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Does leaf resorption efficiency always predict plant nutrient status?

A case study from a common mangrove species in China

Lili Wei1, Ming Yang Bee1, Poh Seng Chee1, Ankit Garg1, Yangyang Wu1, Tingfeng
Zhang1, Hongyong Fan1, Jie Li1, Lin Liu1, Xu Huang1, and Chaoxiang Liu1

1Affiliation not available

July 7, 2020

Abstract

Aims The impact of nutrient increase on nutrient resorption from senescent leaves is an important topic, which is not completely

understood. Mangrove species are characterized by nutrient conservation mechanisms as a consequence of adaptation to

nutrient-poor environments. The understanding of the response of the traits related to nutrient conservation strategies to

nutrient availability is limited. This study aims to address whether nutrient resorption of mangrove species is responsive to

long-term nutrient enrichment. Methods A field-based study was carried out in a Kandelia obovata dominated mangrove stand

where a nutrient gradient was generated by the long-term discharge of aquaculture wastewater. Seasonal variations of nutrient

resorption and nutrient availability were assessed. Important findings The data from summer and winter showed the same

results: 1) resorption proficiency or the nutrient concentrations (N and P) in senescent leaves did not varied with nutrient

increases except the plot that the N availability was extremely high; 2) the resorption efficiency of both N and P was positively

correlated with nutrient availability, and N resorption efficiency was also positively correlated to leaf N: P ratio; 3) N resorption

was complete while the resorption of P was incomplete. These results indicate that resorption proficiency of K. obovata is less

sensitive than resorption efficiency to nutrient availability, and the positive response of N resorption efficiency is related to the

imbalance of nutrient availability, while the positive response of P resorption efficiency is unrelated to plant nutrient status.

We suggest that caution should be taken in using resorption efficiency of mangrove species to predict plant nutrient status.

Methods

A field-based study was carried out in a Kandelia obovata dominated mangrove stand where a nutrient
gradient was generated by the long-term discharge of aquaculture wastewater. Seasonal variations of nutrient
resorption and nutrient availability were assessed.

Important findings

The data from summer and winter showed the same results: 1) resorption proficiency or the nutrient con-
centrations (N and P) in senescent leaves did not varied with nutrient increases except the plot that the
N availability was extremely high; 2) the resorption efficiency of both N and P was positively correlated
with nutrient availability, and N resorption efficiency was also positively correlated to leaf N: P ratio; 3) N
resorption was complete while the resorption of P was incomplete. These results indicate that resorption
proficiency of K. obovata is less sensitive than resorption efficiency to nutrient availability. The positive
response of N resorption efficiency is related to the imbalance of nutrient availability, while the positive
response of P resorption efficiency is unrelated to plant nutrient status. We argue that caution should be
taken in using the resorption efficiency of mangrove species to predict plant nutrient status.

Key words:Complete resorption, Imbalance of nutrient availability, Incomplete resorption, Nutrient resorp-
tion, Resorption proficiency, Senescent leaf.
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Introduction

Plants that live in the nutrient-poor environments have nutrient conservation mechanisms that enable them
to survive in the infertile environments. However, nutrient eutrophication in coastal environment due to
aquaculture activities has been a global problem, which can impact the growth of mangrove plants. Un-
derstanding how nutrient conservation strategies of mangrove species respond to nutrient enrichment is
necessary for predicting ecosystem functions in a changing environment.

Nutrient resorption is one of the most important nutrient conservation strategies, through which a plant
transports nutrients from senescent leaves to other tissues (Aerts, 1996). This resorption process requires
more energy compared to taken up nutrients from roots (Kobe et al., 2005). It is therefore expected that
plants reuse nutrients less efficiently when nutrient availability increases. Many results including a meta-
analysis from a globe data set have indicated a negative correlation between resorption efficiency and leaf
nutrient status, both within and among species (Kobe et al., 2005; Vergutz et al., 2012; Yuan & Chen, 2015),
while a positive correlation was also found in a few studies but restricted in the natural communities without
disturbances (Sabaté et al., 1995).

Although nutrient availability determines plant nutrient resorption efficiency, plant nutrient demands and
other factors may also drive plant resorption efficiency. For example, trees with greater reproductive demands
had higher resorption efficiency than trees with smaller reproductive requirment (Tully et al. 2013). Slow
growing species or conservative species may be unresponsive to nutrient availability based on the hypothesis
that being fast or slow is a general feature of a species (Reich 2014).

Resorption proficiency - the level to which a nutrient is reduced during senescence (Killingbeck, 1996) can also
indicate nutrient resorption. Higher proficiency corresponds with lower nutrient concentrations in senescent
leaves (Van Heerwaarden et al., 2003b). Resorption proficiency seems to be more responsive than resorption
efficiency to nutrient availability particularly for wetland plants (Rejmánková, 2005; Van Heerwaarden et al.,
2003b). We expected that resorption proficiency is more responsive to nutrient supply than do resorption
efficiency.

This study aims to examine: 1) is nutrient resorption negatively responding or unresponsive to nutrient
increases; 2) is the response of nutrient resorption to nutrient availability related to plant nutrient status.

Materials and Methods

Experimental design and study site

Compared with simulation experiment, field study has the advantage that can examine the long-term response
of plant to nutrient increases. Further, within-stand study can minimize the effects of the heterogeneity of
local environments among sites. We selected a mangrove stand (24°26’ N; 117°54’ E) between two creeks,
where Kandelia obovata (a common mangrove species in China) is the predominant species. These creeks have
been received the effluents from aquaculture ponds for nearly ten years. Tidal water (mixed with aquaculture
effluents) inundation across the plots between creeks generated a nutrient gradient ranged from 1.4 g kg-1

to 2.7 g kg-1 for N and from 0.58 g kg-1 to 2.76 g kg-1 for P (data shown in Table S1). Based on this nutrient
gradient we assessed the responses of the nutrient resorption of K. obovata .

Sampling and analysis

We collected the leaves and sediment cores (top 10 cm) in January (winter) and in August (summer) across
six plots between two creeks (Creek I to the north side and Creek II to the south, the distance between these
two creeks was ˜500 m; Fig S1). For each plot, it is around 9 m2 (3×3 m) and the distance between plots
was ˜ 80 m. Ten to 20 leaves (mature or senescent) were sampled from each of the three trees in each plot.
The leaves collected from the same tree were mixed representing for one sample, thereby three samples were
obtained for each plot. The senescent leaves were obtained by shaking the branches lightly and selected the
healthy yellow leaves just dropped off (Lin & Wang, 2001). The sediment samples collected at four directions
for each tree in each plot and mixed into one sample, then three sediment samples obtained in each plot.
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The concentrations of N and P in the samples were measured with a VarioMax Elemental Analyzer (Elemen-
tar, Hanau, Germany) and an inductively coupled plasma optical emission spectrometer (ICP-OES, Optima
5300 DV, Perkin Elmer, Waltham, MA, USA), respectively. We calculated the mass-based resorption ef-

ficiency of the leaf nutrients as 1 − [Nutrient] senescent
[Nutrient] mature × 100%, where [Nutrient]senescent and [Nutrient]mature

are nutrient concentrations (mg g-1) of the senescent and mature green leaves, respectively. Resorption
proficiency was indicated by the nutrient concentrations in senescent leaves.

Statistical data analysis

Nutrient concentration and resorption were compared with two-way ANOVA, with the season as the fixed
factor and the plot as the random factor, using LSD or Games-Howell post hoc-test to compare among plots.
One-sample t -test was used to determine whether the resorption efficiency of plants in each plot differed
from the global mean values. Pearson correlation analysis was used to predict the correlations between
resorption efficiency and nutrient availability or the N: P ratio in green leaves. All the data analyses were
run with SPSS (version 16.0) for Windows.

Results

Variations of leaf nutrient concentrations

The nutrients in mature green leaves varied with nutrient availability. The N ranged from 12.91 mg g-1 to
24.29 mg g-1 with 18.52 mg g-1 +- 0.77 mg g-1 on average in summer, and ranged from 16.68 mg g-1 to 29.27
mg g-1 with 22.03 mg g-1 +- 1.04 mg g-1 on average in winter. The P in summer ranged from 1.19 mg g-1

to 1.87 mg g-1 and averaged 1.48 mg g-1 +- 0.07 mg g-1, while P ranged from 1.27 mg g-1 to 2.04 mg g-1 and
averaged 1.71 mg g-1 +- 0.06 mg g-1 in winter.

However, there was no variation in senescent leaves across plots (6.47 mg g-1 +- 0.17 mg g-1 of N and 0.98 mg
g-1 +- 0.03 mg g-1 of P), except the plot 2 where the concentration of N was much higher than the leaves
from the other plots (p < 0.01; Fig. 1).
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Figure 1: No variation of nutrient concentrations in senescent leaves in response to nutrient increases (aside
from one plot). Circle and triangle represent nitrogen and phosphorus; solid (in blue) and open (in red)
symbols indicate the data in winter and in summer respectively (*, p < 0.05).

Correlations between nutrient resorption and nutrient availability

The resorption efficiency of both N and P showed positive responses to nutrient increases. The correlation
for N was stronger in summer (r 2 = 0.735, p = 0.002) than that in winter (r 2 = 0.374,p = 0.139),
while the correlation of P was similar in summer (r 2 = 0.567, p = 0.018) and in winter (r 2 = 0.531, p
= 0.042; Fig. 2). The average N: P ratio was 13.12 ± 0.48 (ranged 8.51 - 17.95) in mature green leaves, and
6.74 ± 0.20 (ranged 3.80 - 8.80) in senescent leaves.

Figure 2: Positive correlations between resorption efficiency and nutrient availability in winter and in
summer (*,p < 0.05; **, p < 0.01).

Discussion

4
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Resorption proficiency unresponsive to nutrient increases

Resorption proficiency is commonly thought to be a sensitive indicator of changes in nutrient availability
(Miao, 2004; Rejmánková, 2005). Most of these data are derived from herbaceous species, such as ephemeral
herb, subarctic bog species, aquatic macrophytes, and sawgrass, which commonly showed rapid response to
changes in nutrient availability (Anderson & Eickmeier, 2000; van Heerwaarden et al., 2003b; Miao, 2004;
Rejmánková, 2005). Feller et al. (2003b) found that N addition altered nutrients in senescent leaves of the
mangrove species Avicennia germinans and Rhizophora mangle , but P addition had little effect. In our study,
neither N nor P increases altered the nutrients in senescent leaves of K. obovata , unless the N availability
was extremely high like in plot 2, indicating that the resorption proficiency for mangrove species may not
be sensitive to nutrient increases. This is consistent with the observations that slow-growing species respond
slowly to nutrient availability (Clausing & Fong, 2016; Li et al., 2016).

Resorption efficiencypositive response to nutrient increases

The resorption efficiency of both N and P ofK. obovata responded positively to nutrient increases (Fig. 2). In
contrast, previous studies found that long-term nutrient increase generally caused the decrease of resorption
efficiency, these plants included grasses (Lü et al., 2013), evergreen (Wang et al., 2014) or wetland species
(Rejmánková, 2005; Mao et al., 2013). Such negative correlation was also observed in some mangrove species.
For example, long-term P fertilization reduced leaf resorption efficiency by 20% - 50% in dwarf Rhizophora
mangle at Twin Cays, where P was limited for plant growth (Feller et al., 1999). However, in a 2-year
fertilization study, a positive correlation was observed in a mangrove species (Avicennia germinans ) growing
in a hypersaline condition, which was properly the result of the interaction of salinity and nutrient stresses
(Feller et al., 2003a). The interaction between salinity and nutrient stress cannot explain our observations,
because our mangrove stand was low in salinity (electrical conductivity of 2.65 ms cm-1) and high in nutrient
availability (1.4 g kg-1 - 2.7 g kg-1 of N and 0.58 g kg-1 - 2.76 g kg-1 of P).

There is a potential underestimation of resorption efficiency by using mass-based calculation due to mass loss
caused by carbon resorption, leaching, and in situ decomposition (van Heerwaarden et al. 2003a). However
the senescent leaves we collected were fresh and dropped off by shaking the trees, as such there was no
chance to process leaching and decomposition. And the carbon concentration of senescent leaves was slightly
higher than that in green leaves (the t-test result was not significant; P = 0.90). Therefore, the estimation
of nutrient resorption by using mass-based resorption efficiency was feasibility.

Complete resorption of nitrogen

Positive and negative responses occur when nutrient resorption is complete and incomplete, respectively
(Feller et al., 1999; 2003a). The resorption from senescent leaves is complete when N and P in senescent
leaves reduced to concentrations below 0.7% and 0.05%, respectively (Killingbeck, 1996).

N resorption efficiency (as high as 81% and averaged at 68% ± 1%) was greater than the global mean level
(˜50%, p < 0.01; Aerts, 1996) and N in senescent leaves (0.59% ± 0.14%) was less than 0.7%, indicating a
complete resorption of N of K. obovata(Killingbeck, 1996). These results are implying that K. obovata was
still limited by N availability. Complete resorption commonly occurs in nutrient-poor environments. However,
the nutrient availability was enriched in our stand. The sediment N (1.4 g kg-1 - 2.7 g kg-1) were close to
those of heavily disturbed mangrove stands such as those in China’s Zhanjiang Mangrove Reserve (2.65 g
kg-1; Han & Gao, 2013) and Thailand’s Sawi Bay (0.8 g kg-1 - 2.7 g kg-1; Alongi et al., 2001). The average
senescent leaf N concentration in this study (5.87 mg g-1) was lower than the global mean value (e.g., Feller
et al., 1999).

Base on the analysis above, we inferred that the complete resorption of N of K. obovata was not related to N
availability but more likely due to the imbalance of the availability of N and P (Han et al., 2013; See et al.,
2015). In general, a leaf N: P ratio below 13 implies limitation in N, and one above 16 reflects a limitation
in P (Güsewell & Koerselman, 2002; Güsewell, 2004). In our study, the plants in most plots had a leaf N: P

5
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ratio below 13, indicating that N availability was limited due to the imbalance of the availability of N and P.

The N: P ratio of green leaves is an important indication of nutrient availability (Güsewel, 2004), we per-
formed an analysis of the correlation between N resorption efficiency and leaf N: P ratio. Results showed
positive correlations in both winter (r 2 = 0.574, p < 0.05) and summer (r 2 = 0.616, p < 0.05) (Figure 3).
This is consistent with the observations of evergreen broadleaf species and conifers (Han et al., 2013). Despite
there might be many mechanisms that control the nutrient resorption of plants, in our study the imbalanced
availability of N and P was probably the main factor. Our previous study showed that the sedimentary N:
P ratio of our stand was relatively low compared with global natural mangrove stands (Wei et al., 2017).
These results indicated that the complete resorption of N and the positive response of N resorption efficiency
to nutrient availability were related to the imbalance in plant nutrients.

Figure 3: Positive correlation between N resorption efficiency and the N: P ratio of green leaves (*, p<
0.05).

Incomplete resorption of phosphorus

In contrast, the P resorption efficiency of K. obovata(35% ± 3%) was substantially lower than the global
level (˜52%, p < 0.01; Aerts, 1996), and the concentrations in senescent leaves (0.12% ± 0.05%) was above
0.05%, indicating an incomplete resorption of P (Killingbeck, 1996). Incomplete nutrient resorption means
that plant does not rely mainly on nutrient resorption, which occurs when nutrient availability meets the
demands for plant growth. The P availability (0.58 g kg-1- 2.76 g kg-1) in our stand was much higher than
most other mangrove stands (e.g. Alongi et al., 2003; Lovelock et al., 2004; Han & Gao, 2013), which may
indicate that P availability has met the demand of plant in our study. As such, the positive response of P
resorption efficiency to nutrient increases was not due to the increase of nutrient reuse from senescent leaves
but more likely the results of the increase of nutrient uptake from roots. The non-significant correlation
between P resorption efficiency and the N: P in green leaves (P > 0.05) indicated that the positive response
of P resorption was unrelated to plant nutrient status. We therefore suggest that caution should be taken in
using resorption efficiency of mangrove species to predict plant nutrient status.
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Despite our study targeted at only one species, this selected mangrove species is often predominated in
mangrove forests even forms a pure stand in China. Further, we examine the variations of leaf traits in two
seasons and found the same response patterns. As such, our study offers reliable evidence for our findings.

Conclusion

For the common mangrove species, the resorption proficiency of its leaves was less responsive to nutrient
increases compared with resorption efficiency. Positive response of N resorption efficiency to nutrient increases
was related to N limitation, while the positive response of the resorption efficiency of P was unrelated to
plant nutrient status.
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Supplementary materials

Table S1: The sediment nutrient distribution.

Winter Summer

Nitrogen (g kg-1) Phosphorus (g kg-1) Nitrogen (g kg-1) Phosphorus (g kg-1)
Plot 1 1.50±0.03 0.99±0.01 - -
Plot 2 2.50±0.10 1.86±0.18 2.12±0.14 1.25±0.05
Plot 3 2.05±0.04 2.22±0.28 1.65±0.03 1.33±0.07
Plot 4 1.60±0.04 1.26±0.08 1.43±0.01 0.89±0.07
Plot 5 1.93±0.10 0.84±0.03 1.52±0.01 1.22±0.01
Plot 6 1.49±0.04 0.73±0.03 1.77±0.03 0.87±0.22

Figure S1: Location of study site and plots in the stand. The six plots are located between creek-I and
creek-II which receiving the effluent from aquaculture ponds. The six plots are on the similar elevations.
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