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Michio SHIROMA : Evapotranspiration of pineapple in Okinawa
measured by heat balance method
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Fig. 1-a. Arrangement of instruments
A * Gorczynski pyrheliometer
B and D: Earth thermometers
C and C*: Thermocouples for air temperature and
vapor pressure measurement
E : Albedometer
G : Rain-gauge
H and H” : Direction of prevailing winds
Small circles : Location of the stem of pineapple
Numbers for the dimension in cm

ﬁﬁ%;U*%ﬁ&ﬁo%ﬁotb@%ﬁﬁ%@%u,m@aomm($mmﬁm¢0Hikmnﬁ
X VRO CXiE C DEBEI L. WIZEL - bIZiX$RE J 1A DHIEMSRERERRETT .



WL BUKERIC X B HMRIZB T BAL YT TIVOERFERBDORIE

Fig.

171

e Z.2

"
o
1

fm ez

1-b. Vertieal arrangement of instruments el
. Albedometer at 80cm above pineapple canopy

E ! Earth thermometers at depths 1 cm, 5 cm, 10cm, 20em,
and 30cm

G : Gorczynski pyrheliometer

Z;: Thermocouples for air temperature and vapor pressure
measurement at the height of pineapple canopy

Z2 : Thermocouples at 110 em above pineapple canopy
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Fig. 2. Test of thermocouple for air temperature measurement
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Fig. 3. Copper-constantan thermocouple for vapor pressure measurement,
enclosed in molded solid paraffin, figure in full-size

&K@4Kﬁ,CD@WOﬁEK0VT@$Oﬁ31Kﬁﬁ§%K;5%ﬁﬁt%@bfﬁﬁﬁwf
BELEREREE TR T, :

1
Tt
6.0 /
7
% 5.0k
< o8
;"é' L /
?: 237
2 £
8 4.0 /
@ .
2
£ /
ot
. »

2 3.0 /.?
.-? 4 R
S . e
£ 2.0 /
1 Iy *
> + -4
a e T ~0.0381+0,0249E

1.0+ /" I =-+0.99

0.0 s N . . . : .

0 4 8 12 16 20 24 E—
Electromotive force  (uV)

Fig. 4. Test of thermocouple-made' wet-bulb for vapor pressure measurement
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Aséetﬁﬁle of thermocouples for air temperatué'anvd uvapor pressure
measurement, upside down, with the bottle for wet-bulb

Sunshade for thermocouples against
sun at low altitudes

Albedomter and Gorczynski
pyrheliometer also visible

Recorders and vacuum bottles for thermocouples
Air temperature and vapor pressure measuremet in the field
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Fig. 7. Values of albedo measured at several heights
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Table 1. Relations between effective long-wave radiation
and cloud amount, after Kondratev(10)
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Table 2. Example of computation for volume heat capacity Cv,
and its value for each day

Example of computation for Cv ! July 14, 1972
Weight of |Moist weight Dry weiht weight of " Weight of
Sample No. | container soil water
. gr) | (e (gr) Ws (en) | Ww (&)
1 B55.1 187.00 159.13 104.02 27.87
2 58.33 187.00 ‘ 160.69 102.36 26.31
,V L :
——====="7""""""  [Apparent | Volume T~ -
, Dry density |specific gravity | water content Volume heat capacity
Sample No. / Wz p Ww 05| Gy =0.2 Wy cal
\ fd(g?'/CC) . Ov = rd ‘rw v st ( 0, v =0.20v + "io“(’)— ECT'C—
1 1.0402 1.0402 27.87 0.4867 .
average :
2 1.0236 1.0236 26.31 g 0.4678} 0.477
Cv on each day :
S —— S = § e .
1972 ,
Date July ' Aug. Average
8 13 14 3 7 11
Cv (cal /cc,*c) 0.485  0.477 0.477 0.471 0.471 0.470 \ 0.478
Number of days
5 10 1 5 9 -

after irrigation
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Table 3. Example of computation for heat conduction into soil
July 3, 1972
— _ — S
=) 2 82|89 %E«?‘g&%ﬁs’% g,% g Fl & & i = i &
| B |ZE |88 FoSdelinag 28 22 5838 8|8 8
B, o Eo | BEb|gEEREsEes T | o 5 & - & -
B 8 |fg aT8%s 558 58 BS 8 5| @ 202 8| 2 3
o @ AR &ngdgﬁﬁ’g a6 2. " — ® —
~ =R o o o+ o ) [+ () [¢]
Rl op® = LS < . < — P
g "E g 83 =X = "B 5 =
¢ [}
t ]t H AT | H-Cv | H-Cv-AT
‘ . . . _cal _cal ~Nr  cal cal
(em) | (em) | (*C) | (*C) |(*C) (cm2 <cmz;"zk?s> \cm?2, Zhs )|\ cm2,min
1 1 0’"2'26.30 27.15—0.85! 1.425 | —1.211 |
2 5 3~Z 25.35 26.70 —0.35 1.900 | —0.665
07 1 0009 : 00 l

3 | 10 7~185 26.40) 26.40+0.00 3.800 | +0.000 | —1.163 | —q.01

4 | 20 15”{8 26.80| 26.7040.10 4.760 | -0.475

5 | 30 25~350‘ 27.35 27.254+-1.10 2.375 | 4.0.238
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Table 5. Net radiation for all wave-lengths for each daytime, W;%T
Date 1972
July Aug.

Time 3 4 5 8 10 11 18 19 2 | Total |[Average
7:00~ 7:30 0.03 0.09 0.05 0.04 0.01 0.00 0.03 0.08 0.07 O.fll 0.05
7:30~ 8:00 0.04 0.12 0.12 0.11 0.09 0.02 0.10 0.12 0.12 ‘ 0.84 0.09
8:00~ 8:30 0.44 0.17 0.18 0.32 0.35 0.26 0.16 0.21 0.30]| 2.39 0.27
8:30~ 9:00 0.89 0.23 0.3¢4 0.66 0.53 0.37 0.16 0.46 0.19]| 3.53 0.39
9:00~ 9:30 0.48 0.25 0.27 0.69 0.60 0.81 0.53 0.48 0.21] 4.32] 0.48
9:30~10:00 0.62 0.33 0.36 0.40 0.86 0.64 0.33 0.66 0.17 4.08 0.45
10:00~10:30 0.66 0.45 0.44 0.45 0.75 0.78 0.34 0.77 0.11| 4.72 0.82
10:30~11:00 0.51 0.66 0.59 0.63 0.82 0.77 0.46 0.83 0.19]| 5.48] 0.61
11:00~11:30 0.80 0.78 0.74 0.72 0.73 0.82 0.66 0.70 0.21| 6.16 0.68
11:30~12:00 0.48 0.95 0.41 0.76 0.83 0.67 0.8 0.83 0.44| 6.23 0'69
12:00~12:30 0.89 0.68 0.69 0.95 0.69 0.81 0.78 0.70 0.25] 6.14 0.68
12:30~13:00 1.09 0.3 0.80 0.95 0.8 1.16 0.87 0.65 0.68] 7.99] 0.89
13:00~13:30 1.09 0.67 0.61 0.927 0.89 1.00 0.52 0.73 0.85| 7.34 0.82
13:30~14:00 1.01 0.50 0.47 0.94 0.48 0.83 0.8 0.71 0.58| 6.20 0.69
14:00~14:30 1.04 0.73 0.61 0.87 0.24 0.47 0.70 0.64 0.51| 5.81 0.65
14:30~15:00 0.97 0.46 0.52 0.66 0.52 0.85 0.68 0.56 0.37| 8.29 0.59
15:00~15:30 0.77 0.35 0.42 0.66 0.38 0.54 0.60 0.71 0.34]| 4.77] 0.53
15:30~16:00 0.63 0.38 0.26 0.60 0.28 0.89 0.70 0.81 0.21| 4.13 0.46
16:00~16:30 0.47 0.17 0.38 0.8 0.29 0.27 030 0.30 0.19] 2.92 0.32
16:30~17:00 0.40 0.30 0.09 0.38 0.41 0.3¢ 0.22 0.19 0.15] 2.48 0.28
17:00~17:30 0.13 0.20 0.09 0.13 0.28 0.30 0.13 0.16 0.12| 1.8l 0.17
17:30~18:00 0.09 0.10 0.07 0.04 0.05 0.08 0.07 0.07 0.06] 0.64 0.07
18:00~18:30 0.04 0.08 0.04 0.01 0.01 0.06 0.06 0.01 0.01| 0.29 0.03
18:30~19:00 |—0.02 —0.01 —0.02 -0.02 0.00 —0.05 0.02 —0.01 —0.02 —0.13/—-0.01

Total:
_c"m—z,%fz%r 13.28 9.86 8.54 12.47 10.59 11.76 9.9 11.07 6.32 93.52 10.42

cal 397.5 286.8 256.2 374.1 317.7 352.8 298.8 332.1 189.6 312.6

cm?, daytime

2805. 6‘
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Table 6. Effective long-wave radiation for each daytime, - - cal
cm |, min
\ Date ] 1972
\‘\ | july Aug,

Ny 3 4 5 8 10 11 18 19 2 | Average
JTime ™ , e B
7:00~ 7:30 ‘ 0.04 0.04 0.03 0.04 0.04 0.05 0.03 0.04 0.03 0.04
7:30~ 8:00 0.04 0.04 0.03 0.04 0.04 0.05 0.03 0.04 0.03 ' 0.04
8:00~ 8:30 0.04 0.04 0.03 0.04 0.04 0.03 0.03 0.04 0.03 | 0.04
8:30~ 9:00 0.04 0.04 0.0¢ 0.03 0.04 0.05 0,03 0.04 0.03 [‘ 0.04
9:00~ 9:30 | 0.04 0.0¢ 0.04 0.03 0.04 0.05 0.03 0.04 0.03 ; 0.04
9:30~10:00 0.04 0.04 0.04 0.08 0.04 0.05 0.03 0.04 0.03 0.04
10:00~:0:30 l 0.04 0.04 0.04 0.08 0.04 0.03 0.03 0.04 0.03 | 0.04
10:20~11:00 ' 0.04 0.04 0.04 0.0 0.04 0.03 0.03 0.04 0.03 | 0.04
11:00~11:30 0.04 0.04 0.04 0.03 0.08 0.05 0.03 0.04 0.03 | 0.04
11:30~12:00 0.04 0.04 0.04 0.0 0.03 0.05 0.03 0.04 0.03 ; 0.04
12:00~:2:30 0.04 0.04 0.04 0.08 0.05 0.05 0.03 0.04 0.03 | 0.04
12:30~13:00 0.06 0.04 0.04 0.08 0.05 0.03 0.04 0.04 0.03 0.03
13:00~:3:20 0.06 0.04 0.04 0.03 0.03 0.05 0.04 0.04 0.03 | 0.05
13:30~14:00 f 0.07 0.04 0.04 0.05 0.08 0.05 0.03 0.04 0.03 0.05
14:00~14:30  0.07 0.04 o0.04 0.03 0.04 0.03 0.03 0.04 0.03 f 0.04
14:30~75:00 0.07 0.04 0.04 0.08 0.02 0.05 0.03 0.0¢ 0.03 0.04
15:00~15:30 0.07 0.04 0.04 0.08 0.02 0.05 0.03 0.0¢ 0.03 0.04
15:30~16:00 0.07 0.04 0.04 0.08 0.02 0.03 0.03 0.04 0.03 0.04
16:00~16:30 0.06 0.04 0.0¢ 0.03 0.02 0.05 0.03 0.04 0.03 0.04
16:30~17:00 0.06 0.04 0.04 0.05 0.02 0.05 0.03 0.04 0.03 0.04
17:00~17:30 0.06 0.04 0.04 0.0 0.02 0.05 0.03 0.04 0.03 0.04
17:30~:8:00 0.06 0.04 0.04 0.035 0.02 0.08 0.03 0.04 0.03 | 0.04
18:00~18:30 0.06 0.04 0.04 0.05 0.02 0.0 0.03 0.04 0.03 0.04
18:30~19:00 0.06 0.04 0.04 0.04 0.02 0.05 0.03 0.04 0.03 0.04
Total : |
. cdl 3.1 28.8 27.9 34.8 25.2 36.3 22.2 288 2.6 29.7

cm2, daytime
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Fig. 10. Example of heat balance term measurement at night
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. m
30 min

\Date 1972

- July Aug.

. 3 4 5 8 10 11 18 19 2 |Total |Average
Time \
7:00~ 7:30 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00( 0.04 | 0.00
7:30~ 8:00 0.00 0.02 0.00 0.04 0.00 0.00 0.04 0.00 0.00] 0.10| 0.01
8:00~ 8:30 0.20 0.04 0.00 0.10 0.14 0.13 0.04 0.07 0.14 0.86 | 0.10
8:30~ 9:00 0.20 0.01 0.06 0.20 0.13 0.17 0.05 0.10 0.08| 1.00 | 0.11
9:00~ 9:30 0.11 0.03 0.07 0.18 0.18 0.24 0.16 0.07 0.09 1.13| 0.13
9:30~10:00 0.07 0.04 0.08 0.08 0.10 0,16 0.09 0.10 0.08]| 0.80 | 0.09
10:00~10:30 0.18 0.07 0.04 0.10 0.14 0.12 0.11 0.05 0.06) 0.80 | 0.09
10:30~11:00 0.14 0.12 0.05 0.09 0.19 0.19 0.16 0.16 0.10| 1.21| 0.13
11:00~11:30 0.07 0.08 0.03 0.11 0.13 0.20 0.26 0.10 0.11) 1.09 | 0.12
11:30~12:00 0.11 0.15 0.05 0.19 0.14 0.12 0.23 0.0l 0.16| 1.16 | 0.13
12:00~12:30 0.15 0.05 0.12 0.18 0.14 0.17 0.23 0.12 0.09{ 1.25 } 0.14
12:30~13:00 0.15 0.04 0.10 0.12 0.14 0.20 0.15 0.08 0.25| 1.23 | 0.14
13:00~13:30 0.12 0.10 0.13 0.19 0.13 0.13 0.11 0.17 0.20| 1.28 | 0.14
13:30~14:00 0.17 0.08 0.09 0.17 0.09 0.13 0.20 0.18 0.16| 1.24 | 0.14
14:00~14:30 0.02 0.13 0.09 0.14 0.11 0.12 0.09 0.10 0.18/ 0.98 | 0.11
14:30~15:00 0.09 0.09 0.01 0.13 0.19 0.13 0.00 0.10 0.09( 0.83 | 0.09
15:00~15:30 0.10 0.07 0.05 0.13 0.14 0.14 0.00 0.11 0.09! 0.83! 0.09
15:30~16:00 0.13 0.08 0.08 0.06 0.08 0.09 0.00 0.14 0.07| 0.73 | 0.08
16:00~16:30 0.10 0.08 0.08 0.04 0.14 0.09 0.03 0.06 0.08{ 0.67 | 0.07
16:30~17:00 0.07 0.07 0.04 0.10 0.21 0.12 0.08 0.04 0.00{ 0.73 | 0.08
17:00~17:30 0.0 0.07 0.05 0.07 0.13 0.02 0.06 0.00 0.07, 0.52 | 0.06
17:30~18:00 0.06 0.05 0.03 0.05 0.00 0.01 0.06 0.00 0.00/ 0.25 | 0.03
18:00~18:30 0.02 0.04 0.03 0.00 0.00 0.0l 0.06 0.00 0.02| 0.18 | 0.02
18:30~19:00 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00| 0.04 | 0.00

Table 7. Evapotranspiration for cach daytime,

Total:

__m__ 2.28 1.49 1.29 2.47 2.65 2.69 2.24 1.77 2.12]19,00 | 2.11
daytime
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Table 8. Evapotranspiration obtained by water balance method

and heat balance method

8-a Water balance method :

1972
Period June26-July 3 | July 4-13 Julyl4-24 July25-Aug. 2 Average
Average of
evapotranspiration 2.00 1.74 1.71 1.71 1.79
(mn/day)
8-b Heat balance method :
1972
Date July Aug.
3 4 5 8 10 11 18 19 2  |Average
Evapotranspiration 2.28 1.49 1.29 2.47 2.65 2.69 2.24 1.7 2.12 2.11

__(mm/daytime)
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Fig. 11. Daily march of evapotranspiration of pineapple and net radiation
for all wave-lengths, averaged over 9 days’ observations by heat

balance method
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Table 9. Heat conduction into soil for each daytime, ___cal*_.ﬁ
cm2 | min
1972 B T
July Aug.
2 |Average

3 4 5 8 10 11 18 19

7:00~ 9:00 |—0.01 —0.01 —0.01 —0.03 —0.01 +0.00 —0.03 —0.03 —0.01 —0.02
9:00~11:00 (—0.03 —0.05 —0.05 —0.06 —0.04 —0.08 —0.04 —0.10 +0.000 —0.05
11:00~13:00 |—0.10 —0.08 —0.07 —0.07 —0.06 —0.05 —0.09 —0.07 ;—0.03 —0.07
13:00~18:00 |—0.07 —0.01 —0.03 —0.05 =+0.00 —0.03 —0.06 —0.04 —0.04 —0.04
18:00~17:00 (+0.05 +0.03 +0.30 +0.03 +0.02 +0.04 +0.02 +0.02 4+0.01 +40.03
17:00~19:00 |+0.03 +0.03 +0.03 +0.06 +0.04 +0.04 +40.03 +40.03 +0.03 +0.04

Total :

cal 8 .
W‘i@ 18.0 10.8 —12.0 —14.4 —6.0 —9.6 —18.0 -19.2 —4.8 | —112.8
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Fig. 13. Comparison of each heat balance term in the daytime for

pineapple canopy, averaged over 9 days’ observations
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Summary

This study was done to estimate the evapotranspiration of pineapple in Okinawa by
heat balance method. The measurement was done for about a month in summer 1972
on the grounds of the Universtity of the Ryukyus, Naha, Okinawa, using plants of the
Smooth Cayenne variety planted in a lysimeter. The plants were 15 to 16 months old
after planting and were at fruiting stage with leaf area index of 4.1 to 4.3. Irrigation
to the plants was sufficiently applied during the measurement. From data obtained by
the measurement of 9 days of the month when the weather was relatively good and
other conditions were also favorable for the measurement, results are summa- rized as
follows:
1. The evapotranspiration of pineapple in summer at fruiting stage was about 1.3
mn/day on cloudy days, about 2.7 mi/day on fair days, and 2.1 mm/day in average.
2. The average size of each heat balance term for daytime for pineapple canopy was 40
parts for latent heat, 56 parts for sensible heat, and 4 parts for conduction into soil, out
of 100 parts for net radiation for all wave-lengths.
3. The albedo of pineapple canopy was 0.15 in average except for that near sunrise and
sunset hours. This is fairly small value compared to that of other crops.
4. The evapotranspiration of pineapple at night may be almost nil according to heat

balance method.




