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Abstract
Solidago canadensis is an invasive weed that grows successfully under adverse environmental
conditions and shows a high capability to various habits. To evaluate the role of local adaptation in
the invasion of S. canadensis into heterogeneous environments, the morphological and physiological
traits of S. canadensis plants were studied under salt (control, 100 and 150 mM NaCl), drought stress
conditions (control, 75 and 100 g L-1 PEG-6000) and abscisic acid (ABA) (0, 25, and 50 ul L-1) application.
Salt treatments significantly reduced the plant height, shoot dry weight (SDW), water use efficiency
(WUE), intracellular CO2, and net photosynthetic rate (NPR) by 8.17, 28.75, 21.65, 20.71 and 35.44%,
respectively than control plants. Among salt treatments, maximum reduction was found under 150 mM
NaCl followed by 100 mM NaCl and control treatment. Salt treatments demonstrated a nonsignificant
effect on leaf fresh and dry weight, root length and stomatal conductance. Similarly, drought stress
significantly reduced the leaf fresh weight, leaf dry weight, plant height, stomatal conductance, and
NPR with maximum reduction under severe drought condition (100 g L-1 PEG-6000), where the values
were 31.01, 30.39, 35.09, 49.19 and 46.93% lower respectively than control plants. In this study, ABA
application had not significantly influenced the morpho-physiological traits of S. canadensis. Reduced
plant height, SDW and NPR under both stresses and reduced WUE and intracellular CO2 under salt
stress suggest some degree of phenotypic plasticity under these stress conditions.
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Introduction

Invasive weeds species are considered as a serious
threat and danger to biodiversity in habitat destruction
and a primary hotspot in environment and ecology
studies [1]. Introducing alien and new plants into a novel
region encounters biotic and abiotic stresses that may
ascertain their invasion process [2]. It is well reported
and documented in previous studies that invasive weeds
have strong adaptation ability to different environmental
fluctuations as compared with their natives’ species
[3, 4]; still, there is no adequate study which provides
any evidence regarding the equal ability of native and
invasive weeds against different biotic and abiotic
stresses [5]. Moreover, it remains unclear how invasive
weeds adapt quickly under variable environmental
conditions [6, 7].
Plants are sessile in nature and show friction in
their life cycle. They are subjected to perform better
and have strong selection and adaptation abilities
against local environmental conditions [8]; these local
adaptations promote extensive dissemination and
productive occupation of different habitats [9]. Someway
geographical distribution and variation lead to different
adaptational processes to the local environment
and play a vital role in developing functional traits
against various abiotic stresses [10, 11]. Overall, local
adaptation is considered as well verified invasive weed
mechanism to enhance invasiveness [12], leading plants
to adapt against different biotic and abiotic stresses [12].
In other words, phenotypic can produce phenotypes
against different environmental variation responses
[14] and contribute to the success of invasive plants by
permitting fitness across the habitats range and playing
a vital role in the successful formation under different
and new environmental conditions [13]. A fundamental
and prominent issue in invasive plant dominancy is to
determine the importance of phenotypic plasticity and
local adaptation in invasive plants’ success to different
environmental fluctuations throughout the distribution
process [14]. However, ambiguous conclusions indicate
the importance of this factor dependence of different
plant species, including their different physiological
and molecular characteristics [15]. That is why more
attention and contribution are needed to invasive plants
to explore their invasion process and success against
different abiotic stresses [16].
Among abiotic stress, salinity and drought stress
determine how colonization, and high salinity can
affect plant growth and the development process [17].
It is reported in many studies that salinity causes
many disorders in plants at morpho-physiological,
biochemical, and molecular levels. It inhibits plant
growth by reducing water uptake, ionic imbalance by
increasing toxicity level [18-20]. However, salinity
effects on plant growth depending on salt types and
concentrations [21]. High salinity effects and decreases
photosynthesis rate and other morpho-physiological
traits (plant height, number of leaves, root length

and dry weight biomass, etc.) [22]. In contrast, low
salinity accelerates plant growth and development
[23]. In salt tolerant plant species, local adaptations
contribute strongly and play a vital role in the
invasion process and success [24,25]. Salinity stresses
enhance Spartina alterniflora (native) replacement
by Phragmites australis (invasive) [26]; on the other
hand, salinity stress decreases Salicornia subterminalis
replacement by Polypogon monspeliensis invasion [27].
To understand the response against salinity stress,
plants show the potential for colonization, physiological
changes, and different management strategies provides
references in invasion studies [28]. Monitoring
changes in chlorophyll fluorescence and photosynthesis
rate under drought stress provides a signal to the
distribution of Chromolaena odorata. Plants’ responses
to salinity and drought are varied for morphological
and physiological traits [29]. Moreover, it is commonly
known that abscisic acid (ABA) is a crucial regulator
during a plant’s response to stresses, and tolerant weeds
accumulate ABA faster than sensitive ones [30]. ABA
also reported to play an essential role in maintaining
plant growth under different stress conditions [31].
Solidago canadensis L., a forb belonging to the
Asteraceae family, can form aboveground clonal shoots
from persistent belowground rhizomes [32]. Initially,
S. canadensis was introduced as ornamental plant, but
later it was changed into wild and become abundant
across China [33]. Based on growth chamber and
greenhouse experiments, S. canadensis evolved rapidly
in different regions and was reported have the ability
to perform better against various abiotic stresses [34].
However, it is still reported that individual plasticity
without
local adaptation plays an essential role
in S. canadensis response against different abiotic
stresses [35]. S. canadensis also showed salinity
tolerance and invaded sandy loam soil significantly
in the coastal areas of East China [36]. Concerning
different abiotic stresses (salinity and drought) and
ABA different concentration levels, we assumed
that local adaptation might play a critical role in the
invasion process against different salinity and droughty
conditions. We conducted a greenhouse experiment
with replicate cuttings of S. canadensis with the
following questions: (1) are drought and salinity stress
affect the performance of S. canadensis? (2) Do S.
canadensis perform better under high levels of salt and
drought than low levels? (3) How does S. canadensis
react against ABA application?

Experimentation and Treatments
Implementation
The experiment was performed under greenhouse
conditions at Jiangsu University, Jiangsu (32.20°N,
119.45°E), China, where the temperature of 25±5ºC
during the day, 18±2ºC during the night, and 70%
relative humidity were maintained throughout
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the experimental period. In the winter of 2019,
S. canadensis seeds were collected from the roadside
of Zhenjiang, Jiangsu province, China. No specific
permissions were required for these locations. Initially,
S. canadensis seeds were sown in seedling tray with
sand, and 14 days old seedlings were used for further
experiments. For salinity stress and ABA application,
seedlings were transferred into pots (with 10 cm height,
outer- and inner diameter of 13 and 6 cm, respectively)
and to hydroponic culture for drought experiment.
When these seedlings were fully established in pots
and hydroponic culture, salinity, drought, and ABA
application started. For salinity stress and ABA
experiments, a total of 72 pots for each experiment
were filled with well-sieved sandy soil. The physical
and chemical properties of the soil used for pot filling
are given in Table 1. For the drought experiment,
seedlings with fully expanded leaves were cultivated
in hydroponic culture with Hoagland nutrient solution
[37]. After seven days of transplanting, drought
treatments were imposed as control (no drought),
75 and 100 g L-1 PEG (6000). The nutrient solution was
continuously aerated throughout the experimentation. In
the salinity experiment, the treatments were included
on control (no-salt application), 100 and 150 mM NaCl.
Abscisic acid treatments were included on a control
(no-ABA application), 25 ul L-1 and 50 ul L-1. The study
was laid out in a completely randomized design (CRD)
with factorial arrangements, and there were a total of
twelve replications.

Data Recording
Morphological and Chlorophyll Data
From each treatment, six plants were selected for the
measurements of growth and physiological parameters.
Plant height (PH) was measured using a ruler. The fresh
and dry weights of plant above ground (stem and leaf)
and below ground (root) biomass of each individual was
measured separately. For dry weight, samples were oven
dried at 72ºC for 48 h and weighing the samples by
using a weighing balance. A portable plant chlorophyll
meter (Oakoch, OK-Y104, China) was used to measure
the stomatal conductance, net photosynthesis rate, water

Table 1. Physical and chemical characteristics of sandy soil used
for pot filling.
Soil parameter

Sandy soil

pH

6.60

Organic matter %

0.34

Total nutrient %

0.98

Water content %

15

Electrical conductivity Ds m-1

1.2
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use efficiency, and intercellular CO2. Young leaves were
preferably selected for evaluating the photosynthetic
attributes. All data were recorded during full sunshine
at 9:30-11:30 a.m. The following settings were noted
on the chlorophyll meter during data collection: active
photosynthetic radiation (PAR) of 800 μmol m-2 s-1
(i.e. at light saturation), leaf temperature of 28ºC, and
CO2 concentration of 500 μmol mol-1.

Statistical Analysis
Data analysis was performed statistically with
SPSS-17 software (SPSS, IL, USA). Before further
analysis, assumptions of parametric statistics were
tested to verify the normality and homogeneity of
variance using the Shapiro-Wilk normality test and
Levene’s test. One-way analysis of variance (ANOVA)
technique with t-test (at P<0.05) was used to examine
the impact of different salinity levels, drought, and
abscisic acid on the growth and physiological traits of
S. canadensis.

Results
Effect of Salinity on Growth and Physiological
Traits
Salt treatments had a significant effect on plant
height (Fig. 1d), p = 0.01), seedling dry weight
(Fig. 1e), p = 0.001), water use efficiency (Fig. 1f),
p = 0.01), intracellular CO2 (Fig. 1h), p = 0.001), and
net photosynthetic rate (Fig. 1i), p = 0.001); however,
it had no significant effect on the leaves fresh weight
(Fig. 1a), p = 0.784), leaves dry weight (Fig. 1b),
p = 0.791), root length (Fig. 1c), p = 0.116) and stomatal
conductance (Fig. 1g), p = 0.059) in S. canadensis.
Salt treatments significantly reduced the plant height
by 5.48 and 18.17%, seedling dry weight by 19.03
and 28.75%, water use efficiency by 22.81 and
21.65%, intracellular CO2 by 4.48 and 20.71%, and net
photosynthetic rate by 13.54 and 35.44% respectively
under moderate (100 mM NaCl) and severe salinity
(150 mM NaCl) stress than control plants.

Effect of Drought Stress on Growth
and Physiological Traits
Drought stress had a significant effect on leaves
fresh weight (Fig. 2a) p = 0.001), leaves dry weight
(Fig. 2b), p = 0.001), plant height (Fig. 2d), p = 0.001),
stomatal conductance (Fig. 2h), p = 0.001) and net
photosynthetic rate (Fig. 2i), p = 0.001); however, it
had no significant effect on the root length (Fig. 2c),
p = 0.264), seedling dry weight (Fig. 2e, p = 0.350), water
use efficiency (Fig. 2f), p = 0.131), and intracellular
CO2 (Fig. 2g), p = 0.504) in S. canadensis. Drought
treatments significantly reduced the leaves fresh weight,
leaves dry weight, plant height, stomatal conductance,
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Fig. 1. Leaves fresh a) and dry weights b), root length c), plant height d), seedling dry weight e), water use efficiency f), stomatal
conductance g), intracellular CO2 h), and net photosynthetic rate i) in S. canadensis plants exposed to salt treatments. The data are
presented as the means±SE, n = 12. Similar letters above bars indicate no significant differences among treatments at (p<0.05).

and net photosynthetic rate with maximum decrease
under severe drought stress, where the value was
31.01%, 30.39%, 35.09%, 49.19%, and 46.93% lower
respectively than control plants (no drought application).

p = 0.888), stomatal conductance (Fig. 3g, p = 0.270)
and net photosynthetic rate (Fig. 3i), p = 0.190) in
S. canadensis.

Effect of Abscisic Acid Application on Growth
and Physiological Traits

Discussion

Abscisic acid application had no significant influence
on the leaves fresh weight (Fig. 3a), p = 0.217), leaves
dry weight (Fig. 3b), p = 0.216), root length (Fig. 3c),
p = 0.778), plant height (Fig. 3d), p = 0.952), seedling
dry weight (Fig. 3e), p = 0.847), water use efficiency
(Fig. 3f), p = 0.119), intracellular CO2 (Fig. 3h),

Previous studies have reported a detrimental
effect of drought and salt stress on plants, especially
affecting the growth and physiological traits [4, 38, 39].
In a recent study, Li et al. [5] reported that salt stress
significantly affected different physiological traits
(number of leaves, plant height, the root, shoot, and total
biomass), net photosynthetic rate, stomatal conductance,
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Fig. 2. Leaves fresh a) and dry weights b), root length c), plant height d), seedling dry weight e), water use efficiency f), intracellular CO2
g), stomatal conductance h), and net photosynthetic rate i) in S. canadensis plants exposed to drought stress. The data are presented as the
means±SE, n = 12. Similar letters above bars indicate no significant differences among treatments at (P<0.05).

transpiration rate, and relative chlorophyll content
of S. canadensis under greenhouse experiment.
Similarly, in this study, we found that salinity
treatments have a detrimental effect on the plant
height, seedling dry weight, water use efficiency, and
physiological traits, including net photosynthesis rates
and intracellular CO2 concentrations in S. canadensis.
These results suggest that different salinity treatments
significantly affect plant growth and developmental
characteristics and suggesting that S. canadensis

shows a mild local adaptation to salt stress in China.
These findings are consistent with Li et al. [5], where
the authors have reported a lack of evidence for local
adaptation of S. canadensis to different salinity stress
levels in China. However, inconsistent with our results,
various studies have documented that invasive plant
species have a more remarkable ability to adapt the
heterogeneous environments [40, 41].
Furthermore, in our study, drought treatments also
influenced S. canadensis growth and physiological
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Fig. 3. Influence of abscisic acid (ABA) application on the leaves fresh a) and dry weights b), root length c), plant height d), seedling dry
weigh e), water use efficiency f), stomatal conductance g), intracellular CO2 h), and net photosynthetic rate i) in S. canadensis plants. The
data are presented as the means c±SE, n = 12. Similar letters above bars indicate no significant differences among treatments at (p<0.05).

traits, suggesting lower adaptability to drought
conditions. These findings are consistent with previous
results of Du et al. [42], where the authors have reported
that drought stress significantly reduced the growth,
and physiological traits, including photosynthesis
rates of invasive plants. Inconsistent with our results,

the deleterious effect of environmental stresses on
the performance of S. canadensis was also reported
in previous studies [43, 44]. Plasticity contributes
to the successful adaptation of invasive species to
heterogeneous environments [10, 45, 46]. Furthermore,
local adaptation also plays a central role in biological
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invasion and contributes to a wide distribution across
diverse habitats [9, 47]. In this study, salinity and
drought stresses significantly reduced the performance
of S. canadensis, suggesting a mild local adaptation
to these stresses. These findings are inconsistent with
previously published studies, where the authors have
reported a shred of solid evidence for local adaptation
of invasive plants [5, 9]. In a recent study, Jin et al.
[48] reported a partial local adaptation in S. canadensis
to a low salinity level. Working with invasive Wedelia
trilobat, adopt local adaptation occurred in light
conditions [14]. Similarly, Senecio inaequidens also
reported the local adaptation of species on a small
scale [14]. Under adequate water supply, physiological
traits, including high photosynthetic rates, significantly
contribute to the success and spread of Chromolaena
odorata [49].
Our results also indicated that salinity treatments
reduced the plant height, seedling dry weight, water use
efficiency, intracellular CO2, and net photosynthetic rates
in S. canadensis plants, suggesting that S. canadensis
plants exhibit some degree of phenotypic plasticity
under salt stress conditions. Similar findings were also
reported by Jin et al. [48]; S. canadensis seeds exhibit a
partial degree of phenotypic plasticity under the saline
environment. In another study, there was a no evidence
for local adaptation in growth and physiological traits
of Hordeum spontaneum populations from high
saline region of northern China [50]. Plasticity in
drought stress significantly contributes to widespread
distribution of Leymus Chinensis plant to occupy a wide
range of environments [51]. Furthermore, drought stress
also reduced the plant height, leaves fresh and dry
weights, stomatal conductance, and net photosynthetic
rate in S. canadensis plants, showing a partial degree
of phenotypic plasticity (Fig. 2). Overall, these results
suggest that S. canadensis plants showed a lower local
adaptation to salinity and drought stress. The growth
and physiological traits have remained significantly
affected by these stresses.
In this study, for the first time, we have reported
the performance of invasive S. canadensis plants under
ABA application. In our work, ABA application had
no significant influence on the growth measures and
physiological traits of S. canadensis (Fig. 3). Previously,
the study reported that most invasive species’ seedling
growth is significantly inhibited under ABA application
[52]. In contrast to our findings, the improved
plant growth under ABA application has been well
documented in various published studies [53].

Conclusion
Salinity and drought treatments showed mild
influence on the growth and physiological traits of
S. canadensis, excluding in leaves fresh and dry weight,
root length, and stomatal conductance under salinity
stress, and root length, dry seedling weight, water
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use efficiency, and intracellular CO2 under drought
stress. These findings indicated that local adaptation is
less critical than individual plasticity in affecting the
growth, physiological traits, salinity, and drought stress
response of S. canadensis.
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