
Summary We estimated translocatory balance in fruit of the
tropical tree Durio zibethinus Murray on the basis of a com-
partment model. Rates of fruit respiration, dry weight growth
and translocation increased with time. Over the 8.2-weeks of
fruit development, the relative distribution of translocation was
80% to dry weight growth and 20% to respiration. The ratio of
respiration rate to translocation rate, which ranged from 14 to
32%, tended to decrease with time, whereas the ratio of dry
weight growth rate to translocation rate, which ranged from 68
to 86%, tended to increase with time. The relationship between
dry weight growth rate and translocation rate was fitted by a
power function, where dry weight growth rate was statistically
proportional to translocation rate. The relationship between
respiration rate and translocation rate was formulated by a
smooth curve, where respiration rate increased as translocation
rate increased. Examination of these ratios with respect to the
translocation rate indicated that the dry weight growth rate/
translocation rate ratio increased slightly with increasing
translocation rate, whereas the respiration rate/translocation
rate ratio decreased with increasing translocation rate. A com-
parative analysis of these results with those obtained for Cin-
namomum camphora (L.) J. Presl revealed a lower ratio of
translocation to dry weight growth in D. zibethinus than in
C. camphora, indicating that D. zibethinus fruits have a low
translocatory efficiency.

Keywords: compartment model, dry weight growth, fruit respi-
ration, translocation, translocatory efficiency.

Introduction

Most studies of CO2 exchange during the fruiting process of
woody plants growing in arctic (Linder and Troeng 1981,
Koppel et al. 1987), temperate (Dickmann and Kozlowski
1970, Rook and Sweet 1971, Jones 1981, Ogawa et al. 1988,
Takano and Ogawa 1993), and tropical regions (Whiley et al.
1992, Ogawa et al. 1995) have focused on the carbon require-
ment of fruits. Little is known about translocation into fruits
from other parts of the tree (Harper 1977). Takano and Ogawa
(1993) developed a compartment model to estimate transloca-

tion into a fruit and used it to analyze the translocatory balance
of the fruit of the temperate tree Cinnamomum camphora (L.)
J. Persl.

We have used a modification of the translocatory model
described by Takano and Ogawa (1993) to estimate the translo-
catory balance of fruit of the tropical tree durian (Durio zibe-
thinus Murray). We compared the estimated translocatory
balance for D. zibethinus fruit with the results obtained by
Takano and Ogawa (1993) for C. camphora fruit to determine
species-specific differences in translocation.

Materials and methods

Research site

The study was conducted on two trees (Trees 1 and 2) of
D. zibethinus growing in an experimental field station of Uni-
versiti Pertanian Malaysia (UPM) in Selangor, Malaysia. The
stem diameters at breast height of Trees 1 and 2 were 27.4 and
34.1 cm, respectively.

Modeling

Takano and Ogawa (1993) developed a compartment model to
estimate the translocatory balance of the fruiting process in
woody plants, based on the principles for estimating transloca-
tion in leaves outlined by Hozumi and Kurachi (1991). We
have modified the model of Takano and Ogawa (1993) by
including variables for daytime and nighttime dark respiration
before fruit fall or death (Figure 1). In the modified model, net
translocation into a fruit (∆Tr, gDW fruit−1) over a given time
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Figure 1. Compartment model of translocatory balance in a fruit
before fruit fall or death.
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interval (∆t, weeks) is expressed as (Hozumi and Kurachi
1991):

∆Tr = ∆Rd + ∆Rn − (∆Rd − ∆Rp) + ∆w + ∆G

= ∆R + ∆w + ∆G, (1)

where ∆Rd is daytime dark respiration, ∆Rn is nighttime dark
respiration, ∆R is the sum of ∆Rn and ∆Rp, ∆Rp is daytime net
respiration, (∆Rd − ∆Rp) represents photosynthetic CO2 refixa-
tion (Linder and Troeng 1981, Koppel et al. 1987), ∆w is dry
weight growth, and ∆G is grazing. If ∆G is negligible, then
Equation 1 simplifies to:

∆Tr = ∆R + ∆w. (2)

Estimation of translocatory balance

In situ CO2 exchange of fruits was measured continuously with
an open gas exchange system (Ogawa et al. 1995). The meas-
urements were performed on three individual fruits on Tree 1
in October 1992 and Tree 2 in September and October 1993.
Daytime dark respiration was measured by covering the as-
similation chamber with aluminum foil.

Dry weights of sample fruits (w, gDW fruit−1) were estimated
from: w = 0.105(DSDL)1.45, where DS and DL are the lateral and
longitudinal diameters (cm) of fruits (n = 192, r2 = 0.99),
respectively.

The rates of development of six fruits were estimated based
on the assumption that differences in the estimated dry weights
of sample fruits were equivalent to the differences in time (t,
weeks) of the logistic growth equation, where w = 634.3/(1 +
15.9.exp(−0.548t)) (r2 = 1.00). The logistic equation was con-
structed from the mean dry weights of 18 attached fruits of
Tree 2. We then used Equation 2 and the data obtained for CO2
exchange, fruit dry weight and fruit development to calculate
the values of the variables affecting translocatory balance. The
dry matter/CO2 conversion factor was assumed to be 0.614
(C6H10O5/6 CO2) (Mariko and Koizumi 1970, Yoda 1993).

Results

Time courses of respiration, dry weight growth and
translocation rates

The estimated rates of respiration, dry weight growth and
translocation, which increased with time, attained maximum
values of 23.4, 85.5 and 108.0 gDW fruit−1 week−1, respectively
(Figure 2). The ratio of respiration to net translocation
(∆R/∆Tr), which ranged from 14 to 32%, tended to decrease
with time, whereas the ratio of dry weight growth to net
translocation (∆w/∆Tr), which ranged from 68 to 86%, tended
to increase with time. The percentage of daytime net respira-
tion to respiration (∆Rp/∆R), which ranged from 59 to 67%,
tended to decrease slightly with time.

At Weeks 2.9 and 6.6 (Figure 2), photosynthetic refixation
of CO2 (∆Rd − ∆Rp or (∆Rd − ∆Rp)/(∆Rd + ∆Rn)) (Linder and
Troeng 1981, Koppel et al. 1987) was 6.4 and 9.2 gDW fruit−1

week−1 or 24 and 23% of daily dark respiration (∆Rd + ∆Rn),
respectively.

Translocatory balance over the entire 8.2-week estimation
period

Estimated total amounts of respiration and dry weight growth
were 94.5 and 373.4 gDW fruit−1, respectively, giving a total
translocation of 467.9 gDW fruit−1 over the 8.2-week period.
The relative distributions of translocation were 80% to dry
weight growth and 20% to respiration, of which 61% was
allocated to daytime net respiration.

Relationships between rates of dry weight growth and
respiration, and translocation rate

The relationship between dry weight growth rate and translo-
cation rate was approximated by a power function (Figure 3):

∆w/∆t = a(∆Tr /∆t)b, (3)

where a and b are coefficients with values of 0.511 gDW
1 − b

fruitb − 1 weekb − 1 and 1.106 ± 0.46 (SE), respectively. Because
the value of b did not significantly differ from unity at P = 0.01,
dry weight growth rate was statistically proportional to translo-
cation rate.

From Equations 2 and 3, the relationship between respira-
tion rate and translocation rate can be expressed as:

∆R/∆t = ∆Tr /∆t − a(∆Tr/∆t)b, (4)

where respiration rate increases as the translocation rate in-
creases (Figure 3), as predicted by Equation 2.

By transforming Equations 3 and 4, the relationships be-

Figure 2. Time course of translocatory balance estimated from Equa-
tion 2. Upper panel: rates of respiration (∆R/∆t, shaded), dry weight
growth (∆w/∆t, unshaded) and translocation (∆Tr/∆t), and ratios of
respiration to net translocation (∆R/∆Tr, d) and dry weight growth to
net translocation (∆w/∆Tr, j). Lower panel: rates of nighttime respi-
ration (∆Rn/∆t, shaded) and daylight net respiration (∆Rp/∆t, un-
shaded) (Linder and Troeng 1981, Koppel et al. 1987), and ratio of
daylight net respiration to respiration (∆Rp/∆R, m).
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tween the ∆w/∆Tr and ∆R/∆Tr ratios and translocation rate are
given by:

∆w/∆Tr = a(∆Tr /∆t)b − 1 (5)

∆R/∆Tr = 1 − a(∆Tr/∆t)b − 1. (6)

The ratio of ∆w/∆Tr increased slightly as the translocation rate
increased, whereas the ratio of ∆R/∆Tr decreased as the translo-
cation rate increased (Figure 4).

Discussion

Species differences in translocatory balance

Takano and Ogawa (1993) investigated the seasonal variation
of translocatory balance during the development of fruits of
C. camphora growing in the temperate zone. They demon-
strated that the ratio of dry weight growth to translocation

ranged from 43 to 62%, which is less than the range of 68 to
86% that we observed for D. zibethinus fruit. We estimated that
the ratio for the entire 8.2-week study period was 80%, which
is slightly higher than published values for an entire growing
season, e.g., 67% for Pinus sylvestris L. (Linder and Troeng
1981) and 60--64% for Picea abies (L.) Karst. (Koppel et al.
1987) in the arctic region, and 59% for C. camphora (Takano
and Ogawa 1993) in the temperate region.

Translocatory balance

We compared our results and those for C. camphora (Takano
and Ogawa 1993) based on the quantitative relationships of
Equations 3--6. The coefficients a and b of the relationship
between ∆w/∆t and ∆Tr/∆t (see Equation 3) were computed to
be 1.323 gDW

1 − b fruitb − 1 weekb − 1 and 1.202 ± 0.057, res-
pectively, in C. camphora fruits. The value of b differed sig-
nificantly from unity at P = 0.01 and was higher than in
D. zibethinus, whereas the value of a was lower. The value of
∆w/∆t relative to ∆Tr/∆t in D. zibethinus was higher during the
early stages of growth than in C. camphora (Figure 3), indicat-
ing that, during the early stages of fruit development, the dry
weight growth rate is lower in D. zibethinus than in C. cam-
phora at a specified translocation rate. The value of ∆R/∆t
relative to ∆Tr/∆t (see Equation 4) in D. zibethinus was below
that in C. camphora.

The value of ∆w/∆Tr relative to ∆Tr/∆t (see Equation 5) in
D. zibethinus was below that in C. camphora (Figure 4), indi-
cating that the dry weight growth rate at any specific translo-
cation rate differs between the two species. In contrast, the
value of ∆R/∆Tr relative to ∆Tr/∆t (see Equation 6) in D. zibe-
thinus was higher than that in C. camphora.

Based on the relationships predicted by Equations 3--6, we
conclude that the ratio of dry weight growth to translocation is
lower in D. zibethinus than in C. camphora, whereas the ratio
of respiration to translocation is higher in D. zibethinus than in
C. camphora. The lower ratio of dry weight growth to translo-
cation in D. zibethinus is indicative of a low translocatory
efficiency in this species. We conclude that there are species-
specific differences in the interrelationship among variables
relating to translocatory balance.
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