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Abstract   
Background: Frequent occurrence of droughts has become a major challenge in agriculture and horticulture 

sectors, limiting the crop production. Therefore, screening for drought tolerance plants has become a key 

requirement in the landscape industry.  The current study was conducted to investigate the drought tolerance 

ability of Alysicarous vaginalis L. (Fabaceae), to be used as a drought tolerant ground cover plant.  

   

Methods: Tip cuttings of A. vaginalis were planted in pots and water stress conditions were imposed on plants 

through irrigating the plants up to the field capacity daily (T1: control), every fifth (T2), tenth (T3), fifteenth 

(T4) and twentieth (T5) day. Each treatment consisted of 20 replicates arranged in Completely Randomized 

Design inside a plant house. Morphological characteristics were recorded up to 60 days along with the 

survival rate of plants. General Linear Model (GLM) was used for the statistical comparisons.   

   

Results: All the plants survived in all treatments. All the growth parameters differed significantly among the 

treatments (P<0.05 at 5% level of significance), where the highest leaf area, number of leaves, leaf fresh weight, 

leaf moisture content, shoot moisture content and shoot fresh weight were observed in T2, while, plants in T5 

showed the lowest morphometric parameters, except for leaf hair density and root Length. Therefore, the 

significant water stress resistant characteristics were observed at T5.  

 

Conclusions : A. vaginalis can be recommended as a water stress tolerant plant with a potential to be used in 
outdoor landscaping as a ground cover plant, with low maintenance requirements.     
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INTRODUCTION 
Global climate change, which is referred to 
the long-term changes in the average weather 
patterns, is currently viewed as one of the 
most devastating threats to the environment 
and socio-economic sectors [1]. This has 
caused numerous adverse impacts on the 
environment, humans and prevailing climatic 
patterns, leading to continuous rising of 
temperature, changes in precipitation 
patterns and elevated frequency of natural 
disasters.  
 

Water is a vital commodity for the 
survival and sustainable existence of all living 
beings. Undesirable impacts of droughts on 
societal, and environmental activities take 
place primarily as a water stress and then as a 
scarcity. This significantly influence the 
survival and productivity of plants [2-3]. The 
water consumption in the agricultural 
context, is a major component of overall water 
demand in the world. Thus, droughts or 
water deficit conditions are one of the most 
important environmental constrains faced by 
the agriculture sector [4-5].  
 

Plant water stress has been defined as 
a state of insufficient level of water 
prevalence, which affects the normal 
functioning of a plant [6]. Plants experience 
water stress conditions as a result of limited 
absorption and high evapotranspiration 
demand or as a combined effect of both [7]. 
Water stress is multidimensional in nature 
and affects plants at various levels of their 
organization by changing plant anatomy and 
ultrastructure, resulting decrease in leaf size, 
reduction of stomata count, thickening of cell 
walls and early senescence. In fact, under long 
periods of drought, many plants will 
dehydrate and die. This hinders the 
possibility of the plants in reaching potential 
growth and yield [2, 5, 8].   
 

Since landscaping is a segment that 
majorly deals with plants, water scarcity has 
become a major issue especially in outdoor 
landscaping, as it needs more water than 
indoor landscaping. Therefore, outdoor 

landscaping is more liable to adverse climatic 
conditions. Especially ground covers, and 
turfs are adversely affected by water crisis, 
which possess higher water requirements for 
maintenance. With the increasing shortages in 
rainfall, water restrictions for landscaped 
areas have become a common issue in many 
tropical countries around the world [9-10].   
 

Water stress tend to influence 
landscape plants by decreasing the aesthetic 
and functional quality of the plants. Various 
symptoms including, stunted growth, 
wilting, curling, or browning of leaves, leaf 
firing, no flowering and increased insect or 
disease attacks would appear as 
consequences of water stress, reducing the 
overall ornamental plant quality, during a 
water deficit period of a plant [11]. 
Consequently, landscape managers are 
struggling to address the foresaid challenges, 
while sustaining the landscape quality with 
less water consumption. As a response, 
landscaping practices are being evolved 
based on the emerging variations in climate.  

 
Drought tolerant landscaping remains 

as an innovative concept, which has recently 
gain popularity among plant scientists and 
landscape professionals. Growing native 
plants, using effective irrigation systems, use 
of wastewater for watering and practicing 
xeriscaping are some of the approaches used 
in this concept to enhance the sustainability of 
landscaping plants in the face of climate 
change [12-13].  Therefore, screening of plants 
for water stress resistance is a widely used 
strategy in drought tolerant landscaping. 

 
 Drought tolerant/ water stress 

resistance plants use less water, but still 
provide beauty and functionality in the 
landscape designs. They are capable of 
surviving long periods of water deficient 
conditions through development of various 
morphological, anatomical and metabolic 
adaptations. Ability of storing water 
internally, development of extensive root 
systems, decreasing the leaf area, optimizing 
the stomatal closure, reduced plant growth, 
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osmotic adjustments, development of a thick 
waxy cuticle layer and leaf hairs on the leaf 
surface could be recognized as some of such 
adaptations [14]. Most drought tolerant 
plants use several of these features to survive 
on low amounts of irrigation [1]. 
Understanding the minimal irrigation 
requirements and extent of water stress that a 
particular plant species can tolerate while 
exhibiting acceptable quality, is of immense 
importance in landscape designing [9]. This 
would enable the landscape designers to 
establish a pleasing landscape with a certain 
degree of water stress tolerance, using 
selected plants. 
 

Alysicarpus vaginalis, commonly 
known as “Aswenna” (Sinhala; local language) 
or “Alyce Clover” (English) is a widely 
distributed plant in South Asia. It belongs to 
the family Fabaceae and is recognized to 
possess a potential drought tolerance. Based 
on general observations, A. vaginalis shows a 
notable survival ability under water deficit 
conditions, making it an appealing choice for 
outdoor landscaping. In case of morphology, 
A. vaginalis is a semi woody herbaceous 
annual plant with a creep growing nature. 
Thin cylindrical stem often grows up to 60 to 
120 cm in length, while ascending is branched 
wiry, glabrous, and often rooting at base. 
Leaves can grow up to 1.2 to 5 cm in length 
with alternate arrangements, where shape 
may vary from liner lanceolate to broadly 
oval, cordate at base and glabrous surface.  

 
Flowers of A. vaginalis are bisexual, 

pinkish violet in colour with five sepals and 
five petals [15]. This plant has been 
traditionally used in herbalism for diuretics, 
leprosy, pulmonary troubles, back pain, treat 
stones in the bladder and renal calculi [15-16]. 
Furthermore, A. vaginalis is a native plant in 
Sri Lanka, which is naturally distributed 
within all three climatic zones of the country, 
making it a better choice for landscaping [17].  
 

Despite its wide distribution and 
native nature, A. vaginalis is being limitedly 
used in landscaping within Sri Lanka. 

Furthermore, the water stress resistance of A. 
vaginalis has not been assessed to evaluate its 
potential to be used in drought tolerant 
landscaping. Therefore, the current study was 
conducted to evaluate the resistance of A. 
vaginalis for water deficit stress conditions, 
with the view of introducing it in sustainable 
landscaping context as a drought tolerant 
ground cover with low maintenance. 

 
METHODOLOGY 

Location 
This experiment was conducted at the Faculty 
of Agriculture and Plantation Management, 
Wayamba University of Sri Lanka, 
Makandura, situated in the Low Country 
Intermediate zone (IL1a), under plant house 
condition to prevent any interference from 
rainfall on experimental pots. 
 
Collection of Planting Materials and 
Propagation 
The planting material (stem cuttings) of A. 
vaginalis were collected from Makadura area. 
The most successful plant part to propagate 
A. vaginalis is tip cuttings of the stem. Five-
centimeter length tip cuttings of A. vaginalis 
were obtained and planted in black polythene 
pots (6 cm x 15 cm in size; gauge 150) using a 
mixture of topsoil and compost (1:1 ratio) as 
the media. Plants were allowed to establish in 
a propagator, which was prepared using 
transparent polythene with a gauge of 500 to 
facilitate better propagation. Plants were kept 
inside the propagator for six weeks for 
rooting, followed by another week for 
hardening outside the propagator. Plants 
were irrigated according to the requirements. 
 
Screening for Drought Tolerance 
Healthy vigorously grown 100 similar sized 
plant pots were randomly selected, 
maintaining a density of 2 plants per pot. 
According to Fu et al. [18], water stress 
conditions can be replicated by extending the 
frequency of irrigation. Hence, A. vaginalis 
plants in the current study were subjected to 
five water stress conditions by varying the 
addition of a constant amount of water with 
five different applying frequencies as, daily 
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(T1- control), every fifth (T2), tenth (T3), 
fifteenth (T4) and twentieth (T5) day as 
indicated in Table 1. The field capacity of the 
soil medium in pots was considered as the 
constant irrigation amount for all the 
treatments. Pots were arranged in a 
Completely Randomized Design (CRD) and 
maintained under an average sunlight of 2.36 
Klux inside a plant house. The environmental 
parameters including temperature (T), 
relative humidity (RH) and light intensity 
inside the plant house were recorded three 
times per day. The water stress conditions 
were maintained for 60 days, and the entire 
experiment was replicated for 20 times.  
 
Table 1: Treatments used in the Experiment 

Treatment 
Water Application/ 
Irrigation Intervals 

T1 (control) 
T2 
T3 
T4 
T5 

Everyday 
Once in 5 days 

Once in 10 days 
Once in 15 days 
Once in 20 days 

 
Growth Parameters 
During the study period several growth 
parameters, namely plant height (from the 
base of the plant to the tip in cm), number of 
leaves, number of shoots per plant and the 
number of surviving plants were recorded at 
one-week intervals. At the end of 60 days 
survival rate of the plants were recorded. 
Then the plants were uprooted and the total 
leaf area (cm2, Bench top leaf area meter 
model Li-3100C), fresh weight of leaves, 
shoots and roots (g), length of the longest root 
(cm), dry weight of leaf, shoots and roots (g, 
oven dried at 80 0C for 72 hours) were 
measured.  Leaf, root and shoot moisture 
content were calculated. Further, the leaf hair 
density was measured using dissecting 
microscope (model Euromex Holland).  
 
Statistical Analysis 
All the recorded data were entered into Excel 
sheets adhering to quality control procedures. 
General Linear Model followed by Tukey’s 
pair-wise comparison was used to identify 
the significance in temporal variations of 

studied growth and morphological 
parameters of A. vaginalis under different 
water stress conditions. IBM SPSS (version 23) 
was used for the statistical analysis.  

 

RESULTS AND DISCUSSION 
Effect of Water Stress on Leaf Parameters  
The studied morphological and physiological 
parameters unveiled pronounced responses 
under the imposed stress conditions, which 
revealed restraining effects of A. vaginalis 
under the water deficit conditions. Significant 
alternations in the leaf area, leaf count, leaf 
hair density, leaf fresh weight and leaf 
moisture content were found in A. vaginalis 
(P<0.05) grown under different water stress 
conditions as indicated in Table 2. The highest 
leaf area was indicated by T2 (113.5±13.8 cm2), 
while T5 (66.0±5.0 cm2) reported the lowest 
value for the leaf area. The leaf area of A. 
vaginalis denoted a significant decreasing 
trend along with the water stress, except for 
T2 treatment. A similar trend was observed in 
leaf count also, where, the highest leaf count 
was observed at T2 (50.80±5.59), whereas T5 
(30.65±2.59) denoted the lowest value.  
 

A vaginalis comprise of single type leaf 
hair (trichome) as shown in Figure 1. Leaf hair 
density showed a significant variation 
(P<0.05 at 95 % level of confidence) among the 
treatments, where the highest leaf hair 
density was observed from T5 (648.14±15.96 
cm2). On the other hand, T1 and T2 recorded 
the lowest values as 241.40±12.71 cm2 and 
278.10±13.27 cm2, respectively (Table 2). In 
case of leaf fresh weight, T2 (1.25±0.16 g) 

recorded the highest leaf fresh weight, while 
T5 (0.61±0.02 g) had the lowest. Even though, 
the leaf fresh wight denoted a significantly 
(P<0.05) decreasing trend under increasing 
water deficit conditions (except for T2), leaf 
dry weight didn’t denote any significance. 
However, the highest mean value for leaf dry 
weight was observed from the T2 treatment 
(1.25±0.16 g), while plants reared under T5 
(0.61±0.02 g) denoted the lowest mean value 
(Table 3). A similar significantly decreasing 
trend in leaf moisture content was noted from 
A. vaginalis grown under gradually increasing 
water deficit conditions, except for T2 
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treatment, which reported the highest 
moisture content as 1.00±0.13 g. 
 
Effect of Water Stress on Root 
Characteristics  
Root growth is an important parameter of 
plant performance. In the present study, the 
lowest root length (12.74±0.74 cm) was 
denoted by T2, while the T5 treatment 

reported the lowest root fresh weight 
(0.112±0.013 g) and the moisture content 
(0.065±0.012 g). Meanwhile, A. vaginalis plants 
maintained under T5 denoted the highest root 
length as 19.18±0.63 cm. Further, the highest 
root fresh weight (0.144±0.025 g) and the 
moisture content (0.101±0.019 g) values were 
observed from the A. vaginalis reared under T2 
treatment as shown in Table 3.  

 
Table 2: Leaf Parameters of Alysicarpus vaginalis subjected to Different Treatments 

 
Figure 1: Leaf Trichome of A. vaginalis 

 
Even though, the root length of A. 

vaginalis indicated significant variations 
among the treatments (P<0.05), the post-hoc 
analysis evidenced that there are no 
significant differences (P>0.05 at 95 % level of 
confidence), between T1, T3, T4 and T5 in case of 
root fresh weight and moisture content (Table 
3). Meanwhile, the variations in root fresh 
weight and root moisture content remained 
non-significant (Table 3), suggesting that the 

studied water stress conditions have no 
notable effect on the above parameters of A. 
vaginalis. 
 

Among the studied shoot parameters, 
number of branches, shoot fresh weight and 
shoot moisture showed significant variations 
(P<0.05) among different water stress 
conditions (Table 4). The highest number of 
branches (3.2±0.5), shoot fresh weight 
(1.29±0.7 g) and shoot moisture content 
(1.01±0.13 g) were reported from the T2 

treatment, while A. vaginalis reared under the 
T5 treatment had the lowest values as 1.7±0.4, 
0.62±0.05 g and 0.44±0.03 g, respectively. A 
similar trend was apparent in shoot length 
also, where plants maintained under T2 had 
the highest shoot length as 39.8±1.3 cm, while 
the lowest was observed in T5 (36.1±1.1 cm). 
However, this trend was not statistically 
significant (P>0.05) as shown in Table 4. In 
general, all the shoot parameters of A. 
vaginalis denoted a decreasing trend with the  

Treatment 
Leaf Area 

(cm2) 
Leaf 

Count 

Leaf Hair 
Density 

(cm2) 

Leaf Fresh 
Weight 

(g) 

Leaf Dry 
Weight 

(g) 

Leaf 
Moisture 
Content 

(g) 

T1 90.08±13.54a,b 48.6±5.8a,b 241.40±12.71d 0.94±0.13b 0.04±0.006a 0.76±0.11b 

T2 113.52±13.84a 50.8±5.a 278.10±13.27d 1.25±0.16a 0.04±0.007a 1.00±0.13a 

T3 85.91±10.11b 42.7±4.0b 453.00±23.61c 0.89±0.12b 0.04±0.003a 0.71±0.09b 

T4 80.08±7.65b 41.9±4.9b 537.29±22.58b 0.87±0.08b 0.04±0.005a 0.69±0.07b 

T5 66.05±5.03c 30.7±2.1c 648.14±15.96a 0.61±0.02c 0.03±0.004a 0.45±0.05c 

Note: Mean ± SE of each value is included. Means with different superscript letters within a column show significant 
differences among the means as indicated by Tukey’s pair-wise comparison followed by One-way ANOVA (P˂0.05). 
T1: Control, T2: Once in 5 days, T3: Once in 10 days, T4: Once in 15 days and T5: Once in 20 days. 
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Table 3: Root and Shoot Parameters of Alysicarpus vaginalis subjected to Different Treatments 
 

Treatment 
Root Length  

(cm) 
Root Fresh Weight  

(g) 
Root Moisture 

Content (g) 

T1 18.91±0.95a 0.117±0.021a 0.075±0.017a 

T2 12.74±0.74b 0.144±0.025a 0.101±0.019a 

T3 17.98±1.27a 0.113±0.018a 0.076±0.014a 

T4 18.03±1.18a 0.120±0.018a 0.078±0.014a 

T5 19.18±0.63a 0.112±0.013a 0.065±0.012a 

Note: Mean ± SE of each value is included. Means with different superscript letters within a column show significant 
differences among the means as indicated by Tukey’s pair-wise comparison followed by One-way ANOVA (P˂0.05). 
T1: Control; T2: Once in 5 days; T3: Once in 10 days; T4: Once in 15 days and T5: Once in 20 days 

 
Table 4: Shoot Parameters of Alysicarpus vaginalis subjected to Different Water Stress Levels 
 

Treatment 
Shoot Length 

(cm) 
Number of 
Branches 

Shoot Fresh 
Weight (g) 

Shoot Moisture 
(g) 

T1 38.1±1.8a 3.1±0.6a 0.99±0.14a,b 0.75±0.12a,b 

T2 39.8±1.3a 3.2±0.5a 1.29±0.17a 1.01±0.13a 

T3 36.6±1.1a 3.0±0.5a 0.99±0.11a,b 0.80±0.09a,b 

T4 36.5±1.5a 2.5±0.4a 0.91±0.09a,b 0.71±0.07a,b 

T5 36.1±1.1a 1.7±0.4b 0.62±0.05b 0.44±0.03b 
Note: Mean ± SE of each value is included. Means with different superscript letters within a column show 
significant differences among the means as indicated by Tukey’s pair-wise comparison followed by One-way 
ANOVA (P˂0.05). T1: Control; T2: Once in 5 days; T3: Once in 10 days; T4: Once in 15 days and T5: Once in 20 
days. 

 
increasing water deficit conditions (except in 
T2). Most interestingly, a 100 % survival rate 
was observed (within 60 days) from plants 
reared under the five water stress treatments, 
reflecting a higher water stress tolerance 
ability. 
 

Water stress can be defined as a 
situation in which plant water relationship 
alter the interface for normal functioning, by 
influencing the plant performances at various 
levels leading to anatomical, physiological, 
biochemical and molecular responses [19]. 
Environmental stresses could trigger a wide 
variety of plant responses, ranging from 
altered gene expression and cellular 
metabolism to changes in growth rate and 
plant productivity. Landscaping is a special 
segment in horticulture, which is highly 
affected due to water deficit conditions. In 
landscaping, ground covers are widely used 
to cover the spaces in gardens, public open 

spaces and playing areas providing aesthetic 
beauty and enhancing the conservation of soil 
[20].  
 

Generally, the water requirement of 
ground covers is high in maintaining the 
visual quality, signifying the importance of 
utilizing plants with drought tolerance and 
low irrigation requirements [21]. Hence, 
screening of drought tolerance ground covers 
is of great importance in sustaining 
landscaping [22]. The present study was 
designed with the context on investigating the 
effects of induced water deficit conditions on 
a selected plant species, A. vaginalis. 
 

Findings of the study denoted a range 
of water stress adaptations in A. vaginalis 
plants exposed to varying levels of water 
stress. Leaf characteristics such as, leaf area 
and leaf count of A. vaginalis plants denoted 
significant variations among the imposed 
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stress conditions. Water stress conditions has 
been recognized to often modify the leaf 
growth and in turn the leaf count, individual 
leaf size/leaf area and biomass of plants [23]. 
As per the results of the current study, A. 
vaginalis plants grown under T2 treatment 
(113.52±13.84 cm2) recorded the highest leaf 
area, while the lowest value was observed 
from T5 (66.05±5.03 cm2).  The leaf area has 
been reduced significantly with the induced 
stress conditions. Conversely the highest leaf 
count was denoted by T2 (48.6±5.8 leaves), 
while the lowest value was by T5 (30.7±2.1 
leaves). Expansion of the leaf area of a plant is 
influenced by temperature conditions, leaf 
turgor and plant growth requirements. Under 
stress conditions, cell elongation is influenced 
leading to reduction in cell size and thereby 
reduction in leaf size [24]. The reduction in the 
leaf area is a modification to avoid 
evapotranspiration losses by lowering the 
stomatal activity and to increase water use 
efficiency in plants, which aids the survival 
under water deficit conditions [25-26].   
 

A study conducted by Chaves et al. 
[27] emphasized that leaves become spindle 
shaped and leaf area tends to get reduced in 
grass cultivars under water deficit conditions. 
A similar variation in wheat genotypes has 
been reported by Foulkes et al. [28]. Further, a 
study on Arachis hypogeae, a plant in the same 
family of A. vaginalis, has also reported a 
similar trend of leaf area reduction under 
water deficit conditions [29]. Therefore, 
significant reduction in total number of 
leaves, total leaf area, and total leaf biomass 
could be recognized as a critical response of 
plants to survive under water deficit 
conditions [30]. Thus, with the significant 
reduction in leaf area and leaf count under 
water deficit conditions, A. vaginalis evidence 
its potential as a drought tolerant ground 
cover. 
 

Leaf trichome is another parameter, 
which confers the ability of plants to 
withstand the stress conditions. The leaves of 
A. vaginalis typically bares single trichome 
leaf hairs. The findings of the current 

experiment denoted a significantly increasing 
trend in leaf hair density along with the 
elevating water deficit condition. Low leaf 
hair densities were observed from the A. 
vaginalis plants maintained under high 
irrigation frequencies in T1 and T2 (241.4±12.7 
cm2 and 278.1±13.2 cm2, respectively). Leaf 
hairs are a protective mechanism in plants, 
where higher leaf trichome density is induced 
by drought or defoliation to protect plants 
from drought by reducing absorption of solar 
radiation. This in turn reduces the heat load 
gained by the leaves and minimizes the need 
for transpirational cooling [31]. A recent field 
experiment on Solanum lycopersicum by 
Armero et al. [32] has reported an increasing 
trend in thricome density with the water 
deficit conditions, while a similar observation 
has been experienced in olive cultivar by 
Ennajeh [33].  
 

Root growth is another important 
parameter for plants, where a prolific root 
system contributes for the tolerance of water 
stress conditions. Despite being significant, 
the highest mean values for root fresh weight 
(0.144±0.025 g) and root moisture content 
(0.101±0.019 g) were recorded in T2 , while T5 
with the lowest irrigation frequency reported 
the lowest mean values for these parameters 
as 0.112±0.013 g and 0.065±0.012 g, 
respectively. On the contrary, the highest 
mean value for the root length was recorded 
from T5, while the lowest was observed at T2, 
denoting an increasing trend in the root 
length with the decreasing frequency in 
irrigation. This implies that A. vaginalis plants 
tend to allocate more energy towards the 
elongation of roots, under water stress 
conditions.  

 
Further, increased root growth reflects 

the ability of plants to withstand water stress, 
making it to be widely applied to screen plant 
cultivars for drought tolerance [25, 34-35]. 
Roots play an important role in catering for 
the water requirements of plants, while being 
the main engine of meeting the transpiration 
demand [36]. A study by Kemp and Culvenor 
[37], conveyed that deeper rooting improves 
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drought tolerance of perennial temperate C4 
grasses. In addition, a study conducted by 
Riaz et al [26], has evidenced that the root 
length of grass cultivars tends to significantly 
reduce under water stress conditions, while 
studies on Albizzia seedlings [38] and 
Erythrina seedlings [39] also have expressed a 
similar trend.   
                                      

Shoot length, which determines the 
rate of ground coverage in ground covers, 
also remain as a critical determinant of 
drought tolerance. Even though, no 
significant difference was denoted (P>0.05) in 
the shoot length with the imposed stress 
conditions, the highest mean height was 
observed in T2, while the lowest mean shoot 
length was reported from A. vaginalis plants 
maintained under T5. Water stress is an 
important limiting factor at the initial phase 
of plant growth and establishment, where the 
shoot height is correlated with the declining 
of cell enlargement [2]. A similar decreasing 
trend in shoot height under increasing water 
deficit conditions have been reported for a 
variety of plants such as Albizzia [40], 
Erythrina [41] and Populus cathayana [42]. This 
further verifies the drought tolerance 
potential of A. vaginalis. 
 

Growth parameters like fresh and dry 
weight have a profound effect in water-
limited conditions. Water stress influence the 
dry matter accumulation, which results in 
reduced plant biomass. In the present study, 
no significant differences were observed in 
the leaf dry weight, root and shoot fresh 
weights. Yet the results indicated that the 
degree of water deficit conditions leads to a 
gradual decrement in the shoot and root dry 
weights, where the highest mean root 
(0.144±0.025 g) and shoot (1.29±0.17 g) fresh 
weights were recorded in T2. A parallel 
configuration was also observed with the leaf 
fresh and leaf dry weight, agreeing with the 
fact that water stress leads to growth 
reduction, which is reflected in dry weight 
[25]. This fact is further supported by several 
recent studies conducted as field or pot 
experiments. According to Shao et al. [19], low 

levels of fresh and dry weight of shoot is a 
result of a reduction in plant growth, 
photosynthesis and plant structure during the 
water stress conditions [43]. A similar 
reduction in biomass has been reported in 
Avacado cultivars [44] and pearl millets [45].   
 

The relative moisture content is 
considered as one of the easiest parameters 
that can be used to screen plants for drought 
tolerance. Drought tolerant plant species tend 
to keep high relative moisture contents with 
compared to drought-sensitive species [46]. A 
significant variation was observed in the 
moisture content of leaves and shoots, where 
the plants in treatment T2 showed the highest 
mean value, while plants in T5 recorded the 
lowest. Tambussi et al. [47] has also reported 
a similar trend in wheat cultivars under water 
stress conditions, further emphasizing the 
drought tolerance capacity of A. vaginalis.   
 

In the current study, A. vaginalis plants 
responded differently to varying conditions 
of water availability, where plants in T2 
treatment that were irrigated once in 5 days 
recorded the best growth performances, 
except for root length and leaf hair density. 
However, the growth performance of A. 
vaginalis plants in T1 treatment, which were 
irrigated daily, remained significantly lower 
than in T2, suggesting that more water 
availability would also impose negative 
impacts on the growth of A. vaginalis. Water 
logging conditions may induce the 
production of numerous metabolic chemicals 
in plants that could alter the plant 
architecture, anatomy, metabolism, growth 
patterns and survival strategies of plants [48].  

 
A study by Mass et al. [49] on the 

growth responses of nine tropical grasses 
under flooding conditions, has revealed a 
significant reduction in forage dry matter and 
shoot growth, while a moderate negative 
impact has been reported in tomato plants 
under flooding conditions [50]. This suggests 
that A. vaginalis may impose a negative 
growth pattern under water logging 
conditions as well. Nevertheless, plants in 
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treatment T5 showed the best drought 
tolerance characteristics, suggesting that A. 
vaginalis is capable of altering the 
morphological features and plant growth 
parameters to thrive well under water stress 
conditions. Therefore, A. vaginalis could be 
recommended as an ideal candidate for 
sustainable landscaping as a drought tolerant 
ground cover with low maintenance.  

 
CONCLUSIONS 

Landscaping of outdoor places using low 
water use ground cover plants is a promising 
alternative to conventional lawn grass-based 
landscapes due to the potential in reducing 
the overall water usage in maintenance. As 
depicted by the findings, the leaf area, leaf 
hair density, number of leaves, leaf fresh 
weight, leaf moisture content, shoot moisture 
content, shoot fresh weight, and root length of 
A. vaginalis maintained under different water 
stress conditions varied significantly among 
treatments.  
 

The T5 (irrigated once in 20 days) 
recorded the highest leaf hair density 
(648.14±15.96 hairs/cm2) and root length 
(19.18±0.63 cm), while denoting the lowest 
values for leaf area (66.05±5.03) and leaf count 
(30.65±2.59), demonstrating the best drought 
tolerance characters. Furthermore, a 100% 
survival rate was observed from A. vaginalis 
under all treatment conditions. 
 

In the view of findings of the present 
study, it can be concluded that A. vaginalis 
positively responded to water deficit 
conditions, where it can be recommended as 
a water stress tolerant plant. Therefore, A. 
vaginalis can be used as a low maintenance 
ground cover plant in climate smart 
landscaping. However, detailed studies are 
needed to elucidate the underlying 
anatomical parameters and biochemical 
processes, which are responsible for 
differential responses to water deficit 
conditions. Further, supplementary studies 
with prolonged water stress conditions are 
recommended to identify the maximum 
recovering ability of A. vaginalis.  
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