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Abstract 

Drought affects a wide part of the world and constitutes one of the most important limiting factors for growth and 
development of vegetation cover. Plants evolved several physiological and biochemical mechanisms to cope with biotic and 

abiotic stresses. Gleditsia L. (Fabaceae) is a small genus of typically spiny trees native to America, Asia, and Africa. Among this 

genus Gleditsia triacanthos L. belongs to drought-tolerant species and could be a long-term solution for reforestation of dry 

land areas. The aim of our work is to study the impact water stress on G. triacanthos plants at early stage of development. After 

six weeks of culture, water stress was imposed during 19 days. A gradual dehydration of the soil caused a progressive drop in the 

relative water content (RWC) down to 60.54±2.06% at the end of treatment. On the other hand, G. triacanthos young 

seedlings show an important osmotic adjustment by an early accumulation of proline. The phenylpropanoids metabolism was 
also affected by water stress where a significant increase in total polyphenols, total flavonoids and anthocyanin concentrations 

was recorded. These compounds could play a dual role both in osmoregulation mechanism and antioxidant system. G. 

triacanthos stressed plants appear to protect its photosystems by increasing carotenoids rate and maintain a stable Chl a/b ratio 

despite a substantial decrease in chlorophyll pigments (Chl a+b) content. 

 

Keywords: drought; osmotic adjustment; pigment; polyphenols; proline 

Abbreviations: Chl a+b: total chlorophyll content; Chl a/b: Chlorophyll a/Chlorophyll b ratio; Cyd-3-Glu: Cyanidin-3-

Glucosid; DW: Dry Weight; FW: Fresh Weight; GAE: Gallic Acid Equivalent; RWC: Relative Water Content; TW: Turgid 
Weight 

 
 
 
 
 
 
 
 
 
 
 
 
 

AcademicPres

Available online: www.notulaebotanicae.ro 

Notulae Botanicae Horti
Cluj-NapocaAgrobotanici

Print ISSN 0255-965X; Electronic 1842-4309 

Not Bot Horti Agrobo, 2018, 46(2):585-592. DOI:10.15835/nbha46211064 

Introduction 

The natural environment of plants is composed of a 
complex set of abiotic stresses and biotic stresses. Abiotic 
stresses limit crop productivity and play a major role in 
determining the distribution of plant species across different 
types of environments (Kramer and Boyer, 1997; Araus et 
al., 2008; Cramer et al., 2011).  

Drought, defined as the occurrence of a substantial 
water deficit in the soil or in the atmosphere, is an alarming 
constraint to crop productivity and yield stability 
worldwide. It is the leading environmental stress in world 
agriculture, causing losses in crop yield probably exceeding 

losses from all other causes combined. Drought stress 
adversely affects a variety of vital physiological and
biochemical processes in plants, leading to reduce growth 
and productivity (De Oliveira et al., 2012). 

In return, plants have evolved mechanisms to cope with 
the stress; such adaptive mechanisms are the results of a 
multitude of morpho-anatomical, physiological, 
biochemical, and molecular changes. Among those 
adaptations, osmoregulation is the most common 
physiological one, which takes place by reducing cellular 
water potential and allowing the maintenance of the turgor 
of the plant under stress. This adjustment involves the 
accumulation of compatible osmoprotectants such as sugars, 
nitrogen compounds and compounds derived from 
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Therefore, various strategies have been proposed for the 
rehabilitation of those areas under drought conditions. 
These strategies require the identification of drought-
resistant species that are valuable resources for the future as 
they exhibit eco-physiological traits and genetic adaptations 
allowing them to sustain water shortage (Kacimi, 1996; 
MARD, 2007; PDRA, 2010; PDRA, 2013). 

G. triacanthos is very resistant to drought since it can be 
found on sterile lands of central Kentucky and it is 
recognized as one of the best trees for windbreaks in large 
plains. In Algeria, the Forest Service (Defence and Soils 
Restoration) thought about using this species for the 
reconstitution of the sylvo pastoral cover of important areas 
(Putod, 1982).  

Due to both economic and ecological importance of this 
species, the analysis of the biochemical and physiological 
mechanisms of resistance to drought in seedling G. 
triacanthos, which is one of the most critical stages in the life 
cycle of plants, constitute the most important purpose of 
this research. 

 

Materials and Methods  

Culture conditions 
G. triacanthos seeds were collected in the region of Sidi 

Bel Abbes 35°11′38″ N, 0°38′29″ W, Western Algeria. 
After disinfection and manual scarification, the seeds were 
germinated in an oven at 27 °C in the dark and the seedlings 
were transferred into plastic pots (10 × 10 cm) felled with 
loam (Loam for Professionals, DCM N.V., Grobbendonk, 
Belgium), with one seedlings per pot, watered daily with tap 
water.  

The experiments were performed on seedlings of the 
same stage of development, on which the first four leaves 
were collected for all measurements. G. triacanthos 
seedlings, 6 weeks old, were separated into two groups: the 
first batch of plants is considered as controls and seedlings 
were well watered daily with tap water. The second batch of 
plants undergoes a watering stop. The leaves were harvested 
at different intervals of time (the 4th, 9th, 13th, 16th and the 
19th day of stress). Five plants per treatment were used for 
each measurement. 

 
Measurement of Relative Water Content (RWC) 
The relative water content (RWC) was measured 

according to the method of Barrs and Weatherleyt (1968), 
calculated according to the formulas:  

 

RWC= [FW-DW / TW-DW] × 100, 
 

where: (FW) fresh weight; (DW) dry weight and (TW) 
turgid weight or weight at full turgor. It was determined by 
placing two leaves samples in 30 mL sealed tubes containing 
distilled water, and allowing the samples to reach full turgor 
in darkness overnight at 4 °C. 

 
Extraction and determination of proline 
Fresh plant material (200 mg) is cold milled of in 3 mL 

of sulfo-salicylic acid. The extract was centrifuged at 9,000 
rpm for 15 min. Proline is then assayed according to the 
method adapted from Troll and Lindesly (1955), simplified 
by Bates (1973). 

secondary metabolism, including polyphenols (Mattoo et 
al., 2015). As a consequence, such plants are able to take up 
water from a low water potential medium to sustain normal 
or near normal physiological processes necessary for growth 
and development (Medrano et al., 2002; Pinheiro and 
Chaves, 2011; De Oliveira et al., 2012) 

Gleditsia triacanthos L. commonly named: honey locust 
belongs to Caesalpinioideae subfamily of the monophyletic 
Caesalpinioid crown clade. It is a medium-sized tree legume 
characterized by moderate to rapid growth rates, drought 
tolerance, shade intolerance, and contain thorns that are 
modified shoots in honey locust (Gailing et al., 2017). 

This genus is native to the temperate and subtropical 
regions of North America (Nebraska, Pennsylvania, and 
Texas), South Asia and Africa. It occurs in a wide range of 
habitats, from rich bottomlands to nutrient-poor rocky 
slopes and other marginal habitats (Preston and Braham, 
1998; Schnabel and Wendel, 1998). It was first introduced 
in England and used in many Europeans countries as an 
ornamental tree able to support strong air pollution, but is 
also used to form thorny hedges. It was introduced in 
Algeria under the name “Acacia” and was quickly used as 
forage, shelterbelt, and thorny hedges and to limit plots of 
grazed lands. Honey locust is an insect pollinated and 
mainly out crossing species with an effective long distance 
gene flow by pollen (Schnabel and Hamrick, 1995), even in 
highly fragmented landscapes (Owusu et al., 2016).  

Honey locust forage has no apparent toxic effects to 
livestock and had one of the highest ruminal digestibility 
and nitrogen availability among ten hardwood species tested 
(Baertsche et al., 1986; Addlestone et al., 1999). Its fresh 
leaves are particularly appreciated by cattle and rabbits. The 
fresh pods are eaten as delicacies, whereas the dry ones are 
less appreciated.  

Deep-rooted, perennial trees such as honey locust could 
represent a particular niche for rotational livestock browse 
when drought limits forage options and livestock 
productivity, as it is demonstrated for the sub-
Mediterranean region (Papanastasis et al., 1998). 

The species is rich in alkaloids, flavonic pigments, and 
tanning agents (Turova, 1974). It is used in folk medicine 
for spastic colitis, chronic cholecystitis, stomach ulcers, 
bronchial asthma (Rakhmanberdyeva et al., 2002). Its fruits 
and thorns are used to treat apoplexy, headache, productive 
cough, asthma and suppurative skin diseases (Mohammed et 
al., 2014). 

Most of the Algerian territory (87%) is a desert, where 
precipitation is almost zero and the plant resources are very 
poor. The arid and semi-arid zones of the steppe regions 
constitute a real buffer between coastal and Saharan 
territories and play a fundamental role in the country’s 
agricultural economy. These arid zones are increasingly the 
target of enlarged desertification and anthropogenic 
pressure: overgrazing, exploitation of land unsuitable for 
cultivation. This land degradation and desertification is the 
most advanced stage, resulting in the reduction of biological 
potential and the breakdown of ecological and socio-
economic equilibrium. Despite a rarefaction of the 
vegetation cover, non-succulent perennial species constitute 
the majority of plants in these regions (Nedjraoui and 
Bedrani, 2008). 
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Determination of chlorophyll pigments 
Chlorophyll pigments and total carotenoids were 

determined from whole leaves. 0.1 g of fresh plant material 
was ground in 10 mL of 80% (V/V) acetone in order to 
extract all of the chlorophyll pigments. The extract was 
centrifuged at 3,000 g for 10 min. The absorbance of the 
extract is measured at 647 nm for chlorophylls a and 663 
nm to chlorophylls b and 470 nm for carotenoids. The 
concentrations of chlorophylls and carotenoids, expressed in 
mg g-1 DW were calculated according to Lichtenthaler 
(1987). 

 
Assays of total polyphenols 
The determination of total polyphenols was carried by 

the method using the Folin-Ciocalteu reagent according to 
Singleton and Rossi (1965). Fresh plant materials (0.3 g) 
were ground in ice. 2 mL of 80% methanol was added to the 
homogenate, and the extract was centrifuged at 13,000 rpm 
for 30 min. After centrifugation, the supernatant containing 
polyphenols was recovered. A mix of 0.25 mL of the 
supernatant, 0.25 mL of Folin-Ciocalteu reagent and 0.5 
mL of bicarbonate (CO3Na2) 20% were introduced in tubes 
and the volume was completed to 5 mL with distilled water. 
A blank was prepared under the same conditions with 80% 
methanol instead of plant extract solution. The tubes were 
incubated at 25 °C for 20 min in the darkness. The optical 
density was measured at 735 nm. The results were expressed 
in g mg-1 of gallic acid per g of DW according to the 
following equation (y= 0.012x - 0.0345; R =0.099). 

 
Determination of total flavonoids 
Total flavonoids were determined using the method of 

Dewanto et al. (2002) using Aluminium trichloride and 
sodium hydroxide. Aluminium trichloride forms a yellow 
complex with flavonoids and Sodium hydroxide forms a 
pink complex that absorbs in the visible at 510 nm. The 
standard curve was prepared from catechin stock solution at 
1 g mL-1. The dilutions prepared varied from 50 to 500 mg 
mL-1. The absorbance was read at 510 nm at the 
spectrophotometer (UV-1800, Shimadzu). 

 
Determination of anthocyanins 
The anthocyanins were extracted according to the 

method of Pietrini et al. (2002). The absorbance was read 
on a clear supernatant at 530 and 657 nm, taking into 
account the interference with the chlorophylls. 
Anthocyanins were measured according to the protocol of 
Mancinelli (1984) using equation A530-0.25.A657 and the 
anthocyanin contents were expressed in equivalent amount 
of Cyanidine-3-glucoside per 100 g dry weight using its 
molar extinction coefficient (29,600 μmol-1 cm -1) and its 
molecular weight of 449.2 g mol-1. 

 
Statistical analysis 
The statistical analysis was performed using SPSS 

(Version 20.0, IBM SPSS Statistic). Data were analyzed 
using a one-way analysis of variance (ANOVA) at a 
significant level of P < 0.05, P < 0.01, and P < 0.001 
considering the presence or absence of stress as a factor. The 
statistical significance of the results was analyzed by the 
Tukey’s HSD test (Honest Significant Difference). 

Results and Discussion 

Leaf water status 
G. triacanthos foliar Relative Water Content (Fig. 1) of 

control seedlings was almost constant during 19 days of the 
experiment around 90.43 ± 2.57%, because the amount of 
water lost in the process transpiration from leaves seems to 
be quickly recovered from the regularly watered soil through 
the roots. In stressed plants, RWC decreases as stress 
intensifies. The relative water content reaches 70.25 ± 
1.54% and 60.54 ± 2.06% respectively after 16 and 19 days 
of water stress. Significant differences between controls and 
drought treatments occur from the 4th day after initiation of 
stress (p < 0.01). 

 
Photosynthetic pigments 
The Chl a+b content was expressed in mg g-1 of DW 

(Fig. 2A). We observed a decline in chlorophyll 
photosynthetic pigments (Chl a+b) in stressed plants, from 
18.71 ± 0.62 mg g-1 DW in the first day of experiment to 
2.16 ± 0.26 mg g-1 DW on the 19th day of stress. The 
chlorophyll pigments of the control plants showed stable 
content around 20.66 ± 3.49 mg g-1 DW. Significant 
differences were noticed between controls and stressed 
plants from the 9th day of the water stress (p < 0.01) and 
were maintained until the end of the experiment. Despite 
this significant decrease in chlorophyll pigment, the Chl a/b
ratio was not affected by water stress (Fig. 2B). 

On the other hand, carotenoid contents (Fig. 2C) 
increased in G. triacanthos stressed plants at the end of the 
experimental period (16th and 19th day of stress).  

 
Osmotic adjustment  
Proline content in G. triacanthos plants increased 

throughout the experiment both in control and stressed 
plants (Fig. 3A). In control plants, this increase could be due 
to the phenomenon of senescence (Wang, 1982). However, 
proline levels remain significantly lower than the levels of 
stressed plants, which exhibit a drastic increase in this 

Fig. 1. Evolution of Gleditsia triacanthos L. Relative Water 

Content (RWC) under control and water stress conditions. 
Mean ± SE (n = 5). Significant difference from control at *p < 
0.05, **p < 0.01 or ***p < 0.001 by Tukey’s multiple test 
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osmolyte that reached 56.20 ± 2.03 mg g-1 DW in the 19th

day of stress. This is a 20-fold increase over the first day of 
stress. 

The rate of total polyphenols, total flavonoids and 
anthocyanins of G. triacanthos (Fig. 3B-D) control plants 
increased slightly with time; in stressed plants, the rate of 
polyphenols increased steadily and more strongly (Fig. 3B) 
from 99.10±1.0 mg GAE g-1 DW at the 4th day of stress to 
159.53±1.22 mg GAE g-1 DW at the 19th day of the 
experiment. The figure 3C shows a stable increase in 
flavonoids content passing from 5.32 ± 0.05 mg g-1 DW the 
4th day to 9.70±0.29 mg g-1 DW at the 19th day of 
experimentation and the anthocyanins (Fig. 3D) varied 
from 11.68 ± 0.37 mg Cyd-3-Glu. g-1 DW on the 4th day to 
94.94 ± 1.38 mg Cyd-3-Glu. g-1 DW at the 19th day of 
treatment. 

Water is a key determinant of plant growth, particularly 
in arid and semi-arid regions (Clarck and Mac-Caig, 1982).
As water deficit induces a decrease in the relative water 
content in stressed plants, this parameter can be used as an 
important indicator of the plant hydric state under stress 
conditions (Albouchi et al., 2000). 

In G. triacanthos the RWC of stressed leaves decreased 
at the end of the experiment when the amount of water in 
soil was insufficient to replace the one that has been 
evaporated from the leaves. 

588 

Many parameters divided in intrinsic and extrinsic ones 
may influence leaf chlorophyll pigments amount .These 
parameters are respectively related to plant traits as age and 
position of the leaves and to environmental factors such as 
light, temperature, and water availability (Hikosaka et al., 
2006). However, the behaviour of plant pigment differs 
from a species to other. In nature, several species degrade 
chlorophylls under stress conditions; they are described as 
sensitive plants. A second category of plants, retain their 
chlorophyll levels during the drought period. Species like 
Barya nitida, Acacia raddiana and Parkinsonia aculeata
were able to maintain their content of chlorophylls during
rapid dehydration (Hethzerington and Smillie, 1982; 
Kebbas et al., 2015; Lassouane et al., 2016). Under water 
stress, a decrease in chlorophyll content was also observed in 
Acacia arabica water stressed young seedlings (Lassouane et 
al., 2013). 

The reduction of Chl a+b in stressed plants of G. 
triacanthos. can be explained by a decrease in the thylakoidal 
proteins associated with chlorophyll a and b. This reduction 
is due either to a weak synthesis of proteins or to an 
activation of their degradation (Meribai, 2004). It may also 
be due to chlorophylls degradation and a reduction in their 
synthesis. The decrease in chlorophyll content under 
drought stress can be considered as a typical symptom of 

Fig. 2. Evolution of Gleditsia triacanthos L. photosynthetics pigments under control and water stress conditions: (A) Chl a+b, (B) 

ratio Chl a/b, (C) Total carotenoids. Mean ± SE (n = 5). Significant difference from control at *p < 0.05, **p < 0.01 or ***p < 

0.001 by Tukey’s multiple test 
 



Kebbas S et al / Not Bot Horti Agrobo, 2018, 46(2):585-592 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

589

oxidative stress and may be the result of pigment photo-
oxidation and chlorophyll degradation. Otherwise, the Chl
a/b ratio has not been affected by drought suggesting that 
the photosynthetic apparatus could be relatively stable even 
under severe drought conditions and G. triacanthos plants 
had probably evolved photoprotections mechanisms. 

In addition, G. triacanthos seedlings, showed an increase 
in carotenoid content under drought stress, which are 
known to be photoprotective pigments. They participate 
actively in the proper functioning of plants by mechanisms, 
such as the xanthophylls cycle that protects plants from 
excess light and heat. Carotenoids can directly deactivate 
singlet oxygen, dissipate excess energy, and indirectly reduce 
forms of superoxide anion (O-2) (Foyer et al., 1994).  

The increase of proline content and the accumulation of 
polyphenols compounds constitute the main osmotic 
adjustment in G. triacanthos stressed plants. These results 
are also observed in Parkinsonia aculeata seedlings, where 
the raise in the amount of proline was correlated to the 
decrease in relative water content, and this increase was 
steady and related to the intensity of stress (Benadjaoud and 
Aid, 2012). During stress, the proline level can be as much 
as 100-fold higher than in normal conditions (Lipiec, 
2013).  In G. triacanthos stressed plant proline level was 8-
fold higher than in control plants at the last day of 
treatment (d19). 

Proline may differently affect stress tolerance, increase 
the activity of many enzymes, and stabilize protein integrity 
(Szabo and Savoure, 2010; Lipiec et al., 2013). The 
accumulation of proline in dehydrated seedlings is the 
consequence of the activation of the proline biosynthesis 
and inhibition of its degradation (Nakashima, 1998)  

Proline accumulation facilitate water uptake (Ashraf 
and  Foolad, 2007; Miller et al., 2010) to ensure osmotic 
adjustment which is the main physiological characteristics 
of tolerance (Clarke, 1987; Manivannan et al., 2008) .This 
adjustment allows the maintenance of cell turgor at the 
highest possible level for low water potentials thus 
maintaining photosynthesis, membranes and growth 
(Turner, 1989; Lawlor and Cornic, 2002). 

In addition to osmotic adjustments, proline was 
suggested to be important for protecting cells against 
increased levels of Reactive Oxygen Species (ROS) 
accumulation under stress conditions. It was established 
that proline indirectly protect the photosystem and 
scavenge ROS during drought (Miller et al., 2010). 

The biosynthesis of phenolic compounds in plants is 
generally induced in response to biotic and abiotic stimuli 
such as UV-B radiation, drought, cold, ozone, heavy metals, 
pathogen attacks, or nutrient deficiencies (Dixon and Paiva, 
1995; Grace, 2005). They are also involved in stress 
acclimation in plants (Rivero et al., 2001; Parida et al., 
2007). 

Fig. 3. Osmotic adjustment in Gleditsia  triacanthos L.: Evolution of (A) Proline, (B) Total polyphenols, (C) Total flavonoids and 

(D) Anthocyanins under control and water stress conditions. Mean ± SE (n = 5). Significant difference from control at *p < 0.05, 
**p < 0.01 or ***p < 0.001 by Tukey’s multiple test 
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Our results showed that G. triacanthos stressed plants 
accumulate phenolic and flavonoids (anthocyanins) 
compounds which are known for their anti-oxidant (anti-
free radical), and anti-senescence roles. 

It was reported that G. triacanthos seed extracts can be 
used as a natural source of phenolic compounds and as 
antioxidants (Cerqueira et al., 2010; Mohammed et al., 
2014). 

Similar results were reported by Chakhchar et al. (2015) 
in Argania spinosa. The accumulation of phenolic 
compounds and flavonoids have also been detected in 
response to drought in two Phaseolus vulgaris cultivars that 
accumulate total phenols and flavonoids in response to 
rather severe drought conditions, even after 22 days of water 
stress (Rosales et al., 2012). Such results show that water 
stress can induce the pathways of shikimate and 
phenylpropanoids in stress resistant plants (Dixon and 
Paiva, 1995). Kebbas (2016) reported an important 
accumulation of polyphenols correlated to an activation of 
the Phenylalanine ammonia lyase in Acacia raddiana
stressed seedlings. Tattini et al. (2004) hypothesised that 
antioxidant flavonoids have protective functions during 
drought stress. Polyphenols are thus involved in the 
maintenance of osmotic potential, as well as in the trapping 
of free radicals under water stress (Chakhchar et al., 2015). 

 

Conclusions 

G. triacanthos young seedling subjected to a progressive 
dehydratation showed a gradual decrease of the RWC. 
Despite an important decrease in chlorophyll pigment, it 
seems that G. triacanthos seedling protect their photosystem 
apparatus by increasing carotenoids rate and maintain a 
stable Chl a/b ratio. Otherwise, G. triacanthos young 
seedlings show an important osmotic adjustment by the 
accumulation of proline and polyphenols compounds. 
These compounds accumulation is an effective way to allow 
a better osmotic adjustment of cells and therefore a better 
resistance to osmotic stress. The analyse on the anti-oxidant 
mechanisms implemented by this species would be 
interesting for our future researches. We can conclude that 
the future use of G triacanthos, could be crucial for the 
reforestation and rehabilitation of the semi-arid zones due 
to the ability of this species to adaptation to climatic 
conditions of such areas. 
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