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Abstract: Aerva javanica is one of Egypt’s most important traditional medicinal plants used as
antidiarrheal and anthelmintic medicine and recently as an anticancer agent. In this study, variations
among ten populations of Aerva javanica in different sites in the Eastern Desert of Egypt were analyzed
based on morphological and ecological attributes and molecular variation expressed by Inter-Simple
Sequence Repeat (ISSR) markers. Morphological diversity was higher for populations in the Wadi
El-Markh and Bir Abbady regions than others. The polymorphism revealed by ten ISSR primers
was 79.4% among populations. Distance trees created using the results obtained from soil variables,
morphological characterizations, and molecular data showed that the highest similarity was 0.974
between Populations 8 and 9, while the lowest similarity was 0.715 between Population 1 and
Population 3 regions. In conclusion, the obtained data are important to design a plan for sustainable
conservation of Aerva javanica as an important medicinal plant having a wide interspecific genetic
variability within various populations.

Keywords: genetic diversity; Aerva javanica; ISSR; aridity

1. Introduction

Aerva javanica (Burm.f.) Juss. ex Schult (Amaranthaceae) is a grey permanent tomentose woolly
shrub, growing spread out the remote areas of the world [1]. In Egypt, there are two species of Aerva
(A. lanata (L.) Juss. ex Schult and A. javanica (Burm.f.) Juss. ex Schult). It is differentiated into two
varieties (var. bovei and var. javanica). In Egypt, Aerva javanica grows in the Eastern Desert, the Red
Sea coastal strip, Gebel Elba and the surrounding mountainous region, Uweinat, the entire Sinai,
Siwa, Farafra, Bahariya, Kharga, Dakhla, and Kurkur. It blooms from January to May and mainly
plays an important role in the dune stabilization and helps the primary revegetation of deteriorated
lands. Aerva javanica has an erect rigid branched stem to a height of 1.6 m. The pale green leaves,
which are 20–40 mm long, are alternate, lanceolate, oblong-ovate or suborbicular, subsessile, or shortly
petiolate and have matted hair covering, the upper surface with a grayish aspect [2]. The inflorescence
is typically a bare white woody raceme with thick sessile pikes. The flowers are white-creamy and very
small. Fruits immersed in silky white fleece are globular, single small black seeds. The densely woolly
parts of the inflorescence were utilized by Bedouins in previous times for cushions and padding saddle
pads as described by Boulos [3]. Various Aerva species are usually utilized in a popular medicine
system against various sicknesses. For example, the roots mash of A. javanica is used straight on the
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face to treat acne [4] and very recently as an anticancer agent [5]. The roots and flowers of Aerva have
medicinal properties in curing rheumatism and renal diseases and in healing toothache [6].

Aerva javanica is characterized by somatic chromosomal numbers of 2n = 32, 2n = 34, and 2n = 64
and showed variation in the morphological characteristics, including differences in SEM indumentum
and seed coat sculpture of plants collected from different regions [2,7]. The ecophysiological properties
of Aerva javanica in two tributaries of Wadi Qena (Wadi El-Atrash and Wadi El-Ghuza) in the Egyptian
Eastern Desert revealed that chlorophyll contents, soluble sugars, and soluble proteins increased
during summer while total free amino acids were higher during winter. Close relationships were found
between the high K, Ca, and Cl contents and the hot-dry conditions predominating in the summer
season [8].

The Eastern Desert of Egypt occupies the area protraction from the Nile Valley eastward to the Gulf
of Suez and the Red Sea. It is crossed by several wadis extending to the Red Sea or to the Nile Valley.
Studies regarding the vegetation in relation to various ecological characters proved that soil factors
were important in this relationship, and it can affect the diversity of wild plant communities [9–11].

A correlation of soil properties and vegetation characteristics was determined in different studies
in large areas indicating remarkable gradient pointing to soil properties [12,13]. Few studies have been
made on the effect of edaphic factors and the structure of vegetation in semiarid environments and
focused mainly on the preponderance of the physical characters of the soil [8,14,15].

Genetic diversity is extremely relevant to the keeping of endangered species [16]. Genetic
molecular markers have been widely used for the characterization of medicinally important plant
species [17–19]. For species without sequenced genomes, Inter-Simple Sequence Repeat (ISSR) markers
are a suitable choice for studying genetic diversity because they are abundant, reproducible, highly
polymorphic, informative, and simple to use. In ISSRs, the di- and tri-nucleotide repeat types of
microsatellites are specifically targeted, because these are widespread in the nuclear genome. ISSR
locus heritability has demonstrated an exceedingly close approximation to classic Mendelian ratios,
and thus ISSR markers are considered dominant markers and consequently effectively act as bi-allelic
loci [20,21]. The ISSR markers are usually applied in studies of genetic diversity and population genetic
studies because of their frequency and the high degree of polymorphism between individuals within a
population of close genotypes [22].

Geographic and local ecological differences are considered to have an impact on the genetic
diversity of the plant populations. The association between morphological and random amplified
polymorphic DNA (RAPD) fingerprinting was applied to Artemisia judaica and Artemisia monosperma,
and the results suggested the transfer of A. herba alba to the genus Seriphidium of Artemisia [23]. In Egypt,
the populations of Achillea fragrantissima growing in the mountains of Sinai were obviously featured
from other populations growing at decreased altitudes depending on the morphological varieties and
ISSR polymorphism [24]. The genetic differences of Citrullus colocynthis in the Eastern Desert of Egypt
as detected by morphological and ISSR polymorphism were addressed by Badr et al. [25].

In the Eastern Desert of Egypt, 328 species were registered at 500 sites between 30◦06’ and
24◦00’ N [26], the dominance and diversity of plant communities were distinct in longitudinal and
transverse directions, and the species of the southern part of the Eastern Desert of Egypt were more
influenced by the Sudanian and Irano-Turanian elements than those growing in the northern, eastern,
and western parts. The relationship between soil variables and vegetation was estimated by canonical
correspondence analysis (CCA) using 18 soil factors and showed that some minerals (sodium and
chlorides), clay, silt, fine sand, coarse sand, and gravel were the major soil variables influencing the
distribution of plant communities in the Red Sea coastal wadis [11].

In view of the medicinal importance of Aerva javanica, the aim of this research is to study
the association between genetic diversity of ten A. javanica populations using ISSR markers and
morphological characters in relation to ecological features of the plant growing site.
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2. Materials and Methods

2.1. The Study Area and Plant Material

Ten populations (Pop) of A. javanica (Figure 1) were studied in the Eastern Desert of Egypt (between
28◦11′ and 25◦5′ E longitudes and 33◦46′ and 32◦55′ N latitudes). The altitudes of the collection stands
ranged from 94 to 537 meters above sea level and extend from Ras Garib on the coast of the Gulf of Suez
in the North to Aswan and Wadi Abbady in the South (Figure 1). Morphological specimens of plants
were collected from their natural habitats as mature flowering plants (Figure 2). Voucher specimens
have been deposited at the herbarium of the Botany and Microbiology Department, Faculty of Science,
South Valley University, Qena, Egypt. A detailed description of the morphological characters of at least
three plants of each population was scored depending on the careful examination of six quantitative
morphological traits. The average value of each quantitative trait ± standard deviation was calculated.
The measurements of the quantitative traits were coded for data analysis.
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Figure 1. Map of Egypt showing the sites of populations of Aerva javanica used in this study. Location 1
= Ras Garib (Wadi Abo Had), Location 2 = Hurghada (Wadi Bali), Location 3 = Qena-Safaga Road (Wadi
El-Markh), Location 4 = Qeft-Qusseir Road (Wadi El-Matulli), Location 5 = Qeft-Qusseir Road (Wadi
El-Laqeita), Location 6 = Qeft-Qusseir Road (El Fawakher), Location 7 = Idfu-Mrsa Allam Road Wadi
Abbady (Bir Abbady), Location 8 = Idfu-Mrsa Allam Road Wadi Abbady (El-Timsah), Location 9 =

Idfu-Mrsa Allam Road Wadi Abbady (El-Kanayis), Location 10 = Idfu-Mrsa Allam Road Wadi Abbady
(El-Kanayis).

2.2. Soil Sampling and Analysis

Three soil samples were collected from the A. javanica root area (about 50 cm depth) and placed in
plastic bags for the physical and chemical analyses. The soil texture was estimated by utilizing the
sieve method; the amount of each soil fraction (sand, silt, and clay) was expressed as a percentage of
the main weight used [27]. The soil moisture content of the soil samples was estimated as a percentage
of oven-dry weight. The percentage of organic matter (OM) was estimated by ignition at 600 ◦C for
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3 h [28]. Soil-water extracts (1:5 weights to volume) were prepared for the estimation of total soluble
salts (TDS), pH, and ionic components. Calcium and magnesium estimations were carried out by
titration versus 0.01 N EDTA, while sodium and potassium were estimated by utilizing the flame
photometer [29]. Available phosphorus (PO4) was estimated calorimetrically according to [30]. In the
meantime, the content of chloride in the dry soil was estimated by titration versus 0.01 N AgNO3

according to [29].Agronomy 2020, 10, x FOR PEER REVIEW 4 of 18 
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Figure 2. Photograph of Aerva javanica plant collected from Ras Garib (1) and Qeft-Qusseir Road (2).

2.3. DNA Extraction and ISSR-PCR Analysis

For each population, a single sample of DNA was produced from young leaves. DNA extraction
and purification were carried using DNeasy Kit (Qiagen) according to the manufacturer requirement.
To estimate DNA concentration, run 2 µL of the parent DNA sample on 1% agarose gel in comparison
to 10 µL of a DNA size marker; then compare the degree of fluorescence of the DNA sample with
the different bands in DNA size marker. A set of 10 ISSR primers (Table 1) was used in the detection
of polymorphism. The expansion reaction was accomplished in 25 µL reaction volume containing
1X PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 1 µM primer, 1 U Taq DNA polymerase, and 30 ng
template DNA. PCR amplification was performed in a Perkin-Elmer/GeneAmp®PCR System 9700
(PE Applied Biosystems, Perkin-Elmer, Norwalk CT, USA) programmed to fulfill 35 cycles after an
initial denaturation cycle for 5 min at 94 ◦C. Each cycle consisted of a denaturation step at 94 ◦C for
1 min, an annealing step at 45 ◦C for 1 min, and an elongation step at 72 ◦C for 1.5 min. The primer
extension segment was extended to 7 min at 72 ◦C in the final cycle. The PCR products were separated
by electrophoresis using a 2% agarose gel and photographed using a Gel Documentation System
(BIO-RAD 2000). Lambda DNA Hind III digest ΦX174/HaeIII digests were used as DNA markers.

2.4. Statistical Analysis

Analysis of variance (ANOVA) of the morphological traits was carried out on the basis of the
factorial design using SPSS version 19 [31].
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Table 1. The sequence, names of Inter-Simple Sequence Repeat (ISSR) primers, number of polymorphic,
monomorphic, unique, total bands, and polymorphism (%) calculated by the analysis of ISSR in the
examined Aerva javanica populations.

Name Primer Sequence Monomorphic
Bands

Polymorphic
Bands

Unique
Bands

Total
Bands

Polymorphism
(%)

ISSR- 1 5′-AGAGAGAGAGAGAGAGC-3′ 0 9 5 14 100

ISSR- 4 5′-ACACACACACACACACG-3′ 4 14 2 20 80

ISSR- 5 5′-GTGTGTGTGTGTGTGTYG-3′ 0 13 0 13 100

ISSR- 10 5′-GACAGACAGACAGACAAT-3′ 1 6 1 8 88

ISSR- 12 5′-ACACACACACACACACC-3′ 2 10 3 15 87

ISSR- 13 5′-AGAGAGAGAGAGAGAGT-3′ 5 5 1 11 55

ISSR- 14 5′-CTCCTCCTCCTCCTCTT-3′ 1 5 1 7 86

ISSR- 18 5′-HVHCACACACACACACAT-3′ 3 2 0 5 40

ISSR- 19 5′-HVHTCCTCCTCCTCCTCC-3′ 2 5 1 8 75

ISSR- 20 5′-HVHTGTGTGTGTGTGTGT-3′ 2 7 3 12 83

Total 20 76 17 113 79.4

The banding patterns generated by ISSR marker analyses were compared to determine the genetic
relatedness of the samples under study. Clear and distinct amplification products were scored as
‘1’ for presence and ‘0’ for absence of bands. Bands of the same mobility were scored as identical.
The similarity matrix, in addition to the cluster analysis, using Pearson correlation coefficient, Ward
minimum variance method, and biplot mapping was estimated to generate the possible relationships
among populations by using the SYSTAT version 7.0 program [32]. Principal coordinates analysis
(PCoA) was used as an ordination method [33]. Canonical correspondence analysis (CCA) was
performed to estimate the association between plant traits and determine soil variables in the various
sites. The variables in the CCA biplot were shown by arrows referring to the direction of maximum
variation, with their length proportional to the rate of change [34]. A Monte Carlo permutation test
(499 permutations) [35] was used to test for significance of the eigenvalues of the first canonical axis.
Prior to analysis, all variables were examined for normality, and conversions were accomplished when
essential. Five plant traits were included: leaf index (LI), leaf width (LW), plant height (PH), plant
diameter (PD), and inflorescence length (IL). The best seven included soil variables were: moisture
content, fine sand (FS), silt, clay, chlorides (Cl), phosphates (PO4), and magnesium (Mg).

3. Results

The data given in Table 2 show substantial variation in the morphological traits among the
A. javanica populations (Pop) in the study sites of the Eastern Desert of Egypt. The highest plant height
was recorded in Pop 10 followed by Pop 7 and Pop 9 from Wadi Abbady (Idfu-Mrsa Allam Road),
as 150 * ± 5.0 cm in Pop 10 and 120 * ± 5.0 cm in populations 7 and 9. In the meantime, the lowest
plant diameter was recorded in Pop 3 (67.7 * ± 4.0 cm), and it reached 280 * ± 6.0 cm in Pop 6. Leaf
length and width values indicated that plants of Pop 8 from Wadi Abbady (Idfu-Mrsa Allam Road)
have the highest value of 2.82 * ± 0.1 cm and 7.2 * ± 0.4 mm, respectively, while the lowest leaf length
value of 1.39 * ± 0.1 cm was recorded in Pop 4 from Qeft-Qusseir Road and the lowest leaf width value
of 4.4 * ± 0.5 mm was recorded in Pop 9 from Wadi Abbady (Idfu-Mrsa Allam Road). Leaf index (leaf
length/leaf width) values seemed close to each other, as it ranged between 2.17 * ± 0.02 in Pop 4 from
Qeft-Qusseir Road to 4.09 * ± 0.15 in pop 10 from Wadi Abbady (Idfu-Mrsa Allam Road). Inflorescence
length ranged from 1.69 * ± 0.2 cm in Pop 7 to 4.57 * ± 0.3 cm in Pop 4 from Qeft- Qusseir Road. Cluster
analysis based on morphological variations revealed that there are two groups: first group separated
at 40.00 includes populations (7–10), while the second group includes the other six populations (1–6)
as shown in Figure 3A.
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Table 2. The average value of the measurements for the quantitative traits ± SD for the examined populations of A. javanica.

No Character
Populations

1 2 3 4 5 6 7 8 9 10

1 Plant height (cm) 110 * ± 5.0 100 * ± 3.0 44.3 ± 3.0 68 * ± 2.0 65 * ± 2.0 80 * ± 3.0 120 * ± 5.0 65 * ± 4.0 120 * ± 6.0 150 * ± 5.0

2 Plant diameter (cm) 200 * ± 6.0 170 * ± 5.0 67.7 ± 4.0 240 * ± 2.0 210 * ± 3.0 280 * ± 6.0 109 * ± 3.0 115 * ± 1.0 230 * ± 4.0 115 * ± 2.0

3 Leaf length (cm) 2.06 * ± 0.1 1.8 * ± 0.1 2.09 ± 0.1 1.39 * ± 0.1 1.71 * ± 0.1 1.95 * ± 0.1 1.65 * ± 0.1 2.82 * ± 0.1 1.63 * ± 0.1 2.78 * ± 0.1

4 Leaf width (mm) 6.8 * ± 0.5 5.6 * ± 0.4 5.6 ± 0.3 6.4 * ± 0.4 5.0 * ± 0.4 5.6 * ± 0.2 5.4 * ± 0.1 7.2 * ± 0.4 4.4 * ± 0.5 6.8 * ± 0.5

5 Leaf index 3.03 * ± 0.08 3.21 * ± 0.41 3.72 ± 0.02 2.17 * ± 0.02 3.43 * ± 0.07 3.48 * ± 0.3 3.06 * ± 0.13 3.91 * ± 0.08 3.71 * ± 0.66 4.09 * ± 0.15

6 Inflorescence length (cm) 2.81 * ± 0.2 3.01 * ± 0.3 2.40 ± 0.1 4.57 * ± 0.3 3.60 * ± 0.4 3.99 * ± 0.1 1.69 * ± 0.2 3.63 * ± 0.2 3.30 * ± 0.4 2.93 * ± 0.2

* = Statistically significant at the 0.05 level.
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Figure 3. (A) Cluster analysis among ten populations (Pop) of A. javanica based on morphological
characters. (B) Cluster analysis among ten populations of A. javanica based on ISSR molecular markers.
Pop 1 = Ras Garib (Wadi Abo Had), Pop 2 = Hurghada (Wadi Bali), Pop 3 = Qena-Safaga Road
(Wadi El-Markh), Pop 4 = Qeft-Qusseir Road (Wadi El-Matulli), Pop 5 = Qeft-Qusseir Road (Wadi
El-Laqeita), Pop 6 = Qeft-Qusseir Road (El Fawakher), Pop 7 = Idfu-Mrsa Allam Road, Pop 8 =

Idfu-Mrsa Allam Road Wadi Abbady (El-Timsah), Pop 9 = Idfu-Mrsa Allam Road Wadi Abbady
(El-Timsah), Pop 10 = Idfu-Mrsa Allam Road Wadi Abbady (El-Kanayis).

3.1. Genetic Diversity among Aerva javanica Populations based on ISSR Fingerprinting

Ten ISSR primers were used for amplification of the genomic DNA of Aerva javanica populations’
generated polymorphic bands, monomorphic bands, and percentage of polymorphism (Table 1 and
Figure 4). Under the application of these ten primers, 113 total amplified bands were generated.
Seventy-six of them were polymorphic (67.3%), 20 were monomorphic bands (17.7%), and 17 were
unique bands (15%). The number of bands per primers ranged from five using ISSR-18 primer to
20 bands using ISSR-4 primer. Primers ISSR-4 or ISSR-5 gave the highest numbers of polymorphic
ISSR fragments. The percentage of polymorphism ranged from 40% when ISSR-18 was used to 100%
using ISSR-1 and ISSR-4 primers with an average of 79.4%.Agronomy 2020, 10, x FOR PEER REVIEW 7 of 18 
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Cluster tree based upon UPGMA analysis of Aerva javanica populations which illustrates the
genetic diversity based on ISSR fingerprinting is shown in Figure 3B. The cluster tree was separated
at 75.412 into two groups; the first group separated into two subgroups at 32.344; the first subgroup
contains Pop 1 and Pop 2, the second subgroup contains populations 3–6. The large second cluster
includes populations 7–10 that have the same geographical location, Idfu-Mrsa Allam Road Wadi
Abbady, divided into two subgroups; the first subgroup includes Pop7 and Pop10, while the second
subgroup includes Pop 8 and Pop 9 (Figure 3B).

3.2. Principal Coordinate Analysis (PCoA)

The PCoA was performed to find the association of the different populations based on ISSR
polymorphism (Figure 5). The ten populations were distributed along the first two axes. Results
showed three groups; the first one contains populations 1 and 2, while populations 3, 4, 5, and 6 were
grouped together in the second group. The third group included the remaining populations from 7 to
10. These results agree with the cluster of ISSR polymorphism (Figure 3B), which confirms the possible
relationship between the ten populations and separates them into three groups.
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Figure 5. Principal Coordinate Analysis (PCoA) of ten populations of A. javanica based on ISSR
molecular markers.

3.3. Soil Analysis

The mechanical soil analysis (Table 3) showed the predominance of fine sand and gravel among
the other soil-particle components in site 1, site 6, and site 7. Fine sand percentages varied between
sites and ranged from 44% in site 6 to 58.2% in site 1, while gravel ranged between 22.70% in site 7 to
30.27% in site 6. On the other hand, fine and coarse sand were predominant in the soil mechanical
analysis in sites 2, 4, and 8. The fine sand ranged from 49.1% to 60.7% in sites 2 and 4, respectively,
while coarse sand ranged from 18.07% to 20.5% in sites 4 and 8, respectively. In site 5, the fine sand
percentage exhibited the highest fraction (66.7%), followed by clay percentage (19.7%), while the lowest
percentage was gravel (2.17%). Generally, clay and silt fractions revealed the lowest percentages in all
sites except at site 9 and 10, where they showed the highest contents.
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Table 3. Soil variables ± SD values in the collected soil samples of the 10 examined populations of A.javanica.

No. Gravel % Coarse
Sand %

Fine Sand
% Silt % Clay % Moisture

(%) pH TDS
(mg/L) EC (µs/cm) Na

(mg/g) K (mg/g) Ca (mg/g) Mg
(mg/g) Cl (mg/g) PO4

(mg/g)

1 27.91 ± 4.5 9.7 ± 2.08 58.0 ± 3.4 2.3 ± 0.3 2.1 ± 0.11 0.08 ± 0.0 7.9 ± 0.24 116.6 ± 4.4 188.9 ± 86.2 2.9 ± 2.1 1.5 ± 0.43 0.49 ± 0.4 0.17 ± 0.07 0.15 ± 0.04 0.5 ± 0.4

2 19.31 ± 6.4 19.9 ± 7.5 49.1 ± 5.4 6.2 ± 8.2 5.4 ± 6.9 0.11 ± 0.01 8.6 ± 0.08 85.56 ± 7.2 145.9 ± 17.8 2.5 ± 0.74 2.5 ± 0.47 0.21 ± 0.03 0.11 ± 0.03 0.10 ± 0.01 0.28 ± 0.1

3 24.81 ± 2.1 55.5 ± 3.3 10.8 ± 1.9 4.6 ± 1.7 4.4 ± 1.56 0.29 ± 0.0 7.2 ± 0.09 2106 ± 135 3380.0 ± 645 11.5 ± 3.2 2.8 ± 1.02 4.2 ± 0.7 0.25 ± 0.21 0.60 ± 0.30 0.74 ± 0.7

4 0.02 ± 0.01 18.07 ± 2.8 60.7 ± 4.5 15.8 ± 1.9 5.4 ± 0.21 0.78 ± 0.0 8.3 ± 0.14 74.4 ± 5.4 123.2 ± 9.95 0.22 ± 0.1 0.03 ± 0.01 0.23 ± 0.0 0.08 ± 0.01 1.04 ± 0.02 0.23 ± 0.01

5 2.17 ± 1.86 3.9 ± 3.3 66.7 ± 22.9 7.5 ± 4.8 19.7 ± 22 0.23 ± 0.2 8.4 ± 0.48 139.6 ± 67.4 232.5 ± 113.2 2.6 ± 1.4 2.5 ± 0.93 0.34 ± 0.0 0.08 ± 0.03 0.09 ± 0.01 0.21 ± 0.02

6 30.27 ± 3.6 21.3 ± 2.6 44.0 ± 4.0 2.0 ± 0.4 2.4 ± 1.01 0.04 ± 0.0 8.0 ± 0.19 76.6 ± 19.9 126.8 ± 31.9 2.3 ± 0.93 1.5 ± 0.32 0.16 ± 0.0 0.12 ± 0.05 0.08 ± 0.02 0.34 ± 0.2

7 22.70 ± 18.8 9.8 ± 5.6 45.1 ± 8.3 10.1 ± 6.9 12.2 ± 8.9 0.50 ± 0.1 7.9 ± 0.16 281.7 ± 20.1 469.0 ± 335.6 4.8 ± 1.35 5.4 ± 0.75 0.28 ± 0.0 0.06 ± 0.03 0.07 ± 0.02 0.23 ± 0.03

8 15.84 ± 3.08 20.5 ± 3.9 58.2 ± 7.9 3.4 ± 2.7 2.1 ± 0.10 0.13 ± 0.0 8.5 ± 0.12 112.3 ± 27.6 186.8 ± 45.6 1.8 ± 0.60 2.5 ± 0.77 0.44 ± 0.2 0.05 ± 0.02 0.21 ± 0.04 0.3 ± 0.06

9 3.08 ± 4.52 3.6 ± 4.6 29.5 ± 2.4 36.0 ± 0.8 27.8 ± 6.8 0.61 ± 0.3 8.1 ± 0.12 131.2 ± 18.3 216.9 ± 24.1 1.5 ± 0.29 2.5 ± 0.20 0.23 ± 0.1 0.12 ± 0.01 0.16 ± 0.01 0.3 ± 0.10

10 2.1 ± 2.52 4.4 ± 3.6 30.7 ± 4.1 37.5 ± 1.7 25.3 ± 2.8 0.51 ± 0.3 8.2 ± 0.10 134.2 ± 15.1 220.1 ± 14.5 1.7 ± 0.25 2.9 ± 0.22 0.27 ± 0.1 0.12 ± 0.04 0.15 ± 0.01 0.3 ± 0.11
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Most of the investigated sites (1, 2, 4, 6, 8, 9, and 10) had low contents of cations (Table 3).
The comparison of the measured soluble cations within the plants exhibited the predominance of
Na and K. The contents of sodium were significantly higher in sites 3 and 7 at Qena-Safaga Road
and Idfu-Mrsa Allam Road (11.5 and 4.8 mg·g−1 dry soil, respectively). However, the lowest Na
content was recorded in site 4 (0.22 mg·g−1 dry soil) of Qeft-Qusseir. The contents of potassium were
significantly higher in sites 3 and 7 at Qena-Safaga Road and Idfu-Mrsa Allam Road (2.8 and 5.4 mg·g−1

dry soil, respectively). Calcium and magnesium revealed the same behavior of sodium in most sites.
The highest values of both Ca and Mg were in site 3 at Qena-Safaga Road (4.2 and 0.25 mg·g−1 dry soil,
respectively).

The soils seemed to be poor in Cl (they ranged from 0.07 to 0.6 mg·g−1 dry soil in sites 7 at
Idfu-Mrsa Allam Road and 3 at Qena-Safaga Road, respectively), but showed high contents of Cl in
site 4 (1.04 mg·g−1 dry soil) at Qeft-Qusseir (Wadi El-Matulli). There were wide variations between the
different sites regarding their contents of phosphates (PO4), which showed the highest values in site 3
at Qena-Safaga Road (0.74 mg·g−1 dry soil).

The results of pH value (Table 3) exhibited that the soil solution was slightly alkaline and ranged
between 7.2 and 8.6. The soil of Hurghada (site 2) showed the highest significant alkalinity (pH = 8.6)
while the lowest value was determined in site 3 at Qena-Safaga Road (pH = 7.2).

Soil moisture content (MC) of soil samples in sites inhabited by A. javanica plants (Table 3) revealed
that MC of the soil samples ranged between 0.04% and 0.78% in the different sites, where the highest
value was found in site 4 at Qeft-Qusseir Road and the lowest value in site 6 at Qeft-Qusseir Road
(El Fawakher).

Total soluble salts significantly varied among the sites (Table 3). They were significantly higher in
site 3 at Qena-Safaga Road (2106 mg/L). While the lowest value was revealed in site 4 at Qeft-Qusseir
Road (74.4 mg/L).

3.4. Compositional Ordination of Morphological Traits of Aerva javanica and Their Soil Variables

The relationship between the morphological traits of Aerva javanica and their soil variables
was studied using Canonical Correspondence Analysis (CCA; Figure 6). The first CCA axis can be
interpreted as the Mg–MC gradient and the second axis as the Fine sand–Silt gradient. Sites 1, 2, 3,
and 6 were confined to the right half of the CCA biplot and highly correlated with Mg, PO4, and Cl,
whereas sites 4, 5, and 7 (the upper left quadrate) showed a correlation with fine sand (FS) and soil
moisture. Clay and silt were the most effective soil factors on A. javanica of sites 8, 9, and 10 (Figure 6).
The variation of plant diameter (PD) was positively correlated with soil Cl and Mg; meanwhile,
leaf width (LW) and leaf index (LI) were positively correlated with soil pH, silt, and clay. Notably,
the inflorescence length (IL) variations were positively correlated with the variation in sites’ fine sand
and moisture contents.

The successive decrease of eigenvalues of the two CCA axes (0.488 and 0.413 for axes 1 and
2, respectively) that are illustrated in Table 4 suggested a well-structured data set. However,
the species–environment correlations were higher for the first two canonical axes, explaining 73.1% of
the cumulative variance. These results suggested a strong association between plant morphological
variations and the measured soil parameters presented in the biplot. The species–environment
correlation was also high: 0.998 and 0.990 for CCA axes 1 and 2, showing that the species data were
related to the measured environmental variables. A test for significance with an unrestricted Monte
Carlo permutation test for the eigenvalue was found to be significant (p = 0.028).
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Figure 6. Canonical correspondence analysis (CCA) biplot of axes 1 and 2 showing the distribution of
the 10 sites of the study area of A. javanica populations with their vegetation groups, soil variables,
and morphological characters. LI = leaf Index, LW = leaf width, PH = plant height, PD = plant diameter,
IL = inflorescence length. All other soil parameters and plant traits were excluded due to insignificance.

Table 4. Inter-set correlation of CCA analysis for the soil variables, together with eigenvalues and
species–environment correlations for the 10 examined populations of Aerva javanica.

Axes 1 2

Eigenvalues 0.488 0.413

Species–environment correlations 0.998 0.990

Cumulative percentage variance of species–environment relation 25.7 47.4

FS (%) −0.356 * 0.447 *

Silt (%) −0.173 −0.384 *

Clay (%) −0.316 * −0.198

Moisture content −0.412 * −0.073

Mg (mg g−1 dry soil) 0.742 ** 0.021

Cl (mg g−1 dry soil) 0.061 0.315 *

PO4 (mg g−1 dry soil) 0.640 ** −0.077

Species–environment correlations 0.926 0.744

Cumulative percentage variance of species–environment relation: 30.7 47.7

Plant height (PH) −0.0196 −0.0906

Plant diameter (PD) 0.0391 0.2085

Leaf width (LW) 0.0771 −0.1093

Leaf index (LI) −0.0543 −0.7358

Inflorescence length(IL) −0.1317 0.0762

* = Correlation is significant at 0.05 level. ** = Correlation is significant at 0.01 level.

By using all data comprising morphological variations, soil variables, and ISSR polymorphism,
biplot mapping (Figure 7A) showed that the ten populations separated into three groups; one includes
Pop 3 collected from Qena-Safaga Road (Wadi El-Markh) and was separate from other populations
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by ISSR 20, K+, Gravel %, and ISSR 10. Cluster analysis (Figure 7B) also gave the same result as the
biplot and divided the populations into three groups; the first group includes Pop 3, the second group
contains populations 1, 2, 3, and 4, and the third group had populations 7 to 10.
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Figure 7. (A) Biplot mapping among ten populations of A. javanica based on morphological variations,
soil variables, and molecular attributes (ISSR). (B) Cluster analysis among ten populations of A. javanica
based on morphological variations, soil variables, and molecular attributes (ISSR). Pop 1 = Ras Garib
(Wadi Abo Had), Pop 2 = Hurghada (Wadi Bali), Pop 3 = Qena-Safaga Road (Wadi El-Markh), Pop 4 =

Qeft-Qusseir Road (Wadi El-Matulli), Pop 5 = Qeft-Qusseir Road (Wadi El-Laqeita), Pop 6 = Qeft-Qusseir
Road (El Fawakher), Pop 7 = Idfu-Mrsa Allam Road, Pop 8 = Idfu-Mrsa Allam Road Wadi Abbady
(El-Timsah), Pop 9 = Idfu-Mrsa Allam Road Wadi Abbady (El-Timsah), Pop 10 = Idfu-Mrsa Allam
Road Wadi Abbady (El-Kanayis).

The highest similarity was (0.974) between Pop 8 collected from Idfu-Mrsa Allam Road Wadi
Abbady (El-Timsah) and Pop 9 collected from Idfu-Mrsa Allam Road Wadi Abbady (El-Kanayis).
The lowest similarity (0.715) was recorded between Pop1 collected at Ras Garib (Wadi Abo Had) and
Pop 3 collected from Qena-Safaga Road (Wadi El-Markh) (Table 5).

Table 5. Similarity index among the populations of A. javanica based on morphological, ecological, and
molecular attributes using the SYSTAT version 7.0 program.

1 2 3 4 5 6 7 8 9 10

1 1

2 0.953 1

3 0.715 0.729 1

4 0.847 0.836 0.745 1

5 0.799 0.819 0.836 0.925 1

6 0.848 0.888 0.831 0.819 0.81 1

7 0.816 0.823 0.817 0.87 0.911 0.851 1

8 0.818 0.849 0.86 0.889 0.921 0.874 0.959 1

9 0.829 0.851 0.816 0.913 0.942 0.857 0.951 0.974 1

10 0.815 0.817 0.792 0.885 0.918 0.884 0.932 0.922 0.943 1
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4. Discussion

Genetic variation information is important for the assessment of genetic resources, as it is a
source of knowledge about plant molecular structure and can, therefore, be used as a basis for
plant selection and for the effective estimation, preservation, and utilization of germplasm of any
population [36]. The genetic diversity of endangered species is one of the main aims of conservation
strategies within populations and considered to be of high importance for acclimation to the change
in environment conditions and for the long-term survival of a species [18,20,21]. On the other hand,
the morphological descriptors accompanied by the study of genetic diversity are essential, because
it permits the determination of the most different genitors [37]. Previous research showed that
the discrimination of populations depends mainly on the morphological difference of Citrullus and
that morphological markers can be used as a useful means of determining genetic relatedness [38].
Vavilov [39] has previously reported staggering differences between some plants depending mainly on
their morphological features.

The values of ISSR and RAPD markers in genetic divergence analysis and protection management
of medicinal plants genetic variation are necessary for any conservation program [40]. In this
study, ten ISSR primers were utilized for the implementation of genomic DNA of Aerva javanica
populations. Under the implementation of ten primers of ISSR, 113 intensity bands were generated
that were higher than the total bands obtained from 17 ISSR primers for A. javanica studied by
El-Domyati et al. [41]. The great number of single bands indicates the strength of ISSR markers in
fingerprinting and variation analysis, particularly among intimately linked species and populations,
as found by Joshi and Gupta [42]. The connection among genetic variance and the geographical location
of populations has been noticed in various plant species. In Jordan, results exhibited the existence of
relationships among morphology and molecular interpretation in Achillea fragrantissima [43]. In Egypt,
the main focus of the molecular diversity of five populations of Achillea fragrantissima using RAPD
and isozymes markers showed that the variations in zonation were especially reflected on DNA
fingerprinting [44]. Consequently, the populations of some species in the Eastern Desert of Egypt
from close geographical sites were grouped together corroborating a limited gene flow that may be
due to fragmentation of the geographical range in the species assured by Badr et al. [25,45]. In the
current study, the proportion of polymorphic bands distinctly specified that the ISSR markers are
extremely polymorphic and particularly informational for determining genetic relationships of the
examined A. javanica populations. The application of multivariate analysis techniques (PCoA) in the
present study proved useful in classifying the ten sites into three main groups. This was confirmed by
UPGMA analysis.

Gemeinholzer and Bachmann [46] found that the proficiency of morphological and molecular
markers for species variation and delineation may not be the same. In some studies, species could
not be differentiated on the principle of morphological properties when using molecular methods.
Duminil and Di Michele [47] showed that the cases of morphological markers can be distinctly based on
environmental conditions. By contrast, neutral molecular markers are fundamentally independent of
environmental conditions and should, therefore, be more credible. The use of multiple morphological
variations should, however, restrict the problem linked with the environmental effect as all traits are
improbable to be influenced. Several authors have debated that DNA markers are often preferred
over morphological characterizations, since they connect variance forthrightly at the genetic level and
supply credible and tremendous data that allow a reproducible determine of genetic variance in the
germplasm [48]. In addition, the expression of the majority of the phenotypic types is markedly affected
by the environment, and the discovery of molecular markers is confounded by the environmental
influences. However, combining both morphological and molecular data often results in the most
inclusive evidence on the genetic differences of species, as done with A. javanica in the present study.
Comparable results were also found in Artemisia monosperma and Artemisia judaica from Egypt [24] and
Saudi Arabia [23] in various environmental systems [49].



Agronomy 2020, 10, 402 14 of 17

The soil characteristics, particularly Na, Ca, K, Mg, Cl, SO4, pH, EC, gravels, and moisture
contents, play essential roles in the vegetation groups in the Eastern Desert of Egypt [50]. The presence
of some medicinal species in large groups of the Eastern Desert of Egypt reflects its capability to remain
under various environmental systems [25,49]. In our study, A. javanica behaves in the same manner.
Osmoregulation relies on inorganic solutes accumulation. It is a simple way to conquer outer biological
or abiotic stresses. The absorption, exclusion, or removal of inorganic ions such as sodium, potassium,
calcium, magnesium, and chlorides from the osmo-regulator is very helpful in adjusting the osmotic
gradient in stressed plants [51–53]. The results of our study revealed that the above mechanisms
might occur in A. javanica. Moreover, the current work showed that A. javanica accumulated high
constituents of anions. This causes high osmotic pressure to increment the specific heat of cell sap to
control high desert temperatures. Phosphates exhibited in few amounts in A. javanica may be due to
the fast integration of phosphates into plant metabolism or rarity of phosphates in the soil; these results
concur with Salama et al. [8]. The canonical correspondence analysis (CCA) biplot of soil variables
analyzed by CCA showed that fine sand, Mg, PO4, silt and clay, moisture, fine sand, and salinity were
the principal features affecting the frequency of A. javanica plants in the study area. This has been
studied in other related studies [8,54]. Meanwhile, the cluster analysis of ISSR polymorphism showed
that populations 7–10 are grouped in one distinct cluster and share similar geographical areas impacted
by the environmental conditions and geographical locations. A similarity coefficient calculates the
degree of similarity between a pair of objects [55]. According to the similarity coefficient, the highest
similarity, 0.974, existed between Pop 8 and Pop 9. Similar findings correlating genetic diversity to
geographical relations and environmental conditions were reported in some species in the Eastern
Desert and in the mountains of South Sinai [18,21,41].

5. Conclusions

In conclusion, a substantial association was evident between morphological traits and molecular
polymorphism among populations of A. javanica, indicating interpopulation variations related to
geographic distribution and environmental variables in the study area. These results are important for
future protection of A. javanica populations as genetic resources of this medicinal plant in natural habitats.
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