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monopetalum L., in Southern Portugal 
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ABSTRACT: Seasonal variation pat terns of aboveground and belowground biomass, net  pr imary production,  and nutr ient  

accumulation were assessed in Atriplexportulaeoides L and Limoniastrum monopetalum (L.) Boiss. in Castro Marlin salt  marsh,  

Portugal.  Sampling was conducted for five per iods during 2001-2002 (autumn, winter, spring, summer,  and autumn). This 
study indicates that  both species have a clear seasonal  variation pat tern for both aboveground and belowgrotmd biomass. 

Mean live biomass was 2516 g m ~ yr 1 for  L. monopeValum and 598 g m ~ yr 1 for A. portulacoides. Peak living biomass,  in 

spring for both species, was three t imes greater  in the former,  3502 g m ~ yr 1, than in the latter, 1077 g m ~ yr 1. For both 
the Smalley (Groenendijk 1984) and Weigert  and Evans (1964) methods,  produc~vity of L. monopetalum (2917 and 

3635 g m 2 yr 1, respec~vely)was greater  than that  of A. portulaeoides (1002 and 1615 g m 2 yr ~, respectively). Belowground 
biomass of L. monopetalum was 1.7 t imes greater  than that of A. portulaeoides. In spite of this, the root :shoot  ratio for A. 
portulacoides was greater  throughout  the year. This shows that  A. portulacoides allocates more  biomass to roots  and L. 

monopetalum to aerial components.  Leaf area index  was similar for both species, but specific leaf  area of A. portulacoides was 
twice that of L. monopetalum. The greatest  nutr ient  contents were found in leaves. Leaf ni t rogen content  was max imum in 
summer  for both species (14.6 mg g ~ for A. portulaeoides and 15.5 nag g 1 for L. monopetalum). Leaf  phosphorus  

concentration was min imum in summer  ( l . l  mg g ~ in A. portulaeoides and 1.2 mg g 1 in L. monopetalum). Leaf  potassium 

contents in A. portulaeoides were around three t imes greater  than  in L monopetalum. Leaf calcium contents in L. monopetalum 
were three t imes greater  than in A. portulacoides. There was a pronounced  seasonal variation of calcium content  in the former,  

while in the latter no clear variation was registered.  Both species exhibi ted  a decrease in magnes ium leaf  contents in the 

summer  per iod.  Manganese content  in L. monopetalum leaves was tenfo ld  that  in A. portulacoides. Seasonal pat terns of nutr ient  
contents in A. portulaeoides and L. monopetalum suggest that availability of these elements was not  a l imit ing factor  to biomass 

production.  

Introduct ion 

Salt marshes are generally considered among the 
most productive ecosystems in the world, despite 
constant stress conditions such as water deficit and 
salinity excess (Adam 1990; Hughes and Paramor 
2004). Biomass and productivity- of  coastal wetlands 
are good indicators of  vegetation health, enhancing 
the importance of such knowledge to the flmction- 
ing of the overall ecosystem (Pont et al. 2002). 
Factors such as competit ion, salinity-, degree of  
waterlogging, and nutr ient  status play important  
roles in regulating productivity- (De Leeuw et al. 
1990; Gross et al. 1990; Pennings and Callaway 1992; 
Pont  et al. 2002). 

Several studies assessing aboveground and below- 
ground biomass, as well as annual net  primary 
product ion  of  salt marsh species, have already been 
made. These studies centered mainly on species of  
S partina (Gallagher et al. 1980; Schubauer  and 
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Hopkinson 1984; Cranford et al. 1989; Gross et al. 
1990, 1991), Juncus (De Leeuw et al. 1990; Hsieh 
1996), or Arthrocnemum (Pearcy and Ulstin 1984; 
Curc6 et al. 2002; Pont  et al. 2002), and few 
concerned  Atriptex spp. (Groenendijk 1984; Groe- 
nendijk and Vink-Lievaart 1987; Bouchard et al. 
1998; Khan et al. 2000) or Limoniastrumspp. (Daoud 
et al. 2001), even though they are characteristic of 
many salt marshes. 

Salt marsh halophytic species diftbr widely in the 
extent  to which they accumulate ions and their 
overall degree of  salt tolerance (Khan et al. 2000; 
Munns 2002). Generally, potassium (K) is accumu- 
lated in response to low soil moisture, while sodium 
(Na) is accumulated unde r  saline conditions to 
create and maintain water potential  gradients and 
turgor  necessary- tbr  water uptake and growth 
(Flowers et al. 1977; Gorham et al. 1980; Donovan 
e t  al. 1997). The  uptake and accumulation of  Na 
interacts with the cation macronutrients,  K, calcium 
(Ca), and magnes ium (Mg), of ten leading to 
relatively small leaf ratios of  this cation, resulting 
in tbliar deficiencies (Albert and Popp 1977; 
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Gorham et al. 1980; Gul et al. 2000). Dii terent  
species play different roles in nutr ient  accumula- 
tion, balance,  and  cycling. Knowledge on  species 
tunc t ion ing  and  role is impor t an t  to increase 
u n d e r s t a n d i n g  o f  the  in te rac t ion  of  salt and  
nutrients in haloph)4es. I i~brmat ion  on chemical 
conlpositions of Medi ter ranean salt marsh species is 
scarce,  and  studies dea l ing  with Atriplex and  
Limordasmtm species are even more  limited. 

Climate change predict ions for the Mediterra- 
nean  inc lude  increased  air t e m p e r a t u r e s  and  
d rough t  (Miranda et al. 2002). T h e  processes 
regulating carbon and  nut r ient  b~dgets  are highly 
influenced by these conditions. This is particularly 
relevant for sMt marsh communit ies ,  as the?, are 
aheady subjected to constant  physiological water 
stress. [t is desirable to assess sMt marsh species 
adaptability to environmental  constraints to im- 
prove m a n a g e m e n t  techniques to reduce potent ial  
damaging  ef{iects of  climate change. 

Atriptex portutacoides L. and Lbnoniastrum monope- 
tatum (L.) Boiss are a m o n g  the four dominan t  plant  
species with an overall distribution in Castro Marlin 
salt marsh, Portugal. They cover extensive areas and 
are key species to the conservation of  marsh wildlife. 
Derailed inflJrmation on thei ,  fhnctioning and role 
within tile ecosystem is scarce, especially regarding 
L. monopetalum. The  assessment of  their productivity 
and biomass allocation patterns,  as well as nut r ient  
cycling, will provide novel and needed  knowledge, 
clearly lacking at the present ,  but  crucial to the 
unders tanding  of their  functional ecology- and  to 
the development  of  appropr ia te  mmlagemen t  strat- 
egies. 

Tile main ohjectives of  this study were to evaluate 
seasonal variation pat terns of  aboveground  and  
be lowground biomass,  to assess aald compare  net  
pr imary  produc t ion  th rough  two evaluation meth-  
ods, to assess and compare  litter decomposi t ion  
rates, and to de te rmine  the seasonal variation of  
nut r ient  contents (ni t rogen [N], phosphorus  [P], 
K, Ca, Mg, mM manganese  [Mn]) in A. portut~coides 
and L. mo~z@etal.u,m. We expect to find out whether  
these species differ in adaptiveness to salt and  water 
stress, 

Study Site 

The  stud)" was carried out  in Reserva Natural  do 
Sapal de Castro Marim e Vila Real de S ~ Antdnio,  in 
southeast Portugal (37~ 7~ an area that 
is p ro t ec t ed  u n d e r  the RAMSAR hl te rna t iona l  
Convention and tile European  Directives fbr HABI- 
TATS and CORINE. This reserve covers 2087 ha, 
28% of  which are salt mar shes  be tween  the 
Guad i ana  River and  the  Atlantic Ocean .  The  
morpholog?: of  the reserve is mostly flat with an 

altitude ranging fi-om 0 to 5 m above the meart sea 
level. 

The  area has a Medi ter ranean climate, character- 
ized by a dry per iod in summer  (Rivas-Martfnez 
1981), with a mean annual precipitat ion of 492 m m  
m~d a mem~ tempera ture  of  17.2"C. In the sampling 
year (au tumn 2001-au tmnn 2002) total precipita- 
t ion was 593 mnl,  and the month ly  m a x i m u m  
precipitation,  100 mm,  was registered in Sep tember  
2002; m a x i m u m  and m i n i m u m  absolute tempera-  
lures were 35.9~ in July and 5.8~ in December ,  
respectively (Vila Real de Santo Antdnio Meteoro- 
logical Station unpubl i shed  data). 

The  soils, of alluvium origin, are hal lomorphic  
(Lous~t 1986) Mth high lime and organic matter.  
There  are no significant diffferences in the compo-  
sition of  soils occupied by the two species. 

The  vegetation shows a cleat- vertical zonat ion 
according to the f requency of  inundat ion and  the 
characteristics of the soil (Lousfi 1986). In the low 
marsh ,  Spartina marit,.ma (Curtis) Ferna ld  and  
Spartina demiflora Brong are tile dominan t  species. 
In the middle  marsh, the vegetation is domina ted  by 
A. portMaccrides, fbllowed by A~h, rocr~emu~ pe~mw 
(Miller) Moss., A)~hroc~emztm gla't~.ct~'~z (Delile) Ung- 
Sternb., and  A,ff, rac,nemumjruticosum (L.) Moq. The  
h igh  m a r s h  is d o m i n a t e d  by L. mo2zopetatum, 
followed by Suaeda vera Forssk. ex Gmelin. 

Material and Methods 

Two salt nlarsh species, A. portulacoides and L. 
~not~opetal'u,r~ were selected. A. portutacoides is an 
evergreen Chenopodiaceae ,  ranging 20-30 cm in 
height, which colonizes the lower and mid marsh, 
while L. mo'nopemMm, an evergreen Plmnbaginaceae,  
ranging 50-120 cnl in height, colonizes the uppe r  
marsh. 

Sampling was conducted  for  five periods dur ing 
~001-2002 (autumn-2001, winter-2001, spring-2002, 
summer-2002, and autumn-2002).  In the beginning  
of  the study-, 15 similar individuals (in age and  
s t ruc ture)  of  each species were se lected and  
labelled. At each sampling date, aboveground bio- 
mass of  three incti~fiduals per  species was harvested 
f rom a square co lumn (50 • 50 cm on a side), Total  
collected biomass (alive and dead)  f rom each 
column was separated into live leaves, dead leaves, 
live stems, dead  stems, and  reproductive organs. 
Plant material  was oven dried for  48 h at 80~ to 
a constant  mass, and the dry weights of all fractions 
were obtained.  LeM area was measured  in a sul> 
sample of  each plant  leaf t?action using a LI-3000A 
Portable Area Meter. 

At the same sampling dates and  benea th  the stone 
shrubs used  tbr  aboveground  biomass estimates, 
be lowground biomass was sampled th rough  the 
extraction of three soil cores (8 cm diameter)  pe r  
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plant  (nine cores per  species), to a dep th  o f  15 cm, 
with a thin-wall, sha rpened  stainless steel tube. After 
separat ion f rom the soil material,  the roots  o f  each 
core were dr ied and  weighed  similar to above- 
g r o u n d  biomass. 

Litter was col lected and  placed in nylon mesh  
bags at each site, accord ing  to the Bocock  and  
Gi lber t  (1957) l i t terbag m e t h o d ,  to assess the 
decompos i t i on  rates. 

Samples o f  each c o m p o n e n t  ( aboveg round  and  
b e l o w g r o u n d  biomass) ,  col lec ted  f r o m  au tumn-  
2001 to summer-2002,  were p o o l e d  and  a subsample  
t aken  fo r  c h e m i c a l  analysis. Subsample s  were  
g r o u n d  and  analyzed for  nu t r i en t  (N, P, K, Ca, 
Mg, and  Mn) concent ra t ions .  N was d e t e r m i n e d  by 
the  m o d i f i e d  Kje ldahl  m e t h o d  ( B r e m n e r  and  
Mulvaney 1982). Ca, Mg, K, and  P were acid- 
digested before  quantif icat ion.  Ca, Mg, Mn, and  K 
were d e t e r m i n e d  by a tomic  absor t ion spec t ropho-  
tometry.  P was est imated by co lor imet ry  fol lowed by 
UV-V s p e c t r o p h o t o m e t r y  accord ing  to M u r p h y  and  
Riley (1962) and  adap ted  by Watanabe  and  Olsen 
(1965). 

Specific leaf area (SLA) was calculated by the 
ratio o f  leaf area to leaf dry weight.  Leaf  area index  
(LAI) was calculated by the ratio o f  total p lan t  leaf  
area to the canopy  cover pro jec ted  on  the g r o u n d  
(2500 cm2). 

Seasonal  a b o v e g r o u n d  relative growth rate (RGR) 
was calculated for  each sampled  individual  as: 

RGR = (ln DWs In DWs ~)/t  

where  DWs is the  dry we igh t  o f  a b o v e g r o u n d  
biomass in a par t icular  season, DWs4 is the dry 
weight  o f  a b o v e g r o u n d  biomass in the previous 
season, and  t is the t ime per iod  in days (90). For 
each species and  growth season, the three  individ- 
uals sampled  were averaged. 

A b o v e g r o u n d  p r o d u c t i o n  was est imated for  bo th  
species using two methods :  Smalley (descr ibed in 
Groenend i jk  1984) and  Weiger t  and  Evans (1964). 

Data  o f  all biomass fract ions ( aboveground  and  
b e l o w g r o u n d ) ,  SLA, LAI, r o o t : s h o o t  ratio, and  
relative growth rate were analyzed by analysis o f  
variance/Kruskal-Wall is  tests (~ = 0.05) and  Tukey  
post-hoc tests, to c o m p a r e  species and  sampl ing 
periods.  SigmaStat  for  Windows version 3.1 was used 
to pe r fo rm statistical analyses. 

Results  

ABOVEGROUND AND BELOWGROUND BIOMASS 

Mean annua l  a b o v e g r o u n d  biomass was signifi- 
cantly di f ferent  between species (p < 0.05), with L. 
monopetalum having a value (2516 g m 2 yr 1) ap- 
proximate ly  four  t imes greater  than  A. potlulacoides 
(598 g m 2yr  1), bu t  the am oun t s  d e t e r m i n e d  for  

5000 

4000 

3000 

2000 

1000 

0 

1000 

2000 

3000 

4000 

Atriplex portulacoides 

[ ]  Live Stems �9 Dead Stems [ ]  Live Leaves 
[] Dead Leaves [ ]  Rep. Org [ ]  Roots 

E 

5000 

4000 I Limoniastrum monopetalum 

3000 I i 
2000 I 
1000 

0 

1000 

2000 

3000 

4000 
Autumn Winter Spring Summer Autumn 

2001 2002 

Fig. 1. Seasonal variation of aboveground and belowground 
biomass in Atriplex portulacoides and Limoniastrum monopetalum. 

each species did no t  differ significantly (p > 0.05) 
t h r o u g h o u t  the year (Fig. 1). A b o v e g r o u n d  live 
biomass was m a x i m u m  in spring tor  bo th  species 
( 1 0 7 7  g m 2 y r  1 f o r  A. p o r t u l a c o i d e s  a n d  
3502 g m 2yr  1 for  L. monopetalum; Fig. 1 an d  
Table  1). Biomass o f  all c o m p o n e n t s  decreased  
thereafter .  

Mean  a n n u a l  b e l o w g r o u n d  b iomass  was also 
significantly di f ferent  between the two species, with 
a value for  L. monopetalum (2752 g m 2 yr 1) a r o u n d  
twice that  o f A .  portulacoides (1601 g m 2 yr 1; Fig. 1 
and  Table 1). Significant differences (p < 0.05) in 
roo t  biomass per  season were r e c o r d e d  only in 
summer-2002 and  autumn-2002.  Differences f o u n d  
for  be lowground  biomass o f  each species over the 
sampl ing dates were n o t  significant (p > 0.05). 

TABLE 1. Mean aboveground live biomass, peak aboveground 
live biomass, mean belowground live biomass, annual net primmT 
production (in accordance with Smalley and Weigert-Evans 
methods), and turnover rates in Atriplex portulacoides and 
Limoniastrum monopetalum. Values with different letters in a row 
are significantly different (p < 0.05). 

A. L. 
poriulacoides mon@etakum 

Mean aboveground live biomass (g m 2) 598 ~ 2516 b 
Peak aboveground live biomass (g m 2) 1077 ~ 3502 b 
Mean belowground live biomass (g m 2) 1601 ~ 2752 b 
Annual net primm T production (g m 2 yr 1) 

Smalley 1002 2917 
Weigert-Evans 1615 3635 

Turnover rates (yr 1) 0.96 0.86 
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Fig. 2. Seasonal variation of  the root:shoot ratio (RSR) in 
Atriplex port,daco*des and Lirnoniastf, rn rnonopeta~,m (means + SE) 

Mean root :shoot  ratio (Fig. 2) was significantly 
different between species (p < 0.001), with the 
values obta ined  for L. monopetalum less than one 
half  o f  those tbr A. part,ulacoides. For each species, 
there were no seasonally significant differences (p > 
0.05) between this ratio. 

Live stems were the main c o m p o n e n t  of  total 
aboveground biomass for bo th  species, with 50?>0 in 
A. port uhtcoides and 60% in L. monopetah, m. The 
propor t ions  of  live leaf biomass were 23% and 12% 
of  the total, respectively. Dead stems accounted for 
25% of  total aboveground  biomass in bo th  species. 
T h e  g rea tes t  p r o p o r t i o n s  of  live leaves were 
obta ined  m autumn-2001 (31% for  A. portulacoides 
and 16% for  L monopetalum) while the greatest live 
stem propor t ions  were found  in spring-2001 (60%) 
for  the tb rmer  and  autunm-2002 (65%) for  the 
latter (Fig. 1). 

LAff values of  the two species were not  signifi- 
cantly different (p > 0.05), except  in autumn-2002 
(Fig. 3) when the value fbr A. /J~rt~dacoides (1.31) 
almost doubled that of L. ~0~z0/oe~a,/.'u.'m. (0.75). LAY os 
both  species decreased significantly in summer-2002 
(0.60). SI,~ was much  smaller for  s rnonopetaNm 
(less than one half) than  for  A. portugacoides, 
Minimum values were obta ined  in the summer  
pe r i od  for  b o t h  species (54.15 c m ~ g  : t o r  A. 
portutacoides and 19.65 t in 2 g-~ for  L. mo~@etM'urn). 

Significatxt difterences (p < 0.05) between species 
were obta ined in abovegronnd  relative growth rate 
in the autumn-winter  and  winter-spring periods 
(Table 2). Mm, d m u m  aboveground relative growth 
rate was obta ined  in the winter-spring per iod  for A. 
portutacoides (7,88 _+ 0.98 g g : d :) and in autumn~ 
winter to t  L. m0n0pemh~m (5.17 + 0.30 g g-1 d-~), 
Ne i the r  of  the two species showed significant 
relative growth in the spr ing-smnmer period. 

PRIMARY PRODUCTW1TY 

Abovegronnd pr imary produc t ion  of L. #w~opeta 
t'um was greater  than that  of A. portutacoides, either  
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Fig. 3. Seasonal variation of specific leaf area (SLA) and leaf 
area index (LAI) in Atriplex portulacoide~ and Limoniastrurn 
rnonopetalum (means + SE). 

th rough  the Sinalley (Groenendi jk  1984) or  Weigert 
and Evans (1964) methods  (Table 1). According to 
the Smalley method ,  the value obta ined  for L. 
monopetalum (2917 g It, -~ yr -~) was threefbld that 
for A. po'~Vulacoi&s (1002 g m -2 ~r ~); Weigert and 
Evans me thod  it was only a round  twice as high 
(3635 and 1615 g m ~ }~ ~, respectively). 

The turnover rate of  abovegronnd live biomass 
(p r imary-produc t ion /peak  live biomass) was almost  
one  for  bo th  species, a l though it was greater  for  A. 
portulacoides (0.96 yr -~) than for L, m~opetalum 
(0.86 yr-h Table 1). 

NUTRIENT CONTENTS 

The  seasonal dynamics of  mineral  elements,  in 
the dif terent  organs of  the plants (leaves, stems, and  
roots),  are expressed in Figs. 4 ~ l d  5. 

L. monopetalum leaves had greater N content  than 
A. portutacoides, except in spring when similar values 
were oNained  due to a marked decrease in L. 
.mon.@suzh~.?~. The  greatest concentrations were o1> 
tained in summer-2002 for both species (15 rug g-: 
for A. fl~u~acoides and 16 mg g~  fbr L. m~'nopetaluu~). 
Stem N content  was also greater fbr L. mcq~@etalum 
than for A. part, ulacoides, and the seasonal variation 
pat tern was similar to that of  leaves, Concentrations in 
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T A B L E  9. S e a s o n a l  var ia t ior t  o f a b o v e g r o u n d  relat ive g r o w t h  ra te  (RGR) [n At,dple~ poftulacoidesand Limoniast~t~m monopetalum [ m e a n  ( +  
SE)] .  Va lues  wi th  d i f f e r e n t  lettecs in a c o l u m n  a re  s ign i f i can t ly  d i f f e c e a t  (p < 0 ,05) ,  

R G R  (rag g ~ d ~) Auuarnn ~ 'mter  ~,V~nter xpring Sp r ing - summer  Sttrnrner a t tmrnn 

A, po~,dacoides 2.00 (0.47) * 7 .88  (0,98) ~ 0 0 0  ~ %95 (1 28 )  ~ 
L. monoFet~h~'in 5.17  (0.30) u 2.82 ( I . 3 I )  ~ 0.00 * &O0 �9 

roots  were very- similar tbr  b o t h  species a n d  d id  no t  
change  greatly over  the  veto-. 

Leaves  o f  b o t h  s p e c i e s  h a d  t h e  h i g h e s t  P 
c o n c e n t r a t i o n s ,  a n d  s imi lar  to N, L. monopetatum 
leaves a n d  s tems h a d  g r e a t e r  P c o n c e n t r a t i o n s  t h a n  
those  o f  A. portutac~ides. For  L. monopetalum t h e r e  
was a d e c r e a s e  o f  l ea f  a n d  s tem c o n c e n t r a t i o n s  in  
summer -2002  (1,2 a n d  1,0 mg  g :, respect ively) .  Fo r  
A. portutacoides leaves, t h e r e  also was a d e c r e a s e  in  
this season  (1.1 mg  g ~). P c o n c e n t r a t i o n  in the  
s tems of A. pzrtu~acoides was mmxhnum in s u m m e r -  
2002 (1.0 nag g - i ) .  Root  P c o n t e n t s  were slightly 
g r e a t e r  in A. portulacddes t han  in  s mon@etalum, 
a n d  t h e r e  was l i t t le  vmia t ion  d u r i n g  the  year.  

U n l i k e  N a n d  P, c o n c e n t r a t i o n s  o f  K in A. 
portutacoides leaves were m-ound th ree  t imes  g rea te r  

than  those  in L. monopetalum The  m a x i m u m  values 
were  o b s e r v e d  in  au tumn-2001  {or t he  i b r m e r  
(25 mg g ~) a n d  in summer -2002  t%r the  la t te r  
(11 m g  g-~). M i n i m u m  values (17 a n d  7 m g  g ~) 
were  o b t a i n e d  in s u m m e r  a n d  winter ,  respectively. 
T h e  var ia t ion o f  s tem K concen t ra t ions  was oppos i t e  
to that  of  leaves. In  A. portulacoides the  m a x i m u m  was 
f b u n d  in summer-2002 (12 m g  g - l ) ,  while in  s 
mo'nopetalum i t  was o b s e r v e d  in a t t t u m n - 2 0 0 1  
(10 m g , ~ - ~  ~ �9 R o o t  c o n t e n t s  ravaged f rom 3 to  
5 mg  g ~ in bo th  species, with no m ~ k e d  oscillation. 

Ca con ten t s  in L. ,enore@egah#'m leaves were a r o u n d  
th ree  t imes g rea te r  than  in A. portulacoi&s. An increase  
was o b s e r v e d  in t he  f o r m e r  d u r i n g  winter-2001 
(26 m g  g :) ,  ib l lowed by- a p r o n o u n c e d  decrease  in 
spring-2002 (16 mg g :) ,  while there  was an  i n s ign i f  
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icant variation in A. pen~utacddes (between 7 and 
9 mg g-t). During the dt 7 period, stem Ca was s imil~ 
for both species. In the rainy season, concentrations in 
L. ,mo,zopetggum stems were ~vice those in A. porg'ula- 
coides. The most p ronounced  difference between root 
Ca conte , t s  was observed in spring-2002, with L. 
~onopetah,,~ showing a value twice that of A. po~r 
coides (15 and 9 mg g ~, respectively). 

The  greater Mg concentrat ions were found  in 
leaves, followed by roots and stems tor  bo th  species. 
L. monopeta, gu~ leaf and  stem Mg contents were twice 
those of  A. portMacoides. In the former ,  leaf contents 
r a n g e d  f r o m  20 m g  g : in a u t u m n - 2 0 0 1  to 
13 mg g ~ in summer-2002, while there  was no 
marked  oscillation in the latter (7-10 mg g :). Root 
Mg contents ranged fi-om 7 to 9 mg g ~, tbr both  
species. 

Concentrat ions of  Mn in roots were greater  t h ~  
in aboveground fractions. Follo~,~dng the gene r~  
trend, Mn contents were greater  ibr L. ,m.o~.@etag~n 
than tbr  A. pomttacoides, in bo th  leaves (10 times) 
and stems (twice). Concentrat ions in roots were 
similar tbr both  species. 

Discttss ion 

ABOVEGROUND AND BELOWGROUN~b BIOMASS 

There  are ~ew studies regm-ding the dynamics o~ 
a b o v e g r o u n d  and  be lowground  biomass  o f  A. 
portutacoides (Groenendijk 1984; Groenendi jk  and  
Vink-Lievaart 1987; Bonchard m~d Lefieuvre 1996, 
2000; Bouchard  et al. 1998), a , d  to our knowledge, 
none  for  L. monopetatum. The  values obta ined for  
aboveground  biomass of bo th  studied species are 
within the range repor ted  tbr  o ther  salt marsh 
species (Gallagher et al. 1980; Groenendi jk  1984; 
De Leeuw et al. 1990; Gross et al. 1991; Bouchard  et 
al. 1998). Mean aboveground  biornass of  L. mono- 
petalum (2516 g m 2 yr :) was much  greater  than 
that of  A. portulacoides (598 g m ~ }T ~; Table 1). 
giomass and  produc t ion  increased along the verti- 
c.al gradient  o~ the salt marsh, ~&h fl~e uppe r  marsh 
species showing the greatest vs fi~llowed by the 
middle or lower marsh species, as ~bund by Le~euvre 
(1996). 

The  present  study indicates that both  species have 
a clear seasonal variation pat tern  for aboveground 



and belowground biomass. Growth of bo th  species 
began  in att tumn, as soon as the rainy season began,  
and lasted until summer.  L. monopetalu~n reached  its 
m a x i m u m  growth rate (5.17 mg g ~ d :) in the 
autumn-winmr per iod and A. po~'~gacoides (7.88 mg 
g ~ct ~) in winter-sprh~g (Table 2). These di~er- 
ences m-e probably related to different soil salini w 
and f looding condit ions of  the two species, as 
the former  is less subjected to f looding than the 
former.  Peak aboveground biomass was observed 
for  bo th  species in spring, despite the marked  
difference between mean  amounts  (Table 1). Dur 
ing summer ,  growth was preven ted  by increasing 
tempera ture ,  radiation, and  water stress (Fig. 1). 
This pa t tern  is consistent with observations on  o ther  
salt marsh  species: Spartiaa alter~iflora, ~uncus 
roemeHa~tus (Gallagher et al. 1980), Juncus ~naritirn.us, 
~u~cus geraMii, Artemisia maritima (De Leeuw et al. 
1990), Etytrigia aed~e~ica (Bouchard and  Lefeuw-e 
2000), and Artkrocne.mu'm "macrostachyum (Curc6 et at. 
2002). 

The  values de te rmined  for mean belowground 
live biomass are within the range obtained s other  
Medi terranean climate salt marsh  species (Curc6 et 
al. 2002: Scarton et al. 2002). Similar to above 
ground  biomass, mean  be lowground biomass was 
greater  tot  L. monopetalum (2752 g m -~ yr -~) than 
tor  A. portulacoides (1601 g m -~ 7a--~), a l though the 
d i f ference  was less p r o n o u n c e d .  These  results 
indicate that A. portutacoides allocates greater  re 
source amounts  to roots than L. mo~@etatum, what 
is also emphasized by the root:shoot  ratios (Fig, ~). 
This strategy is often observed in salt marsh species 
that suffer periodic waterlogging, like A. portula~ 
coides, indicating a greater  investment in root  system 
under  stressfhl conditions (Schubauer  and Hopki~l- 
son 1984; Scarton et al. 1999, 2002; Pont et al. 
2002). 

Ahhough  LAI was similar for bo th  species, SLA 
was smaller fbr L. "mon@eta~um, improving this 
species competit iveness to withstand the usua]ly 
greater  salt and water stresses of  the u p p e r  marsh. 
The  decrease os bo th  LAI and  SLA, observed in 
summer ,  reflects the decrease of  the transpiratory 
sur~tce (Fig. 1), an adaptive strategy to the partic- 
ular  climatic constrains of  this season, such as high 
temperatures ,  intense radiation, and  deplet ion of  
soil water availability (Larcher 1995). 

PRIMARY PRODUCTMTY 

Net aerial pr imary produc t ion  (NAPP) obta ined  
in this work s A. por~ulao~~d~;s through the Smalley 
methoci (1002 g rn -2 F -~-) is slightly s m i l e r  than in 
other  studies (Groenendi jk  1984; Bouchard and 
Leienwe 1996, 2000; Bouchard  et al. 1998), with 
max imum values of 3600 g m ~ yr :. This value is 
within the range repor ted  to other  European mid 
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marsh species, such as A. ftztticosum, averaging 
between 102 and 1260 g m -~ y ' <  (Ib56ez et al. 
1999; Curc6 et al., 2002; Scartotl et al. 2002). The  
estimate of  L. monopetalurn productivity based on  the 
same method  was much  greater  (2917 ~o m-'-' }~.-1), 
mak ing  this the m a x i m u m  value r e c o r d e d  in 
Mediterranean-type salt marshes. These results are 
in accordance  with the greater  pho tosyn the t ic  
capacity and  higher  water use efficiency of  L. 
moaopetatum (Neves et al. In press). 

The  productivity estimates obta ined  in this work 
for  L. mca~opetatum th rough  the Weigert and  Evans 
m e t h o d  are close to the values repor ted  for  J. 
roemerianus (Gallagher et at. 1980), Spartina anglica 
(Groenendi jk  1984), and S. Mterm/lora (Hopkinson 
et at. 1980). By the same method ,  A, port'Macaides 
showed a smaller productivity, similar to Phragmites 
australis (Scarton et al. 2002). 

The  p roduc t ion  estimates through the Smalley 
me thod  were increased by ,around 60% tbr L. 
,mo.~2.opeta[~.'t~ and 25% for A. po~Z~dac~>ides using the 
Weigert  and Evans method.  These increments  may 
be at tr ibuted to the fact that the fbrmer  me th o d  is 
based solely on biomass changes, while the latter 
also takes into account  the disappearance of  dead 
material.  According to several authors (Linthurst  
and Reimold 1978; Gallagher et al. 1980; Groenen-  
dijk 1984), the Weigert  and  Evans m e t h o d  is 
expec ted  to be  closer to the actual productivity. In 
spite of  this, Linthurst  and Remaold (1978) con- 
cluded that the Smalley m e t h o d  is the most suitable 
for  salt marshes because of  tidal movemen t  os 
material  and  also because it arrows more  intensive 
biomass sampling. 

The  aboveground turnover  rate obta ined for A. 
pomdac~zi&;s (0.96 yr -~) was higher  than repor ted  fbr 
the same species in o ther  European salt marshes 
(0.77 3a- ~, Bouchard et aI. 1998; 0.69 yr -~, Bouchard 
and Lefeuvre 2000). The turnover of  L. ,aonopetalu,a 
(0.86 yr ~), a l though smaller than A. portulacoides, 
was in the range po in ted  out tbr  o ther  high marsh 
species, such as E. ae&erica (0,68 }~r ~), Festuca rubra 
(0.78 yr-~), and PuccindBa mar~ti.ma (97 yr :; Bou- 
chard  and Lefeuvre 2000). According to Curc6 et al 
(2002), in Medi ter ranean climate salt marshes,  
rnaxirnurn aboveground biornass and net  primary- 
p roduc t ion  occur  in the middle  marsh, where the 
f requent  stresses that Mtect vegetation dynamics 
(waterlogging and  hypersalinity) are more  moder-  
ate than in the lower and  uppe r  marshes, In this 
study, we obta ined a greater  aboveground  biomass 
and  net pr imary produc t ion  in the uppe r  marsh 
species (L. "m,o'~t,o'/JetaJ'u'~O, with great NAPP values, 
similar to those repor ted  for Aanerican salt marshes 
(Linthurst  and Reimold 1978; Gal lagher  et al. 
1980). The  greater  productivity, in accordance with 
a greater  carbon uptake  capacity (Neves et al. In 
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press), smaller root:shoot  ratio, and smaller SLA of  
L. monopetalu~n relative to A. portulacoides, suggest 
that  L. mo~opetah~ might  be  at a competi t ive 
advantage over A..portu.la, coides in response to varying 
env i ronmenta l  condi t ions,  inc luding increasing 
d rought  stress, which is expected  to occur with the 
ongoing  globaI climatic changes. 

NUTRIENT CONTENTS 

In salt saturated soils such as salt marshes,  Na mlcl 
Ca concentrat ions oRen exceed by one or two 
orders of magni tude  those of  most  macronutr ients  
and even more  in the case of  micronutr ients ,  
depressing nutrient-ion activities and causing ex- 
t reme ratios of  Na:Ca, Na:K, and Mg:Ca (Qadir  and  
Schuber t  2002). As a result, plants b e c o m e  suscep- 
tible to high osmotic stress, specific ion toxicity, and 
nutri t ional disorders. Plant species vary not  only in 
the rate at which they absorb an available nutrient,  
bu t  also in the mm~ner by which they distribute that 
e lement  spatialIy ~:~4thin t heh  components .  

The  greates~ N concentrat ions in file living tissue 
of  bo th  species were de te rmined  in the dry season 
in which no growth occurred  (Fig. 4 and  Table 9). 
Many halophytes invest a large p ropor t ion  of  N in 
c o m p a t i b l e  solutes such as g lyc inebe ta ine  for  
cytoplasmic osmoregnla t ion  (Gorham and Wyn 
Jones  1983), and  these high N concentrat ions may 
be associated with greater  salinity tolerance. A 
gene ra l  N decrease  was obse rved  du r ing  the  
growing season, with the m i n i m u m  in spring, 
coinciding with the biomass peak. Similar results 
were also obtained tor o ther  salt marsh  species by 
Gallagher et al. (1980) and  Boyer et al. (2001). 
Accord ing  to these attthors, the m i n i m u m  N 
concentra t ion at the enci of the growing season 
suggests a di lut ion of  N as plants accumula te  
biomass. 

The  overall P content  is closely related to vital 
growth processes and  the efficient ~ n c t i o n i n g  and  
utilization of N. The concentra t ion  of  this nut r ient  
decreased in the dry season in the leaves of  bo th  
species (Fig. 4), p robab ly  due to t rans locat ion 
dur ing senescence. For L. monopetalum leaves, P 
was translocated to roots, and  for  A. portulacoides the 
main storage tissue was in the stems. 

K is specifically needed  tor pro te in  synthesis and 
enzyme activation. High concentra t ions  of  this 
mineral  in the s t roma are considered essential for 
the main tenance  of  op thnum photos~althetic capac~ 
ity, and  biomass product ion,  under  stress conditions 
(Grattan and Grieve 1999). The  overall K contents 
in the living tissue decreased, tor  bo th  species, in 
s u m m e r  (Fig. 4), probably due to the presence of  
Na, which inlet:fetes with the funct ion of K as 
a cofactor in v~ious  reactions (Blumwald 2000; 
Khan et al. 2000). Since K is not  b o u n d  to organic 

compounds  in plants but  is in ionic form, this 
mineral  is readily leached f rom plant  tissue. Leach- 
ing could be responsible for a leaf concentra t ion 
decrease in winter. While A. port.u[acoides occupies 
the mid  marsh,  L. rno~t@etatum is fbund  in the uppe r  
marsh and is less subjected to waterlogging in 
summer.  This may explain why a summer  decrease 
in leaf  K con~en~ was obse rved  only for  A. 
portutacoides. 

One  of the main nutri t ional  disorders associated 
with high salinity- soils is impai red  uptake  of Ca 
caused  by h igh  Na  c o n c e n t r a t i o n  in the  soil 
solution. Ca plays vital nutri t ional and physiological 
roles in plant  metabolism. It is essential in processes 
that  preserve the structural and functional  integrity 
of  plant  membranes ,  stabilizes cell wall structures, 
regulates ion transport,  and controls ion exchange 
behavior ,  as well as cell wall enzyme activities 
(Rengel 1992). As salinity increases during the dry- 
season, high concentrat ions of  Na in the soil reduce 
the amounts of available Ca and may displace Ca 
fi-om the cell m e m b r a n e - b o u n d  structure (Cramer  
et at. 1985). This may explain tire greater  concen- 
trations of this e lement  in att tumn, aDer the first 
rains, and the subsequent  decrease in spring and 
s u m m e r  (Fig. 5). 

Mg plays a key role in the photosynthet ic  process 
as an impor t an t  const i tuent  of  chlorophyll .  L. 
mo,~opetal'um exhibi ted greater  leaf Mg contents 
(Fig. 5), which is in accordance with its h igher  
photosynthet ic  capacity (Neves et at. In press) and 
productivity (Table 1). 

Similar pat terns  of  Mn contents were obta ined  tor  
both  species (Fig, 5). The  greatest concentrat ions 
were ibund  in roots, which is related to the low 
requ i r emen t  of this nut r ien t  in photosynthesis  
(water oxidation),  respiration, ~ d  N metabolism, 
which occurs mainly in the shoots. Being a relatively 
immobile  element ,  it accumulates in older compo-  
nents, most  likely the roots. 

The  nutr ient  contents de te rmined  in this study 
are within the range indicated by Larcher  (1995) for  
terrestrial plants. The  results obta ined  suggest that  
the availability- of these resources is not  a limiting 
factor to biomass product ion.  This may be due to 
the ability of A. port'ulacoides and L. monopetatum to 
exclude high mineral  levels, through their  roots and  
shoots, as the main mechanism of  adaptat ion to 
high salinity (Greenway and Mlmns 1980; Cheese- 
man  1988; Daoud et al. 2001). 
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