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Photosynthesis and leaf nutrient contents
in Ochroma pyramidale (Bombacaceae)
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Abstract

In Ochroma pyramidale (Cav. ex Lam.) Urb., photon-saturated photosynthetic capacity (Pyma) was 13 umol(CO,) m™?s™
Average stomatal conductance (g;) and water-use efficiency (WUE) were greater at high irradiance, about 260
mmol(H,0) m? s and 2.15 2(C) kg (H0), respectively. In the dark, g; values were about 30 % of maximum g;. Leaf
nutrient contents on a leaf area basis were 131, 15, 36, 21, and 12 mmol m? for N, P, K, Ca, and Mg, respectively.
Ochroma also accumulated a greater amount of soluble saccharides than starch, 128 versus 90 g kg''(DM). The avail-
ability of N and Mg, but not P, Ca, or K, may limit photosynthetic rates of Ochroma in this site.
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Introduction

Balsa wood, Ochroma pyramidale (Cav. ex Lam.) Urb.
(Bombacaceae), is a pioneer neotropical tree species that
grows under moist and warm conditions on disturbed
lands or as a coloniser of large gaps in the secondary rain
forest (Whitmore and Wooi-Khoon 1983). Its growth is
faster when the mean temperature and annual rainfall
range from 25 to 30 °C and 1 500 to about 2 000 mm
annually. Ochroma may colonise a diversity of soils;
however, it does not tolerate flooded soils (Francis 1991).
Its heartwood is probably the lightest wood produced in
commercial plantations. Because of the low density of its
wood (0.17 g cm™), this species has long been used for
raft and boat building. At present, it is also used in mak-
ing model aeroplanes and boats, toys, core stock, and
insulation (Francis 1991, Lorenzi 1992). In central Ama-
zonia it may reach 11 m tall and 10 cm in diameter at
breast height in about three years from planting (R.A.
Marenco, unpublished), but its life cycle is short, 15 to 20
years (Francis 1991). The fast growth of Ochroma sap-
lings makes this species useful in reforestation projects
because when planted in a mixture with late succession,
slower-growing species, that pioneer may provide shad-
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ing for the seedlings of the slower-growing species and
improve soil fertility by preventing the loss of nutrients.
Plant productivity is determined by several factors,
including the amount of foliage, the photosynthetic ca-
pacity of individual leaves, and the availability of nutri-
ents in the soil as key factors in determining biomass
gains. Mineral nutrition affects photosynthesis. Likewise,
photosynthate availability modulates uptake and metabo-
lism of mineral nutrients. Thus, high biomass gains are
obtained when environmental conditions are favourable
for growth, e.g., under adequate irradiance and avail-
ability of water and nutrients in the soil. Shortage of
nutrients such as N, P, or S tends to increase the starch
content of leaves and enhances the root to shoot ratio
(Thompson et al. 1992, Ericsson et al. 1996). In addition,
a low availability of K or Mg decreases C fixation, and as
a result the amount of carbon allocated to roots may be
reduced (Ericsson and Kghr 1993, 1995). Mineral nutri-
ents such as N and P usually control plant growth in natu-
ral ecosystems (Koerselman and Meuleman 1996). Under
optimal growth condltlon P content of biomass ranges
from 2 to 5 g kg (Raghothama 1999). In addition to

Abbreviations: DM, dry matter; E, transpiration rate; g,, stomatal conductance for water vapour; leomp» COmMpensation irradiance;
PPFD, photosynthetic photon flux density; Pymax, photon-saturated photosynthetic capacity; Py, net photosynthetic rate; Rp, dark
respiration rate; SLA, specific leaf area; WUE, water-use efficiency; a, apparent quantum yield.
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nutrient availability, the adequate elemental ratio between
essential nutrients is also important for reaching optimal
plant growth. Thus, an N to P ratio in plant tissue lower
than 14 may indicate that N is a limiting nutrient for
biomass accumulation (Koerselman and Meuleman
1996). Consequently, a positive relationship between
Pumax and leaf N content per unit area has frequently been
observed (e.g., Zotz and Winter 1994, Kitajima et al
1997). Therefore, we hypothesised that Py and leaf

Materials and methods

The experimental site was located at Presidente Fi-
gueiredo (01°51'S; 60°04'W) in Brazilian central Ama-
zonia. The region experiences a humid tropical climate
and has an annual precipitation of about 2 200 mm and
mean temperature of around 27 °C. Net photosynthetic
rate (Py), stomatal conductance (g;), transpiration rate
(E), and leaf dark respiration rate (Rp) were measured
with a portable open gas exchange system with infrared
gas analyser (LI-6400, Li-Cor, Lincoln, NE, USA). Val-
ues were collected from September 2000 to March 2001
on fully expanded leaves of similar age and appearance.
Four one-year-old plants were randomly selected for
measurements. In these plants, gas exchange parameters
were measured in two leaves per plant between 09:00 and
15:00 h. Individual leaves were treated as subsamples.
Photosynthetic irradiance-response curves were deter-
mined for photosynthetic photon flux densities (PPFD)
between 0 and 2 000 pmol(photon) m™s™'. During meas-
urements, CO, concentration was maintained at
380 umol(CO,) mol'(air) within the leaf chamber,

Results

Means of g, and Pnma, Were 261 mmol(H,O) m?s” and
13 umol(COy,) m?s”, respectively (Table 1). Rp was 1.25
umol(CO,) m? s, and the Loomp was observed at 32
umol(photon) m? s’ (Fig. 1). PPFD saturation was
reached at about 1500 pmol(photon) m™ s (Fig. 1).
Values of g, and E increased linearly with increases in
irradiance (Fig. 2). WUE was 2.15 g(C) kg (H,0) at the
strongest irradiance. This parameter increased with irra-
diance up to about 1 000 pumol(photon) m? s” and then
showed a slight trend to decline at the higher irradiances
(Fig. 1, F=2.03, p = 0.18). This is because Pymax tended
to remain stable at high irradiance, whereas E was con-

Discussion
Py values observed in Ochroma were lower than previ-

ously reported by Oberbauer and Strain (1984), who
found values as high as 27 pmol(CO,) m? s™'. This dis-
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nutrient content of pioneer tree species, such as Ochroma,
is lower when grown in degraded lands than under con-
trolled conditions or in mature forests. To test this hy-
pothesis, we determined leaf gas exchange parameters
and foliar nutrients in Ochroma grown in a degraded
landscape and compared these values with those previ-
ously reported for Ochroma or other pioneer species (e.g.,
Oberbauer and Strain 1984, Zotz and Winter 1994, Car-
swell et al. 2000).

whereas temperature ranged from 28 to 34 °C. A non-
rectangular hyperbola model was used for describing data
obtained from irradiance-response curves. The compensa-
tion irradiance (/omp) Was estimated by the Rp/a ratio,
where o is the apparent quantum yield. Gas exchange
parameters were collected when Py, g, and E attained
stable values (i.e., coefficient of variation was lower than
1 %), which was delayed about 15 min. Water-use effi-
ciency (WUE) was computed as Py/E.

Total soluble saccharide and starch contents were
determined in the same leaves used for gas exchange
measurements (Passos 1996). Foliar nutrient contents
were determined according to Miyazawa et al. (1999). N
was determined by the Kjeldahl method. P was deter-
mined colorimetrically using the ammonium molybdate
method. K, Ca, and Mg were determined by atomic ab-
sorption spectrophotometry (Perkin Elmer 1100B, Uber-
lingen, Germany). Specific leaf area (SLA) was obtained
as the leaf area to leaf mass ratio.

sistently responsive to changes in irradiance. In Fig. 2 a
high variation was observed in g, at all irradiances.
Ochroma accumulated a greater amount of soluble sac-
charides than starch, 128 and 90 g kg'(DM), respec-
tively. Average SLA was 9.7 m* kg''(DM) (Table 1).
Leaf nutrient concentrations, on a leaf area basis, were
131, 15, 36, 20, and 12 mmol(nutrient) m>(leaf area) for
N, P, K, Ca, and Mg, respectively. On average, the rela-
tionship be-tween Pym.x and leaf nutrient content varied
from 101 pmol(CO,) mol'(nutrient) s for N to 1064
umol(CO,) mol ' (nutrient) s™ for Mg (Table 2).

crepancy was attributed to the fact that Oberbauer and
Strain reported data from plants grown under near-opti-
mal conditions in controlled environments. Nevertheless,



Prmax values found in this study for Ochroma are within
the range observed for other pioneer tree species grown
under natural environments (Zotz and Winter 1994,
Ishida et al. 1999). Ochroma was photon-saturated at
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Fig. 1. Photosynthetic photon flux density (PPFD)-saturated
photosynthetic rate, Py (©), and water-use efficiency, WUE (e)
in Ochroma pyramidale as a function of PPFD in central Ama-
zonia. Py = {[(a PPFD + P'ypax + Bp) — (0 PPFD + Plypax +
Rp)? — 4 a PPFD ® (Plymae + Rp))°°)2 ®) — Ry, where o is
apparent quantum yield, = 0.039; Rp is dark respiration rate, =
1.25; P'ymax Or computed Prpa = 15.05; @, curvature factor, =
0.51, = 0.99. WUE = 3.08[0.70 — exp(-0.0112(PPFD +
6.24))], = 0.93. Ieomp (Rp/a) = 32 pmol(photon) m? s, Means
of four plants and two leaves per plant (+ SD).

320 12
T 240 [ 49 %,
e E
4) 6)
5 160 18 £
3 3
< 80 43 o

0 1 | 1 1

0 500 1000 1500 2000
PPFD {umol(photon) m? s

Fig. 2. Stomatal conductance, g, (o) and transpiration rate, E,
(®) in Ochroma pyramidale as a function of the photosynthetic
photon flux density (PPFD) in central Amazonia. g, = 85.84 +
0.09 PPFD, #* = 0.97; £ = 1.750 + 0.002 PPFD, * = 0.94.
Means of four plants and two leaves per plant (+ SD).
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about 1 500 pmol(photon) m™ s™ (Fig. 1), which is con-
sistent with the report of Oberbauer and Strain (1984),
confirming that this species requires open or large gaps
for its establishment, a characteristic of pioneer species.
Mean I.on, value found in Ochroma, 32 umol(photon) m™
s, was within the range previously reported for other
tropical tree species (Marenco ef al. 2001). Mean E in-
creased consistently with irradiance suggesting that in
open sites, growth rates of this species may be limited by
soil water availability, particularly during the drought
period. In darkness (PPFD = 0), the lowest g, and E val-
ues were about 80.0 and 1.8 mmol(H,0) m™ s, respec-
tively (Fig. 2). These values represent about 30 % of
maximum g, [261 mmol(H,0) m? s'] and 35% of
maximum £ [4.95 mmol(H,0) m?s™'] (Table 1). These

Table 1. Gas exchange parameters, water-use efficiency (WUE),
non-structural saccharides, and specific leaf area (SLA) in
Ochroma pyramidale. Means of four plants ( S.E.).

Parameter Ochroma
Pumax [0Mol(CO,) m?s7'] 13.24 £ 0.94
g, [mmol(H,0) m?s™] 261.2+79.1
WUE [g(C) kg™ (H,0)] 2.01+0.13
Soluble saccharides [g kg (DM)]  128.4 + 18.4
Starch [g kg ' (DM)] 90.3+9.0
TNC [g kg (DM)] 218.7+ 18.9
Leaf size fcm?] 4652 +37.5
SLA [m® kg''(DM)] 9.72+0.20

results are consistent with findings of Kérner (1995) that
in humid tropical forest g; often remains above 25 % of
maximum conductance. Because g responded linearly to
irradiance, we conclude that stomata may perfectly track
changes in irradiance during the day in this species. Also,
these results suggest that Ochroma is rather inefficient in
preventing water loss and may help to explain why this
species is only found in humid regions with a short dry
season. Maximum g; values observed in this study are
within the range reported for other rainforest tree species
(e.g., Sa et al. 1996). In all irradiances examined, g val-
ues showed a large standard deviation (Fig. 2), which
confirms that g, in Ochroma is highly sensitive to varia-
tions in air temperature, leaf to air vapour pressure differ-

Table 2. Leaf nutrient contents and ratio of photosynthetic capacity, Pmax to nutrients in Ochroma pyramidale. Means of four plants

(£ S.E.).
Leaf nutrient Content Pumax t0 nutrient ratio
[gkg'(DM)] [mmol(nutrient) m™] [umol(CO,) mol™(nutrient) 5]

Nitrogen 17.83+£0.04 131.00+1.00 101.0

Phosphorus 4.62 +£0.30 14.90 + 1.86 890.9

Potassium 13.60 + 0.81 35.80+£4.28 369.3

Calcium 7.99+£0.59 20.60+3.04 644.3

Magnesium 2.72 £0.03 12.40 -+ 0.67 1064.3
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ence, and water availability in the soil. The fact that sto-
mata did not close completely at night, as it is generally
expected for C; plants, suggests that when water is avail-
able in the soil, stomata remain partially open to maxi-
mise Py.

Even though a rather low Py was observed in
Ochroma, this did not negatively affect biomass gain of
this species because Ochroma may reach up to 11 m tall
in about three years in this site (R.A. Marenco, unpub-
lished). This indicates that photosynthates in Ochroma
are mainly allocated to aboveground plant parts, wood
production and leaves. Starch content was lower than
soluble saccharide concentration suggesting that supply
of photosynthates did not exceed demand of sink organs,
mainly stems and new leaves. Leaf starch content tends to
increase when sink demand is low (e.g., Marenco et al.
1995) or under shortage of certain nutrients, particularly
N, P, or S (e.g., Ericsson et al. 1996). The sugar to starch
ratio that was found in this study (ie, 1.4) was lower
than previously reported for other C; species grown at
near-optimal conditions (Grodzinski et al. 1998). There-
fore, environmental factors might limit Pyy.x 0f Ochroma
in this site. However, a low leaf starch content might also
indicate a high export rate of photosynthates to sink or-
gans (e.g., growing tissue). Furthermore, the sugar to
starch value was higher than those recently observed for
either mid or late succession species grown in the same
site (Marenco et al. 2001). Thus, this ratio might change
along the succession gradient, with lower values for cli-
max species and higher ones for pioneer species.

Leaf N content was lower than values previously re-
ported for other pioneer trees, such as Cecropia, Urera
(Kitajima et al. 1997), or Ceiba (Zotz and Winter 1994),
whereas the leaf P content reported in this study was
higher than those previously related for other pioneer
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