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r! 
1." . :,n:nj8.ll, 1e1.07 kg ha r, 60.57 kg rra., and 136 26 kg rra . respicuvery. rhererurtl/accurnurah.'n ratios of N, p, K, ca, Mg and s showed that accumlrlation =-retrLn for N, .eiurn >accumulation for Ca, accurnulation > ..turn for-p, K, Mg and S. The calculated turnover period of N, p, K, Ca,Mg and S were l0 yr, 10 yr, 15 yr,6 yr, 10 yr and 14 yr reipectively.
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Introduction

Mangroves are ecologically and commercially important and serve as a link between terrestrial
and marine ecosystems (Aksornkoae, DO:; nieta, 1995). Mangroves are the obvious source ofinorganic and organic compounds for estuarine production (Aksolnkoae and Khemnark, l gga) aJ
act-as an open pathway of nutrient transport to the aquatic ecosystem. fh"r" 

".otogi"ul 
fun"tlors

make the mangroves most productive eiosystem in'the tropical and sub_tropical ioastal region(Clough and Aftiwill, 1982; Hutchings and Saenger, 198;). Estimation oi stanOing tiom"ass,

1T:"].,li.Trrr increment. liner production and litter. standing crop are the appriaches foiesrmatrng the productrvity and functioning of a mangrove forest (Ong et al., l9:g\; Gong andong, 1990) At rhc same time, measurement of within stand nutrient cycling could be another
useful approach of estimating mangrove productivity and functioning.

There are fcw studies on within stand nufiiert cycling in mangroves (Li, 199?; Zheng et al.,1997), but they were conducted in- subaopical *ng.Ju", witli Rhizrphora stylosa, ,lZgicet"oscorniculatuu and, Kanderia cander dominaled, stand ii shenzhen of souih ctrina. But,'no ittempt
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has been taken on the study of within stand nuhient cycling in tropical mangroves. Bruguiera
parviflora is the least studied among the tropical mangrove communities in Malaysia as well as
elsewhere and found to occur throughout Southeast Asia to tropical Australia. It seryes as a nulse
crop by modifying the site condition to suitable for climax species in the process of succession
(Watson, 1928; Noakes, 1952; Chapman, 1976). Considering the impo ance of this species, the
prcsent stucly synthesized thc previoLts and new data and estimates the biological cycling of
macro-nutrients (N, P. K, Ca, Mg and S) in B. parvifloru dominated tropical mangroves.

Materials and Methods

Slutl), site: The study area consists of 100 ha ofB. parviJlora domtnated mangrove lorest (Latitude 1.20' N
and Longitude l0l"l4'E) in the Kuala Selangor Nature Park, Kuala Selangor, Malaysia and categorized
under Watson's (192E) tidal inundation class 4. The mean annual rainfall is about 1790 mm and n]ean
mininrum and nraximum temperatLrres are 24 and 32 'C respectively. Wet season is fiom September to
Dcccnrber, which contributes 46% of total annual rainfall. lntermediate season contributes 3 l% ol annual
rainfail fromJanuary to April and dry season contributes 239lo ofannual rainlall from N4ay lo Ausust.

Stnnling biorniss uliunual bionass increment: Standtng biomass ol B. pdt.\'i ora saplings and rrees tn
the presenl stlrdy were taken from the stud), of Mahmood c/ .r/. (2004) (Table 11. Annual biomass increment
in different components (leaves, branches, stems, bark and roots) ofB. pan,ifora saplings and trecs were
measured fronr randomly selected nine saplings and eighteen trees. Diameter at breast heisht (DBH) ol
individual sapling and tree were measured and tagged during September 2001, and DBH of the ragged
saplings and trees were again measured at yearly interval for successive two years. The biomass of each
tagged sapling and tree were estimated by using the allometric equations (Log r0 lliomass = A + B Log r!
DBH) (Mahmood et a1.,2004). The biomass accunrulatiorl in different components ofeach tagged sapling
and tree were computed by subtlacting the initial biomass from the final bionrass. Irinally. biomass
accumulation *as expresscd in t har and calculated lrom the saplings and lrecs having mid DBH of
rcspcctive DISH classes as dcrivcd by N4ahmood c/.1/. (2004).

Sanpling of ttlufit, littet a l toil: Six saplings (DIlll ranged lronl I to <4 cm) rvere randomly sclected and
uprooted by lorv pressured watcrJet and portablc rvrnch Uprooted saplingswcre then separated into different
cornponents (leaves. buds, branches. bark, stems and roots) and sub-samples (about t00 g) of each
conrponent were taken randomly from each sapling. Six trees (DBH ranged 4 to <16 cm) were selected
randomly and sub-samples of leaves, buds, and small branches (diameter < 2 cm) were collccted randomly.
Incremcnt borer was used to collect stem samples. One buttress root was s€lected randomly front each tree
and excavated by using high-pressure water jet and portable winch. Sub-samples (about 100 g) of leaves.
buds, small branches (diameter < 2 cnr), bark, stems and roots collected from each trees. AII sub-samples of
plant components were oven-dried at 80 oC until constant weight. Eighteen litter rraps (l m x I m) were
suspended under the tree canopy by nylon rope between trees at a height of L5 m abovc the ground lcvel.
The trapped litter was collected .rt nronthly inrerval for 20 monrhs (December 200t to July 2003). The
happed litter ofindividual catcher was sorted into leaves, small branches, bracls. flowers and propagules and
oven drred at 80 "C to constant weight. N4acro-nutrient contents in differenl components of B. pariflora
saplings, trees and litter production were analysed during the inrermediate season (March 2002 and 2003),
dry season (July 2002 and 2001) and wet season (November 2002). Nine samples ofropsoil (up to.l0 cm
depth) were collected randomly from the study area during the wet season (November 2001 and 2002).
intermediate season (March 2002 and 2003), dry scason (July 2002 and 2003), by using core sampler of5 cm
diameter. Soil texture and bulk densiry were measured according to Black (1965).

Nutrient analysis: The different samples of saplings, trees, litter components and soil were processed
according to Allen ( I974) for the deterninarion of Nirrogen (Weatherburm. 1967), Phosphorus (Timorhy (,/
a1.. I984) and Sulphur ('fandon, l99l). Potassium concentration in the sample extractions was measured by
Flame photometer (Jenway PFP, L'lngland). Calcium and Maqnesium concentrclion tn ex[ractton were
mcasured by Alomic Absorplion Spectrophoronrerer {AAS PERKIN F]LMER :1100, USA). Weishted mean
and standard error ol nutrient concentratlon were calcularcd
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\uttie ts slock, qtrfiual rctum, accumulatiotr aul uptake: Nutrient stock in different components ofsaplings and lrees werc calculaled fiom the individual nrtri"nt 
"nn""nt,ution 

in each corrrponents multipliedb\ rheir dry werght. Annuar accumuration of nutrients was carcrtated rrom ihe annual biomass increment ineach conlponert ofsaplings and trees multiplying with the concentration ofindividual nutrient. Annual returnrs the returned amount of a nutrient in r y, und thi. st,dy onry estimatJ th. unnrur ,"turn of nutfients vialitter fall. Therefore. the estimated values ofnutrient retua 
"ouid 

b" undeiestimatron slightly. The amount ofnutrient uptake, turnover rate (yr), absorption coefficient, utirization coefficient and 
"y"'iing "oern"ient 

*".eca'culared lrom the following equattons:

Lrptake = Returu + Accunnrlaljon (Duvigneaud and Smet, 1970)

Tumor'er rate (yr) = Nutrie,t stock in bionrasyRetum ofnur ents (Duvigneaud and smet. I970)
\bsorPtion coelllcien( = Uplakc ofthe nutrienVNut enl io soil pool (Zhen gct ot ,l9gj\
L r lizaridr coelllcient = Llptake amounr ol nutfierrt/Slock of nutrient (Zheng et ot.,l9()./)
(')cirng coelljcient = Rerum ol nukienruptake ol.nutr aent (Zheng €/ d1., 1997)

Results

Annusl biomsss increment qnd liner production: The yearly average biomass increments in
saplings and trees were 0.58 t ha I and r6.51 t hu ' r.rp..ti*ry liable r). The amount oftotar litterproduction, leaf littcr. small branches, bracts, floweri and p'opagules ,i.. fo :i i i'r: y, i-i'ilii
ha ryr r. 0 77 t ha ryr r. 

1.03 t ha ryr.r, 0.le rt,l; ,; i;;l.Jd;il-ii:i."rp..tiu.ry.

Table I Standing biomass and annual biomass
increrrienl (kg ha') in diierenl componeDts ot
Rntguiam pnrri.lom saplings and lrees (aller
Mahmood er .r/. 2004).

0.08 0.04
5.01

0.12 0.06
0.61 0.38
0 08 0.05
0.14 0.05

0.58

10.9t I tl
0.s0 0.05
0.40

18.21 4.|
Stems 81.28
Bark I l.l I

Roots 18.91

7.99
L09
2.16

Subtoral 

- 

to-srloral 1i2.42 lt09

cycling of nutrien s.' The annual return of N, p, K, ca, Mg and S in the form of litter fall were5e.82 kgha, 10.e3 kg ha.,23.43rg-ha,l183r kg ti^|,)g.zi 6;;li;;;.iil;;;l:respectively, with the order ofCa>N>S>Mg>K>p (Tablt3).
Comparatively higher amount of S was annually accumulated in plant biomass followed by Ca, N,K, M-g and P (Table 4). Leaf falr is the main ind qui.t rouic. 6i nutiients retum to the so. andcontributed to 7O%,70%,65%, jgo/., g0% and 6g%'of the total anauaiietum of N, p, f, Ca, fr.lg 

--

.,\utrients in plant cotflponents orry' sorl., Relatively
higher concentration of N, p, K and Mg were for.rnd in
leaves, buds and ilowers. Leaves, buds. flowers and
barks contained higher concentration of Ca and roots
contained higher concentration of S. Comparatively
higher amount of S was stocked in pluni bio*uri
lollowed by Ca, N, K, Mg and p. Above_ground
components of saplings and trees contributed to g7yo.
85%, 75%, 88%, 45% and 69% stock of N. p. K. Ca.
\19 and S respectrvely {Table 2). ln liuer (omponents.
leaves. flowers and propagules contained
comparatively higher concentration of N. p and K.
Higher conccntralion of Ca and Mg r.r ere found in
ieaves, bracts and flowers, but propigules contained
comparatively higher concentration of sulphur (Table
3).

The soil te-xture was clay and the bulk densitv was
0.63 g cm'' and the weighted mean concentration of
N. P. K. Ca.,Mg and S wcre 1.46 r- 0.01 mg g ,. 0.12
F 0.00 mg g'. 5.50 r 0.48 mg g,. j.jo . 0.6dre s,.q. I9 | 0 39 mg g '.6.48 .. 1.00 nrg grrespecrrvely.-

Brds

Branches

Standing Biomass increment
components biomass ( har) (t haryr'r)
Saplings:
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Table 2. weighted mean (t SE) concentration (mg gr) and slock (kg ha r) of macro-nurrients in dillerent components of
Brug ieru porvillora saplings and trees lrom Kuala Selangor nature park, Malaysia.

0 t3 041

12 72 r55 32

t2071016 I141007 74?1t 50 898i09:l
9001031 I t3+006 5301078 t0 t910 t

5 4lr0l4 0 34]o03 :168i0 57 6 331015
I 5l+0 0l 0 59ri0 09 0 95:0 02 I 55+0 00
.i:ll+0 07 0 79io05 j l5r0 0l I46i016
I6710 0? 0 3.1+0 0.1 4 7.1!0 t3 3 7ti0l0

3 0:l+0 99 5 4:trt 02 0 9?
5 64+037 I744045 005
t,16+0 12 :l55+071 065
0 6010 0l I194043 092
I I 4!0 0,1 4 76a0 56 0 :15

4 t1r0 25 t2 55+l t6 O 5l

40t+02s t4l44t I B1)
5t010ll 33S]073 52l
5 53+012 t4l3r0o8 128
0 95+0 l0 I 7?+014 t72 72

0.401001 t 92+0l7 |]:t 95
030+00t 5 79+0 94 4? 32
3ll10 8l t2 46t: 09 76 4l

13 21 84 96 to:l 9t
all l tl 5ll
060 t61 {63

ll 3l 69 3.1 25S 97
:ll0l 79 06 3968
t490 14:2 14564
t5 70 85 51 79-tS

o12

Gavis 1:75*046 lll+007 779t1ll s52+07:l
Buds 1003+005 t13+00t 606!009 t027+02a
Flose6 7'rl+091 147+001 3 'rG10.13 tl l4!015
BEnches 4 52a0 2? 031,0 03 I 3l+0 25 () 3OrO,14
srm l5li00l 0t3+001 0.97a001 I t0+001
Ba'l 110100s 135+004 l284OOl ll llll27
89!!! 4 0110 D 0 3310 04 4 52+0 51 4 2l{Cr57

I l2t0:0 5l0+0 t3 lr 60
Bran.h I ll:o ll 07n+003 060!004 lt0lro33 0671007 :7,1j0 ]] ],10 oi7 0.1() BJq o52 I t1Brrcr 49t+020 0r9t009 tt9+011 P5rro6o 3.t.lio t6 lllaol3 506 t0:l tll
FloNm 670{(15 160+00:l 1:ll}0t3 t4t7rt97 l16{8 {t{1009 t29 0lO 081 169 004 t)jg
ProprAul6 723:016 1071002 4291005 !6?'003 0q:t+Ool 85110} 947 138 558 :17 t:t ltlO

and S respectively (Table 3). The
annual uptake of N, P, K, Ca, Mg and S

were 119.92 kg ha'r, 22.41 kg ha'r,
59.69 kg ha', 191.07 kg ha'" 60.57 kg
ha-r and 136.26 kg har respectively
(Table 5). The retum/accumulation
ratios of micro-nutrients indicated that
accumulation = return for N. return >
accumulation for Ca, accumulatiol >

Table 4. Annual accumulalion (kg har) of macro-nutrients in
difttrenl conponenls ol Bruguiera paryilon saplings and trees al
Kuala Selangor natur€ park in Malaysia.

Plant
components

Amounl llg hz r

PKCaMsS
Saolinssj
Leaves
Brrnches
Stems 0.58
Bark O22

0.05 0.10 0.16 0.12
0.05 0.22 0.41 0.09
o.23 016 0.59 0.23
0.04 0 06 0.41 0.06
0.04 0.24 0.t9 0.22

0.22
0.21
0.87
0.24
0.6:l

1.34 8.64 10.57 4.45 t5.92
3.42 1.51 21 95 1.89 15.49
3.05 t.11 8.82 3.22 15.32
I 41 l.t9 14.2' 0.87 6.J I

1.19 9.16 9.10 17.99 269?

0.48
0u3

retum for P, K, Mg and S. The Roots

calculated rurnover period ol N. P. K. ]1:::l
Ca. Mg and S r.r ere l0 ir. l0 )r. 15 )r. b::ffi.,
6 1t, l0 yr and 14 )r respectively. The Srems

absolption coefficients for N, P, K, Ca. Bark

0.t8

14.15
18.57
12.t8
4.69
8',]7Mg and S were 0.018, 0.037. 0.006,

0.031, 0.003 and 0.01 1 respectively (Table 5).

Discussion

Wide ranges of macro-nuhients (N, P, K, Ca, Mg and S) concentrations were observed in saplings,
trees and litter components (Tables 2 and 3). Plants uptake available form of nutrients fiom soil
and are translocated to different components to perform different physiological functions, normal
growth and development (Jones e, c/., l99l; Marschner, 1995). Nutriert concentration in different
components of plants yades with plant species, types of plant components and physiological age
of the tissue (Walbridge, l99l). Moreover, the fluctuation in climatic condition (rainfall and
temperature), soil edaphic factors, ayailable nutrients in the substate and concentmtion of other
nutrients can affect the nutrient concentration in plant components considerably (Kabata-pendias
and Pendias, 1984; Walbridge, 1991; Jones, 1998; Mahmood et a1.,2006') as well as mineral
metabolism and uptake of nutrients by the roots (Barber, 1984; Jones e/ a1., 1991; Marschner.

Table L weighted mean (1 SE) concenrmtion (mg g"r) and annual retum (kg ha r) of macro-nutrients lhrough ti$er lhll.
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i995; Jones' 1998). G.eeu leaves ofB. purviJlora saplings and trees contained relatively higher
percerrtage ofN (53-55'zo), P (9-20%) and K (61-81%) than the Ieaf lirter, but 50% higher calcium
.oncentration was observed in leaf litter compared to the green leaves ('fables 2 and 3.1. The re_
translocation mechanism of N, P and K from senescence leaves and less mobile nature of Ca and
rts accumulation in plant tissue compared to N, p and K (Jones, l99g) coukl result in lower
.ontent ofN, P and K and higher content of Ca in leaves of lifter production.

Relatively higher concentrations of Mg and s in roots of saplings and trees (Table 2) and higher
bromass in roots ('lable l) resulted lower percentages of Mg and S stock a'',d accumulation in
abovc-ground biomass oi saplings and trees. Among the above-ground components, stems
.'ontributed to about 50% of thc total standing biomass but contained less amor,rnt of N, p, K, Ca,
\le and S stock and accumulation compared to leaves and buds (Tables 2 and 4) due to the very
lo\! er concentration of that Dutrients in stem tissue of saplings and trees.

Table 5 Macro-rult'ien1s uptake. relurn/accumulation ratlo. tLn-nove[ penod. soil
nulients pool, absontion coei]icienl. urilization coellicrent and cycling coetlcient ol.
Rntg ieto p 'villon dominaled mangrove foresl al Kuala Selangor naturc park ln
Malaysia.

Macro-nutr-ients

Higher amount of Mg
and S stock and

accumulation in plants

roots (Tables 2 and 4)
and their lower amounl
ln litler componerts
r Tablc 3 ) rcsulted in very
lorv return/accumulation

ratio and longer hrrnover

Variables

Stock (kg har)
)unro!er Ixte (yr)

Absorplron coel'ilL renl

K (a M
lJptake (kg ha ') |9.92 22.1t 59.69 t91.07 60.57 ll().26
llelum,Accunrulation mlios I.00 0.95 0.65 L(rl 0.91 0.66

572 00 108.83 342.81 692.81 285.98 771.-il
t0 I0 15 6 l0 l1

Soil (0-30 cm deprh) (ks har) 6519 607 10195 6243 t-/3(t9 t2]14
0.018 0.037 0.006 0.01t 0.001 001 I

Delrod for Ms and S utilization coeilicient 0.21 0.21 o.l7 028 0.21 o.l8
llding coe tcient 0.50 0.49 0.39 0.62 0.48 0.40tTable 5). Conversely,

hrgher amount of K stocked and accumulation was observed in above-ground components of
saplings and trees (Tables 2 and 4). But, lower concentmtion of K in litter compo,ents (Table 3)
could Iead to Iower retum/ accum,lation ratio and longer turnover period (1able 5). present study
;ho*ecl comparatively lowc. N. P and K stock, accumulation. retum and uptake as compared to
thal io Aegi('eras coruiculatuDl and Kandelia carulel domirated stand in shenzhen. South china
(l-i. 1997). However. nutrients stock, accumulation, return and uptake in mangroves vary with
standing biomass, annual biomass increment, litter production, plant species, age ofstand, element
characteristics, nutrients content in different components of plants, nutrient pool and soil physical
and chemical characteristics (Jordan, 1985; Gong and Ong, 1990; Li, l99j: Zheng et el., 199:,.).

Nutrients in any forest ecosystem are cycled in a variety of chemical forms and the description of
nutrient cycling is the part of that story. Nut ent cycling is never conrpletely efficient. Nuftients
released from hees through litter deconposition are rapidly taken up by the roots and retained
rvithin thc system (Binkley, 1986). Efficient nutrient cycling is characterized by low nutrient
losses from the systcm, as a whole, despite relatively large amounts of nutrient cycling between
trees and soil (vitousek, 1984). The sequences ofabsorption coefficient and utilization coefficient
were P>Ca>N>S>K>Mg and Ca>N>P>Mg>S>K respectively (Table 5). However, the sequence
of cycling coefficient was similar with utilization coefficient and suggested that the flow of ca,
Mg, and N were higher and lower flows were associated with K and s, which coincided with the
fumover rate
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Conclusion

The general observation suggested that forest stores large mass of chemical elements in the wood
of stem, branches and roots that move slowly through the system. On the other side, stored
nut ents in lcaves. other green parts and litter cycle rapidly between the soil and plants. There are
many factors that control the nutlients input, output, storage and cycling in mangrove forest such
as frequency of tidal inundation, runoff from surrounding land area, rainfall, canopy drip, stem
flow, litter fall, litter decomposition and mineral uptake by plants (Boto, 19E2; Alongi et a|.,1992l.
Aksornkoae, 1993).
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