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Abstract 
Drought stress is one of the foremost abiotic stresses which causes damage to 
verbena plant production by affecting its growth and development. There is 
less information available regarding utilization of perennial verbena under 
drought conditions. To check the ability of perennial verbena plant under wa-
ter deficit conditions a pot research trial was planned. Perennial verbena’s 
seeds were sown in plastic trays and applied water daily. When seedlings at-
tained two to three leaves stage then transplanted them into pots and exposed 
to different intervals of drought. Five drought intervals were applied such as 
after one day (T0), 4 days (T1), 6 days (T2), 8 days (T3) and 10 days (T4) irri-
gation intervals. Pots were arranged by adopting completely randomized de-
sign with four replications. Many morphological i.e. plant height (cm), root 
length (cm), number of leaves and flowers/plant, fresh weight of shoot and 
root (g), dry weight of shoot and root (g) and chemical attributes i.e. chloro-
phyll “a”, “b” and total contents of chlorophyll were examined during this 
study. The findings exhibited that perennial verbena plant performed best 
under control conditions while when we increased drought interval gradually 
from 4 days’ interval till 10 days’ interval it affected all growth and chemical 
attributes badly and caused severe damage at 10 days’ interval. 
 

Subject Areas 
Agricultural Science, Plant Science 
 

Keywords 
Drought Intervals, Abiotic Stresses, Verbena Plant, Chlorophyll Contents,  
Pot Research Trial 

How to cite this paper: Khatana, M.A., 
Jahangir, M.M., Ayyub, C.M., Qadri, 
R.W.K., Azam, M., Ziaf, K., Ghani, M.A. 
and Iqbal, W. (2018) Response of 
Morphological and Chemical Attributes of 
Perennial Verbena against Drought Stress. 
Open Access Library Journal, 5: e4387. 
https://doi.org/10.4236/oalib.1104387  
 
Received: January 30, 2018 
Accepted: March 12, 2018 
Published: March 15, 2018 
 
Copyright © 2018 by authors and Open 
Access Library Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

  
Open Access

https://doi.org/10.4236/oalib.1104387
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1104387
http://creativecommons.org/licenses/by/4.0/


M. A. Khatana et al. 
 

 

DOI: 10.4236/oalib.1104387 2 Open Access Library Journal 
 

1. Introduction 

Drought stress is the process in which plant turgor pressure and water potential 
is decreased enough and causes water loss, over helming and stomata closure etc. 
However, in climatic terms drought is a long-term time span in which moisture 
is less than ordinary in a specific area. It occurs when an area constantly receives 
less precipitation than normal [1] [2]. 

World’s water reservoirs are at crucial stage and reducing day by day which 
will be more reduced in coming decades because of global warming [3]. Water 
requirement is increasing due to increase in world population which needs to 
focus on drought stress [4]. Pakistan is also affected by drought stress like other 
countries of world. In Pakistan, most of area comes under arid to semi-arid zone 
i.e. 0.563 Mkm2 area out of 0.804 MKm2 is arid land, and annual rain fall is below 
60 cm in area. If annual rain fall is less than required precipitation for crops for a 
specific period then that area is considered as rain-fed area. Irrigation water is 
not available throughout the year in Pakistan. One fourth of the total cultivated 
area (4.9 million ha) of Pakistan is affected by drought stress and it is increasing 
day by day [5]. 

Drought stress causes increased infestation of insects, plant’ diseases, habitat 
destruction of wildlife, erosion and quality deterioration of air and water. It also 
causes many social impacts like conflicts between different countries for water 
reservoirs, people safety, health and quality of life reduction.  

Plants have ability to resist against drought stress and can with stand against 
drought stress which is called drought resistance [6]. Plant growth and develop-
ment depends upon cell division, elongation and differentiation which are also 
affected by water stress [7]. Plants resist against drought stress by adopting dif-
ferent mechanisms i.e. drought escape, avoiding dry spell and tolerance against 
drought. During drought stress, many functions occur in response to stress i.e. 
solutes gathering in cells, alteration in osmotic potential by which they naturally 
tolerate the drought stress [8]. 

Growers and plant scientists adopt different strategies to cope the problem of 
drought stress i.e. growing drought tolerant species, use of mulch to avoid water 
loss and sustainable and wise water use including drip/trickle or sprinkler irriga-
tion system [9]. 

Among different sustainable tactics introduction and development of different 
tolerant plant species is an important approach against water deficit condition. 
Water use efficiency of these plants is 50% less than other ornamental plants 
[10]. Verbena is considered one of among those plants which can be grown well 
under drought circumstances. It is native to America and Asia and member of 
family verbenaceae. 

Due to the different bright colours and fast growth habit verbena flowers can 
be used for mixed plantation, basket and container plantation. Verbena bloom 
through out summer. These plants are either annual or perennial depending on 
winter season. Verbena plants can tolerate summer climate and drought condi-
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tions to some extents. These plants require full sun for proper growth. Flowering 
and growth is slow under drought conditions [11]. Less information is available 
regarding use of perennial verbena under drought stress conditions. Due to the 
beauty and important use of verbena in landscape an experiment was designed 
to assess the morphological and chemical traits of perennial verbena under 
drought conditions. 

2. Materials and Methods 
2.1. Site Description 

This experiment was performed in greenhouse of department of Plant Breeding 
and Genetics, University of Agriculture, Faisalabad to estimate the water deficit 
tolerance of perennial verbena. 

2.2. Experimentation 

Perennial verbena seeds were purchased from a local distributor of seed. Seeds 
were sown in plastic trays by utilizing peat moss as a growing medium and wa-
tered daily until seeds were germinated. Then irrigate after one-day interval till 
transplanting of plants. When seedlings reached at two to three leaves stage, 
healthy and strong seedlings were transplanted in plastic pots. Size of plastic pots 
was 24 cm diameter and 28 cm depth. Growing media was prepared by mixing 
leaf compost, sand, F.Y.M and silt at the ratio of 1:1:1:1 and 1400 g media was 
filled in each pot. After 15 - 20 days of transplanting when seedlings were well 
established then applied drought stress treatments.  

There were four drought intervals and one control. These drought treatments 
included T0, T1, T2, T3 and T4 after 1, 4, 6, 8 and 10 days’ interval respectively 
with four replicates. Plants per replicate were 15 and total plants were 60. Plants 
were observed for 90 days (till death) after drought stress treatments application. 
After 10 days of drought application data computing was started. After every 
week, different morphological traits i.e. number of flowers and leaves per plant 
and plant height (cm) were collected. After every 20th day up to harvesting chlo-
rophyll “a”, “b” and total contents of chlorophyll were calculated by adopting 
method of Davies, 1976. After harvesting of plants, roots were cleaned by distill-
ate water and then calculated the length of roots (cm). Then shoots, roots and 
leaves were separated and fresh weight of shoots and roots (g) were determined 
(Mahmood et al., 2008). For calculation of roots and shoots dry weight (g) roots 
and shoots were separately packed in paper bags and desiccated in oven at 70˚C 
to attain persistent weight and then calculated their weight (Mahmood et al., 
2008).  

2.3. Statistical Analysis 

Experiment was carried out under CRD (Completely Randomized Design). Data 
related to different morphological and chemical traits was examined by using 
analysis of variance (ANOVA) technique by using STATISCA program. The 
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mean standards were compared by LSD test at 5% probability level [12]. 

3. Results and Discussion 

Observed data revealed that drought stress significantly affected various mor-
phological and biochemical traits of perennial verbena. All drought intervals 
significantly affected the number of leaves. Maximum number of leaves (75) 
were observed at control level, when drought interval increased gradually num-
ber of leaves reduced and least leaves number (62.3) were detected at T4 (10 days 
interval drought interval). The number of leaves at 4, 6 and 8 days’ drought in-
terval were between 65 to 70 (Table 1). [13] concluded that Conocarpus erectus 
leaves number is reduced due to the drought. [14] showed that under drought 
stress conditions plants growth is effected in contest of plants total leaf area was 
reduced and more leaf senescence occurred which ultimately had adverse impact 
on growth. Drought stress drastically affected the photosynthetic rate than res-
piration rate in higher plants while plant showed resistance against stress by par-
tial or complete stomata closure [15]. 

Number of flowers was significantly affected by all drought intervals. Number 
of flowers irrigated at 10 days’ interval affected more as compared to daily irri-
gated plants. Number of flowers decreased gradually from daily to 4, 6, 8 and 10 
days’ interval Maximum number of flowers (38) were observed under daily irri-
gation interval while minimum (11) under 10 days interval (Table 1). Our re-
sults are in consistent with [14] who reported that variation is occurred in num-
ber of flowers during drought condition and caused reduction in growth of 
plant. Result regarding root length showed that it was significantly affected by 
water stress. Maximum root length (12 cm) was observed at one-day interval 
and it reduced gradually by increasing drought interval from 4 days’ interval (7 
cm), followed by 6 days, 8 days and 10 days’ irrigation intervals. Minimum root 
length (2.5 cm) was observed at 10 days’ interval (Table 1). [16] reported that 
root growth such as length of root, density of root and thick root number re-
duced when less water is available. [17] observed that long period of water stress  

 
Table 1. Effect of drought stress on morphological attributes of perennial verbena. 

Treatments 
Plant height 

(cm) 

Number of 
leaves per  

plant 

Number of 
flowers per 

plant 

Root length 
(cm) 

Root fresh 
weight (g) 

Shoot fresh 
weight (g) 

Dry weight  
of shoots (g) 

Dry weight  
of roots (g) 

(To) Control 
27.800 ±  
0.281a 

72.908 ±  
0.375 ab 

32.750 ±  
0.239 a 

9.1250 ±  
0.324 a 

5.7500 ± 
0.322 A 

11.750 ±  
0.175 a 

6.5500 ±  
0.252 a 

3.4750 ±  
0.375 a 

(T1) 4 days  
interval 

25.575 ±  
0.421 b 

74.900 ±  
0.325 a 

25.500 ±  
0.313 b 

6.8750 ±  
0.426 b 

4.7500 ± 
0.322 B 

9.8750 ±  
0.301 ab 

5.3750 ±  
0.265 ab 

2.7750 ±  
0.154 ab 

(T2) 6 days  
interval 

23.975 ±  
0.248 c 

70.900 ±  
0.275 bc 

25.500 ±  
0.361 b 

6.0000 ±  
0.292 b 

4.0000 ± 
0.414 Bc 

9.8750 ±  
0.426 b 

4.6000 ±  
0.334 bc 

2.2250 ±  
0.170 bc 

(T3) 8 days  
interval 

23.675 ±  
0.149 c 

67.550 ±  
0.283 cd 

15.750 ±  
0.478 c 

4.0025 ±  
0.339 c 

3.8000 ± 
0.195 C 

5.7500 ±  
0.095 c 

3.4500 ±  
0.366 cd 

1.9750 ±  
0.103 c 

(T4) 10 days 
interval 

22.425 ±  
0.469 d 

65.300 ±  
0.295 d 

13.000 ±  
0.278 c 

3.2500 ±  
0.322 c 

2.0000 ±  
0.248 D 

3.8750 ±  
0.184 c 

2.1250 ±  
0.252 d 

1.1000 ±  
0.313 d 

Means values donating by different letters are significantly differ from each other at 5% probability level within columns. 
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reduced growth of populous species and biomass of fibrous root system in Avo-
cado. [18] [19] studied that during dry soil conditions root length is suppressed 
but less effected as compared to shoots which alter the root shoot ratio. Data re-
garding root fresh weight showed significant difference during water stress. 
Maximum root fresh weight (6.5 g) was observed at one-day interval, then 
gradually decreased at 4, 6, 8 days’ interval and maximum decrease was observed 
at 10 days’ intervals which was double than preceding one (Table 1). Our find-
ings were similar with [20] who found 1/3 rd reduction in size of fresh weight of 
roots under drought, in Ziziphus rotundifolia. 

Impact of water stress was significantly observed on root dry weight. Maxi-
mum root dry weight (4.3 g) was observed at daily irrigation interval and mini-
mum (0.4 g) at 10 days’ interval (Table 1). [19] showed that root dry weight was 
reduced in response of drought stress. The results regarding shoot fresh weight 
were showed that shoot fresh weight is reduced by increasing drought interval 
period. Maximum shoot weight (14 g) was observed under daily irrigation in-
terval while weight decreased drought interval increased i.e. 8.5 g and 7 g at 4 
days’ interval and 6 days’ interval respectively. Minimum shoot fresh weight (3 
g) was observed at 10 days’ interval (Table 1). Our results are consistent with the 
findings of [21] which showed that drought reduced the fresh weight of roots of 
Populus davidiana and it also reduced root growth and other growth traits of 
Populus cathayami. [22] concluded that plant leaves area, height and biomass 
was reduced and negative correlation observed of head diameter with fresh 
shoot and root weights under water deficit conditions. Shoot dry weight affected 
significantly by drought stress. Shoot dry weight decreased by increasing 
drought intervals from daily till 10 days’ interval. Maximum shoot dry weight 
(7.9 g) was observed at control treatment i.e. daily irrigation interval while 
minimum weight (1.5 g) observed at 10 days’ interval (Table 1). [23] observed 
that under drought stress condition shoot dry weight of different sugar beet cul-
tivars significantly affected while loss in dry weight of shoot is more than dry 
weight of root. Drought has significant effect on height of plants. Maximum 
height of plant (28.6 cm) was observed at control treatment and then decreased 
gradually from 4 days’ interval till 10 days interval (21.2 cm) (Table 1). [24] 
concluded that stem height of many trees like Casuarina cunmnehamiana and 
Eucalyptus camaldulensis reduced against drought conditions. [25] explained 
that stem height of Abelmoschusesculentus is reduced due to the senescence of 
leaves and reduction in cell enlargement in response of drought. 

Chlorophyll “a” contents reduced by increasing drought interval from daily to 
4, 6, 8 and 10 days’ interval. Highest contents of chlorophyll “a” (3.10 mg/g) 
were detected at T0 (one-day interval) while minimum (0.68 mg/g) were ob-
served at T4 (10 days’ interval) (Table 2). Chlorophyll “b” contents also signifi-
cantly affected by drought stress. Maximum chlorophyll contents (1.52 mg/g) 
were observed at daily irrigation interval and then chlorophyll contents de-
creased gradually by increasing drought interval i.e. 1.23 mgg-1, 0.54 mgg-1 and 
0.46 mgg-1 at 4, 8 and 10 days’ interval respectively (Table 2). Total chlorophyll  
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Table 2. Effect of drought stress on chemical attributes of perennial verbena. 

Treatments 
Chlorophyll “a” 

(mg·g−1) 
Chlorophyll “b” 

(mg·g−1) 
Total Chlorophyll contents  

(mg·g−1) 

(To) Control 2.8075 ± 0.109 a 1.4750 ± 0.029 a 4.2825 ± 0.089 a 

(T1) 4 days interval 2.1950 ± 0.076 b 1.0925 ± 0.053 b 3.2875 ± 0.128 b 

(T2) 6 days interval 1.4100 ± 0.094 c 0.8200 ± 0.047 c 2.2300 ± 0.139 c 

(T3) 8 days interval 1.1675 ± 0.110 cd 0.6175 ± 0.035 d 1.7850 ± 0.128 d 

(T4) 10 days interval 0.9050 ± 0.075 d 0.5375 ± 0.030 d 1.4425 ± 0.084 d 

Means values donating by different letters are significantly different from each other at 5% probability level within columns. 

 
contents were reduced by increasing drought interval. Maximum total chloro-
phyll contents (4.49 mg/g) were observed at control treatment then these were 
gradually decreased (3.61 mg/g, 1.54 mg/g and 1.22 mg/g at 4, 8 and 10 days’ in-
terval respectively) by increasing drought interval (Table 2). Nyachiro et al., 
2001 also found that chlorophyll a and b contents of six Triticum aestivum ge-
notypes were significantly decreased due to the water deficit conditions. [26] 
reported that drought stress applied at vegetative growth stage or anthesis de-
creased chloropyll contents (a, b and total). Photosynthetic pigments (chloro-
phyll a, b, and total contents) plays an important role in photosynthetic process. 
Under extreme drought stress conditions stomata functioning is altered which 
effect photosynthesis and CO2 uptake which cause different chlorophyll contents 
level during whole growing period of plant [27] [28]. Severe and prolonged 
drought period cause variation in chlorophyll synthesis rate, chloroplast struc-
tural and functional changes and acclimatization and transfer of products in 
various parts of plants [29]. Drought stress severely affects chlorophyll contents 
which showed variation at different growth stages [27]. 

4. Conclusion 

From above results, it is concluded that there was decreasing trend in morpho-
logical traits with increasing irrigation intervals. Flowers and leaves number per 
plant, root shoot length and height of plant were decreased. Fresh and dry 
weight of roots and shoots was decreased when drought intervals increased 
gradually. Results regarding chemical traits i.e. chlorophyll a, b and total con-
tents were decreased by increasing drought intervals. Overall results exhibited 
that water deficit conditions have adverse effect on morphology and chemical 
contents of perennial verbena. 
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