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Abstract

Introduction: Soil quality index is used as a quantitative tool for assessing the impact of land use
and management practices on soil condition. It is a sensitive indicator for revealing the dynamics of
soil conditions, and it may vary with different land use and ecological restoration measures. The
land use affects the physical and chemical properties, biological processes, and land productivity,
which lead to the change in soil quality. Land use change and agricultural development can lead to
degradation, erosion and reduction of surface and subsurface soil quality. In most of the conducted
studies, the surface soil quality has been evaluated; but these studies provide incomplete
information because subsurface soil have the greatest impact on soil function and crop. In spite of
various soil quality assessment methods developed in former researches, there are fewer attempts
for selecting suitable and sensitive soil quality index, especially in different land uses. In this study,
soil quality indicators were evaluated using multivariate analysis in three different land uses to
select the most suitable and appropriate soil quality index in Tootkabon area of Guilan province.
Materials and Methods: The study area is located in Tootkabon in Guilan province (latitude 36°
53'21" N, longitude 49° 33' 44" E). Parent material is limestone and geomorphologic units that are
comprised of hill land and plateau. In order to achieve the objectives of the research, 20 composite
soil samples were taken from two depths of 0 to 15 and 15 to 30 cm from each of the land use,
including forest, dry farming and rangeland (60 soil samples in total) with the same parent material.
The three land uses were located next to each other and at a close distance. In this research, using
the principal component analysis (PCA) method, among 12 physical, chemical and biological soil
indicators as total data set (TDS), clay percent, mean weight diameter, organic matter and available
phosphorus were determined as the MDS. Then, the soil quality was evaluated by integrated quality
index (IQI) and Nemoro quality index (NQI) using two linear and non-linear scoring methods (LS
and NLS) and two soil indicator selection approaches, a total data set (TDS) and a minimum data
set (MDS). Finally, to prioritize the soil quality indices based on sensitivity index (SI) and
efficiency ratio (ER), the ranks of both criteria were summed and then made appropriate decision.
All soil parameters were tested using one-way analysis of variance and the differences among
means were analyzed using Duncan's significant difference test at the probability level of 0.05.
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Results and Discussion: The results of the present study showed that some soil properties
including clay percentage, mean weight diameter, organic matter and available phosphorus had the
greatest effect on soil quality in the study area. Most of the soil properties in rangeland and forest
had a higher stratification ratio compared to dry farming. The soil quality indices calculated using
linear function for MDS indicated soil quality of forest and dry farming were higher than
rangeland. Maximum SI belonged to 1QI-LS-TDS and IQI-LS-MDS with values of 1.56 and 1.40,
respectively. Efficiency ratios (ER) were calculated to specify the power of each soil quality index
being as representative index for whole soil parameters set. 1QI-LS-MDS and IQI-NLS-MDS have
the highest value of ER (75.0 %), it is obviously deducted that these developed soil quality indices
correlate with much indicators than other indices. It has more efficiency ratio and therefore
represents the soil overall condition highly. Finally prioritizing according to ranks of Sl and ER
showed that 1QI-LS-MDS is the most suitable approach in soil quality assessment of study area.
Conclusion: Minimum data set selection using principal component analysis as a multivariate
statistical method could adequately represent total data set method. Therefore, it seems to be an
appropriate approach for choosing more effective indicators with respect to saving time and money
in the developing countries The linear soil quality indices showed higher capability than non-linear
indices to differentiate soil quality among different land uses. Overall results of the prioritization
soil quality indices imply that the IQI-LS-MDS has the most efficiency and sensitivity for variation
in land uses, so it is suggested to use this quality index for further and comprehensive soil quality
assessments plans.
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Figure(1) Location of the study area, a) range, b) forest and c) dry farming land uses
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4.98 1.2° 4.98 3.4° 1.43 5.0% 15-30 (kg.m?) Carbon pool 5" s =3
5.72 42.6° 5.12 37.3° 473 222° 0-15 (%) CaCO3 slas b 5" oeds”
7.34 43.4° 7.54 334° 3.56 29.1° 15-30 (%) CaCOs Jstas by 5 el
3.18 21.1° 2.18 24.0° 3.34 32.7° 0-15 (mg. kg™) Available P . 25 L5 i
2.52 21.0° 2.12 26.5° 2.66 29.0° 15-30 (mg. kg™) Available P . s L5 i
0.10 0.27° 0.07 0.27° 0.09 0.34° 0-15 %) Total N Js 035
0.09 0.20° 0.09 0.22° 0.11 0.22° 15-30 %) Total N Js 035

Bl e Ges a5 Calies lags )8 e o530 Ju’lcb)_s)l_\j‘.m o (.Lojil.j wlie oy >
Same letters indicate non-significant differences at P < 0.05 in each soil depth among different land uses.
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Figure (2) a. Sensitivity index of soil properties, b. Stratification ratio of soil properties. MWD: Mean weight
diameter of aggregates, OC: Organic carbon, CS: Carbon pool, N: Total N, P: Available P.
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Table (3) Results of principle component analysis for soil properties (0-30 cm) for the first 3 PCs

¥ adl s Y adse ) ad) g
PC3 PC2 PC1
o9 sbayls
Eigenvectors
o
-0.524 0.624 -0.971 o
Clay
(1) e
0.261 -0.113 0.813 .
Silt
(1) o
0.397 -0.691 0.887 o
Sand
-3
.cm (15 5
0.337 -0.687 0.618 (g.cm™) s » vt
Bulk density
mm) sl s 55 .5k
-0.647 -0.680 0.936 S G5 N
MWD
S S
-0.532 0.290 0.694 ST
pH
dS.m?) & St lts
0.376 -0.364 -0.106 S A s
EC
%) JT .
0.472 0.802 0.476 O0) JT o8
oc
kg.m?) -, S
0.417 0.761 0.461 g.M") 58 e 3
Carbon pool
%) Jslae by
-0.592 0.119 0.738 (%) Jstae ke S ol
CaCO;
m k -1 sy LB i
-0.591 -0.537 -0.675 (M. kG™) s 5 s
Available P
%) 059y
-0.242 0.349 0.638 0) S 035 7
Total N
0% 3\
1.28 2.06 7.05 -,—:3 3]
Eigenvalue
HIg\|
12.34 16.22 42.02 s e
Percentage of variance
5wl yl )
70.58 58.24 42.02 s ol L)

Cumulative percentage

Lz Ol MDS 0 e ol o 00 iS” Last g 5 87 6K el . s 4 S i 53 05 o i Ol et &K slatel
Bold factor loadings are considered highly weighed, and underlined bold represent soil properties selected as MDS.
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Table(4) Correlations matrix s for the highly weighted variables under the first 3 PCs

Available P Carbon pool 0oC MWD  Sand Clay

Clay
1 -0.866** (1) o4
Sand
1 -0352%  0lewx TV SMSE R s ot
MWD
0 T .
1 0.341* 0.154  0.495** ) JT o5
,0cC
kg. . 0,3
1 0.996** 0.311* 0.113  0.425* KG.M™) o8 o
Ca{bonpool
1 0256  0307% -0202 0082 0342r (MO KO) e S
Available P

%

PPN PRV WRVAR IV FCE PRI RV
“and “indicate significant differences at 0.01 and 0.05 probability level, respectively.

MDS 5 TDS sla 5 39 039 5 (B » 3 (5 (P00 @195 Syl (0) Jauer
Table (5) Parameters of non-linear and linear equations and weights of TDS and MDS

N3T) u‘l”.'ﬁ.’@"’f";@u ola:’-@:ofu'cl:
Weight Nonlinear scoring function Linear scoring function
MDS TDS Slope Mean Kmin Kimax
0.26 0.07 -25 38.2 43.7 o
Clay
& .
0.08 25 1.52 1.46 GAT e
Bulk density
HRCY R IS SO <1
012 0.12 -25 2.16 2.72 ST S s o
MWD
Sl 1S
0.06 -25 6.85 75 S
pH
S laas LB
0.05 25 1.76 0.56 S ala
EC
7.
033 0.11 -25 1.76 2.65 S oS
ocC
0.10 .25 39.7 70.08 S e
Carbon pool
slre Sl
0.08 _25 347 43.44 Jobee S5 g
CaCO,
s LB i
029 0.10 25 0.26 32.7 e B A
Available P
0.11 -25 25.7 0.33 05

Total N
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Table (6) Comparison of mean soil quality indices in different land uses and depths

Ersls s Sr s o S kS et
Range Dry farming Forest cm Soil quality index
0.52%¢ 0.59"¢ 0.65™ 0-15 DS
0.4852 0.56"2 0.61% 15-30

1QI-LS

0.4852 0.57% 0.63% 0-15 MDS Q
0.4552 0.54% 0.59% 15-30
0.47% 0.52% 0.57% 0-15 DS
0.44"2 0.46™ 0.51% 15-30 I0I-NLS
0.44"° 0.50" 0.53" 0-15 i
0.42%8 0.48"° 0.50" 15-30 MDS
0.38" 0.43" 0.46" 0-15 DS
0.37% 0.40" 0.42"¢ 15-30
0.365 0.42% 0.44% 0-15 DS NQI-LS
0.3452 0.39%° 0.38" 15-30
0.41% 0.41% 0.42%@ 0-15

Aa Aa Aa TDS
0.36 0.37 0.38 15-30 NQI-NLS
0.32" 0.38"° 0.36" 0-15

Aa Aa Aa MDS
0.30 0.35 0.34 15-30

(Aslor 518 5 55 Calien Blasl (o o3 0 Szl e 3 Jl3 gine U3kt pde S0l wlie

(Same capital letters indicate non-significant differences at P < 0.05 in each soil depth among different land uses.
Same lowercase letters indicate non-significant differences at P <0.05 in each land use among different soil depths.).
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Table(7) Descriptive statistics and sensitivity index of SQIs

\i44

QI-LS- o jasle bl do)s b et
ol 4 Lss ) a5, ¢lyls IQI-NLS-MDS 3 MDS

NQI-NLS NQI-LS IQI-NLS IQI-LS
MDS TDS MDS TDS MDS TDS MDS TDS
sl
0.30 0.36 0.33 0.35 0.43 0.45 0.43 0.48 _"pf\’
Minimum
1y
0.36 0.42 0.44 0.46 0.54 0.58 0.67 0.67 ’S_b
Maximum
<
0.34 0.39 0.38 0.41 0.48 0.5 0.54 0.57 ot
Average
I e Lo
1.20 1.17 1.33 1.31 1.26 1.29 1.56 1.40 i
Sensitivity ratio
7 8 3 4 6 5 1 2 s
Rank
ol (5 p5 03Il S T 59 9 I Sk S ALl g gy (Siumodd § Oloily w3 (A) S
Table(8) Efficiency ratio and correlation matrix between each SQIs value and soil indicators
NQI-NLS NQI-LS 1QI-NLS IQI-LS
MDS TDS MDS TDS MDS TDS MDS TDS
046~ 054~ 048" 060" 052" 066~ 057" 0.69” o
Clay
. - - o B o subes
- -0.32 - -0.47 - -0.54 - -0.57 AT ErE
Bulk density
SIS bE S5y Sl
0.05 0.16 0.09 0.18 0.11 0.23 0.15 0.22 A 33 o
MWD
Sl
- 0.15 - 0.16 - 0.15 - 0.18 S
pH
SN co W aH
- -0.14 - -0.17 ; -0.21 ; -0.21 A e
EC
0.48 0.56 0.59 0.64 0.65 0.68 0.69 0.71 302;
- 052" - 0.617 ; 0.64™ ; 0.68™ o e
Carbon pool
sl Sl
- 0.17 - 0.19 - 0.22 - 0.24 J L S
CaCO,
0.18 0.49 0.23 0.55 0.35 0.59 0.54 0.62 o HE A
Available P
- 0.46™ ; 0.49™ ; 0.59™ ; 0.65" S 0dss
Total N
OHleil s
50.0 60.0 50.0 60.0 75.0 60.0 75.0 60.0 e
Efficiency ratio (%)
3 2 3 2 1 2 1 2 S
Rank

3o OLE 5 /00 5 /) Dzt o 53 Sl fne Soner oSS 4" 5
““and "indicate significant differences at 0.01 and 0.05 probability level, respectively.
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Figure (3) Prioritizing of various SQIs (A is first, B is second, C is third, D is fourth, and E is fifth priority)
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