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Article Info Abstract

Rec.e|vef115032017, Chilika is the largest brackish water lagoon in Asia and first Ramsar wetla
Revised29-03-2017, Odisha, India. The present study is the first report which includes man
Accepted30-03-2017 diversty, their phenology and estimation of seasonal (i.e., summer-

monsoon and winter, 2015) variations in leaf photosynthetic pigments of
mangroves viz.Avicennia albaBlume, Avicennia marina(Forsk.) Vierh.,
Avicennia officinalisL., Ceriops decadra (Griff.) Ding Hou, Kandelia candel
(L.) Druce,Rhizophora mucronathamk. andSonneratia apetal8uch-Ham of
Chilika lagoon. The diversity study recorded a total of 10 true mangroves .
associate beach floras from the mangrove islands of Chiig@oh. The
seasonal leaf pigment study showed highest amount of total chlorophyll ¢
winter but carotenoides during summer which reflected the adaptatic
mangroves to enhance the phgptotection properties of mangroves leav
Comparison of seasonaariation in leaf photosynthetic pigments estima
highest amount of pigments i8. apetalaBuchHam and lowest fromC.

decandra(Griff.) Ding Hou than other studied mangrove species. Chlorog
a/b ratio was typically about 3.0 during posbnsoon butvaried significantly
during other seasons. The field investigation showed the presence of larg
space between the plants. Proper management, artificial regeneration, gay
with suitable mangrove species and prevention in entry of buffaloeshiese
islands will help to increase the health of the mangroves which thoug
stabilize and improve the ecology of Chilika lagoon.
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INTRODUCTION narrow and specific visible range of Sun light.
In green plants, photosthesis takes place in the Chlorophyll b and carotenoides act as supportive
chlorophyll containing thylakoid membrane of theaccessory photosynthetic pigments and they accept
chloroplasts. Chlorophyllsa, b and Carotenoids light from wide range (Bidlack & Jansky, 2011). In
(carotenes & xanthophylls) are found in allplants and algae, carotenoids act fundamental roles
photosynthetic organisms (Young, 1988)pkins & as protector against phettamage and contribution
Huner, 2009 Chlorophyll a is the priery in photosynthesis activitie$he yellowing of leaves
photosynthetic pigment which captures light withduring senescence is usually interpreted
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as being the result of rapid degradation ofof mangroves found inside Chilika lagoon (Odisha),
chlorophylls to expose the carotenoid pigments)ndia.

which appear to be less suscep_tlble to dama ATERIAL AND METHODS
(Young, 1993). Mangroves are diverse group 0O tudy site

trees and shrubs that flourish in soil of more or Ies§he resent studv was carried ouChilika lagoon
permanently waterlogged, and in water whos Ogi s h a)y India whi ?:h i s
salinity fluctuatesand, with evaporation, may be ’

even higher than that of the open sea (Hogart : :
2015). Leaf phenology of mangroves is anQNalk et al.,, 2008) The studied mangroves are

important aspect for studvy of bproduction andpresent at 4 small islands inside the lagoon. The site
utill?zation of gr anic materigl To?nlinson (1986) 'S very close to the sea mouth from where saline

) 9 : water of Bay of Bengal enters into the lagoon.
explained about the evergreen naturenaingroves

which is part of their survival kit in stressed Mangrove Diversity and Phenology
; P . GPS addedield visits at two months intervals from
environments. The photosynthetic process of th

) November2014 to Aprit2016 were carried out to
plant is dependent upon chlorophylls as antenng

. 'estimate the diversity afhangrove and associated
molecules (Sathet al, 2015)'. The photosyn.thetlc flora and growth phenology study. Photographs
process may be affected at high saline conditian duWere taken using the camera Sans8 Y. DSLR
to decrease in chlorophydlandb concentrations in Leaf Phot u thg fic Pi ¢ ¥ Y, :
mangroves (Mitraet al, 2014). Both intra and eal Photosynthetic Fignen

inter-specific variation in chlorophyll content were A total of 7 ma”gro"e. Species Wer.e chosen for
observed in mangroves (Basek al, 1996). The seasonal (Summer: April, Pastonsoon: November

species like Avicennia marina, Avicennia and Winter: December, 2015) variation of leaf
officinalis, Excoecaria agallocha, Suaeda monoica,ghgé?:gnwgﬁgmﬁ'cge?ﬁgs'al-tl;gglngCtZ?/icr:r?r?igrove
Sonneratia apetalahowed the highest content of pec ) . . P
chlorophyll a and b Murty & Rao, 2014). marina (Forsk.) Vieh., Avicennia officinalisL.,

Mangrove chlorophyll and carotenoid levels, inCeriops decandra(Griff.) Ding Hou, Kandelia

general, are high during the summer butcandeI(L.) Druce, Rhizophora mucronatd.amk.

anthocyanin levels are highest in theomsoon andSonneratia apetal8uch-Ham (Plate 1). Fresh

e e
of leaf chlorophyll was noticed by increasing Paper. p :

salinity (Pandat al, 2008). discarding the veins and any tough, fibrous tissue.

Leaf phenology of mangroves is an importantThe cut pieces were weighed to about 100mg and

aspect for study of production and utilization Oflmmedlatgly f|>.<ed using 80% acetone (acetone:
organic material but still veryew literatures are ga‘lff’ 80620. V- fv) 4€|Bnha 25r_n|_cent¥1;1ugeugube for
available (Saenger & Moverley, 1985; Tomlinson, (:)r V\I/r;zumae;[:snurgrd at ;%ir': I%iSnmSZn da%%% nm
1986; Duke, 1990; Farooqui & Siddiqui, 2014). ; : ’ ’

Leaf emergence and leaf fall peaked in the we espectively in a double beam ~LMUS
months and was reduced in the dry months i pectrophotometer and Chloropha_ll ChlorophyH
Rhizophora mucronataand Sonneratia alba b, total Chlorophyll,and Carotenoidesontent of

( Wa n guoepat, ®013). InKandelia candel the Erllagzgggove leaves were estimated using Arnon
growth was highly seasonal and flower initiation '

was maximum during June (Hd al, 2003). Most
of the mangroves of Bhitarkanika (Odisha) initiate
flowering in winter and summer (Upadhyay &
Mishra, 2010). During sumer canopy cover is less,
whereas during winter and monsoon season there
closed canopy at the tropical rain forest of Wester
Ghats (Raniand Paliwal, 2014). The present study
is the first attempt to study mangrove diversity,
phenology and seasonal vdiga of leaf pigments

RESULTS AND DISCUSSION:
Mangrove Diversity and Phenology
10 true mangrove species &B8sociatdeach flora

ere recorded from these islands (Table 1). Out of
ﬁ e 10 true mangroves, 9 species belongs to tree and
one species belongs to herb. The associate flora
belongs to 6 érbs, 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 ik, low height and large (Plate 1) which is thought to be the way for
number of Pneumatophores and stilt roots havadaptation towards high salinity (Paretaal.,2006)
been recorded from the species of family,(Table 3 & Plate 1).

Avicenniaceae and Rhizophoraceae, respectively

Table 1: List of true mangroves and associate beach flora and their phenology, Chilika lagoon.
(Note: TM-True mangrove, BFBeach flora)

Sr. | Recorded Plants Family Adaptation Type of | Habit

No. flora
Acanthusdlicifolius L. Acanhaceae Cable &Stilt roots, Salt gland ™ Herb

2 Avicennia albaBlume Avicenniaceae Knee root & Pneumatophores| TM Tree

Salt gland

3 Avicennia marina(Forsk.) Avicenniaceae | Pneumatophores, Salt gland ™ Tree
Veierh
Avicenniaofficinalis L. Avicenniaceae Pneumatophores, Salt gland ™ Tree
Bruguiera cylindrical (L.) Rhizophoraceae | Buttress, Knee & Stilt roots ™ Tree
Blume

6 Ceriopsdecandra(Griff.) Ding | Rhizophoraceae | Buttress, Knee & Stilt roots, ™ Tree
Hou Succulence

7 Kandeliacandel(L) Druce Rhizophoraceae | Stilt roots ™ Tree

8 Rhizophoraapiculata Blume Rhizophoraceae | Prop & stilt roots, Succulence| TM Tree

9 Rhizophoramucronata Lamk. Rhizophoraceae | Prop & stilt roots, Succulence| TM Tree

10 | SonneratisapetalaBuch.i Sonneratiaceae | Pneumatoph@s, Succulence ™ Tree
Ham.

11 | Heliotropiumcurassavicunt.. Boraginaceae Succulence BF Herb

12 | Ipomoea pegaprae(L.) R. Br. | Convolvulaceae | Succulence BF Creeper

13 | Porteresiacoarctata(Roxb.) Poaceae Salt glands BF Herb
Takeoka

14 | Pongamiapinnata(L.) Pierre Fabaceae BF Tree

15 | SalicorniabrachiataRoxb. Salvadoraceae | Succulence BF Herb

16 | Sesuviunportulacastrum(L.) Aizoaceae Succulence BF Herb

17 | Spinifexsquarrosud.. Poaceae Needle leaf BF Herb

18 | TrianthemaportulacastrumL. | Aizoaceae Succulence BF Herb

19 | ThespesigopulnealL.) Sol. Ex | Malvaceae BF Tree
Corr.

The phenology of true mangroves differstrue mangrove leaves varied from-18 months

significantly within families, genera and also amongamong different species, longestRhizophora spp.
species (Tomlinson, 1986; Couplartlal., 2005). (Saengerand Moverley, 1985; Tomlinson, 1986)
The emergence of leaf bud, leaf maturation andand least inAcanthus illicifoliusL. and Sonneratia
senescent of leaves, flowers were found to diffeapetalaBuch-Ham (Table 3).

among the species (Table 3). The life span of the
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Table 2: Seasonal variation of physiochemical parameters soil and water samples of mangrove islands

of Chilika lagoon (Odisha), India.
Sl. Seasons Soil texture Soill Water Soill Diurnal
No. ® moisture salinity salinity | temperature C)
San | Clay | Silt % (Ppt) (ppt) Min. Max.
d
1 Summer | ~60 | ~25 | ~15 32°3 25.# 1.2 | 8.1° 0.6 23 39
% % %
2 Post ~45 | ~35 | ~20 58°6 146 25 | 42215 21 36
monsoon % % %
3 Winter ~52 | ~30 | ~18 40° 4 21.2 15 | 851.2 17 34
% % %

In most cases the leaf color changes to yellow at thehowed the families

time of senescent

and more prominent

like Avicenniaceae and
inAcanthaceae start flowering at the end of winter and
Rhizophora sppandSonneratia spp(Plate 1). The arrival of summer, Rhizophoraceae during start of
mangroves of Rhizophoraceae, and Avitdaneae winter but varies among species and the family

showed evergreen nature of vegetation cover. Th8onneratiaceae during late winter (Table 3).
comparison of flower initiation of true mangroves

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

Start of new| Duration Initiation | Fruits/hypo| Plant Start of
Mangrove species leaves from of cotyls height | branching
emergence Flowering | dropping | (meter) from
of leaf to ground
abscisgn (cm)
(Month)
Acanthus ilicifoliudL. July 10 March June 1.480. | -
19
Avicennia alb&8lume July 12-13 January June 3.5C°0. 72°13
39
Avicennia maringForsk.) July 1314 January May 3.880. 76°27
Veierh 50
Avicenniaofficinalis L. July 1314 January May 3.480. 24011
48
Bruguiera cylindrical(L.) | Throughout| 12-13 February August 1.470. 43°6
Blume 21
Ceriopsdecandra(Griff.) | Throughat 12-13 November| September| 1.44 0. 22°8
Ding Hou 21
Kandeliacandel(L) Druce | Throughout| 11-12 November| August | 2.240. 67°26
17
Rhizophoraapiculata Throughout| 1516 March August 3.403| 12635
Blume 5
Rhizophoramucronata Throughout 1516 September July 3.5°0.2| 11615
Lamk. 7
SonneratisapetalaBuch. February 9-10 September| December/J| 4.030. 33’16
T Ham. anuary 44
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Season wise flower formation Y ‘ ISummer

among 6
the recorded 4 5 ]
flora of mangrove islands / | U Winter
in Chilika lagoon /
6
uPost-monsoon

J  Monsoon
.I. 4

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

There was no significant correlation Wween the 1.45 mg/g) during winter but a similar amaousf

leaf initiation and leaf aging in Rhizophoraceaechlorophyll content was recorded during both
Most species show flowering during dry hotsummer and post monsoon. Similarly, the seasonal
environment (Duke, 1990; Coupland et al., 2005gstimated result among the studied mangrove leaves
Upadhyay & Mishra, 2010; Pandet al, 2017) showed minimum amount of chlorophyll i€.
(Figure 1). decandra(Griff.) Ding Hou (i.e., 0.20 mg/g) during
Leaf pigments postmonsom. Three speciesA. alba Blume, A.
The leaf photosynthetic pigmenikd Cholorphylls  marina(Forsk.) Veierh and\. officinalisL. showed
(i,e., Chla and Chlb), total Chlorophyll, lowest chlorophyll content during post monsoon.
Carotenoides and the ratio of Chl.a/b has beefwo specieskK. candel(L) Druce andR. mucronata
calculated for all the three seasons of the selectedlamk., showed lowest chlorophyll during winter
mangrove species of Chilika lagoon (Table 4). (Table 4).

The amount of total chlorophyll, chlorophyll&  The chloroplll a/b ratio among species varied but
chlorophyll b varied among species (Murty & Rao,close to 3.0 (Basakt al, 1996) in postnonsoon
2014). The mangrove species likéd. marina but varied significantly during winter and summer
(Forsk.) Veierh, A. officinalis L., C. decandra (Fig. 3). A very high value recorded during winter
(Griff.) Ding Hou, K. candel (L) Druce andR. and thus shows use of a narrow range of irradiance
mucronata Lamk., showed highest chlorophyll for photosynthsis during winter but in summer,
content during summemBut two speciesA. alba low ratio showed use of broad range irradiance and
Blume andS. apetalaBuch-Ham., showed highest also an adaptation towards unfavorable conditions.
chlorophyll content during winter. Seasonalln stress condition chlorophyll a is more susceptible
comparison of total chlorophyll among speciesfor degradation than chlorophyll b which results in a
showed maximum fror. apetalaBuch-Ham. (i.e., reduction inChlorophyll a/b ratio (Young, 1993).

Variation in seasonal Chlorophyll , and Chlorophyll

11 H Chl. a: Summer Chl. b: Summer
0.8 - m Chl.a: Post-monsoon ™ Chl.b: Post-monsoon
0.6 - m Chl. a: Winter u Chl. b: Winter
0.4
T4, "4 T
AA AM AO CD KC RM S.A

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 grnenata SA: Sonneratia apetala)

mg/g

http://biosciencediscovery.com 215 ISSN: 2231 - 024X (Online)



Panda Met al.,

Table 4: Mangrove leaf pigment content duringsummer, postmonsoon andwinter, 2015

A: Summer (April)- 2015

Mangrove Chl.a £ Chl. b £ S.D| Total Chl. £ | Carotenoides +| Chl. a/b | Total

species S.D S.D S.D chl./Carotenoides

A.alba 0.438 + 0.207 + 0.645+ 0.007| 1.954 +0.002 | 2.116 0.330°0.012
0.004 0.002

A.marina 0.549 + 0.221 + 0.77 £ 0.004 | 2.308 £ 0.005 | 2.484 0.3340.024
0.003 0.002

A.officinalis | 0.801 + 0.402 + 1.203 + 3.192 +0.002 | 1.993 0.3770.006
0.006 0.003 0.007

C.decandra | 0.449 + 0.267 + 0.716 + 1.955 +0.003 | 1.682 0.3360.012
0.003 0.005 0.006

K.candel 0.542 + 0.153 + 0.695 + 2.202 +£0.001 | 3.542 0.316'0.046
0.006 0.004 0.008

R.mucronata | 0.413 + 0.119 + 0.532 + 1.471 £0.003 | 3.471 0.362 0.006
0.005 0.004 0.011

S.apetala 0.837 + 0.392 + 1.229 + 2.863 £ 0003 | 2.135 0.4290.096
0.007 0.003 0.009

B: Postmonsoon (SeptemberP015

Mangrove Chl.a % Chl. b £ S.D| Total Chl. + | Carotenoides £ | Chl. a/b | Total

species S.D S.D S.D chl./Carotenoides

A.alba 0.335+ 0.121 + 0.456 + 0.117 £0.001 | 2.779 3.895'0.028
0.004 0.003 0.006

A.marina 0.332 + 0.119+ 0.451 0.145 +0.008 | 2.782 3.1250.199
0.004 0.002 0.005

A.officinalis | 0.176 + 0.036 + 0.212 + 0.084 +0.002 | 4.889 2.5140.009
0.003 0.001 0.004

C.decandra | 0.155+ 0.046 + 0.201 + 0.092 +0.001 | 3.377 2.1880.005
0.001 0.002 0.003

K.candel 0.432 + 0.128 + 0.561 + 0.183 +£0.001 | 3.369 3.0770.005
0.001 0.003 0.003

R.mucronata | 0.238 + 0.070 + 0.308 + 0.126 £ 0.001 | 3.395 2.4350.02
0.003 0.001 0.004

S.apetala 0.896 + 0.345 + 1231+ 0.308 £ 0.001 | 2.595 3.991°0.028
0.006 0.003 0.006

C: Winter (December) 2015

Mangrove Chl.a+ Chl. b £ S.D| Total Chl. + | Carotenoides +| Chl. a/b | Total

species S.D S.D S.D chl./Carotenoides

A.alba 0.605 + 0.139 + 0.781+£0.006 | 0.141 £0.001 | 4.342 5.554 0.009
0.004 0.002

A.marina 0.551 + 0.124 + 0.708+£0.006 | 0.129 £0.001 | 4.430 5.4870.01
0.004 0.002

A.officinalis | 0.460 + 0.084 + 0.569+0.008 | 0.137 £ 0.001 | 5.484 4.16000.026
0.005 0.002

C.decandra | 0.238 + 0.068 + 0.321+0.001 | 0.100 £ 0.001 | 3.525 3.2180.014
0.001 0.001

K.candel 0.194 + 0.050 + 0.256+0.004 | 0.100 +0.001 | 3.862 2.564 0.005
0.002 0.001

R.mucronata | 0.221 + 0.051 + 0.285+0.013 | 0.103 £ 0.002 | 4.300 2.7810.072
0.004 0.008

S.apetala 1.077 + 0.307 + 1.454+0.012 | 0.351 £ 0.003 | 3.511 4.1390.006
0.008 0.003
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The comparison of chlorophyll a/b ratio amathg  (Griff.) Ding Hou (i.e., 1.68, during summer). The
species showed highest fér. officinalis L. (i.e., values of all other species were found to be between
5.48, during winter) and minimum f&. decandra these two mangrove species (Table 4 & Fig. 3).

Chlorophyll a/b

Winter ®Post-monsoon M Summer

AA AM AO CD KC RM S.A

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

The carotenoid content of mangrove leaves duringfficinalis L. (i.e., 0.08mg/g) during poshonsoon
post monsoon and winter was of similar and ndn comparison with other species. A significant rise
remarkable differences were noticed. The minimunin leaf carotenoides in all the mangrove leaves were
amount of carotenoides was recatde leaves oA.  recorded during summer (Table 4 & Fig. 4).

—o—Summer —{—DPost-monsoon —— Winter |

Figure 4: Seasonal variation otarotenoides of mangrove leaves.

The increase chlorophyll b and carotenoides duringhe correlation coefficient values showed strong
summer (Table 4; Fig. 2 & Fig. 4) shows their rolerelation among different photosynthetic pigments
to use wide range of irradiance and to protect thduring postmonsoon and winter but least during
photosynthetic apparatus (i.e., reaction centers) bsummer period (Table 5). The pigmeobntent
reflecting hidh energetic lights (Kathiresan & among the species also varied which supported the
Bingham, 2001; Bidlack & Jansky, 2011). work of Basalet al, (1996).

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

SINo. Source Summer Postmonsoon Winter
1 Chl.avs. Chl. b 0.872 0.993 0.978
2 Chl. a vs. Carotenoide 0.946 0.985 0.930
3 Chl. b vs. Carotenoide 0.888 0.971 0.970
4 Total Chl. vs. Carotenoide 0.953 0.982 0.943
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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 studyiavicennia alba2: Avicennia marina3:
Avicennia officinalis4: Kandelia candel5: Rhizophora mucronat®: Sonneratia apetala/: Ceriops
decandra8: Acetone extraction 9: Stunted growth of Avicennia patcli20Senescent leave8\icennia
alba, Rhizophora apiculata, Rtlophora mucronatarespectively) 13: Stilt roots of Rizophora spp.14:
Pneumatophores @fvicennia marina

From above study it may suggested that th®asak UC, Das AB and Das P, 1996.
phenology and greenery in mangrove leaves varieShlorophylls, Carotenoides, Proteins and Secondary
throughout the year. Proper management, artificiaMletabolites in Leaves of 14 species of Mangrove.
regeneration, gap filling with suitable mangrove Bulletin of Maine Science58(3): 654659.

species and prevention in entry of buffaloes into th®idlack JE and Jansky SH, 2011. Sterns
islands will help to increase the health of thelntroductory Plant Biology.McGrawHill, New
mangroves which is thought to stabilize andYork.

improve the ecology of Chilika lagoon. Coupland GT, Paling El and McGuinness KA,
2005. Vegetative and reproductive phonologies of
REFFERENCES four mangrove species from northern Australia

Arnon DI, 1949. Copper enzymes in isolated Australian Journal of botany3: 1091017.

chloroplasts. Polyphenol oxidase Beta vulgaris Duke NC, 1990.Phenological Trends with Latitude

Plant Physiol, 24: 1-5. in the Mangrove tree Avicennia marinkournal of
Ecology 78 113133.
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