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The present study was undertaken to evaluate re-introduction of vegetatively 

propagated Excoecaria agallocha plants hardened & acclimatized with varied 

NaCl-salinity regimes i.e. Control (no salt), 50 mM100 mM, 150 mM and 200 

mM NaCl. The field trial was carried out at the denuded and potential habitat of 

Khadibil area under Balasore Wildlife Division, Odisha during September, 2013. 

As regard to the growth parameters, maximum collar perimeter was increased by 

125.6% in case of the plants hardened with 150 mM salt conc. However,  

maximum height (14.2% increase), number of branches (228.6% increase) and  

number of leaves (more than 11 fold increase) were recorded in the plants 

hardened with 200mM salinity with in a period of 840 days of re-introduction. 

The overall survival, however, was more than 88% in all the plants. With this, it 

is opined that vegetatively propagated plants of E. agallocha, a back mangrove 

species, may be successfully used for re-introduction as well as species recovery 

programme for mangrove biodiversity conservation.  
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INTRODUCTION 

Mangroves are found in tropical and sub-tropical 

regions. The largest percentage of mangroves is 

found between 5° N and 5° S latitude (Giri et al., 

2011); which protect our coastal regions from 

cyclone and Tsunami. They are reportedly used for 

drugs, tannins and medicine (Saranraj andSujitha, 

2015; Bandaranayake, 1998; Kimura and Wada, 

1989). Mangrove habitats are ecologically 

important, as they function as natural nutrient filters 

and recyclers, aid in floodwater mitigation and help 

protect coastal areas from seawater intrusion 

(Selvum, 2002). Mangroves also play an important 

role in carbon sequestration, thereby receiving 

considerable international attention (Patil et al., 

2012).The mangrove habitats have been under 

severe destruction worldwide (Kathiresan and 

Bingham, 2001). Many species of mangroves are in 

vulnerable state, some are at high risk of extinction 

especially the salt-sensitive back-mangroves due to 

gradual sea level rise, fragmentation, habitat 

degradation etc (Kathiresan, 2010).  

Both salinity and hydro-period (i.e., 

duration of flooding) determined local distribution 

of mangrove species (Tomlinson, 1986; Hutchings 

and Saenger, 1987). Mangrove loss will affect its 

biodiversity which is the major resource for human 

communities (Mumbayet al., 2004). Besides this, 

mangrove destruction can also release large 

quantities of stored carbon and exacerbate global 

warming and other calamities (Ramsar Secretariat, 

2001). Now a days, mangrove afforestation 

programme become important all over the world. 
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The ecology of Chilika lagoon can be stabilized 

with the increase the health of the mangroves in this 

locality.  

This can be possible through proper 

management, artificial regeneration, gap filling with 

suitable mangrove species into these islands (Panda 

et al., 2017). The Excoecaria agallocha L. 

(Euphorbiaceae), blinding tree and locally called 

“guan” is one of the ecologically and economically 

important back mangroves propagated generally by 

seeds or artificially by nursery-raised seedlings 

(Ravishankar and Ramasubramanian, 2004). Their 

extract is also used for rheumatism, paralysis, 

cutaneous infections (Padmanabhan et al., 1985) 

and used in the treatment of epilepsy, dermatitis, 

leprosy. It also contains active compounds, such as 

glycerides of fatty acid, lipids and waxes, 

polyphenols, polysaccharides, saponins, steroids, 

tannins (Balu and Mathavan, 1995). The 

Excoecaria agallocha species showed highest 

content of chlorophyll a and b (Murty & Rao, 

2014). This piece of research work dealt with 

evaluation of re-introduction of vegetatively 

propagated Excoecaria agallocha plants hardened 

& acclimatized with varied salt stress  which might  

open a new avenue towards artificial re-generation 

of landward mangroves. 

 

MATERIALS AND METHODS 

For raising preparatory experimental plant 

materials, the small wildlings (10-15 cm high) of 

Excoecaria agallocha were collected from the 

buffer zone of mangrove forests of Odisha coast 

during the late rainy season (Sept-Oct, 2012) and 

were allowed to grow in polybags (8”×6”) kept 

under shade-net house in the institutional nursery 

premises. The established plants were subjected to 

vegetative propagation through juvenile leafy stem 

cuttings following standard methods (Basak et al., 

1995, 2000; Eganathan et al., 2000). Then 

propagated plants were used for further 

experimentation as detailed below.  

The hardening experiment was set under 

shade-net house where rooted leafy stem cuttings 

(here, „plants‟) were allowed to grow in polypots 

with five different treatments of NaCl-salinity i.e. 

Control (T0, zero salinity), 50 mM (T1), 100 mM 

(T2), 150 mM (T3) and 200 mM (T4) NaCl treated 

up to 28 days. The pot-salinity regimes were 

maintained by adding salt or freshwater followed by 

salinity measurement with portable device (Eutech 

make salinity meter PCST estr
TM

 35). Since the 

optimal growth of Excoecaria agallocha seedlings 

has been reported to be in 200 mM NaCl 

concentrations (Sivasankaramoorthy et al., 2010), 

the present study was designed accordingly with the 

200 mM NaCl salinity as optimum concentration 

for acclimatization. A total 2250 numbers of 

hardened plants (both control and salt treated) were 

made ready for reintroduction experiments.  

Four acre of land had been selected in 

Khadibil area (under Balasore wildlife divisions, 

Balasore, Odisha) with co-ordinates of 21° 35' 264'' 

(N) & 87° 25' 028'' (E) in North; 21° 35' 239'' (N) & 

87° 25' 085'' (E) in West; 21° 35' 284'' (N) & 87° 

25' 145'' (E) in South and 21° 35' 319'' (N) & 87° 

25' 126'' (E) in East, as trial plot for reintroduction. 

The denuded site possessed few remnant bushes of 

E. agallocha as an indicator of the suitability for re-

introduction work. The reintroduction (out-

planting/augmentation) of hardened plants of 

Excoecaria agallocha was carried out by digging 

pits with a distance gap of 2 meters (both plant to 

plant and row to row) at the selected plot of 

Khadibil area. During plantation, the initial average 

Height, Collar perimeter, No. of Branches and No. 

of Leaves of salt acclimatized E. agallocha were 

59.66 ± 5.29 cm, 4.8 ± 0.5 cm, 4.3±1.24 and 26.03 

± 1.27 respectively. A total 1960 numbers (T0- 360; 

and T1-T4 possessed 400 plants each) of hardened 

plants were reintroduced in the first week of 

September, 2013 (Fig 1a) in 5 treatment-blocks 

where each block was represented by one treatment. 

The rest 290 plants were kept as reserve stock for 

mortality replacement, if any (Fig 1b). 

The morphological data were taken from 30 

individual plant of each block along with control. 

All the data, obtained in this experiment, were 

presented as mean values (n=30) observations and 

the difference between control and salt-treatedplants 

were analysed using two way ANOVA with 

standard deviation (SD) and Holm-Sidak's multiple 

comparisons test (Graph Pad Prism, Version 6). 

 

RESULTS AND DISCUSSION 

After 840 days of reintroduction of vegetatively 

propagated E. agallocha plants in Khadibil area, 

maximum mortality was found in control-plants 

followed by hardened plants treated with 50 mM to 

150 mM NaCl. The plants hardened with 200 mM 

NaCl did not show any mortality. The overall 

percentage survival of E. agallocha plants with 

replacement was about 88.05% by December 2015 

(Table 1). Here the morphological data of E. 

agallocha plants were taken in four different 

periods i.e. August, 2013 (Initial), January, 2014
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(150 days), December, 2014 (480 days) and 

December, 2015 (840 days). Maximum number of 

mortality (12.5%) was recorded within first 5 

months of reintroduction (Table 1). After that the 

survived E. agallocha plants were acclimatized well 

with the habitat. The maximum growth of E. 

agallocha plants was noted in between January, 

2014 (150 days of re-introduction) to December, 

2014 (480 days of re-introduction) (Table 2, Fig 

1a). 

The maximum increase in „height‟ (14.2%) 

was measured in 200 mM NaCl treated (T4) plants 

after 840 days of reintroduction (Table 2,Fig 1c). 

The variation in height observed over the periods of 

introduction and treatments was found significant 

(P= 0.0005 and P<0.0001 respectively).The „collar 

perimeter‟ was increased by 125.6% in 150 mM 

NaCl treated (T3) plants after 840 days of 

reintroduction (Table 2, Fig 1d). The change in 

Collar perimeter over the periods of introduction, 

treatments and its interaction was found highly 

significant (P <0.0001).The number of „branches‟ 

was increased by 228.6% in 200 mM NaCl-treated 

plants after 840 days of reintroduction (Table2, Fig 

1e). The variations in the branch number due to 

different salt pre-treatments and period of 

reintroduction were found highly significant 

(p<0.0001).The maximum increase in number of 

leaves (>11 folds) was recorded in 200 mM NaCl 

treated plants (T4) after 840 days of reintroduction 

(Table 2,Fig 1f). The variations in the leaf number 

due to different salt pre-treatments, period of 

reintroduction and their interaction were found 

highly significant (p<0.0001). Salinity has been 

recognized as a critical factor in regulating survival 

growth, regeneration and zonation in mangrove 

species (Semeniuk, 1983). After 840 days of 

reintroduction, the maximum growth in height and 

collar perimeter took place in 200 mM and 150 mM 

NaCl treated plants respectively. Simultaneously, 

the maximum number of branches and leaves was 

also recorded in 200 mM NaCl treated plants. 

Similar kind of response against salinity stress was 

reported in E. agallocha seedling establishment by 

Chen and Ye (2014). Though mangroves can 

survive under a wide range of salinity, yet their 

growth, stature and productivity vary dramatically 

along salinity gradients (Lovelock et al., 2004; 

Naidoo, 2006). Salinity affects both leaf initiation 

and leaf area expansion (Clough, 1984; Parida et 

al., 2004), and high salinities generally result in 

dwarfing of the plants with small and thick leaves 

(Patel et al., 2010; Naidoo et al., 2011). The 

plantation of salt acclimatized vegetatively 

propagated E. agallocha plants responded well in 

the denuded and potential area of Khadibil, 

Balasore in comparisons to the control 

(acclimatized with fresh water). Maximum survival 

was found in the plants acclimatized with 200 mM 

NaCl, while maximum mortality was recorded in 

the control one. Overall survival percentage of 

propagated E. agallocha plants after 840 days of 

reintroduction was about 88%. The survival rates of 

a salt tolerant species Avicennia officinalis was 

reported to be 30-60% after 5-years of afforestation 

done in the coastal Chittagong, Bangladesh 

(Saenger and Siddiqi, 1993). So the vegetative 

propagation of mangroves followed by 

acclimatization could be good practices for 

reintroduction of mangroves in the wild. From this 

study, it can be opined that both 150 mM and 200 

mM NaCl pretreated vegetatively propagated E. 

agallocha plants attained their maximum growth 

(Height, Collar perimeter, No. of Branches and No. 

of Leaves) after re-introduction in the denuded and 

potential area of Khadibil, Balasore Wild Life 

Divisions, Balasore, Odisha. The vegetatively 

propagated Excoecaria agallocha plants 

acclimatized with salt-treatment required few 

months (5-6 months) to acclimatize in the wild 

denuded habitat after its reintroduction. With this, it 

is assumed that salt acclimatized vegetatively 

propagated plants of E. agallocha, a back mangrove 

species, may be successfully used for re-

introduction as well as species recovery programme 

in denuded area for mangrove biodiversity 

conservation and ecological restoration. 
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Figure 1. (a) Reintroduction of salt-acclimatized vegetatively propagated Excoecaria agallocha plants in 

denuded area of Khadibil, Balasore (b) Stock plants kept at the site for casualty replacement. (c) 

Establishment and growth of 200mM NaCl treated plants (d) 150mM NaCl treated plants showing highest 

Collar perimeter (e) Maximum number of branches at 200mM NaCl treated plants (f) Maximum number of 

Leaves at 200mM NaCl treated plants 

 

Table 1. Plantationand survival record of vegetatively propagated Excoecaria agallocha plants in 

Khadibil area after 840 days of reintroduction. 

 

  Plantation Site:  Khadibil, Balasore Wildlife Division, Balasore     

  Date of Plantation: September, 2013     

SL No. Species= Excoecaria agallocha     

1 Total number of sapling stock (Aug 2013) 2250   

2 Total number of plants planted (Sept 2013) 1960   

3 Total number of unplanted stock (as on Sept, 2013) 290   

4 No. plants survived (Sept 2013- March 2014) 1715 

(surv % 

87.5%) 

5 No. of plants (Control) died (up to March, 2014) 154   

6 No. of plants (50 mM to 150mM NaCl treated)  died up to March, 2014 91   

7 No. of  200 mM NaCl treated died plants (up to March, 2014) 0   

8 Total No. of plants died (up to March, 2014) 245 

(mortl. % 

12.5%) 

9 No. of plants replaced/re-planted (up to March, 2014) 90   

10 

Total number of plants survived including replaced plants (as on 3 Dec, 

2015) 1805 

(surv % 

88.05%) 
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