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inherent to trees. 1
understand the complex conditions which affect the

respiration rates in . detached: -samples, a non-

destructive measurement of respiration in standing ~

trees is necessary for the accurate analysis of the
dry matter budget in forest communities.

In this connection, an enclosed standing tree
method with a plastic. bag was adopted to measure
the nighttime respiration of pine trees (Pinus
densi-thunbergii UYEKI) growing on ‘the campus
of Nagoya . University. The purpose of this study
is to assess respiratory consumption of a standing
tree and a forest stand, to follow their seasonal
changes, and to ahalyze relationships’ among
respiration rate, air temperature, and tree size.

JI. Materials and Methods

The study was carried out monthly from October
1977 to March 1979 with 7 to 11 year-old (as. of
1978) trees of Pinus densi-thunbergii UYEKI,. a
natural hybrid of P.densiflora SIEB. et ZUCC. and
P.thunbergii PARL,, planted on the campus of Nagoya
University. The general features of study site
are as follows: the area, tree density, mean tree
height, and mean diameter at breast height (d.b.
h.) are 178m? 0.64 trees/m?, 3.25m, and 3.75cm
(as of 1978), respectively.- From the study site,
four trees were chosen as sample trees. H (tree
height),
(diameter at 30 cm above ground), D (d.b.h.), Dp
(diameter at top of clear length) of them in
October 1978 were as follows: Tree 1: 3.98m,
12.64cm, 9.07cm, and 7.51cm. Tree 2: 3.43m,
8.20cm, 5.80 cm, 4.20cm, and 5.20'cm. Tree 3:
2.11m, 5.90cm, 4.00cm, 2.10cm, and. 4.13 cm.
Tree 4: 1.43m, 2. 90 cm, 2.00 cm, 0.90 cm,. and
2. 30 cm.

Figure 1 shows the enclosed standmg tree method
used in this study. The above-ground part of the
sample tree was enclosed by a plastic bag made of
thick laminated nylon film (Toyo-gosei-film, poly-
propylene 30 u/nylon 40 u/polyethylene 70 ©). The
bag was prepared by welding the film according to
tree size. In order to keep airtightness, the chink
between the bag and tree was filled with potter’s
clay. It was confirmed from a preliminary exper-
iment that the leak of air from the bag was
negligible during the measurement. )

A thermometer was hung from a low frame
(Fig. 1) to follow changes in the air temperature
(T in each bag, and the monthly mean air
temperature (7') was calculated for each bag and
month. Furthermoré monthly mean air temperatures
in ‘the four bags for each month (T) were calcu-
lated from T.:

Since we cannot yet fully .

D, (diameter at ground surface), Djy

Fig. 1.

The arrow indicates a low frame.

Enclosed standing tree method

The volume of a bag was calculated from its
diameter and height by assuming that its shape
consisted of a cone and . a cylinder. The volume of
the four bags were as follows: Tree 1, 10472
liters; Tree 2, 3844 1; Tree 3, 955 1; and Tree

4, 79 1.

The respiration measurement started at sunset.
Through vinyl pipes (¢p=4 mm), whose mouths
were placed at three different levels above ground,
three gas samples were taken respectively from
the upper, middle, and bottom parts of the bags
by using plastic injectors (TERUMO) after remov-
ing the gas which remained in the pipe. The
volume of a sample of gas was 20 cm®. The sampl-
ing was conducted at one hour intervals.

The CO, concentration of each gas sample was
measured by an apparatus with an infrared gas
analyser (URAS-1, HARTMANN and BRAUN). For
the determination of the CO, concentration of a
gas sample, the preliminarly obtained relationship
betweeén the areas recorded on the chart and CO,
concentration of standard gases was used.

An F-test was conducted to detect the significant
differences of the CO, concentration among sampl-
ing times, the upper, middle, and bottom parts of
the'bag, and their interactions at each measure-
ment. Least significant differences (L.S.D.s) were
calculated for the differences of CO, concentration
among sampling times and the three parts of the
bag.

In order to assess the resplratlon loss of the
forest “stand, the followmg census and measure-
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Fig.2. Changes in CO, concentration (@) and air temperature (O) in

the bag on February 2~3 and July 20~21, 1978

ments were made. The diameter and height of all
trees on the study site were measured in April
1977 and October 1978. The biomass of the study
site was estimated by an allometric method (YODA,
1971; OGAWA and KIRA, 1977) based on the data
of six sample trees felled in November 1978.

III. Results
1. Changes in CO, concentration in the bags
The F-test showed that all the observed

differences among sampling times were significant
at the one percent level and that 1/5 of the
observed differences among the upper, middle, and
bottom parts of the bags also were significant at
the one percent level. L.S.D.s among the sampling
times were bigger than those among the three

parts of the bags in all observations. In the follow-
ing, the mean value of CO, concentration of the
three parts of a bag was taken for the CO, con-
centration in the bag at that time.

A few examples of time courses of CO, con-
centration in bags are shown in Fig. 2. It can be
seen from the figure that the courses show some
saturation curves. This indicates that the respiration
rates were high at twilight and gradually declined
toward midnight. These declines largely followed
those of air temperatures in the bags (Fig. 2).
This tendency was clearer in winter than in sum-
mer. :

The average nighttime respiration rate of the
above ground part of the sample trees, rg; [mg
CO,/tree hr], were calculated by Eq.(1):
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where £y, C,, and T, are the time [hr], CO, con-
centration [ppm CO,J, and air temperature [°C] in
the bag at the beginning of the experiment
respectively; while #,, C,, and T, are those at
the end of the experlment V.is the volume ofv the
bag [1]. c

2.  Respiration rates of the sample trees

The seasonal changes in respiration rates of -the
sample trees (v7;) are illustrated in Fig. 3 together
with the seasonal courses -of the mean . air
temperature within the four bags, 7. ‘The seasonal
trend of 7p; largely followed that of the  air
temperature except during August. In general, the
respiration rate increased gradually from winter to
mid-summer, reaching a maximum in July, abrupiﬁly
falling in August, and thereafter decreasmg toward
winter. .

The relationships between the resplratmn rate
(r73) and the air temperature (T) are shown in

Eos [mg Coz/tree hrl
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Fig. 3. Seasonal changes in 7y; and T
‘Since the rate of Tree 2 in December 1978 was
slightly negative, it was estimated by Eq.(2)
and is shown by the white dot. -
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Fig.4. As is--widely*"known, the log #»r—T
relatlonsmps were approximately linear, but it
was recognlzed that the gradient varied at 10~15°C.
Below 10~15°C, the ‘gradient ‘was steeper than the
gradient above this teimﬁerature, namely, the
response of the respiration rate to the seasonal
changes, in monthly air temperature from November
to March was more sensitive. The thermal coeffi-
cient (Q) of the respiration rate was estimated
to be 1.14~1.79 in the higher temperature range-
and 4.27~9.81 in the lower one.

Figure 5 shows a few examples of the observed
relationships between the respiration rate (vp;)
and the tree diameter at the top of clear length
(Dp,  cm). The 1ogr;pi—log Dy relationship was
approximately linear, thus, the relationship sat1sﬁed
the power function,

[mg COy/hr tree, cm] 2)
where @ [mg CO,/tree hr cm?] and b [dimen-
sionless] are coefficients. Seasonal changes in the
coefficients, @, b, 'in Eq. (2), and the coefficient of
determmatlon (r?*) are given in Table 1. Similar
power-form relahonshlps were observed between
vy and. Dy, Dy, D, D*H, D32H, D*H, and Dz?H.
But their’ goodness -6f fit is usually less than that
of Eq. (2).

Based on the seasonal trend of T35 the amount of
annual respiration of a sample tree (A4Rgp;) was
estimated by assuming that the respiration rate
was constant within the month for which the value
was obtained, and that one month equaled 720
hours. The annual amount of respiration and the
tree size are given in Table 2 for each sample.

To make clear the size dependency of 4Ry on
the dry weight of the sample tree (above ground

Vps= 611)19

Table 1.- Seasonal changes in the coefficients,
a, b, in Eq. (2) and the coefficient of
determination, #?2

a b 72
me Dimen- Dimen-
ng/me sionless sionless

1977 Dec. 29 2.63 2.29 0.97

1978 Feb. 2 0.31 2.76 0.98

Mar. 6 0. 56 2.72 0.97
Apr. 29 1.88 2.80 1.00
May. 29 3.42 2.36 0.92
Jun. 26 -3.73 2.65 0.99
Jul. 20 6.41 2.52 0.99
Aug. 28 3.33 2.41 1.00
Sept. 27 3.51 2.50 1.00
QOct. 26 5.38 2.18 0.98
Nov. 29 6. 43 1.21 0.71
Dec. 30 . 1.45 1.09 0.35
1979 Jan. 30 6.74 1.95 0.90
Feb. 28 3.84 1.37 0.53

Mar. 57 412 205 093
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lines show the lines whose thermal coefficient (Q)y)=2. 00.
For the white dot, see the explanation in Fig. 3.
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February and July 1978
{he solid lines are given by Eq.(2): 77,=0.31
Dpg?% (Feb.), »p;=6.41 Dg2® (Jul.).

Table 2. Annual amount of respiration in the
sample trees in relation to their size
Tree No.* 1 20008 4
Mean tree size
Dp¥ [em) 7.71 5.25 4.48 2.00
H¥ [em] 378 207 188 130
wr' 18] 9470 3838 2644 397
‘Annual amouiit of respiration B )
ARyp; 4031 1451

1041 148
[g CO,/tree yr] ‘

# shows that Dy and H are mean values of Dp and H in
Dec. 1977 and Nov. 1978. ,

+ shows that wyp are mean values of wy-in Dec. 1977 and
Nov. 1978 by assuming allometry.

portion, wr) given in Table 2, the 4dRgp;-wrp
relationship was examined with log-log coordinates.’
Here wr was estimated from the allometric
relationship between Dp and wg determined for
several trees other than the sample trees, or
wr="77.94 D% [g d.w./tree, cm]

The relationship between 4Ry, and wyp shown in
Fig. 6 satisfied the power function,

ARp;=0.34 wr'-*® [g COyftree yr,g d.w./tree]

(3)

It can  be. concluded that 4Rp; is almost directly
proportional -to wg, - since the exponent of Eq.(3)
approximates unity. :
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The depression. ofdRr; in August was noticeatle.

3. Respiration of the entive stand _

Using. the relationship of Eq.(2), the monthly
amount of respiration. of the entire stand (above
gfound portion) ARr; [kg COy/ha month], can be
calculated by the following equation:

N
ARpj=3} ;D31 720 %nr2 (1)

where the subscripts ¢ and j denote tree number
and month respectively, a; and b; are coefficients
specific to each month, Dp;; is the stem diameter
at the top of the clear length calculated by the
assumption of linear growth of Dp with time, N is
the number of trees in the stand, and @ [m?] is
the area of the study site. In Eq. (4), it is assumed
that the relationship of Eq.(2) applies to all trees
in the stand.

As was predictable, the seasonal trend 4R;; was
similar to that of »p4, that is, it largely followed

13.
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Fig. 8. Relationship between 4Rz; and T
The relationship is approximated by the two
heavy lines. s

that of air temperature except in August (Fig. 7).
Dependence of 4Ry; on T was tested by the log
ARTJ—T diagram (Fig. 8) which showed that the
relationship was approximated by two straight-line
segments. The thermal coefficients (@) of 4Ry
were estimated to be 1.52 in the higher temperature
range and 5.58 in the lower one. The annual
amount of respiration of the entire stand (above
ground portion), ARy [tCOy/ha yr, or t dry
matter/ha yr] (t when referenced to weight in this
paper indicates metric ton), was estimated by the
following simple summation:

ART:¥ARTj (5)

where 3! means that the summation was made
from December 1977 to November - 1978. From
Eq. (5), 4Ry was estimated to be 9. 22 t- CQO,/ha yr.
If the dry matter/CO, conversion factor is assumed
to be 0.614 (SATO00, 1973), the annual respiratory
consumption amounts to 5.66t dry matter/ha yr.
The estimate of annual respiratory loss is based
on nighttime respiration. Therefore the value may
be underestimated because the effect of high
temperature during the daytime on the respiration
rate is neglected. Taking the changes in air
temperature at three hour intervals in a ten-day
period observed by the Nagoya Local Meteorological
Observatory - into consideration, and further as-
suming that the thermal coefficients were 1.52 and
3.74 in the warm season (April to October, 1978)
and in colder seasons (December 1977 to March
1978 and in November 1978) respectively, an
estimated annual respiration amount of 7.26t dry
matter/ha yr is obtained. It should be noted that
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the correction is quite tentative,, .and the. thermal
coefficients are different from the value of: Qm in
that the latter is determined usually by short term
experiments.

IV. Discussion

1. Methodologzcal aspects

Various methods for resp1rat1qn measurement of
trees have been proposed but they are divided into
two categories: the cutting methods and the intact
methods. NEGISI (1970) and EVANS (1972) made
detailed critical reviews of -the merits and demerits
of these methods. .

An enclosure method, which belongs to the intact
category, was adopted for this study to minimize
the “interfering “éffects of cutting sample trees.
However this method has saveral problems to be
considered.

First to consider is the "effect of COZ concentra—
tion or’ the raté of CO, release from tree surfaces,
this is inherent to the present experlmental method
and is related to the diffusion of CO, in the tree
(EVANS 1972) and bag, because #74 (actual respira-
tlon rate) m1ght not be equal to . 7py (apparentA
resp1rat10n rate which 1s observed m thls study).-.

The following model of COZ release from the tree
(Flg 9) was assumed

ac

W“.‘V‘Ccp © s
) Lk (CimC) <
at — Voo VTP

where C and-V are the CO, coricentration -and the'
volume of the bag respectively,  Cp“and V, are-the’

A simplified diagram of the.main

elements involved when considering
movement of CO, out of a respiring

plant into a bag (cf. Fig 12.5.,

EVANS, 1972)

a: Plastic bag, b:space in the bag, ¢: -
bark and other epidermal tissues, d : con-

ducting system and storage space in a

- tree, others : see text.

-Fig. 9.
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CO, concentration and ‘the volume of the conducting
system and storage space in the tree respectively,
and x is a coefficient relating to the diffusion of
CO, from the surface of the tree.

Equation (6) features linear simultaneous djffer-
ential equations, and the solutions have been given
by NINOMIYA and HOZUMI (1978). However at
present it is difficult to analyze the effect of C(¥)
on the rate of CO, release based on the niodel,
because Eq. (6) includes the unknown parameters;
Cp, Vp, and k. ‘ '

As mentioned under “Results”, 20 percent of the
data showed significant differeces .in CO, concentra-
tion among the upper, middle, and bottom parts of
the bag. It 'is intended to improve on the present
method to make the CO, concentratlon as uniform
as p0351b1e

2. Short term changes in the respivation rate

Discussion ‘is directed to the overnight changes
in #p; assuming 7p;=%r;. The respiration rate of
sample trees (#r;) was high at twilight and
gradually declined toward midnight (Fig. 2). This
tendency was prominent during the winter season.

‘From 'this phenomenon it might be considered that

the respiration rate has a diurnal rhythm(BUNNIN G;
1973).: To_ explain the results shown in Fig 2, an
exogeneous rhythm caused by an external factor
or ‘air' temperature in the bag may be assumed.
The following Egs., (7) and (8) based on experi-
mental results are assumed:

VTt=7TzoekT' . (7

where VTZO_VH(T)]T/ 0 IT''is the air temperatme
in the bag, To'=T'(t)Tsp ¢t is time, and k and «
are coefficients. Equation (7) is recognized widely
in a past study, and Eq.(8) is valid only from
twilight to midnight.

From Egs.'(7) and (8), the rate of the: changes
in CO, concentration in the bag, dC/d¢ [ppm COQ/
nr], 'is expressed by Eq. (9) :

d_cﬂ_"TiL R(To/—at)
dt v o : (9

Integraﬁng Eq. (9) with respect to # gives changes
in CO, concentration with time, Eq.(10)

CO=—TEL T (1me D +Cy (A0
where Co=C{#)Ji=s,

The coefficients of Eq. (10) were determined from
the finite difference curve obtained- from the
observed - C(#)-¢ curve, and the - calculated CO,
concentration was compared with the observed one
(Fig. 10). -From Fig. 10, it might be thought that
Eq. (10) followed - the -actual changes  in C'O2 con-
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centration in the bag. However, . the ‘thermal

coefficients of the respiration rate V‘(Qmj" derived
from Eq. (10) are unusally high, more than 100.
Such a high value of a thermal coeﬁicient hardly
can be considered. for the plant respn'atmn rate,
since the value of _the thermal coefficient liesiiin
general between 1 and 3 (KIMURA and TQTSUI_{A,

lppm 0,1

CALCULATED bOz CONCENTRATION

200 - 600 800 1000 1200
R s E [ppm \C02] .
OBSERVED CO, CONCENTRATION -

Fig. 10.

tion in the bag in April 1978
The solid line and dashed lines show 0 and %10
percent of the relative errors. .

Ly [mg C02[tree hrl

»IOOL

50 =

RESPIRATION RATE

10

Comparison of observed and calculated »
" values (by- Eq. (10)) of CO, 'co’nce'n_tkra-
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1973). Therefore,” the respiration depression in
this result might not be’ explamed only by the
exogeneous rhythm caused’ by the air temperature-
in the bag. : -
Presumably both internal factors "(endogeﬁeous:
rhythm [BUNNING,- 1973] and so forth) and external’
foctors (CO, concentrthio'n and- air temperature in’
the bag, and so forth)- account for the depresswn'
in ‘the rate of CO, release. :
8. Seasonal changes in the respzmtzon rate
There are several reports on seasonal changes in
the respiration rate of trees (NEGISI, 1968; NAKAIL
1969; OOHATA and SHIDEI, 1969; YODA, 1978; HA-
GIHARA, 1978), but ‘there are few reports about
the respiration rate of a single tree obtained by
the standing tree method using constant air cur-
rents (NEGISI, 1966). o
‘As shown in Fig 3, the reépiration rate of the.
sample trees reached its maximun between July and.
August and reached its minimum between January
and February. For the most ,vpart it followed the
seasonal changes in air temperature in the bag
except in August when an abrupt . fall was
observed. This decrease ﬁfesumably was caused
by the dry summer of 1978 with 27 fine days and‘,
70 mm of monthly rain fall (20 days and 143 mm
are the mean values from 1941 to 1970 [Yearbook
of Science, - 1974]) Similar decreases have been
reported also by several authors (NEGISI, 1972, 1975,
1978; OOHATA and SHIDEI, 1969; Yoba; 1978).

15 20 25
. T .[°C]

AIR TEMPERATURE

Fig 11.

Relatlonshm between #p; and T in Tree /4

The arrows indicate progress of the season.
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As mentioned  before, the thermal  coefficients
were unusually high when calculated from the
result of a short term, one night. But the thermal
coefficients determined on the basis of monthly mean
air temperature in the bag were appropriate when
compared to other reports (Fig 4). The thermal
coefficient of the respiration rate varied -between
the higher temperature range and lower temper-
ature range. Similar seasonal _changes in the
thermal coefficient have been réported on for the
canopy respiration of Chamaecyparis obtusa (Ha-
GIHARA and HOZUMI, 1977). It is said generally
that the thermal coefficient of the respiration rate
is high in the lower temperature range and low in
the higher temperature range (KIMURA and ToO-
TSUKA, 1973) as in the results of this study. The
higher temperature season corresponded to the
months with mean temperature in the bag higher
than 10~15°C, namely, those from April to October.
The lower temperature season corresponded to the
months from November to March. In the Tokai
district, the growth period extends from April to
September, and the dormant period is from October
to March' for P.densiflora (NAGATA, 1968). There-
fore, for present species, the dependence of the
respiration rate on the monthly mean air tempera-

ture varied betwéen the growth and dormant periods.

It should not be overlooked that the growth
increment of the sample tree may affect in a com-
plicated way the #74-T relationship discussed above.
The #7,-T diagram of $ample Tree 4 (Fig 11),
whose annual growth increment is estimated to be
70 percent of the initial shoot weight, offers some
suggestion on the effect of growth increment. Its
further study will be useful in analyzing seasonal
trends of 7g;.

4. Size dependency of the vespivation vate

The log#r;—log Dp relationship satisfied the
power function, Eq.(2) (Fig. 5). This relationship
is important for the estimation of the respiration

rate of an entire stand from the respiration rate of -

a single tree. The relationship had a good fitness
when Dp was used for the parameter. This sug-
gests that Dp is a proper parameter whose
biological meanings are stressed by the pipe model
theory of tree form (SHINOZAKI ef al., 1964 a,
1964 b ).

The log 4Rp;—log wy relationship satisfied the
power function, Eq.(3), and the exponent of the
function nearly equals unity. Thus, the annual
amount of respiration of the above ground portion
may be directly proportional to its dry weight as
far as this experiment is concerned. This fact
shows that the annual respiratory loss of the above

ground portion belongs to the allometric tribe

J. Jap. For, Soc, 63(1)’81
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Fig.12. Relationship between 4Ryp; and AwT

The relationship can be roughly approximated
by Eq. (1) (dashed line) and Eq. (12) (solid line).

(HOZUMI and SHINOZAKI, 1974).

The allometric relationship between Dp ‘and wr
was presented under “Results”. The annual
increment of dry weight (dwr) was estimated by
assuming that the allometry does not change during
the year. As a result, the 4Rgp;-dwy relationship
can be approximated roughly by thek'folldwing
equations (Fig. 12): ;

ART-L—O 81 dwpt-0t
[g COy/tree yr, g d.w. /tree yr] an

1 _ 2.50
ARTﬁ Bz AwT

These equations suggest that 4R;; might be
directly proportional to Adwy, and this should be
examined by future experiments.

5. Interrelationship among the annual respirva-

tion loss, biomass, and biomass incvement
) in the entive stand

The annual shoot respiratory loss of the present
stand (4Ry) was estimated to be 5.77 [t dry mat-
ter/ha yr]. This value was small because of the
small biomass of the above ground portion, 26.36t
dry matter/ha, which represents an arithmetic
mean biomass between December 1977 and November
1978. The ratio of ARy to biomass, 0.21/yr, is
comparable with others obtained in different forest
types, 0.36/yr in a C. obtusa plantation (HAGIHARA,
1978), 0.22/yr in a tropical rain forest (KIRA and
SHIDEI, 1967), and 0.12/yr in a warm-temperate
evergreen oak forest (KIRA and YABUKI, 1978).

" "To express a conversion efficiency of substrate
matter used for respiration into biomass, a ratio
defined by dyg/4Ry, in which dyp is the annual
biomass increment of -the above ground portion of

—0. 00060 az
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Fig. 13. Relationship between dyr/dRr and yp

The relationship is approximated roughly by
Eq. (13) as shown by the curve.

Table 3. Annual respiration loss (4R7), biomass
' (yr), and biomass increment (dyr) in
subplots A, B, C, and entire stand

Subplot

Entire

A B c stand

yr [t/hal ‘ 25.38 5.16 31.99 22.55
dyr [t/ha yr] 10. 95 2.40 8.87 7.62
ARy [t/ha yr] 5.98 116 8.33 5.66
Age [yr] 7 7 11 7~11
Density [1/m?] 1.07 0.67 0.34 0.64

the entire stand on a dry matter basis is proposed.
It may be expected that the value of dyr/4Ry will
be high in a forest which has a high degree of
growth efficiency, and low in such a stand ¢s a
climax forest. The following ratio were observed:
1.33 in the study’s pine stand, 0.48 in the 18 year-
old C.obtusa plantation (HAGIHARA, 1978), 0.10in
the warm-temperate evergreen oak forest (KIRA
and YABUKI, 1978), and 0.06 in the tropical rain
forest (KIRA and SHIDEI, 1967).

Figure 13 illustrates the relationship between
Ayp/4Rr and yp [t dry matter/ha] (above ground
biomass) in a various forest stands (HAGIHARA,
1978; KIMURA, 1960; KIRA, 1976, KiRA and SHIDEI,
1978; TADAKI et «l., 1969; MOLLER ef al., 1954;

MULLER and NIELSEN, 1965). In Fig 13, the study

stand is divided into three subplots (A, B, and C)
by age and density as shown in Table 3. It shows
the annual respiration loss, biomass. and biomass
increment in subplot A, B, and C, and entire stand.
The relationship between Adyr/dRy and yr is

17

approximated reughly by Eq. (13)
. 1 ]
——e—=Ayp+B 3
dyr/dRy yr+ (13)
where A=0.22 [ha/t] and B=0. 36 [dimensionless].
Equation (13) is rewritten as Eq. (14)

ARp=Adyryr+Bdyr o ad

Dividing both sides of Eq. (14) by 4¢, which is a
time duration, results in '

R . . S )
Equation (15) shows -that the respiration rate is
composed of two terms; one is proportional to the
product of the biomass and its growth rate, and
the other is proportional to the growth rate.

It is noteworthy that Eq.(15) might be satisfied
independent of the climate under which the forest
stands grow.. The data may suggest that dyr/4dRy
is related to yr by two power-form functions.

A reasonable alternative for Eq. (15) is

AR’I‘___ ’ ,AyT

which was proposed by THORNLEY (1976). The
choice between Eq.(15) and Eq. (16) should‘ be
made through future studies with more elaborate
means for determing the respiration rate of standing
trees. :
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