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ABSTRACT

Leaf N content (V) and its allocation, which shows a wide range of
variation among species, are major factors that determine the photosynthetic
characteristics and photosynthetic nitrogenuse efficiency (PNUE) of tree species.
In this study, linvestigated the allocation of N, to a photosynthetic apparatus (Vp)
and itseffectson the photosynthetic characteristics and PNUE of two-year-old pot-
growing seedlings of three tropical tree species (Magnolia montanaBlume,
Swieteniamacrophylla King, and Acacia mangiumWilld), which were grown at an
open nursery in western Java, Indonesia. 4. mangium (i.e. the only N-fixing species
among three studied species) had greater N with higher capacities in
photosynthetic characteristics, that is, light-saturated photosynthetic rate (Pp,)and
dark respiration rate (Ry) than the other two species, although the N fractions
allocated to Np, namely, Rubisco (Ng) and bioenergetics (Vg), were greater in S.
macrophylla. In all species, PNUE exhibited a positive relationship with Np;
however, the PNUE of N-fixing 4. mangium was lower than those of non N-fixing
M. montana and S. macrophylla at a given Np. In addition, stomatal conductance
was also positively correlated with PNUE, but the slopes of the correlation were
steeper in M. montana and S. macrophylla than A. mangium. These result was
explained by the differences in leaf mass per unit area between 4. mangiumand
other species.My research implies that there are different strategies in N use

between A. mangium and other species.
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1. Literature review

Although nitrogen (N) concentration of the foliage is only a small fraction
of the total dry weight, it plays essential roles in biochemical and physiological
processes. These important roles of N can be attributed to a fact that large fraction
of leaf N is invested into photosynthetic apparatus such as ribulosel,5-
bisphosphate carboxylase/oxygenase (Rubisco) (Evans 1989). Thus, there are the
strong relationships betweenleaf N contentand photosynthetic characteristics such
as the light-saturated photosynthetic rate (Ppnay), the dark respiration rate (Ry), the
maximum carboxylation rate (Vcmax), and the maximum electron transport rate
(Jmax)(Evans 1989, Reich et al. 1994, Poorter and Evans 1998, Wilson et al. 2000,
Ripullone et al. 2003, Novriyanti et al. 2012). These correlations are also important
in practice, since the use of these correlations greatly simplifies the estimation of
carbon gain of leaves in field, especially considering the fact that gas exchange
measurements are time-consuming and not always applicable to every leaf of the
canopy(Hikosaka 2004, Wright et al. 2004, Kattge et al. 2009).

However, there are large variation of their relationships, becausethese
relationships are influenced by a wvariety of environmental conditions and
phonological characteristics of plants (Reich et al. 1994, Ellsworth et al. 2004,
Hikosaka 2004, Reich et al. 2006b, Kattge et al. 2009, Reich et al. 2009, Chu et al.
2011). During the growing season, leaf photosynthesisvaries as a result of changes
in both leaf ontogeny and the environment(Grassi et al. 2005). Xu and Baldocchi
(2003) reported that the maximum value of V. Was reached shortly after leaf
expansion in early summer, when air temperautre was moderate and soil water

availability was high. Thereafter, Vcmax declied as the soil water porfile became

b Fa _17
1 -':l-\-\."i -.;.. -1 !-



depleted and the trees were under high air temaperature (Xu and Baldocchi
2003).In addition, these relationships also cloud be affected by the other nutrient
conditions, for example, Reich et al. (2009) reported that the limitation of
phosphrous (P) in tropical forests could alter the photosynthesis-N relationship, and
also claimed thatin P-limited ecosystems, the phtosynthesis—N relationship may be
constrained by low P.

One of the most popular approaches to reveal the variation of
photosynthesis-N relationship is by analyzing the partitioning of leaf N between
various components. Within leaves, N occurs in soluble and membrane-bound
proteins which are involved in carbon assimilation and light harvesting,
respectively, as well as non-photosynthetic compounds such as cell wall proteins,
amino acids, nucleic acids, defense compounds, and inorganic N (Funk et al. 2013).
Plant species vary greatly in how N is partitioned among these pools. For example,
plants may allocate 5~32% of leaf N to Rubisco and 2~30% to cell walls, with
higher amount of cell wall protein in longer-lived leaves (Funk et al. 2013). Leaves
with a long life span tend to have a high leaf mass per area and low photosynthetic
N-use efficiency, which are positively correlated with structural toughness and
biomass (Onoda et al. 2004). Thus this study suggested that there is a trade-off
between N allocation to cell walls and to Rubisco in across leaves with different
life spans (Onoda et al. 2004). Takashima et al. (2004) also reported that there may
be a trade-off in N partitioning between components pertaining to productivity (i.e.
photosynthetic protein) and those pertaining to persistence (i.e. structural proteins).
They concluded that this trade-off may result in the convergence of leaf trait, where
species with a longer leaf life-span have a greater leaf mass per area, lower
photosynthetic capacity, and lower photosynthetic N-use efficiency regardless of
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life form, phylogeny, and biome (Takashima et al. 2004). However, Harrison et al.
(2009) reported that although increased allocation of N to structure was
accompanied by a reduced investment in Rubisco for some species, other species
showed that allocation of N to cell walls increased early in the season without any
concomitant change to Rubisco and then during autumn, N released from Rubisco
degradation was also not associated with any change in cell wall N, that is, there
was no internal trade-off in N allocation between cell wall and Rubisco through the
lifespan of these leaves.

Recently, a great attention has beengiven to tropical forest.Because, it
plays a role as the most important services to not only humankind, but also natural
ecosystem, even though their relative amount of the coverage on the Earth’ land
surface is less than 10%, andthis biome contains up to 55% of global terrestrial
carbon stocks and accounts for at least one-third of global terrestrial net primary
production (Zhou et al. 2013). In addition, global scale models have suggested that
humid tropical forest alone contributed one-third of global terrestrial net primary
production, and field data also support, which would be up to one-half of the
estimated terrestrial net primary production (K&rner 2009). However, despite the
well-recognized importance of this biome to biogeochemistry as well as biological
diversity, fundamental uncertainties remain in our understanding that underlie the
productivity and dynamics of these forests worldwide (Hedin et al. 2009).For
example, the unawareness of why relatively more tropical species has
comparativelyhigh N concentration is caused by the lack of mechanistic resolution
on plant-nutrient interaction at the level of ecosystems versus at the level of

physiology and ecology of individual N-fixing species (Hedin et al. 2009).



2 A el et

SECRIL WATCeAL LIMNVERSTY



2. Introduction

During last several decades, the economics of N use in photosynthesis have
become a key issue in ecophysiology because N is the most essential and limiting
component of many natural ecosystems (LeBauer and Treseder 2008). Thus, the
efficient use of this resource greatly affects the growth, survival, competition and
distribution of plant species and eventually determines the productivity and
succession of ecosystems (Evans 1989, Poorter and Evans 1998 ,Hikosaka and
Shigeno 2009). The importance of N originates from CO, assimilation, which is
largely controlled by the supply and demand of N at the leaf or cellular levels. The
efficiency of N, which is defined as the amount of CO, assimilated per unit N
content, is commonly expressed as the photosynthetic N-use efficiency (PNUE
[umol (CO,) mol™ (N) s™']). Consequently, PNUE could be the key plant trait that
determines the survival and adaption abilities of specific species under progressive
N limitation with changing climate conditions due to increasing atmospheric CO,
concentrations (e.g. Luo et al. 2004, Finzi et al. 2006, Schlesinger 2009).

Nitrogen is allocated to various components in a leaf such as enzymes,
membrane proteins and the cell wall. This allocation of N to various components is
quite different among species, and these differences cause the variation in PNUE
among various species (Poorter and Evans 1998, Hikosaka and Shigeno
2009,Novriyanti et al. 2012). Although the variation of PNUE is not determined by
only one or two factors such as N, intercellular CO, concentration (C;), stomatal

conductance (g;) and the allocation of N;(Hikosaka and Shigeno 2009), a number



of recent studies have highlighted the importance of the N allocation within leaf,
especially the allocation to the photosynthetic apparatus, to the variation of PNUE
within and among species (Poorter and Evans 1998, Takashima et al. 2004, Feng
and Fu 2008, Simon et al. 2010, Novriyanti et al. 2012, Funk et al. 2013).

As mentioned above, the leaf N content (V) is a key element that governs
leaf physiological traits. As a result, the ‘leaf economics’ of physiological traits
over the world are highly correlated with N ,and they are distributed within a
general spectrum (Wright et al. 2004). For example, the positive correlation
between leaf photosynthetic capacities and N; is based on the fact that
approximately a half of N is invested into components of the photosynthetic
apparatus such as ribulosel,5-bisphosphate carboxylase/oxygenase (Rubisco)
(Evans 1989). Although,it is very useful to describe the general consensus of leaf
traits; however, there is significant variation within the leaf economic spectrum.
For instance, the relationship between leaf photosynthetic capacities (e.g. CO,
assimilation, carboxylation and RuBP regeneration rate) and N is not always
conserved under different environmental conditions (Kattge et al. 2009, Reich et al.
2009,Xiang et al. 2013). Reich et al.(2009) reported that these relationships also
significantly varied among plant functional types (e.g. tropical and temperate trees)
and soil nutrient conditions such as phosphorus availability, particularly for tropical
species. Furthermore, Kattageet al.(2009) claimed that the variation in the
relationships could be attributed to the differences in the fraction of leaf N
allocated to the photosynthetic apparatus. Several studies suggested that
consideration of the variation in leaf economics would improve the precision of
future predictions of the amount of CO, assimilation or plant growth by the global-

scale model (Reich et al. 2006a, Thornton et al. 2007, Verheijen et al. 2013).
s
6 &y

- 21U &



In this study, the leaf N allocation and its effects on photosynthetic
characteristics and the N-use efficiency of three tropical species (Magnolia
montanaBlume, Swieteniamacrophylla King, and Acacia mangiumWilld) were
investigated using two-year-old seedlingsgrown in pots under a sun screen at an
open nursery in western Java Indonesia. As far as I know, this is the first study that
investigates the morphological and physiological leaf traits of M. montana,which is
an indigenous species in Malaysia and Indonesia. S. macrophylla, which is better
known as the ‘big leaf mahogany’, has been popularly used for furniture and
musical instruments, and there have been many studies of its physiological traits
(e.g. Grogan et al. 2003, Cernusak et al. 2009). However, few studies were
conducted in Indonesia. Lately, A. mangium has been the most popular species
used for reforestation in Indonesia because this species grows quickly and
relatively well in unfavorable conditions such as during drought or in infertile soil
(Broich et al. 2013, Ramdani and Hino 2013). In addition, 4. mangium was only N-
fixing species among the three species examined, so it was expected to exhibit a
distinguishable mechanism and ability to utilize N compared to the other two non
N-fixing species (Cleveland et al. 1999, Vitousek et al. 2013).

The objectives of my study were as follows: (1) to investigate the
differences in leaf N content and its allocation within the leaf among species, and
(2) to assess the effect of N allocation to the photosynthetic apparatus on

photosynthetic characteristics and N-use efficiency.



3. Materials and methods

Site description

The experiment was conducted at Rumpin Seed Source and Nursery
Center (RSSNC), which is located in Bogor, western Java Indonesia (6°26°S,
106°38°E).The altitude of the site is approximately 180 m above sea level, and the
average annual rainfall and air temperature were 2,750 mm and 26.3 °C,
respectively. The monthly average temperature was stable, so their variation was
lower than the diurnal temperature variation. The precipitation had a marked
seasonal cycle. The rainy season starts in October and is centered on January. After
the rainy season, the dry season lasts from May to September. The meteorological
variables were measured from May 1% to 12", 2013. The temperature and relative
humidity were measured with an HMP45C (Campbell Scientific, Utah, USA), and
the vapour pressure deficit (VPD) was calculated using the temperature and
relative humidity. The precipitation was measured with a rain gauge (03319-00,

Cole-Parmer, Illinois, UAS). The maximum, minimum and average temperature
during the period were 33.3, 22.2 and 26.6 °C, respectively, and the maximum and
average VPD were 2.15 and 0.47 kPa, respectively. During the study period,

precipitation occurred for every days, and the total amount of precipitation was 265

mim.



Biomass measurement

All of the plant materials were grown from seeds collected at the RSSNC.
They were germinated in September 2011. After germination, the seedlings were
individually planted in 0.5 L pots, then transplanted to bigger pots based on the size
of the seedlings. When the study was conducted, M. montana was in 8 L pots, and
S. macrophylla and A. mangiumwere in 4 L pots. Each pot contained 80% dark
brown topsoil and 20% air-dried rice husks by volume. All examined seedlings
were grown under a sun screen with no side wall, which reduced the incoming
photosynthetically active radiation and precipitation by approximately 20%
compared with the outside ambient conditions (Fig. 1). At the end of the
experiment in May 2013, when the dry season was about to start, eight seedlings
for M. montana and ten seedlings for S. macrophylla and A. mangium were
harvested to measure the biomass. The plant materials were dried at 80 °C for at
least 48 hours in a drying oven. The leaf, stem and root biomass were measured

separately.

Figure 1 The view of the open nursery with sun screen at the top- ,f{r-f —.':.uj:- 'F__.” '!':‘J-E T]T
J f— T
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Gas exchange measurements

Gas exchange measurements were taken from May1™ to 6", 2013 with a
portable photosynthesis measurement system (LI-6400, LI-COR, Nebraska, USA).
I selected six mature leaves for each species. Each leaf was randomly selected
within canopy of different individuals. Light and photosynthetic CO, response
curve measurements of individual leaves were taken during all period of the day,
and at least one leaf per species was measured every day. However, the
measurements in the afternoon were not stable or reliable due to the afternoon
showers and mid-day stomata closure due to the increased temperature and VPD.
Therefore, the first measurements from each species, which were finished before
1400 h, were used for data analysis. The light-saturated photosynthetic rate (Pyax)
and the dark respiration rate (R;) were measured at 1300 and 0 pmol m™ s
photosynthetic photon flux density (PPFD) at the leaf level, respectively, under
steady-state conditions. The values of C; and stomatal conductance (g;) were
derived from P,,,x measurements. During all of the measurements, the cuvette CO,
concentration, temperature and VPD were maintained at 380 ppm, 27 °C and 1.0
kPa, respectively. To obtain the photosynthetic CO, response curve, we established
13 cuvetteCO, concentration values, and the cuvette conditions such as temperature,
VPD and PPFD on the leaf level were maintained at levels similar to those used for
P..x measurements except for CO, concentration. The maximum rate of
carboxylation (Vgn.x) and the maximum rate of electron transport (Jy.) were
estimated by fitting the photosynthetic CO, response curves to a biochemical

model using a Microsoft Excel worksheet (Sharkey et al. 2007; Ver. 2007.1).
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Leaf morphology

After gas exchange measurements, all 18 of the leaves were harvested to
measure the leaf area and dry mass. Leaf areas were immediately measured after
harvest with a leaf area meter (LI-3100, LI-COR, Nebraska, USA) and dried at
80 °C for at least 48 h in a drying oven. Leaf mass was measured after drying. Leaf

dry mass per area (LMA) was calculated by dividing the leaf dry mass by its area.
Leaf N content and allocation

N was measured in all of the dried leaves using an elemental analyzer
(Flash EA 1112, Thermo Scientific, Massachusetts, USA). The N allocation to the
photosynthetic apparatus was categorized into the following three components: (1)
Rubisco (Nr), (2) bioenergetics (Ng), and (3) light-harvesting complex and
photosystem. Ng and Np account for most of the photosynthetic capacity in light-
saturated conditions (Westbeek et al. 1999). Thus, in this study, I considered only
Ny and Ng to focus on the effect of N rather than on other limiting factors such as
light and NV, allocated to the photosynthetic apparatus (Np) was represented by the
sum of Nz and Ng. Ny and N were calculated using Vemaand Jpax, respectively,

with other variables according to the equations and procedures of Niinemetset

al.(1999). TheVemax and Jnax values adjusted to 25 °C were applied to the

calculations.
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Statistical analysis

Analysis of variance (one-way ANOVA) was performed to compare the
variation of each parameter among the three species. Where significant variation
was detected (P<0.05), pair-wise comparisons among species was performed
according to Duncan’s method. Linear regression analysis was performed to show
the relationships between two continuous variables. Analysis of covariance
(ANCOVA) was used to determine the differences in responses among species and
between N-fixing and non N-fixing species with P<(0.05. However, there was no
significant difference between the two non N-fixing species, so only the
comparisons between N-fixing and non N-fixing speciesare shown. Statistical
analyses were performed using SAS Version 9.3 (SAS Institute, Cary, North

Carolina, USA).
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4. Results and discussion

The variation in the photosynthetic characteristics between and within
species was attributed to inherent and climate-induced plant morphological and
physiological traits (Wright et al. 2005, Hikosaka and Shigeno 2009). In this study,
I investigated how N, allocation to the photosynthetic apparatus, especially Rubisco
(Nr) and the electron transport system (Ng) affected the photosynthetic
characteristics and N-use efficiency of seedlings of three tropical species in

Indonesia.

Leaf nitrogen content and allocation

Even though there was no difference in plant dry mass and root/shoot ratio
among the three species, there were several significant differences in the
morphological and physiological characteristics at the leaf level (Table 1). All area-
based N content parameters (i.e.N., Nr and Ng) were greater in 4. mangium, an N-
fixing species, than in M. montana and S. macrophylla, which were not different
from each other. Unlike the amount of N, Nx/Ny, and Ni/N. were greater in S.
macrophylla than in M. montana and A. mangium, while there was no difference
between the latter two (Fig. 1A). However, the allocation of N to Nrand Ng among

the three species was not different (Fig. 1B).
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Table 1 Morphological and physiological characteristics of each species. N, — leaf
nitrogen content, Ng — leaf nitrogen allocated to Rubisco; Ng — leaf nitrogen
allocated to bioenergetics; Pp.x — light-saturated photosynthetic rate; Ry — dark
respiration rate; C; — intercellular CO, concentration. Means + SD (n > 6). Different

letters within a row indicate a significant difference with P<0.05

M. montana S. macrophylla A. mangium

Plant dry mass [g] 161 +28° 131 +37° 142 + 32°
Root/shoot ratio [g g"'] 0.26 £0.05° 0.24 +0.06 0.22 £0.05°
Leaf mass per area [g m~] 67.4+ 8.8 54.5+5.4° 79.9 + 4.3
N [mmol m?] 60 + 13° 60 + 8" 166 + 19°
Ng [mmol m?] 13 +4° 19+6° 31+9°
Ng [mmol m?] 2.0+0.5° 2.6+0.5° 4.5+0.8°
Ni/NL [%] 21.9+6.0° 31.4+8.1° 19.4+7.6°
Ng/Ni [%) 34409 4.5+0.7° 2.7+0.8°
C; [ppm] 314+8.8" 275+20.8° 292+ 18.1%
Pinax [tmol m™ s7'] 4.1+1.8° 6.1 +£1.6° 14.9 + 4.6
Ry [pmol m™s™] 0.24+0.11° 0.32+0.18° 1.05+0.18"
Ra/Prnax [%] 6.20 £2.31° 5.53 £2.90° 7.47 £2.30°
gmmol m?s"] 102 + 55° 107 + 49° 304 + 146

14
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Figure 2(A) The fraction of nitrogen content allocated to Rubisco (Vg, black bars),
bioenergetics (NVg, gray bars) and (B) the relationship between Ny and N in M.
montana (@), S. macrophylla (0), A. mangium (V). Different letters in panel A
represent significant differences in the sum of the fraction of Ny and Ny among
species with P<0.05 and error bars represent standard errors in those of them.

Regression line: (B) y = 0.12x + 0.53
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CO; assimilation and respiration rate and their relationship

P..x and Ry showed positive correlations with Ny, Ng and Ng (Fig. 2).In
terms of all N content, 4. mangium exhibited greater Py,,x and Ry than M. montana
and S. macrophylla (Table 1). However, the variations in Py, were better explained
by Nr and Np than by N, while the variation of Ry was better explained by N, than
Ng or Ng. These results are in agreement with the well-known fact that there is
segmentation between photosynthetic and respiration components within leaf,
although N and Nj could also explain the variation in R, relatively well (Fig. 2). In
particular, Pp.x of A. mangium had a negative relationship with N, which is an
uncommon relationship between A, and N, but it showed a strong positive
relationship with Ng and N (Fig.2A).

Figure 3 shows the ratio of Rito Py, as a function of Ny, Np and Np/N,.
There was a significant negative correlation between the ratio and Np/N (Fig. 3C),
whereas there was no significant correlation with Ny and Np (Fig. 3A and B).
Recently, there have been many studies about the relationship between Pp,,x and Ry
because of their importance as indicators of the leaf carbon balance (Chu et al.
2011, Smith and Dukes 2013). Chu et al.(2011) emphasized the incorporation of
variable R4/Pnxin global-scale vegetation growth models would improve the
prediction of rate of photosynthesis compared to models using a constant
Ry/Ppax(e.g. Cox 2001, Thornton et al. 2009, Friend 2010). These results showing a
systematic change in Ry/Pnax With Np/Np imply that the differences in NV, allocation
are one factor that contributes to the variation of Ry4/Py. among biomes and plant

functional groups. : _
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Figure 3The relationship between the light-saturated photosynthetic rate (Pp.x) and
(A) leaf nitrogen content (V.), (B) leaf nitrogen allocated to Rubisco (Ng), and (C)
leaf nitrogen allocated to bioenergetics (Ng). The relationship between the dark
respiration rates (R4) and (D) leaf nitrogen content (V. ), (E) leaf nitrogen allocated
to Rubisco (M), and (F) leaf nitrogen allocated to bioenergetics (NVg). Symbols are
the same as in Fig. 1. Regression lines: (A) y = 0.083x + 0.48; (B) y = 0.52x — 2.6;
(C)y=43x—-4.8; (D) y=0.0068x — 0.12; (E) y = 0.031x — 0.12; (F) y = 0.28x —
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Figure 5The relationship between photosynthetic nitrogen-use efficiency (PNUE)
and (A) leaf nitrogen content (Np) and (B) leaf nitrogen allocated to the
photosynthetic apparatus (Vp). Symbols are the same as in Fig. 1. The dashed lines
refer to M. montana and S. macrophylla (i.e. non N-fixing), and the solid lines refer
to A. mangium(i.e. N-fixing). The parameters of the regression lines are provided in

Table 2
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Variation in photosynthetic nitrogen-use efficiency

Generally, variations in PNUE are attributed to the variation of N, and its
allocation to different functional and structural components, such as C; and
g«(Poorter and Evans 1998, Hikosaka and Shigeno 2009). In this study, PNUE
varied from 31.1 to 151.1 umol mol™ s™ for all species. They showed significant
positive correlations with Npand a negative correlation with Ny in 4. mangium(Fig.
4). Np was the major independent variable in PNUE, which explained 46 and 83%
of the variation of PNUE in N-fixing and non N-fixing species, respectively, while
the regression lines were significantly different in N-fixing and non N-fixing
species. ANCOVA analysis showed that the intercepts of regression lines for N-
fixing species (i.e.4. mangium) were significantly lower than those of non N-fixing
species (i.e.M. montana and S. macrophylla) (P<0.001). These results imply that 4.
mangium exhibited lower PUNE than M. montana and S. macrophylla at a given
Np. Table 2 shows the linear regression parameters for these relationships.

Figure 5 shows the correlations between PNUE and C; and g,. Although
several studies reported a positive correlation between PNUE and Ci(e.g. Hikosaka
et al. 1998, Warren and Adams 2004), I did not find a correlation between PNUE
and C;, which was also reported by Pons et al. (2004). Instead, C; was explained
well by the combination of gand Np. The multiple regression of C; and these
variables showed that C; increased with g, but it decreased with Np (maximum
P<0.01, data not shown). The differing behaviour of C; with g, and Np makes C; a

controversial variable in the explanation of PNUE.
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Figure 6The relationship between photosynthetic nitrogen-use efficiency (PNUE)
and (A) intercellular CO, concentration (C;) and (B) stomatal conductance (g).
Symbols are the same as in Fig. 1. The dashed line refers to M. montana and S.
macrophylla (i.e. non N-fixing), and the solid line refers to 4. mangium(i.e. N-

fixing). The parameters of the regression lines are provided in Table 2

The slope of the relationship between PNUE non N-fixing species was
higher than in N-fixing species (Table 2 and Fig.5B). The differences in the slopes
between N-fixing and non N-fixing species could be attributed to their
morphological differences (Fig. 6). The higher LMA of N-fixing species could
have significantly increased the distance of the pathway from intercellular space
to CO, assimilation sites compared to non N-fixing species (Table 1). This
increased distance could decrease mesophyll conductance (e.g. Terashima et al.
2006, Hikosaka and Shigeno 2009) and eventually cause the reduced slope of the

PNUE and g; relationship.



LMA [g m™]

No/N, [%]

Figure 7The relationship between the leaf dry mass per area (LMA) and the

fraction of leaf nitrogen allocated to photosynthetic apparatus (Np). Symbols are

the same as in Fig. 1. Regression line: y = -0.75x + 88
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Table 2 Details of linear regression results for the relationships between
photosynthetic nitrogen-use efficiency (PNUE) and other variables. Ny — leaf
nitrogen content, Np — leaf nitrogen allocated to photosynthetic apparatus; C; —
intercellular CO, concentration; g — stomatal conductance. ANCOVA was
conducted only for Np vs. PNUE because the other relationships with PNUE were
not significant for at least one of the two groups. Different letters indicate a

difference at the level of P<0.01

Ece_litsi'oﬁil:iz) Group Intercept Slope R’ P

Ny [mmol m?] vs. nonN-fixing 41.7 0.70 0.07 0.42

PNUE(umol mol”s™] N-fixing 388 1.8 0.79  0.018
nonN-fixing 26.9° 3.11a 0.46 0.015

Np[mmol m™] vs.

2 1
PNUE [pmol mol™s™] N-fixing  -32.0°  3.50a 083  0.012

C[ppm ]vs. nonN-fixing 198 -0.388 0.12 0.253
PNUE [pmol mol” s N-fixing ~ -62.1 0.531 0065  0.624
g{mmol m™s"'] vs. nonN-fixing 46.1 0.363 0.43 0.021
PNUE [pmol mol™ s N-fising ~ 41.9 0170 043  0.158
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5. Conclusion

I examined the effect of leaf nitrogen allocation on photosynthetic
nitrogen-use efficiency (PNUE) of seedlings of three tropical species. In conclusion,
A. mangium, which had a greater leaf nitrogen (N.) than S. macrophylla and M.
montanaand the high leaf mass per unit area (LMA) species,showed a lower PNUE
at given leaf nitrogen in photosynthetic apparatus (Np), while exhibited a greater
capacities in photosynthetic characteristics such as light-saturated photosynthetic
rate (Pnax) and dark respiration rate (Ry).

A. mangium, which is the N-fixing species, had a greater amount of N,
Nr and Np than S. macrophylla and M. montana, which are non N-fixing species.
As results, 4. mangium exhibited a greater capacities in Py, and Ry. In contrast.S.
macrophylla, which obtained only one third of N, compared to A. mangium,had a
greater portion of Np than other two species.In the case of M. montana, which had a
similar N with S. macrophylla, showed a slightly lower capacities in Pp,x and R4
than other species. For PNUE, 4. mangiumshowed a lower PNUE than S.
macrophylla and M. montanaat a given Np. In addition, the slope of the relationship
between PNUE and stomatal conductance (g) in 4. mangiumwas lower than in
other species. The differences in the slopes among species could be attributed to
their morphological differences, that is,the higher LMA of A. mangiumspecies than
other species. Ford. mangium,the higher LMA, which was the output of high
investment for the structural components of leaves such as cell wall and membrane,
increased the distance of the pathway from intercellular space to CO, assimilation
sites compared to S. macrophylla and M. montana.Thusthe higher LMA of 4.

mangiumaccounted for the inefficient use of N in terms of photosynthetic abilities.
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