
Introduction

The soil is a complex ecosystem that forms a thin 
layer of the earth’s crust. It consists of a mixture of 
minerals, organic matter, water and air, which are 
essential for growth and maintenance of organisms 
[1]. Altogether, physical, chemical and biological soil 
properties estimate soil quality, which is defined as a 
capacity of soil function in a sustainable way within 
natural or managed lands to supporting ecosystem 
services [2-6]. The researchers need to identify and 
select the most important soil parameters or indicators 

that reflect the changes in managed land and respond 
to alteration of natural and anthropogenic activities [7]. 
Modern studies were focused on choosing, weighting 
and interpreting sets of physical, chemical and biological 
indicators to estimate soil function [8]. The most recent 
study for monitoring soil quality prefers a mathematical 
equation that has been proposed to combine preferable 
soil indicators into a model for creating soil quality 
index (SQI) [9] in order to supply integrated information 
about soil function and ecosystem services [10]. The 
SQI is the widest decision-making device used to study 
agricultural sustainability, soil resource management 
and socioeconomic viability [11]. Simple additive SQI is 
easy to apply, after standardization of soil indicators to 
values between 0 and 1 depending on threshold level, 
which makes better characterization of soil quality  
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[12-14]. While statistical-based model principal 
component analysis (PCA) initially acts on selecting 
a minimum data set (MDS) and giving a score for 
each indicator merged into the index [5, 15]. However, 
using PCA or another statistical method has introduced 
an opportunity for selecting MDS, which allows for 
avoiding bias and redundancy [11, 16].

During our survey, in most walnut orchards in 
northern Iraq, nearly all agriculture managers and 
farmers have suffered from a shortage in walnut 
productivity during the last decade. The reasons may be 
attributed to a lack of studies on soil quality correlated 
to nut yield, scarcity of farmers knowledge of their 
orchards soil quality and agricultural requirements, in 
addition to the effects of climate change, which cause 
a dramatic increase in atmospheric temperature and a 
decrease in the rate of rainfall.

Despite the wide use of SQI to assess soil quality 
worldwide, since there are no studies about SQI in the 
studied area for this reason this study aimed to assess 
the soil quality of walnut orchards in a different area in 
Erbil governorate by computing three SQI models. 

Materials and Methods

Study Site 

Three areas in the northern part of Erbil Province 
in Iraq were chosen for this study. Collection of soil 
samples was done in the following counties with 
their geographical coordinates using GPS (UTM): 
Shaqlawa District (38s E0439944 latitude N4028711, 

elevation 963 m above sea level ); Malakan village  
(38s E0463373 N4035073, elevation 1366 above sea 
level ); and Choman (Warda village) (38s E0489275 
N4057261, elevation 1514m above sea level) (Fig. 1). The 
climate of the area is semi-arid characterized by a wet, 
cold winter (December-March) and hot summer [17]. 

In each studied area a specific walnut orchard was 
selected after previously obtained permission from 
orchard owners. Soil sampling was conducted for two 
successive years, during June 2016 and 2017. Twelve 
samples per study orchards were taken from 30-60 cm 
depth. All samples were air dried in the laboratory and 
sieved through a 2 mm sieve to be used for laboratory 
analysis.

Laboratory Analysis

Soil physical, chemical and biological analyses were 
performed for 2 mm sieved samples. The following 
physical and chemical soil properties were determined 
according to standard methods described by [18]: Bulk 
density (BD- core method), soil texture (sand, silt and 
clay- Bouyoucos hydrometer method, field capacity 
and wilting point (FC and WP) were measured as 
described by [19], soil pH and electrical conductivity 
(EC) were analyzed in soil water suspension using 
(1:2.5 W/V) potentiometric method and conductivity 
meter respectively. The calcimeter method was used to 
determine CaCO3 according to the procedure described 
by [14, 20].  

Soil organic matter (SOM- Walkely and Black 
method), available nitrogen (AvN- Kjeldahl method), 
available phosphorus (AvP- Olsen method), available 

Fig. 1. a) Locations of the studied area in northern part of Erbil province/Iraq and b) study area.

a)

b)
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potassium (AvK- Ammonium acetate extraction method 
by flame photometer), available calcium and magnesium 
(AvCa and AvMg- complexometric titration method), 
and cation exchange capacity (CEC-ammonium 
acetate extraction method by flame photometer) [18]. 
Biological properties include: urease activity (UA) 
measured according to [21, 22], dehydrogenase activity 
(DA-triphenyl formazan-TPF method) as described by 
[23], alkaline phosphatase activity (AP- P-nitrophenyl 
phosphate method) as described by [23], basal soil 
respiration (BSR- determined as CO2 produced during 
120 h titrimetric method) [24], soil bacterial count  
(SB- Pour plate count), and soil fungi (SF- spread plate 
count) were estimated as described by [18]. 

Soil Quality Index (SQI) Calculation

Simple Additive SQI

The simple additive was proposed by [25] for 
assessing soil quality based on threshold values of soil 
properties quoted from both literature review and the 
authors’ opinion (Table 1) [10, 15, 26-40]. Then total 
SQI obtained from the sum of the individual index 
values [27] as shown in Equation 1:

 (1)
 

…in which simple SQI of individual soil was calculated 
by Equation 2:

 (2)

Weighted SQI 

In this method each soil property was standardized 
to unit less scoring function between 0 and 1 by applied 
linear equation [28] based on criteria: 1) (more is better) 
for an indicator that desirably has higher values (e.g., 
CEC, SOM, AvN, AvK, FC, DA) (using Equation 3). 
2) (less is better) for an indicator that desirably has 
lower values (e.g., BD, CaCO3, AvCa, EC, UA) (using 
Equation 4), 3) optimum for such indicators that have 
a positive influence on soil quality up to a certain level 
beyond which their influence is detrimental (e.g., pH, 
AvP, Sand, Silt, Clay, BSR, SB, SF, AP). 

                          (3)

                      (4)

Whereas A and B = standardized score value:  
x = value of soil indicator measured in the field; Min. 
V = minimum threshold value; Max. V = maximum 
threshold value of soil property.

After obtaining the standardized score for each soil 
indicator, their weights were proposed depending on 
soil function according to [41, 42]. Four groups were 

established: root growth capacity (RGC, e.g., BD, 
Texture, AvCa, CaCO3), plant nutrient supply (PNS, 
e.g., pH, EC, AvN, AvP, AvK, AvMg, CEC), biological 
activity (BA, e.g., enzymes activity, BSR, SB, SF), 
and storage water capacity (SWC, e.g., FC). Each soil 
function was assigned numerical weights according to 
their importance for improving and maintaining soil 
quality (Table 2). Some studies have suggested the 
same weight of 0.25 for each function considering that 
all functions are important [43], whereas other studies 
suggested more weight for function represented by 
higher indicators [42]. In this study, we prefer the last 
suggestion and give 0.3 weight for each PNS and BA 
functions, while RGC and SWC take 0.2 weight, the sum 

Soil indicators Mini-
mum

Maxi-
mum References

pH 5.5 8.5 [25, 26, 27]

EC (µS.cm-1) 200 500 [27]

BD (g.cm-3) 1.12 1.96 [28]

FC % 20 70 [28]

WP% 7 24 [29]

Sand % 45 80 [28]

Silt % 0 28 [29]

Clay % 20 35 [29]

SOM % 0.5 5 [30]

CaCO3 % 15 30 [15]

Available Nitrogen 
(mg.kg-1) 20 80 [31]

Available Phosphorus 
(mg.kg-1) 30 40 [31]

Available Potassium 
(mg.kg-1) 100 150 [31]

Available Calcium 
(mg.kg-1) 100 2000 [31]

Available Magnesium 
(mg.kg-1) 100 250 [31]

CEC  (Cmole.kg-1) ≤10 ≥18 [30]

Soil Respiration  µg CO2-
C/g DW per (120 hour) 35.84 71.68 [32]

Bacterial count 
(CFU.g*10-3) 4*106 2*109 [33]

Fungal count (CFU.g*10-2) 103 104 [34]

Urease (µg.g-1 dry soil.hr-1) 0.5 10 (10-
16) [35, 36, 37]

Alkaline Phosphatase 
(µg.g-1.hr-1) 40 110 [38, 39]

Dehydrogenase µg TPF 
g-1 soil 10 40 [40]

Table 1. Minimum and maximum limits for standardization of 
evaluated indicators.
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of all function must be 1. Thereafter, each indicator was 
taken at their sub-weight according to their importance 
under particular soil function properties [27]. Weighted 
SQI was computed by (Equation 5):

           (5)

…where W = assigned weight and Sf = soil function.

Statistical Factor Analysis 
(Principal Component Analysis) SQI

PCA is a statistical method used by different 
researchers to estimate SQI [5, 13, 14, 27, 28, 44]. 
The PCA is a common tool to extract information and 
reduce data to choose the most important indicator in a 
minimum data set (MDS) [11, 27]. The PCs (principal 
components) with eigenvalues more than >1 were 
selected. Within each chosen PC, the variables with 
the highest eigenvectors were taken (factors that have 
loading values within 10% of the highest value) in MDS. 
However, Pearsons correlation coefficient was used to 
reduce redundancy of data for a retained variable within 

selected PCs. If the retained variable correlated, only 
the variable with the highest eigenvector was selected, 
and others will be eliminated, while with non-correlated 
relation each of it considered as important variable and 
chosen in MDS for calculating SQI. To obtain weight 
value (Wi) for each PC, the certain percentage variation 
of PC is divided by the total percentage variation 
explained by all the PCs selected for MDS with 
eigenvalue >1. Then, SQI was estimated from Equation 
6 [13]: 

                       (6)

…where Wi = is the PCA weighting factor, Si = is the 
indicator score for each variable I, and n is the number of 
variables in the MDS.

Statistical Analysis

Statistical analysis of the data was performed 
using the SPSS (Statistical Package for Social Science- 
Version 22) program and Microsoft Office Excel 2010. 

Soil functions Weight (A) Soil indicators Sub-weight (B) Score ( C) B*C ∑ B*C = D D*A % SQI

RGC BD 0.4 0.94 0.37 0.59 0.12 36 0.32

0.2 Texture 0.4 0.48 0.19

CaCO3 0.2 0.11 0.02

PNS pH 0.1 0.74 0.07 0.32 0.10 29

EC 0.1 0.39 0.04

AvN 0.1 0.04 0.00

AvP 0.1 0.16 0.02

0.3 AvK 0.1 0.53 0.05

AvCa 0.05 0.56 0.03

AvMg 0.05 0.55 0.03

CEC 0.2 0.20 0.04

SOM 0.2 0.18 0.04

BA UA 0.2 0.40 0.08 0.34 0.10 32

AP 0.2 0.23 0.05

DA 0.2 0.63 0.13

0.3 SB 0.1 0.08 0.01

SF 0.1 0.30 0.03

BSR 0.1 0.34 0.03

SOM 0.1 0.18 0.02

SWC 0.2 FC 1 0.042 0.042 0.042 0.01 3

RGC, root growth capacity. PNS, plant nutrients supply. BA, biological activity. SWC, storage water capacity. SQI, soil quality 
index.  All other abbreviations as in Table 3.

Table 2. Weighted SQI model (adopted from [27]).
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Descriptive statistics were carried out and all values 
are presents as means±standard deviations (SD) for 
laboratory measurements. PCA was applied to retained 
indicators for (MDS). Correlation was evaluated for 
significance using a Pearson correlation coefficient test 
procedure. A P≤0.01 was considered to be statistically 
significant.

Results and Discussion 

The mean and standard deviation (SD) values for  
all laboratory analysis soil indicators are summarized  
in Table 3. The results of bulk density (BD) in the 
studied locations was lower than the minimum level 

(1.12 g.cm-3) and classified as an optimum value [28]. 
Good soil porosity, soil aggregate, and aeration was 
obtained from low soil BD [44]. However, differences in 
soil texture were found from sand clay in location 1 to 
the sandy clay loam in two other locations. Higher clay 
content in location 1 indicated more ability to water, 
and organic matter retained, and also higher CEC value 
and nutrients retained [5]. The soil is slightly alkaline 
with pH H2O above 7.7, also relatively higher pH H2O 
values of about 8.2 recorded in all locations during 
the second year of sampling. It might also come from 
alkaline calcareous nature of parent rock, and the above 
soil corresponded with a higher amount of ion bases 
[45]. On the other hand, high soil pH H2O could cause 
phosphorus deficiencies (P<15 mg.Kg-1) and reduce their 

Table 3. Descriptive statistics of all soil indicators for studied locations during two years (2016 and 2017).

2016 2017

L1 L2 L3 L1 L2 L3

Soil properties Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

BD (g.cm-3) 0.958 0.039 1.113 0.054 1.071 0.090 0.981 0.073 1.111 0.043 1.044 0.103

Sand % 15.61 4.378 3.613 2.031 14.41 6.796 15.61 4.378 3.613 2.031 14.41 6.796

Silt % 43.81 14.05 74.15 5.267 52.25 17.60 43.81 14.05 74.15 5.267 52.25 17.60

Clay % 40.57 12.63 22.24 3.445 33.33 11.72 40.57 12.63 22.24 3.445 33.33 11.72

FC % 29.38 5.014 22.11 1.368 27.33 4.158 29.38 5.021 22.05 1.365 27.28 4.190

WP % 18.77 4.420 12.35 1.206 16.95 3.666 18.77 4.419 12.35 1.200 16.94 3.662

pH 7.908 0.075 7.731 0.145 7.713 0.069 8.334 0.108 8.235 0.113 8.399 0.126

EC (µS.cm-1) 592.4 195.6 493.4 131.0 667.8 298.5 436.5 85.95 531.2 148.9 463.9 94.94

SOM % 1.807 0.406 1.324 0.221 1.499 0.467 1.821 0.744 1.562 0.239 2.157 0.771

Av N (mg.kg-1) 228.3 2.591 226.4 5.238 223.8 7.402 228 6.134 231.8 3.906 227.9 2.879

Av P (mg.kg-1) 10.29 3.034 7.894 5.566 12.98 4.432 10.25 2.31 8.88 3.460 10.23 4.04

Av K (mg.kg-1) 34.77 7.402 20.62 2.862 53.94 19.25 81.07 17.81 43.92 8.929 105.4 48.62

Av Ca (mg.kg-1) 5267 1435 3600 639.6 4450 648.8 3100 705.8 2275 580.2 2367 407.5

Av Mg (mg.kg-1) 5770 2148 9420 3091 9285 1165 1480 500.9 780.0 418.0 805.0 486.4

CEC (Cmole.kg-1) 11.27 2.391 14.51 15.93 24.02 10.56 25.43 3.522 38.18 4.080 6.799 3.213

CaCO3 % 36.92 2.202 1.653 0.992 0.218 0.267 37.15 3.154 0.553 0.599 1.279 1.451

UA (µg.g dry soil.hr-1) 89.78 27.49 59.74 30.80 59.68 26.90 112.4 60.10 52.52 36.93 96.74 40.86

DA (µg TPF g-1 soil) 108.3 38.17 93.43 40.00 111.5 32.69 39.87 3.536 43.49 12.65 66.66 43.95

AP (µg.g-1.hr-1) 52.14 5.791 60.95 13.13 52.504 3.482 146.3 28.52 95.60 53.58 195.42 67.96

BSR µg CO2-C/g DW 
per hr. 117.8 42.24 93.13 56.32 129.8 43.98 106.9 34.00 80.53 44.63 113.11 39.96

SB  (CFU. g *10-3) 1014 1662 1841 1677.2 2251 2872 165.1 197.5 130.3 51.53 5330 6281

SF (CFU. g* 10-2) 72.74 100.9 95.92 148.7 171.0 60.65 1.651 1.975 72.69 161.1 573.1 639.8

BD, bulk density  FC, field capacity. WP, wilting point. EC, electrical conductivity.  SOM, soil organic matter. AvN, available 
nitrogen. AvP, available phosphorus Av K, available  potassium. Av Ca, available calcium. Av Mg, available magnesium. CEC, 
cation exchange capacity. CaCO3, calcium carbonate. UA, urease enzyme activity. DA, dehydrogenase enzyme activity. AP, alkaline 
phosphatase enzyme activity. BSR, basal soil respiration, SB, soil bacteria number. SF, soil fungi number. SD, standard deviation.
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availability for plants. The same inverse relationship 
between AvP and soil pH H2O was found by [46]. 
The EC values in all studied locations were lower 
than those reported by [47] salinity hazard levels for 
cultivated plants.  

SOM is a principal soil indicator that influences 
other physical, chemical and biological soil properties. 
[2] has reported that organic matter positively affects 
and improves other soil parameters, including CEC, 
water content, nutrient availability, microorganism 
activity and reduced soil erosion. Soil organic content is 
relatively low in location 2 (<1%) to moderate content in 
the other two locations (>1%). However, the lower SOM 
content in the study area might be explained by rapid 
mineralization of organic matter that was enhanced by 
favourable climate factor conditions. The same results 
were found and explained by [3]. AvK ranged from 
the highest concentration in location 3 to the lowest 
concentration in location 2. It could be related to low 

SOM in location 2, which plays a key role in nutrients 
cycling and availability of K+ in soil [2, 48]. CEC of the 
studied soils varied from 11.26 Cmole.Kg-1 in location 
1 to 38.17 Cmole.Kg-1 in location 2. It ranged from 
moderate to high CEC values. Akhtaruzzaman et al.  
[49] stated that CEC value was mainly related to soil 
texture, organic matter accumulation and amount and 
types of clay minerals. 

Basal soil respiration (BSR) rate was high in 
all studied soils, which might be attributed to high 
and faster biological activities than organic matter 
decomposition, and it can be able to plant nutrient 
supply. Our findings are in agreement with the results 
of [44], although lower BSR values were measured in 
location 2, which coincided with the lowest content of 
SOM, AvP, AvK, AvCa and DA.

Soil enzymes are among the essential soil parameters 
related to the nutrient cycle in nature which reflects 
microbial activities in the soil [24, 50] and acts as soil 

Fig. 2. Overall soil quality index (SQI) values for different soil types.

Fig. 3. Percentage contribution of each soil function in weighted SQI model in different locations during studied period.
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PC1 PC2 PC3 PC4 PC5 PC6 PC7

Eigenvalues 7.163 4.203 2.996 2.407 2.201 1.396 1.009

% of variance 31.142 18.276 13.025 10.464 9.571 6.071 4.388

Cumulative % 31.142 49.418 62.443 72.906 82.478 88.549 92.937

Indicators Eigenvectors Communalities

BD -0.085 0.326 0.196 -0.455 0.107 0.419 0.670 0.995

Sand 0.847 -0.130 0.395 -0.031 -0.124 0.019 -0.040 0.911

Silt -0.681 0.047 -0.619 -0.186 -0.222 0.076 -0.060 0.943

Clay 0.184 -0.260 0.900 -0.140 -0.092 -0.121 -0.090 0.963

FC 0.072 -0.955 -0.062 0.017 -0.112 -0.189 0.026 0.970

WP -0.072 0.955 0.062 -0.017 0.112 0.189 -0.026 0.970

pH -0.727 -0.035 -0.240 0.444 -0.222 0.008 0.396 0.991

EC 0.151 0.315 0.808 -0.083 0.323 0.076 -0.050 0.894

SOM 0.806 0.084 0.268 0.160 0.083 0.234 -0.178 0.847

AvN -0.628 -0.213 -0.373 0.450 0.194 0.170 -0.252 0.912

AvP 0.374 -0.026 0.455 0.027 0.761 0.014 0.100 0.939

AvK -0.838 0.152 0.187 0.130 -0.155 0.197 0.262 0.909

AvCa 0.479 -0.124 0.388 0.101 0.534 0.522 0.073 0.969

AvMg -0.006 -0.219 0.063 0.031 -0.899 0.104 0.243 0.930

CEC 0.228 0.881 -0.198 -0.149 -0.081 -0.152 0.098 0.929

CaCO3 -0.021 -0.240 -0.073 0.744 0.292 -0.297 -0.045 0.793

UA 0.312 -0.128 0.015 -0.542 -0.016 -0.724 -0.033 0.933

DA -0.417 -0.113 -0.203 0.147 -0.201 0.080 0.824 0.975

AP -0.112 -0.328 0.189 0.061 0.261 -0.770 -0.158 0.846

BSR 0.829 0.413 -0.052 0.037 0.148 -0.304 -0.048 0.980

SB 0.121 0.095 0.019 0.879 -0.181 0.256 0.046 0.898

SF -0.386 -0.104 0.017 -0.186 0.517 0.665 0.096 0.914

PC, principal component. All other abbreviations as in Table 3.

Table 4. Eigenvector and percentage of variance explained by each of the seven principal components (PCs).

Fig. 4. Principal component analysis (PCA) scatterplot for soil indicators.
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fertility indicators [51]. Alkaline phosphatase (AP) 
activity showed higher values in all studied locations 
during the second year of sampling. This might be due 
to the high pH H2O values in the same time with lowest 
phosphorus availability. Our results are in agreement 
with that revealed by [52], who reported alkaline 
phosphatase function to be under pH H2O optimum level 
(8.5-11) for its activity. Generally, enzyme activity 
in location 3 was higher than the other two locations, 
which could be due to the soil texture and organic 
matter content that provide good aeration and nutrient 
availability for microorganism activity.

Soil Quality Index (SQI)

The SQI for the studied walnut orchard was variable 
(Fig. 2). Depending on additive SQI values, all soil 
qualities were classified as low type, with the highest 
value (0.4) recorded in location 1 to the lowest value 
(0.34) observed in location 2 during 2017. Generally, 
soil type was more affected by the soil quality of the 
locations.

The composition of weighted SQI exhibited in 
(Fig. 3), in which RGC had the main contribution in 
all studied locations with percentage value ranging  
29-36%; PNS ranged 28-38% and BA ranged 25-32%, 
while SWC had the lowest percentage of influence value 
and ranged 3-12%. The highest and lowest percentage 
effects for RGC and SWC, respectively were found in 
location 2 compared to other studied locations. These 
results have a reflection effect on SQI value for location 
2 with the lowest value (0.31) compared to the highest 
value (0.38) in location 1. According to these values, 
all soil types are classified as a low soil type or class. 
Thus, the results might be due to the contribution of all 
soil indicators for computing the first two SQI models in 
which some of the indicators are not essential for such 
soil management. In addition to scoring indicators from 
the literature review and authors opinion make it less 
accurate than SQI PCA model.

In the SQI PCA model, all soil variables in the 
studied locations were included in the PCA statistical 
programmer SPSS 22. Retained PCs with eigenvalue >1 
that represented the greatest variability in the data set 
consists of the first seven PCs, and it explained by 92.9% 
of the variation (Table 4, Fig. 4). Under each PC, the 
variables with high eigenvector value were retained for 
MDS (boldfaced value). After that, the highly weighted 
values for PC1 were: sand, pH, SOM, AvK and BSR. For 
PC2 each of FC, WP and CEC were highly weighted. 
While PC3 was represented by clay and EC. Under 
PC4, SB and CaCO3 were highly weighted. Meanwhile, 
PC5 (both AvMg and AvP) were selected. PC6 retained 
enzymes UA and AP, whereas PC7 was represented 
by DA. Then, for selecting indicators for each PC for 
MDS, they were subjected to the Pearson correlation 
coefficient test. When retained variables correlated, only 
the highest eigenvector weight selected and others that 
were eliminated, while the non-correlated indicator for 

each PC was considered as important and retained for 
MDS. Thus, results in Table 5 show a highly significant 
correlation (P≤0.01) between sand and each of pH 
H2O and SOM with the correlation coefficient values 
of (-0.706 and 0.872 respectively), while a significant 
correlation (P≤0.05) was recorded between sand and 
each of AvK with the correlation coefficient values of 
(-0.587) and BSR (0.571) respectively. Also, significant 
correlation was found between the obtained indicators 
in PC2, PC3, PC5 and PC7. So, in these PCs only the 
highest eigenvector values were retained: PC1 = sand, 
PC2 = WP, PC3 = clay, PC5 = AvMg, and PC7 = DA. 
Meanwhile, in PC4 no significant correlation was 
found between BSR and CaCO3. Whereas in PC6 also 
no significant correlation between AP and UA was 
observed. Therefore, the obtained quality index method 
is influenced by (boldface italic values): sand>WP> 
clay>SB = CaCO3>AvMg>AP = UA>DA, and will be 
used in SQI calculation.

The interpretation of selected PCs is important 
to understand the process that takes place for better 
management. PC1 and PC3 represented plant nutrient 
retention and supply for supporting productivity, while 
PC2 might be interpreted for water retention and nutrient 
supply. However, PC4 represented biotic activity for 
sustaining productivity. Meanwhile, PC5 corresponds to 
plant nutrient supply. In the case of PC6 and PC7 this 
could be explained for biotic activity and plant nutrient 
supply for sustaining productivity [2, 3, 9]. Despite this, 
results of PCA SQI values the soil quality of location 2 
still classified as the low type with values (0.48 and 0.49 
respectively) for both studied years. The soil quality in 
location 3 was classified as moderate type (0.72 and 0.52 
respectively) for the sampling period 2016-2017. It is 
mostly related to soil type of location 1 (sand clay) and 
high content of SOM and water content. Then results 
could encourage farmers and agriculture managers 
to improve soil quality of walnut orchards through 
increasing organic matter content, which improves the 
plant nutrients supply, water content and reduced root 
penetration resistance of managed soil.

Conclusions

The soil quality assessment of different walnut 
orchards using three SQI models revealed that SOM 
influences soil type through improving soil physical, 
chemical and biology indicators. Low nutrient 
availability might be one of the major reasons behind 
the lack of walnut productivity. Increases in alkaline 
phosphatase activity coincided with high pH H2O values. 
SQI values of three models classified soil quality of 
location 2 as low type. While it varied from moderate 
to high type in location 1 and as the moderate type 
for location 3, depending on SQI PCA values. The 
low type soil quality of location 2 showed the highest 
effect percentage of RGC and the lowest for SWC, 
which might be attributed to soil texture, relatively 
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high BD, and lower SOM, FC, AvK, and AvP contents. 
Generally, the SQI PCA model is considered as a most 
appropriate method. Furthermore, in order to evaluate 
the effectiveness of SQI to assess soil quality, it could 
be correlated to walnut yield to recognize the best farm 
management and conservation.
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