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Physiological and biochemical responses of selected cowpea 
(Vigna unguiculata (L.) Walp.) accessions to iron toxicity

Abstract: This study aimed to investigate the effect of 
iron toxicity in cowpea using physiological and biochemical 
responses of selected accessions. Fifteen accessions of cowpea 
were exposed to two treatments of iron using Feso4 solution 
(100  mg  l−1 and 400  mg  l−1) and distilled water at pH 6.2 as 
control. The results showed that there was a general reduction 
in germination morphology; germination percentage among 
the 400 mg l−1 Fe-treated accessions. seed mortality rates were 
significantly higher among the 400 mg l−1Fe-treated accessions 
(> 35 %). Water imbibition capacity and relative mass gained 
were higher for Fe-treated accessions. Furthermore, significant 
increase in the total sugar and percentage utilization of sugars 
was accompanied by an insignificant decrease in chlorophyll a, 
a significant decrease in chlorophyll b contents and the persis-
tence of foliar chlorosis, among the 400 mg  l−1 Fe-treated ac-
cessions. MDa levels were significantly increased while proline 
remained unchanged, mean soD activity was insignificantly 
increased, whereas Cat decreased among the 400  mg  l−1 Fe-
treated accessions. Documentation of these observable changes 
in physiological and biochemical parameters will be useful in 
understanding the impact of elevated iron concentrations on 
the cultivation of cowpea accessions in soils associated with fer-
ruginous ultisols.

Key words: ferruginous ultisol; Vigna unguiculata; cow-
pea accessions; iron toxicity; plant antioxidants; cowpea toler-
ance; physiological response; biochemical response

Fiziološki in biokemični odziv akcesij kitajske vinje (Vigna 
unguiculata (L.) Walp.) na toksičnost železa

Izvleček: Raziskava je bila izvedena z namenom preuče-
vanja učinkov toksičnosti železa na kitajsko vinjo na osnovi 
fiziološkega in biokemičnega odziva izbranih akcesij. 15 akce-
sij kitajske vinje je bilo izpostavljeno dvema obravnavanjema z 
raztopino Feso4 (100 mg l−1 in 400 mg l−1) in destilirano vodo 
pri pH 6,2 kot kontrolo. Rezultati so pokazali, da je bilo splošno 
zmanjšanje v morfoloških parametrih kalitve in v odstotku ka-
litve pri akcesijah, ki so bile tretirane s 400 mg l−1 Fe. tudi smr-
tnost semen je bila pri akcesijah, tretiranih s 400 mg l−1Fe zna-
čilno večja (> 35 %). sposobnost nabrekanja z vodo in relativno 
povečanje mase sta bila večja pri z železom tretiranih akcesijah. 
Nadalje je bilo opaženo pri s 400 mg l−1 Fe tretiranih akcesijah 
značilno povečanje vsebnosti celokupnih sladkorjev in njihove 
porabe, kar je bilo spremljano z neznačilnim upadom vsebnosti 
klorofila a, z značilnim upadom klorofila b in pojavom listnih 
kloroz. Pri obravnavanjih s 400 mg l−1 Fe se je vsebnost MDa 
značilno povečala, medtem, ko so vsebnosti prolina ostale ne-
spremenjene, poprečna aktivnost soD se je neznačilno poveča-
la, aktivnost Cat pa zmanjšala. Dokumentiranje teh sprememb 
v fizioloških in biokemičnih parametrih bo koristno za razume-
vanje vpliva povečanih koncentracij železa pri gojenju akcesij 
kitajske vinje v tleh povezanih z železovimi ultisoli. 

Ključne besede: železov ultisol; Vigna unguiculata; akce-
sije kitajske vinje ; toksičnost železa; rastlinski antioksidanti; 
strpnost kitajske vinje; fiziološki odziv; biokemični odziv
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1 INTRODUCTION

The importance of proteins in humans cannot be 
over-emphasized especially in its use for the develop-
ment of body structures as well as regulation of human 
metabolism. Dietary proteins can be obtained from ei-
ther the plant or animal sources according to ahenkora 
et al. (1998). Many of african countries are currently 
struggling economically and as such it has become dif-
ficult for the citizens to purchase animal products which 
are major sources of proteins. Notwithstanding the eco-
nomic situation especially in Nigeria, there is also the is-
sue of health disorders associated with over-dependence 
on animal proteins (spence et al., 2010) and these chal-
lenges make it imperative for the drive for cheaper and 
healthier alternative sources which the plant sources pro-
vide (Clinfton, 2011).

During austere times such as is prevalence in most 
african countries, legumes are among the safer and 
cheaper plant sources of proteins (Nielsen et al., 1993). 
averagely, about 70 million people consume legumes 
globally and attempts aimed at achieving food security 
through these sources have prompted the need to set up 
farmlands and improve the technological inputs for bet-
ter yields while at same time ensuring that adequate and 
efficient storage systems for preservation of harvested 
crops are in place (Diouf & Hilu, 2005).

Though the above efforts in the achievement of 
nutritional sufficiency are a welcome development, en-
vironmental factors have been shown to impact signifi-
cantly on crop productivity. However, human activities 
such as mining and other industrial activities may be a 
major source of heavy metal pollution to soil and these 
impacts negatively on crop productivity (ikhajiagbe, 
2016). The presence of heavy metal in soils usually above 
the limit of tolerance leads to metal toxicity and a good 
example is the presence of high concentrations of iron 
in ferruginous soils in which the available iron (Fe2+) 
is greater than 300 mg kg−1 (Yamauchi and Peng, 1995; 
Ratering & schnell, 2000). at such high concentrations, 
iron becomes toxic to plants’ growth and development as 
seen in lowland rice which has been reported in various 
countries including Nigeria, Colombia, Malaysia (suresh 
2005; Mitra et al., 2009). 

Reports have shown that most cowpea; about 66 % 
of global production, are grown in the african conti-
nent particularly in Nigeria and Niger. in Nigeria, most 
of these productions are domiciled in the Northern re-
gion (blade et al., 1997). The conditions needed for the 
cultivation of cowpea such as above 80 % sandy content 
are also present in some other states such as edo state, 
Nigeria, edo state but have recorded very low produc-
tion (iita, 2003). one of the reasons for this shortfall 

may be due to the presence of high iron in most of these 
soils (ferruginous ultisols) as shown by the geological 
evidence of ikhile (2016) and collaborated by imasuen 
& onyeobi (2013). 

There is a dearth of information on the physiologi-
cal and biochemical response of cowpea to elevated iron 
levels as most existing literature focus on rice. Therefore, 
the study aims to investigate iron toxicity in cowpea us-
ing physiological and biochemical responses of selected 
accessions which will serve as a background for the un-
derstanding of the basis of tolerance of cowpea acces-
sions planted in a ferruginous ultisol. 

2 MATERIAL AND METHODS

2.1 eXPeRiMeNtaL DesiGN, seeD CoLLeCtioN 
aND PLaNtiNG

Fifteen accessions (tVu-3742, tVu-3769, tVu-
5348, tVu-5760, tVu-5768, tVu-5782, tVu-5883, tVu-
6102, tVu-6193, tVu-6219, tVu-6290, tVu-10600, 
tVu-10881, tVu-11114, and tVu-11214) of cowpea 
were used in this study. The study was undertaken in the 
greenhouse of the Department of Plant biology and bio-
technology, University of benin, Nigeria. The accessions 
were provided by the Genetic Recourses Centre of the 
international institute for tropical agriculture (GRC, 
iita), ibadan, Nigeria. The accessions were exposed to 
two treatments (100 mg l−1 and 400 mg l−1) of iron sul-
phate (Feso4) solution based on toxicity reference for 
soil iron (300 mg l−1) and distilled water at pH 6.2 as con-
trol. The No. 1 Whatman’s Filter papers were placed in 
Petri dishes moistened with the treatment solutions and 
thereafter ten seeds (mean mass: 0.18 ± 0.09 g) each of 
the fifteen accessions were planted in three replicates.

2.2 Data CoLLeCtioN

2.2.1 Germination

Germination parameters were assessed by methods 
described by sadeghi et al. (2011). These include germi-
nation percentage, seminal root length, shoot length, leaf 
area of germinant, seed mortality, mean water imbibi-
tions capacity, water imbibitions rate and relative mass 
gain.

2.2.2 Total sugars and pigment analyses

The productive capacity and pigmentation of the 
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seeds and cotyledons such as total sugars, chlorophyll a 
and b were assessed. The total sugar was estimated ac-
cording to the method described by Nelson (1944) and 
modified by sankar & selvaraju (2015). Chlorophyll a 
and b contents were investigated according to methods 
described by arnon et al (1949) and Maxwell & Johnson 
(2000).

2.2.3 Characterization of iron toxicity symptoms

For characterization of Fe-induced chlorosis, mor-
phological observations of the plant in response to the 
experimental conditions were recorded on an intermit-
tent basis. These observations include the colour, shape, 
form or the appearance of the leaves and the stem of the 
plant as well as the positioning of flowers and nodes. 
Care was also taken to make sure that the succession of 
chlorosis was recorded. 

2.2.4 Antioxidant activities

enzymatic (catalase, superoxide dismutase) and 
non-enzymatic (proline and malondialdehyde) anti-
oxidants parameters were evaluated in the seeds and 
cotyledons of successfully germinated accessions. soD 
activity was determined by the methods of beauchamp 
& Fridovich (1971) and described by Ranganayakulu et 
al. (2013). Catalase activity was measured by the method 
of Luck (1971) and modified by esma & Gulnur, (2016). 
MDa was determined using the thiobarbituric acid assay 
method described by Health & Packer (1968) and modi-
fied by erja et al (2001). The extraction and estimation of 

proline were done according to the methods of bates et al 
(1973) and Marin et al (2006). 

2.3 statistiCaL aNaLYsis.

Data obtained from this study were subjected to a 
two-way analysis of variance using the sPss statistical 
analysis software (sPss-20®). students’ t-test and the 
least significant difference; LsD was used for equality of 
means while the Levene’s test was used for the analysis 
of equality of variances. all statistical analysis was per-
formed at a confidence limit of 95 % (p = 0.05) and values 
are presented as mean ± standard deviation.

3 RESULTS AND DISCUSSION 

3.1 ResULts
The results obtained from this study showed the 

germination (%) of tVu-3769, 5760 and 6219 were sig-
nificantly higher for control as well as the mean germ (%) 
when compared to the 100  mg  l−1 and the 400  mg  l−1 
Fe-treated accessions (Fig 1). The seminal root length 
of tVu-5348, 6219, 11114 and mean value of control 
accessions were significantly higher compared to the 
100 mg l−1 and the 400 mg l−1 Fe-treated accessions (Fig 
2). For shoot length, tVu-3769 and 11214 showed sig-
nificantly higher values for control accessions whereas 
tVu-5348, 5760, 5782, 6290 and 10600 were signifi-
cantly higher for 100 mg l−1 Fe-treated accessions. Com-
parison of the mean values of control, 100  mg  l−1 and 
the 400  mg  l−1, showed a significantly higher mean for 
100 mg l−1 Fe-treated accessions (Fig 3). 

Figure 1: Final germination percentage of accessions after 1 week following germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.
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The leaf area of tVu-5348, 5883, 6193 and 10600 
was significantly higher in control accessions. also, the 
mean value of control accessions was higher when com-
pared to 100 mg l−1 and 400 mg l−1 Fe-treated accessions, 
the mean differences were statistically insignificant (Fig 
4). The mean seed mortality (%) showed a significantly 
higher value for 400 mg  l−1 accessions compared to the 
control and insignificant when compared to 100 mg  l−1 
Fe-treated accessions. The least mean value was observed 
in the control accessions (Fig 5). 

The water imbibition capacity, water imbibition rate 
and relative mass gain of tVu-10881 were significantly 
higher in control (Fig 6, 7 and 8) but, comparison of the 
mean values of the control, 100 mg l−1 and 400 mg l−1 Fe-
treated accessions show no significance (Fig 6). tvu-3769 

showed a significantly higher value for water imbibition 
rate and relative mass gain for the 100 mg  l−1 and 400 
mg l−1 Fe-treated accessions while the comparison of the 
mean values was statistically insignificant (Fig 7 and 8).

For the plants’ productive capacity, the total sugar of 
germinated seeds was compared to the seeds obtained for 
studies from the iita. The results showed that the seeds 
from iita had significantly higher total sugar (Fig 9). 
However, the mean total sugar of 100 mg l−1 was higher 
than 400 mg l−1 Fe-treated and control accessions. These 
mean differences among 100 mg l−1, 400 mg l−1 Fe-treated 
and control accessions were insignificant (p > 0.05). ac-
cessing the total sugar contents of the cotyledons showed 
a significantly higher value for tVu-6219 in control ac-
cessions meanwhile comparison the mean values among 

Figure 2: seminal root length of accessions after 5 days following germination initiation. 
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.

Figure 3: shoot length of accessions after 5 days following germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.
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Figure 4: Leaf area of early developing accessions after 1 week following germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance..

Figure 5: Percentage seed mortality at 21 days after germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.

100 mg l−1, 400 mg l−1 Fe-treated and control accessions 
were insignificant (p  >  0.05) as seen in Figure 10. The 
percentage utilization of sugar showed a significantly 
higher mean value for 400 mg l−1 compared to 100 mg l−1 
Fe-treated and control accessions (p < 0.05) as seen in 
table 1.0. 

table 2.0 showed the Chlorophyll-a (Chl  a) and b 
(Chl b) contents of cotyledon after 1 week following ger-
mination initiation. For Chl a, the highest value was seen 
in tvu-10881 (0.139 mg g−1) among 100mg l−1 Fe-treated 
accessions and the least in tvu-10600 (0.032  mg  g−1) 
among control accessions. statistically, insignificant dif-
ferential mean values were observed when the control ac-
cessions were compared with the Fe-treated accessions. 
For Chl b, the highest value was observed in tvu-10881 

(0.251  mg  g−1) among 100  mg  l−1 Fe-treated accessions 
and the least in tvu-10600 (0.057 mg g−1) among control. 
The mean chlorophyll b value of 100  mg  l−1 Fe-treated 
accessions was higher while the 400 mg l−1 Fe-treated was 
lower compared to the control. These mean differences 
were statistically significant. The mean total chlorophyll 
value for the 100 mg l−1 Fe-treated accessions was higher 
while the 400 mg l−1 Fe-treated was lower when compared 
to the control. However, these mean differences are sta-
tistically insignificant. The ratio of Chl a to Chl b showed 
insignificant equal mean values among the 100  mg l−1, 
400 mg l−1 and the control accessions. table 3.0 shows the 
persistence of chlorosis on germinants at 5, 6 and 7 days 
after germination with the mean persistence of chlorosis 
being more evident (++ and +++) among the Fe-treated 
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accessions (100  mg  l−1 and 400  mg  l−1) at early days of 
germination compared to the controlled accessions (+).

antioxidant capacities of the accessions showed that 
the MDa levels of tVu-3769, 6193, 10881 and 11114 
were significantly higher among the control group (Fig 
11). Comparison of the mean MDa values of 100 mg l−1, 
400  mg  l−1 and control showed that the mean value of 
control was significantly higher but those of proline 
were statistically insignificant (Fig 12). Catalase activi-
ties of tVu-6193 and 11214 were significantly higher 
in the control group compared to Fe-treated accessions 
(Fig 13). Comparison of the mean Cat activities among 
100 mg l−1, 400 mg l−1 and control accessions showed a 
significant least value for 400mg l−1 Fe-treated accessions 
while a significantly higher mean value for the 400 mg l−1 

Fe-treated accessions was observed for soD activities 
when compared to the 100 mg l−1 and control accessions 
(Fig 14).

3.2 DisCUssioNs

The findings of this study showed that iron toxicity 
significantly reduced germination parameters as evident 
in the lower germination  (%), seminal root and shoot 
lengths and leaf area of germinants whereas seed mortal-
ity is significantly increased. also, the productive capaci-
ties of the accessions were significantly reduced among 
400 mg l−1 Fe-treated accessions while insignificant mean 
differences were observed for chlorophyll a. However, Fe-

Figure 6: Water imbibition capacity at 4 days after germination initiation. 
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.

Figure 7: Water imbibition rate 4 days after germination initiation 
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance
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toxicity significantly reduced the chlorophyll b content 
as well as increased persistence of chlorosis among the 
400 mg l−1 Fe-treated accessions. The plants’ antioxidants 
defence capacity showed significant lower catalase and 
higher soD activities among the 400  mg  l−1 Fe-treated 
accessions which corresponded with significant higher 
MDa values while the proline content is unchanged. 

Plant germination is usually affected by the differ-
ence in genetic make-ups of the different plants as well 
as environmental factors such as the presence of heavy 
metals (bhagyashree et al., 2016). seed germination is a 
significant stage in the seedling establishment; it decides 
successful crop and yield production (bhattacharjee, 
2008). The reduced values for germination parameters 
obtained from this study is consistent with the results of 

ahmad et al. (2012) and abdel-Haleem (2015). Though 
arguably, the reduced germination parameters may not 
be due to iron overload but rather due to general nutri-
ent deficiencies, the presence of iron oxide deposits on 
the roots of wetland plants could act as a filter for nu-
trients such as phosphate, thereby causing a deficiency 
in the aerial parts of the plant. Furthermore, the physic-
chemical effects of iron on osmotic balance through the 
increase of osmotic pressure with the tendency to disrupt 
seed hydration may be a contributory factor for the re-
duced seed germination (Nabil & Coudret, 1995; on-
yango et al., 2019).

The significance of water in seed germination is 
critical; thus the capacity for water imbibition by plant 
seeds is necessary for successful germination initiation 

Figure 8: Relative seed mass of imbibed seeds 4 days after germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control.
*Mean values of accessions with different letters show statistical significance.

Figure 9: total sugars of germinated seeds at 4 days following germination initiation. 
a: seeds treated with 100mgl−1 Feso4 soln., b: seeds treated with 400mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.
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and this has been shown to be affected by the difference 
in the permeability of the seed testa, seed composition 
and the availability of water in the environment (Wada 
and abubbakar, 2013). Water imbibition capacity re-
sponses differed across the accessions. The low osmotic 

potential has been shown to extend the time needed for 
imbibition as well as delaying the onset of germination. 
Results obtained were similar to those of olasoji et al. 
(2013) and araujo et al. (2016) who also observed dif-
ferential response for the rate of water of imbibition for 

Figure 10: total sugars of cotyledons at 4 days following germination initiation.
a: seeds treated with 100mg l−1 Feso4 soln., b: seeds treated with 400mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.

accessions Utilisation (%)
Group a Group b Group C p-value

tVu-3742 30.76f 25.06g 40.26e 0.192
tVu-3769 23.83h 13.33h 11.06h 0.114
tVu-5348 76.47b 67.71c 25.88 g 0.011
tVu-5760 34.01f 30.54f 15.57 f 0.089
tVu-5768 20.75g 73.66b 24.74 g 0.012
tVu-5782 14.21h 66.88c 13.69 h 0.033
tVu-5883 21.81g 35.53e 45.40e 0.051
tVu-6102 25.26g 40.23e 35.39 e 0.216
tVu-6193 35.62f 29.33g,f 64.81c 0.037
tVu-6219 17.72h 28.31g,f 40.61 e 0.033
tVu-6290 25.37g 28.44g.f 40.19e 0.052
tVu-10600 36.20f 53.55d 55.05d 0.051
tVu-10881 28.63g 82.85a 6.50 i 0.001
tVu-11114 18.09h 45.39e 13.32 h 0.050
tVu-11214 30.76g 25.06g 40.26 e 0.060

p-value 0.023 0.032 0.026

Table 1: Percentage utilization of sugars during germination (taken at 4 days after germination initiation)

a: seeds treated with 100mg l−1 Feso4 soln., b: seeds treated with 400mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.
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plants exposed to heavy metal toxicity and Dufey et al. 
(2009) who observed decreased relative water content of 
rice exposed to iron toxicity.

Plant productivity can be assessed using total sugars 
and percentage utilization of sugar during germination. it 
can also be important in the determination of the extent 
of iron toxicity. The increased utilization of sugars in the 

germinating seeds, as well as the cotyledons with expo-

sure to Fe, may not be unconnected to the increased use 

of sugar for productivity especially in combating stress 

posed by the iron toxicity. These findings are inconsist-

ent with those of Priti et al. (2009) and ezhilvannan et 

al. (2011) but consistent with the findings of onyango 

accessions Group a Group b Group C
Days

5 6 7 5 6 7 5 6 7
tVu-3742 +++ + ++ ++ ++ ++ ++ + +
tVu-3769 ++ ++ ++ +++ ++ ++ ++ ++ +
tVu-5348 ++ + + + - + ++ + +
tVu-5760 ++ +++ ++ + ++ ++ ++ + +
tVu-5768 ++ ++ ++ ++ ++ + ++ ++ +
tVu-5782 +++ +++ ++ +++ +++ ++ ++ ++ +
tVu-5883 +++ + + +++ + + +++ + +
tVu-6102 ++ ++ + +++ ++ ++ ++ ++ ++
tVu-6193 +++ ++ + ++ +++ + ++ + +
tVu-6219 +++ ++ + +++ ++ ++ ++ + -
tVu-6290 +++ +++ + +++ ++ + +++ ++ +
tVu-10600 ++ + ++ +++ + ++ ++ + ++
tVu-10881 ++ +++ ++ ++ ++ ++ + + +
tVu-11114 +++ +++ ++ ++ + ++ ++ + +
tVu-11214 ++ +++ ++ +++ ++ ++ ++ + ++

Table 3: Percentage utilization of sugars during germination (taken at 4 days after germination initiation)

a: seeds treated with 100mg l−1 Feso4 soln., b: seeds treated with 400mg l−1 Feso4 soln. and C: Control. 

*Mean values of accessions with different letters show statistical significance.

Figure 11: MDa activity of cotyledons of accessions after 1 week following germination initiation.
a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control.
*Mean values of accessions with different letters show statistical significance.
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et al. (2019) who observed a reduction in soluble sugar 
content in rice exposed to iron toxicity.

Development of oxidative stress in plants exposed 
to heavy metals is largely ascribed to the heavy metal-
induced imbalance between the generations of toxic 
oxygen radicals and their scavenging through the anti-
oxidative defence mechanisms. With increasing con-
centrations of heavy metals, it is expected to observe an 
increased lipid peroxidation and increased activities of 
anti-oxidative enzymes such as soD, GsH and catalase 
(Priti et al., 2009; arleta et al., 2012). activities of soD 
and catalase were observed to be concentration-depend-
ent and have an initial increase as concentration increase 
but a reduced value was later observed upon exposure to 
Pb-toxicity (Malar et al., 2016). superoxide dismutase is 

considered as a first-line defence system against Ros, as 
it acts on superoxide free radicals, which are produced 
in different compartments of the cell and are precursors 
of the other Ros (Priti et al., 2009). it is involved in the 
dismutation of the oxygen-free radical; o2

- into H2o2 
(sun et al., 2009). Hence, it is expected for its increase 
during plant stress in response to heavy metal accumula-
tion such as increase Fe concentration. These results are 
in consistence with the findings of Prasad et al. (2014) 
but inconsistence with the findings of sadeghipour et 
al. (2008) in which reduced catalase activities were re-
corded.

The H2o2 produced from the dismutation of o2
- is 

expected to be cleared by peroxidase via the reduction of 
hydrogen peroxide (H2o2) into water (H2o) and oxygen 

Figure 12: Proline levels in germinants at 7 days after germination initiation. a: seeds treated with 100 mg l−1 Feso4 soln., b: seeds 
treated with 400 mg l−1 Feso4 soln. and C: Control.*Mean values of accessions with different letters show statistical significance.

Figure 13: Cat activity of cotyledons of accessions after 1 week following germination initiation.a: seeds treated with 100 mg l−1 
Feso4 soln., b: seeds treated with 400 mg l−1 Feso4 soln. and C: Control.*Mean values of accessions with different letters show 
statistical significance.
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(o2). at overwhelming levels of H2o2, catalase is mobi-
lized for a further breakdown of the H2o2 (Gao et al., 
2010). Therefore it can be suggestive that the insignifi-
cant change in catalase activity may be as a result of the 
ability of peroxidase to scavenge the hydrogen peroxide 
produced by soD. MDa was reduced under Fe exposure 
which is perhaps an indication of enhanced antioxidant 
activity. No significant changes in proline content per-
haps implied that antioxidant activity may not have been 
proline-mediated, or affected by changes in proline con-
centration (Choudhary et al., 2007). The results obtained 
from this study were inconsistent with the findings singh 
et al. (2012) and Krishnaveni et al. (2015).

4 CONCLUSION

The findings of this study showed that iron concen-
trations greater than 300 mg kg−1, have a negative impact 
on biochemical processes associated iron metabolism 
in cowpea. These findings have assisted in understand-
ing the mechanisms, by which there is high yield loss in 
cowpea due to iron toxicity. The documentation of these 
observable physiological and biochemical changes will 
serve as background for further studies into the selection 
of iron-tolerant cultivars to improve the cultivation and 
production of cowpea in regions associated with ferrugi-
nous soils.
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