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The objective of  the present study was to protect the growth of  Abelmoschus esculentus var. Clemson spineless 
(okro) using salicylic acid (SA) in soil subjected to aluminium (Al) toxicity and Al chelated with 

-1ethylenediaminetetraacetic acid (EDTA). Okro plants were grown in soil contaminated with Al (1.5g kg ) in the 
following combinations: Al, Al+SA, Al+EDTA, Al+SA+EDTA and a control (water). The growth parameters 
were studied over a period of  ten weeks while the total sugar and total chlorophyll contents were determined at 

ththe 10  week of  growth. Al toxicity caused significant reductions  (57-84%) in all growth parameters (plant 
height, fresh and dry shoot weight, fresh and dry root weight, leaf  area, stem girth, fruit fresh and dry weight, fruit 
number) except the Net assimilation rate, Leaf  area ratio and Relative growth rate. Treatment of  stressed plants 
with SA improved the growth parameters by 17 - 165%, total soluble sugar by 140% and total chlorophyll by 
22%. Plants subjected to chelated Al (EDTA + Al) exhibited much greater reductions in growth than those 
grown in Al only. Treatment of  stressed plants with SA under chelated Al toxicity (Al + SA + EDTA) improved 
the Growth parameters by 18% - 150%, total sugar by 130% and total chlorophyll by 140% but the impact was 
less than that of  non chelated Al (Al+SA). Al toxicity caused marked reductions in growth parameters, 
chlorophyll and sugar contents but chelating Al with EDTA resulted in much more decrease in these parameters. 
SA exhibited higher ameliorative capacity when plants were exposed to non chelated Al toxicity.
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INTRODUCTION
Aluminium (Al) is the most abundant metal in the 
earth's crust, comprising about 7% of  its mass. 
Since many plant species are sensitive to micro 
molar concentrations of  Al, the potential for soils 
to be Aluminium-toxic is considerable. 
Fortunately, most of  the Aluminium is bound by 
ligands or occurs in other non-phytotoxic forms 
such as aluminosilicates and precipitates. 
However, solubilization of  this Aluminium is 
enhanced by low pH.  Al toxicity is a major factor 
limiting plant production on acid soils. Soil 
acidification can develop naturally when basic 
cations are leached from soils, but it can be 
accelerated by some farming practices and by acid 
rain (Kennedy, 1986). Strategies to maintain 
production on these soils include the application 
of  lime to raise the soil pH and the use of  plants 
that are tolerant to acid soils.

Inhibition of  root and shoot growth is a visible 
symptom of  Al toxicity. The earliest symptoms 
concern roots. Shoots in contrast to the situation 
observed for Manganese toxicity are less affected 
(Chang et al., 1999). Root stunting is a 
consequence of  Al-induced inhibition of  root 

elongation. Roots are usually stubby and brittle 
and root tips and lateral roots become thick and 
may turn brown (Mossor-Pietraszewska et al., 
1997). Such roots are inefficient in absorbing 
both nutrients and water. Young seedlings are 
more susceptible than older plants. Aluminium 
apparently does not interfere with seed 
germination, but does impair the growth of  new 
roots and seedling establishment (Nosko et al., 
1988).

The common responses of  shoots to Al include: 
cellular and ultrastructural changes in leaves, 
increased rates of  diffusion resistance, reduction 
of  stomata aperture, decreased photosynthetic 
activity leading to chlorosis and necrosis of  
leaves, total decrease in leaf  number and size, and 
a decrease in shoot biomass (Thornton et al., 
1986). Accumulating evidence shows that 
Aluminium affects photosynthesis (Pereira et al., 
2000), photoprotective systems (Chen et al., 
2005), water relations (Simon et al.,1994), 
carbohydrate content (Graham, 2002), mineral 
nutrition (Lidon et al., 1999), organic acid 
metabolism (Watanabe et al., 2002), and nitrogen 
metabolism (Xiao, 2002) in plant shoot. 
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Salicylic acid (SA) is considered to be a plant 
hormone-like substance which plays an important 
role in the regulation of  plant growth and 
development, seed germination, fruit yield, 
glycolysis, flowering, and heat production in 
thermogenic plants (Klessig et al., 1994). The rates 
of  photosynthesis, stomata conductance, and 
transpiration could also be affected by the 
application of  SA (Khan et al., 2003). Exogenous 
application of  SA induces biotic and abiotic stress 
tolerance in crops, including increased cold 
tolerance of  germination in pepper (Korkmaz, 
2005), chilling tolerance in cucumber (Kang et al, 
2002) and in maize (Janda et al., 2000), salinity 
tolerance in barley (El-Tayeb, 2005), improved 
heat shock tolerance in mustard (Dat et al., 1998), 
and a decrease in the inhibitory effects of  drought 
stress on tomato, bean, amaranth (Senaratna et al., 
2000; Umebese et al., 2009), and wheat 
(Sakhabutdinova et al., 2003); it also elicits 
tolerance to toxic metals (Strobel et al., 1995). SA is 
known to play an important role in modulating the 
redox balance across membranes, thereby 
counteracting the negative effects of  reactive 
oxygen species (ROS) generated by oxidative 
stress (Yang et al., 2004) by increasing the activity 
of  anti-oxidant enzymes such as superoxide 
dismutase (Singh et al., 2003). 

Ethylenediaminetetraacetic acid (EDTA) is a 
hexadentate (six toothed) ligand and chelating 
agent often found to be the most effective 
chelating agent with the ability to sequester metals 
such as copper, manganese, iron, lead and cobalt 
(Blaylock et al., 1997). It improves metal build up 
in the shoot of  plants because it develops a metal 
chelate complex which enhances its movement 
within the plant, increasing its transport from root 
to aerial parts (Turgut et al., 2004). EDTA has been 
shown to induce improved plant growth when 
used as a chelate for zinc (Salama et al., 2012).

This study investigates the ameliorative impact of  
salicylic acid on the growth of  Abelmoschus 
esculentus in soils contaminated with Al and Al 
chelate.

 
MATERIALS AND METHODS 
 
The seeds of  Abelmoschus esculentus var Clemson 

spineless (okro) were collected from the 
Institute of  Agriculture Research and Training 
(IART) Ibadan. Seeds were surface-sterilized 
with sodium hypochlorite solution (1%) for 15 
minutes, and washed thoroughly with distilled 
water before planting.

 Experimental Procedure
 The present study was carried out in the Botanic 
Garden of  the University of  Lagos from May to 
July 2013. Seeds were sown in nursery for two 
weeks before transplanting into pots. 400kg of  
surface soil (0.15 m) was collected from the 
agricultural field, air-dried and uniformly mixed 
with 400 g of  NPK. The soil was divided into five 
batches of  20 pots (19.5cm x 19.5cm) each filled 
with 4 kg of  soil. Treatments were as shown 
below: Batch 1 was the control where plants were 
not subjected to Al stress (water only); Batch 2 
plants were subjected to 3.35 g Al (30g 
AlCl .H O); Batch 3 plants were subjected to Al 3 2

and 0.01 M Salicylic acid (SA). In preliminary 
investigations, 3.35 g Al together with 3 mM 
Ethylenediamine-tetraacetic acid (EDTA) killed 
all the plants. Therefore, in Batch 4 plants were 
subjected to half  concentration of  Al (1.675 g) 
and 3 mM EDTA and Batch 5 plants were 
subjected to 1.675 g Al + 3 mM EDTA+ 0.01 M 
SA.

The experimental set up was housed under a 
transparent plastic shade that permitted good air 
flow and sunlight penetration but excluded 
incident rainfall. Plants were arranged in a 
Randomized Complete Block Design with three 
replicates. Four plants were transplanted into 
each pot which was thinned to two plants per pot 
after the first week. Heavy metal and chelant 
were applied twice to each pot, three days after 
transplanting and three days before the final 
harvest. 

Growth Analysis
Three replicates of  plants were harvested from 
each of  the batches at 4, 6, 8 and 10 weeks after 
planting. Growth parameters measured include 
plant height, leaf  area, fresh and dry weights of  
root, shoot and the whole plant, fruit number, 
fruit fresh and dry weights, net assimilation rate 
(NAR), leaf  area ratio (LAR) and relative growth 
rate (RGR).
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The leaf  area (LA) of  plants was determined as 
outlined by Eze (1965). Each leaf  was carefully 
traced on paper and the leaf  traces were weighed. 

2100 cm  of  the same paper was weighed to give the 
standard weight (SW) using Mettler electronic 
balance. The leaf  areas of  the leaf  traces (LT) were 
determined using the formula:

2
    LA   =     W of  LT (g) X standard area (100cm )

                                      SW (g)
o

Plants were dried in an oven at 80 C for 3 days. 
Thereafter, the dry weight of  the whole plant, 
shoot and the root were taken. Leaf  area ratio 
(LAR), Net assimilation rate (NAR) and Relative 
growth rate (RGR) were determined using the 
appropriate mathematical expression as outlined 
by Noggle and Fritz (1976)

Determination of  Sugar Content
Five hundred milligrams of  powdered samples 
were extracted for 6 h with 50 ml boiling 80% 
ethanol using a Soxhlet extractor, dried and 
redissolved in 5ml distilled water.  1ml of  5% 
(w/v) phenol was added to 1ml extract and 5ml 
concentrated sulphuric acid was quickly dispensed 
into the mixture and allowed to cool (Dubois et al., 
1956). The optical density was taken at 490 nm 
using a Corning Spectrophotometer 258.

Estimation of  Chloropyll Content
Chlorophyll content of  okro was determined 
using the method of  Arnon and Withom (Arnon, 
1949; Withom et. al., 1971). Pigments were 
extracted from 100 mg fresh leaves in 80% acetone 
and the absorption at 665, 663, 649 and 626 mm 
were read in a spectrophotometer using the 
absorption coefficient and the amount of  
chlorophyll was calculated. The amount of  
chlorophyll a and b present in the leaf  extract was 
expressed in terms of  mg chlorophyll per gram 
leaves.

RESULTS

The impact of  Al toxicity on okro grown in soil 
treated with toxic concentration of  Al and the 
ameliorative impact of  salicylic acid (SA) and 
chelation with EDTA on plant height, root length, 
stem girth and leaf  area, are shown in Figs. 1, 2, 3 
and 4, respectively. Al toxicity caused significant 

decrease in plant size, when compared with the 
control. Generally, plants subjected to Al+EDTA 
exhibited the least size followed by those grown in 
Al+EDTA+SA even at half  strength of  Al. SA 
enhanced the size of  plants under Al toxicity both 
in  non-che la te  (Al+SA)  and che la te  
(Al+EDTA+SA) batches but the ameliorative 
impact was greater in the absence of  EDTA. 
However, the size of  the control plants was 
significantly higher (P= 0.05) than all treatments.
 
The impact of  Al toxicity on the plant part dry 
weights (shoot, root) is shown in Figs. 5 and 6. 
Weight changes in plant part apparently followed 
the pattern of  size increase in the earlier figures. 
Plants subjected to any combination with EDTA 
had the least dry weight. SA-treated plants 
exhibited significantly improved growth under Al 
toxicity, with or without the chelate. It appears 
that the roots of  okro are more sensitive to Al 
toxicity than the shoots as shown by the marked 
fall in root dry weight in stressed plants.

The impact of  Al toxicity on fruit number and 
fruit weight (Figs. 7 and 8) is not as pronounced as 
its impact on other plant organs. SA enhanced 
fruit production in stressed plants, above that of  
the control. In the presence of  EDTA, fruit 
reduction was significant and the impact of  SA on 
fruit weight was significant. 

Table 1 shows the impact of  non-chelated and 
chelated Al toxicity on Leaf  Area Ratio, Net 
Assimilation Rate and Relative Growth Rate of  
okro and the ameliorative effect of  SA. Results 
show no obvious differences in these parameters 
between the stressed and unstressed plants. 

Figures 9 and 10 show the impact of  Al toxicity 
on the leaf  sugar and chlorophyll contents of  
okro leaves and the ameliorative effect of  SA 
under chelated and non chelated Al. The control 
had the highest total soluble sugar. The 
percentage of  the total soluble sugar relative to 
the value of  the control is 29%, 69%, 8% and 23 
% for Al, Al+SA, Al+EDTA and Al+SA+EDTA 
respectively. Though SA showed varying 
ameliorative effects, the values were still 
significantly lower than the control. Total 
chlorophyll content in the control, Al+SA and 
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Al+SA+EDTA showed no significant differences 
(P=0.05). Plants subjected to Al and Al+EDTA 
had the lowest total chlorophyll content with 

-1 -10.2±0.0458 mg g  and 1.453±0.0322 mg g  
respectively.

Fig. 1: Plant height of  okro plants subjected to Al, Al+SA, Al+EDTA and Al+SA+EDTA. At each 
harvest treatments represented by similar letters are not significantly different (P= 0.05) according 
to Tukeys multiple comparison test

Fig. 2: Root length of  okro plants subjected to Al, Al + SA, Al + EDTA and Al + SA + EDTA. At 
each harvest treatments represented by similar letters are not significantly different (P= 0.05) 
according to Tukeys multiple comparison test.

Fig. 3: Stem girth of  okro plants subjected to Al, Al+SA, Al+EDTA and Al+SA+EDTA. At each 
harvest treatments represented by similar letters are not significantly different (P= 0.05) according to 
Tukeys multiple comparison test.
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Fig.4: Leaf  area of  okro plants subjected to Al, Al+SA, Al+EDTA and Al+SA+EDTA. At each 
harvest treatments represented by similar letters are not significantly different (P= 0.05) according to 
Tukeys multiple comparison test.

Fig 5: Shoot dry weight of  okro plants subjected to Al, Al+SA, Al+EDTA and Al+SA+EDTA. At 
each harvest treatments represented by similar letters are not significantly different (P= 0.05) 
according to Tukeys multiple comparison test

Fig. 6: Root dry weight of  okro plants subjected to Al, Al+SA, Al+EDTA and Al+SA+EDTA. At 
each harvest treatments represented by similar letters are not significantly different (P= 0.05) 
according to Tukeys multiple comparison test.
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Fig. 7: Fruit number of  okro plants subjected to Al, Al + SA, Al + EDTA and Al + SA + EDTA. At 
each harvest treatments represented by similar letters are not significantly different (P= 0.05) 
according to Tukeys multiple comparison test.

Fig. 8: Fruit dry weight of  okro plants subjected to Al, Al + SA, Al + EDTA and Al + SA + EDTA. At 
each harvest treatments represented by similar letters are not significantly different (P= 0.05) 
according to Tukeys multiple comparison test.

Table 1: Leaf  Area Ratio, Net Assimilation Rate and Relative Growth Rate of  Okro Plants Subjected 
to Al, Al+SA, Al+EDTA and Al+SA+EDTA.

 CONTROL Al Al+SA Al+EDTA Al+SA+EDTA 
 

 

 

 

 

 

 

 

 

 

 

 

LAR 21.92±7.83a 16.92±5.47a 21.25±7.24a 9.588±5.99a 18.48±8.19a 

NAR 0.0143±0.01a 0.01864±0.011a 0.0133±0.01a 0.04881±0.03a 0.02392±0.02a 

RGR 0.344±0.34a 0.333±0.25a 0.315±0.30a 0.544±0.52a 0.566±0.72a 
 

Treatments represented by similar letters on the same row are not significantly different (P= 0.05) according 
to Tukeys multiple comparison test.
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DISCUSSION 

Abelmoschus esculentus is sensitive to high 
-1concentration of  aluminium (1.5g kg  soil). 

Chelating the Al with Ethylenediamine-tetraacetic 
acid (EDTA) compounded the inhibitory effect 
of  Al on the growth of  Abelmoschus esculentus var 
Clemson spineless (okro). This is in agreement 
with the findings of  Yue-bing et al. (2009) that the 
application of  EDTA and citric acid had 
inhibitory effects on plant growth and survival. 
Besides, synthetic chelating agents at high 

temperature can also be toxic to plants (Luo et al., 
2005).

Aluminium toxicity caused significant reductions 
in leaf  area, plant height, root length, stem girth, 
root weight and shoot weight and the presence of  
EDTA in the medium caused more negative 
impact on these parameters. The reduction of  
root elongation by EDTA was also observed by 
Wang et al. (2008) and Chen et al. (2010). Piechalak 
(2003) suggested that the presence of  EDTA 
affects negatively the balance of  minerals such as 

Fig. 9: Total soluble sugar of  Abelmoschus esculentus treated with Al, Al + SA, Al + EDTA and Al + SA + 
EDTA. At each harvest treatments represented by similar letters are not significantly different (P= 
0.05) according to Tukeys multiple comparison test.

Fig 10: Total chlorophyll content of  okro plants subjected to Al, Al+SA, Al+EDTA and 
Al+SA+EDTA. At each harvest treatments represented by similar letters are not significantly 
different (P= 0.05) according to Tukeys multiple comparison test.
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Cu, Zn, Fe and Ca which leads to disturbances in 
cell metabolism and destabilization of  biological 
membranes. An additional danger is connected 
with the formation of  EDTA chelates with ions 
of  metals necessary in the functioning of  plants 
which may lead to disturbances in basic 
metabolism. Luo et al. (2005) found that the dry 
biomass of  shoots decreased up to 60% and 52% 
than in the control of  corn, and 76% and 61% for 
beans, respectively, on the 14th day after the 
application of  EDTA and EDDS. The negative 
impact of  EDTA is also supported by Sinhal et al. 
(2010) who showed that Cu, Zn, Pb and Cd 

-1
combination with 30 mg l  concentration of  
EDTA and citric acid caused significant reduction 
in growth of  marigold in terms of  plant heights, 
fresh weight, total chlorophyll, carbohydrate and 
protein content. Studies also showed the adverse 
effect of  EDTA on the growth of  Indian mustard 
(Vara, 2003).

Ethylenediamine-tetraacetic acid does not 
stimulate negative impact on plant growth 
subjected to toxic concentrations of  all metals. In 
some cases, the presence of  EDTA stimulates 
positive amelioration of  growth under metal 
toxicity. Earlier research showed a significant 
improvement of  the growth of  Zea mays subjected 
to toxic concentration of  Cu chelated with EDTA 
(Umebese and Alebiosu, 2009). EDTA has also 
been shown to induce improved plant growth 
when used as a chelate for zinc (Salama et al., 
2012).

    
Salicylic acid (SA) reduced Al toxicity by 
stimulating the growth and yield of  okro both 
under chelated and non-chelated Al. The positive 
effect of  SA on different plant growth parameters 
is supported by several researchers. El-Tayeb et al. 
(2006) showed that exogenous application of  SA 
increased the growth of  roots, stems and leaves of  
both the control and copper-stressed sun flower 
plants. In agreement with this, Gunes et al. (2007) 
reported that exogenous level of  SA increased the 
dry yield of  maize significantly both in saline 
condition and non saline condition. Increased dry 
matter of  metal-stressed plants in response to SA 
may be related to the induction of  antioxidant 
responses and protective role of  membranes that 
increase the tolerance of  plants to damage. 

According to Popova (2009) the protective 
impact of  salicylic acid may be due to any or all of  
these reasons: SA may prevent cumulative 
damage development in response to heavy metals, 
SA may alleviate oxidative damages caused by 
metals and it may exert a protective effect on the 
membrane stability. 

Aluminum toxicity decreased total sugar content 
of  the leaf  as well as the chlorophyll content of  
okro. The decrease in chlorophyll content may 
have resulted in the decrease in leaf  total sugar 
content which, correspondingly, resulted in the 
observed decrease in growth, as a result of  the 
role of  chlorophyll in photosynthesis. In previous 
studies, a significant decrease in chlorophyll 
content has been reported in flax seedlings 
exposed to Cd stress (Belkhadi et al., 2010). 

Aluminum toxicity caused significant reduction in 
plant growth and the presence of  EDTA in the 
medium caused more negative impact on these 
parameters. Thus, EDTA has no protective 
impact on the growth of  the plant.  Salicylic acid 
showed effective amelioration of  the impaired 
growth caused by Al toxicity in okro plants, 
including those subjected to Al-EDTA chelate, by 
increasing chlorophyll and leaf  total sugar 
contents.
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