135 0.081 0.096
(59
0.239 -0.842 -0.022 0.044 1
Clay (%) - 0.133
0I5
0.444 0.344 0.555 0.2 -
N(mg/ kg) 86 0399
o
: 0.626 A1 2 -0.4 -0.
K (mg /kg) 0.110 0.205 0.485 0.464
s
-0.344 0.684 0.1 . .
P (mg/ ko) 27 0.132 0.497
IR
124 22 . -0. -0.
oC (%) 0 0.225 0.892 0.107 0.208
Jolbeo s S
0.546 0.148 0.259 . .
CCE (%) 0.285 0.427
e (aw e Cund ) )
SAR 0.688 0.220 0.448 0.293 0.236
pH -0.121 -0.381 0.243 0.768 0.318

Sloas Ol MDS lgicas ol o 008 b bl ;48 (S5, dlael
Bold face factor loadings were considered highly weighted and underlined were retained in MDS.
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Table 6- Correlation matrix for the highly weighted variables under the first 5 components

Parameter Na Silt Clay K P oC pH

Na 1

Silt 0.60%x 1
Clay 0.03 0.18 1

K 0.23 0.61* 0.08 1

P -0.21 -0.30 -0.47* 0.05 1
ocC -0.08 0.20 -0.13 0.17 0.10 1
pH -0.09 -0.07 0.29 -0.25 0.11 -0.08 1

W go i |y doyd SO Jlein] pdas ) (S abaly 09y I3 pxe ¥
=Correlation is significant at the 0.01 probability level.

ol Al oz s1p S CubS 2 50 (539 nSIle) 5515 SRy 81 bl Slaailie 4 41529 gl -V Jgas
Table 7- Results of principal component analysis for profile soil quality indicators (weighted average) for the four

component
Principal components Joladlze 9o allge  pgm dilie )i addie

PC1 PC2 PC3 PC4
o3 P 463 2.19 1.41 1.22

Eigen value
oy 3858  18.28 11.80 10.23

% variance
e o)l 3858  56.87 68.67 78.91

% Cumulative variance
Factor loadings (Rotated component matrix)

(o2

0.867  0.278 0.270 -0.046
Na (meg/L)
Sl ealin B 0672  0.333 0.351 -0.055
EC (dS /m)
o 0783 0277 0173 -0.113
Silt (%)
o 0528 0.800 0.038 -0.035
Sand (%)
o) 0.146 -0.821 0.243 0.255
Clay (%)
OJ9r 0558 0049  -0.384 -0.638
N (mg/ kg)
el 0616  -0202  -0.241 -0.441
K (mg /kg)
s 0553 0.398 0.037 0.319
P (mg/ kg)
o oS 0681 0084  -0.339 0.546
0C (%)
Jobee el s 0.659 0.457 -0.291 -0.175
CCE (%)
o law ol Sl 5087 0391 0215 -0.078
SAR
pH 0019  0.044 0.823 0.326

Sloas Ol MDS lgicds ol o 008 b bl pj a8 (S5, dlael
Bold face factor loadings were considered highly weighted and underlined were retained in MDS
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Table 8- Correlations matrix s for the highly weighted variables under the first 4 component

parameter Na Sand Clay N SAR pH
Na 1
Sand -0.27 1
Clay 0.00 080" 1
N 0.38 -0.23 0.05 1
SAR 0.72** 0.34 -0.25 0.08 1
pH 0.13 0.14 0.15 -0.18 0.21 1

VA

a3 e bt |y o ps SO Jlein] o > (Siase daily (392 I3 gixe H*
*x Correlation is significant at the 0.01 probability level.
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Table 9- Soil quality index of the different management units in the MDS

ol ailzo & & 25 eliad 15 5
PCA EO
Sl Sk
Soil profile Soil profile
s s S35 nSle Surface s S S5 ke S“ ]
L Weighted factor Weighted mean Weighted factor Weighted mean urface
T 9 (™S EIT I CNe ST 9 T 9 TP e (P9
managementsysteM A4 wi Add Wi Add Wi Wi Add Wi Add  Add  wi
5 2N
e 058 059 053 056 064 045 103 046 069 058 058 1.01
Range lands
sy 1)
. 0.57 0.56 0.49 0.53 0.49 0.48 0.89 0.56 0.88 0.52 0.52 0.86
Binalood company
S
S 0.59 0.59 0.57 0.61 052 053 1.05 0.58 0.93 0.56 056 0.90
Total owner
&Loa.))i
0.55 0.54 0.48 0.52 0.47 0.47 0.90 0.56 0.90 0.50 050 0.75

Small holder
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Table 10- Correlation between Surface soil quality index and crop yield in the MDS

ools, 5 3 kel 4o 4 4y 55
Jyamo EO PCA
Crop . . .. B
&9 (D &9 (o
Weighted Additive Weighted Additive
29l ey 0.49 0.46 0.17 0.12
Binalood alfalfa
Sloosos iy 0.52 0.50 0.20 0.13
Total owner alfalfa
oo 5 w3y 0.35 0.32 0.14 0.09
Smallholder alfalfa
Pl o 0.75 0.74 0.58 0.58
Bhinalood Rapeseed
oo 13K 0.48 0.45 0.23 0.15
Smallholder Rapeseed
Slooses I35 0.65 0.60 053 0.50

Total owner Rapeseed
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