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Abstract 

 
The productivity of Cressa cretica was studied for two years at monthly intervals in a coastal 

population located at Gizri Creek, south of Karachi, Pakistan. Cressa cretica showed variation in 
productivity in response to environmental factors. Net productivity and aboveground biomass were 
higher during the brief winter in comparison to summer which also varied between the two study 
years. Belowground biomass was much lower than the aboveground biomass but both followed 
similar seasonal trends. Increase in standing crop biomass and aboveground dead biomass also 
varied considerably. The highest net productivity in Cressa cretica was 0.18 g m-2d-1 in January. 
Electrical conductivity of shoots showed two peaks during the year 1997-1998 and gradually 
declined after October, while belowground parts showed little variation both within and between 
the years at around <10 dS m-1 except for high values of 22 dS m-1 in June 1997-98. Sodium was 
much higher followed by Cl- and K+ while Ca+ and Mg2+ were very low. Similar ion patterns were 
found in roots. Cressa cretica could be a useful sand dune stabilizer along the coast which has 
potential for increased productivity under seawater irrigation. 
 
Introduction 
 

Productivity is one of the major factors in the maintenance of biological diversity as 
a source of food and other products necessary for heterotrophs particularly human beings 
(Lieth, 1972). A scarcity of fresh water due to increasing consumption by human 
population and inefficient utilization for the agricultural production is the main 
impediment leads to secondary salinization of prime agricultural lands. Increase in soil 
salinity causes a progressive decrease in the productivity to a level where growth of non-
halophytes is not possible. UNEP estimates that 50% of agricultural land is salt stressed 
(Boland et al., 1996) in the arid and semiarid regions of the world which is a serious 
threat limiting crop production (Gheyi, 2000; Munns, 2002).  

Cultivation of halophytic crops with tolerance to high salinity can be an option to 
utilize saline soils (Khan & Ungar, 1995; Glenn & Brown, 1999; Hamdy et al., 1999; 
Lieth et al., 1999). Halophytes could help in utilizing saline wasteland for conventional 
agricultural crops. Pure populations of halophytes appear to be distributed along the 
inundation gradient and productivity from low to upper marsh varies significantly. 
Coastal areas that are not inundated daily with seawater have rapid salinity build up due 
to the high rate of evapo-transpiration (Marcum & Murdoch, 1994; Khan et al., 1999). 

Over a broad range of vegetation types, aboveground net primary productivity (ANPP) 
is strongly increased with precipitation, temperature and evapo-transpiration (Irlandi et al., 
2001; Santos & Esteves, 2002; Lagergran et al., 2005). Species composition, vegetation 
physiognomy, and biomass also change with rainfall and temperature along regional 
geographic gradients (Laclan et al., 2002). Since community and ecosystem properties 
often vary, the effects of species composition and physiognomy on net primary productivity 
are often difficult to separate from the effects of climate (Yahdjian & Sala, 2006; Santos & 
Esteves 2002; Ronzhong et al., 2000; Jobbagy et al., 2002).  
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There are few studies on the belowground production of the material to compare 
with aboveground leaf production (Kenworthy & Thayer, 1984). In many communities 
(e.g., Psoidonia, Zostera and Thalassia) belowground biomass is 50-90% while in others 
it is only 20% (Hillman et al., 1989). Paling & McComb (2000) reported belowground 
production at around 16% of the aboveground in sea grasses. The rate of rhizome growth 
for Psoidonia austrails is more than P. sinnosa and this difference in productivity is 
because of the differences in depth of underground parts (Paling & McComb, 2000). 
Productivity pattern in Caulerpa taxifolia was relatively high throughout the year in 
different biotypes (Thibaut et al., 2004). 

Cressa cretica is abundant along the sea-coast of Sindh and protects soil from wind 
erosion besides being grazed by animals. The present study was conducted to determine 
the seasonal variation in productivity of Cressa cretica under natural conditions. 
 
Materials and Methods 
 

The productivity of Cressa cretica was studied for two years from May 1997 to April 
1999. The study site is located at Gizri Ceek, Karachi along the Arabian Sea coast. 

Two plots with three quadrats (0.5 m 2) were selected randomly every first week of 
each month for two years. In plot # 1 equal sized mature plants were clipped close to the 
soil surface and separated into living and dead parts. Litter remaining on the surface was 
collected separately in plastic bags. Soil was collected from the root zone in each quadrat at 
a depth of maximum root penetration (approx. 30 cm). All belowground material (root) was 
collected by washing the soil with water with a 2 mm sieve. In plot # 2 only dead shoot 
material was removed and stored, living shoot material was tagged and harvested after one 
month. The plants were harvested and growth parameters i.e., fresh weight, dry weight, root 
length and shoot length were recorded. Dead material was separated from the living and 
weighed. Soil fresh weight and oven dry (80° C for 24 h) weights were noted.   
 
Ion analyses and electrical conductivity of plant samples: Hot water extract of plant 
samples were prepared with 0.5 g plant material boiled in 10 ml distilled water in sealed 
test tubes for 2 h using water bath. The extract was cooled and filtered using Whatman 
No. 1 filter paper. The dilutions were made with deionized distilled water for ion 
analysis. Sodium and K+ ion were measured with Ion 85 Ion analyzer (Radiometer, 
Copenhagen). Electrical conductivity was noted with the help of CDM 83 Conductivity 
meter (Radiometer, Copenhagen).  
 
Electrical conductivity of soil samples: Soil samples were collected from 0-15 cm and 
15-30 cm depths. Soil extracts (1:10) were made by dissolving 5 g soil in 50 ml  distilled 
water and filtered using Whatman No 1 paper. Electrical conductivity was measured by 
CDM 83 conductivity meter (Radiometer Copenhagen).  
 
Electrical conductivity for plant samples: Ground plant material (0.5 g) was boiled in 
10 ml distilled water for 2 h at 90°C using a dry heat bath. The extract was cooled and 
filtered with Whatman No. 1 filter paper, diluted with distilled water for EC 
measurements with the help of conductivity meter. Data for conductivity were analyzed 
using ANOVA to determine if significant differences (p<0.05) occurred between 
treatments (Anon., 1996).  
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Table 1. Seasonal variation in soil conductivity (dSm-1) at 15cm and 30cm depth 
in Cressa cretica community. 

1997-1998 1998-1999 Months 
15 cm 30cm 15 cm 30cm 

May 0.58 ± 0.00 1.12 ± 0.24 4.24 ± 0.24 5.32 ± 0.24 
June 1.4 ± 0.10 0.64 ± 0.18 3.74 ± 0.155 2.98 ± 0.22 
July 2.4 ± 0.19 3.3 ± 0.23 2.18 ± 0.28 3.03 ± 0.24 
August 2.98 ± 0.19 2.96 ± 0.23 1.75 ± 0.04 2.58 ± 0.17 
September 3.84 ± 0.18 6.37 ± 0.25 2.34 ± 0.27 3.11 ± 0..26 
October 5.09 ± 0.23 5.09 ± 0.13 1.85 ± 0.09 2.56 ± 0.21 
November 2.57 ± 0.25 3.79 ± 0.24 3.56 ± 0.24 3.21 ± 0.29 
December 2.4 ± 0.26 2.42 ± 0.24 4.49 ± 0.32 4.21 ± 0.21 
January 3.78 ± 0.26 4.69 ± 0.23 3.79 ± 0.16 4.15 ± 0.26 
February 3.85 ± 0.26 4.65 ± 0.22 2.25 ± 0.28 3.14 ± 0.29 
March 3.67 ± 0.22 4.62 ± 0.23 1.23 ± 0.6 1.23 ± 0.06 

 
Results 
 

The average precipitation during the study was less than 35 mm however, it was 
relatively higher during the year one with mostly during the monsoon (Fig. 1). The 
following year received sporadic rainfall which was well below the average values of the 
region and in 1999 there was no rain at all (Fig. 1). Soil electrical conductivity (Table 1) 
was generally lower in year one than in year two particularly during the monsoon period. 
The net productivity was higher during 1998-1999 than in the 1997-1998. It was low from 
May to October and peaked in December (1997-1998) declining again in January during 
both years (Fig. 2). Aboveground biomass was also higher in 1998-99 (August and 
November) and ranged from 1-34 g m-2 (September) in comparison to 0.6-20 g m-2 in 1997-
98 (Fig. 3). Belowground biomass was much lower and followed similar trends and peaked 
in September of 1997-98 and July and February of 1998-99 (Fig. 4). Standing crop biomass 
had a higher rate of increase in June declining substantially in July and August and showed 
an increase again after August reaching higher values in October (Fig. 5). Increase in 
standing crop biomass followed similar patterns between the two years except for higher 
values during June 1997 (2.4 g m-2) and October 1997 (1.8 g m-2). Above ground dead 
biomass varied significantly between the years except for the period from May to July and 
showed little variation during 1997-1998. However, during the next season there were 
considerable variations in biomass production showing two peaks in September – October 
(~3.5 g m-2), and still higher values from January–April (~5.5 g m-2) (Fig. 6).  

Electrical conductivity of below ground parts showed lesser variation both within and 
between the two years at around <10 dS m-1 except for a couple of months and peak values 
in June in year one (Fig. 7). Shoot ion concentration during both the seasons varied a little 
and had more or less unchanged throughout the season (Fig. 8). Shoot sodium was much 
higher followed by Cl- and K+ while Ca+ and Mg2+ were very low. Similar ion distribution 
patterns were found in roots (Fig. 9) Soil pH in the two study years 1997-98 and 1998-99 
was generally basic (~8) and did not vary considerably between study years. However, it 
was slightly more basic in the deeper soil at 30 cm depth.  
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Fig. 1. Seasonal variation in rainfall near the study area at Clifton, Karachi along the Arabian sea 
coast over a three year period. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Seasonal variation in net productivity (g m-2 day-1) of Cressa cretica. Different letters for 
each year represent significant (p<0.05) differences between months (Bonferroni test). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Seasonal variation in above ground biomass (g m-1) of Cressa cretica. Different letters for 
each year represent significant (p<0.05) differences between months (Bonferroni test). 
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Fig. 4. Seasonal variation in belowground biomass (g m-2) of Cressa cretica. Different letters for 
each year represent significant (p<0.05) differences between months (Bonferroni test). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Seasonal increase in standing crop biomass (g m-2) of Cressa cretica. Different letters for 
each year represent significant (p<0.05) differences between months (Bonferroni test). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Seasonal variation in aboveground dead biomass (g m-2) of Cressa cretica. Different letters 
for each year represent significant (p<0.05) differences between months (Bonferroni test). 
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Fig. 7. Electrical conductivity (dS m-1) of belowground of Cressa cretica. Different letters for each 
year represent significant (p<0.05) differences between months (Bonferroni test). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Ion concentration (µmol g-1 dry wt.) in aboveground parts of Cressa cretica. Different letters 
for each year represent significant (p<0.05) differences between months (Bonferroni test). 



SEASONAL VARIATION IN PRODUCTIVITY OF CRESSA CRETICA  2889

C
l-

0

200

400

600

800

1000

M
g2+

0

200

400

600

800

1000

Month
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR

N
a+

0

200

400

600

800

1000

1997-1998 
1998-1999 

K
+

0

200

400

600

800

1000

C
a2+

0

200

400

600

800

1000

a

a

a

b b
c c

b

aaa a
b

c

a a

ab a

a a

b b

a

a

a

a
a
a

a
a

a
a

a
a

a
a

a
a

a
a

a
a

a
a

a
a

a

a a a a

b ba aaaa aaa
aa a a a a a a

a a a a a a a a a a ab

ba a a a a a a a a a a

a a

b

a

a
b

a a
c

a

c c ca a a a
b a a a

b b b

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 9. Ion concentration (µmol g-1 dry wt.) in belowground parts of Cressa cretica. Different 
letters for each year represent significant (p<0.05) differences between months (Bonferroni test). 
 
Discussion 
 

Productivity of sub-tropical coastal marshes is affected by drought, salinity and 
temperature (Gul & Khan, 1999). Coastal and estuarine salt marshes are among the worlds 
most productive natural ecosystems (Howes, et al., 1986). Productivity in desert ecosystems 
is generally limited by moisture availability and is highly variable in space and time (Waide 
et al., 1999; Mittelbach et al., 2001). Desert ecosystems are typically on the low end of the 
productivity gradient ranging between 0 and 600 g m-2 yr-1. Some experimental studies with 
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herbaceous plants have shown an increase in net primary productivity with an increase in 
the diversity of species or functional groups (Waide, et al., 1999; Mittelbach et al., 2001). 
In grassland and dune sites of Songnem it was observed that Leymus chinensis showed a 
difference in pattern of biomass allocation in two growing years 1997 and 1998 mainly 
because of precipitation (Ronzhong et al., 2000).    

Annual net primary productivity may be reduced by either high or low soil moisture 
(Santos & Esteves, 2002). These extremes could be due to lack of rainfall in desert 
coastal areas (Gul & Khan, 1999) or heavy rainfall characteristics of coastal prairies in 
the US (Santos & Esteves, 2002). In addition to the role of water in productivity nutrients 
like phosphorus and available oxygen could contribute significantly in increasing 
productivity (Lorenzen et al., 2001; Hong et al., 2002; Santos & Esteves, 2002). 

Cressa cretica dominates the sand dunes near the Arabian Sea coast. The net 
productivity varied from one season to the other and also within the season. Productivity 
increased with the emergence of new shoots and progressively increased up to flowering 
and subsequently the plant dies after seed production.  Surface and near surface soil 
salinity appear to play only a minor role in the productivity of C. cretica because it 
harvests water from deeper layers of dunes. Belowground biomass was lower than the 
aerial parts and showed little variation between seasons. Good et al., (1982) reported that 
belowground biomass was either equal to or greater than the aboveground biomass.  
Belowground biomass of the herbaceous community was about 40% of the total biomass 
and it could also be affected by grazing, herbivory and predation (Wallace & O’Hop, 
1985; Paling & McComb, 2000). Lower belowground biomass recorded could also be 
due to the sampling method used. Rhizomes and roots attached directly to aerial parts 
were harvested but the whole matrix of rhizome system was avoided.  

Aboveground biomass was highest during August and November of both seasons 
perhaps due to sporadic rainfall. Growth in both seasons peaked in fall. Shoot productivity 
was also quite variable based on various environmental factors. The fluctuating hydro-
periods are usually prominent in most published discussions of physical factors affecting 
marsh production (Jurado & Wester, 2001; Santos & Esteves, 2002; Mata-Gonzales et al., 
2002; Feldmann & Nöges, 2007). Soil salinity and temperature were higher before the rains 
which caused substantial reduction in aboveground biomass in the present study as is 
reported to lower plant production (Zedler et al., 1980). The above ground production of C. 
cretica salt marsh ranged from 200 to 485 g m-2 yr-1 which is the lower in comparison to 
Salicornia marshes in California (300-1200 g m-2 yr-1, Zedler, 1982) and Batis maritima and 
Salicornia virginica marshes in Georgia respectively, (1,149 g m-2 yr-1 and 600 g m-2 yr-1, 
Antlfinger & Dunn, 1979) and from Salicornia europaea marshes in Massachussets (234 g 
m-2 yr-1; Rubers & Murray, 1978). Dawes (1981) reported the aboveground estimates of 
primary production of salt marshes at approximately 300-4000 g m-2 yr-1. Aboveground 
biomass of Juncus kraussi in Australia ranged from 96-4400 g m-2 yr-1and for Sporobolus 
virginicus from 148-852 g m-2 yr-1 (Clarke & Jacoby, 1994). 

Soil conductivity which was monitored for 2 years showed similar seasonal trends in 
both years. Highest conductivity reported was around 35-59 dS m-1. This could be due to 
the little rainfall (90 mm) during the entire season. Plant tissue conductivity ranged from 
20-22 dS m-1.  

Productivity under natural conditions appears to be controlled by variation in 
temperature and moisture. Although plants usually survive on underground brackish 
water but the addition of fresh water substantially increased the productivity under 
natural conditions. Cretica cretica halophytes could be propagated through direct 
seawater irrigation in coastal areas for dune stabilization and greenification. 
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