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Chilika is the largest brackish water lagoon in Asia and first Ramsar wetland of 

Odisha, India. The present study is the first report which includes mangrove 

diversity, their phenology and estimation of seasonal (i.e., summer, post-

monsoon and winter, 2015) variations in leaf photosynthetic pigments of 7 true 

mangroves viz. Avicennia alba Blume, Avicennia marina (Forsk.) Vierh., 

Avicennia officinalis L., Ceriops decandra (Griff.) Ding Hou, Kandelia candel 

(L.) Druce, Rhizophora mucronata Lamk. and Sonneratia apetala Buch.-Ham of 

Chilika lagoon. The diversity study recorded a total of 10 true mangroves and 8 

associate beach floras from the mangrove islands of Chilika lagoon. The 

seasonal leaf pigment study showed highest amount of total chlorophyll during 

winter but carotenoides during summer which reflected the adaptation in 

mangroves to enhance the photo-protection properties of mangroves leaves. 

Comparison of seasonal variation in leaf photosynthetic pigments estimated 

highest amount of pigments in S. apetala Buch-Ham and lowest from C. 

decandra (Griff.) Ding Hou than other studied mangrove species. Chlorophyll 

a/b ratio was typically about 3.0 during post-monsoon but varied significantly 

during other seasons. The field investigation showed the presence of large open 

space between the plants. Proper management, artificial regeneration, gap filling 

with suitable mangrove species and prevention in entry of buffaloes into these 

islands will help to increase the health of the mangroves which thought to 

stabilize and improve the ecology of Chilika lagoon. 
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INTRODUCTION  

In green plants, photosynthesis takes place in the 

chlorophyll containing thylakoid membrane of the 

chloroplasts. Chlorophylls a, b and Carotenoids 

(carotenes & xanthophylls) are found in all 

photosynthetic organisms (Young, 1993; Hopkins & 

Huner, 2009). Chlorophyll a is the primary 

photosynthetic pigment which captures light with 

narrow and specific visible range of Sun light. 

Chlorophyll b and carotenoides act as supportive 

accessory photosynthetic pigments and they accept 

light from wide range (Bidlack & Jansky, 2011). In 

plants and algae, carotenoids act fundamental roles 

as protector against photo-damage and contribution 

in photosynthesis activities. The yellowing of leaves 

during senescence is usually interpreted
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as being the result of rapid degradation of 

chlorophylls to expose the carotenoid pigments, 

which appear to be less susceptible to damage 

(Young, 1993). Mangroves are diverse group of 

trees and shrubs that flourish in soil of more or less 

permanently waterlogged, and in water whose 

salinity fluctuates and, with evaporation, may be 

even higher than that of the open sea (Hogarth, 

2015). Leaf phenology of mangroves is an 

important aspect for study of production and 

utilization of organic material.  Tomlinson (1986) 

explained about the evergreen nature of mangroves 

which is part of their survival kit in stressed 

environments. The photosynthetic process of the 

plant is dependent upon chlorophylls as antenna 

molecules (Sathe et al., 2015). The photosynthetic 

process may be affected at high saline condition due 

to decrease in chlorophyll a and b concentrations in 

mangroves (Mitra et al., 2014). Both intra- and 

inter-specific variation in chlorophyll content were 

observed in mangroves (Basak et al., 1996). The 

species like Avicennia marina, Avicennia 

officinalis, Excoecaria agallocha, Suaeda monoica, 

Sonneratia apetala showed the highest content of 

chlorophyll a and b (Murty & Rao, 2014). 

Mangrove chlorophyll and carotenoid levels, in 

general, are high during the summer but 

anthocyanin levels are highest in the monsoon 

months (Kathiresan and Bingham, 2001). Reduction 

of leaf chlorophyll was noticed by increasing 

salinity (Panda et al., 2006). 

Leaf phenology of mangroves is an important 

aspect for study of production and utilization of 

organic material but still very few literatures are 

available (Saenger & Moverley, 1985; Tomlinson, 

1986; Duke, 1990; Farooqui & Siddiqui, 2014). 

Leaf emergence and leaf fall peaked in the wet 

months and was reduced in the dry months in 

Rhizophora mucronata and Sonneratia alba 

(Wangôondu et al., 2013). In Kandelia candel, the 

growth was highly seasonal and flower initiation 

was maximum during June (Ha et al., 2003). Most 

of the mangroves of Bhitarkanika (Odisha) initiate 

flowering in winter and summer (Upadhyay & 

Mishra, 2010). During summer canopy cover is less, 

whereas during winter and monsoon season there is 

closed canopy at the tropical rain forest of Western 

Ghats (Rani and Paliwal, 2014). The present study 

is the first attempt to study mangrove diversity, 

phenology and seasonal variation of leaf pigments 

of mangroves found inside Chilika lagoon (Odisha), 

India.  

MATERIAL AND METHODS  

Study site 

The present study was carried out at Chilika lagoon 

(Odisha), India which is situated between 19Ü 28ô- 

19Ü 54ô N latitude and 85Ü 05ô-85 Ü38ô E longitudes 

(Naik et al., 2008). The studied mangroves are 

present at 4 small islands inside the lagoon. The site 

is very close to the sea mouth from where saline 

water of Bay of Bengal enters into the lagoon.  

Mangrove Diversity and Phenology  
GPS added field visits at two months intervals from 

November-2014 to April-2016 were carried out to 

estimate the diversity of mangrove and associated 

flora and growth phenology study. Photographs 

were taken using the camera Sony a 58 Y, DSLR. 

Leaf Photosynthetic Pigment 

A total of 7 mangrove species were chosen for 

seasonal (Summer: April, Post-monsoon: November 

and Winter: December, 2015) variation of leaf 

photosynthetic pigments. The selected mangrove 

species were Avicennia alba Blume, Avicennia 

marina (Forsk.) Vierh., Avicennia officinalis L., 

Ceriops decandra (Griff.) Ding Hou, Kandelia 

candel (L.) Druce, Rhizophora mucronata Lamk. 

and Sonneratia apetala Buch.-Ham (Plate 1).  Fresh 

leaves were collected, washed and shocked with 

tissue paper. The leaves were cut into small pieces, 

discarding the veins and any tough, fibrous tissue. 

The cut pieces were weighed to about 100mg and 

immediately fixed using 80% acetone (acetone: 

water, 80:20 v: v)  in a 25ml centrifuge tube for 

dark incubation for 48 hours in ice.  The absorbance 

(A) was measured at 470nm, 645nm, and 663nm 

respectively in a double beam UV-VIS 

Spectrophotometer and Chlorophyll-a, Chlorophyll-

b, total Chlorophyll, and Carotenoides content of 

mangrove leaves were estimated using Arnon 

(1949). 

 

RESULTS AND DISCUSSION:  

Mangrove Diversity and Phenology 

10 true mangrove species & 8 associate beach flora 

were recorded from these islands (Table 1). Out of 

the 10 true mangroves, 9 species belongs to tree and 

one species belongs to herb. The associate flora 

belongs to 6 herbs, 1 tree and 1creeper. The present 

true mangroves are of short heights and show 

ground level branching due high hot, dry, sandy, 

high saline surrounding environment (Table 2). 
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The presence tufts of thick, low height and large 

number of Pneumatophores and stilt roots have 

been recorded from the species of family, 

Avicenniaceae and Rhizophoraceae, respectively 

(Plate 1) which is thought to be the way for 

adaptation towards high salinity (Panda et al., 2006) 

(Table 3 & Plate 1). 

 

Table 1: List of true mangroves and associate beach flora and their phenology, Chilika lagoon. 

(Note: TM-True mangrove, BF-Beach flora) 

 
Sr. 

No. 

Recorded Plants Family Adaptation Type of 

flora 

Habit 

1 Acanthus ilicifolius L. Acanthaceae Cable &Stilt roots, Salt gland TM Herb 

2 Avicennia  alba  Blume Avicenniaceae Knee root & Pneumatophores, 

Salt gland 

TM Tree 

3 Avicennia  marina  (Forsk.) 

Veierh 

Avicenniaceae Pneumatophores, Salt gland TM Tree 

4 Avicennia officinalis  L. Avicenniaceae Pneumatophores, Salt gland TM Tree 

5 Bruguiera cylindrical  (L.) 

Blume 

Rhizophoraceae Buttress, Knee & Stilt  roots TM Tree 

6 Ceriops decandra (Griff.) Ding 

Hou 

Rhizophoraceae Buttress, Knee & Stilt  roots, 

Succulence 

TM Tree 

7 Kandelia candel (L) Druce Rhizophoraceae Stilt roots TM Tree 

8 Rhizophora apiculata  Blume Rhizophoraceae Prop & stilt roots, Succulence TM Tree 

9 Rhizophora mucronata  Lamk. Rhizophoraceae Prop & stilt roots, Succulence TM Tree 

10 Sonneratia apetala Buch. ï 

Ham. 

Sonneratiaceae Pneumatophores, Succulence TM Tree 

11 Heliotropium curassavicum L. Boraginaceae Succulence  BF Herb 

12 Ipomoea pes-caprae (L.) R. Br. Convolvulaceae Succulence BF Creeper 

13 Porteresia coarctata (Roxb.) 

Takeoka 

Poaceae Salt glands BF Herb 

14 Pongamia pinnata (L.) Pierre Fabaceae ---------------------- BF Tree 

15 Salicornia brachiata Roxb. Salvadoraceae Succulence BF Herb 

16 Sesuvium portulacastrum (L.)  Aizoaceae Succulence BF Herb 

17 Spinifex squarrosus L. Poaceae Needle leaf BF Herb 

18 Trianthema portulacastrum  L. Aizoaceae Succulence BF Herb 

19 Thespesia populnea (L.) Sol. Ex 

Corr. 

Malvaceae ---------------------- BF Tree 

 

The phenology of true mangroves differs 

significantly within families, genera and also among 

species (Tomlinson, 1986; Coupland et al., 2005). 

The emergence of leaf bud, leaf maturation and 

senescent of leaves, flowers were found to differ 

among the species (Table 3). The life span of the 

true mangrove leaves varied from 10-18 months 

among different species, longest in Rhizophora spp. 

(Saenger and Moverley, 1985; Tomlinson, 1986) 

and least in Acanthus illicifolius L. and Sonneratia 

apetala Buch.-Ham. (Table 3). 
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Table 2: Seasonal variation of physiochemical parameters soil and water samples of mangrove islands 

of Chilika lagoon (Odisha), India. 

 

SI. 

No. 

Seasons 

® 

Soil texture Soil 

moisture 

% 

Water 

salinity 

(ppt) 

Soil 

salinity 

(ppt) 

Diurnal 

temperature  (̄C) 

San

d 

Clay Silt Min. Max. 

1 Summer ~60

% 

~25

% 

~15

% 

32°3 25.4° 1.2 8.1° 0.6 23 39 

2 Post-

monsoon 
~45

% 

~35

% 

~20

% 

58°6 14.6° 2.5 4.2°1.5 21 36 

3 Winter ~52

% 

~30

% 

~18

% 

40°4 21.2° 1.5 8.5°1.2 17 34 

 

In most cases the leaf color changes to yellow at the 

time of senescent and more prominent in 

Rhizophora spp. and Sonneratia spp. (Plate 1). The 

mangroves of Rhizophoraceae, and Avicenniaceae 

showed evergreen nature of vegetation cover. The 

comparison of flower initiation of true mangroves 

showed the families like Avicenniaceae and 

Acanthaceae start flowering at the end of winter and 

arrival of summer, Rhizophoraceae during start of 

winter but varies among species and the family 

Sonneratiaceae during late winter (Table 3). 

 

Table 3: Phenological behavior of true mangroves of Chilika lagoon (Odisha), India 

 

 

Mangrove species 

Start of new 

leaves 

Duration 

from 

emergence 

of leaf to 

abscission 

(Month) 

Initiation 

of 

Flowering 

Fruits/hypo

cotyls 

dropping 

Plant 

height 

(meter) 

Start of 

branching 

from 

ground 

(cm) 

Acanthus ilicifolius L. July 10 March June 1.48°0.

19 

-------------

---- 

Avicennia  alba Blume July 12-13 January June 3.50°0.

39 

72°13 

Avicennia marina (Forsk.) 

Veierh 

July 13-14 January May 3.88°0.

50 

76°27 

Avicennia officinalis L. July 13-14 January May 3.48°0.

48 

24°11 

Bruguiera cylindrical (L.) 

Blume 

Throughout 12-13 February August 1.47°0.

21 

43°6 

Ceriops decandra (Griff.) 

Ding Hou 

Throughout 12-13 November September 1.44°0.

21 

22°8 

Kandelia candel (L) Druce Throughout 11-12 November August 2.24°0.

17 

67°26 

Rhizophora apiculata 

Blume 

Throughout 15-16 March August 3.4°0.3

5 

126°35 

Rhizophora mucronata 

Lamk. 

Throughout 15-16 September July 3.5°0.2

7 

116°15 

Sonneratia apetala Buch. 

ï Ham. 

February 9-10 September December/J

anuary 
4.03°0.

44 

33°16 
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Fig. 1: Season wise flower initiation among the recorded flora  

 

There was no significant correlation between the 

leaf initiation and leaf aging in Rhizophoraceae. 

Most species show flowering during dry hot 

environment (Duke, 1990; Coupland et al., 2005; 

Upadhyay & Mishra, 2010; Panda et al., 2017) 

(Figure 1). 

Leaf pigments  

The leaf photosynthetic pigments like Cholorphylls 

(i.e., Chl.a and Chl.b), total Chlorophyll, 

Carotenoides and the ratio of Chl.a/b has been 

calculated for all the three seasons of the selected 7 

mangrove species of Chilika lagoon (Table 4). 

The amount of total chlorophyll, chlorophyll a & 

chlorophyll b varied among species (Murty & Rao, 

2014). The mangrove species like, A. marina 

(Forsk.) Veierh, A. officinalis L., C. decandra 

(Griff.) Ding Hou, K. candel (L) Druce and R. 

mucronata Lamk., showed highest chlorophyll 

content during summer. But two species, A. alba 

Blume and S. apetala Buch.-Ham., showed highest 

chlorophyll content during winter. Seasonal 

comparison of total chlorophyll among species 

showed maximum from S. apetala Buch.-Ham. (i.e., 

1.45 mg/g) during winter but a similar amount of 

chlorophyll content was recorded during both 

summer and post monsoon. Similarly, the seasonal 

estimated result among the studied mangrove leaves 

showed minimum amount of chlorophyll in C. 

decandra (Griff.) Ding Hou (i.e., 0.20 mg/g) during 

post-monsoon. Three species, A. alba Blume, A. 

marina (Forsk.) Veierh and A. officinalis L. showed 

lowest chlorophyll content during post monsoon. 

Two species, K. candel (L) Druce and R. mucronata 

Lamk., showed lowest chlorophyll during winter 

(Table 4). 

The chlorophyll a/b ratio among species varied but 

close to 3.0 (Basak et al., 1996) in post-monsoon 

but varied significantly during winter and summer 

(Fig. 3). A very high value recorded during winter 

and thus shows use of a narrow range of irradiance 

for photosynthesis during winter but in summer, 

low ratio showed use of broad range irradiance and 

also an adaptation towards unfavorable conditions. 

In stress condition chlorophyll a is more susceptible 

for degradation than chlorophyll b which results in a 

reduction in Chlorophyll a/b ratio (Young, 1993). 

 

 
Figure 2: Seasonal variation of Chlorophyll a and chlorophyll b in mangrove leaves 

(Note: AA: Avicennia alba AM: Avicennia marina AO: Avicennia officinalis, CD: Ceriops decandra KC: 

Kandelia candel RM: Rhizophora mucronata SA: Sonneratia apetala) 
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Table 4: Mangrove leaf pigment content during summer, post-monsoon and winter , 2015 

 

                   

                                                A: Summer (April) - 2015  

Mangrove 

species 

Chl. a  ±  

S.D 

Chl. b ± S.D Total Chl. ± 

S.D 

Carotenoides ±  

S.D 

Chl. a/b Total 

chl./Carotenoides 

A.alba 0.438 ± 

0.004 

0.207 ± 

0.002 

0.645± 0.007 1.954 ± 0.002 2.116 0.330°0.012 

A.marina 0.549 ± 

0.003 

0.221 ± 

0.002 

0.77 ± 0.004 2.308 ± 0.005 2.484 0.334°0.024 

A.officinalis 0.801 ± 

0.006 

0.402 ± 

0.003 

1.203 ± 

0.007 

3.192 ± 0.002 1.993 0.377°0.006 

C.decandra 0.449 ± 

0.003 

0.267 ± 

0.005 

0.716 ± 

0.006 

1.955 ± 0.003 1.682 0.336°0.012 

K.candel 0.542 ± 

0.006 

0.153 ± 

0.004 

0.695 ± 

0.008 

2.202 ± 0.001 3.542 0.316°0.046 

R.mucronata 0.413 ± 

0.005 

0.119 ± 

0.004 

0.532 ± 

0.011 

1.471 ± 0.003 3.471 0.362°0.006 

S.apetala 0.837 ± 

0.007 

0.392 ± 

0.003 

1.229 ± 

0.009 

2.863 ± 0003 2.135 0.429°0.096 

B: Post-monsoon (September) - 2015  

Mangrove 

species 

Chl. a  ±  

S.D 

Chl. b ± S.D Total Chl. ±  

S.D 

Carotenoides ± 

S.D 

Chl. a/b Total 

chl./Carotenoides 

A.alba 0.335 ± 

0.004 

0.121 ± 

0.003 

0.456 ± 

0.006 

0.117 ± 0.001 2.779 3.895°0.028 

A.marina 0.332 ± 

0.004 

0.119 ± 

0.002 

0.451 ± 

0.005 

0.145 ± 0.008 2.782 3.125°0.199 

A.officinalis 0.176 ± 

0.003 

0.036 ± 

0.001 

0.212 ± 

0.004 

0.084 ± 0.002 4.889 2.514°0.009 

C.decandra 0.155 ±  

0.001 

0.046 ± 

0.002 

0.201 ± 

0.003 

0.092 ± 0.001 3.377 2.188°0.005 

K.candel 0.432 ±  

0.001 

0.128 ± 

0.003 

0.561 ± 

0.003 

0.183 ± 0.001 3.369 3.071°0.005 

R.mucronata 0.238 ±  

0.003 

0.070 ± 

0.001 

0.308 ± 

0.004 

0.126 ± 0.001 3.395 2.435°0.02 

S.apetala 0.896 ± 

0.006 

0.345 ± 

0.003 

1.231 ± 

0.006 

0.308 ± 0.001 2.595 3.991°0.028 

                                                  C: Winter (December) - 2015  

Mangrove 

species 

Chl. a ± 

S.D 

Chl. b ± S.D Total Chl. ± 

S.D 

Carotenoides ± 

S.D 

Chl. a/b Total 

chl./Carotenoides 

A.alba 0.605 ± 

0.004 

0.139 ± 

0.002 

0.781±0.006 0.141 ± 0.001 4.342 5.554°0.009 

A.marina 0.551 ± 

0.004 

0.124 ± 

0.002 

0.708±0.006 0.129 ± 0.001 4.430 5.487°0.01 

A.officinalis 0.460 ± 

0.005 

0.084 ± 

0.002 

0.569±0.008 0.137 ± 0.001 5.484 4.160°0.026 

C.decandra 0.238 ± 

0.001 

0.068 ± 

0.001 

0.321±0.001 0.100 ± 0.001 3.525 3.218°0.014 

K.candel 0.194 ± 

0.002 

0.050 ± 

0.001 

0.256±0.004 0.100 ± 0.001 3.862 2.564°0.005 

R.mucronata 0.221 ± 

0.004 

0.051 ± 

0.008 

0.285±0.013 0.103 ± 0.002 4.300 2.781°0.072 

S.apetala 1.077 ± 

0.008 

0.307 ± 

0.003 

1.454±0.012 0.351 ± 0.003 3.511 4.139°0.006 
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The comparison of chlorophyll a/b ratio among the 

species showed highest for A. officinalis L. (i.e., 

5.48, during winter) and minimum for C. decandra 

(Griff.) Ding Hou (i.e., 1.68, during summer). The 

values of all other species were found to be between 

these two mangrove species (Table 4 & Fig. 3).   

 

 

 
 

Figure 3: Seasonal variation of Chlorophyll a/b of mangrove leaves. 

 

The carotenoid content of mangrove leaves during 

post monsoon and winter was of similar and no 

remarkable differences were noticed. The minimum 

amount of carotenoides was recorded in leaves of A. 

officinalis L. (i.e., 0.08mg/g) during post-monsoon 

in comparison with other species. A significant rise 

in leaf carotenoides in all the mangrove leaves were 

recorded during summer (Table 4 & Fig. 4).  

 

 
 

Figure 4: Seasonal variation of carotenoides of mangrove leaves. 

 

The increase chlorophyll b and carotenoides during 

summer (Table 4; Fig. 2 & Fig. 4) shows their role 

to use wide range of irradiance and to protect the 

photosynthetic apparatus (i.e., reaction centers) by 

reflecting high energetic lights (Kathiresan & 

Bingham, 2001; Bidlack & Jansky, 2011). 

The correlation coefficient values showed strong 

relation among different photosynthetic pigments 

during post-monsoon and winter but least during 

summer period (Table 5). The pigment content 

among the species also varied which supported the 

work of Basak et al., (1996). 

 

 

Table 5: Correlation coefficient values between leaf pigments of three different seasons 

 

SI No. Source Summer Post-monsoon Winter  

1 Chl. a vs. Chl. b  0.872 0.993 0.978 

2 Chl. a vs. Carotenoides 0.946 0.985 0.930 

3 Chl. b vs. Carotenoides 0.888 0.971 0.970 

4 Total Chl. vs. Carotenoides 0.953 0.982 0.943 
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                          1                                                             2                                                           3  

 
                          4                                                             5                                                           6  

 
                            7                                                    8                                                           9 

 
            10                                11                                  12                                 13                                    14 

Plate 1: Showing plants selected for seasonal pigment estimation, phenologyand adaptation 

modification of mangroves in islands of Chilika lagoon, Odisha, India. 

 

Note: 1-7; Plants selected for Photosynthetic pigment study, 1: Avicennia alba 2: Avicennia marina 3: 

Avicennia officinalis 4:  Kandelia candel 5:  Rhizophora mucronata 6: Sonneratia apetala 7: Ceriops 

decandra 8: Acetone extraction 9: Stunted growth of Avicennia patch 10-12: Senescent leaves (Avicennia 

alba, Rhizophora apiculata, Rhizophora mucronata, respectively) 13: Stilt roots of Rizophora spp.14: 

Pneumatophores of Avicennia marina.  

 

 

From above study it may suggested that the 

phenology and greenery in mangrove leaves varies 

throughout the year. Proper management, artificial 

regeneration, gap filling with suitable mangrove 

species and prevention in entry of buffaloes into the 

islands will help to increase the health of the 

mangroves which is thought to stabilize and 

improve the ecology of Chilika lagoon. 
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