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Abstract

The process of evaluating the soil quality is complex and is impacted by a variety of physical, chemical, and biological indicators as well as how they interact over
time, particularly throughout different cultivation periods. The main objective of the current investigation is to examine how various organic farming practices affect
the soil quality indicators at selected organic farms throughout various cultivation times. The study sites in Egypt were selected to represent two great soil groups
(Torripsamments and Haplotorrerts). Moreover, the selected farms have different organic cultivation periods and management practices. Soil samples were collected
from five different farms and uncultivated soil in each soil great soil group as control. After analyzing soil samples in the lab, physical, chemical, and biological indicators
were assessed and used to calculate the Soil Quality Index (SOI). Principal Component Analysis (PCA) was used to obtain the minimum data set needed for soil quality
evaluation. The length of organic cultivation in Torripasament raised the SQI value for physical and chemical indicators in the following order: 2 years > 6 years > 10 years
> 13 years. Similar to Torripsament, the most sensitive indicators for SQI assessment in Haplotorrert were found to be soil respiration, microbial biomass C, microbial
quotient, organic matter, and physical characteristics of soil quality. Results also indicated that organic farming improves most of the studied soil quality indicators of
both soils (Torripsamment and Haplotorrerts). Soil respiration, Microbial Biomass (MBC), Microbial Quotient (MQ), organic matter, and physical aspects of soil quality were
the most sensitive indicators of soil quality evaluation. Soil quality index (SQI) for Torripsamment was affected mostly by soil biological indicators, while soil physical
indicators were the main indicators affecting SQl in Haplotorrerts. The best score for the soil quality index was at 13 years of organic cultivation periods in Torripsamment
and at 17 years in Haplotorrerts.

Abbreviations

AGG: Aggregation State; CEC: Cation Exchange Capacity;
DTPA: Diethylene Triamine Pentaacetic Acid; ECe: Electrical
Conductivity in Extract; ESP: Exchangeable Sodium Percent;
MDS: Minimum Data Set; Mg/m3: Mega gram/ cubic meters;
PCA: Principal Component Analysis; SQI: Soil Quality Index;
SOC: Soil Organic Carbon; Sf: Structure Factor; TDS: Total Data
Set

Introduction

Arid and semi-arid regions face exclusive challenges
in agriculture due to limited water availability and severe

environmental conditions. Organic farming has been proposed
as a sustainable farming system that can improve soil
quality and productivity in these challenging environments.
Understanding the impact of organic agriculture practices on
soil quality in irrigated arid lands is crucial for sustainable land
management and food production in these regions. Moreover,
the soil in such regions is often characterized by low organic
matter content, high salinity, and poor fertility, making it
difficult to support agricultural activities. Traditional farming
practices such as excessive tillage and chemical inputs can
further degrade soil quality in these areas. Organic agriculture,
which emphasizes building good soil quality through practices
such as crop rotations cover cropping, and composting, has the
potential to improve soil quality and productivity in arid lands.
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Generally, the main objectives of the current study are;
to assess the impact of organic agriculture practices on soil
physical, chemical, and biological properties, to evaluate the
effects of organic farming on soil microbial communities and
their role in nutrient cycling and soil health, to compare soil
quality indicators between organic and control soil in irrigated
arid lands and to identify key factors influencing soil quality in
organic agriculture systems in arid environments.

Several studies have explored this topic, highlighting the
potential benefits of organic practices for arid soils [1] in
Indonesia demonstrated an improvement in Soil Organic Carbon
(SOC) content in organically managed paddy fields compared
to conventionally managed fields. Similarly, a study by [2]
suggested that organic amendments can enhance soil quality
in arid lands, but advised that tillage practices can accelerate
organic matter decomposition. These findings are echoed by
others, emphasizing the importance of understanding the
complex interplay between organic inputs, irrigation practices,
and overall soil management strategies [3-6] defined soil
quality as the capacity of soil to function within an ecosystem
and land-use boundaries, sustain biological activity, maintain
environmental quality, and promote plant, animal, and human
health. According to [7-9], soil quality indices are considered
the most common methods for soil quality evaluation due
to ease of use, flexibility, and quantification. Furthermore,
assessing soil quality goes beyond just chemical properties [10]
emphasized the importance of considering microbial properties
as well. By employing a set of physical, chemical, and biological
indicators, researchers can gain a more comprehensive
understanding of how organic agriculture influences soil
quality in arid irrigated systems [11]. This knowledge is crucial
for optimizing organic management practices and ensuring the
long-term sustainability of agriculture in arid environments.

These indices represent the cumulative effects of different
soil properties (physical, chemical, and biological) as an
index of the role of each indicator in soil quality. In organic
farming systems, plant production mainly depends on nutrient
transformation in soil because only a limited amount of fertilizer
is used. According to [12] organic agriculture is a production
system that sustains the health of soils, ecosystems, and
people. Soil quality indicators may be identified qualitatively
(e.g. drainage is fast) or quantitatively (i.e. infiltration = 2.5 in/
hr). Many investigators discuss this issue [13] reported that an
important feature of soil quality is the differentiation between
inherent and dynamic soil properties [14,15] used the Principal
Component Analysis (PCA) for selecting MDS from a total of
twenty-two soil properties. According to [16], the Soil Quality
Index (SQI) is a widely used approach that combines many
criteria, or indicators, into a single number that represents
the function of the soil. It offers integrated data on how
farming techniques, such as irrigation, affect the temporal
and geographical performance of the soil. Also, [17] selected
an MDS from nineteen physical, chemical, and biological soil
properties as the TDS under different planting patterns and
soil types. They concluded that the selected MDS had good
efficiency in representing TDS. Therefore, the main objectives
of this work were: 1) Determining the Minimum Data Set

(MDS) for evaluating soil quality of organic farming systems
using multivariate analysis, 2) Evaluating the importance
of cultivation periods on the improvement of soil quality 3)
Developing scoring function for soil quality assessment of
some organic farming systems in Egypt.

Materials and methods

Two study sites were selected to represent two great soil
groups dominated in arid lands (i.e., Torripsamments and
Haplotorrerts). Irrigated farms with varying cultivation times
and management practices served as the study sites. Four
farms were selected in the Nubaria area, west of the Delta
region, Egypt (Figure 1) as Torripsamments soils. The four farms
represented different organic farming periods of 2, 6, 10, and
13 years, with the uncultivated soil serving as the control. The
selected farms were located at 20 m asl elevation with an arid
climate (precipitation 94 mm/year, temperature range 14.3-
28.1 °C). Three farms with different organic farming periods of
5,10, and 17 years plus uncultivated soil were selected in Fayum
governorate, Egypt to represent Haplotorrerts soil (clay-
textured soils) (Figure 1). The selected farms were located at
28.30 m asl elevation with an arid climate (precipitation about
13.7 mm, temperature range 14.5-29.5 °C). A brief description
of the farming practices, source of irrigation water; irrigation
system, pest control management, and cropping patterns
at the study sites were given in Table 1. Representative soil
profiles were selected and morphologically described in the
field, and then forty-two soil samples were collected according
to the morphological variations in the studied profiles in the
year 2022. The collected samples were prepared for physical,
chemical, and microbiological analyses following standard
procedures according to [18,19]. The structure factor (sf)

;
Ps

Om-El- moemineen farm | n

El-Esh farm -

Figure 1: Location of the studied sites (N:30° 15'44.39" and E: 30° 5 56.85" at Om-
El- moemineen) and (N:29° 18 14.31“ and E: 30° 51° 16.05" at EI-Esh).
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was calculated after [20]. DTPA was used to extract available
micronutrients [21]. Fe, Mn, Cu, and Zn were measured
using Atomic Absorption Spectrometry (AAS) according to
[22,23]. Available phosphorus was extracted by NaHCO, and
determined using ascorbic acid [24]. Available K was extracted
and measured using a flame photometer [25].

Representativesubsamplesfromeachlayerwerepreparedand
analyzed for biological properties using the standard methods
described by [26,27]. The obtained data were statistically
analyzed and Soil Quality Index (SQI) was obtained according
to [28] as follows: a) Selection of a Minimum Data Set (MDS)
of indicators that best represent soil function. b) Scoring the
MDS indicators based on the performance of soil functions,
and c) Integrating the indicator scores into a comparative
index of soil quality. The selected indicators were converted
to score values (between 0 and 1) using non-linear scoring
functions. The scored values were integrated into indices
using an additive model (Eq. 1), and the indices were subjected
to ANOVA to test the significance of the treatment effects.

SQI = (gl Si)*lO (1)
1=

Where: SQI = soil quality index, Si = score values for
individual indicators, and, n = number of Indicators used.

Results and discussion

The study investigated the effects of organic farming on
soil quality in two soil types: Torripsaments and Haplotorrerts.

Physical soil quality indicators

Results in Table 2 show the effects of long-term cultivation
on various soil properties. The results show that the soil
properties vary depending on the farming period and the depth
of the soil sample. The highest bulk density values were found
in the uncultivated soils. The percentage of sand is generally
higher in the upper layers of the soil than in the lower layers.
Also, as soil depth increases, some characteristics of the soil,
such as bulk density and total porosity, tend to decrease and
increase, respectively.

In Torripsamments soils, organic cultivation practices
resulted in higher fine sand, silt, and clay content compared to
uncultivated soils (Table 2). This variation is likely due to natural

Table 1: The selected soil profiles and the applied agriculture management systems in the studied farms.

Farmmg system

Governo-
Type
penods

1 blended water Drip

3 . 6 blended water Drip
El-Behera organic .

5 10 blended water Drip

7 13 blended water Drip

9 5 Surface
El-Faiyum 11 organic 10 Nile Surface

13 17 water Surface

CUItivation of crop at

Fertilizers/faddan Pest Control

(4200 m?)

sampling

Tomato Compost 10 - 15 m®+ (rock phosphate+ .
i -Insecticidal Soap
Snap bean natural potassium + EM and natural ) )
b Nitrogen -Micronized Sulfur.
epper . 9 -Natural Oil
Asparagus ( Algazon) ) with a recommended dose
calendula Compost 12 m3 -Insecticidal Soap
wheat Compost 12 m® -Micronized Sulfur.
Mint Compost 12 m® -Natural Oil

Table 2: Soil physical indicators for the studied soil proﬁles samples collected from Om El-moemineen farm (Nubariya site).

A ti tat Struct fact
Farming periods Silt % Clay % | Bulk density (Mg/m?® | Total porosity (%) ggregaolon state fue ureo actor
Coarse m (%) (sf)%

Sand (%

030 215 650 620  7.30

1 Tomato (2 years) 30-60 21.0 68.0 3.50 7.50

60-90 155 735 250 850

Uneulivated 030 285 650 320 330

2 neuttivate 3060 225 700 350 400
soil (2 years)

60-90 165 754 350 460

St 030 9.00 795 300 850

3 nap bean 3060 750 795 400  9.00
(6 years)

60-90 6.80 800 400 920

vated sail 030 180 775 200 250

4 uncuttivated sol 3060 160  80.0 150 250
(6 years)

6090 140 820 170 230

o 030 150 723 350 920

5 epper 3060 7.0 80.4 310  9.50
(10 years)

60-90 760 800 310  9.30

vated sail 030 120 790 450 450

6 uncuttivated sol 3060 144 755 650  3.60
(10 years)

6090 190 712 650 330

. 030 650 820 550 600

7 sparagus 3060 450 835 550 650
(13 years)

60-90 380 840 560 670

vated sail 030 110 795 550 400

8 uncuttivated sol 3060 105 810 550  3.00
(13 years)

6090 117 800 550 280

1.5 42.2 4.41 8.21
1.54 41.8 4.30 10.6
1.58 40.3 4.81 8.23
1.63 38.4 2.60 4.06
1.64 38.1 1.59 413
1.64 38.1 2.23 3.92
1.47 44.5 6.15 9.00
1.51 43.0 9.04 9.31
1.51 43.0 9.00 9.00
1.58 40.3 1.54 3.55
1.60 39.6 1.53 3.90
1.65 37.7 1.45 3.52
1.50 43.3 7.32 9.33
1.52 42.6 9.89 9.87
1.52 42.6 9.92 10.0
1.59 40.0 2.67 4.30
1.63 38.4 2.49 4.00
1.65 37.7 2.40 3.79
1.48 441 5.95 8.64
1.49 43.7 7.56 9.58
1.50 43.3 8.00 10.0
1.60 39.6 3.00 2.65
1.64 38.1 2.34 2.50
1.65 37.7 2.20 242
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soil formation processes rather than specific management
practices. Organic farms had better soil aggregation than
uncultivated areas, with aggregation improving with depth.
This trend is reflected in the soil structure factor data. Similar
findings were reported by [29], who linked organic amendments
to significant improvements in soil structural stability.

Table 2 also shows a decrease in soil bulk density with
increasing cultivation periods. For example, surface layers of
soils cultivated for 2, 6, 10, and 13 years had bulk densities
of 1.53, 147, 1.50, and 1.48 Mg/m3, respectively. Total
porosity followed the opposite trend.

For Haplotorrerts soils, Clay content was higher in
organically farmed soils compared to uncultivated soils (Table
3). The highest clay percentage was found in profiles No. 9 and
13. Overall, soil texture was not significantly affected by organic
farming practices as changes in clay, silt, and sand fractions
are primarily caused by natural processes or human activities
like adding materials to the soil. All organic cultivation profiles
displayed lower bulk density, aggregation state, and structure
factor compared to uncultivated soils. These variations are
likely due to interactions between clay particles and organic
matter, potentially forming frothed clay-organic complexes
[30,31] suggested positive feedback cycles between Soil Organic
Carbon (SOC) accumulation in macro-aggregates and enhanced
aggregate stability. Based on this data, organic cultivation
appears to improve soil physical properties, potentially leading
to positive effects on other soil characteristics and overall soil
behavior.

Chemical soil quality indicators

Results in Tables 4,5 show that the pH of the soil varied
depending on the farming period, depth, and whether the soil
was cultivated. In general, the pH was lower (around 7.6) in the
top layer (0 cm - 30 cm) of cultivated soils and increased with
depth. The ECe and ESP values were generally low throughout
the table. The availability of phosphorus (P) and potassium (K)

was higher in the top layer (0 cm - 30 cm) of cultivated soils
compared to uncultivated soils. This suggests that cultivation
organic farming practices may increase the availability of these
nutrients in the short term.

The organic matter (OM) content was generally higher in
the top layer (0 cm - 30 cm) of cultivated soils compared to
uncultivated soils]. Uncultivated Torripsaments had relatively
lower soil pH and Electrical Conductivity (ECe) compared to
cultivated ones. Organic farming practices in Torripsaments led
to higher Cation Exchange Capacity (CEC) and levels of available
nitrogen (N), phosphorus (P), potassium (K), and soil organic
matter (SOM) compared to uncultivated soils. The highest
levels of these elements were observed after 13 years of organic
cultivation. Haplotorrerts under organic farming generally had
lower soil pH and higher ECe values compared to uncultivated
soils. Organic management also increased CEC, exchangeable
calcium (Ca++), magnesium (Mg++), and sodium (Na+) in
Haplotorrerts compared to uncultivated soils.

All studied Haplotorrerts soils had very high available K
content, with organically farmed soils having even higher
values. This high K level was likely linked to the parent
material and management practices. Total nitrogen, organic
carbon (OC), and SOM contents were greater in cultivated
Haplotorrerts compared to uncultivated ones. The highest levels
were observed after 17 years of cultivation.

Biological soil quality indicators

Figures 2,3 show that organic farming practices enhanced
basal respiration and Soil Microbial Biomass Carbon (SMBC) in
Torripasaments compared to uncultivated soils. This effect was
most evident after 10 and 13 years of organic cultivation. The
surface layer had a higher concentration of microbial biomass
C compared to deeper layers.

The microbial quotient in Torripsaments decreased under
organic farming practices across all years and crops studied.
The surface layer had a lower microbial quotient compared to

Table 3: Soil physical indicators for the studied soil proﬁles samples collected from EL-Esh farm( Ebshiway site).

Farming periods Sand(/o Silt% | Clay% |Textural Class Bulk density | Total porosity | Aggregation state |Structure factor
°° _coarse | Fine " " (Mg/m) %) %) (s)%

020 500 100 200 650

9 Calandula (5 years) 20-45 3.00 10.0 21.5 65.5

4575 250 105 225 645

Uneuttivared soil (5 2 110 | 180 250  46.0

10 neultivated soil ( 20-45 100 | 180 250 470
years)

4575 100 | 200 230 470

020 500 100 350  50.0

11 Wheat (10 years) 20-45 2.50 9.00 36.4 52.1

4575 200 950 360 525

Uneultvated soil (10 %0 9.80 | 180 270 452

12 neultivated soil 20-45 120 200 250 430
years)

4575 100 | 200 260 440

020 350 115 255 595

13 Mint (17 years) 20-45 6.00 10.0 24.0 60.0

4575 350 100 260  60.0

Uneuttvated soil (17 20 120 210 225 445

14 neultivated soil 20-45 700 210 270 450
years)

4575 800 220 260 440

Clay 1.11 58.1 20.2 18.5
Clay 1.20 54.7 21.4 21.5
Clay 1.20 54.7 21.4 232
Clay 1.35 49.0 30.0 10.3
Clay 1.37 48.3 30.6 11.3
Clay 1.40 471 31.5 11.3
Clay 1.06 60.0 21.8 20.0
Clay 1.09 58.8 19.4 26.3
Clay 1.18 55.4 20.4 25.0
Clay 1.31 50.5 29.0 11.9
Clay 1.32 50.1 32.0 9.32
Clay 1.39 47.5 32.0 8.13
Clay 1.16 56.2 18.7 20.4
Clay 1.20 54.7 20.2 22.0
Clay 1.22 53.9 19.3 21.1
Clay 1.36 48.6 33.0 10.4
Clay 1.36 48.6 29.0 10.3
Clay 1.40 471 30.0 9.27
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Table 4: Some Chemical indicators of the studied soil samples were collected from Om Elmoemineen farm (Nubariya site).
(cmol/kg)

Farming periods

ECe o.M
(dSm-) %

ot 030 765 041 397 088

1 omato 3060  7.51 055 140  1.00
(2years)

6090 774 031 119 080

Uncultivated 0-30 7.81 0.32 0.39 1.10

2 soil 3060 785 025 @ 028 089

(2years) 6090 790 022 014 082

Shanb 030 760 051 328 260

3 nap bean 3060 7.66 055 280 282
(6years)

6090 7.68 056 240 285

, iated sy V30 762 117 034 281

uncultivated soll 50 60 782 100 | 019 291
(6years)

6090 783 110 015 298

S . 030 782 085 38 174

epper 3060 785 093 340 185
(10years)

6090 785 005 310 193

iated sy V30 810 306 103 130

6 uncuttivated soll 5460 ggo 311 060  13.1
(10years)

6090 800 314 034 134

, . 030 746 055 415 087

sparagus 3060 75 060 299 085
(13years)

6090 75 060 290 086

iated sy V30 785 167 028 1%

uncuttivated soll 0 60 787 181 026 211
8 (13years)

6090 7.87 182 024 281

Table 5: Some Chemical indicators of the studied soil samples were collected from the EL-Esh farm ( Ebshlway site).

Farming periods pHat 0 M CaCO
oP 1:2.5 (dS m 1)

0-20 7.96 4.69 4.20 9.81
9 Calandula (5 years) 20-45  8.10 5.10 410  6.91
45-75 8.20 5.02 3.80 12.2
Uneultivated so s 020 811 183 200 om
10 neultivated soil 2045 821 151 250  9.51
years)
45-75 8.00 14.2 2.50 8.33
0-20 7.90 3.76 4.40 712
11 Wheat (10 years) 20-45  7.85 3.47 4.01 8.52
45-75 7.79 3.17 3.70 6.95
12 Uncultivated soil 0-20 8.09 9.38 2.60 9.88
neuttivated sol 2045 810 962 232 10.1
(10 years)
45-75 8.11 9.58 2.20 10.5
13 0-20 7.88 2.91 4.80 6.33
Mint (17 years) 20-45 7.89 3.02 4.60 7.22
45-75 7.91 2.56 4.00 7.55
U ltivated 0-20 8.12 6.44 2.40 8.22
14 r?cu vate 20-45 8.15 6.61 1.92 9.13
Soil (17 years)
45-75 8.00 6.82 1.80 9.87

deeper layers, possibly due to increased OC or decreased SMBC
in the surface layer [32,33].

The highest soil respiration rate in Haplotorrerts was
observed in organically farmed soil cultivated for 17 years. The
rate increased with cultivation time, following the order: 5
years < 10 years < 17 years. Soil microbial biomass C content
followed a similar trend.

The microbial quotient in Haplotorrerts (Figure 4) displayed
a different trend compared to Torripsaments. The surface layer
was relatively lower than the deep layers which may be related

Nt (%) | Available P | Available K
5.79 0.51 0.16 1.93 8.28 0.26 8.98
5.60 0.48 0.16 2.00 8.00 0.08 14.6
5.32 0.46 0.15 1.97 7.60 0.06 9.80 336
2.55 0.23 0.12 3.08 3.90 0.02 9.98 109
2.66 0.23 0.08 2.11 3.80 0.01 8.26 172
2.45 0.21 0.07 2.00 3.50 0.01 11.6 172
6.79 0.58 0.19 1.96 9.70 0.21 11.1 382
6.37 0.55 0.18 1.98 9.10 0.18 10.8 344
6.50 0.51 0.18 2.00 9.00 0.15 9.80 344
3.99 0.34 0.11 1.93 5.70 0.02 11.6 172
3.71 0.32 0.11 2.08 5.30 0.01 9.68 148
3.80 0.34 0.11 2.10 5.00 0.01 8.20 148
5.95 0.51 0.17 2.00 8.50 0.25 11.7 272
5.95 0.51 0.17 2.00 8.50 0.22 11.8 234
5.90 0.53 0.16 1.86 8.60 0.19 11.0 195
2.94 0.25 0.08 1.90 4.20 0.05 14.2 210
3.36 0.29 0.11 2.29 4.80 0.03 11.5 202
3.53 0.30 0.11 2.44 4.50 0.01 11.0 172
6.51 0.56 0.19 2.04 9.30 0.25 8.78 312
6.44 0.55 0.18 1.96 9.20 0.19 8.52 272
6.43 0.55 0.18 2.00 9.20 0.18 8.50 272
2.73 0.23 0.08 2.05 3.90 0.01 15.0 179
2.52 0.22 0.07 1.94 3.60 0.01 11.2 179
2.52 0.22 0.06 1.82 3.30 0.01 11.2 156
- (mgkg™) | (mgkg?)
333 532 142 2.98 47.6 0.24 30.2
338 532 1091 3.94 48.4 0.22 15.4 993
33.0 519 210 4.44 47.2 0.19 11.0 1329
244 383 214 6.13 34.9 0.12 25.4 1008
239 376 225 6.57 34.2 0.12 30.8 985
223 350 252 7.89 31.9 0.11 28.1 914
289 455 1.38 3.33 41.4 0.25 57.9 1180
28.1 443  1.51 3.75 40.2 0.22 41.3 1149
30.8 484 1.76 4.00 440 0.18 40.0 1251
254 400 290 7.96 36.4 0.12 43.2 1047
247 3.88 2.50 7.08 35.3 0.11 38.4 1016
25.8 4.05 250 6.77 36.9 0.11 25.3 1055
334 525 224 4.68 47.8 0.25 55.2 1352
333 523 245 5.14 47.6 0.23 51.1 1360
34.1 536 210 4.30 48.8 0.20 48.4 1368
228 359 170 7.78 34.7 0.11 47.3 946
21.8 343 1.80 8.43 33.2 0.09 43.1 899
21.5 338 1.80 8.80 31.8 0.07 40.0 891

to increased OC or decreased SMBC in the surface layer. Figure
5 Show that the highest Haplotorrerts soil respiration rate was
found in the organic farming soil that was cultivated for 17
years (Figure 6).

The microbial quotient ratio displayed a quite different
trend to that obtained for Torripsamments soil (Figure 7).

Soil Quality Index (SQl)

Principal component analysis (PCA) identified soil
respiration, microbial biomass C, microbial quotient, total
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Figure 2: CO, concentrations at different soil depths taken from the organic farming,

(Nubariya site). P1: 0 cm - 30 cm, P2: 30 cm - 60 cm, P3: 60 cm - 90 cm.
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Figure 3: Microbial biomass C at different soil depths taken from the organic

farming, Om El-moemineen farm (Nubariya site). P1: 0 cm - 30 cm, P2: 30 cm - 60
cm, P3: 60 cm - 90 cm.
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Figure 4: Microbial Quotient (%) at different soil depths taken from the organic

farming, (Nubariya site). P1: 0 cm - 30 cm, P2: 30 cm -60 cm, P3: 60 cm - 90 cm.
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Figure 5: CO, concentrations at different soil depths taken from the organic farming,

(El faiyum site). P1: 0 cm - 20 cm, P2: 20 cm - 45 cm, P3: 45 cm - 75 cm.
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Figure 6: Microbial biomass C at different soil depths taken from the organic
farming, (EL-Faiyum) P1: 0 cm - 20 cm, P2: 20 cm - 45 cm, P3: 45 cm - 75 cm.
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Figure 7: Microbial Quotient (%) at different soil depths taken from the organic

farming, (EL-Faiyum) P1: 0 cm - 20 cm, P2: 20 cm - 45 cm, P3: 45 cm - 75 cm.

years > 13 years. The biological SQI showed a different trend: 2
years > 13 years > 6 years > 10 years (Tables 6,7).

This suggests that soil respiration, microbial biomass C,
microbial quotient, organic matter, and physical aspects of
soil quality were the most sensitive indicators of the impact
of organic farming practices on Torripsaments. In Haplotorrerts,
soil aggregate state, bulk density, percentage silt + clay,
structure factor, and some chemical indicators like ESP, SAR,
available ammonium (NH, ), available Cu, soil pH, and ECe were
the most influential factors on SQI. Soil respiration, microbial
biomass C, microbial quotient, CEC, CaCO,, and available Fe
were important factors determined by the second component.

Tables 8,9 show that Haplotorrerts followed a trend similar
to Torripsaments, soil respiration, microbial biomass C,
microbial quotient, organic matter, and physical aspects of soil
quality were identified as the most sensitive indicators for SQI
evaluation.

The SQI score in Torripsaments relied mainly on biological
indicators, while the score in Haplotorrerts depended more
on physical indicators. The highest SQI values were observed
in Torripasaments managed organically for 13 years and
Haplotorrerts managed organically for 17 years, compared to
their respective uncultivated counterparts.

Overall, the study demonstrates that organic farming
practices can significantly improve soil quality in both
Torripasaments and Haplotorrerts. The most significant
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Table 6: The summation of extracted PCA from all minimum data sets of profiles at different times managed organically at Torripsamments soil.

Periods of organic cultivation (year)

2PC5 2PC4 2PC3 2PC2 2PC1 2 PC4 3P C3 2PC2 2PC1 2PC3 > PC2 2 PC1 2PC3 2 PC2 2 PC1
12.7 19.9 19.2 20.5 73.5 -11.4 -17 35.2 50.1 15.9 14.3 63.1 8.5 14.2 66.4

SQl = £(PC1+LPC2+% PC3+ XPC4+3PC5) = 145.9

SQl = £(PC1+ZPC2+ SPC3 +5PC4) = 58.7

SQl = £(PC1+IPC2+1PC3(=93.6  SQI=X(PC1+IPC2+IPC3) = 89.1

Table 7: The summation of extracted PCA from a minimum data set of profiles uncultivated in Torripsamments soil.

Time of uncultivated soil (year)

IPC4 2PC3 2PC2 2PC1 > PC3 >PC2 2PC1 3PC3 3PC2 2PC1 2PC3 P C2 2PC1
10.8 229 16.1 73.3 -0.14 16.8 37.1 6.54 11.9 26.5 8.63 413 8.71

SQl = £(PC1+ZPC2+% PC3 +XPC4) = 123.2

SQl = X(PC1+XPC2+XPC3) = 53.8

SQl = £(PC1+XPC2+ £PC3) = 44.9 SQl = X(PC1+XPC2+ XPC3) = 21.5

Table 8: The summation of extracted PCA from a minimum data set of profiles managed organically in Haplotorrerts soils.

Periods of organic cultivation (year)

17 years

5 years

> PC3=27.0 > PC2=5.57 >PC1=737 > PC3=3.65

SQl = 5(PC1+3PC2+5PC3) = 106

> PC2=158
SQl = 5(PC1+ZPC2+ £PC3) = 60.3

> PC1=40.9 > PC3=223 > PC2=45.01 > PC1=9.34

SQl = 5(PC1+ 3PC2 +PC3) = 76.6

Table 9: The summation of extracted PCA from a minimum data set of profiles in Haplotorrerts soils.

Time of uncultivated soil (year)

17 years

> PC3=494 >PC2=15.7 >PC1=14.9 >PC3 =5.94 >PC2=19.8

SQl = £(PC1+XPC2+PC3) = 35.5

improvements were observed in soil biological properties and
organic matter content. The SQI served as a useful tool for
evaluating the overall impact of organic farming on soil health.

This study investigated the effects of organic farming
practices on soil quality in Torripsaments and Haplotorrerts.
The results revealed significant improvements in various
soil properties under organic management compared to
uncultivated soils.

Organic farming practices led to a significant enhancement
of soil fertility in both soil types. Compared to uncultivated
soils, organically farmed Torripsaments exhibited higher
CEC, available N, P, K, and SOM [27,34,35]. This aligns with
previous research by [15] who reported increased soil fertility
due to organic amendments. Similarly, organic management
in Haplotorrerts resulted in elevated CEC, exchangeable cations
(Ca, Mg, Na), and available K content [27]. The high K levels
observed in Haplotorrerts could be attributed to the parent
material and organic practices, as suggested by the authors.
Furthermore, organic cultivation led to increased total N,
OC, and SOM in Haplotorrerts compared to uncultivated
counterparts, with the highest levels observed after 17 years
[27]. This is consistent with research by [31,36], which showed
that soil organic matter formation is aided by organic fertilizer.

Moreover, compared to uncultivated soils, organically
farmed Torripsaments displayed increased basal respiration

> PC1=9.33 PC3=123
SQl = X(PC1+XPC2+PC3) = 35.1

5 years

34.7 >PC2=36.9 >PC1=2.96

SQl =3(PC1+ XPC2+ XPC3) = 52.5

and SMBC, with the most pronounced effect observed after
10 and 13 years of cultivation, which suggests that organic
management fosters a more active soil microbial community,
supporting findings by [10] who reported enhanced microbial
diversity under organic fertilization.

In Haplotorrerts, the highest soil respiration rate and SMBC
content were observed after 17 years of organic cultivation
which indicates a gradual improvement in soil biological
activity with increasing duration of organic management. The
microbial quotient in Haplotorrerts displayed a contrasting
trend compared to Torripsaments, with the surface layer having
lower values. This difference might be related to variations in
organic matter distribution or microbial community structure
within the soil profile [37].

Soil Quality Index (SQl)

In Torripsaments, soil respiration, microbial biomass C,
microbial quotient, organic matter, and physical properties
(total porosity, bulk density, % silt + clay) were the most
prominent factors affecting SQI. The SQI for both physical and
chemical properties increased with the duration of organic
cultivation, except for biological indicators which showed a
distinct pattern. This implies that under organic management,
improvements to the biological quality of the soil may come
about more slowly than improvements to its physical and
chemical qualities [38,39].
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In Haplotorrerts similar to Torripsaments, soil respiration,
microbial biomass C, microbial quotient, and organic matter
content emerged as the most sensitive indicators for SQI.
However, unlike Torripsaments, the SQI score relied more on
physical indicators.

The highest SQI values were observed in Torripsaments
managed organically for 13 years and Haplotorrerts managed
organically for 17 years. This signifies that the positive effects
of organic farming on soil quality become more pronounced
with longer adoption periods. Overall, the study demonstrates
that organic farming practices significantly improve soil
quality in both Torripsaments and Haplotorrerts. The most
notable improvements were observed in soil biological
properties, organic matter content, and SQI scores. These
findings highlight the potential of organic farming to enhance
soil health and promote sustainable agricultural practices.

The study did not investigate the specific organic farming
practices employed (e.g., compost application, cover cropping)
and their potential influence on the observed effects.

Conclusion

Organic farming practices significantly improved soil
quality in both Torripsaments and Haplotorrerts, with the most
pronounced effects observed after longer cultivation periods.

Key findings

* Improved soil fertility: Organic management increased
CEC, available N, P, K, and SOM in both soil types
compared to uncultivated controls.

* Enhanced soil biology: Organic practices led to
increased basal respiration, and soil microbial biomass
C, indicating a more active microbial community.

* Soil quality index (SQI): SQI served as a useful tool to
evaluate overall soil health. SQI scores increased with
organic cultivation duration in Torripasaments (physical
& chemical) and Haplotorrerts (physical).

It could be concluded that soil quality indexing is a crucial
tool to assess both soils and agricultural practices. It provides
a comprehensive picture of a soil’s health beyond just nutrient
levels. This index considers factors like organic matter
content, water infiltration, and microbial activity, giving a
more complete understanding of a soil’s ability to support
plant growth. Organic farming practices, which emphasize
composting, cover crops, and reduced tillage, can significantly
enhance this soil quality. By promoting a thriving ecosystem
of microbes and fungi, organic farming helps retain moisture,
improve drainage, and create a fertile environment for plants
to flourish.

The study highlights the potential of organic farming for
sustainable agriculture but does not explore specific practices
and their influence. Future research could investigate these
aspects to provide more targeted recommendations for
optimizing organic farming strategies.
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