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Sustainable development can be possible in rainfed agriculture by
integrated approach of soil management measures. Soil quality in the
form of a quantitative index is used as an indicator of environmental

Published: October 2021 quality and sustainability. Twelve farms selected to achieve the targets

of the present investigation (six farms under traditional rainfed
Rainfed Agriculture, Soil Quality, agriculture system and six farms under rainfed with supplemental
Cumulative Rating Index, Relative irrigation) at Northwestern Coastal Zone (NWCZ). These farms varied
Yield, Soil Sustainability in land use and management practices concerning fertilization
practices, tillage system, crop type and cultivated period. This study
selected some soil indicators vis-a-vis soil physicochemical properties
of the selected farms of studied areas at NWCZ. The rating of soil
quality index (SQI) and relative of soil quality (RSQI) values in this
study were higher towards to rainfed agriculture with supplement
irrigation farms than in traditional rainfed farms. In addition, most of
the values of soil quality change (ARSQI) were moderately increase
(class I1) and most of these farms were under traditional rainfed
management. The results of cumulative rating index CRI showed a
negative correlation and significant relationship with RSQI (R*=0.82,
p<0.05). concerning the impacts of soil quality on productivity, the
relationship between relative yield (Ry %) and RSQI was positive
significant correlation (R=0.78, p<0.05). Also, CRI showed negative
significant correlation with Ry% (R?=0.81, p<0.05). Moreover, the
highly soil quality class I, highly sustainability, low changes in soil
quality and highly crop yield observed was in the farms under rainfed
with supplemental irrigation system and good fertilization practices
(NPK+organic manure). So, this study recommended to expansion
rainfed with supplemental irrigation management system and add
suitable dose of NPK application with manure along scientific lines to
encourage crop yields that can be achieved on a sustainable basis, but it
need a long time to reach class I quality and highly sustainable status.
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Introduction:-

In recent decades, Desert development became greater in Egypt due to high population pressure on the Delta land.
The Northwestern Coastal Zone (NWCZ) constitutes the most important agriculture development in Egypt. It is
having more attention recently for future sustainable development. NWCZ are mostly cultivated by rainfed
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agriculture management practices, which occupy 70.1% of rainfed agriculture in Egypt [1]. The soils in NWCZ of
Egypt are mostly cultivated with orchards crops as (Olive and Fig) and annual crops as cereal crops [1] and [2].
NWCZ soils are predominated by calcareous types of soil [3]. The major of shortcomings and problems facing
rainfed agriculture such as misuse and mismanagement, soil erosion, decline in the soil organic carbon (SOC), low
input enterprise for resource, nutrient depletion, and low fertilizers [1], [2], [3] and [4]. The most important reason
of low productivity is from soil degradation or depletion of soil quality. In this context, Soil degradation is an
element of the land degradation process and refers to a decrease in soil’s productivity and quality [5]. So, it is
considered constrain of sustainable development [5]. In this light, the concept of agriculture sustainability is "the
ability of crop production systems to continuously produce food without degradation to the environment' [6]. In
addition, the concept of soil quality has emerged during the last decades; several research proposed several
definitions for soil quality which mainly focused on relating the soil with crop yield [7] and [8]. On other hand, it is
relating with soil functions [9], [10] and [11]. Soil quality evaluation by soil quality index; Soil quality index (SQI)
can be used for assessing the impacts of agriculture management practices on soil quality and the crop yield. on the
other hand, the assessment of soil sustainability by cumulative rating index (CRI). It is helpful for assessment the
sustainability status of long-term cropping systems and soil management [12].

Generally, the concept of soil quality is as a measure of agriculture sustainability. Soil quality in the form of a
quantitative index is used as an indicator of environmental quality and sustainability [13]. There are two types of soil
quality inherent soil quality and dynamic soil quality; that, the dynamic soil quality effects by changes of dynamic
soil properties by human use and occurring rapidly of responds to agriculture management practices [14]. In this
light, Soil properties are effect by changes in external factors such as management practices. So, it became necessary
to identify a few soil properties as soil quality indicators which can reflect the changes in soil quality. In this
context, it measured by several soil indicators including chemical, physical, and biological features [8]. The soil
management assessment as one of the conceptual frameworks to evaluate soil quality has been designed to make a
quantitative evaluation of soil quality [11]. Soil quality indices are considered the most common methods for soil
quality evaluation. These represent the cumulative effects of different soil properties as an index from the role soil
quality indicators [15]. Furthermore, the selection of soil quality indicators depends on they can be easily measured;
easy to use, flexibility and quantification sensitive to change of soil conditions and therefore, they must be able to
identify appropriated sustainable soil conditions [9]. For the select indicators for evaluation of soil quality, it should
be using principal component analysis (PCA) for selected minimum data set (MDS) from different soil properties
(chemical, physical and biological soil properties); which better represent the total data set (TDS) [16] and [17]. Soil
quality index (SQIs) had been successfully applied to assess the impacts of agriculture management practices, soil
management, salinization and alkalization on soil quality and crop production [15], [18], [19] and [20]. There are
different approaches to assessment soil sustainability in different agriculture management such as cumulative Rating
index (CR) and it’s proved suitability for soil sustainability assessment [5], [9] and [21]. The CR is a critical limit of
soil properties that would be helpful for assessment the sustainability status of agriculture practices at farm scale
[22], [23] and [24].

In this study, applies a soil quality assessment framework to frame a strategy to quantify soil quality. The latter will
help to perform soil quality evaluated for soil sustainability evaluation for rainfed management practices. In so doing
it will define major chemical and physical processes in soil and they reflect conditions as they exist in the field
under rainfed management system. In addition, establish a MDS for assessing soil quality as representative of TDS
and using CR assessment the sustainability status of agriculture practices. Hence, this study will be useful to
mitigate the accelerated environmental degradation by assess quantitatively sustainability of rainfed agriculture
management and sustained production.

Material and Methods:-

Description of the study Area

Studied area scope between EI Negila west of and Herega east of Marsa Matrouh city located at the northwestern
coastal region of Egypt. They located from west to east of Marsa Matrouh city as follow: EI Negila (1), Halazin (7),
Abu Lahu (6), Habes (4, 5 and 12), Hawala (11), Hashem (2, 3), Ras El-Hekma (8, 9) and Heriga (10) areas as seen
in Fig (1). This area bounded by Latitudes 31° 07" — 31° 27" N and longitudes 26° 47" — 27° 51" E as seen in Table
(1). This area represented the catchment area of twelve farms. In such area, seven farms have been in traditional
rainfed agriculture system type No., (1, 2, 3, 4, 5, 6 and 7) varied in their cultivation period >10, >30, 10,>20, 10
and 10 years, respectively. Moreover, such six other farms No., (8, 9, 10, 11 and 12) have rainfed with supplemental
irrigation system type for varied in their cultivation period, 15, >15, 24, >20 years, respectively.
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Fig. (1):- Geographical location of the studied areas at NWCZ.
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Soil sampling and laboratory analysis

Soil samples were collected at triplicate at 0-20 cm depth from selected fields for each selected farms by soil auger.
Each field was represented by one undisturbed sample of each depth and eroded materials from 0-5¢cm depth. These
disturbed soil samples were air dried, crushed and passed through 2 mm sieve and prepared for soil analysis. The
undisturbed soil samples were collected to determine chemical and physical properties were determined using the
relevant standard methods described by [25], [26], [27] and [28]. These properties included particle size distribution;
ER the erosion ratio (ER) was computed by using relationships suggested by [29]. It was determined as the ratio of
dispersion to the percentage of clay in the moisture equivalent. Dispersion ratio was determined as the ratio of the
percentage of silt plus clay in undispersed soil to the percentage of silt plus clay in dispersed soil. Soil moisture
constants (field capacity "FC", and wilting percentage'"WP"and calculated available water AW), Soil bulk density
(BD), porosity (P), Total calcium carbonate (CaCO3), Coarse Fragment Fraction (CFF) (>2mm), Soil pH of the
saturated soil paste extract, soil salinity (ECe), soluble cations and anions and calculated sodium adsorption ratio
SAR, Cation Exchange Capacity (CEC), soil organic matter (SOC), total nitrogen (TN), available phosphorus (P)
and available potassium (Av.K).

Method of statistically modeled SQI

Selected MDS

In this study quantify SQ by four steps to form of soil quality index (SQI) as follow: 1- identification of production
or sustainability goal. 2- Selection of SQ indicators. 3- Transformation of soil properties. 4- Computation of soil
quality index according to [8]. A statistics method to estimate SQI based on using Principal Component Analysis
(PCA) was performed for the determination by [30]. proposed by [7], [8], [9] and [21], In this study selected 10
indicators (MDS) from about twenty-three potential SQ indicator as form of total data set (TDS) based on the PCA
model (Table 2). The PCA is a commonly used and widely accepted method to select MDS because of using
statistical tools which could avoid any biasness and data redundancy while, retaining as much as possible of the
variations present in the data set by choosing an MDS. MDS is reducing the indicator load in the model and avoid
data redundancy [31]. PCA with eigenvalues >1 was considered to contribute for explain greatly total variability. In
each PC soil indicators with a loading within 10% of the highest factor loading were chosen as the most appropriate
indicators for the MDS [31].

Table (1):- The location and description of the selected farms of studied area at NWCZ

Far location Agriculture Irrigation crop | Croptypeat | Cu | Tillage | Fertiliz | Crop | Ry
m. system rotat soil It. | system | ation | yield | %*
No. | latit | longit | Type | Peri | sour | meth | ion sampling are practic | (Mg/
ude | ude od ce od time a e fed)
(vea (fe
rs) d.)

1 31° 26° | Traditi 10 Rainfall orch | fig 10 | Moldb | organic | 17.32 | 78.
27 47' onal ard oard | manure 78
09" | 23"E | rainfed plow
N

2 31° 27° 20 oliv | 2 | Moldb | organic | 3.91 | 71.
08’ 40 e oard | manure 91
35" | 45"E plow
N

3 | 3r° 27° 10 oliv | 3 | Chisel | without | 3.47 | 63.
09’ 37 e Plow 64
07" | 50"E
N

4 | 31° 27° 20 fig | 11 | Chisel | without | 16.28 | 74.
23’ 02’ plow+ 01
10" | 30"E scribbl
N e

5 | 31° 27° oliv 3.85 | 70.
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23’ 02’ e 00
15" | 36"E
N

6 31° 26° 10 fallo | annu | whe | 5 | Moldb | without | 1.79 | 71.
19’ 53’ w - al at oard 72
45" | 06"E whe (grai
N at- ns)

7 | 31° 26° 10 fallo whe | 5 | Moldb | organic | 2.98 | 85.
20’ 50 w at oard | manure 40
52" | S5"E (grai
N ns)

8 31° 27° | Rainfe | 15 | Wel | Drip orch | fig 5 | Moldb | without | 17.76 | 80.
07’ 49" | dwith | irriga ard oard 73
43" | 59"E | supp. tion
N Irrig.

9 31° 27° Oliv | 5 | Chisel 4.17 | 75.
07 49 e Plow 91
40" | 59"E
N

10 | 31° 27° 15 fig 10 | Chisel | organic | 18.49 | 84.
12 517 Plow | manure 09
04" | 37"E
N

11 | 31° 27° 24 Drip fig 4 | Chisel | NPK+ | 21.75 | 98.
11 32 irriga Plow | organic 86
08" | 42"E tion manure
N

12 | 31° 27° 30 | Tre | Surfa oliv | 40 | Chisel | NPK+ | 5.47 | 99.
23’ 02’ nch ce e Plow | organic 55
30" | 31"E irriga manure
N tion

Ry% : Relative yield % = (Actual yield (Mg/fed))/(Max. yield prevailing in the study area (Mg/fed)) *100 [21]

(Wassif 2017)

Methodology of evaluation SQI

Soil quality can be evaluated using appropriate indicators which represent soil functions linked to the defined
management goal. However, a quantitative value is necessary to make comparisons to management systems. The
SQI is calculated by aggregating the indicators after converting the indicators into dimensionless units. The absolute
values are used to derive SQI by varies methods, viz., weighted [31]. The weight for each indicator was assigned to

each soil function (Table 3) according to [5], [7], [10] and [32]

Table (2):- The retained principal components (PCs) obtained from twenty-two soil physical and chemical
properties of all farms NWCZ. (Only PCs with eigenvalues >1).

Soil depth (cm)

Total

Component rincipal component

PC, PC, PC; PC, PCs CE*
Eigenvalue 6.04 4.38 3.64 2.79 2.00
proportion of variance 28.76 20.84 17.35 13.30 9.53
cumulative proportion 28.76 49.60 66.95 80.25 89.79

Rotated principal components (PCs)

Av.K 0.92 0.85
TP 0.89 0.19 0.17 0.87
BD -0.86 -0.31 -0.18 0.88
SOC 0.82 -0.12 -0.45 0.90
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TN 0.77 0.36 -0.37 0.30 0.95
Av.P 0.68 0.46 -0.11 0.68
CLAY 0.98 0.98
CEC 0.93 0.17 -0.11 0.93
ER -0.27 -0.93 0.95
Pe 0.64 -0.70 0.25 0.97
WP 0.98 0.97
AW 0.97 -0.12 0.97
FC 0.18 0.96 -0.12 0.97
Cs -0.22 -0.10 0.94 -0.19 0.98
CaCO; 0.26 -0.23 0.71 0.78
FS -0.35 -0.46 -0.74 -0.31 0.97
CFF 0.56 0.10 -0.68 -0.26 0.85
pH -0.82 0.56 0.45 0.79
EC -0.12 -0.18 0.13 0.93 0.94
SILT 0.41 0.27 -0.23 0.77 0.90
SAR -0.17 -0.46 -0.15 0.27 0.68 0.79
IFS: fine sand(%); CS: coarse sand(%); BD: bulk density(Mg/cm® ); TP: total porosity(%); FC: Field capacity(%);
WP: wilting point(%) ; AW: available water (%); Pe: effective porosity (%); EC: electrical conductivity(dS/m);
CEC: cation exchange capacity(cmolc.kg™); SOC: soil organic carbon(%); TN: total nitrogen(%); Av.P: available
phosphorus(mg/kg); Av.K: available potasium(meq/100gm); SAR: sodium adsorption ratio;ER: Erosion Rate (soil
erodibilty) (Mg/ha); CFF: coarse fragment fraction(%). *CE: comunality estimates.

In this study, ten SQ indicator were used based on their sensitively to management practices, ability to describe
major soil processes, ease and cost of sampling and laboratory analysis, and significance of increasing productivity
and protecting environmental soil functions. The selected indicators include texture to reflect the suitability of soil
physical conditions for plant growth; available water (AW), bulk density (BD) and Porosity for water transportation
and retention function; soil organic carbon (SOC) and Erosion rate (ER) for resistance to physical degradation and
erodibility index; finally, pH, ECe, Av.K and CEC for plant growth according to [5], [10] and [32]. Each of the
indicators was divided into four classes. Class | is the most suitable for plant growth; Class 1l is suitable to plant
growth but with slight limitations; Class I11 is with more serious limitation than Class I1; and Class IV is with severe
limitations for plant growth. Marks of 4, 3, 2, and 1 were given to class I, Il, 1l1, and 1V, respectively. The range for
each class is shown in Table 3. The sum of all weights is normalized to 1.

SQ] - Z Wi]-'i

Where W; is weights of the indicators and I; is the marks of the indicators classes. SQI of every indicator was
calculated separately by multiplying weight of indicators and marks allotted and summing up of all ten indicators
obtained the SQI value for this study soils (Table 3).

Methodology of calculate Relative Soil Quality Index (RSQI)
The concept of RSQI is to quantify evaluating of changes in soil quality. The ten indicators were combined
according to [5]. The equation for calculating RSQI value is given below:

501
RSQl- -~ X 100

SQIm

Where SQI is soil quality index and SQI, is the maximum value of SQI. The maximum value of SQI for soil is 4
and the minimum value 1 [33]. Optimum RSQI in any normalized soil in any region equal 1 but in real soils will
have lower values which directly indicate their distance from the optimal soil [5]. According to the RSQI values,
soils were classified into five classes from best to follow in Table 4 worst as.

] Table (3):- Soil quality and their weights and classes for the evaluation of soil quality according to [5],
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[7], [10] and [32].

Indicator weight Class | Class Il Class 111 Class IV
Texture 0.13 Loam *SiL,S,SCL | *CL,SL,SiC | Loamy, LS, clay,
sand
*ER 0.30 <10 10-30 30-50 >50
*BD (Mg m™) 0.04 <1.3 1.3-1.4 1.4-15 >1.5
Porosity 0.16 >0.20 0.18-0.20 0.15-0.18 <0.15
*SOC (%) 0.15 >0.45 0.3-0.45 0.15-0.3 <0.15
pH 0.03 6-7 7-7.4 7.4-8.2 >8.2
CEC (cmolc.kg-1) 0.06 >20 15-20 10-15 <10
Av. Kk (ppm) 0.10 <75 75-100 150-250 >250
E.Ce (dS/m) 0.03 <2 2-4 4-8 >8
AW % 0.10 >0.30 0.20-0.30 0.08-0.20 <0.08
Marks allotted 1 4 3 2 1

* ER: Erosion ratio (soil erodibillity indices), BD: Bulk density, SOC: Soil organic carbon, CEC: Cation
Exchange capacity, Av.K: Available K, AW: Available water, Sity Loam,Silty Clay, silty clay loam,Clay
Loam, sandy loam, silty clay,loamy sand

Table (4):- Soil Quality classification based on Relative Soil Quality Index (RSQI) according to [5].

Soil Quality status RSQI Value
Class | 90-100
class 11 80-90
class 111 70-80
class IV 60-70
class V <60

For quantifying the change of soil quality (ARSQI) by computing RSQI values by compared with highly value of
studies soils even if these soils with different evaluation systems, weightings, and classes. Change of soil quality
index (ARSQI) classified into six classes from great increase to Great decrease in change of soil quality as follow in
Table 5 according to [5].

Table (5):- Changes in soil quality (A RSQI) were grouped into six classes according to [5].

Changes classes A RSQI
Great increase > 15
Moderate increase 10-15
Slight increase 10-0
Slight decrease 0to -10
Moderate decrease -10to -15
Great decrease <-15

Cumulative Rate Index (CRI)

to quantify evaluation of soil sustainability was calculated CRI by assigning a relative weighting factor (RWF) was
obtained from critical limits approach of [34] for each soil indicator to test its efficiency Table (6). The CRI of
sustainability was obtained by summing the values of critical limitation of each soil indicator ranging from 1 to 5 as
follow in Table (6). Showing “no limitation” to “extreme limitation” classes according to [5], [10] and [27]. CR in
Table (7) for various soils can range from highly sustainable (CR<20) to unsustainable (CR>40) for ten indicators
according to [27].
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Table (6):- Relative weighting factors (RWF) based on the threshold values of soil quality indicators using the
cumulative rating (CR) according to [5], [10], [27] and [29].

Soil indicator Limitation

None Sllight Moderate Severe Extreme
Texture Loam SiL, S, SCL *CL, SL *SiC, LS Clay, sand
*ER (%) <10 10-30 30-50 50-70 >70
BD (Mg m™) <1.3 1.3-1.4 1.4-1.5 1.5-1.6 >1.6
Porositity >0.20 0.18-0.20 0.15-0.18 0.10-0.15 <0.10
SOC (%) >6 0.45-6 0.3-0.45 0.15-0.3 <0.15
pH 6-7 7-7.4 7.4-7.8 7.8-8.2 >8.2
CEC (cmolc.kg-1) >20 15-20 10-15 5-10 <5
A.v K (ppm) <75 75-150 150-250 250-800 >800
EC (dSm™) <3 3-5 5-7 7-10 >10
AW (cm*.cm™) >0.30 0.20-0.30 0.08-0.20 0.02-0.08 <0.02
RWF 1 2 3 4 5

* ER: Erosion ratio (soil erodibillity), BD: Bulk density, SOC: Soil organic carbon, CEC: Cation
Exchange capacity, Av.K: Available K, AW: Available water, Sity Loam,Silty Clay, silty clay loam,Clay

Loam, sandy loam, silty clay,loamy sand

Table (7):- Soil sustainability classification based on Cumulative Rate Index (CRI) according to [27].

sustainability status *CR (Ten factors)
Highly sustainable <20
Sustainable 20-25
Sustainable with high input 25-30
Sustainable with another land use 30-40
Unsustainable >40

Results and Discussion:-

Soil quality and soil sustainability at rainfed agriculture managements

Soil quality evaluation in 12 farms where wheat, fig and olive were grows in both of traditional rainfed and rainfed
with supplement irrigation management. Table (8) shows the data on selected soil indicators vis-a-vis soil
physicochemical properties of the selected farms of studied area at NWCZ.

The rating index of SQI and RSQI values was higher side in rainfed with supplement irrigation farms than in
traditional rainfed farms (Table 9).

The change of soil quality (ARSQI) evaluation was evaluated quantify for both of two kinds of rainfed management
(traditional rainfed and rainfed with supplement irrigation managements). The selected farms under study were
classified according to soil quality change classes; Generally, the values of soil quality change were above 10 and
classified under moderately increase of change of soil quality (class Il) and most of these farms were under
traditional rainfed management. On the other hand, the values of farms No. 3, 5 and 9 ARSQI= 22.02, 21.34 and
21.45 respectively were classified to great increase in change of soil quality class (Class Il1). As noted from the
above, these farms were without fertilization practices management. Otherwise, the values of farms No. 7, 11 and
12 were below 5 (ARSQI= 4.03, 3.86 and 0.00 respectively) and classified under slight increase of soil quality
change (Class 1). Moreover, the latter farms were under rainfed with supplement irrigation management and good
fertilizer practices management.

The values of sustainability status by using cumulative rating index (CRI) approach were above 20 and classified to
sustainability and sustainability with high input. In this context, the values of CRI for farms No. 3, 5 and 9 were 27,
25 and 26 respectively. These farms were classified to sustainable with high input. This is due to; these farms
haven’t fertilization practices management. Otherwise, farms No. 11 and 12 the values of CRI were below 20 and
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classified to highly sustainability status. The latter were under rainfed with supplement irrigation and have a good

fertilization practices management.

The results of sustainability by using CRI showed a strong correlation and negative significant relationship with
RSQI (R?=0.82, p<0.05) Fig. (2).

Table (8):- physicochemical properties of the selected farms of studied area at NWCZ.

Soil Types of Rainfed agriculture practices
indicators Traditional Rainfed Rainfed with supplement irrigation

1 2 3 4 6 7 8 9 10 11 12

Soil texture | S.L | S.C. | S.C. | SL | SL | S.L L SL | SL | SL |SC. | SL

L L L

B.D ( 144 | 147 | 151 | 145 | 150 | 1.47 | 140 | 1.34 | 149 | 1.37 | 1.31 | 1.30

Mg/m?)

A.\3/V(cm3.c 0.15| 0.17 | 0.19 | 0.16 | 0.15 | 0.17 | 0.16 | 0.14 | 0.5 | 0.13 | 0.17 | 0.13

m~)

Porosity 0.28 | 0.28 | 0.17 | 0.21 | 0.28 | 0.77 | 0.24 | 0.27 | 0.22 | 0.29 | 0.27 | 0.38

PH 715 | 710 | 7.90 | 7.10 | 7.30 | 7.80 | 7.80 | 7.90 | 8.00 | 7.80 | 7.00 | 7.00

E.Ce 0.87 | 0.78 | 3.93 | 0.85 | 0.72 | 1.60 | 873 | 1.88 | 3.55 | 1.90 | 0.43 | 2.49

(dS/m)

SOC% 0.66 | 045 | 0.26 | 045 | 0.37 | 045 | 0.62 | 0.45 | 0.36 | 045 | 0.81 | 0.76

ER (%) 46.0 | 42.12 | 40.74 | 442 | 573 | 45.0 | 31.7 | 44.1 | 53.6 | 45.2 | 30.29 | 25.2
8 2 7 3 5 0 8 4

CEC 195 | 2057 | 25.75| 194 | 11.3 | 199 | 205 | 18.7 | 18.4 | 18.0 | 22.47 | 205

(cmolc.kg™) | 8 6 0 2 4 5 5 9

Av.K 76.4 | 76.13 | 45.00 | 56.6 | 29.5 | 36.0 | 789 | 65.0 | 35.0 | 66.2 | 99.95 | 96.6

(ppm) 4 7 0 7 0 0 4 7

BD: Bulk density, AW: Available water, SOC: Soil organic carbon, ER: Erosion ratio (soil erodibillity
indices),CEC: Cation Exchange capacity, Av.K: Available K.

Table (9):- Soil quality changes and sustainability of long term two types of rainfed agriculture management in

NWCZ.
Ratin Types of Rainfed agriculture practices
g Traditional rainfed | Rainfed with supplement irrigation
index 1 2 3 4 5 6 7 8 9 10 11 12
SQl 316 | 314 | 271 | 275 | 313 | 277 | 310 | 338 | 3.14 | 2.77 | 3.14 | 3.39
RSQI | 89.61 | 89.05 | 77.98 | 88.88 | 78.66 | 88.02 | 95.97 | 89.16 | 78.55 | 89.16 | 96.1 | 100.
4 00
ARSQ | 10.39 | 10.95 | 22.02 | 11.12 | 21.34 | 11.98 | 4.03 | 10.84 | 21.45 | 10.84 | 3.86 | 0.00
[
CRI 21 20 27 22 25 23 23 23 26 22 17 17
Class 1 1 i 1 11 1l [ 1 11 I [ [
Chan | Mod | Mod | Grea | Mod | Grea | Mode | Sligh | Mod | Grea | Mod | Sligh | Sligh
ge erate | erate t erate t rate t erate t erate t t
Class | incre | incre | incre | incre | incre | increa | incre | incre | incre | incre | incre | incre
ase ase ase ase ase se ase ase ase ase ase ase
Sustai | Sust | Sust | Sust | Sust | Sust | Sustai | Sust | Sust | Sust | Sust | High | High
nabili | aina | aina | aina | aina | aina | nable | aina | aina | aina | aina ly ly
ty ble ble ble ble ble ble ble ble ble | susta | susta
with with with inabl | inabl
high high high e e
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| | [ input | input | | | input | | |
SQI (Soil Quality Index), RSQI (Relative Soil Quality Index), CRI (Cumulative Rate Index)
29 -
X 3 y =-0.3621x + 54.772
27 - R? =0.823
) 4
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Fig. (2):- Relationship between cumulative rate index (CRI) and Relative soil quality index (RSQI) under the
studied farms at NWCZ.

The farms have low value of CRI (CR=17) where the same farms have highly RSQI (96.14 and 100) and have slight
increase of soil quality change under rainfed with supplement irrigation management and have good fertilization
practice management (NPK + organic manure). These results were agreed with [5].

The relationship between RSQI and CRI proved both indices had good efficiency in evaluated of soil quality. This
relationship between both approaches was negatively correlated. Direction and intensity of soil quality changes was
found great increase in farms No. 3, 4 and 9. This indicates that have loss of nutrient and low input of fertilizers
practices. This indicates that these farms have poor management practices although these farms were under different
rainfed management practices.

Relationship between RSQI, CRI and crop yield

In this study, emphasis is placed on the impacts of soil quality on productivity. The relationship between relative
yield (Ry%) and RSQI was strong correlated and positive significant relationship (R?=0.78, p<0.05). On the other
hand, the CRI also showed strong correlated and negative significant relationship with Ry% (R?=0.81, p<0.05) (Fig.
3). This result agrees with [21].
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Fig (3):- Relationship between Relative soil quality index (RSQI) and cumulative index (CRI) under the studied

farms at NWCZ.

However, when the values of RSQI were increase significantly increase the values of Ry% or productivity. In this
light, the CRI values were decrease significantly increase the values of Ry% (Fig. 4).

A study identifying several biological, chemical, and physical indicators of soil quality also concluded that the
highest SQI and low CRI indicated improve soil quality and the sustainability status moving towards sustainability
and highly sustainable status. Also, it is indicated that improved crop yield. In addition, the results illustrated that the
highest SQI values and lowest CRI values of farms under rainfed with supplemental irrigation better than farms
under traditional rainfed.

Direction and intensity of in soil sustainability were highly sustainable in farms No.11 and 12 under rainfed with
supplemental irrigation than farms under traditional rainfed management. Moreover, soil sustainability status of
these farms has good fertilizer practices management (NPK + organic manure) than farms have added organic
manure only towards to highly sustainable. This indicates that soil recovered the loss of nutrients these results agree

with [5] and [21].
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Fig. (4):- Relationship between Relative Soil Quality Index (RSQI), Cumulative Rating Index (CRI) and

Relative yield (Ry %) under the studied farms at NWCZ.
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This study recommended that to expansion of rainfed with supplemental irrigation management system to solve the
biggest obstacle of rainfed agriculture management. This because of, supplemental irrigation plays an important,
critical, and essential role in dryland agriculture if practiced on scientific lines this agree with [35]. On the other
hand, it is also recommended to dose of NPK application along with manure improved low quality soils, but it took
a long time to reach class I quality and highly sustainable status. In another studies, agreement with this study where
these explained the low fertilizer use efficiency for rainfed agriculture. Since most of the rainfed area are being
exposed to higher temperature, the warmer conditions speed the natural decomposition of organic matter and at the
same time also increase the rates of other soil processes that affect fertility. Moreover, application of fertilizers may
be required to realize enhanced crop growth and realized higher crop yield. The latter can be real if applied in the
correct doses, in the appropriate combination and at the proper time [4], [5], [36], [37], and [38].

Conclusions:-

In this study revealed the potential usefulness physicochemical indicators, crop yield and plant nutrient content are
seldom linked with soil quality and sustainability. Also, it is useful for assessment of soil quality and sustainability
under long term rainfed agriculture system. This research showed that agriculture land use and improper
management practices have led to degradation of soil quality. Also, both of SQI and CRI approaches have a strong
relation with each other and with productivity. The expert knowledge with respect to this study might be considered
of expert opinion in indicator selection could improve the validity and applicability of SQI, CRI and defined
management goal. The combination of a soil change database has proved to be an effective method for evaluating
changes in soil quality. In this context, the results showed that both of SQI and CRI approaches indicated convergent
results in evaluating soil quality and sustainability. The farms under rainfed with supplemental irrigation and good
fertilization practices (NPK + organic manure) have good soil quality, highly sustainability and low of soil quality
changes.

This study can be considered in recent developments as visual evaluation techniques to assessment SQ in the field. It
could be advantageous as landowners and farmers can participate in visual assessment of soil quality. In this light, it
can be helping the policymakers, researchers, and farmers to take decisions on best management under rainfed
agriculture system and to monitor the change of soil quality. Finally, if rainfed agriculture management practices is
practiced along scientific lines and improvement strategies are adopted, tangible and encouraging crop yields can be
achieved on a sustainable basis.
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