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ABSTRACT 
 

Food insecurity and climate change directly affect the growing population and these effects 
can be overwhelming. The vegetable used in this study, Amaranthus cruentus L., which is a 
very common vegetable in Nigeria, has been confirmed to have some drought-tolerant 
characteristics. The study was carried out to relatively compare how the physiological 
properties of Amaranthus cruentus were affected by drought. Sandy-loamy soil was collected 
and drought treatments of (5, 10, 15, and 20 days) were set up while a control experiment that 
was not devoid of water at any point was set up. These levels of stress treatments were 
introduced at twelve (12) Weeks after Planting (WAP). From the study, both the Relative 
Water Content (RWC) and Net Assimilation Rate (NAR) reduce as treatment levels of drought 
increase. The stress tolerance index exhibits a little variation across all treatment regimes, for 
example, the Shoot Length Stress Tolerance Index (SLSTI) of A. cruentus swings gradually as 
the period of drought stress reduced; nevertheless, on day 10, the treatment showed 
considerably low (89.33 %) SLSTI. Superoxide Dismutase (SOD) exhibited its activities at the 
highest in the 15-day group while Catalase (CAT) and Peroxidase (POD) showed the highest 
expression in the 5-day group in comparison to other groups. The tolerance exhibited by this 
plant in the face of changing global climatic conditions is fascinating, thus A. cruentus presents 
itself as a succour for vegetal food availability in this time of global food shortage. Its 
production should therefore be encouraged.  
Keywords: Food insecurity, climate change, Amaranthus cruentus, Relative water content, 
Stress Tolerance Index 
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INTRODUCTION 

Several environmental stressors influence 
plant growth and this leads to a great 
reduction in crop production (1,2). Due to 
high levels of climate change, global 
warming, and long periods of droughts 
which will likely increase in years to come, 
local areas are said to be a major 
beneficiary of low water availability which 
will ultimately result in low agricultural 
yield. Water deficit is a major abiotic stress 
factor that affects plant productivity due to 
how it negatively affects plant growth (3,4) 
and photosynthesis (5). Stress as a result of 
drought causes a huge reduction in growth 
this occurs as a result of its effect on some 
physiological and biochemical processes 
like photosynthesis, translocation, 
carbohydrates, and nutrient metabolism 
(6). 
Limitations such as drought and heat stress 
are threats that limit processes like 
photosynthetic rate and stomata function. 
An investigation (7) indicated that 
determined prolonged exposure to 
environmental pressures increases 
reactive oxygen species (ROS) generation 
and consequently leads to detrimental 
oxidative damage, disrupting normal cell 
functions including causing degradation of 
molecules such as proteins, lipids, and 
nucleic acids. Heat stress as well as water 
scarcity also influence the electron 
transport rate (ETR) and harm the 
photosynthetic machinery PSII (8). 
Changes in both biotic and abiotic 
conditions such as soil water content, 
temperature, and availability of nutrients 
are the major cause of competition 
switching and facilitation in several plant 
species this is according to the stress-
gradient hypothesis. Alteration in the 
patterns and amount of rainfall in the 21st 
century has been caused by global 
warming; this alteration eventually led to 

long periods of droughts (9). There is 
alteration as a result of interactions in plant 
species which changes carbon cycling and 
nutrient elements in terrestrial ecosystems 
(10). 
 
Restriction of plants under water promotes 
the synthesis and retention of numerous 
osmolytes in the cell to reduce their 
osmotic flux, thereby increasing the control 
and osmoprotection of the antioxidant 
defence system (10).  
As a way of adaptation and coping strategy 
to stress, there is a molecular, 
physiological, and biochemical lingering 
like gene expression alteration and 
activation of the antioxidant pathway 
which may either be enzymatic or non-
enzymatic (11). Photosynthetic rates in 
plants can be regulated by modifying 
photosystem II and stomata enhancement 
(12). The major challenge currently faced 
in agriculture is getting the latest coping 
strategies to maintain crop production 
under severe abiotic stress conditions (13). 
Several gene expression techniques that 
help in the study of drought resistance in 
addition to their economic importance very 
vital in so many developing countries, 
especially in Africa where drought has 
become massive and it is as a result of 
climate change challenges and the ability to 
access these gene expression techniques is 
very limited as a result of low investment in 
crop production (14). 
 
Amaranthus cruentus is a very highly 
nutritious meal since all portions of the 
plant's shoots are edible, leaves from new 
A. cruentus stems serve a purpose in salad 
as well as soup preparation, whereas the 
grains may be utilized to manufacture 
cakes, biscuits, and breads (15). The 
vegetable also contains special metabolites 
that help in improving the human diet (16). 
It is also advantageous owing to its activity 
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as an antioxidant, enhanced pro-vitamin A, 
as well as anticancer genic chemicals, all of 
which may aid in a balanced diet. Although 
Amaranthus has previously been identified 
as drought-tolerant (17), knowledge 
regarding the effect of drought along with 
nitrogen availability on plant performance, 
when applied alone, has already been 
thoroughly stated, however, less 
information is available on their interacting 
effects. Sufficient nitrogen delivery is 
important for optimum plant function. The 
current research was done to investigate 
the influence of drought tolerance on plant 
development, physiology, enzymatic 
activity, and water usage efficiencies of A. 
cruentus 
 

MATERIALS AND METHODS 
 
Research Location 
This study was undertaken in the screen 
house of the Department of Plant Science 
and Biotechnology, Federal University, Oye 
Ekiti (latitude 7.80oN and longitude 5.21oE) 
Oye Ekiti and the field experiment was set 
up behind the Faculty of Education, Federal 
University, Oye Ekiti while the Laboratory 
analyses were carried out in the 
Laboratory. 
 
Source of Materials and Description of 
Species 
Seeds of Amaranthus cruentus used in the 
study were collected from a well-
established vegetable farm around Ado 
Ekiti and identified at the Department of 
Plant Science and Biotechnology’s 
herbarium, Federal University Oye Ekiti 
with FUOH 0110 and FUOH 0111 as 
voucher numbers respectively. Sandy 
loamy soil for planting was collected within 
the University community; pH of the soil 
was measured in water using a pH meter to 
be 6.5. Fifty (50) planting pots were set up 
with 25 pots these pots were set up to have 

four replicates per treatment. Seeds of 
Amaranthus cruentus were planted and 
drought treatments of 5, 10, 15 and 20 days 
were arranged using a Completely 
Randomized Block Design pattern along 
with the control experiment. Drought was 
introduced at 12 weeks after planting. Data 
obtained were analysed using IBM SPSS 
Statistics 22. 
 
Soil Test 
Pre-soil test was carried out before 
planting; data were collected and reported 
accordingly.  
 
Morphological Parameters 
To determine the height of each plant, a 
meter rule was used to measure the length 
of the shoot from the ground surface to the 
apex. In addition, the diameter of the stem 
was measured using a Vernier Caliper. 
Leaf area was obtained with this formula 
(Length x Width x 0.75), number of leaves 
per seedling was observed and obtained by 
counting. Weights of shoot which includes 
all part plants above the soil level 
determined using a digital weighing 
balance. Relative Growth Rate was 
obtained with this formula (18)  
Relative Growth Rate = (InW2-InW1)/( t2 - 
t1 ) 
Where: 
In–natural logarithm 
t1 – initial time in days 
t2 – final time in days 
W1 – initial size at time 
W2 – final size at time 
The Net Assimilation Rate was calculated 
according to this formula: 

(𝐼𝑛𝐿2 − 𝐼𝑛)(𝐿1𝑊2 − 𝑊1 )

(𝑡2 − 𝑡1)(𝐿2 − 𝐿1)
        (19) 

where L1 and W1 represent the leaf area 
and the total dry matter at time t1 and W2 
and L2 at time t2, respectively. 
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Leaf Area Ratio was calculated using this 
formula  𝐹 =  

(𝐿1 𝑊1) + (𝐿2 𝑊2⁄ )⁄

2
  (20) 

Stress tolerance index (STI) 
STI which is calculated to specifically 
determine high yield/tolerance stress 
potential. 
RLSTI (Length of Root Stress Tolerance 
Index) = (stressed plant root 
length/control plant root length × 100 [21] 
SLSTI (Length of shoot Stress Tolerance 
Index) = (stressed plant shoot 
length/control plant shoot length) × 100 
[22] 
RFSTI (Weight of Fresh Root Stress 
Tolerance Index) = (fresh weight of plant 
root stressed plant/control plant root fresh 
weight) × 100 [22]  
SFSTI (Weight of Fresh Shoot Stress 
Tolerance Index) = (stressed plant shoot 
fresh weight/control plant shoot fresh 
weight) × 100 [23]. 
RDSTI (Root Dry Weight Stress Tolerance 
Index) = (stressed plant root dry 
weight/control plant root dry weight) × 
100 [24]  
SDSTI (Shoot Dry weight Stress Tolerance 
Index) = (stressed plant Shoot dry weight/ 
control plant Shoot dry weight) × 100 [25] 
 
Physiological Parameters 
Relative Water Contents 
Relative water contents were obtained 
using a method described by [26]. Excised 
leaves were dipped in double-distilled H2O 
in the dark. The leaves were removed from 
the double distilled water after 24 hrs, 
wiped with a blotting paper that was 
sterilized, and placed on a digital weighing 
balance to obtain Turgid Weight (TW). The 
leaves were subjected to 72 hours of 
automated oven heating at 65oC, after 
which the dry weight (DW) was accurately 
recorded..  
RWC (%) was determined employing the 
formula: 

(𝐹𝑟𝑒𝑠ℎ 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡)

(𝑇𝑢𝑟𝑔𝑖𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)
 × 100   [27] 

 
Chlorophyll Pigment Extraction and 
Measurement of Chlorophyll (a and b) 
Fluorescence 
Leaves obtained from the control and 
stressed group were cut and processed for 
determination of chlorophyll. 
Approximately, 0.05 g of leaves was 
homogenized in aqueous buffered acetone 
on a mortar and pestle that was pre-chilled. 
This homogenate was placed in a centrifuge 
for 2 minutes at 10000 rates per minute 
and cooled at 40C. The supernatant’s 
volume was adjusted back to 5 ml using 
buffered acetone after the pellet was 
discarded. The optimum absorbance of the 
supernatants was taken at 480, 645, and 
663 nm wavelengths with a double-beam 
UV-VIS spectrophotometer against 80% 
buffered acetone which was used as blank 
[28]. Chlorophyll and carotenoid pigments 
content were obtained using the procedure. 
 
Enzyme Extraction and Assay (SOD, CAT 
and POD) 
One (1 g) gram fresh leaf was homogenized 
in 3 ml ice-cold 100 mM K-phosphate buffer 
of pH 6.8 which contains 0.1 mM EDTA, this 
was carried out for 5 min. cheese cloth was 
used to filter the mixture, and the 
homogenate obtained was then centrifuged 
at 16000 rpm for 15 min, after which the 
supernatant was used as the enzyme 
source. Peroxidase (POX) was evaluated by 
the addition of 25 μl of the crude enzyme 
extract to 2 ml of a solution prepared by the 
mixing of 50 mM a solution of potassium 
phosphate buffer, 20 mM guaiacol, and 20 
mM Hydrogen peroxide. Incubation is 
carried out at an ambient temperature of 
30°C for 10 min, following which 0.5 ml 5% 
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(v/v) H2SO4 was added, and absorbance 
was measured at 480nm. One POX unit was 
defined as the change of 1.0 absorbance 
unit per ml enzymatic extract; this is also 
represented as units of enzyme activity per 
g fresh matter per min (UA g−1 FW 
min−1).  
 
The activity of Catalase (CAT) was obtained 
by the addition of 50 μl enzymatic extract 
to 3 ml of a solution that comprises 50 mM 
potassium phosphate buffer with a of pH 
7.0 and 20 mM of Hydrogen peroxide 
absorbance was determined at 240 nm at a 
temperature of 30°C.  
SOD enzyme activity was measured by the 
addition of 50 μl of the enzymatic extract to 
a solution obtained by the addition of 13 
mM-methionine, 75 μM p-nitroblue 
tetrazolium chloride, 100 μM EDTA and 2 
μM riboflavin in a 50 mM potassium 
phosphate buffer with a pH 7.8, this 
procedure was carried out under 

illumination of a 30 W fluorescent lamp at 
an operating temperature of 25°C. The 
fluorescent light was put on for 5 min, and 
the blue formazane generated by NBT 
photo-reduction was assessed as an 
increase in absorbance at 560 nm. A unit of 
SOD was defined as the amount of enzyme 
sufficient to block 50% of the NBT photo 
reduction when compared with tubes that 
are without the plant extract and expressed 
as units of enzyme activity (AU) g−1 FW 
min−1. (29).  
 

RESULTS 
 
The experiment revealed that all the 
parameters taken (root length, shoot 
length and plant weight) showed a 
significant reduction after 5, 10, 15 and 20 
days of drought stress, however, there was 
a significant difference in the weight of the 
plants on day 10 when compared to other 
treatment groups (Table 1).

 

 

 

The results of the Relative Water Content 
analysis for the A. cruentus plant showed a 
significant decrease after 5, 10, 15, and 20 
days of drought stress. This trend was also 
observed in the leaf area, leaf area ratio, 
and water use efficiency (Table 2). 
However, there was a significant difference 
between the day 10 treatment and the 

control and day 5 treatments. Additionally, 
a significant difference was observed 
between the control group and other 
treatment groups. 
During the drought stress, the RLSTI of A. 
cruentus decreased gradually with time, 
with no significant variation among 
treatments on day 5, 10, and 20. The SLSTI 
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of A. cruentus showed a fluctuating pattern 
with lesser drought stress duration; 
however, on day 10, the treatment showed 
a significant decrease (89.33%) in SLSTI as 
compared to other treatments (Table 3). 
On day 15, the treatment had a significantly 

higher (98.67%) SLSTI. The RFWSTI rate 
decreased significantly with the 
prolongation of drought stress. Similarly, 
SFWSTI in A. cruentus also decreased 
significantly on 5, 10, 15, and 20 days of 
drought stress.

 

 

 
 
The analysis indicated that drought stress 
on A. cruentus significantly affected total 
chlorophyll and chlorophylls-a and b as 
shown in Table 4. The study showed that 
after 5, 10, 15, and 20 days of drought 

stress, the treatment of the total 
Chlorophyll significantly decreased as the 
lowest values were observed in the day 20 
treated groups.
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The CAT activity of A. cruentus dramatically 
increased compared to the control group 
following 15 days of drought stress 
treatment (Figure 1). CAT activity steadily 
rose in both the treatment and control 
groups over time. The SOD expression was 
highest on day 15 of the therapy, whereas 
the lowest value was found on day 10 
(Figure 2).  
POD activity in A. cruentus under drought 

stress considerably increased on days 5 
and 10, however, for plants on days 15 and 
20, the POD activity dropped dramatically 
compared to the control (Figure 3). After 
days 5, 10, 15, and 20, the POD activity in A. 
cruentus was considerably enhanced under 
drought stress with the duration of therapy. 
However, after 5 days, the POD activity was 
considerably lower in A. cruentus in the 
treatment group than in the control. 
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DISCUSSION 
 
A decrease in morphological 
characteristics is a clear indicator of 
drought stress on A. cruentus, which 
demonstrates vulnerability toward water 
deficit. This research demonstrates that 
with increasing drought stress, there is a 
substantial drop in all growth indices 
evaluated in the study. Stomata closure to 
decrease transpiration and cell reduction, 
which are some of the main responses of 
plants to water stress, were also detected in 
the study, corroborating earlier report 
(30). Reduced availability of water due to 
drought may also have negative impacts on 
photosynthesis. 
 
There was a decline in relative water 
content during drought as seen in this 
study. Significant alterations in plant 
growth and development under varied 
stress periods were detected, notably in the 
morphology of the plants. This is consistent 
with earlier findings (31). This research 
demonstrated that the relative water 
content of A. cruentus reduced 
considerably under varied drought stress 
circumstances, which shows that the crop 
is damaged by drought stress, in keeping 
with earlier research results (32).  
In plants, drought stress leads to a fast 
decline or growth in the root length. In this 
research, the root growth gets more 
impacted under drought stress as opposed 
to its shoot growth. This may be attributed 
to a reduction in cell elongation.   
This research demonstrated that CAT 
activity in A. cruentus under drought stress 
was greatest in the 15-day treatment as 
compared to other treatment groups and 
the control. This shows that the enzyme is 
an essential antioxidant defence 
mechanism, consistent with the studies of 
Li et al. (2020). The research also 
demonstrated that POD activity was lower 

in the drought stress-treated groups than in 
the control group but considerably reduced 
after 15 days of treatment than the control. 
This is on par with the previous outcomes 
on such study (33).  
 
CONCLUSION  
Drought is a crucial factor that influences 
the development and productivity of 
agricultural plants such as A. cruentus. A 
more recent study has demonstrated that 
drought stress has a substantial influence 
on the overall development of A. cruentus, 
leading to a severe loss in its biochemical 
properties. As the amount of drought rises, 
the largest drop in all the examined 
parameters is found, including RLSTI, 
SLSTI, RDWSTI, and SDWSTI. However, 
antioxidant enzymes have demonstrated 
promising outcomes by rising as the 
therapy progressed. A reduction in 
chlorophyll concentration was detected 
owing to the dry stress. Despite the 
reduction in growth and biochemical 
properties, A. cruentus displayed resilience 
to drought, which is promising in the face of 
changing climatic circumstances 
worldwide. Therefore, A. cruentus offers 
itself as an option for vegetal food supply in 
this time of global food crisis, and its 
cultivation should be promoted. 
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