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Moisture stress can be deleterious to physicochemical properties of crop species to a varying degree. The influence of moisture 
stress on the ascorbic acid content in the leaf and morphological characters of an elite genotype of Corchorus olitorius were 
tested in a glasshouse experiment. The experiment was arranged in a completely randomized design replicated four times. The 
results of the study showed that a distinct moisture-stress threshold, described as heavy moisture stress, existed for the genotype 
and ascorbic acid accumulation in the leaves decreased by up to 88.7% because of moisture stress. A comparison of the control 
with heavy moisture stress showed a decline of 57.1% and 68.4% for plant height and number of leaves, respectively. A degree of 
resilience of C. olitorius to moisture stress was observed with increasing plant age, but with a significant trade-off in the nutritional 
quality of the genotype at harvest. 
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Introduction 
 

Responses of different crop species to various degrees of 
drought stress have been extensively investigated from 
molecular and physiological perspectives, with resulting 
consequences for various physiological  and biochem- 
ical processes in crops (Xu and Zhou 2005, Farooq et 
al. 2008, Jaleel et al. 2008). Water stresses can affect 
different physiological properties of vegetable species to 
varying degrees (Zhang et al. 2004, Manivannan et al. 
2007, Sankar et al. 2007) with specific emphasis on the 
reduction in fresh and dry biomass production (Farooq 
et al. 2009). Morphologically, some species described as 
indeterminate crops may not necessarily be affected by 
moisture stress, but the nutritional quality of the harvested 
product may be adversely affected (TNAU 2008). With the 
remarkable variability in the influence of moisture stresses 
on the physiological, morphological and nutritional qualities 
of different crop species, it is prudent to conduct empirical 
studies on every economically important species to establish 
the influence of drought stress on final market produce. 

Corchorus olitorius is indigenous to Africa and used as 

a vegetable in many parts of the continent. It is known by 

many different names but the most common are the 
English names ‘Jews mallow’ and wild/bush okra. The 
species has been domesticated in West Africa for several 
decades and is most popular among the population of 
south-western Nigeria as a weaning soup for children and 
a delicacy for adults (Mavengahama and Lewu 2012). It is 
mostly known as a wild vegetable in southern Africa; it is 
still mainly collected from the wild and eaten or preserved 
by  sun-drying  and  eaten  as  an  off-season  vegetable 

during food scarcity in northern parts  of  South  Africa. 
The increased utilisation of wild vegetables such as wild 

C. olitorius in South Africa has been suggested as one of 
the ways to alleviate nutritional deficiencies and household 
food insecurity especially among populations with marginal 
or no income (Modi et al. 2006, Odhav et al. 2007, van 
Rensburg et al. 2007, Lewu and Mavengahama 2011). 
Fresh leaves of C. olitorius are rich in vital minerals and 
a good source of vitamin A and ascorbic acid (vitamin C). 
Ascorbic acid is important in the formation of intercellular 
substances of the body, improves blood circulation, and 
helps lower the risk of cataracts and other eye disorders 
(Osuagwu et al. 2010). Ascorbic acid deficiency leads to 
weakening of the endothelial wall of the capillaries because 
of reduction in the amount of intercellular substances (Hunt 
et al. 1980). This vitamin is also required for the normal 
healing of wounds and facilitation of the transformation of 
cholesterol into bile acid in the liver (Okwu 2004). 

Apart from the nutritional benefits of this vegetable, 
several studies have indicated a wide use of C. olitorius for 
the treatment of various infections and diseases (Hillocks 
1998, Innami et al. 2005, Sharaf and Negm 2005, Pall et 
al. 2006). In developing countries where public health and 
general healthcare is still a major challenge for the popula- 
tion (especially in countries such as Nigeria and among the 
black population of South Africa, who are still predominantly 
in the marginal income bracket), the use of food as an 
alternative source of health intervention is very critical. The 
improvement of this vital vegetable becomes more signifi- 
cant because of its wide utilisation among the population 

 
South African Journal of Plant and Soil is co-published by Taylor & Francis and NISC (Pty) Ltd 

http://dx.doi.org/10.1080/02571862.2013.811300
mailto:lewuf@cput.ac.za


114 Ashafa, Abass, Osinaike and Lewu 
 

 
of south-western Nigeria as food and medicine. Despite 
the health importance of ascorbic acid and the presence 
of this important vitamin in C. olitorius, there is no informa- 
tion in the literature on the possible influence of water 
stress on the nutritional quality of the species in the tropical 
soils of south-western Nigeria. Unfortunately, cultivation of 

C. olitorius in the farming systems of Nigeria is still substan- 
tially subsistence and is met with annual water stress during 
the dry season, a condition that precludes hidden hunger 
among the population. In this study, we investigated the 
influence of water stresses on the ascorbic acid content and 
morphological characters of an elite genotype of C. olitorius. 

 
Materials and methods 

 
Greenhouse environment and laboratory analysis  
Seeds  of  an  elite  genotype  of  C.  olitorius  (NG/SA/ 
DEC/07/0403)  obtained  from  the  National  Institute  of 
Horticultural Research, Nigeria, and raised in a nursery 
for three weeks were transplanted to pots containing 5 kg 
sandy loam soil in the greenhouse at the Department of 
Botany, Lagos State University, Nigeria, in July 2010. 
Analysis of soil samples, which were previously sieved 
through  2  mm  mesh,  was  conducted  by  the  Federal 
Institute of Industrial Research, Oshodi, Nigeria, and the 
results are presented in Table 1. Prior to sowing in the 
nursery, the seeds were scarified in warm water and air 
dried on a laboratory bench. The experiment was arranged 
in a completely randomised design and replicated four 
times. Seedlings were stabilised for four weeks before 
moisture-stress  treatments  were  applied.  The  water- 
holding capacity of the soil and frequency of water applica- 
tion were determined using the method of Anderson and 
Ingram (1993) but with slight modifications in that four 
watering levels were adopted to establish different moisture 
conditions. The treatments consisted of the control watering 

level (CW; 250 ml), low moisture stress (LMS; 175 ml), 
acute moisture stress (AMS; 100 ml) and heavy moisture 
stress (HMS; 50 ml). Irrigation water of the specified volume 
per treatment was applied every 9 d. Using methods 
described by Cornelissen et al. (2003), morphological 
characters comprising plant height, stem width, number 
of leaves per plant, and length and breadth of the leaf 
lamina were measured at two-week intervals throughout 

diameter of the leaf blade. Using methods outlined by 
Chopra and Kanwar (1991), ascorbic acid contents of leaf 
samples were determined in the experimental laboratory of 
the Department of Botany, Lagos State University, Nigeria. 
The final ascorbic acid content was derived using the 
formula (Chopra and Kanwar 1991): ascorbic acid (100 ml) 

(titre dye factor volume made up)/(volume of extract 

used for titration (weight/volume of sample)) 100. 

 
Statistical analysis 

A total of 256 entries representing all data for morpholog- 
ical characters, moisture stress levels and harvesting dates 
were involved in the analysis. Data were analysed using 
the Proc GLM method of SAS (SAS Institute 1999). Means 
were analysed using Duncan’s multiple range test at the 

0.05 level of probability. Interactions of moisture level and 
harvesting date were established and the standard error of 
difference was calculated for means of the interactions. 

 
Results 

 
The ascorbic acid content of C. olitorius as affected by 
moisture stress level is presented in Figure 1. Generally, 
as water stress became critical, a progressive drop in 
ascorbic acid accumulation in the leaves of C. olitorius was 
observed. For instance, a slight 3.4% decrease in ascorbic 
acid accumulation was recorded between the control and 
LMS and a sharp decline of 82.2% in ascorbic acid content 
was recorded between LMS and AMS. A further decrease 
of 34.2% of ascorbic acid accumulation was recorded 
between AMS and HMS. The reduction by 88.7% between 
the control and HMS was the highest impact of moisture 
stress observed. 

The influence of moisture stress on morphological 
characters of the elite genotype of C. olitorius is presented 
in Table 2. Two (number of leaves and stem diameter) of 
the five characters measured showed a significant differ- 

ence (p  0.05) between the control and LMS. Generally, 

moisture stress level significantly (p 0.05) affected 
morphological  characters  of  C.  olitorius.  Each  step  in 

 
 
 

4.77 

the experiment. For plant height, the base of the plant from 
the soil level to the youngest fully expanded apex leaf was 
measured; stem width was measured at the second node 
above the soil level using a vernier calliper; lamina length 
was measured from the point of attachment to the petiole 
to the leaf apex; and lamina breadth was the maximum 

 

 
Table 1: Chemical properties of the soils 
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Parameter Content 

pH 8.14 

Moisture content (%) 15.39 

Iron (mg l−1) 357.27 

Phosphorus (mg l−1) 921.40 

Nitrogen (mg l−1) 70.00 

Soil organic content (%) 3.83 

HMS  AMS LMS  
Control WATER STRESS LEVEL 

Figure 1: Influence of water stress level on accumulation of ascorbic 

acid in the leaf of Corchorus olitorius. HMS heavy moisture stress, 
AMS acute moisture stress, LSM low moisture stress 
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severity of moisture stress from the control to HMS had 
a profound negative impact on morphological  charac- 

ters (p 0.05). For instance, there was a 20.3% decrease 
in plant height between LMS and AMS. Similarly, a 31.5% 
reduction in plant height was recorded  between  AMS 
and HMS. In addition, up to 16.6% decrease in number 
of leaves was recorded between LMS and AMS, and this 
variable was positively correlated with plant height and stem 
diameter. Of note was the progressive negative influence 
of all moisture levels on stem diameter, which showed a 

progressive decrease (p 0.05) from the control to the most 
severe water stress condition (HMS). 

The influence of harvesting age on the elite genotype 
of C. olitorius is presented in Table 3. As expected, the 
elite genotype of C. olitorius tested in the study showed 
some traits of resilience with advancing age. Number of 

leaves and plant height progressively (p 0.05) improved 
with age, whereas lamina length and breadth and stem 

diameter did not show a significant (p 0.05) increase after 
harvest three. Overall, maintaining C. olitorius in the field 
between the third and the fourth harvests gave a signifi- 

cant (p 0.05) 7.5% improvement in number of leaves 
and 32.9% increase in plant height. A significant 17.2% 
decrease in number of leaves was recorded between the 
control and LSM. A further decline of 30.9% in leaves 
production was recorded at AMS. 

The results of the interactions between harvesting and 
moisture stress level on the morphology of C. olitorius is 
presented in Table 4. Considering the number of leaves, 

a significant (p  0.05) increase in the number of leaves 
was recorded between the first and second harvest for all 
moisture stress levels tested. However, this was not the 
case between the second and third harvests (except the 
control) for which a lower number of leaves was recorded 
compared with the previous harvest. Except in the control, 
for which a consistent yield increase was recorded across 

 
 

Table 2: Influence of moisture stress level on the morphological characters of an elite genotype of C. olitorius. Values are means (n 64). 

Values in the same column with the same letter are not significantly different (p 0.05). LSD least significant difference 

 
Moisture level Number of leaves Plant height (cm) Lamina length (cm) Lamina breadth (cm) Stem diameter (cm) 

Control 14.16a
 36.04a

 5.76a
 3.74b

 0.96a
 

Low moisture stress 11.73b
 37.66a

 5.62a
 4.26a

 0.92b
 

Acute moisture stress 9.78c
 30.03b

 4.68b
 3.08d

 0.76c
 

Heavy moisture stress 9.69c
 20.58c

 3.97c
 3.42c

 0.67d
 

LSD 0.80 2.93 0.33 0.26 0.04 

 
Table 3: Influence of harvest time on the morphological characters of an elite genotype of C. olitorius. Values are means (n 64). Values in 

the same column with the same letter are not significantly different (p 0.05). LSD Least significant difference 

 
Harvest time Number of leaves Plant height (cm) Lamina length (cm) Lamina breadth (cm) Stem diameter (cm) 

First harvest 7.6d
 15.53d

 3.51c
 2.53c

 0.59c
 

Second harvest 11.19c
 27.76c

 4.88b
 3.65b

 0.76b
 

Third harvest 12.77b
 32.53b

 5.70a
 4.13a

 0.96a
 

Fourth 13.80a
 48.50a

 5.95a
 4.18a

 0.99a
 

LSD 0.80 2.93 0.33 0.26 0.04 

 

Table 4: Interaction of harvest time and moisture stress level on the morphological characters of an elite genotype of C. olitorius. Values are 

means (n 16). LMS Low moisture stress, AMS acute moisture stress, HMS heavy moisture stress, SED standard error of differences 

 
Harvest Moisture level Number of leaves Plant height (cm) Lamina length (cm) Lamina breadth (cm) Stem diameter (cm) 

First Control 7.688 1.25 15.138 5.37 3.225 0.85 2.469 .45 0.550 0.63 
First LMS 8.250 0.68 17.113 4.83 3.769 0.72 2.681 0.49 0.638 0.07 

First AMS 6.875 1.67 14.563 4.53 2.694 0.48 1.981 0.41 0.625 0.07 

First HMS 7.625 1.20 15.313 4.67 4.363 0.54 2.969 0.49 0.563 0.18 

Second Control 12.000 1.95 28.175 6.23 5.531 1.06 3.744 0.81 0.875 0.10 

Second LMS 12.250 1.18 32.444 5.98 5.388 0.58 4.063 0.62 0.850 0.12 

Second AMS 9.813 2.46 27.306 8.63 4.125 0.79 3.150 0.55 0.688 0.15 

Second HMS 10.688 1.30 23.094 4.41 4.463 0.93 3.625 0.89 0.631 0.10 

Third Control 15.875 2.31 40.750 8.37 7.081 1.50 4.150 0.72 1.181 0.15 

Third LMS 13.188 2.26 44.656 12.23 6.519 1.25 5.144 1.02 1.144 0.15 

Third AMS 11.000 2.58 35.406 9.65 4.631 0.89 3.581 0.82 0.900 0.12 

Third HMS 11.000 2.58 29.313 2.75 4.550 1.74 3.663 0.85 0.719 0.10 

Fourth Control 21.063 3.62 60.106 13.41 7.200 0.69 4.581 0.92 1.238 0.13 

Fourth LMS 13.250 2.91 56.438 14.29 6.800 1.24 5.144 1.27 1.031 0.15 

Fourth AMS 11.063 3.23 42.844 11.32 5.431 1.00 3.588 0.74 0.813 0.08 

Fourth HMS 9.813 3.29 34.606 7.93 5.363 0.82 3.406 0.57 0.750 0.08 

SED  2.30 8.51 1.00 0.76 0.070 
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all harvests, no significant increase in the number of 
leaves between the third and fourth harvest was observed. 

A similar trend of significant (p  0.05) yield increase was 
recorded for plant height except with HMS, for which no 
significant difference in yield was recorded between the first 
and second harvest. 

 
Discussion 

 
Water stress inhibits cell enlargement and ultimately 
reduces plant growth and quality by affecting morphology 
and biochemical processes, such as ion uptake, carbohy- 
drate synthesis, nutrient metabolism and general growth 
(Farooq et al. 2008). Corchorus olitorius is susceptible 
to water stress because of its shallow root system. To 
maintain high growth and ensure good quality harvest, an 
ideal solution is to apply irrigation water more frequently 
(Whitfield et al. 1986). However, under conditions of water 
scarcity, some species may continue to show a reasonable 
level of resilience through continuous physiological growth, 
but the quality of yield may be affected (TNAU 2008). 
The 88.7% decrease in accumulation of ascorbic acid in 
the leaves of C. olitorius is a clear indication of a serious 
trade-off in the quality of harvest as affected by moisture 
stress. The nutritionally valuable portions of the plant in 
most African populations are the leaves and young apical 
twig. Emphasis was therefore focused on leaf yield in the 
present study. The results indicated that a moisture stress 
level below LMS in the cultivation of C. olitorius is far below 
the tolerable level for accumulation of ascorbic acid in the 
leaves. This result is consistent with a previous report by 
Jaleel et al. (2008), who reported that crop species react 
differently to water stresses depending on the intensity and 
duration of stress. In the current study, a non-significant 

(p 0.05) 3.4% decrease in accumulation of ascorbic acid 
was within the tolerance range for continuous biochemical 
activity in this elite genotype of C. olitorius. As moisture 
stress became critical (between AMS and HMS) the results 
revealed that C. olitorius is unable to meet its genetic 
potential, especially in the production of ascorbic acid. 
In developing countries where public health and general 
healthcare is still a major challenge for the population, the 
use of food as an alternative source of health interven- 
tion is very critical. The improvement of this vital vegetable 
becomes more significant because of its wide utilisa- 
tion among the population of south-western Nigeria as 
food and medicine and as off-season food security among 
African populations of some provinces in South Africa. To 
guarantee good-quality production of C. olitorius, the rate 
of water application must not drop below the equivalent 
value for LSM as determined in this study. This value will be 
determined by available local soil and weather conditions. 

Chemical limitations due to scarcity of photosynthetic 
components such as water can adversely affect plant 
growth (Zhang et al. 2003). Farooq et al. (2009) reported 
a reduction in fresh and dry biomass production in crop 
species because of moisture stress. The present study 
showed a linear relationship exists between moisture stress 
level and morphological characters of C. olitorius. A signifi- 
cant decrease in number of leaves was recorded between 
the control and LSM and a further decline in leaf production 

was recorded with AMS. Apart from the economic loss 
to farmers, it represents a tremendous nutritional loss for 
consumers because of the reduction in ascorbic acid 
accumulation. This could lead to hidden hunger (lack of 
sufficient essential minerals and micronutrients in diet), 
especially among people in the marginal income bracket 
that mostly rely on food as sources of medicine (Flyman 
and Afolayan 2006). 

Under an increasing moisture stress level, leaf 
senescence is a common phenomenon in plant species 
(Bhatt and Srinivasa Rao 2005). The decrease in the 
number of leaves between the second and third harvests 
for all moisture levels tested (except the control) strongly 
suggests that the elite genotype of C. olitorius senesced 
its leaves or developed fewer leaves because of moisture 
stress. This is obviously a necessary mechanism for the 
plant to maintain slow growth under adverse moisture 
stress conditions. However, the decrease in  ascorbic 
acid content and reduction in leaf yield are clear indica- 
tions of deleterious effects of increased moisture stress on 
the nutritional quality of C. olitorius. Previous studies on 
other vegetable species also showed the adverse effect 
of moisture stress  on stem  length  (Zhang et al.  2004, 
Manivannan et al. 2007, Sankar et al. 2007). The interac- 
tion analysis showed that at the critical moisture stress 
level (HMS) tested in the study,  there  was  no  signifi- 

cant (p  0.05) increase in plant height across all harvest 
times.  The  elongation  growth  of  the  elite  genotype  of 

C. olitorius was adversely affected by 42.4% compared 
with the control (Specht et al. 2001, Shao et al. 2008). This 
is a clear indication of the influence of moisture stress on 
cell enlargement in C. olitorius, which eventually affected 
elongation growth (Bhatt and Srinivasa Rao 2005). Previous 
studies on cultivated species have reported a reduction 
in fresh and dry biomass production as a consequence 
of moisture stress (Tahir and Mehid 2001, Farooq et al. 
2009) and possible dry-matter partitioning and temporal 
biomass distribution (Tahir and Mehid 2001). This is a 
mechanism employed by crops to sustain growth under 
adverse moisture condition. The C. olitorius genotype 
tested in the present study showed reduction in biomass 
accompanied with shrinking leaf area and stem breadth. 
The current study is consistent with previous reports and 
further confirms that the elite genotype of C. olitorius tested 
possesses limited resilience against drought in terms of 
biomass production. 

 
Conclusion 

 
Water stress can be deleterious to the physicochemical 
and gene expressions of crop species to a varying degree. 
This report clearly indicates that acute and prolonged 
water stress conditions can adversely affect the chemical 
and morphological qualities of the final produce of the 
elite genotype of C. olitorius tested. Under obvious water 
scarcity, effort must be made to apply water not less than 
LSM to guarantee good-quality production of this elite 
genotype. Specifically, at a moisture stress level more 
severe than LSM, the genotype suffers serious morpholog- 
ical stress and a marked decrease in important nutritional 
quality, as indicated by accumulation of ascorbic acid. The 
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nutritionally important component of the plant is the leaf. Given the decrease in total leaf area induced by moisture 
stress, both farmers and consumers could potentially be affected by moisture stress limitations in the cultivation of the 

species, in terms of reduced financial returns caused by harvest losses and inferior produce quality because of 
decreased ascorbic acid content in the leaves. 
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