Global Patterns in Nutrient Resorption of Mangrove Plants
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Abstract
Nutrient resorption defined as nutrient resorbing from senescent leaves before abscission is a key nutrient conservation mechanism
which developed by plants occurring in nutrient-poor environment. There have been several meta-analyses targeting at nutrient
resorption of global plants, but all of these studies excluded mangroves. Here we concerned about mangrove plants and overviewed
their nutrient resorption efficiency (percent of leaf nutrient resorbed) at the global scale. Mangrove plants showed wide variation in
resorption efficiency of both nitrogen (NRE, ranged at 26% ~ 84%, except extreme values: 3% and 95.36%) and phosphorus (PRE,
ranged at 10% ~ 81%). Despite most of NRE were higher than the global mean value, the PRE (averaged 53.26%) was similar to
that value. The sites in Florida and Panama were appeared to be P limit, whereas mangroves in China except Hainan Island
showed N limitation. We did not find significant correlation between NRE and PRE as shown in many other studies. The ratio of
NRE: PRE ranged 0.32 ~ 3.90 with average being 1.30, which was beyond the range (<1) of tropical systems. Our analysis did not
support the long-standing view that mangroves had high resorption efficiency. This is probably due to the disturbance by human
activities.
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Introduction
Plants living in nutrient-poor environment have developed nutrient conservation mechanisms to minimize nutrient
loss. Nutrient resorption defined as nutrient resorbing from senescent leaves before abscission (1–nutrient in senescent
leaves/nutrient in green leaves)*100%) is an important strategy of nutrient conservation and mainly caused by nutrient
limitation [1]. Nutrient resorption are commonly expressed on both mass and area bases, which could lead to underestimate
resorption efficiency by 10% ~ 20% due to the delay of carbon translocation or leaf area shrinkage has not been taken into
account [2,3].

Nutrient resorption of global terrestrial perennial plants have been analyzed, but these meta-analyses all excluded
mangroves [1,3-5]. Mangrove forests covered 137,760 km2 in 118 countries in the tropical and subtropical regions of the
world. Approximately 75% of world’s mangroves are found in just 15 countries [6]. Despite its coverage is much less than
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terrestrial ecosystems, mangroves provide important ecological functions and services, such as carbon storage and water
purification, which are both closely related to its high nutrient resorption. Therefore here we particularly concerned about the
nutrient resorption of mangroves and assembled data from global studies to analyze variations in resorption efficiency and
relations to species and site location.

Mangrove species are characterized by high nutrient resorption as the consequence of the adaptation to oligotrophic
environment [7]. NRE can be as high as 95.36% of Rhizophora stylosa [8] and PRE 81% of Rhizophora mangle [9].
However, extreme low resorption efficiency had been found in some mangrove sites as well, such as <5% of NRE [10] and
ca. 10% of PRE [11].

Materials and Methods
We conducted searches through Google Scholar with the keywords of nutrient resorption, nitrogen resorption,
phosphorus resorption, resorption efficiency, retranslocation, and mangroves or mangrove plants/species. We searched the
data also from the references of reviews [7]. We excluded data from fast-growing mangrove species such as Sonneratiaceae,
which do not have nutrient conservation mechanisms. Fertilized plants and extreme values after data analysis by SPSS
(version 16.0) were also excluded. For literatures shown the data as figures, the values we obtained by roughly estimation.
Our final analysis was performed with 128 values encompassed 16 species and 17 sites.

The outliers were found through Explore and then examined normality through Frequency analysis. Normality
requires the Skewness and Kurtosis within ± 1.96. In addtion, the mean, std. effor of mean, median, mode, variance, and
range including maximum and minimum were obtained. Due to the data did not match the normality requirment and then the
following statistic analyses were all using nonparametric tests. To test the difference of NRE and PRE from the global
everage values (e.g. ~50%), One-sample t-test was used. Comparison of NRE and PRE was analyzed by Wilcoxon SignedRank test. Nonparametric correlation between NRE and PRE was tested by the mehtods of Kendall and Spearman. Using
Mann-Whitney compared the diffierences between species and between locations.

Results and Discussion
Mangrove wetlands occur originally in the oligotrophic environment. However, our analysis indicated that almost
half of the global mangrove sites supplied phosphorus has matched plant demand, shown by around half PRE values (47%)
below the global average value (FIG. 1). This is most likely caused by human activities such as discharge of wastewater from
industry, city sewage, agriculture, and aquaculture ponds etc. In contrast, the NRE data indicated nitrogen limitation in most
sites (74%) and for seven species (FIG.1). Despite the tightly correlation was found between NRE and PRE in global
terrestrial plants [12], it was not the case of mangroves (Spearman correlation efficiency was -0.014, P=0.909). Less variation
(26% ~ 84%, except extreme values: 3% and 95.36) and slight higher average value (57.20%) in NRE were found compared
with PRE (ranged at 10% ~ 81%; average on 53.26%). Unrelated between NRE and PRE is likely the results of the imbalance
of supply of N and P and the greater demand for N than for P by most mangrove species [11,13].
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FIG. 1. Nitrogen and phosphorus nutrient resorption efficiency (NRE vs. PRE) of mangroves leaves. The white circle refers
to the outliers. The reference lines are the average values of resorption efficiency for global perennials with ~50% for
nitrogen and ~52% for phosphorus [1].
Studies on nutrient resorption have been focused on the species of Rhizophora mangle, Avicennia marina and
Kandelia obovata. Resorption efficiency varied among species despite the Mann-Whitney results showed non-significance
(P=0.789 for NRE and 0.493 for PRE). Seven species had greater NRE than PRE, with NRE above whereas PRE below the
global average values (FIG. 2), suggesting that these species, Bruguiera gymnorrhiza, Bruguiera sexangula, Bruguiera
sexangula var. rhynchopetala, K. obovata, Ceriops tagal, Rhizophora stylosa, and Aegiceras corniculatum, were strongly
demand for N.

FIG. 2. Variation in NRE (circle) and PRE (triangle) among mangrove species.
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Nutrient resorption also varied with locations. Mangroves in Florida (USA) and Panama were appeared to be P
limitation, whereas mangroves in China except for one site on Hainan Island showed N limitation (FIG. 3). The relationship
between resorption efficiency and nutrient availability is actually complicated despite negative relationship observed by most
studies [7]. Besides the controls by nutrient supply, other soil factors and climates can exert combined effects. For example,
studies have found that salinity and frost dramatically reduced resorption efficiency through constrained the ability of root
nutrient uptake [14,15]. We did not collect the data of soils (due to limited data available) and therefore cannot quantify the
interaction of nutrient resorption and soil characteristics.

FIG. 3. Variation in NRE (circle) and PRE (triangle) with mangroves location.

In conclusion, mangrove had relatively high nitrogen resorption despite variations shown among species and
locations. However phosphorus resorption was higher, similar and lower than the global mean value, which is contrast to
long-standing view for mangroves.
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