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Figure 1. Location map and sampling point of the study area within the Babolrood watershed
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Table 1. The scoring functions (SSF) for soil quality properties
Functions Parameters Optimal Values References

Soil bulk density, Calcium

less is better carbonate, Micro aggregate, Water

dispersible clay, Particulate organic

carbon

Marzaioli et al., 2010;
Safari et al., 2019

Soil organic carbon, Mineral-
associated organic matter, Macro
aggregate, Total nitrogen, Organic
carbon pool, Mean weight diameter
of water-stable aggregates,

more is better

Geometric mean diameter of water-

stable aggregates

Marzaioli et al., 2010;
- Safaei et al., 2019;
Zeraatpisheh et al., 2020

Soil porosity, The percentages of

optimum Sand, Silt and Clay, pH, EC

EC=0.2- 2dSm1, pH=
7, porosity=50%, clay=
7-27 %, sand=23-52 % ,

Liebig et al., 2001;
Andrews et al., 2004
silt= 28-50 %
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Table 2. Mean values of soil physical and chemical properties in different land uses

Farm Paddy Orchard Range Forest

lands lands lands lands
WDC (%) 0.18a 0.19 0.18a 0.14b 0.11b
TN (g kgt) 1.9cd 1.7d 2.3bc 2.6ba 3.0a
OC (g kg't) 6.9d 13.6¢ 6.1d 20.7b 83.2a
pH 7.2a 7.3a 7.2a 7.2a 6.7b
EC (dSmr) 0.5a 0.5a 0.5a 0.3a 0.3a
CaCOs (%) 18.57b 18.05b 21.97a 16.45b 16.53b
POC (g kg'l) 1.7c 3.2b 1.6¢ 3.4b 8.5a
MOC (g kgt 5.1d 10.3c 4.5d 17.3b 75a
Clay (%) 45.1a 40.2a 42.6a 22.5¢c 33.3b
Silt (%) 38.3ba 35.9ha 39.6a 32.5h 37.4ba
Sand (%) 16.6c 23.9bc 17.8c 453 29.3b
OC poot (ton ha't) 20c 42b 18c 50b 224 a
pb (g cmd) 1.44h 157a 1.45b 1.34bc 1.23c
MWD (mm) 0.75¢c 0.70d 0.74cd 0.86b 1.04a
GMD (mm) 0.54b 0.51c 0.53bc 0.58a 0.61a
Mac (%) 53.62¢c 45.13d 54.32c 60.15b 63.19a
Mic (%) 46.38b 54.87a 45.68b 39.85¢c 36.81d
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Table 3. Results of PCA for soil properties

PCs PC1 PC2 PC3 PC4 PC5 Communalities
Eigen value 7.31 2.32 1.49 1.28 117

Percent 0.406 0.129 0.083 0.071 0.065

Cumulative percent 0.406 0.535 0.618 0.689 0.754

Eigenvectors

wDC 0.349 -0.047 -0.286 -0.612 0.216 0.627
MOC 0.901 0.157 0.187 0/229 0.039 0.926
POC 0.775 0.127 0.196 0.068 -0.142 0.68
NT 0.502 0.014 0.534 -0.127 -0.132 0.571
oC 0.906 0.163 0.203 0.226 0.034 0.941
pH -0.411 0.072 -0.124 -0.495 -0.316 0.534
EC -0.077 -0.177 -0.064 -0.871 0.067 0.805
CaCO3 -0.343 -0.313 0.401 -0.121 -0.069 0.395
Clay -0.153 -0.913 -0.014 0.039 0.114 0.871
Silt -0.032 0.027 -0.093 -0.087 0.934 0.890
Sand 0.136 0.701 0.061 0.028 -0.656 0.944
Porosity 0.236 0.616 0.041 0.255 -0.087 0.459
OCpool 0.923 0.079 0.207 0.203 0.011 0.934
pb 0.056 -0.814 -0.256 -0.052 -0.222 0.783
MWD 0.718 0.15 0.511 0.098 -0.127 0.826
GMD 0.401 0.29 0.555 0.141 -0.086 0.58
Mac 0.346 0.134 0.823 0.258 0.004 0.881
Mic -0.346 -0.133 -0.82 -0.26 -0.004 0.877

3 Sl MDS lgie a3 sl s st L sl 45 a8 (5, 0 slasl 2 st 3,5 L 1o 059 0y ol 5,50 olael .2
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Table 4. Correlation coefficients for the highly weighted variables under the first five PCs.

Mic oC MOC
Mac 0.99"" -0.56™ 0.55""
OCpool -0.57" -0.99™ 0.99"

o o plasly o0 g o /o) Jloiml mha 5o )l s SKian oS 5 4y F g
**and* Significant at 99% and 95% confidence level, respectively.
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Table 5. Communality and weight values of soil properties in the TDS and MDS.

Parameters TDS MDS
Communality Weight Communality Weight

wDC 0.637 0.046

MOM 0.926 0.068

POC 0.68 0.05

N 0.571 0.04

oC 0.941 0.069

pH 0.534 0.039

EC 0.805 0.059 0.352 0.187
CaCO3 0.395 0.029

Clay 0.871 0.064 0.185 0.096
Silt 0.89 0.065 0.031 0.016
Sand 0.944 0.069

Porosity 0.495 0.364

OCpool 0.943 0.069 0.651 0.346
pb 0.873 0.057

MWD 0.826 0.06

GMD 0.58 0.042

Mac 0.881 0.064 0.663 0.353
Mic 0.877 0.064
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Table 5. Mean values of SQIla and SQIlw models in five land uses, using linear and non-linear scoring
functions
Index Farmlands Paddy fields Orchard land Rangelands Forest

Mean sQC Mean sQC Mean sQc Mean sQC Mean sQC

SOla-tosL 0.43¢¢ IV 0370 \Y 0.43¢¢ v 0.49°C i 0.63%¢ |
SQlw-Tos-L 0.710A 1l 0.65°A " 0.67°A " 0.86%A I 0.902A I

SOla-Tps-NL 0.47°¢ 1l 0.46°C v 0.44C v 0.51°C 11 0.642¢ I
SQlw-tosne  0.420€ 1l 0.450C v 0.43°C v 0.51°C i 0.66%¢ I
SOla-mps-L 0.47°¢ IV 043°C v 0.46°8C v 0.51°C 11 0.66%¢ l
SQlw-mps-L 0.42°¢ 1l 0.36° v 0.41°C " 0.46°C 11 0.7428 I
SOlampsn.  0.53PB I 0.54°8 I 0.49°8 " 0.588 I 0.73%8¢ l

SQlw-vpsne  0.44°C IV 046 v 0.43¢¢ IV 0.55°BC 11 0.7828 l

Egoma 5l o 200, LS o5 catS asls SQlw-TDs-L daols S ggazme g1y (o 230,00 LS rozmd coteS asLs :SOla-TDs-L
B30, LS Jloyie cuaS asls :SQlw-TDs-NL desls IS Esame 1y (o aé (230,00 L S rezs codS p L SOla-TosNL daols JS

=039 MWL.; :SQIw-MDS-L daols Jéb’ ACgaxo ‘_gl)g 6]4> Gmoa)a.slg S ‘sm:u u...o.JyLw :SOIa-MDS—L ol Jf Egome L_g‘/..g t5h>)“‘c
SQlw- daols Jloa> acgozs sl b yaé (230,05 LS (rozed ColS a5 ls :SOla-MDs-NL claols JSla> acgoze sl s b> (200 LS ls

22l Son Beym g hd)y 1 Sl SzeS Bgym) alie Sy lacls Jlas acgerme lp ity (B30 b S la05s CudeS (asls IMDSNL
S cuas M SQC el LSD (5031 oo ,0 8 ¢labol gelaws ;8 ls me gl 0929 pae saims (yLas (g
SOlampsL: Additive Soil Quality Index with linear scoring function method for total data set, SQlw-tos.L: Weighted Additive Soil Quality
Index with linear scoring function method for total data set, SOl..tps.ni: Additive Soil Quality Index withnon-linear scoring function
methodfortotal data set, SQlw-ros-ni: Weighted Additive Soil Quality Index with non-linear scoring function method for total data set,
SOlamps-L: Additive Soil Quality Index with linear scoring function method for minimum data set, SQlw-mps..: Weighted Additive Soil
Quality Index with linear scoring function method for minimum dataset, SOlavpsnc: Additive Soil Quality Index with non-linear
scoring function method for minimum data set, SQlw-mos-nc: Weighted Additive Soil Quality Indexwith non-linear scoring function
method forminimum data set.
The same letters (lowercase letters for each rowand uppercase letters foreach column) indicate the absence of a significant difference at
the 5% confidence level ofthe LSD test. SQC: Soil quality Class
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Table.6. Classification of Soil quality grades according to SQIs (Nabiollahi et al, 2018)

Soil quality classes

Index I (Very good) 11 (Good) I (Medium) IV (Poor) V (Very poor)
SOla-Tps-L >0.63 0.55-0.63 0.47-0.55 0.39-0.47 <0.39
SQlw-Tos-L >0.87 0.74-0.87 0.61-0.74 049-0.61 <0.49
SOla-Tps-NL >0.62 0.54-0.62 0.47-0.54 0.39-0.47 <0.39
SQlw-Tps-NL >0.63 0.54-0.63 0.46-0.54 0.37-0.46 <0.37
SOla-mps-L >0.72 0.61-0.72 0.5-0.61 0.4-0.5 <0.4
SQlw-mps-L >0.74 0.56-0.74 0.37-0.56 0.19-0.37 <0.19
SOla-mps-NL >0.64 0.48-0.64 0.32-0.48 0.16-0.32 <0.16
SQlw-Mbs-NL >0.71 0.6-0.71 0.48-0.6 0.37-0.48 <0.37
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Table 8. Mean values of SQIl. models in five land uses and five slope classes, using linear and non-linear
scoring functions

SQla
Land use Slope TDS MDS
(%) linear SQC Non SQC linear SQC Non SQC
linear linear
0-2 0.45d AV 0.48c Il 0.54de 11 0.56cde 1
Farm 2-5 0.43de AV 0.48c Il 0.50de AV 0.54def 1
lands 5-8 0.42e v 0.45d \Y; 048de IV 0.51def [
8-12 0.42e AV 0.45¢c v 0.43ef AV 0.48ef 1
>12 0.41e AV 0.45¢c v 0.36h Vv 0.46f 11
0-2 0.37ef \V 0.46¢ v 0.47de v 0.58cde Il
Paddy fields 2-5 0.35ef \Y/ 0.43d v 0.39g¢ \Y/ 0.53def 1
5-8 0.38ef Vv 0.46¢ v 0.40fg AV 0.53def ]
8-12 0.37ef Vv 0.46¢ v 0.45ef AV 0.51def ]
>12 0.34f Vv 0.44c v 0.40fg AV 0.51def 1
0-2 0.45d \Y] 0.48c " 0.45¢f \Y] 0.53def 1
Orchard 2-5 0.45de AV 0.46¢ v 0.44ef AV 0.51ef ]
5-8 0.43e v 0.44c v 0.45¢f v 0.53def I
land 8-12 0.43e \V4 0.46¢ \V4 0.42fy \V4 0.50ef 1
>12 0.41ef v 0.46¢ v 0.42fg v 0.50ef 1l
0-2 0.48cd 1 0.61ab I 0.55cd 1 0.69abc |
Rangelands 2-5 0.50cd 1 0.55bc I 0.55cd 1 0.68abc |
5-8 0.49cd 1 0.54bc I 0.54cd 1 0.59bcd 1
8-12 0.48cd 1 0.50c " 0.49de v 0.63bc 1
>12 0.46d v 0.42d v 0.49de v 0.58bcd 1
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0-2 0.60abc Il 0.64ab | 0.71ab Il 0.74a |
Forest 2-5 0.65a | 0.66a | 0.75a | 0.76a |
5-8 0.64a | 0.63ab | 0.62bc Il 0.70ab |
8-12 0.62ab Il 0.62ab 1 0.62bc Il 0.73a |
>12 0.56bc Il 0.62ab Il 0.58cd 1] 0.71ab |

SQC: Soil quality classes
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Table 9. Mean values of SQlw models in five land uses and five slope classes, using linear and non-linear
scoring functions

SOlw

Slope TDS MDS

Land use (%) linear  SQC Non SQC | linear SQC Non  SQC
linear linear

02 071d i 0.47d N | 050de 1l 046de IV
25 | 074c 1Nl 0.49d | 047de W 047de IV
Farm 58 | 068d Il 0.46d N | 043de M 045de IV
lands 812 | o062d NI 0.44d v | 03sef 0.42 vV
>12 | oesd N 0.44d IV | 033fg IV 04le \Y;
02 066d N 047d M [ 042de 1T 053cde M
25 | o066d Il 0.45d IV | 037ef IV 046de IV
. 58 | 064d Il 0.45d IV | 038ef Il 048de IV
Paddy fields .05 | o057 IV 0.46d v | 032fg IV 04le IV
>12 | 053 IV 0.43d IV | 030g IV 04le v
02 07lc I 0.47d N | 047de 1 0.46¢ IV
25 | 070d 1Nl 0.47d N | 045de Il 046de IV
Orchard 5-8 0.65d i 0.45d IV | 04lef I 043de IV
land 812 | 06le IV 0.44d v | 037ef 0.41e \Y;
>12 | oesc NI 0.45d IV | 037%ef IV 04le \Y;
02 0.9% | 0.62ab M | 05icd 11 067/bc I
25 | 091ab | 0.54bc N | 050cd Il 06lbed I
Rangelands 58 | 0850 1 051bc Il | 053cd NI 056cde I
812 | 084b 1 0.48¢ N | 053cd I 046de IV
>12 | 069c N 0.40e IV | 048cd Il 048de IV
02 0.9% [ 067a | 087a I 082 |
25 | 091ab | 0.68a | | 08dab 1 0.8la |
Forest 58 | 0.82b I 0.65ab I | 0720 Il 0.77ab |
812 | 0.82b I 0.62b | 062bc I 0.76ab |
>12 | 087ab Il 0.62b | 064bc I 0.76ab |

SQC: Soil quality classes
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Figure 2. Linear relationships between TDS and MDS for SQIa and SQIlwusing linear (A and C) and non-
linear (B and D) scoring methods.
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Table 10. Pearson correlation between OCpool and soil quality indices.
SQlw- SOl SQlw- SOl SQlw- SOla- SQlw- SOla-

TDS-NL TDS-NL TDS-L TDS-L MDS-NL MDS-NL MDS-L MDS-L

0.81**  0.80**  054**  0.83** 0.85** 0.77** 0.78** 0.69** | OCpool
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Abstract

Soil quality is affected by land use and slope gradient, and soil quality assessment is important in
determining sustainable land-use and soil-management practices. This study was conducted to
assess soil quality in different land uses and slope gradients at Babolrood watershed, south of
Mazandaran province. The studied factors included five levels of land uses (natural forest,
rangeland, paddy field, citrus orchard and farmlands) and five levels of slope classes (0-2%, 2-5%,
5-8%, 8-12% and above 12 %). A total of 89 soil samples were collected in the upper layer of
topsoil (depth 0-20 cm). The seventeen soil properties were used in a total data set (TDS). These
properties included pH, EC, organic carbon (OC), clay, silt, sand, water dispersible clay (WDC),
soil bulk density (BD), soil porosity (Pr), mean weight diameter (MWD), geometric mean diameter
(GMD), macro aggregates, micro aggregates, total neutralizing value (TNV), organic carbon pool
(OCpo01), particulate organic carbon (POC), and mineral-associated organic carbon (MOC). Using
the principal components analysis (PCA) method, five soil properties (OC,o, Mmacro aggregates,
EC, silt and clay) were selected for the minimum data set (MDS). The soil quality was evaluated by
additive soil quality index (SQI,) and weighted additive soil quality index (SQI,,) in two data sets
of soil properties including MDS and TDS. The eight soil quality indices showed that the forest has
the best soil quality with a good and very good grade and the paddy field has the poorest soil
quality. Also, among the evaluated SQI;, only SQI,,.mpsn. Showed a decrease in soil quality with
increasing slope gradients. Moreover, the correlation coefficients were 82% and 89% between the
two sets of MDS and TDS in SQI, and SQI,, using nonlinear scoring methods, respectively.
Because of the good correlation between TDS and MDS, the MDS set is better to determine soil
quality indices in the study area. The correlation coefficient between SQly.vpsni With OCpee Was
higher (0.85) than all SQI;. So, SQl..mps-nw IS suggested to evaluate soil quality in the study area.

Keywords: Weighted additive soil quality, Additive soil quality, Minimum data set, Principal
components analysis
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