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abstract

DENG, C. N., X. L. PAN and F. Q. CHANG, 2013. Redundancy analysis revealing relationship between water-
salinity and the eco-physiological responses of Phragmites australis in Momoge Wetland, China. Bulg. J. Agric. 
Sci., 19: 274-281

Based on the measured data in June, 2010, the redundancy analysis (RDA) were used to analyze the variations of eco-phys-
iological responses of Phragmites australis, identify the key environmental factors and their patterns influencing the variation 
of the growth of Phragmites australis in Momoge wetland, China. The results showed that various environmental factors led 
to great changes in eco-physiological responses of Phragmites australis. All selected environmental factors explained 59.3% of 
the variation of eco-physiological responses of Phragmites australis. Na+ concentration was the most important environmental 
factor, which possessed 62.9% of the variation, and water depth was the second key environmental factor, which possessed 
25.8% of variation of Phragmites australis. Na+ influenced eco-physiological characteristics of Phragmites australis by the 
intergration. Water depth controlled eco-physiological characteristics of Phragmites australis by influencing the plant height, 
coverage, biomass and the maximum photosynthesis efficient (FV/FM). The value of pH was the last environmental factor pos-
sessing 11.8% of the variation in the total variance, and influencing the plant height and biomass. Additional research is needed 
to find management strategies for the restoration of Phragmites australis.
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introduction

Water table and salinity are the two main environ-
mental factors that affect plant growth and productiv-
ity in wetlands (Mitsch and Gosselink, 2000; Cui et al., 
2010). Optimum water depth can enhance the photo-
synthesis of plants and increase the biomass production 
(Davis et al., 2009; Richards et al., 2011). Growth and 
productivity of salt-sensitive plant in wetland decrease 
with increasing salinity. High concentrations of salt 
leads to the morphological and physiological changes, 

retards the photosynthesis of plant and decreases the 
plant height and biomass (Jampeetong and Brix, 2009; 
Trites and Bayley, 2009). Eco-physiological responses 
of wetland plants to change of water depth and salinity 
have been well documented (Salter et al., 2007; Cui et 
al., 2008). However, the effects of water depth and sa-
linity are not equally important in the process of plant 
growth. Though many researchers have investigated the 
plant responses to water depth and salinity, the interac-
tive effect of water depth and salinity on wetland plants 
has not been well known. 
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Momoge Wetland is an inland-wetland locating on 
the West edge of Songnen Plain in China. Being the 
stopover and reproduction habitats of Siberian White 
Crane and other endangred waterfouls, Momoge wet-
land is a nation-level natural reserve area. Fore several 
decades, Momoge wetland has been threatened by se-
vere drought and water shortage because of the global 
climate change and water resource engineering. Water 
and soil salinity has been increasing, vegetation deg-
radation has been intensified, and the habitats for rare 
and endangered birds have thus been threatened. The 
issues that Momoge wetland faces have drawn growing 
attention from many international organizations includ-
ing WWF, GEF and ICF (Pan et al., 2006). It is very im-
portant to understand the complex relationship between 
vegetation and environment factors for the wetland veg-
etation restoration. Redundancy analysis is chosen in 
this study because it is a useful technique for analyzing 
the relationship between vegetation and environment. 

In this study, the relationship between Phragmites 
australis and water depth and salinity were mainly dis-
cussed by redundancy analysis (RDA) as follows: 1) the 
eco-physiological responses of Phragmites australis to 
various water depths and salinities; 2) How much in-
formation of the growth of Phragmites australis can be 
explained by these environmental factors? 3) Is there a 
determinative factor affecting the growth of Phragmites 
australis? 4) What extent in importance can be found in 
these environmental factors to the plant growth? Solving 
these problems can not only enrich the quantitative re-
search contents about the vegetation growth and environ-
ment factors in wetland, but also has been helpful in pro-
tection and restoration of wetland vegetation in practice.  

Material and Methods

site description
Momoge wetland lies along NenJiang river at long. 

122°27'-124o04'E. by lat. 45o42'-46o8'N (Figure 1). It is 
one of the largest wetland in Western Jilin province, 
China, providing habitats and stopover for some rare 
and endangered waterfowls, such as oriental stork, Si-
berian white crane (Pan et al., 2006). This region has an 
average annual precipitation of 394 mm, and an average 
annual evaporation of 1553 mm. The total area of wet-

land is 14.4 ×104 hm2. As an inland wetland, the salin-
ity has been increasing because of frequent drought and 
great evaporation. For example, the electrical conduc-
tivities for Yangsha lake and Etou lake in Momoge wet-
land are 2350μs/cm, and 3890μs/cm, respectively (Yao 
et al., 2010). The water pH ranges from 7 to 10. The reed 
swamp, the most important habitat type for waterfowl 
in Momoge wetland, accounts for 41.7% of total area. 
Reed swamps shrank continuously due to water short-
age and salinization. 

sampling methods and data collection
Three typical areas with low/middle/high salinity in 

Momoge wetland were selected in June 2010. Quadrats 
of 50 cm × 50 cm were randomly chosen according to 
the water depth and salinity. Water samples were col-
lected with the mixture of three samples for water qual-
ity analysis. Water depth was measured by a scale. 

The average heights of Phragmits australis were 
measured with a scale and the numbers of plants were 
counted. The coverage was estimated by visual obser-
vation. The aboveground biomass were collected, dried 
to constant weight in a blasting oven (80°C), and then 
weighted.

The third full-expanded leaf was used for fast chlo-
rophyll fluorescence measurements with a portable fluo-
rometer (FP100, PSI, Brno, Czech Republic). A visible 
light band peaking at 475 nm excited fluorescence. Fast 
fluorescence transients induced by actinic light were re-
corded at sampling intervals varying from 10 μs to 10 
ms. Plant leaf was dark-adapted for 3 min before fluores-

  

fig. 1. the geographical location of Momoge 
wetland, in Jilin province, china
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cence measurement. Finally, the chlorophyll content of 
the same leaf was measured with a CCM-200 chlorophyll 
content meter (Opti-Sciences, Tyngsboro, MA, USA). 

statistical analysis
Data analysis of variance was performed using the 

SPSS software (Version 16.0). Redundancy analysis 
(RDA) was carried out, based on detrended correspon-
dence analysis (DCA), for eco-physiological responses 
of Phragmites australis. RDA was appropriate for the 
analysis if the length of ordination axes in DCA was 
relatively low (<3); otherwise the canonical correspon-
dence analysis (CCA) would be the suitable method (Jan 
and Petrš, 2003). The measured environmental factors, 
including water depth, the concentration of Na+, Cl-, 
HCO3

- and pH value, were adopted as the explanatory 
variables. In the preliminary analysis environmental 
factors with an inflation factor larger than 20 were re-
moved (Beyene et al., 2009), thus water depth, Na+ and 
pH were remained as environmental factors in the re-
search. The inclusive forward selection procedure was 
employed for sorting out the factors explaining the most 
variance in the species data and then, Monte Carlo test 
with 499 permutations was carried out for significance 
testing of the selected environmental factors. The cor-
relation between individual environmental factor and 
eco-physiological responses patterns of Phragmites 
australis was analyzed using T-test. All multivariate 
analyses were performed by using the software CANO-
CO, Version 4.5 for Windows (ter Braak, 1989). The 
results of RDA were visualized in the form of ordina-
tion diagrams in the Canodraw for Windows program. 
Variables are represented as symbol such as lines with 
arrows pointing in the direction of maximal variation. 
Variables with lines close to each other and headed in 
the same (opposite) direction are highly positively (neg-
atively) correlated. Two lines at a 90-degree angle indi-
cate that the corresponding variables are uncorrelated.

Results and discussion 
eco-physiological responses of Phragmites australis 
to changes of environmental factors

The data of water salinity in the three study areas were 
shown in Table 1. There are great differences in the water 
salinity among the three study areas. In the low salinity 
area, the value of Na+ content was 31.9 mg/L, the electric 
conductivity was 160 μs/cm, the value of pH was 6.8, and 
the total salinity content was 238.8 mg/L. In the middle 
and high salinity areas, values of these parameters were 
much higher than those in the low salinity area.  

The eco-physiological parameters of Phragmites 
australis grown in various environmental gradients 
were summarized in Table 2. All he indexes of Phrag-
mites australis were sensitive to the change of environ-
mental factors. The values of plant height, coverage, 
biomass, chlorophyll content, the maximum photo-
synthesis efficiency (FV/FM) and the maximum perfor-
mance index (PIABS) increased with water depth in low 
and middle salinity water bodies. In the low and middle 
salinity condition, the increase of water depth increased 
photosynthesis, the number of plant and enhanced the 
growth and productivity of reed. The plant height is al-
most the same in different water depth in high salinity 
area. The number of plant and biomass decreased with 
increasing water depth in high salinity. The growth of 
reed inhibited by high salinity was well documented, 
and the minimum concentration of salinity caused in-
hibitory effect were different (Al-Garni, 2006; Zhang 
et al., 2008). Zhang et al. (2008) reported 0.6% salinity 
retarded the growth of reed. The chlorophyll content, 
the maximum photosynthesis efficient (FV/FM) and the 
maximum performance index (PIABS) increased along 
with the increase of salinity, it may be concluded that 
the photosynthesis was promoted by higher salinity up 
to 1000mg/L. According to previous literature, lim-
its of salt tolerance of reed vary widely between 5 and 

table 1 
the value of concentration of ions, ec, and ph in three study areas
Salinity gradient Na+, mg/L Ec, μs/cm pH Total salinity content,  

mg/L
Low salinity 31.9 160 6.8 238.8
Middle salinity 80.4 406 7.7 732.3
High salinity 258.5 797 8. 6 930.1
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65‰ (Hellings and Gallagher, 1992; Zhang et al., 2008) 
, However, in many reports, the chlorophyll content and 
photosynthesis rate were less influenced (Jampeetong 
and Brix, 2009; Antonellini and Mollema, 2010) or even 
be promoted by low salinity (Song et al., 2010). Vasquez 
et al. (2006) found that 100 mM NaCl promoted the 
growth of reed and increased the dry mass of plant while 
200 mM NaCl inhibited the growth of reed. Song et al. 
(2010) reported that the chlorophyll content of reed in-
creased in <0.5% NaCl and decreased in >0.5% NaCl. It 
was suggested salinity (<1000 mg/L) promoted the pho-
tosynthesis and the synthesis of chlorophyll content.

Identification of key environmental factors
RDA enables the identification of the environmental 

factors that can best explain the variance pattern of the 

response of Phragmites australis. In order to determine 
to what extent the three environmental factors affected 
the eco-physiological responses of Phragmites australis, 
RDA was performed. The eigenvalues associated with 
the axis and the reed responses-environment correlation 
indicates the satisfactoriness of the environmental fac-
tors explain the Phragmites australis responses. These 
results were listed in Table 3. The first two canonical 
axes explained 38.8% and 20.1% of the variation in the 
response of Phragmites australis, respectively. All four 
significance canonical axes explained 78.8% variation in 
response of Phragmites australis. It implies that axes 1-4, 
especially by axis 1 and 2, can explain the most variation 
of Phragmites australis. Monte Carlo tests for the first 
and all canonical axes were highly significant (p<0.01),  
indicating that three composting environmental factors 

table 2 
eco-physiological characteristics of Phragmites australis in various water-salinity gradients (n=3)
Salinity Water depth,

cm
Height,

cm
Coverage,

%
Number of plant,

per m2
Biomass,

g/m2
Chlorophyll 

content FV/FM PIABS

low

0 69 30 564 297.4 15.3 0.62 0.35
5 82.3 40 452.5 422.3 17.3 0.69 0.52
15 106 49 396.5 523.6 23.9 0.7 0.61
25 120.3 60 423.5 1185.4 25.5 0.75 2.09

middle

0 80.7 40 396 433.8 19.2 0.75 1.5
5 89.7 50 428 616.9 27 0.74 1.19

15 111 55 440 854 21.3 0.76 1.33
25 134.3 70 344 848 24.1 0.77 1.6

high

15 41.8 25 233.5 107.67 31.4 0.77 2.64
20 41.2 30 352 185.74 18.52 0.7 1.01
25 44.2 10 205.5 86.28 32.36 0.78 2.32
30 44.3 10 178 87.44 38.57 0.78 3.81

table 3 
the redundancy analysis results of environmental factors and species on axis 1-4
Redundancy analysis results axis 1 axis 2 axis 3 axis 4
Eigenvalues 0.388 0.201 0.004 0.195
Species-environment correlations 0.89 0.772 0.239 0
Cumulative percentage variance of species data 38.8 58.9 59.3 78.8
Cumulative percentage variance of species-environment relation 65.4 99.3 100 0
Sum of all engenvalues 1
Sum of all canonical eigenvalues 0.593**
Water depth-species correlation -0.273 -0.635 -0.114 0
Na+-species correlation -0.853 -0.22 0.003 0
pH-species correlation -0.795 -0.316 0.044 0

** p<0.01.
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were important in explaining the eco-physiological re-
sponses of Phragmites australis. The sum of all canoni-
cal eigenvalues retained 59.3% of the total variance, 
which indicated that the three environmental factors can 
explain 59.3% variation of Phragmites australis. The 
value of correlation between the responses of Phrag-
mites australis and environmental factors on the first 
two canonical axes retained 0.890 and 0.772, respective-
ly. The first two RDA axes had 65.4% and 33.9% of reed 
responses-environment correlation. Hence, they could 
be used to explain the relationship between the environ-
mental factors and reed response parameters. Table 3  
showed that there were significant negative correlation 
between water depth and the reed responses data on 
axis 2, significant negative correlation between Na+/pH 
and reed responses on axis 1, indicating that water Na+/
pH influenced the reed responses on axis 1, while water 
depth affected axis 2.

In order to identify which environmental factor might 
be the driver of changes in the responses of Phragmites 
australis. Table 4 showed the importance of environ-
mental factors in descending order with significance 
testing results. Na+ was the most important environmen-
tal factor, which explained 62.9% of the variation in the 
total change variance of reed, and water depth was the 
second key environmental factor, which explains 25.3% 
of the variation, and pH was the last important factors 
with 11.8% of explanation. This implies that Na+ and wa-
ter depth, as the most important factors, played a key 
role in explaining the change variance of reed responses, 
which were the key environmental factors. The results 
suggested that the concentration of Na+ was the impor-
tant environmental factors, which negatively affected the 
plant growth significantly, and it had extracted 62.9% of 
the environmental information. Water depth and salinity 
have been noted as potentially important factors deter-
mining plant growth in wetlands. Many studies demon-
strated the negative effect of increasing salinity on den-
sity, height, stem diameter, biomass of reed (Asaeda et 
al., 2003; Wang et al. 2006). The negative effect of in-
creasing salinity was significant for shoot length, and the 
belowground to aboveground biomass ratios decreased 
with increasing salinity (Mauchamp and Mesleard, 
2001; Soetaert et al., 2004). Similarly, Salter et al. (2007) 
suggested that the salinity might restrict the range of 

water regimes tolerated by aquatic plants. In the higher 
salinities, Melaleuca ericifolia seedlings are intolerant 
of waterlogging and submergence and died rapidly af-
ter 5-week exposure to this combination of environmen-
tal stressors. Increasing salinity and water depth would 
reduce plant growth and survivorship. However, the re-
lationship between water-salinity and Phragmites aus-
tralis was less demonstrated. As salinity increased, the 
response of plant to water depth would change.

Influence of individual environmental factor on eco-
physiological responses of reed

T-values biplot gave the statistical significance be-
tween each environmental factor and eco-physiological 
characteristics of Phragmites australis. It was shown in 
Figure 2. that there was positive correlation among the 
plant growth height (A) , coverage (B) and plant bio-
mass (D), and they are positively correlated to the axis 1 
of responses of Phragmites australis. There was a posi-
tive correlation among the chlorophyll content (E), the 
maximum photosynthesis efficiency (FV/FM) and the 
maximum performance index (PIABS), and they were 
negatively related to the axis 2 of responses of Phrag-
mites australis. The number of plant (C) was positively 
correlated to the biomass (D), but negatively correlated 
to the chlorophyll content (E). Among the environmen-
tal factors, the value of Na+ content was positively cor-
related to pH but negatively correlated with the axis 1. 
The water depth was negatively correlated to the axis 2 
of responses of Phragmites australis, and the informa-
tion was further confirmed in Table 3.

T-values biplot between water depth and eco-phys-
iological characteristics of Phragmites australis was 
shown in Figure 3. Water depth factor mainly dropped 
in the range of axis 2 and negatively correlated with the 
axis 2 (Figure 3). The lines and arrows of plant height 
(A), coverage (B), biomass (D), and FV/FM(F) fully 
dropped in the circle of water depth, indicating that wa-
ter depth was significantly positively correlated with 
plant height, coverage, biomass, and FV/FM (p<0.05) 
(Figure 3). The lines and arrows of plant maximum per-
formance index (G, PIABS) and the chlorophyll content 
(E) was same direction with water depth but fell out the 
range of water depth circle, implying that water depth 
was positively correlated with the plant maximum per-
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formance index and the chlorophyll content, but not 
reached the significant level. The number of plant (C) 
dropped out the circle of water depth, suggesting that 
the number of plant has no significant correlation with 
the water depth factor. These results indicated that the 
plant growth, biomass, coverage and the photosynthesis 
index (maximum photosynthesis efficiency and maxi-
mum photosynthesis performance index) increased 
with the increase of water depth. It was in accordance 
with previous investigation (Cui et al., 2006; Engloner 
and Papp, 2006). 

T-values biplot between Na+ content and eco-phys-
iological characteristics of Phragmites australis was 
shown in Figure 4. There was no circle of Na+ in Fig-
ure 4, indicating all of the indexes of eco-physiological 

table 4 
Importance and significance level of environment variables
Environmental factor Importance rank Importance p-value % variance explains
Na+ 1 0.373 0.002 62.9
Water depth 2 0.15 0.004 25.3
pH 3 0.07 0.022 11.8

fig. 2. Redundancy analysis results for environmental 
factors and the eco-physiological characteristics of 
reed (a: growth height; b: coverage; c: number of 

plant; d: biomass; e: the chlorophyll content; f: fv/
fM; g: piabs. Red arrow: environmental factors; 
black arrow: eco-physiological characteristics)

Fig. 3. T-test results for water depth influencing 
eco-physiological characteristics of Phragmites 

australis (red circle : positive correlation)

characteristics of Phragmites australis were not corre-
lated with the concentration of Na+. However, the results 
in Table 4 suggest that the concentration of Na+ was the 
most important environmental factors which negatively 
affected the plant growth significantly, and it had ex-
tracted 62.9% of the environmental information. The 
inconsistency could be explained that the Na+ signifi-
cantly influenced the reed responses as a whole not by 
individual parameter. In addition, at the middle salin-
ity, the plant growth, photosynthesis and productivity of 
reed were better than those in low or high salinity.

T-values biplot between pH value and eco-physiolog-
ical characteristics of Phragmites australis was shown 
in Figure 5. The lines and arrows of plant height (A) and 
biomass (D) fully dropped in the circle of pH value, in-
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dicating that pH was significantly positively correlated 
with plant height and biomass (p<0.05) (Figure 5). The 
lines and arrows of coverage (B), chlorophyll content 
(E), FV/FM(F), and plant maximum performance index 
(G, PIABS) were in same direction with pH but dropped 
out the range of pH circle, implying that pH was posi-
tively correlated with these indexes, but did not reach 
the significant level. The lines and arrow of number of 
plant (C) was in same direction with pH but dropped 
out the range of pH dashed circle, implying that pH was 
negatively correlated with plant number, but not reached 
the significant level. 

conclusion
This investigation identified the key environmental 

factors influencing eco-physiological characteristics of 
Phragmites australis in Momoge wetland in Jilin Prov-
ince, China. The results showed that all selected envi-
ronmental factors accounts for 59.3% of the variation of 
eco-physiological characteristics of Phragmites austra-
lis. Na+ was the most important environmental factor 
possessing 62.9% of environmental information, and 
water depth was the second key environmental factor 

possessing 25.3% environmental information. Na+ in-
fluences eco-physiological characteristics of Phragmites 
australis as a whole. Water depth controls eco-physio-
logical characteristics of Phragmites australis by influ-
encing the plant height, coverage, biomass and FV/FM. 
pH is a minor environmental factor possessing 11.8% of 
the variation in the total variance, and influencing the 
plant height and biomass. Additional research is need-
ed to find management strategies for the restoration of 
Phragmites australis.
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