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Abstract
C, N, P contents dynamics of Calamogrostis angustifola 
growing on different water zonations,under variable water 
regime,were studied by field studying. Results showed 
that TC contents changed with the time and were higher 
in the zonations inundated all the year. TN, TP contents 
decreased as the water increasing and time passing. C, N, 
P contents of leaves were higher than that of stems and 
vaginas. C/N had different changing patterns in zonations 
with different inundation time, and C/P presented an 
increasing trend through the growing process and also 
as water increasing. N/P increased with the increasing 
water level, and took on a wave -like changing across the 
growing season. Quality of Calamogrostis angustifola 
decreased as water increasing, and the growth was 
constraint by N under all gradients at the beginning, but 
constraint by P at zonations inundated all the year while 
that at other zonations still constraint by N during the 
following growth stages. 
Key words: Water gradients; Module; Nutrient 
elements; C/N, C/P, N/P
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INTRODUCTION
The formation and evolvement of wetlands are controlled 
by hydrological processes and the biotic, physical and 
chemical characteristics of wetlands are affected by 
hydrological regimes. Wetland hydrology is the most 
important factor determining the types, structure, 
and functions of wetlands (Miller &Zedler, 2003; 
Pezeshki, 2001; Sun&Liu, 2000; Sun, 2006; Guesewell 
&Koerselman, 2002). C, N, P contents dynamics of plants 
is one of the important step of wetland biogeochemical 
cycle(Jos&Francisco, 1999; Margaret&Anne, 1999; Xie 
et al., 2004). So, it is important to study the relevant 
relationship between the wetland hydrological situation 
and the wetland vegetation, which has important 
economical and social effects to the optimal management, 
and to the improvement of the amount of production of 
the wetland.

Sanjiang Plain (129°11′ - 135°05 ′N,43°49′ - 48°27′E), 
the largest area in China, where fresh water swamp and 
wetland are distributed concentrated, is representative 
and typical. There are albic soil, meadow soil, turfy 
soil and mud soil in this area, of which 40% of the total 
area is albic soil, and the thickness of black soil layer 
is 8 to 18 cm. The poor soil aeration and permeability 
are represented by the obvious characteristics - easy 
drought and easy waterlogged. Calamogrostis angustifola 
(Rhizomatous herbaceous perennial gramineous) 
is one of the most extensive wetland plants in the 
district which is suitable for adequate soil moisture, 
saturated or oversaturated. C, N, P contents dynamics of 
Calamogrostis angustifola growing on different water 
zonations, under variable water regime, were studied by 
field studying in order to provide a theoretical basis for 
the formulation and implementation of policies in wetland 
protection and utilization.
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1.  METHODOLOGY
The proving ground (47°35′,133°29′) located in the typical 
dish depression of Sanjiang Plain wetland ecosystem 
experiment station of CAS. Three transects, which is 100 
meter, were seted by the depression the periphery to the 
center at May of 2006. Every transect includes 5 quadrat 
(1m*1m), and the quadrat spacing is 15~25meter. Plant 
community is GX, XYZ, XT, TC and TC from outside to 
inside (Yi et al.,1988). Different community represents 
different water zonations. GX: Surface soil moisture is 
73.75~98.15%; XYZ : Surface soil moisture is more 
than 93.5%; XT: Perennial hydrocephalus is 5~15cm; 
TC: Perennial hydrocephalus is 8~20cm; ZZ: Perennial 
hydrocephalus is 10~45cm.

Calamogrostis angustifola was collected on June1, 
July2, July30 of 2006 from different transects. Plants were 

separated to leaves, stems and vaginas, and then determine 
TC, TN, TP contents after drying. The different parts 
respesent different growing season: initial stage, strong 
stage, summit stage. Meanwhile, soil organic carbon 
content of upper 20cm was determined according to the 
method of Li (Li, 1983).

Soil pH was determined by American Spectrum IQ150 
pH instrument, Eh and T was determined by FJA-16 
ORP instrument. Soil depth was divided into 0~15cm and 
16~30cm. Data analysis completed through SPSS 13.0 
and Origin7.5.

2.  RESULTS 

2.1  Modules TC, TN, TP Contents Dynamics of Cal-
amogrostis Angustifola under Different Water Gradi-
ents
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Figure 1
Modules TC, TN, TP Contents Dynamics of Calamogrostis Angustifola under Different Water Gradients 

. A, B, C, represent initial stage, strong stage, summit stage; GX, XYZ, XT, TX, ZZ represent 
different water zonations, the same below.
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TC content of Calamogrostis angustifola from XT, 
TX, ZZ was higher than GX and XYZ (figure 1); TC 
content of leaves and vaginas was higher than stems 
in the beginning. TC content of stems increase as time 
change, and TC content of leaves and vaginas decrease. 
To medium-term, TC content of stems and leaves was 
higher than vaginas, while to late –term, the difference of 
TC content of stems, leaves and vaginas was insignificant.

TN content of Calamogrostis angustifola also changed 
with different water zonations. TN content of XYZ was 
higher than GX in initial stage, GX was higher than 
XYZ in strong stage and XYZ was higher than GX in the 
summit stage of non-perennial water area. In perennial 
water area, TN content increased with increasing moisture 
and difference gradually reduced, then in summit stage, 

TN content decreased with increasing moisture. During 
the experiment, TN content of leaves increased and then 
decreased which was higher than content of stems and 
vaginas. TN content of vaginas also increased and then 
decreased, while TN content of stem decreased during the 
experiment (figure 1).

TP content of Calamogrostis angustifola decreased 
with increasing moisture; TP content of leaves was higher 
than stems and vegans during the whole experiment. And 
TP content was highest in initial stage, and decreased with 
time goes (figure 1).

2.2  Modules C/N, C/P, N/P Seasonal Dynamics of Cal-
amogrostis Angustifola under Different Water Gradi-
ents
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Figure 2
Modules C/N, C/P, N/P Seasonal Dynamics of Calamogrostis Angustifola under Different Water Gradients
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C/N of Calamogrostis angustifola in perennial water 
area was higher than non- perennial water area, and 
increased with increasing moisture. C/N of stems and 
vaginas decreased with increasing moisture in perennial 
water area, and the difference gradually reduced. While 
in non-perennial water area, C/N of XYZ was higher than 
GX in initial and summit stage, and reversed in strong 
stage. C/N of stems gradually increased, C/N of leaves 
gradually decreased and vaginas decreased and then 
increased with time goes (Fig.2). C/P of Calamogrostis 
angustifola increased with increasing moisture, and C/
P of stem was the highest one. N/P of Calamogrostis 
angustifola increased with increasing moisture, and it 
was highest in strong stage. N/P of vaginas changed 
significantly, and N/P of leaves and vaginas was higher 
than stems throughout the whole experiment.

3.  DISCUSSIONS 
The formation and evolvement of wetlands are controlled 
by hydrological processes and the biotic, physical and 
chemical characteristics of wetlands are affected by 
hydrological regimes (Grieve et al., 1995; Keddy, 2000). 
Representation environmental characteristics by plant 
nutrients content was more contentious topic in recent 
years (Guesewell &Koerselman, 2002) .

3.1  Analysis of Plant Element Characteristics in 
Different Moisture Gradients
Studies suggest that the low water levels may reduce the 
ability of plants to absorb nutrients and organic matter 
accumulation by Walbrigde etc. The paper showed that TC 
and TN content of Calamogrostis angustifola in perennial 
water area was higher than non- perennial water area, and 
the contents increased with increasing moisture. Then, 
the difference of TC was non-significant in summit stage, 
TN and TP content decreased with increasing moisture. 
TC, TN and TP content of Calamogrostis angustifola had 
significant temporal changes because dilution effect based 
on plants at different growth stages on the needs of the 
various elements and the accumulation of photosynthetic 
products(Li &ang, 2002; Gifford et al., 2000; Sun et al., 
2000; Willby et al., 2001).

Consistent with the findings by SUN (Sun et al., 
2000; Sun et al.,2006) where leaves were the major 
nutrients, production and storage of organs although 
Calamogrostis angustifola was Rhizomatous herbaceous 
perennial gramineous. Leaf nutrients compositon was the 
key indicator of the scale conversion from leaves to the 
community and even regional or global bio-geographic 
formations (Zheng &hangguan, 2006; Wright &Sun et al., 
2004). Calamogrostis angustifola, as one of the typical 
wetland plants, TC, TN, TP content of leaves was 55.8%, 
1.6%, 0.18%, which was lower than other plants (Elser 
et al., 2000; Han et al., 2005). To some extent, it showed 
that the wetland plants had higher productivity (Mitsch 

&Gosselink, 2000) and low N, P absorption capacity.
C/N and C/P can be used to indicate the quality of 

plant production (Guo &Gao, 2003), and then affected 
the post-decomposition of litter(Liu et al., 2005; Yang 
et al., 2006). C/N and C/P of Calamogrostis angustifola 
increased with increasing moisture, which showed that 
carbohydrate content was higher than the nutrients 
content. N/P represented the elements which restricted 
plant growth. Koerselman etc. showed that when N/P 
was lower than 14, N element was the restricted element; 
when N/P was higher than 16, P element was the restricted 
one; when N/P was between 14 and 16, N and P were the 
restricted elements (Koerselman &Meuleman, 1996) . 
The following studies determined the restricted element 
according it (Sun et al.,2000; Sun et al., 2006; Zheng 
&Shangguan, 2006) . The existing studies suggested that 
N was the restricted element for terrestrial ecosystem 
and P for aquatic ecosystem (McGroddy et al.,2004).
According to SUN (Sun et al.,2006)studies, N was the 
restricted element for Calamogrostis angustifola in 
Sanjiang Plain. The paper showed that N/P increased 
with increasing moisture and N/P was 5.39±2.24 in initial 
stage, N was the restricted element; N/P was 12.68±8.41 
in strong stage and 8.08±5.32 in summit stage. And N/
P in perennial water area was significantly higher than 
non-perennial water area. In non-perennial water area, N/
P was lower than 14 and N was the restricted element; in 
perennial water area, N/P of XT and ZZ was higher than 
16 and P was the restricted one.

3.2  Analysis of Soil Characteristics in Different 
Moisture Gradients
PH, Eh, T and SOC of wetland soil were affected by 
different water zonations (Baird &Wilby, 2002), and 
directly impacted on the oxygen content in the soil 
and the effectiveness of nutritional elements(Reddy 
&Patrick,1974; Urban et al.,2000), which was one of 
the most important factor of plants distribution patterns 
and plants physiological and ecological characteristics 
formation (Miller &Zedler, 2003; Pezeshki, 2001).

Results showed that Calamogrostis angustifola 
modules nutrient contents had higher correlation with 
pH, Eh and SOC, while lower correlation with T through 
pearson correlation analysis of soil characters and plants 
modules nutrient contents (table1). At the 0.05 significant 
level, there was significant positive correlation between 
TP content of stems and leaves and soil Eh; significant 
positive correlation between TN content of leaves and soil 
upper layer pH, significant negative correlation between 
TN content of leaves and SOC; significant positive 
correlation between TN content and C/N of vaginas 
and soil upper layer pH. In addition, there was negative 
correlation between C/N, N/P, C/P of stems and leaves 
and soil Eh. This phenomenon may be due to different 
water zonations and banded or zonal distribution pattern 
of natural wetland (Mitsch &Gosselink, 2000). At 
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present, there are more controversial on soil characters 
changes and its affect to plants in different water 

zonations which need further studies (Wang et al., 2003; 
Baird & Wilby, 2002) .

Table 1
Correlation Analysis of Calamogrostis Angustifola Modules Nutrient Contents with Soil Characters

Surface layer Deep layer SOC
 pH Eh T pH Eh T 0—20cm
stem N .274 .769 .197 .688  .820  .559 -.498
P .130  .934* -.037 .508  .942*  .205 -.750
C -.802 -.221 .360 -.358 -.135  .256  .132
C/N -.569 -.634 -.187 -.600 -.679 -.427  .340
N/P .071 -.647 .812 -.184 -.481  .668  .803
C/P -.371 -.758 .466 -.583 -.661  .149  .683
leave N -.154  .937* -.378 .670  .867  .101  -.895*
P .055 .878 -.071 .116  .886* -.125  -.757
C -.670 -.320 .518 -.364 -.202  .379  .288
C/N -.263 -.785 .550 -.625 -.671  .167 .748
N/P -.198 -.858 .274 -.276 -.816  .206 .765
C/P -.252 -.835 .412 -.419 -.757  .221 .766
vagina N  .963* -.398 .063 .101 -.403 -.026 .537
P .346 .750 -.356 .288  .684 -.288 -.670
C -.797 .112 -.190 .229  .072  .193 -.276
C/N  -.933* .222 -.114 .018  .208  .101 -.387
N/P -.051 -.844 .626 -.483 -.718  .313 .870
C/P -.451 -.617 .570 -.504 -.494  .305 .586
Note: Correlation is significant at the 0.05 level (2-tailed).

CONCLUSION
1) TC contents changed with the time and were higher 

in the zonations inundated all the year. TN, TP contents 
decreased as the water increasing and time passing. C, N, 
P contents of leaves were higher than that of stems and 
vaginas.

2) C/N had different changing patterns in zonations 
with different inundation time, and C/P presented an 
increasing trend through the growing process and also 
as water increasing. N/P increased with the increasing 
water level, and took on a wave -like changing across the 
growing season.

3) Quality of Calamogrostis angustifola decreased 
as water increasing, and the growth was constraint by 
N under all gradients at the beginning, but constraint by 
Pat zonations inundated all the year while that at other 
zonations still constraint by N during the following 
growth stages.

REFERENCES
Baird A.J. & Wilby R.L. (2002). Ecohydrology—Plants and 

water in terrestrial and aquatic Environment. Beijing: 
Ocean Press, 91-97.

Elser J.J., Fagan W.F., Denno R.F. et al. (2000). Nutritional 
constraints in terrestrial and freshwater food webs. Nature, 
408, 578-580.

Gifford R.G., Barrett D.L. & Lutze J.L. (2000). The effects 
of elevated CO2 on the C:N and C:P mass ratios of plant 
tissues. Plant and Soil, 224, 1-14.

Grieve I.C., Gilvear D.J. & Bryant R.G. (1995). Hydrochemical 
and water source variations across a floodplain mire,Insh 
Marshes, Scotland. Hydrological Process, 9, 99-110.

Guesewell S. & Koerselman W. (2002). Variation in nitrogen 
and phosphorus concentrations of wetland plants. Plant 
Ecology, Evolution and Systematics, 5(1), 37-61.

Guo, J. P. & Gao, S. H. (2003). Impacts of CO2 enrichment and 
soil drought on the C, N accumulation and distribution of 
plants. Progress in Natural Science, 13(12), 1275-1279.

Han, W. X., Fang, J. Y., Guo, D. L. et al. (2005). Leaf nitrogen 
and phosphorus stoichiometry across 753 terrestrial plant 
species in China. New Phytologist, 168, 377-385.

Jos A. R., Hans B. Francisco A. C. (1999). Interactive effects 
of N and P on growth, nutrient allocation and NH4 uptake 
kinetics by Phragmites australis. Aquatic Botany, 64, 369 
-380.

Keddy P.  A. (2000).  Wetland ecology:principles and 
conservation. Cambirdge, UK: Camb- ridge University 
Press.

Koerselman W., Meuleman A. F. M. (1996). The vegetation N:P 
ratio:A new tool to detect the nature of nutrient limitation. 
The Journal of Applied Ecology, 33(6), 1441-1450.

L i ,  F. S .  &  Ta n g ,  S .  Z .  ( 2 0 0 2 ) .  E f f e c t s  o f  C O 2 
enrichment,Nitrogen and soil moisture on plant C/N and C/
P in spring wheat. Acta Phytoecologica Sinica, 26(3), 295-
302.



30Copyright © Canadian Research & Development Center of Sciences and Cultures

C, N, P Contents Dynamics of Calamogrostis 
Angustifola Under Different Water Gradients

Li, K.Y. (1983). Conventional analysis methods of soil 
agricultural chemistry. (PP. 272-277). Beijing: Science 
Press.

Liu, Z. K., Wang, S. P., Han, J. G., et al. (2005). Decomposition 
and nutrients dynamics of plant litter and roots in Inner 
Monogolia steppe. Acta Prataculturae Sinica, 14(1), 24-30.

Margaret G., Anne W. (1999). Constructed wetlands in 
Queensland: performance efficiency and nutrient 
bioaccumulation. Journal of Applation Ecology, 33, 1441-
1450.

[McGroddy M. E., Daufresne T., Hedin L. O. (2004). Scaling of 
C:N:P stoichiometry in forests world wide:Implications of 
terrestrial red field-type ratio. Ecology, 85(9), 2390 -2401.

Miller R. C., Zedler J. B. (2003). Responses of native and 
invasive wetland plants to hydroperiod and water depth. 
Plant Ecology, 167, 57-69.

Mitsch W. J., Gosselink J. G. (2000). Wetlands. New York: John 
Wiley & Sons Inc.

Pezeshki S. R. (2001). Wetland plant responses to soil flooding. 
Environmental and Experimental Botany, 46, 299-312.

Reddy K. R., Patrick W. H. (1974). Effect of alternate aerobic 
and anaerobic conditions on redox potential, organic matter 
decomposition and nitrogen loss in a flooded soil. Soil 
Biology and Biochemsitry, 7, 87-94.

Sun, X.L., Liu, J.S. Chu, Y.R. (2000). Nitrogen dynamics in 
different organs of Calamagrostis angustifolia and Carex 
lasiocarpa in Sanjiang plain. Chinese Journal of Applied 
Ecology, 11(6), 893-897.

Sun, Z. G., Liu, J. S., Wang, J. D. et al. (2006). Biomass structure 
and nitrogen and phosphorus contents of Calamagrostis 
angustifolia populations in different communities of 
Sanjiang Plain. Chinese Journal of Applied Ecology, 17(2), 
221-228.

Urban G., Hakan R. Hugo S. (2000). Diversity and pH 
changes after 50 years on the boreal mire Skattlǒsbergs 
Stormosse,CentralSweden. Journal of Vegetation Science, 
11, 277 -286.

Walbridge M. R. Struthers J. P. (1993). Phosphorus retention 
in non-tidal palustrine forested wetland the mid-Atlantic 
region. Wetlands, 13, 84-94.

Wang, S. Y., Yang, Y. X. Yang, B. (2003). Study on temperature 
of typical types of wetland soils and its influencing factors 
in the Sanjiang Plain. Geographical Research, 22(3), 389-
396.

Willby N. J.,Pulford I. D. Flowers T. H. (2001). Tissue nutrient 
signatures predict herbaceous-wetland community 
responses to nutrient availability. New Phytologist, 152, 
463- 481.

Wright I. J., Reich P. B., Westoby M., et al. (2004). The 
worldwide leaf economics spectrum. Nature, 428, 821-827.

Xie, Y. H., Wen M. Z. Yu D. (2004). Growth and resource 
allocation of water hyacinth as affected by gradually 
increasing nutrient concentrations. Aquatic Botany, 79, 
257-266.

Yang, J. S., Liu, J. S., Yu, J. B. et al. (2006). Decomposition and 
nutrient dynamics of marsh litter in the Sanjiang Plain. 
China. Acta Ecologica Sinica, 26(5), 1297-1302.

Yi, F. K, Li, C. H., Zhao, K. Y. et al. (1988). A study of the 
vegetation type in the Sanjiang Plain. Huang Xichou. The 
mire research in China. (pp, 162-171). Changchun: Science 
Press.

Zheng, S. X., Shangguan, Z. P. (2006). Spatial distribution 
patterns of leaf nutrient of plants of the Loess Plateau. 
Progress in Natural Science, 16(8), 965-973.


