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1- Principal component analysis
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Figure 1. Location of the study area along with sampling points.
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3- Communality

4- Factor analysis

5- Simple additive integrated quality index
6- Weighted additive integrated quality index
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Table 1. Descriptive statistics of measured soil properties and rice yield.

ol 3 Sdas W 3, Sos
Low productivity High productivity S
AR OV TS UV e PO PP OV . P0G OV JC Y PN, < W a1y Indicator
CV% Range Mean CV% Range Mean Unit
100.15 8.61-413.09  80.81 88.7 6.86-14432  58.61  mg100g" BO) o555 15
6 1.49-1.9 1.69 3.06 1.49-1.73 1.63 gem® BD) 2L o525 o

26.40 0.97-2.85 2.02 13.43 1.86-3.08 2.65 mm (MWD) wlasls a3 5550, ke
34.9 1.12-3.9 2.64 31.7 1.56-5.46 3.69 g 100g™ ©C) I 8
5127 12.29-97.14  32.99 33.36 9.75-69.22  32.67  mg100g" (AC) Jb o S
91.58 031-11.76  3.45 533 0.15-3.7 1.34 2 100g" MC) I les oy 5
27.09 14.5-37 21.53 2923 8.5-34.5 28.73 g 100g" (Clay) -,

14.17 40-73 56.96 17.06 36-68 46.21 g 100g™ (Silt) cdem

57.87 0.5-44.5 21.51 45.98 20-48 25.06 g 100g" (Sand) -5

2.47 6.85-7.57 7.32 3.76 6.6-7.63 7.17 pH

84.79 0.52-4.64 1.07 573 0.248-2.16 0.63 dSm’ EC) S, eygla ol
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Continue Table 1.

oy 2 Ses W s Shee
Low productivity High productivity S
S o RS Rc S GRS < s tndicator

CV% Range Mean CV% Range Mean Unit

40.30 106-432 127.20 50.81 50-312 206.26 mg kg’ K ol
25.83 0.19-21.64 11.93 47.19 2.1-33.85 16.59 mg kg’ P) b
18.05 0.11-0.22 0.16 14.28 0.16-0.28 0.21 g100g" ND 0355
49.49 32.06-368.73  161.92 72.68 16.03-240.48 97.26 mg kg’ (Ca) s
84.02 9.72-321.02 87.87 81.6 9.72-311.3 99.87 mg kg’ (Mg) = 5
325 3.19-10.3 5.64 30.81 1.66-7.39 4.64 mg kg’ (Cu) e
148.56 0.22-11.14 1.31 104.76 0.01-3.56 0.63 mg kg Zn) <3,
44.07 6.63-50.8 27 41.59 7.12-105.2 53.11 mg kg’ (Fe) ;,AI
5.19 63-70 67.02 432 17.5210 11087 pgNHigsoil' 2hr!  (UA) 5Tl ol
14.36 2.28-4.51 3.46 4.29 5.12-5.94 5.49 tha' (Yield) s Shes

BC, biomass carbon; BD, bulk density; AC, active carbon; MC, methabolic coefficient; UA, urease activity.
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Table 2. Multivariate analysis of variance between low and high productivity paddy soils.

Sols e Lo L;;UT a0 oo L;;!)'T s F . Sl L;)LJ [)}.aﬂ

Sig Erorr DF Hypothesis DF F Value Statistical test
0.000** 40 19 7.908 0.790 Pillais Trace
0.000%** 40 19 7.908 0.210 Willks Lammda
0.000** 40 19 7.908 3.756 Hottelings Trace
0.000** 40 19 7.908 3.756 Roys Greatest Root

** Indicate significant differences at 0.01 probability.
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Figure 2. Scree plot for the PCs.
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Table 3. Results of principal component analysis of soil quality indicators for the seven PCs.

YV oadl 5 T adl g 0 adle § adlje Y oadje Y adse Y adlge S
PC7 PC6 PC6 PC4 PC3 PC2 PCI Indicator
1.02 1.08 1.36 1.71 1.97 3.72 4.86" (Eigen value) o35 %550
5.1 5.4 6.8 7.1 12.8 23.5 30.8 (Percent of variance) i1y Ao
91.5 86.4 81.0 74.2 67.1 543 30.8 (Cumulative percent) ez julsls Ao
-0.302 0.104 0272 0.554 0.07 0.119 0.219 BO) o555 15
-0.098 0272 -0.054 -0.032 0.148 0.279 0.095 BD) a0 gpass o
<0.110 0.140 0.25 0.134 0.112 0.009 -0.331° MWD) wlasls s 55 S0k
0.257 0.258 -0.039 0.165 0.204 0.021 -0.366° ©C) JI o8
0.464 -0.036 0.254 0.215 0218 0.232 0.002 (AC) Jus o S
20.102 -0.092 0219 0.430 0.049 0.066 0313 MC) S gle oy 12
-0.087 0.007 0325 -0.003 0.140 0.388 -0.246 (Clay) -,
0.076 0.022 0.244 0.186 0217 0.38 0.011 (Silt) b
-0.008 0.02 -0.0005 0.139 -0.238 0.335 0.127 (Sand)
-0.280 0.239 0.195 0.168 -0.398 0.136 0.109 pH
0.104 0.060 0.118 0.041 0.451 0.181 0.289 EC) S eyle ol
0.033 0.221 -0.005 -0.137 0.327 0.350 0315 (K) ol
0.293 -0.059 0.024 0.210 0.367 0.124 0.225 P) i
0.119 0.117 -0.073 0.241 0.328 -0.076 -0.351 N) 035,25
-0.063 -0.079 0.033 0.063 0.007 0.36 0.16 (Ca) oS
0.134 0.574 0.326 0.061 -0.088 -0.049 0.033 Mg) o 500
0.288 0.123 0.201 0.115 -0.009 0.316 0.034 (Cw) s
0.175 0.503 0.154 0.160 0.076 0.225 0.113 @n) &5,
0.431 -0.197 0.126 0.343 -0.131 -0.059 0.289 (Fe) ;pal
0.207 0211 0.058 0.233 0.578 -0.057 -0.084 (UA) o5 o las

S Ky p sl T a4 $ a3 055 cp ke Ol K, ;wtb.uv Ol 1y sdalnl cbhadlso oSS, o3y a0l polas”
A O MDS Ol ety ool o 002 ot ooyl 5

* Boldface eigen values correspond to the PCs examined for the index. ” Bold values under each component were highly
weighted. © Underlined bold values were selected in MDS.

ol 3o ¥ sl 035 cniote b el ol (Soed ol o sl —E g
Table 4. Correlations matrix s for the highly weighted variables under the first 3 PCs.

Urease activity K Clay N oC MWD
1 MWD
1 0.516%* oC
1 0.697** 0.495%* N
1 -0.116 0.361* 0.425%* Clay
1 -0.210 -0.307* -0.368* 0.342%* K
1 0.327* 0.250 0.416%* 0.040 0.284 Urease activity

TP el PR -BPR VLR B | P é‘v‘ﬁ s s <o %J;A{ﬁ}w
** and * Significant at 99% and 95% confidence level, respectively.
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Table 6. Mean soil quality indices for low and high productivity paddy soils.
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Figure 3. Correlation between soil quality indices and rice yield.
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Abstract

Background and Objectives: Assessing soil quality and balancing between crop production and
quality of natural resources are essential issues in sustainable soil management for agricultural and
natural resource protection. In agricultural fields for optimum management and maximum economic
productivity, knowledge of the factors affecting the soil quality is necessary. Also, determining the
appropriate method for soil quality evaluation is important for sustainable soil management and soil
degradation prediction. This study was carried out with the aim of assessing soil quality of paddy
fields, determining the minimum data set for soil quality evaluation and investigating the effect of
soil quality index using different methods on rice yield in Pirbazar region of Guilan province.

Materials and Methods: Based on the mean annual rice yield, the selected paddy fields were
divided into low (<4.6 t ha™) and high (>4.6 t ha™") productivity. Sixty soil samples were collected
from 0 to 30 cm depth. The rice products were harvested at a 1 m” plot at each site. In this research,
using the principal component analysis (PCA) method, among 20 physical, chemical and biological
soil indicators as total data set (TDS), 6 indicators were selected for the minimum data set (MDS).
Then, the soil quality of high and low productivity paddy fields was evaluated by simple additive
integrated quality index (IQIss) and weighted additive integrated quality index (IQIwa) in two
collections of soil properties include MDS and TDS.

Results: To evaluate soil quality of paddy fields, an MDS was established with organic carbon, total
nitrogen, available potassium, clay percentage and urease activity and these explained about 67% of
the soil quality variability. The significant differences were found between the soil quality index of
low and high productivity paddy fields when 1QIwa and IQIsy were developed based on MDS.
So that, the mean 1QIsa.mps and IQIwa.mps of the high productivity paddy fields (0.84 and 0.89,
respectively) were higher than low productivity paddy fields (respectively 0.78 and 0.80,
respectively). Additionally, data indicated that IQIsamps and IQIwamps were most strongly
correlated with crop yield, the correlation coefficient ranged between 0.44-0.54.

Conclusion: Significant differences between the soil quality indices based on MDS for low and
high productivity paddy fields indicated that the MDS more efficiently shows the difference of
soil quality between paddy fields with different productivity. The significant correlation between
IQIsa-mps and IQIwa.mps indices with rice yield indicated that an MDS with a limited number of
indicators was carefully selected and effectively evaluated the status of soils as a rice production
medium. Therefore, using an MDS can save time and money and assess the reliable soil quality
indices of paddy fields in the study area.

Keywords: Integrated soil quality index, Minimum data set, Principal component analysis, Weighted
additive soil quality index
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