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AUstract

This paper describes the method and apparatus for measuring the flow rate of water in intact 

plant stems, on the basis of heat balance of a stem segment. Under stationary conditions, the heat 
energy supplied continuously to a segment of plant stem is partitioned into three components such 
as conduction, mass flow and convection [see Eq. (1)]. By predetermining both heat losses due to 

conduction in the stem and convection from the segment surface into ambient air, it is possible to 
evaluate the heat loss due to mass flow of water in the stem, that is, the water flow rate equivalent 

to the transpiration stream. The water flow rate evaluated by this method is compared with the 
transpiration loss of water determined directly by weighing potted soybean and sunflower plants and 
measured by using a chamber method. The comparison shows there is a good agreement between 

them. This indicates that the newly developed method can be applied for determining transpiration 
rates of intact plants under laboratory and field conditions.

1. Introduction 

In agrometeorology and plant ecology, a simple 

and accurate method has been highly needed to 

measure transpiration from plants or absorption of 

water by plants under natural conditions. For this 

purpose, the chamber method in which transpiring 

plants are covered by a transparent tent or a box, 
and the method for measuring transpiration stream 

in plant stem have been widely used. 

Attempts for determining the rate at which 

water moves up in the xylem of living plants have 

led to the development of various techniques. In 

the early stage of the studies, the rate of water 

flow in plant stem was evaluated by injecting a 

certain indicator substance such as salt, dye or 

radio-isotope into the water stream and determin-

ing its moving velocity. However, this method 

could not be applied to intact plants, because the 

injection of indicator substances need treatments 

of plants like cutting. Using heat as an indicator, 

Huber (1932) developed a heat pulse method. 

Heat was supplied as a pulse and the moving

velocity of this pulse was detected by a thermo-

couple set at a point upward the position of the 

heat source. A different method, so called the 

compensation method, was also developed by 

Huber and Schmidt (1937) to overcome the com-

plication introduced by thermal conduction in-
dependent of water flow when the water flow is 

very slow. Shieriff (1972) has attempted to apply 

a magnetohydrodynamic technique for measure-

ments of the water flow rate in plants. 

Of these methods described above, the technique 

in which heat pulse is used as an indicator of water 

flow has been widely adopted. This is mainly 

because it is simple and accurate compared with 

other methods, as described by Slavik (1974). For 

example, Kuniya(1950), Bloodworth(1955; 1956), 

Closs(1958), Ledefoged (1960), Kobayashi(1963), 

Decker and Skau (1964), Skidmore and Stone 

(1964), Wendt et al. (1965), Swanson (1972), 
Morikawa (1972; 1974), Shaw and Gifford (1975), 

Stone and Shirazi (1975), and Schurer et al. (1979) 

have used the heat pulse method to study the 

water velocity in the trunk of arbores or in the 

stem of herbaceous plants in relation to environ-

mental conditions. However, as pointed out by
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Marshall (1958), the heat pulse method has a 

fundamental disadvantage in that the measured 

pulse velocity is different from the stream velocity 
of water in a trunk or stem of plants. A more 

important deficiency is that the calculation of 

actual values of water flow in a stem or trunk of 

plants is not easy. This is related to the difficulty 
in determining the cross sectional area of water 

conducting system. 

More recently, Saddler and Pitman (1970) tried 

a steady-state heat-flow method developed original-

ly by Vieweg and Ziegler in order to evaluate the 

water movement in plant stem. Two thermo-

couples were set up on either side of a continuously 

acting heater inserted into the stem. The tempera-

ture difference between each of these thermo-

couples and surrounding air was measured. 

However, their method required a calibration 

procedure which had not been successful under 
field conditions to obtain reliable absolute values 

of water flow rate. 

In a previous paper (Sakuratani, 1979), the 

author has attempted an other type of the steady-

state heat-flow method for evaluating actual values 

of water flow rate in plant stem. Sensible heat 

transfer between the stem surface and the air, and 

transport of heat by both conduction and mass 

flow of water in the stem were determined by 

measuring the temperature difference between the 

stem and the air, and between two points along 

the stem. Although this method is better than the 

heat pulse method from the viewpoint of its 

sensitivity (Saddler and Pitman, 1970), this is 

inconvenient and inaccurate to determine the water 

flow rate in plant stem under field conditions. 

This is mainly because this method needs accurate 

determinations of both heat amount transferred 

from the stem surface to air and thermal conduc-

tivity of plant stems. 

Daum (1967), Penka et al, (1973), and Cermak 

et al, (1975a, b) have attempted to use a heat flux 

plate for measuring heat flux density between the 
water flowing layer of the active xylem and the 

cambium of a tree trunk, and to evaluate the 

water flow rate in the trunk. In their experiments, 

the heat flux plate is inserted into flaps of bark 

and sealed. Since the heat flux plate is larger than 

the size of stems of ordinary crop plants, the 

method used by them can not be applied to crop

plants. 
To overcome the disadvantage mentioned above 

and determine accurately the water flow rate in 

the stem of intact crop plants, I devised a new 

method on the basis of heat balance of a segment 

of plant stem. This paper describes the principle 

and apparatus of this method and results obtained 

by this method. 

2. Theory 

Consider a stem segment of length L m in which 

water flows. Let its upper cross-sectional area be 

Ad m2, and lower cross-sectional area Au m2. 

When heat energy, QW, is supplied continuously, 

to the stem segment and steady conditions exist 

as to temperature in the segment, the heat energy 

supplied, Q, should be equal to the heat loss due 

to conduction, convection and mass flow (Fig. 1) :

(1)

where Q f is the energy transported by mass flow 

of water from the heat source (W), qu and qd the 

energy transferred upstream and downstream re-

spectively by thermal conduction along the stem 

(W), and qs the energy lost by the convection from 
the surface of the heated stem into the surrounding 

air (W). It is assumed that both radiant and the 

latent heat exchange between the stem and its 

surroundings can be negligible. 

The energy transported by mass flow of water 

is given by the following equation:

(2)

where c is the specific heat of water (J kg-1℃-1),

F the rate ofwater flow in the stem (kgs-1), Td

the mean temperature of water flowing out of the

Fig. 1. Heat balance for a stem segment to 

which energy, Q, is supplied.
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segment, and Tu the mean temperature of water 

streaming in the segment. 

Combination of Eq. (1) with Eq. (2) yields the 
following relation for the rate of water flow, 

equivalent to the amount of water moving up 

through cross-section of the stem per unit time.

(3)

Now assume for the simplicity that the tem-

perature is uniform in the radius direction on the 
each cross section of the stem segment. Td and 

Tu thus can be assumed to be equal to the surface 

temperatures measured respectively at the up- and 

downstream points of the heated segment (see 

Fig. 2 A and B). 

In order to evaluate the values of qu and qd, 

equation of one-dimensional heat conduction in a 

cylinder is used. If x-axis is parallel to the axis of 

the stem, the equation can be written as follows:

(4)

where λ is the thermal conductivity of the stem

(Wm-1℃-1), Au and Ad, respectively, lower and

upper cross-sectional area of the heated segment

(m2), T the temperature of the stem (℃). Since

it is difficult to determine the temperature gradient

dT/dx, the following approximation is adopted

to evaluate the actual value of dT/dx. If a finite

separation between two points on the stem, Δx,is

very small compared to the stem diameter, and

if the heat loss by convection from the surface of

segment with the length of Δx can be neglected

compared with other heat balance components,

dT/dx can be approximated by ΔT/Δx in which

ΔT is the temperature difference over the separa-

tion of Δx. By introducing temperature, Tu, at

the point of distance of Δx upstream from the

measuring point of Tu, and Td at Δx downstream

from the measuring point of Td, one can obtain 

the following relations for the energy lost by 

thermal conduction upward and downward from 

the heated stem segment.

(5)

The evaluation of conductive heat loss by Eq.(5)

needs the value of λ of a plant stem. The follow-

ing relation is used to evaluate the value of λ of

plant stem (Sakuratani,1979):

(6)

where λc,λw and λa are the thermal conduc-

tivities of the constituents of the plant stem such

as cellulose, water and air, respectively, υc, υw

and υa are respectively the fractional volumes of

the components, and f a coefficient characterizing 

the physico-chemical relationships between solid 

materials and water, which can be assumed to be 

equal to 1.0 for the plant tissue with enough water. 

If the plant stem contains water above 90% in 

moisture percentage, it is reasonable to assume that

the value of λ is equal to that of water with

acceptable errors.

The heat loss by convection from the surface 

of the heated segment into the surrounding air, 

qs, is estimated by a heat flow sensor attached to 

the heated segment. The details are described 

below. 

3. Construction of Apparatus 

The apparatus shown in Fig. 2 consists princi-

pally of a heat source mounted on the stem 

segment, a heat flow sensor attached to the heat 

source and copper-constantan thermocouples.

Fig. 2. Apparatus for measuring the water flux in 

plant stem (A) and its setup (B). 

The flexible plate which consists of a 0.1 or 

0.14mm manganin wire is mounted on the stem 

segment with width of L m which is equal to or 

two times larger than the diameter of the stem. 

Thin manganin wire of 0.1mm in diameter is used 

for thin stem of 0.4-0.5cm in diameter, while 

0.14 mm-diameter-wire is applied to the stem of 

1.0-1.5 cm in diameter. The heating plate is 

fed continuously by DC-current with a constant 

voltage. The heat energy, Q, supplied to the
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segment is evaluated by

(7)

where I and E are the electric current and voltage 

of DC-electric source, respectively. 

Heat loss from the surface of the heated segment 

into the surrounding air is evaluated by a cylin-

drical heat flow sensor which is attached on the 

surface of the heating plate. The heat flow sensor 

is made so as to fit the circumference of the heat 

source. It consists of a thin plate of rubber having

thermal conductivity of 0.13 W m-1℃-1 and

thickness of 1.0 or 2.0mm, and copper foils of 

0.08mm in thickness which affixed on the inside 

and outside of the rubber plate to obtain the 

uniformity in the temperature distribution on the 

surfaces of the rubber plate. The heat flow from 

the inside of the sensor to the outside is estimated 

from the equation:

(8)

where k is a coefficient related to the thermal 

conductivity of the rubber, and to the shape and

sizeofthesensor(W℃-1),and ΔTs the tempera-

ture difference between the inside and outside of

the sensor (℃). The temperature difference, ΔTs,

is measured by copper-constantan thermocouples 

of 0.1mm in diameter fixed on the each side of 

the copper foils. In a case that the stem is cylin-

drical, the coefficient, k, is determined from the 

relation:

(9)

where λs is the thermal conductivity of the rubber

plate (Wm-1℃-1), L the length of the heat flow

sensor (m), r1 and r2 respectively the inside radius 

and outside radius of the heat flow sensor (m). 

This is based on the ordinary differential equation 

of the radius heat conduction of a cylinder. 

In a case that the stem can not be approximated 

by a cylinder or it is required to evaluate k more 

accurately, k can be determined by the following 

procedure. 
Providing that the water stream in the segment 

is interrupted by cutting the stem or by enclosuring 

plants by a black polyethylene sheath, Eq. (1) can 
be rewritten as follows:

(10)

This enables us to evaluate the magnitude of k. 

The temperature differences, Td-Tu, Tu-Tu, 

and Td-Td in Eqs. (3) and (5) are measured with 

thermocouples consisting of copper and constantan 

wires with diameter of 0.1mm. 

When the stem diameter is smaller than about 

1.0cm and the uniform temperature distribution 

is expected on the cross section of the stem, the 

tips of thermocouples are affixed directly on the 

surface of the stem segment by a small amount of 

adhesive agent. On the other hand, in a case that 

the stem diameter is larger than about 1.0cm, 

these tips are inserted into the stem segment to 

obtain more accurate values of stem temperature. 

Thermocouples for measurement of Tu and Td 

are attached respectively to the positions of 1.0-

2.0 mm up- and downwards the heated segment, 

in order to avoid direct influences of the heat 

source. Since it is found from preliminary experi-

ments that the temperature distribution over a 

short distance of 1.0-2.0mm near the heated 

segment can be approximated by a linear function, 

thermocouples for Tu and Td are attached respec-

tively to the positions of 1.0-2.0mm upward and 

downward the each thermocouple for Tu and Td. 

In order to suppress the latent heat transfer due 

to transpiration, the surface of the stem segment 

on which thermocouples are set is sealed by a thin 

polyethylene film. The apparatus consisting of the 
heater, flexible heat flux plate and thermocouples 

are covered by both thin sponge rubber and 

aluminium foil to minimize influences of solar 

radiation. 

The electric signals corresponding to the tem-

perature difference, i. e., Td-Tu, Tu-Tu, Td-Td
and ΔTs are of the order of 10 to 100μV. These

are recorded continuously through a low-noise 

amplifier on a six-channel automatic recorder of 

10 mV in maximum scale with the chart speed 

50mmh-1. 

4. Measurements of the Rate of Water Flow 

4.1 Materials and method 

The comparison of the water flux in the plant 

stem evaluated by using the apparatus and the 

water loss due to transpiration measured directly 

by a balance was made with potted soybean and 

sunflower plants in order to test the accuracy and 

reliability of the newly developed method. Soy-
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bean plants raised in a test plot were also used for 

this purpose. In this case, the transpiration water 

loss of the soybean plants was determined by 

making use of the so-called chamber method (Kato 

et al., 1960). 

In the former experiment, soybean plants 

(Glycine max L. Merrill, cultivar Miyagishirome) 
were grown in Wagner's pots with the cross-

sectional area of 200cm2, while sunflower plants 

(Helianthus annuus L., Mammoth Russian) were 

grown in small pots of 38cm2 and Wagner's pots 
of 200cm2. 

Soybean plants were used at about 10 weeks of 

age when their stems were approximately 1.0cm 

in diameter. Sunflower plants raised in small pots 

were used at 4 weeks of age when their stems were 

approximately 0.4-0.5cm in diameter, while sun-

flower plants in Wagner's pots were used at 12 

weeks of age when their stems were 1.3-1.5cm 

in diameter. 

The apparatus as described in Fig. 2 was 

mounted on the basal part of the stem of a plant. 

In the early experiments with soybean plants, the 

values of q, and qd were not evaluated and 
neglected by assuming that these should be much 

smaller than Q transported by the water flow in 

plant stem. 
Current and voltage of electric power to the 

heater were adjusted through a variable resister so 

that the temperature difference on the stem 

segment, Td - Tu , is approximately held at a level

of 2-3℃ during experiments. Temperature differ-

ences recorded on the chart recorder were averaged 

over 30min period. 

Transpiration loss of the plants in the Wagner's 

pots was measured by a balance with the sensi-
tivity of 1.0g and the maximum scale of 10kg. 

Weight change of 0.1g of the small pot with plant 

could be detected by a balance with the maximum 

scale of 500g. The weight change of the pots were 

read every 30min after the culture vessel was 

completely covered by a polyethylene film to 

prevent evaporation from soil surface. 
Eqs. (9) and (10) were used to evaluate the 

magnitude of k for soybean and sunflower plants, 

respectively. The magnitude of k was in a range of

0.021-0.063W℃-1.λ of soybean and sunflower

plants were evaluated to be 0.50 and 0.59Wm-1

℃-1, respectively. The measurements of water

flux in the stem and transpiration water loss were 

made during the daylight hours in a glasshouse. 
In the later experiment, soybean plants (cultivar, 

Enrei) was grown in a test plot of 9m2. Soybean 

plants were used at the early pod stage when their 
stems were about 1.0cm in diameter. A selected 

plant with the water flux sensor on the basal part 
of its stem was covered by a cylindrical acrylic 

transpiration chamber having the diameter of 30 

cm and the height of 100cm. The transpiration 

was determined by measuring the increase in 

absolute humidity of the air stream passing the 

chamber in which the transpiring plant was set. 

Ventilated platinum resistance psychrometers were 

used to measure the increase in absolute humidity 

of the air passing over the transpiring plant. 

4.2 Results 

Fig. 3 shows the comparison of the water flow 

rate of potted soybean plants determined by the 

newly developed method and transpiration rate 

determined by the balance. It indicates clearly 

that the flow rate and transpiration rate agree well 

with each other in a range of the transpiration rate 

higher than 10g 30min-1. In a range of transpira-

tion rate lower than 10g 30min-1, the flow rate 

determined by the new method deviates system-

atically from the transpiration rate and is 1.2-2.2 

times as large as the transpiration rate. This may 

be mainly due to the disregard of influences of 

heat conduction in the stem on the heat transport. 

Fig. 4 in which the water flow rate determined 

by considering effects of heat conduction on the 

transport of heat in the stem is compared with

Fig. 3. Comparison of transpiration rate measured 

by a balance with water flow rate by the 

new heat balance method in soybean plants.
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Fig. 4. Comparison of transpiration rate measured by a balance with the 

water flow rate in sunflower plants determined by the new method.

transpiration rate indicates that the new method 

gives satisfactory results as to the water flow rate 

in the stem of intact plants independently of the 

magnitude of transpiration rate. It therefore is 

reasonable to conclude that the new heat balance 

method can be applicable to determinations of 

water flow rate due to transpiration of intact 

plants, if the influence of heat conduction in the 

stem is considered in the heat balance equation. 

The diurnal course of the water flow rate in the 

stem of soybean plants determined by our method 

is compared with that of the transpiration rate 

determined by the chamber method in Fig. 5. The 

water flow rate in the stem is in phase with the 

transpiration rate on both clear and cloudy days, 

and there is a good agreement between them in 

the absolute value with exception of nighttime

Fig. 5. Diurnal course of transpiration loss 

measured by the chamber method and 

the rate of water flow evaluated by 

the new method.

period in which the transpiration is retained at a 
very low level. Because measurements of all quan-

tities necessary to evaluate the water flow rate in 

the stem of intact plants are automatically made 
by using the apparatus, related electric equipment 

and recorders, our method is very suitable for 

study of transpiration of intact plants in relation 

to diurnal course of meteorological elements and 

soil-water conditions. 

5. Discussion 

Although the water flow rate determined by the 

new heat balance method is in good agreement 

with the transpiration rate evaluated by balance 

or chamber method, there is still to some extent 

scattering between them as shown in Figs. 3, 4 and 
5. As can be expected from Eq. (3), such scatter-

ing of data is considered to be related to errors in 

measurements of qu, qa. qs, Q and Td-Tu . Both 

Q and Td-Tu can be determined more accurately 
compared with qu' qd and qs, because the formers 

are measured directly by using instruments while 

the qu and qd are evaluated indirectly from Eq. (5) 

and qs is evaluated from Eq. (8). 

In order to evaluate errors in the determination 

of heat amount transported with the mass flow of 

water in a stem, Qf, the following relative errors 

are firstly introduced.

(11)
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where Qf is the true value of heat amount trans-

ported with mass flow of water in the stem (W), 
q the sum of qu, qd and qs, and q' is the true 
value of q (W). By combining Eq. (1) and Eq. (11), 
and assuming Q'=Q, where Q' is the true value 
of Q (W), we obtain the next relation for ef .

(12)

The results calculated from Eq. (12) are plotted 

against the value of Q'f/Q in Fig. 6. With increment 
in the value of Q'f/Q, the relative error in determi-
nation of the heat amount transported with mass 

flow of water in the stem decreased drastically. 
This means that the magnitude of error in deter-
mination of Qf increases rapidly in a range of 

Q'f/Q lower than a critical value with decreasing 
the proportion of Q'f to Q. The decreasing rate is 
also affected by the magnitude of relative error in 
determination of q. To evaluate the heat amount 
transported with mass flow of water in the stem 
at the accuracy higher than the relative error of 

20%, the following critical conditions are needed 
to be satisfied in measurements.

Q'f/Q≧0.2 at|eq|=0.05,

Q'f/Q≧0.35 at|eq|=0.10.

As Eq. (12) and Fig. 6 indicate, the energy 

partition on stem segment affects significantly the 
magnitude of error in determining the heat amount 

transported in the stem. The energy partition of 

the plant stem is affected not only by thermal 

conductivity of the stem and heat transfer coeffi-

cient on the stem surface but also by the amount 

of water streaming in the stem. The data obtained 

with sunflower plants with the stem of about 

1.3 cm in diameter are analyzed to make clear 

characteristics of heat balance of plant stem. The 

results so obtained are presented as a function of 

the mean velocity of water flow in the stem in 
Fig. 7. The mean velocity of water flow in the 

stem, U m is evaluated from

(13)

where Et is the water loss due to transpiration

measured by the balance (kgs-1), ρ the density

of water (kgm-3). Aw(m2) is given by

(14)

where Vw is the volumetric content of water in 

the stem segment (m3) and L is the lenght of the 

segment (m). 

As U increases, the contribution of Q f increases 

rapidly with the proportional decrease of the 

contribution of other components, particularly au 

and qd. When U=0, about 50% of heat supplied 

to the stem segment is transferred from the surface 

into the ambient air, and the remainder is, con-

Fig. 6. Dependence of |ef| on the magnitude of 

Q'f/Q as influenced by the value of eq |eq|. 

|ef|= Absolute value of the relative error 
in the determination of heat amount 
transported with the mass flow of 
water in a stem. 

Q'f/Q=Ratio of the true value of heat 
amount transported with mass flow 
of water to the heat energy sup-

plied to the stem segment. 
| eq|=Absolute value of the relative error 

in the determination of heat loss 
due to conduction and convection.

Fig. 7. Energy partition of stem segment as 

influenced by mean water velocity, 

U cm 30 min-1, in the stem.
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ducted from the segment part to other parts. At 

the mean velocity of 2 cm 30 min-1, Qf/Q reaches 

0.2, implying that the relative error in the determi-

nation of Qf becomes equal to or less than 0.2. 

In a range of U higher than about 15 cm 30 min-1, 

about 80% of heat supplied to the stem segment is 

transported by mass flow of water in the stem, 

and the remainder is distributed into qu, qd and 

qs. Particularly, the contribution of qu and qd to 
the heat transfer becomes less than 10%. It is 

therefore concluded that if the transpiration is not 

very large, highly accurate determination is needed 

in measurements of qu, qd and qs. If the transpi-

ration rate is so high as observed at daytime on 

clear sunny days, the rate of water flow in the 

stem of intact plants can be more accurately 

determined by using the method described above. 
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* written in Japanese

熱収 支 法 に よ る植 物 茎 部 の 蒸 散 流 量 の測 定 法

桜 谷 哲 夫

(農業技術研究所気象科,茨 城県筑波郡谷田部町観音台3-1-1)

要 約

植 物 の 蒸 散 量 や 吸 水 量 を 測 定す る た め に種 々な方 法 が

採 用 され て い るが,自 然 の 環 境条 件 下 で 非破 壊 で 手 軽 に,

かつ 正 確 に測 定 で き る方 法 は 少 な い 。 そ の た め野 外 条 件

下 に あ る植 物 の 実 際 の 水 分 消 費 量 や,そ れ と環 境 条 件 と

の 関 係 につ いて は 明 らか で な い点 も 多 い 。 そ こで 本 研 究

で は,蒸 散 量 や 吸 水 量 に ほ ぼ 等 しい茎 部 蒸散 流 量 を野 外

自然条 件 下 で 非 破 壊 で 求 め る新 しい 測定 方 法 を 開発 した。

測 定 法 の 理 論 お よ び適 用 性 の 検 討 結 果 は つ ぎの よ うに要

約 で き る。

1.植 物 茎 部 に一 定 の 熱 量(Q)が 連 続 的 に与 え られ て

い る場 合,Qは 蒸 散 流 によ る輸 送 熱 量(Qf),茎 の上 方

と下 方 へ の 伝 導 熱 量(qd,qu)お よび 周 囲 気 層へ の損 失 熱

量(qs)に 分 配 され る。Qfは 蒸 散 流 量(F)の 関 数 で あ

る か ら,Fの た め に(3)式 が 導 か れ る 。

2.Fig.2に 示 す よ うに,測 定 セ ンサ ー は熱 量(Q)

を 発 生 す る マ ン ガ ニ ン線 を 巻 い た 発熱 体,qsを 評 価 す

るた め に その 外 周 に 設 置 した 熱 流 素 子 お よ び(5)式 よ り

quとqdを 評 価 す るた め の 熱 電 対 〔(3)式 に お け るTd

-T
uの 測定 を兼 用 して い る 〕か ら構 成 され て い る。測 定

セ ンサ ー は直 射 日光 の 影 響 を 防 ぐた め 断熱 材 と アル ミ箔

で 覆 った 。

3.ポ ッ ト植 の ダ イズ と ヒマ ワ リを用 い,本 方 法 によ

る蒸 散 流 量 と重 量 法 に よ る 蒸 散 量 を比 較 した 。 両 者 は お

お む ね ±10%以 内 で 一 致 した(Figs.3&4)。 また 蒸 散

流 量 と蒸 散 量 の 日変 化 を チ ャ ンバー 内 に お いて 測 定 した

と こ ろ,夜 間 を 除 き良 い 一 致 を み た(Fig.5)。

4.本 方 法 に よ る測 定 誤 差 は 蒸 散 流速 度(U)に よ って

変 化 し,満 足 で き る精 度 を 得 るに はQf/Qが0.2以 上であ

ることが 必要 とわ か った 。 こ の値 は ヒマ ワリの 場 合,U=

2cm30min-1の か な り小 さい 蒸散 流 速 度 に相 当 した 。

一 方 ,Uが 大 きい 場 合 に はqdとquを 無 視 して も大 きな

誤 差 を 生 じな い こ とが わ か った 。

5,以 上 の 結 果 か ら,本 測 定 法 は,蒸 散流 速 度 が きわ

め て 小 さ い場 合 を 除 き,満 足 で きる 精 度で 茎 部蒸 散 流 量

を 測 定 す る こ とが で き,し た が って 自然条 件 下 にお い て

非 破 壊 で 蒸 散 量 や 吸 水 量 を 評価 で きる こ とが わ か った 。
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