
 

 

IJAAR 7 (2019) 128-137    ISSN     2053-1265 
 

  
 

Impact of water deficit on morpho-physiological 
parameters of young roselle plants 
(Hibiscus sabdariffa var sabdariffa) 

doi.org/10.33500/
ijaar.2019.07.010 

 
 

Koné Dramane1*, Kouadio Oi Kouadio Samuel2, Tuo Seydou3, N’choAchi Laurent1, 
N’GuessanAffoué Sylvie Rachelle4 and Kouakou Tanoh Hilaire1 

 
1
Université Nangui Abrogoua, UFR des Sciences de la Nature, 02 BP 801 Abidjan 02, Côte d’Ivoire. 

2
Université Peleforo Gon Coulibaly, UFR Sciences Biologiques, BP 1328 Korhogo, Côte d’Ivoire. 

3
Université Félix Houphouët Boigny, UFR Biosciences,22 BP 582 Abidjan 22, Côte d’Ivoire. 

4
Université Jean Lorougnon Guédé, UFR Agroforesterie, BP 150 Daloa, Côte d’Ivoire. 

 

Article History  ABSTRACT 
Received 24 July, 2019 
Received in revised form 29 
August, 2019 
Accepted 04 September, 2019 
 
Keywords:  
Hibiscus sabdariffa,  
Roselle,  
Water deficit,  
Morpho-physiological 
parameters,  
Field capacity. 
 
 
 
 
Article Type: 
Full Length Research Article 

 Roselle (Hibiscus sabdariffa) is a tropical plant that is rich in nutrient reserves 
and has medicinal properties. Its culture provides substantial populations. 
However, the rarity of the rains due to climate change has a negative influence 
on the roselle culture. A control of the water supply of the plant is therefore a 
necessity for its development control. For this purpose, the morpho-
physiological parameters of 18 to 30-day-old roselle seedlings subjected to 
moisture regimes of between 12.5 and 100% of field capacity were evaluated. The 
results indicate that seedling growth is significantly slowed when the moisture 
regime is between 12.5 and 25% of field capacity. Regarding the physiological 
parameters, the results show that the decline in the growth of the roselle is 
accompanied by a very strong production of phenolic compounds and proline. 
The hyper secretion of these compounds could be an adaptation reaction to 
water stress. However, for moisture regimes greater than 50% of the field 
capacity, plant growth is more active with low production of phenolic 
compounds and proline. Plants with a water regime of 80% of field capacity 
exhibited the best morpho-physiological parameters. This water quantity was 
retained for the optimal cultivation of roselle seedlings. 

©2019 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION  
 
Hibiscus sabdariffa L. (Roselle) is a dicotyledonous 
herbaceous plant belonging to the Malvaceae family. It is 
mainly cultivated in tropical and subtropical regions 
(Copley, 1975). Roselle is appreciated not only for its 
nutritional richness but also for its multiple culinary and 
medicinal uses (Morton et al., 2000); including in 
particular its activities against high blood pressure as well 
as its antiseptic and anti-cancer properties  (Mahmoud  et  
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al., 1994; Ngom, 2001; Odigie et al., 2003). The socio-
economic importance of the roselle makes it one of the 
main activities of the populations of its ecological zone. 
As a result, it is the main source of income for the 
majority of some of the poorest populations and an added 
value to the economies of some developing countries. 
According to Sanou et al. (2005), its cultivation is 
economically more profitable and less polluting for the 
environment than cotton. It would therefore be 
considered as a plant of the future. 

However, despite its nutritional importance and strong 
contribution  to  the  economies  of  some  countries,  little  
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research has been done on roselle cultivation. Indeed, 
roselle production is carried out in fairly difficult contexts 
due to the increasingly frequent climatic hazards 
(drought, flooding). These climatic variations mainly affect 
the development of young roselle plants. This justifies 
sowing at the beginning of the rainy season to allow seed 
germination and seedling development (Hien, 2012). 
Thus, in this context of climate change with the 
intensification of drought, industrial production of roselle 
can only be possible with water control. This study 
therefore evaluates the impact of water deficit on the 
morpho-physiological parameters of young roselle plants. 
Water is a key element for plant growth. Its deficiency 
causes a decrease in the relative water content and 
negatively affects plant growth and productivity (Albouchi 
et al., 2000). It is therefore a significant limiting factor that 
must be taken into account during the cultivation of the 
roselle. This evaluation should make it possible to 
determine the real water requirement as well as the water 
threshold at which the plant is able to survive in order to 
rationalize the water supply to the roselle for a good 
development. 
 
 
MATERIALS AND METHODS 
 
Study site 
 
The field experiments were carried out at the 
experimental farm (5°17' and 5°31' North latitude 
between 3°45' and 4°22' west longitude) and those in the 
laboratory were carried out in the Laboratory of Biology 
and Improvement of Vegetable Productions (LBAPV) of 
Nangui Abrogoua University in the district of Abidjan 
(Ivory Coast). The soil of the test site is a ferralitic soil 
with a pH that is more acidic at the surface than at depth. 
Its organic matter content varies from 2 to 3% (Yao-
Kouamé and Allou, 2008). Mean monthly precipitation at 
the study site ranged from 725 mm during the rainy 
season to 10.67 mm during the dry season. The average 
monthly temperature has hovered around 26.96°C 
(SODEXAM, 2017). 
 
 
Plant material  
 
The plant material consists of roselle seeds (H. sabdariffa 
L.) supplied by the seed marketing company, 
SEMIVOIRE (Abidjan-Côte d'Ivoire). 
 
 
Methods  
 
Field capacity measurement  
 
Field capacity (CC) is the amount  of  water  that  the  soil  

Int. J. Adv. Agric. Res.          129 
 
 
 
can retain after drainage. A sufficient amount of topsoil 
was randomly collected from the experimental plots and 
then dried and autoclaved at 121°C for 30 min. The field 
capacity  (CC)  of  the  soil  was   determined   using   the 
following formula: 
 

𝐂𝐂 =
  𝐏𝟐 − − 𝐏𝟏 × 𝟏𝟎𝟎 𝐠

𝐏𝟏
 

 
Where, T, tare; P1, dry weight of the soil; P2, weight at 
soil saturation, I mL water, 1g. This experiment was 
carried out three times with three different pots of the 
same capacity. 
 
 
Preparation of the basic nutrient medium  
 
The basic nutrient medium (NB) used as water for 
watering plants during the experiments consists of NPK 
fertilizers (12; 22; 22) at 80 mg/L. To prepare this 
solution, 80 mg of NPK fertilizer was weighed and then 
totally dissolved in 50 mL of water. Then, the final volume 
was adjusted to one liter. 
 
 
Germination and sowing of roselle seeds  
 
H. sabdariffa seeds were germinated on moist filter paper 
in Petri dishes in the dark for 24 h. The seeds with 
pointed roots were then sown in 1.9 L pots containing 
previously sterilized soil under the same conditions as 
before. Two seeds were sown per pot filled with sterile 
soil. Then, the pots containing the seeds were placed 
under shelter covered with transparent plastic film. The 
plants were watered every other day for six days with 
100% of the field capacity of the base nutrient solution 
(NB). 
 
 
Plant treatments  
 
After six days of growth, plants were divided into five 
batches. Each batch had five pots and each pot 
contained two plants: 

 
 Batch 1 or control T1: it received 100% of the field 

capacity (CC) of the nutrient base solution (NB);  
 Batch 2 or T2 treatment: it received 80% of CC from 

NB;  
 Batch 3 or T3 treatment: it received 50% CC from NB;  
 Batch 4 or T4 treatment: he received 25% of CC from 

NB;  
 Batch 5 or T5 treatment: he received 12.5% CC from 

NB. 
 
The plants were watered every three days. 
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Evaluation of morpho-physiological parameters of 
treated plants 
 
The evolution of morphological and physiological 

parameters was assessed on the plants at 18, 24 and 30 

days after sowing. 

 
 
Morphological parameters: 
 
 Number of sheets: The number of leaves (NF) 

blooming from the plants in each batch was counted 
and then the average number of leaves was 
determined. 

 Leaf area: Leaf area was calculated for the 3
rd

, 4
th
 and 

5
th
 leaves from the apex. These leaves were collected 

and placed on graph paper. The outline of each sheet 
was drawn and the number of squares of the graph 
paper contained in the outline was counted. The leaf 
area (SF) was thus determined from the number of 
tiles counted. The average leaf area was also 
determined. 

 Height of the rods: The height of the stem (HT) was 
measured from the collar to the last leaf before the 
apex using a graduated ruler. The average height of 
the stems was determined.  

 Number of roots: The plants in each batch were 
carefully removed from the pots. The number of roots 
(NR) of each plant was then counted. The average 
number of roots was also determined. 

 Root length: The root length (LR) was determined 
after measuring the roots of each plant. Then, the 
average root length was determined.  

 
 
Physiological parameters: 
 
 Relative leaf water content (TRE): For each batch, the 

3
rd

, 4
th
 and 5

th
 open leaves of a plant were cut at the 

base of the blade and immediately weighed to obtain 
their fresh weight (PFf). They were then placed in Petri 
dishes filled with distilled water and placed in the dark 
in a cool place for 24 h. The leaves were then 
removed and wiped to remove excess water, then 
weighed again to obtain the weight of the full turgidity 
(PTf). For the determination of their dry weights (PSf), 
the leaves were put in the oven at 80°C for 48 h and 
then weighed. The relative water content (TRE) of the 
leaves was calculated according to the following 
formula: 

 

𝐓𝐑𝐄 % =   
𝐏𝐅𝐟 − 𝐏𝐒𝐟

𝐏𝐓𝐟 − 𝐏𝐒𝐟
  × 𝟏𝟎𝟎 

 
 Extraction and dosage of total phenols from leaves: 

The extraction of total  phenols  is  carried  out  on  dry  

 
 
 
 
matter (leaves) after lyophilization (Kouakou, 2009). 
Thus, 200 mg of lyophilized leaves were immersed in 
20 mL of methanol and placed at 4°C  overnight.  After 
centrifugation at 2000 g for 10 min, the supernatant 
obtained was filtered on a Millipore membrane (0.45 
μm) and formed the crude phenolic extract.  

The quantification of total phenols was done 
according to the method described by Siriwoharn et al. 
(2004). Thus, 0.5 mL of the Folin-Ciocalteu reagent 
and 0.9 mL of water were added to 0.1 mL of phenolic 
extract. After stirring at room temperature, 1.5 mL of a 
17% (w/v) sodium carbonate solution and 3 mL of 
water were added. After 20 min of incubation in the 
dark, the intensity of the blue coloration of the Folin-
Ciocalteu, which is proportional to the concentration of 
phenolic compounds, was followed by spectrophoto-
meter at 765 nm. The total phenol content, expressed 
in milligrams of gallic acid equivalents per gram of 
lyophilized extract, was determined using a calibration 
line performed with different gallic acid concentrations 
(y = 0.021x + 0.053; R

2
 = 0.999, where y is the 

absorbance and x is the gallic acid concentration). All 
the analyses were identified three times. 

 Extraction and dosage of proline foliar: The proline 
was extracted from the apex on the 2

nd
, 3

rd
 or 4

th
 leaf 

using the method of Dreier and Göring (1974) 
modified and adapted to our plant material. Thus, for 
each batch, 50 mg of leaves were finely cut and 
placed in test tubes covered with aluminum foil and 
containing 3 mL of 40% methanol. After 60 min of 
heating in a water bath (85°C), then cooling in an ice 
bath, the mixture was centrifuged at 4000 g for 10 min 
and the supernatant obtained formed the proline 
extract to be measured. 

The proline assay was performed using the Dreier 
and Göring (1974) method. Thus, to 1 mL of proline 
extract were added 1 mL glacial acetic acid, 25 mg 
ninhydrin and 1 mL of mixture A (120 mL distilled 
water + 300 mL acetic acid + 80 mL orthophosphoric 
acid (H3PO4) of density 1.7). After homogenization, the 
solution was brought to a boil (100°C, 30 min) until the 
red turn. Then, after cooling, 5 mL of toluene was 
added to the solution under stirring and left to stand 
for 30 min. Then, 3 mL of the toluene phase was 
sampled and its absorbance was read at 528 nm on a 
spectrophotometer using toluene as a reference. The 
amount of proline in μg/g leaf was then calculated 
using a standard curve from the 100 μg/ml proline 
stock solution from 0,20, 40, 60, 80 and 100 μg. 

 
 

Statistical analyses 
 

The experiments were conducted according to a fully 
randomized experimental design with three replicates. 
The statistical analyses were carried out using Statistica 
7.1  software.  An  analysis  of  variance   (ANOVA)   with   a  
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Table 1. Number of leaves opened as a function of plant age and water stress. 
 

Number of leaves opened 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 5.00 ± 0.18 g (d) 6.83 ± 0.45 d (c) 10.0 ± 0.33 b (b) 

                  T2 (80) 5.42 ± 0.32 f (c) 6.58 ± 0.27 d (b) 11.33 ± 0.52 a (a) 

                  T3 (50) 4.67 ± 0.58 g (e) 6.08 ± 0.35 e (d) 8.80 ± 0.47 c (c) 

                  T4 (25) 4.58 ± 0.41 g (g) 4.42 ± 0.26 h (f) 6.00 ± 0.28 e (e) 

                  T5 (12.5) 3.67 ± 012 i (h) 3.00 ± 0.24 j (i) 2.33 ± 0.16 k (j) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets 
on the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 

Table 2. Leaf areas of roselle leaves as a function of age and water stress. 
 

Leaf area (mm
2
) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 1999.19 ± 1.96 c (d) 2111.09 ± 2.18 c (d) 3826.82 ± 3.51 a (c) 

                  T2 (80) 2150.42 ± 2.63 c (b) 2289.16 ± 3.37 c (b) 3875.39 ± 4.36 a (a) 

                  T3 (50) 1496.06 ± 5.12 e (f) 1655.25 ± 2.98 d (f) 2537.22 ± 3.21 b (e) 

                  T4 (25) 933.42 ± 4.28 g (h) 984.78 ± 5.34 g (h) 1080.80 ± 3.25 f (g) 

                  T5 (12.5) 581.93 ± 1.23 h (i) 602.98 ± 2.51 h (i) 626.33 ± 4.52 h (i) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on the 
same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 

classification criterion was carried out on all the 
treatments applied. When this analysis shows a 
difference between the averages, the Newman-Keuls test 
is performed to determine significant differences between 
treatments at the 5% threshold. For percentages, the 
Kruskal-Wallis test was used to determine significant 
differences (P<0.05) between treatments. 
 
 
RESULTS AND DISCUSSION 
 
Effect of water stress on the morphological 
parameters of roselle seedlings 
 
Effect of field capacity on the number of leaves 
opened and leaf area 
 
The results of this study show that the number of leaves 
opened (Table 1) and the leaf area (Table 2) were 
significantly influenced not only by the age of the plants 
but also by the water stress applied. Moreover, the plants 
subjected to the T5 treatment (12.5% CC) statistically 
obtained a low leaf area and a low number of leaves 
spread compared to those subjected to the other 
treatments (T4, T3, T2 and T1). Similar results have been 
reported by Lebon et al. (2004) in vines  where  a  drastic 

reduction  in  the  number  of  branches  and   elementary 
organs (phytomers) of the stem of water-deficient plants 
has been observed. According to Attia (2007), this 
reduction in foliar growth in water-deficient plants is an 
adaptation mechanism that allows them to reduce water 
loss through transpiration. In addition, the maximum 
number of leaves opened (11.33 leaves) and the largest 
leaf area (3875.39 mm

2
) were recorded in 30-day-old 

plants treated with T2 (80% CC). Thus, at a water regime 
of 100% of field capacity, a slight decrease in leaf count 
and leaf area was observed compared to the T2 
treatment (80% CC). 

This decrease in foliar growth at the highest capacity in 
the field could be due to water overload. In fact, soils 
engorged with water are a hindrance to the good 
development of the roselle, which does not like to have 
"feet in the water" (Gueye et al., 2012).  

The results also show that the number of leaves and 
leaf area of plants increases with age, from T4 treatment 
(25% of CC) to T1 treatment (100% of CC), while for a 
water regime of 12.5% (T5) of field capacity, the number 
of open leaves decreases with plant age. The number of 
leaves increased from 3.67 in 18-day-old plants to 2.33 in 
30-day-old plants. This decrease in the number of leaves 
is due to the extension of the stress period. So, some 
plants sacrifice leaves to reduce transpiration in  order  to  
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Table 3. Stem height of roselle plants as a function of age and water stress. 
 

Height of the rods (cm) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 12.40 ± 0.38 f (f) 14.33 ± 0.24 d (e) 23.17 ± 0.15 b (d) 

                  T2 (80) 11.92 ± 0.28 f (c) 14.72 ± 0.23 d (b) 24.67 ± 0.43 a (a) 

                  T3 (50) 10.73 ± 0.31 g (i) 14.35 ± 0.59 d (h) 20.02 ± 0.41 c (g) 

                  T4 (25) 10.20 ± 0.36 g (l) 13.47 ± 0.25 e (k) 14.33 ± 0.49 d (j) 

                  T5 (12.5) 08.59 ± 0.16 h (n) 10.25 ± 0.26 g (m) 10.83 ± 0.53 g (m) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 
maintain their water levels Comtois (2016). 

Concerning leaf surfaces, leaf growth is slow in plants 
aged 18 to 30 days with T5 and T4 treatments. Toumi et 
al. (2014) explain this slowdown in growth by reducing 
the mobility of nutrients and the volume of the aqueous 
medium where the biochemical reactions that ensure the 
plant's best development take place. The high osmotic 
pressure of the external environment caused by the low 
field capacity to which plants have been subjected may 
explain this decrease in nutrient motility (Sairam et al., 
2001). This study therefore showed that the water 
requirements of young roselle plants increase with age. 
 
 
Effect of field capacity on stem height 
 
Plant growth characterized by stem length varied with 
age and field capacity. Thus, regardless of age, plants 
with 12.5% field capacity (T5 treatment) recorded the 
lowest height growth (Table 3). However, the results 
show that the 80% field capacity (T2 treatment) induced 
the highest stem lengths, with 11.92 cm for 18-day 
plants, 14.72 cm for 24-day plants and 24.67 cm for 30-
day plants (Table 3). However, these results obtained 
with the T2 treatment (80% CC) are statistically identical 
to those obtained in control plants subjected to 100% 
field capacity. This suggests that the growth of young 
roselle plants would therefore not necessarily depend on 
high water availability, but on a sufficient quantity of water 
essential for its good growth. In addition, the results show 
that regardless of the age of the plants, stem growth 
slowed as field capacity declined (from 100 to 12.5% 
CC). Some authors consider this phenomenon to be one 
of the first manifestations of water deficit in plants(Saab 
and Sharp, 2004). The latter reported that adaptation to 
water stress in some species can be achieved directly 
through a reduction in the plant's growth rate or indirectly 
through a reduction in the number of leaf bearing organs. 
Similar results were reported by Oukara et al. (2017) in 
Pistacia  atlantica  whose  stem  length  was  reduced  by 

52.41% compared to the control following a 21-day water 
deficit to which the seedlings were exposed. This 
reduction in stem height can be explained by a delay in 
vegetative growth induced by a water deficit that prevents 
water absorption by the roots. At the cellular level, the 
reduction in height growth and the number of organs is 
explained by a decrease in the rate of cell division. This is 
due to the fact that the cell walls become more rigid, 
slowing down their turgidity and deformation, which 
should allow cell growth (Cosgrove, 2005). These 
phenomena are thought to be linked to the expression of 
a set of genes whose regulations are only imperfectly 
known (Kiani et al., 2007). However, there is a consensus 
that growth reduction is not a passive consequence of 
lack of water in the cells; it is controlled and programmed 
by the plant, with the intervention of inhibition genes that 
are expressed before "catastrophic" droughts. As a result, 
a plant that significantly reduces its size during a water 
deficit has not necessarily been stressed at the cellular 
level: these could be early regulations (Attia, 2007). The 
water deficit also induces a deficit in mineral nutrition 
(nitrogen and phosphate) which is mainly due to 
reductions in the flow of elements to the roots, resulting in 
a reduction in plant growth (Dugo, 2002). 
 
 
Effect of field capacity on root length and number 
 
Water stress applied to roselle plants significantly 
influenced the number and length of roots (Tables 4 and 
5). Concerning root length, the results obtained show that 
the highest averages were obtained with the highest field 
capacities (Table 4). Thus, the control treatment (T5, 
100% CC) recorded the highest average root length 
(16.15 cm) in 30-day-old plants, while plants subjected to 
12.5% of field capacity obtained the shortest length (8.27 
cm). Similar results have been reported by Kouakou et al. 
(2008) who reported a reduction in the average root 
length in cotton trees under water stress. This decrease 
in root growth is explained  by  the  suberization  of  roots  
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Table 4. Root length of roselle plants as a function of age and water stress. 
 

Root length (cm) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 10.49 ± 0.46 e (c) 12.92 ± 0.35 c (b) 16.15 ± 0.24 a (a) 

                  T2 (80) 10.03 ± 0.58 e (f) 12.59 ± 0.63 c (e) 14.49 ± 0.47 b (d) 

                  T3 (50) 08.89 ± 0.43 d (i) 10.67 ± 0.25 e (h) 12.78 ± 0.52 c (g) 

                  T4 (25) 07.94 ± 0.68 c (l) 09.89 ± 0.39 e (k) 11.74 ± 0.28 d (j) 

                  T5 (12.5) 05.26 ± 0.21 h (o) 06.96 ± 0.36 g (n) 08.27 ± 0.16 f (m) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 

Table 5. Number of roots emitted by roselle plants according to age and water stress. 
 

Number of roots 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                   T1 (100) 22.16 ± 0.17 g (f) 28.48 ± 0.55 d (e) 34.33 ± 0.61 b (d) 

                   T2 (80) 25.41 ± 0.47 e (c) 34.86 ± 0.38 b (b) 42.33 ± 0.57 a (a) 

                   T3 (50) 20.12 ± 0.46 h (i) 25.94 ± 0.29 e (h) 30.20 ± 0.25 c (g) 

                   T4 (25) 18.93 ± 0.51 I (l) 23.86 ± 0.27 f (k) 28.25 ± 0.38 d (j) 

                   T5 (12.5) 16.80 ± 0.42 j (o) 21.16 ± 0.44 g (n) 26.33 ± 0.62 e (m) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 

subjected to water stress (Kefu et al., 2003). On the other 
hand, Oukara et al. (2017) showed that the water stress 
applied for 21 days did not significantly affect the length 
of the main root in the pistachio tree. This difference with 
our results could be related to the fact that these authors 
only evaluated the length of the main root. These findings 
have therefore enabled Soar and Loveys (2007) to affirm 
that roots are the organs whose growth is less affected 
compared to that of the aerial, vegetative and repro-
ductive parts. Indeed, the regulation of genes affecting 
growth is quite different in roots and aerial parts of the 
plant (Wu and Cosgrove, 2000). It is also recognized that 
the resistance of plants to drought depends on the 
degree of exploitation of the soil by the root system. 
According to Manske and Vlek (2002), the roots of 
stressed plants use root dry matter to increase the length 
of the roots, thus promoting a better extension of the root 
system. In addition, the results also show that, regardless 
of the plant's stage of development, the number of roots 
has steadily decreased from T2 treatment (80% CC) to 
T5 (12.5% CC) (Table 5). Thus, the most stressed plants 
(12.5% CC) during the work gave significantly fewer roots 
(26.33 roots) compared to the control plants (34.33 roots 
with 100%). However, 30-dayold plants treated to 80% of 
field capacity emitted the highest number of roots (42.33 
roots). Similar  results  have  been  reported  in  pistachio  

nuts from the atlas (Oukara et al., 2017). 
In effect, these researchers described the progressive 

disappearance of secondary roots as water stress 
intensifies. Also, Al Hakimi et al. (1994) showed that 
water deficit reduces root depth, total root volume, total 
number of roots and root dry matter in wheat. 

The results of this study show that the water regime of 
80% of the field capacity allows the plant to have 
sufficient water available for good growth and good 
development of roselle plants. According to Attia (2007), 
the water deficit in many species results in a significant 
change in the plant's architecture. The reduction in the 
soil's water content causes it to send chemical signals 
through the roots to the stem and then to the leaf. In 
response, a decrease in growth and a reduction in 
photosynthetic activity occur, which affects the plant's 
yield (Favreau, 2012). 
 
 

Effect of water stress on physiological parameters of 
roselle seedlings  
 

Effect of field capacity on the relative water content 
of leaves 
 

The relative water content (TRE) of the leaves was 
significantly  influenced  by  field  capacity.  However,  the
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Table 6. Relative water content of roselle leaves as a function of age and water stress. 
 

Relative water content (%) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 86.53 ± 0.35 a (c) 86.71 ± 0.19 a (c) 85.81 ± 0.28 a (c) 

                  T2 (80) 86.47 ± 0.44 a (b) 85,76 ± 0.51 a(b) 85.98 ± 0.37 a (b) 

                  T3 (50) 83.72 ± 0.43 a (c) 80.17 ± 0.57 b (d) 78.43 ± 0.45 b (d) 

                  T4 (25) 78.31 ± 0.62 b (e) 75.28 ± 0.49 c (f) 71.59 ± 0.43 d (g) 

                  T5 (12.5) 72.29 ± 0.42 d (h) 67.34 ± 0.26 e (i) 61.37 ± 0.36 f (j) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Kruskal-Wallis at 5%). 

 
 
 
measured water contents were statistically stable at 
between 100 and 50% of field capacity at all stages of 
plant development (Table 6). These results suggest that 
the plant has maintained the turgidity of its cells despite 
the decrease in field capacity to resist water stress. This 
mechanism results in an increase in osmotic potential 
through the accumulation of osmolytes in the cytoplasm 
of cells (Cushman and Bohnert, 2000). Relative water 
contents only began to decline significantly when the field 
capacity made available to plants was less than or equal 
to 25%. According to Sairam et al. (2001), this decrease 
in water content in the plant is related to the high osmotic 
pressure exerted by the external environment 
(increasingly poor in water). Thus, the absorption of water 
and nutrients (Ca

2+
, K

+
, Mg

+
, NO

3-
, PO

4-
 etc.) in the root 

piliferous zone following the foliar water call was 
therefore not carried out sufficiently because of the soil's 
water deficit (Morizet, 1978). This resulted in a slower 
growth of the plant as observed in the study carried out 
on the morphological parameters of the roselle. The 
decrease in TRE reflects a decrease in the volume of the 
aqueous medium where the biochemical reactions that 
ensure the plant's best development occur (Toumi et al., 
2014). During the TRE study, two phases were 
described. The first is maintenance of TRE at leaf level 
and is characterized by maintaining transpiration and 
photosynthesis (Sinclair and Ludlow, 1986). The second 
phase is the reduction of the TRE during which 
transpiration and photosynthesis have been reduced to 
ensure the survival of the plant. 
 
 
Effect of field capacity on the phenolic compound 
content of leaves 
 
The production of phenolic compounds has increased in 
the leaves of plants as water availability has declined. 
Thus, at any stage of development, roselle plants 
subjected to 12.5% of field capacity statistically produced 
the highest levels of  phenolic  compounds,  while  control 

plants (subjected to 100% of field capacity) accumulated 
the lowest levels of phenols (Table 7). Similar results 
were reported by Koundouras et al. (2009) in vine. They 
mentioned an increase in phenol content in vine plants 
subjected to a water deficit during the preveraison. 
Likewise, an increase of about 67% in rutin content was 
observed in Brassica napus under water stress for six 
days (Barris et al., 2015). 

Otherwise, phenolic compounds are important for 
plants because they protect them from biotic and abiotic 
stressors. They are often induced when stressors are 
present (Ruiz-Garcia et al., 2012). In grapes, for 
example, Ageorges and Terrier (2014) explained that the 
significant change in the total quantity of anthocyanins in 
berries due to water stress would be due to a disruption 
in the expression of structural genes and genes in 
biosynthesis pathways. Thus, the water stress imposed 
on the seedlings in our case would have led to a more 
significant orientation of the genes regulating the 
biosynthesis of phenolic compounds to the detriment of 
those responsible for the plant's growth, in a survival 
drive. According to Barris et al. (2015), phenolic 
compounds are molecules that very often constitute the 
keystone of the system of interactions between plants 
and their environment. 
 
 
Effect of field capacity on proline content of leaves 
 
The results reported in Table 8 show that proline 
production gradually increases in roselle leaves as the 
water deficit increases. The accumulation of proline in the 
plant can therefore be considered as one of the adaptive 
strategies triggered by the plant in response to 
environmental constraints. Thus, as applied abiotic stress 
(saline or water) increases, so does foliar proline levels 
(Savouré et al., 1995; Cechin et al., 2006; Kouadio et al., 
2018). This negative correlation between proline 
accumulation and soil moisture is observed in Curcuma 
alismatifolia G.  (Jungklang  et  al.,  2015)  and  Medicago
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Table 7. Phenolic compound content of roselle leaves as a function of age and water stress. 
 

Phenolic compound content (mg/g) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 30.45 ± 0.33 g (f) 28.47 ± 0.29 e (f) 31.72 ± 0.48 e (f) 

                  T2 (80) 34.14 ± 0.54 e (g) 37.91 ± 0.61 d (h) 38.19 ± 0.55 d (h) 

                  T3 (50) 42.79 ± 0.43 c (e) 39.97 ± 0.37 d (f) 40.52 ± 0.38 d (f) 

                  T4 (25) 44.26 ± 0.28 b (c) 45.31 ± 0.42 b (c) 43.05 ± 0.64 c (d) 

                  T5 (12.5) 51.51 ± 0.42 a (b) 50.38 ± 0.36 a (b) 52.87 ± 0.25 a (b) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 

Table 8. Proline content of roselle leaves as a function of age and water stress. 
 

Proline content (mg/g) 

Treatments (field capacity in %) 
Age of plants 

18 days 24 days 30 days 

                  T1 (100) 0.091 ± 0.23 h (n) 0.117 ± 0.25 g (m) 0.146 ± 0.38 f (l) 

                  T2 (80) 0.095 ± 0.35 h (k) 0.119 ± 0.15 g (j) 0.142 ± 0.19 f (i) 

                  T3 (50) 0.172 ± 0.09 f (h) 0.221 ± 0.31 e (g) 0.278 ± 0.41 e (g) 

                  T4 (25) 0.254 ± 0.35 e (f) 0.345 ± 0.62 d (e) 0.436 ± 0.28 c (d) 

                  T5 (12.5) 0.487 ± 0.24 c (d) 0.575 ± 0.58 b (c) 0.710 ± 0.62 a (b) 
 

The averages assigned the same letter in the same column or those assigned the same letters in brackets on 
the same line are not significantly different (Test of Newman-Keuls at 5%). 

 
 
 
sativa L. (Akhondi et al., 2006). Therefore proline would 
act as a solute for osmotic adjustment and would also 
serve as a reservoir of nitrogen and carbon compounds 
for subsequent use in plant growth (Oukara et al., 2017). 
In addition, our work shows that 30-day plants subjected 
to 12.5% of field capacity produced the highest levels 
(0.710 mg/g) of proline. This seems to be justified by the 
fact that proline accumulation is proportional to the 
duration and intensity of stress in the plant, as reported 
by Mouhouche (2001). 
 
 
Conclusion  
 

The variations in water quantity to which the young 
roselle plants were subjected were major factors in their 
morphological and physiological development. This 
experiment showed that roselle is a plant that can survive 
in the face of a reduced water deficit of up to 12.5% of 
field capacity for 30 days. This survival is characterized 
by a stunting of the leaves, stems and roots of the plant, 
which at the same time synthesizes high doses of proline 
and phenolic compounds. It therefore uses the adaptive 
strategy of avoidance to resist water deficit. Plants 
subjected to 80% of field capacity produced low levels  of 

phenolic compounds and proline compared to those with 
high water deficiency (12.5% CC). However, these plants 
have shown morphological characteristics that are 
sometimes superior to those of the control. Thus, 
watering the young roselle plants with 80% of the field 
capacity in this study is the ideal amount of water for 
maximum plant development. 
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