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ABSTRACT 

Rozema, J., Dorel, F., Janissen, R., Lenssen, G., Broekman, R., Arp, W. and Drake, B.G., 1991. 
of elevated atmospheric C02 on growth, photosynthesis and water relations of salt marsh 
species. Aquat. Bot., 39: 45-55. 

The C3 grass species Scirpus maritimus L. and Puccinellia maritima (Huds.) Pari., and the C4 grass 
species Spartina anglica C. E. Hubbard and Spartina patens ( Ait.) Muhl. were grown at ambient 
p.p.m. C02 ) and elevated (580 p.p.m. C02 ) atmospheric C02 concentration, at low ( 10 mM NaCl) 
and high salinity (250 mM NaCl) under aerated and anaerobic conditions in the culture solution. 
The relative growth rate ofboth the C3 grass species was enhanced with atmospheric C02 enrichment, 
no such increase was found in the C4 grass species. High salinity reduced growth of the C3 species 
tested, but this relative growth reduction was not prevented by elevated C02 concentration. The growth 
increase at elevated C02 of Scirpus maritimus and Puccinellia maritima is greater under aerated than 
under anaerobic solution conditions. Water-use efficiency of all species was increased by elevated 
C02 . In the case of Scirpus ( C3 ), this increase was caused by increased net photosynthesis, for Spar­
tina patens ( C4 ) photosynthesis was not increased, but transpiration was reduced. The water poten­
tial of the shoot was less negative under conditions of C02 enrichment, in particular at increased 
salinity (250 mM NaCl). 

INTRODUCTION 

Atmospheric C02 is expected to double its ........ "'""""~""~­
within the next century. In experiments with 
demonstrate an increase in relative growth rate 
of photosynthesis, in contrast to C4 plant species show 
stimulation of any of these processes (Carter and Peterson, 1983; 
1983; Kimball, 1985; Oechel and Strain, 1985; Reynolds Acock, 1 

Most studies on the effect of atmospheric C02 have crop 
because of agricultural interest or horticultural species. Recently, it has 
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elevated are modified by environmental 
,..,..,.'"''"'rth and crop production. example, growth is 

'"""' ... """"'""£1! auno:spr1er1c C02 the is above 
it has been suggested that this temperature 

phosphate metabolism 
Sage Sharkey, 1987 ). 

en 'v'lnnmriei:n, growth of halophytes is by direct 
1'"'"£"1,,.,...,. of the vegetation soil with seawater 
species respond to gradients of soil salinity and 

root system of several halophytes, 
,.. ... ,.co,..""~" or induced flooding conditions, possibly 

der 

between root shoot ( cf. Keeley et 
) and 

Aca·-:>rr•h .....,..., ..... ,.,....,Jl, Edgewater) have a co­
""..,.''""""'""'11'\4l""""·tco in a Chesapeake 

Scirpus maritimus were 
of Den 

3 

(1983). 
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chambers cultivation of plants 

Photosynthesis and transpiration measurements 

Photosynthesis and were "''"'""""''''n-·" 

70% RH) Infra Gas Absorption system, as ....... ,. .. ...,A.~'"'"' ..... 
( 1983) Walz, JL.JJl .. ..., .. ._ .......... , .... , 

.................... ,~, F.R.G. ). this system, "~",.,..,c ..... ,."',"~"' 
ously monitored as increase in the nn?Yillni 1 T"U 

leaf, recorded as the change the Pn.-•n"".-. .. ,.,,T, 

Photosynthetic photon 
exchange chamber was 1400 fLmol m- 2 s-
ment of the photosynthetic rate of leaves 

of plants from the C02 growth vJLH4.1.A.JlllJ'V.L"'• 

In addition, photosynthesis and transpiration were AAA~,~~·~ .. ~~~ 
the C02 growth chambers using a portable 

Development Co., Hoddesdon, 
datalogger and Epson 
assimilation was 

Photosynthesis, transpiration and measurements with 
,...,. ... ,.,"'n""~" were conducted within the growth at 315 

340 p.p.m. (ambient) or 580 p.p.m. (elevated) 
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RESULTS 

C3 species Scirpus maritimus 
species Spartina patens. 

was very low compared with the species, 
Growth of Spartina anglica was poor and 

occur 10.9 mg g- 1 day- 1
). At 

leaves started to die off. Therefore, 
are not presented in Table 1. 

'-'AIJ.l''"":)Cll\wU. as 
ambient C02 conditions are 
Scirpus (Table 2). 

anaerobic aerobic .... "' ..... ,.., ..... 

TABLE 1 

growth rate (mg g- 1 day- 1
) on a dry weight basis of C3 and C4 salt-marsh species grown 

culture solution for 6 weeks with variation of C02, salinity and aeration. Values are the average 
replicates. LSD calculated a=0.05 

C02 Salinity Aeration Scirpus Puccinellia Spartina 
(p.p.m.) (mM NaCl) maritimus maritima patens 

Ambient 
340 10 Aerated 42.0 27.1 2.3 

Anaerobic 47.2 36.8 8.2 
340 250 Aerated 34.8 4.1 9.3 

Anaerobic 34.9 8.2 8.7 

580 10 Aerated 56.1 46.3 3.6 
Anaerobic 54.5 35.0 2.8 

580 250 Aerated 49.2 8.0 4.9 
Anaerobic 40.0 11.9 2.1 

(a=0.05) 5.0 3.9 3.2 
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TABLE 2 

Percentage increase in the relative growth rate when values of elevated C02 and ambient C02 

tions are compared 

Salinity Aeration Scirpus Puccinellia Spartina 
(mM NaCl) maritimus maritima patens 

10 Aerated 33.6 70.8 56.5 
Anaerobic 15.5 -4.9 -76.9 

250 Aerated 43.9 95.1 
Anaerobic 14.6 45.1 -75.9 

TABLE 3 

Percentage decrease in the relative growth rate when values from 250 and 10 mM NaCl are compared 

C02 Aeration Scirpus Puccinellia 
(p.p.m.) maritimus maritima 

340 Aerated 17.2 84.9 
Anaerobic 26.1 77.8 

580 Aerated 12.3 82.8 
Anaerobic 26.3 66.0 

TABLE4 

Photosynthetic rate (.umol C02 m- 2 s- 1
), transpiration rate (mmol H20 m- 2 s- 1

) and water-use 
efficiency of Scirpus maritimus, Puccinellia maritima and Spartina anglica under elevated and am­
bient C02 conditions with 1400 .umol m- 2 s-' PAR, 20°C and 70% RH. Values are the average of 
three replications with the standard deviation 

Scirpus Puccine!lia Spartina C02 
(p.p.m.) 

Salinity 
(mMNaCl) maritimus maritima anglica 

340 10 Photosynthesis 7.1±2.3 
Transpiration 2.4 ± 1.0 
Water-use efficiency 2.9 ± 1.3 

580 10 Photosynthesis 10.2±2.8 
Transpiration 2.0±0.8 
Water-use efficiency 5.1±2.1 

Salinity and C02 enrichment have marked 
C3 salt-marsh grass species, in contrast with 
vated C02 increased photosynthesis in Scirpus 
maritima, but not in Spartina patens (Tables 4 

/" 

20.0± 3.1 8.0 ± 1.5 
2.7± 1.2 1.8 ± 1.0 
7.4±1.8 5.3 ± 0.2 

25.7±1.8 10.1±3.9 
3.2± 1.7 1.2 ± 0.5 
8.0±2.5 8.3±2.1 

orruu1·h rate 
(Table 3 ). 
and 

5 ). Water-use ...., .... u • ...., ...... , ..... ..., 
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5 

Photosynthesis, transpiration and water-use efficiency of Spartina patens cultivated under various 
conditions of C02, salinity and aeration, with 315 ,umol m- 2 s- 1 PAR, 21 oc, and 60% RH. Values 
are the average of four replications and the standard deviation 

C02 Salinity Photosynthesis Transpiration Water-use 
(p.p.m.) (mMNaCl) (,umol C02 m- 2 s- 1 ) (mmol H20 m- 2 s- 1 ) efficiency 

340 10 Aerated 2.06±0.82 2.82 ± 1.88 0.73 
Anaerobic 4.54± 3.73 5.94±0.12 0.76 

340 250 Aerated 6.49± 5.89 3.93 ± 1.44 1.65 
Anaerobic 3.19±5.20 5.21 ±0.05 0.61 

580 10 Aerated 3.27± 1.93 1.16 ± 0.06 2.81 
Anaerobic 4.71 ±2.98 2.28±0.93 2.06 

580 250 Aerated 6.86 ± 2.67 3.24± 1.37 2.12 
Anaerobic 2.19 ± 2.10 0.90±0.23 2.43 

(a=0.05) 3.5 2.8 

6 

potential of the shoot of three salt-marsh grass species (MPa). Values are the average of three 

Salinity Aeration Scirpus Puccinellia Spartina 
(mMNaCl) maritimus maritima patens 

340 10 Aerated -1.83 -1.90 -2.03 
Anaerobic -1.75 -1.93 -2.38 

250 Aerated -4.00 -3.31 -2.98 
Anaerobic -3.04 -3.50 -2.10 

10 Aerated -1.80 -2.38 1.90 
Anaerobic -2.01 -2.24 -1.67 

580 250 Aerated -2.81 -2.53 -2.72 
Anaerobic -2.93 -2.61 -2.26 

(a=0.05) 0.29 0.31 0.23 
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1. Leaf elongation (.urn) of Scirpus maritimus under ambient and elevated C02 cormrlclorls 
at low ( 10 mM NaCl) and increased (250 mM NaCl) Average values of the 
gation measured daily over a two week period, with SD. 

conditions (Scirpus maritimus 
growth of Scirpus maritimus 
C02 enrichment correlates to response 
relate to variation of the shoot water ...,."'1t"' ........ . 

reduction of leaf length growth under saline .......... JLV .... ., ...... ., ,.,v ............. L ... v ..... ..,, 

restored to some extent by C02 enrichment. 

DISCUSSION 

and flooding are 
vironment that govern growth 
species (Scholten et al., 1987; van 
pected that increased atmospheric C02 not 
of salt-marsh plants, as has been found for crop 
ditions of nutrient and water supply. 

The results of the present paper rlt:>,t'Yin ...... 

salt-marsh plants Scirpus maritimus and 
commonly found for other species 
Peterson, 1983; Enoch and Kimball, 1985). The ... .,.,,)1,. 1 .. '"' 

due to increased C02 is even greater under saline 
non-saline ( 10 mM NaCl) conditions. This means 
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