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Abstract 
 
The present study investigated the possible protective role of hemin (75 µM) on okra (Abelmoschus esculentus L.) plants grown 
under diluted seawater (seawater/normal water) in plastic bags on loam soil and compost (1:1). Four levels of seawater were 
prepared by diluting seawater to give 1.8, 3.6, 5.4 and 7.2 dsm

-1
. Okra plants were irrigated with these concentrations of seawater. 

The effects of seawater salinity on okra plants were evaluated by determining growth parameters, superoxide dismutase (SOD) 
activity, catalase (CAT) activity ascrobate content, α-amylase, protease and lipid peroxidation in the presence or absence of hemin. 
The study found that seawater salinity resulted in a high level of lipid peroxidation, which was associated with significant decrease 
in growth parameters and protease activity. The activity of SOD, CAT and ascorbate content were increased significantly, compared 
to control plants. Alleviation effect of hemin was obvious on growth parameters at most salinity levels. This was associated by 
enhancement of CAT and α-amylase activities and reduction of lipid peroxidation compared to the corresponding untreated 
salinized plants. So hemin could play a central function as a signal molecule in salt tolerance of okra plants. The results of this study 
demonstrated that okra can be grown successfully using diluted seawater and the different antioxidants could partially alleviate the 
harmful effects of seawater stress that reflected on growth and some physiological changes of okra plant. According to these 
findings, it can be pronounced that the treatment of salinized okra with hemin (75 µM) may reduce the negative impact of light 
salinity stress.  
 
Keywords: Abelmoschus esculentus L.; antioxdant enzymes; α-amylase; seawater salinity. 
Abbreviations: ASA_ascorbate; CAT_catalase; hydrogen peroxide_ H2O2; •OH_hydroxyl radical; MDA_malondialdehyde; 
ROS_reactive oxygen species; SOD_superoxide dismutase, O2•_superoxide. 
 
Introduction 
 
 Currently, salinity is an increasing problem in coastal and 
agricultural areas causing a critical reduction in plant 
productivity and yield. Higher salinity concentrations 
decrease stem and root lengths, fresh weight (Mohammadi 
et al., 2018). One of the first observable responses after 
salinity imposition is the reduction in shoot growth (Negrao 
et al., 2017). Plants exposure to salt stress enhanced the 
production of reactive oxygen species (ROS) such as 
hydrogen peroxide (H2O2), superoxide (O2

−
), singlet oxygen 

(
1
O2)) and hydroxyl radical (OH

−
) (Ahanger et al., 2017; Arora 

et al. 2019). ROS causes major cellular damage represented 
in protein degradation, enzymes inactivation and lipid 
peroxidation (Pitzschke et al., 2006; Jamil et al., 2012; Zhou 
et al., 2017). Plants evolved various mechanisms to protect 
the cellular toxic oxidative stresses and maintain them at 
low levels (Choudhury et al., 2017; Serkedjieva, 2011) by 
ROS scavenging enzymes as superoxide dismutase, catalase 
and ascorbate peroxidase as well as non-enzymatic action 
such as ascorbate. The superoxide dismutase (SOD) is the 

first line of defense against ROS (Alscher et al., 2002), and 
the activity of SOD is an indication for salt tolerance and 
could be considered as criteria for tolerance selection (Hefny 
and Abdel-Kader, 2007). SOD plays a vital role in protecting 
cells from oxidative damage, by catalyzing the conversion of 
O

-
2 to H2O2 and H2O (Moran et al., 2003). The produced H2O2 

is toxic to cells and has to be further detoxified by the highly 
active catalase enzyme to water and oxygen (Demidchik, 
2015). The activities of CAT and SOD increased with the 
increasing salinity (Noreen and Ashraf, 2009; Temizgul et al., 
2016). Ascorbate peroxidase has vital defensive role against 
ROS and can catalyze the breakdown of H2O2 that is 
produced by SOD (Apel and Hirt, 2004). The ascending 
activity of antioxidant enzyme ameliorated salt resistance 
(Temizgul et al., 2016).  
Ascorbate (ASA) is a major non-enzymatic antioxidant and 
plays a crucial role in plant growth processes, cell division 
and cell wall extension (Conkin, 2001; Pastori et al., 2003; 
Nunes et al., 2019). The level of ASA in plants responded 
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directly to salinity stress and consequently plays an 
important role in mitigation of salinity stress (Zhang et al., 
2011; Azooz, 2013; Lotfy et al., 2019). However, plants with 
high ascorbate concentration showed salt tolerance 
potentials with less lipid peroxidation, high fresh weight and 
root length (Azooz and Al-Fredan, 2009; Zhang et al., 2011). 
Huang et al. (2005) detected an increase of ascorbate 
contents in Arabidopsis after salt treatment. On the other 
hand, the activity of α-amylase and protease decreased with 
the increasing salinity (Ashraf et al., 2002). Malondialdehde 
(MDA) is a reactive aldehyde produced due to the 
degradation of polyunsaturated lipids by ROS. As well as 
MDA cause toxic stress in cells and form advanced 
lipoxidation products. Moreover, MDA is a useful indicator 
for the cellular stress in animals and plants (El-Beltagi and 
Mohamed, 2013; Kong et al., 2016). 
The commercial hemin is actually ferriprotoporphyrin IX, 
which is also the prosthetic moiety for a large number of 
proteins that play essential roles in the transport of oxygen, 
mitochondrial functions, and a variety of signal transduction 
in both animals and plants (Conroy et al., 1982; Suzuki et al., 
1995). Additionally, ferriprotoporphyrin IX and its derivatives 
are related to the synthesis of chlorophyll as well as 
phytochrome chromophore, where a ferrochelatase 
catalyzes heme formation by the insertion of Fe

2+ 
into the 

protoporphyrin IX nucleus (Shekhawat and Verma, 2010). It 
was further known that hemin up-regulates heme 
oxygenase-1 (HO

-1
), an intracellular enzyme that catalyzes 

the initial and rate-limiting step in the oxidative degradation 
of heme, and generates biliverdin (BV), free iron (Fe

2+
), and 

carbon monoxide (CO) (Ryter et al., 2002; Devadas and 
Dhawan, 2006).   Some investigations of the functional roles 
of hemin and HO/CO system in plants, including the 
hormone-like effects on adventitious root and lateral root 
formation (Cao et al., 2011) and the protection against 
salinity stress (Xie et al., 2011). Carbon monoxide and NaCl 
solution, when were present together, greatly promoted 
germination process by promoting the activities of amylase 
in wheat (Xu et al., 2006). 
Application of β -cyclodextrin–hemin complex treatments 
enhanced cucumber adventitious root formation (Lin et al., 
2012). Similar results were obtained by Li et al. (2015) while 
Fu et al. (2011) detected amelioration of toxic effect of 
cadmium by hemin treatments. Jin et al. (2013) concluded 
that alfalfa plants displayed enhanced tolerance to oxidative 
stress induced by parquet- herbicide when treated with 
hemin. This enhancement was exhibited by alleviation of the 
inhibition of root growth, reduced lipid peroxidation and the 
decreased hydrogen peroxide and superoxide anion radical 
levels. The activities and transcripts of antioxidant enzymes 
were induced after exposure to hemin. Hemin mitigated the 
effect of salt stress on plant height, fresh and dry weight of 
plants, succulence and leaf area and the mitigation 
enhanced with the increase of hemin concentrations (Abd 
El-Monem et al., 2013). However, the increasing soil and 
water salinity is the most important constraint that faces 
crop production in Al-Ahassa region. The cultivated soil of 
Al-Ahassa is highly saline due to irrigation by highly saline 
water in addition to the shallow ground water table (Al-
Barrak, 1997). One of the very successful crops that widely 
cultivated in Al-Ahassa is the locally famous Hassawi okra 
(Albamia Alhasawia). The okra plant is sensitive to salinity 
especially in the early stage of its growth (Habib et al., 2016). 

Okra (Abelmoschus esculentus L.) belongs to the family 
malvaceae and it is annual, often cross-pollinated vegetable 
of tropical and subtropical regions. This study investigated 
the effects of 1.8, 3.6, 5.4 and 7.2 dsm

-1
 seawater salinity 

levels with or without hemin treatment on okra plants to 
enrich the capacity of okra research and improve the 
understanding the knowledge on use of hemin for 
amelioration of salinity effect on growth and quality of okra 
plants, irrigated with different saline levels. However, the 
information of okra plants and foliar application of hemin 
and its effect on the tolerance to saline stress needs further 
studies. Thus, studies that allow for the utilization of hemin 
in okra acclimation to saline stress become important for its 
full development in the semi-arid region of Saudi Arabia. 
Thus, further studies need to be performed to evaluate the 
effects of exogenous application of hemin on the growth 
and some physiological changes of okra plants irrigated with 
seawater with different saline levels 
 
Results and discussion 
 
Effect of seawater stress and foliar application with hemin 
on growth parameters  
  
Data exhibited in Table 1 indicated that salinity stress 
reduced sharply shoot length, root length, fresh weight and 
dry weight of okra plants. However, a highly significant 
alleviation was shown in shoot length (53.31%) and dry 
weight (139.13%) when treatment with hemin at the lower 
salinity level (1.8 dsm

-1
) compared to corresponding 

salinized plants. After that, hemin application caused 
insignificant increase in shoot length, root length, fresh 
weight, and dry weight of okra plants compared to salinized 
okra plants.  When plants are exposed to high salinity 
conditions, water stress occurs (Akrami and Arzani, 2018). 
Salinity causes critical plant cell injuries, less chlorophyll 
content and less mineral uptake leading to altered 
photosynthesis efficiency and retarded growth (Yeo, 1998; 
Carter et al., 2005). Similar stress complications were also 
found in the present study represented by significant 
reduction in shoot length, root length, fresh and dry weights 
after treatment with salinity for 6 weeks. The osmotic effect 
resulting from soil salinity may cause disturbances in the 
water balance of the plant (Saffan, 2008), including a 
reduction of turgor and inhibition of growth. At the whole 
plant level the effect of stress is usually perceived as a 
decrease in photosynthesis and growth (Rahdari and 
Hoseini, 2012), and is associated with alteration in carbon 
and nitrogen metabolism (Yordanov et al., 2003). The result 
confirmed opinions of others (Simzu et al., 2008; Fu et al., 
2011; Abd El-Monem et al., 2013) who detected hemin 
amelioration of stress toxicity at least at low salinity 
concentration. 
 
Effect of seawater stress and foliar application with hemin 
on some antioxidant enzymes activities and ascorbate 
content 
 
The activity of superoxide dismutase was increased with the 
increase of seawater salinity from 10.18 at 1.8 dsm

-1
 salinity 

(the lowest level) to 12.08 nmol/min/ml at 7.2 dsm
-1

 salinity 
(the highest level) than control (9.11 nmol/min/ml) (Table 
2).   At   treatment   with  hemin,  SOD  activity  had  a   non- 
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Table 1. Effect of seawater salinity (dsm

-1
) and hemin (75 µM) on root length (cm), shoot length (cm), fresh weight (g/ plant) and 

dry weight (g/plant) of okra plants. Values are means of three replicates. ± Standard deviation (SD). Statistical significance of 
differences compared to control: significant   at P<0.05; **significant at P<0.01. 

Treatments Seawater 
salinity levels 
 ( dsm

-1
) 

Root Length  
(cm) 

Shoot length  
(cm) 

Fresh weight 
(g/plant) 

Dry weight 
(g/plant( 

Control 0.0 23.32±0.64 24.26±1.77 11.80±1.85 1.07±0.08 

Without 
 hemin 

1.8  19.10±2.75 13.41±0.62** 2.22±0.69** 0.23±0.02** 
3.6  12.64±1.52** 12.66±1.65** 1.25±0.24** 0.22±0.06** 
5.4  12.04±0.07** 12.19±2.09** 0.88±0.18** 0.21±0.02** 
7.2  11.41±0.61** 8.27±1.95** 0.64±0.13** 0.05±0.01** 

With 
 hemin (75 µM)  

0.0 27.56±7.36 29.86±0.93** 14.97±2.01** 1.58±0.07** 
1.8  22.51±1.94 20.56±1.93** 2.51±0.33** 0.55±0.04** 
3.6  14.42±2.57** 14.05±0.61** 1.57±0.61** 0.24±0.06** 
5.4  13.97±0.15** 12.71±0.89** 0.94±0.18** 0.22±0.02** 
7.2  11.57±1.42** 8.19±0.42** 0.70±0.01** 0.05±0.02** 

LSD 5% 4.73 2.42 1.57 0.08 
LSD 1% 6.45 3.31 2.14 0.1 

 
 
Table 2. Effect of Gulf water salinity (dsm

-1
) and hemin (75 µM) on superoxide dismutase activity (nmol/min/ml), catalase 

activity (nmol/min/ml) and ascrobate (µM HCHO/µg protein) of okra plants. Values are means of three replicates. ± Standard 
deviation (SD).Statistical significance of differences compared to control: significant   at P<0.05; **significant at <001. 

Treatments Seawater 
salinity levels 

( dsm
-1

) 

Superoxide dismutase 
activity ((nmol/min/ml) 

Catalase activity 
(nmol/min/ml) 

Ascrobate (µM 
CHO/µg protein) 

Control 0.0 9.11±1.07 18.39±0.30 577.00±10.02 

Without hemin 

1.8 
 

10.18±1.05 36.20±1.80** 580.48±19.49 
3.6  10.44±0.46 39.30±1.70** 635.75±4.99** 
5.4  11.65±0.39** 48.85±1.13** 1337.92±19.25** 
7.2  12.08±1.92** 39.92±0.98** 1033.00±21.52** 

With 
hemin (75 µM) 

0.0 10.54±0.54 22.83±1.19** 709.33±10.69** 
1.8  11.20±0.10** 36.68±0.32** 596.81±8.90 
3.6  10.20±0.20 62.42±1.58** 654.46±9.60** 
5.4  10.53±0.53 59.73±1.34** 1334.85±9.95** 
7.2  12.07±1.94** 46.84±1.08** 1074.68±72.67** 

LSD 5% 1.75 2.11 45.07 
LSD 1% 2.4 2.88 61.48 

 
 

Table 3. Effect of Gulf water  salinity at P<0.05.; **significant at P<001on Protease (µmol tyr/ mg protein), α-amylase ( mg 
starch/min) and Malodialdehyde (µmol/g fresh weight)  of okra plants. Values are means of three replicates. ± Standard deviation 
(SD). Statistical significance of differences compared to control: significant   at P<0.05; **significant at P<001. 

Treatments Seawater 
salinity levels 

( dsm
-1

) 

Protease  
(µmol tyr/ mg 
protein) 

α-amylase 
( mg starch/min) 

Malodialdehyde was 
(µmol/g fresh weight) 
 

Control 0.0 1.48±0.11 1.81±0.29 1.19±0.20 

Without  
hemin 

1.8  1.23±0.23 1.96±0.14 1.36±0.35 
3.6  0.96±0.16** 1.67±0.26 1.47±0.07 
5.4  1.10±0.08** 1.44±0.23 1.47±0.11 
7.2  0.91±0.21** 1.45±0.08 1.58±0.21* 

With 
hemin (75 µM) 

0.0 1.11±0.10** 1.73±0.13 1.17±0.16 
1.8  1.26±0.20 2.30±0.30* 1.27±0.18 
3.6  0.85±0.17** 2.07±0.22 1.29±0.11 
5.4  0.80±0.01** 1.89±0.29 1.28±0.31 
7.2  0.83±0.15** 1.78±0.19 1.14±0.13 

LSD 5% 0.26 0.38 0.34 
LSD 1% 0.36 0.52 0.46 
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significant change compared with the corresponding 
salinized levels. The changes in catalase (CAT) activity in 
response to treatment with salinity and/or hemin are 
illustrated in Table 2. Salinity showed a highly significant 
increase in CAT activity at all seawater salinity used. Foliar 
application of hemin strengthened and increased the activity 
of CAT enzyme when compared to seawater salinity 
treatments alone. 
Data presented in Table 2 showed that seawater salinity 
and/or hemin have positive impacts on ascorbate content in 
okra plant. The increase in ascorbate was highly significant in 
all treatments, since the maximum increase arrived 131.7% 
at 5.4 dsm

-1
 salinity than control.  

The activity of defense enzymes SOD and CAT in our study 
exhibited increase with the increasing salinity level. These 
results have been reported (Temizgul et al. 2016; Trevizan et 
al., 2019). Other evidences have shown that hemin could 
prevent oxidative injury. Accordingly, our results showed 
that hemin treatment caused enhancement in activity of 
CAT at most seawater salinity levels. However, the effect of 
hemin on SOD activity was inconspicuous. For ascorbate, the 
improvement in its content was highly significant at all 
salinity levels. Nunes et al. (2019) showed that ascorbic acid 
at concentrations of 0.50 mM allowed the development of 
more vigorous seedlings and the reduction of membrane 
damage caused by oxidative stress in cowpea plants. These 
results support the reports of Lin et al. (2012) in cucumber, 
and Li et al. (2015) in tomato that used hemin to generate 
considerable enhancement of tolerance against stress 
toxicity. Xu et al. 2011 reported that hemin could  increase 
the activity of antioxidant enzymes, including superoxide 
dismutase (SOD), catalase (CAT), and ascorbate peroxidase 
(APX), consequently resulting in the alleviation of oxidative 
injury caused by salinity stress. It could be concluded that 
hemin could reinforce the HO expression conferred by 
seawater stress, which could be regarded as a mechanism of 
cell protection against oxidative damage. 
 
Effect of seawater stress and foliar application with hemin 
on protease activity, α-amylase activity and 
malondialdehyde concentration  
 
The results in Table 3 showed that protease activity 
significantly decreased in plants grown under salinity in 
absence or presence of hemin compared to the control. 
While, α- amylase activity increased to maximum 1.96 mg 
starch/min at 1.8 dsm

-1
 against the control, and then 

decreased with the increase of seawater salinity. Application 
of hemin increased α-amylase activity compared to the 
corresponding plants treated with seawater salinity levels 
only. The reduction in α-amylase and protease activities with 
the increasing of salinity levels in the present work were in 
harmony with the other reports which showed similar 
results (Ogra and Baija, 1982; Ashraf et al., 2002). Significant  
enhancement for α-amylase activity was exerted by hemin 
compared to the corresponding untreated salinized plants. 
This attributed to that hemin could significantly reduce the 
inhibition of seed germination and then seedling growth and 
enhance amylase activity, therefore accelerating the 
formation of reducing sugar and total soluble sugar (Xu et 
al., 2011). The previous studies showed that, hemin and 
NaCl solution, when were present together, greatly 
promoted germination process by enhancing the activities of 

amylase in wheat (Xu et al. 2006) and rice seeds (Liu et al. 
2007) The results  in (Table 3) showed a gradual increase in 
malondialdehyde (MDA) concentration with the increase of 
seawater salinity. Conversely, when treatment with hemin, 
MDA decreased compared to the corresponding hemin-
untreated salinized plants. However, there are a highly 
significant decrease in MDA at 7.2 dsm

-1
. MDA is a useful 

indicator of stress in plants (El-Beltagi and Mohammed, 
2013; Kong et al., 2016). In the present study, MDA 
concentration was directly proportional to salinity 
concentrations. It showed a gradual significant increase with 
increasing seawater levels compared to control.. The 
significant increase of MDA in plants, exposed to seawater 
stress indicated that increase of lipid peroxidation in 
salinized plants led to disorder of plasmatic membranes, 
resulting in increase of MDA content. Free radicals produced 
by salinity stress enhanced lipid peroxidation and protein 
degradation (Pitzschk et al., 2006). Foliar spraying of okra 
with hemin, as shown by results ameliorated production of 
reactive aldehyde (MDA) and enhances salinity tolerance 
especially at the lower salinity level. 
 
Materials and Methods 
 
Plant materials and growth conditions 
 
Albamia Alhasawia (okra) seeds were grown on plastic bags 
containing approximately 10 kg of air-dried loam soil and 
compost (1:1). The bags were fitted with holes in the bottom 
for drainage surplus liquid. The study was conducted in 
plastic greenhouse in Hofouf, Saudi Arabia. The seawater 
used for irrigation in this study was brought from Arabian 
Gulf at Augare area, 40 km from Hofuf. Salinity of seawater 
estimated to be 57g/L (John et al. 1990) equal to 441.47 
mmol/L.  Distilled water was used to dilute seawater to four 
levels of EC (00 (control), 1.8, 3.6, 5.4and 7.2 dsm

-1
). Three 

groups of okra seeds were used. In the first group, the okra 
seeds were grown in 1.8, 3.6, 5.4 or 7.2 dsm

-1
 seawater 

salinity. The seeds in the second group were grown in the 
same seawater concentrations and treated with hemin (75 
µM) as foliar spraying every three days (starting from the 3

rd
 

week). The third group was the control and was grown in 
distilled water. Hemin (Hemin, from bovine, ≥90%, Sigma-
Aldrich) (75 µM) was prepared by dissolving 0.489 g of 
hemin in 0.5 ml of 1 M sodium hydroxide and completed to 
1 L by distilled water. Shoot length, root length, fresh weight 
and dry weight were measured at 6

th
 week. For fresh weight 

harvested plants were rinsed with distilled water, dried with 
papers and weighed. Plant material was dried at 80º C to dry 
constant weight in an aerated oven. Leaves were collected 
on weeks six for biochemical analysis.  
 
Assays of some antioxidant enzyme activities, ascorbate 
and MDA 
 
Extraction of antioxidant enzymes, ascorbate and MDA  
 
Okra leaves (0.5 g) were ground in liquid nitrogen and 
homogenized in 3ml of 0.1M sodium phosphate buffer pH 
7.8 containing 1mM EDTA, 1mM phenylmethylsulfonyl 
fluoride and 20 mg of polyvinylpolypyrrolidone at 4Cº. The 
homogenate was centrifugated at 16000 rpm for 15 min at 
4Cº and the supernatant was immediately made to 40% 
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glycerol. The supernatants were used for determination of 
SOD and CAT activities and ascorbate as well as MDA and 
total protein levels. 
 
Assay of some antioxidant enzyme activities and ascorbate 
content 
 
Assay of superoxide dismutase activity 
 
SOD (EC 1.15.1.1), activity was measured according to 
McMillan-Crowet et al. (1996), and McCord and Fridovich 
(1969). 
 
Assay of catalase activity 
 
Catalase (EC 1. 11. 1. 6)  assay followed Johansson and Borg 
(1988). The activity of catalase was estimated by the 
decrease of absorbance at 240 nm for 1 min as a 
consequence of H2O2 consumption.  
SOD and CAT activities and ascorbate level were assayed as 
described by kits suppliers (Cayman Chemical Company, 
USA). CAT and ascorbate level was quantified (µM HCHO/µg 
protein) following Vislisel et al. (2007). 
 
Protease (EC 3.4.21.40) activity  
 
Protease was extracted by homogenizing of 0.3 g of leaves in 
0.1M Tris-HCl, pH 6.8 containing 1.0 mM EDTA and 10% 
glycerol. Protease activity was determined following the 
method of Anson (1938) and Lowry et al. (1951) with 
modifications to suit the microplate procedure. 500 µL of 
0.65% casein was added to 100 µL of sample homogenate 
and incubated at 37ºC for 10 min.  The reaction was 
terminated with addition of 100 µL of 110 mM 
trichloroacetic acid. The mixture was incubated at 37ºC for 
20 min and centrifuged was at 14000 rpm for 10 min. A 
volume of 1.25 ml of sodium carbonate (500mM) was added 
to 600 µL of the supernatant with 250 µL of diluted folin 
reagent (0.5M). The reaction was read at 660 nm and the 
protease activity was determined using tyrosine standard 
curve (µmol tyr/ mg protein).    
 
α- amylase (EC 3.2.1.1) activity 
 
Okra leaves were homogenized in 2.5 ml of 0.075 M sodium 
phosphate buffer pH 7.25 containing 20% (w/v) sucrose that 
was stored overnight at 4 ºC in a polyethylene tube. The 
extract was centrifuged at 16000 rpm for 10 min. The 
activity of α-amylase was assayed following Chrispeel and 
Varner (1967). 40 µL of sample was mixed with 40 µL 0.2% 
starch in Eppendorf tube. The mixture was incubated in 
water bath at 50 ºC for 30 min. The reaction was stopped by 
addition of 20 µL of 1M HCl. 100 µL of iodine reagent (5 mM 
iodine+5mM KI). A volume of 150 µL of iodine-treated 
sample was transferred separately to a 96-well transparent 
flat-bottom plate. The produced blue color absorbance was 
read at wavelength 580 nm on a plate reader. A blank was 
prepared with same procedure using distilled water instead 
of the sample. The enzyme activity was expressed as mg 
starch/min. 
 
 
 

Lipid peroxidation 
 
Malodialdehyde (MDA) was determined using the method of 
Peever and Higgins (1989). 600 µL of 0.5% thiobarbituric acid 
(TBA) in 20% trichloroacetic acid was added to 100 µL of 
sample loaded on microplate. The mixture was heated at 95 
ºC for 30 min with shaking. The reaction was quickly cooled 
in an ice water bath and then centrifuged at 10000 rpm for 
10 min. The MDA-TBA complex was read at 532 and 600 nm. 
The MDA content was calculated using absorption 
coefficient of 155 µmol/g.  
 
Protein contents 
 
Protein assay was carried out following Ohmishi Barr (1978). 
Total protein concentration (ug protein/100 ul sample) was 
calculated from standard curve (standard protein: 100 mg 
bovine serum albumin (BSA/1o ml phosphate buffer saline 
(pH 7.4).   
 
Statistical analysis  
  
The experiments were designed as completely randomized 
with three replications. The experimental data were 
statistically analyzed by ANOVA. Data were compared using 
the least significant difference (LSD) test at 5% (*) and 1% 
(**) levels (Snedecor and Cochran, 1980).  
 
Conclusion  
 
Our results suggest that seawater stress negatively 
influences the growth of okra plants and encourages the 
production of ROS. Salinity induces reactive oxygen species 
ROS producing defensing antioxidant system SOD & CAT and 
ascorbate which consequently, would act as a signaling 
molecule generating antioxidant defenses. Moreover, 
reactive oxygen species would cause lipid peroxidation. The 
results of this study demonstrated that okra can be grown 
successfully using diluted seawater and the different 
antioxidants could partially alleviate the harmful effects of 
seawater stress. Hemin could increase the activity of 
antioxidant enzymes, including superoxide dismutase (SOD) 
and catalase (CAT), consequently resulting in the alleviation 
of oxidative injury caused by salinity stress. Contrariwise, the 
application of hemin could be well used to promote growth 
at low salt stress and plants innate antioxidant defense 
potentials especially CAT, thus resulting in the diminution of 
oxidative damage, as indicated by the decrease of lipid 
peroxidation. 
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