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Abstract

One of the essential mechanisms through which plants can adapt to prevailing environmental
conditions is phenotypic plasticity. To explain the invasive success across the invaded new areas,
the phenological pattern and vegetative features of the exotic species are investigated. The four
exotic weeds included in this study are Xanthium strumarium L., Bassia indica (Wight) A. J. Scott,
Atriplex lindleyi Moqg., and Trianthema portulacastrum L.

Results indicated that shoot length was greatest in X. strumarium, followed by B. indica and A.
lindleyi but least in T. portuiaeustrum. Fresh weight of the foliage was comparable in X. strumarium
and A. lindleyi, being higher in both than in B. indica and T. portulacastrum. Dry wight of the foliage
was highest in X. strumarium, followed by A. Lindleyi, but it was least with comparable values of
B. indica and T. portulacastrum. Water content of shoots was higher in T. portulacastrum and B.
indica, slightly lower in X. strumarium and least in A. lindleyi.

The highest concentrations of P (0.620.02), K (0.060.001), and Mg (24.763.79) were found in site 2
of T. portulacastrum. The highest levels of N (6.070.30), Na (0.200.009), and moisture content
(44.320.40) were found in site 3 for B. indica. The components with the lowest concentrations were
P (0.100.01), K(0.010.0003), Mg (0.370.01), and Na (0.040.003) in A. Lindleyi at site 4, whereas N
(2.171.00) and moisture content (17.215.10) were the lowest in X. strumarium at site 1.Analysis of
variance revealed significant (P<0.05) to very highly significant (P<0.001) variation in growth
parameter among the studied plant species. Based on the magnitude of the F ratio, the variability
was most evident in shoot dry weight, followed by shoot fresh weight and water content but was

relatively low in number of leaves, number of branches and water content of shoot. Based on the
obtained results, it can be concluded that the four exotic weeds can successfully
invade new areas by changing their phenological plasticity. The optimal
management and control measures of these exotic weeds will benefit from this.

Keywords: Biological invasion, environmental factors, exotic weeds, growth parameters, phenotypic
traits.
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Introduction

Weeds that are intentionally or
accidentally introduced outside of their normal
habitats and then establish themselves,
multiply, and spread outward while inflicting
environmental problems are known as invasive
alien species (IAS) (Shiferaw et al. 2018). The
second biggest threat to the world's
biodiversity, behind habitat degradation, is
caused by these species' competition with native
plants. According to Richardson et al. (2000)
and Daehler (2003, Khedr et al. 2023),
invasive plants are those that have been
introduced to the ecosystem where they have
altered the habitats and can reproduce
successfully outside of their ecological range.
Hess et al. (2019) claim that as anthropogenic
activity increases, disruptions are created that
encourage the spread of invasive plants at the
expense of native ones. Invasive plants have the
capacity and reduce the available space for
native species to survive (Catford, 2012). After
habitat degradation, these species provide the
second greatest threat to the world's biodiversity
because they compete with local species for
food and habitat, resulting in biodiversity loss.
Anccording to Richardson et al. (2000) and
Daehler (2003), invasive plants are those that
can effectively reproduce outside of their
ecological range and have been introduced to
new habitats where they have altered all
prevailing environmental factors. Hess et al.
(2019) claim that the increase in human activity
results in disturbances that encourage the
expansion of invasive weeds at the expense of
native ones. The capacity of invasive plants
increases their ability to thrive, which in turn
reduces the available habitat for native species
(Catford, 2012).

X. strumarium is an invasive weed ( Everitt et
al. 2007, Khder et al. 2023), it is a member of
the Asteraceae family. One of the genera
included in the Amaranthaceae family is Bassia
All ( Grabowski et al. 2023), it is a native
annual herb or perennial subshrub of Eurasia
and Africa.  The Amaranthaceae family
includes  A. lindleyi, also referred to as
Lindley's saltbush. In Egypt's desert settings,
this native Australian plant is extremely
prevalent. (Tackholm, 1974; Bolous, 2009).
Invasive species are also well-known to exist in
California, USA (Milton et al., 1999). T.
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portulacastrum, which is also known as horse
purslane and is primarily found in orchards,
farms, and desert plains, is another invasive
species. T. portulacastrum is a native of South
Africa and belongs to the Aizoaceae according
to Kaur and Aggarwal (2017).

This study's objective was to evaluate the
phenological plasticity of four exotic weedson
the Nile Delta coast. It will be explored how this
plasticity affects their ability to successfully
colonized new areas.

Materials and Methods
Study area

The Nile Delta region of Egypt is to the north-
east of Damietta, which is situated in the
downstream section of the Damietta branch of
the River Nile at 31° 25' 10" north to 31° 48' 54"
east N-32 0 00' longitude (Zahran and Willis,
2009). The coastline of Damietta stretches
along the Mediterranean Sea for about 42
kilometers from the settlement of El-Deeba
(about 20 km from Port-Said) to Gamasa in the
West. Lake Manzala to the East, the
Mediterranean Sea to the north, and El-
Dakahlia to the West and South border this

province (Figure 1).
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Figure (1): Location map of the study area showing
the different sites where the four exotic weeds and
soil samples were collected

Climate

The climatic normal are shown in Table 1 and
were taken from the Agro Meteorological
Annual Report of Egypt (1999). In January and
August, the mean maximum air temperature
ranged from 18.4 to 31.3 °C, while in those
months, the mean minimum temperature ranged
from 8.2 to 21 °C. In January and August, the
monthly mean air temperature varied from
(13.3-26.3°C). In the study area, November to
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February had the heaviest rainfall; summer is
essentially dry. During the winter months of
June and December, the highest quantities (0.2
and 24.7 mm) were recorded. In May and June,
relative humidity ranged from 69.0% to 84.0%;
in December, it was 84.0%. Numerous bodies
of water, such as the River Nile, northern lakes,
and the Mediterranean Sea, as well as dense
transpiring  vegetation, all  contribute
significantly to raising the values of these
climatic normals. In December, there was little
evaporation (2.8 mm per day).

Table (1): Climatic data along the study area R.H=

Relative Humidity, ETo= Evapotranspiration
(Egyptian annual report, 1999)
Paramete Month
rs
c 9 3§ 5 &8 £ = © a8 2 9
SEs32=333280 284
Min.
Temp. 85 6 92 12 16 19 21 22 20 17 14 11
(°C)
Max.
Temp. 18 27 20 26 26 30 31 32 31 29 25 20
(°C)
R.H% 84 80 78 75 73 73 77 79 75 75 719 77
Wind
speed 45 57 63 63 6 59 47 44 44 43 43 4
(m/s)
Mean 2 2w €10 § & & 8 8 & ¢
rainfall 5 S 5 5 &5 5 & &5 B
ETo 15 23 25 42 46 66 61 52 48 39 23 18
(mm/day)

Morphological characteristics

The following morphological characteristics are
recorded for each plant: total plant fresh and dry
weights, shoot length, shot fresh and dry
weights, water content, number of branches,
and number of leaves.

Soil sampling and analysis

Extraction of the mineral content of soil and
plants

For the purpose to extract the soil's soluble
minerals, a known quantity (10 g) of the dry soil
was added to 50 ml of water in a 100 ml conical
flask, and the mixture was shaken for one hour
using a Lab-Line Model No. 3521 orbital
shaker. After filtering the combination, the
amount of minerals was found in the extract.

Before to being digested by the sulfuric
acid/hydrogen peroxide process of Allen et al.
(1989), a known weight of the dried plant
material was crushed into a fine powder to
extract the total mineral content of the plant. In
a one-liter flask, 0.42 g of selenium and 14 g of
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hydrated lithium sulfate were combined to
create the digestion mixture. 350 ml of H202
H20: (100 volume) and 420 ml of concentrated
H2SO4 H,SOs were gradually added to the
mixture while cooling. In a Kjeldhal digestion
flask, 50-100 mg of litter was introduced along
with 5 ml of the digestion mixture. To stop the
white vapor r from escaping, the digesting
flasks were gradually heated. The extract was
prepared up to 50 ml in a volumetric.

Determination of the mineral composition of
soil and plants

Using the John (1970) method, the phosphorus
concentration of the clear extract was measured
Spectro-Photometrically. Using the standard
methods of APHA (2017) direct Nesslerization
method, nitrogen content was calculated. Using
a PFP-7 flame photometer, the amounts of K,
Na, and Ca in the clear extracts were calculated.

Statistical Analysis

ANOVA was carried out using SPSS 21.0
software (IBM, 2012). Forward to determine
some nutrients (Mg, Na, K, N and P)
characteristic that have the most significant
effect on the plants and soils samples.

Results and Discussion

The environment can cause changes in plant
behavior at a morphological or physiological
level. Such changes are vital for the survival of
intrusive weeds beneath heterogeneous and
variable conditions (Gauvrit and Chauvel,
2010, Catoni et al. 2012). The understanding of
phenotypic versatility will be significant for
anticipating changes in species dissemination,
community composition, and the victory of
intrusion beneath worldwide alter conditions.

Phenotypic traits

Phenotypic  versatility, naturally initiated
variety  within  the development and
improvement of outlandish weed (Scheiner,
1993), enable presented species to outlive and
flourish in variable situations by altering their
morphology to coordinate living space
conditions (Richards et al., 2006). It will take
extensive research to ascertain whether the
features of some of the most effective invasive



Phenotypic Plasticity of Four Invasive Species in North- ...

Scientific Journal for Damietta Faculty of Science 13(3) 2023, 104-110

weeds exhibit high degrees of adaptability.
According to recent studies, alien plants are
more plastic than native ones. According to a
meta-analysis by Davidson et al. (2011), non-
invasive plants were better able to sustain
fitness homeostasis in stressful and resource-
constrained environments than invasive species
among species pairs. In the invasion stages,
phenotypic flexibility provides a competitive
advantage (Dietz and Edwards, 2006).

X, strumarium had the longest shoots, followed
by B. indica and A. lindleyi, but T.
portulacastrum had the shortest shoots (Table 2
and Figure 2). In both X. strumarium and A.
lindleyi, the fresh weight of the leaves was
equivalent and greater than in B. indica and T.
portulacastrum. A. lindleyi and Xanthium had
the heaviest dry weight of leaf, while B. indica
and T. portulacastrum had comparable values.
T. portulacastrum and B. indica had
comparable high foliage water content, X.
strumarium had a little lower level, and A.
lindleyi had the lowest level. The inter-species
variability in foliage water content was
significantly significant even though the
absolute values of the different species' water
content were quite near to one another.
According to Shaltout et al. (2013) analysis of
T. portulacastrum's growth patterns and
distributional patterns in the Nile Delta, the
species' proliferation could result in a serious
ecological catastrophe. The phenotypic
plasticity of the species can aid in the invasion
of T. portulacastrum if there are considerable
changes (Ellmouni et al., 2021). Results of
analysis of variance revealed significant
(P<0.05) to very highly significant (P<0.001)
variation in growth parameter among the
studied plant species. Based on the magnitude
of the F ratio, the variability was most evident
in shoot dry weight, followed by shoot fresh
weight and water content but was relatively low
in number of leaves, number of branches and
water content of shoot (Table 3). The number of
branches was highest in B. indica , followed by
and A. lindleyi and T. portulacastrum and least
in X. strumarium. The number of leaves per
plant was highest in A.lindleyi and by far higher
than in the other three species (B. indica, T.
portulacastrum and X, strumarium) which
exhibited low comparable values.
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Plant chemical composition

Magnesium content of shoot was greatest in T.
portulacastrum, followed by X. strumarium,
and A. lindleyi (with comparable magnitudes)
but least in B. indica (Table 4 and Figure 2).
Despite the limited variability in P content of
shoot results revealed that P content of the shoot
was highest in T. portulacastrum, followed by
X. strumarium, and B. indica (with comparable
magnitudes) but least in A. lindleyi (Table 5 and
Figure 2). Na content of tshoot was relatively
high in T. portulacastrum and A, lindleyi, a bit
lower in B. indica, and least in X. strumarium
(Figure 2). On the other hand, K content of
shoot was relatively high in T. portulacastrum
and X. strumarium, a bit lower in B. indica, and
least in A. lindleyi (Table 5 and Figure 2).
Following the K content of shoot, was highest
in X. strumarium, by far lower in T.
portulacastrum and B. indica but least in A.
lindleyi (Table 5 and Figure 2). In contrast to the
K content of shoot, shoot N content was highest
in A. lindleyi relative to the other three species
which attained comparable N contents.

Chemical composition of soil supports the
four exotic weeds

Analysis of variance revealed significant
(P<0.05) to very highly significant (P<0.001)
variation in mineral composition of soil among
the studied sites. Based on the magnitude of the
F ratio, the variability was most evident in Na
content, followed by K content but relatively
low in the contents of P, N (Table 4).

Phosphorus content of soil was highest at site 2,
followed by site 3 and site 1 but least at site 4
(Table 4). Water content was comparable and
high at sites 2, 3, and 4 but least at site 1. e
Sodium content of soil was highest at site 3,
followed by site 2 and but least at sites 1 and 4.
Potassium content of soil was higher at sites 2
and 3 than at sites 1 and 4. ). Similar to K
content, N content of soil was higher at sites 2
and 3 than at sites 1 and 4. Similar to P content,
Mg content of e soil was highest at site 2,

followed by site 3 but least at sites 1 and 4.
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Table (2): Morphological characteristics of the four invasive species. Each value is the mean of three replicates +
SE. Meanfollowed with the same latter are non-significant P<0.05.

Plant species Shoot length Shoot FW Shoot DW  Water content ~ Number of Number of
(cm) (g/plant) (g/plant) (% FW) branches leaves
Xanthlu_m 740+ 12.12 70.6 +£9.78%  13.41 +1.53M 80.9 £ 0.50° 6.67 + 0.334% 8.00 + 0.584
strumarium
Tranthema. 233+120°  268+9.78° 3423+153° 873+1.32°  867+291® 190153
portulacastrum
Bassia indica 51.3+6.44®  246+9.78¢ 3.630+1.53% 86.2+241% 22.0 £1.002 13.7 £ 0.67°
Atriplex lindleyi ~ 41.3 +2.03 71.9+9.780 2064 +153*  71.1+1.01¢ 14.3 £2.67° 60.3£22.42
Table (3): Results of One-way ANOVA Table (4): Soil variables support the soil of the four

summarizing the interspecies variability among the
growth of four investigated weeds.

. Sum of Mean .
Variable Squares df Square Sig.
Shoot 4017 3 1339 9.203 0.006
Length
Shoot 6238 3 2079 17.39 0.001
fresh
weight
Shoot 625.2 3 208.4 54.24 0.000
dry
weight
Water 492.6 3  164.2 24.82 0.000
content
Number  424.9 3 1416 11.33 0.003
of
branches
Number 5104 3 1701 4,509 0.039
of leaves
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Figure (2): Phenotypic traits of the four invasive
species. (A) shoot length, (B) shoot fresh weight, (C)
Shoot dry weight, D Water content, E Number of
branches, F Number of leaves Each column
represents the mean of three replicates + SE.
columns with the same latter are non-significant
P<0.05.
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exotic weeds.

Soil Sitel Site2 Site3 Site4
parameter
P mg/g 0.27+ 0.62 + 048 = 010 =+
0.05 " 0.02° 0.18%® 0.01¢
N mg/g 217 + 604 + 607 + 299 =
1.00° 0.6® 0.30* 0.07°
Na mg/g 005 £+ 010 + 020 + 004 =
0.003¢ 0.002° 0.009° 0.003¢
K mg/g 0.02 + 0.06 + 005 + 001 =
0.0009¢  0.001% 0.005%® 0.0003¢
Mg mg/g 241 + 2476 + 787 + 037 =
0.16™ 3.79° 0.68° 0.01°
Moisture 1721+ 3823 + 4432 + 3831 %
content (%)  5.10¢ 0.52%° 0.40% 4.27%*

T. portulacastrum showed the highest concentration
of P in site2 (0.62+ 0.02), K (0.06+0.001) and Mg
(24.76£3.79). B. indica in site3 showed the highest
concentration of N (6.07+0.30), Na (0.20£0.009),
Moisture content (44.32+0.40) (Table 4.) The lowest
concentration of elements was recorded in A.
Lindleyi in site 4 of P (0.10+0.01), K(0.01+0.0003),
Mg (0.37£0.01) Na (0.04+0.003), X.strumarium in
sitel showed the lowest concentration of N
(2.17+1.00), Moisture content (17.21+5.10).

Table (5): Chemical composition of the four
invasive species in the eastern-east of the Nile Delta
coast. Each value is the mean of three replicates +
SE. Means followed with the same latter are non-
significant t P<0.05.

Item X. T. Portulacu- B.indica A. llindleyi
strumarium  strum

P 451 + 6.12 + 417 + 253 +

mg/g 0.94% 1.312 0.81% 0.15°

N 10.05 + 943 + 1014 + 3968

mg/g 1.065° 1.482° 1.413° 6.922°

Na 0.44 + 1.64 + 127 + 153 +

mmol 0.007¢ 0.0252 0.106° 0.1132

|

Kmm 0.84 + 0.86 + 0.64 + 027

ol/g 0.030* 0.053* 0.079° +0.022°

Mg 3.77 + 791 + 1.60 + 407 +

mg/g 0.25 0.60° 0.21¢ 0.68°

T. portulacastrum showed the highest concentration
of Mg (7.91 £ 0.60a), P (6.12 + 1.31), Na(1.64 +
0.025) and K (0.86 + 0.053). A. lindleyi showed the
highest concentration of N (39.68 + 6.922). The
lowest concentration of elements was recorded in
Bassia indica Mg (1.60 + 0.21). Atriplex lindleyi
showed the lowest concentration of P (2.53£0.15), K
(0.27+0.022), T. portulacastrum showed the lowest
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concentration of N (9.43+1.482) X. strumarium
showed the lowest concentration of Na
(0.04+0.003).

Conclusion

Future- oriented studies on exotic weeds in
order to understand the response to
environmental fluctuations including climate
change. There is the necessity to analyze
variations at phenotypic traits as well as genetic
levels for the same species in particular, for
exotic weeds because these could have drastic
effects on the ecosystem.
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A. lindleyi.. J8l 5 X. strumarium & S Jil 5 < B. indica sportulacastrum

5K (0.06 + 0.001) 5(0.62 + 0.02) ¥ adsall b siusill 3< 55 el

T. portulacastrum el 55 <l el

«(0.20 + 0.009)) ps252ll ¢ (6.07 £ 0.30) s sl 35 5 Sl site3 3 L sV & e kiMg (24.76 + 3.79).
K «P (0.10 +0.01) = £ gsall 3 A. lindleyi b smabiall 38 55 ol Jmusi 5 (44.32 + 0.40) sk M) s sime
N S5 af el ) dsall X strumarium <Mg (0.37 + 0.01) Na (0.04 + 0.003) ¢(0.01 + 0.0003)
(17.21 % 5.10). 4 skl s sime (2,17 + 1.00)
gLl Al g6V o gail) dalae (P <0.001) e s sixe 0l ) (P <0.05) (s sine 0 il Sl el
S ALy ¢ oLl G sia s a0l il 351 4y ¢l Cilall 51 (8 s sy STl S ¢ F s e 2L

bl elall (5 sina g g 8Y) 22 5 (31 5Y) 2ae & Ll Uaddia
5oal) glae g Las i elaall g pal) 3 Jond e Baan ilge 5358 (f (S A Sal) mg ) (il o e ol
Agenall 3halially Il 4y el (ailaall o3 AadlSa s s )oY shbe ) sSin lgle Jeanidl il dasls
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