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Research paper

A Study of the Influence of Slopeland Betel-nut Plantations
on Microclimate

Shiang-Yue Lu,"” Chiung-Pin Liu,? Liang-Shin Hwang,”? Kai-Jung Tang?

[ Summary ]

Rapid increases in betel-nut plantations in the 1980s and 1990s have significantly affected
the environment and biological conditions of slopeland in Taiwan. Impacts of converting from
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forested land to betel-nut plantations on the environment are serious enough to have attracted
much concern from government and environmental groups. A series of research on this topic
has already been carried out. However, most of these researches were focused on problems of
soil and water conservation associated with slopeland betel-nut plantations. In order to exam-
ine differences in microclimatic conditions between betel-nut plantations and natural hard-
wood forests, the average air temperature, relative humidity, earth temperature, solar radiation,
and rainfall above and below the canopies of these 2 stands were continuously monitored. The
available continuous records from January 2000 to January 2001 indicate that there are no
differences between these 2 study areas in temperatures above and below the canopy. However,
the yearly average earth temperature (at 5-cm depth) of the betel-nut plantation was 2.3°C
higher than that of natural hardwood forest, which was significant at the 1% level. The multi-
layered and denser canopy of natural hardwood forest stands consumes much solar energy by
evapotranspiration and photosynthesis than does that of betel-nut stands. Therefore less en-
ergy is available for heating the soil which results in lower earth temperatures than found in
betel-nut plantations. However, the difference is less significant during rainy days and at night.
Relative humidity is strongly influenced by canopy cover. The transportation of moisture can
be hindered under a heavy forest canopy which results in higher relative humidity. Statistical
results indicate that relative humidity was significantly under-canopy conditions of natural
hardwood stands, whereas above the canopy, it was not as high. In addition, the long-term weather
records at Lienhuachih meteorological station of Taiwan Forest Research Institute also reveal
that the annual average air temperature, especially for summer seasons, shows a tendency of
increase after 1980. Further studies are needed to clarify the effects of the rapid increase in
betel-nut cultivation on climate changes in the Lienhuachih area.
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Fig. 1. Location of the experimental area.
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Table 1. Comparison of air temperature and relative humidity between natural hardwood
forest and betel-nut plantation for different conditions

Average
t-value
Betel-nut Natural hardwood

Canopy temp. (C) 20.4 20.2 0.654
Canopy R.H. (%) 92.4 89.8 5.716%%*
Under-canopy temp. ('C) 20.5 19.6 3.254%*
Under-canopy R.H. (%) 92 93 -2.820%*
Ground temp. (C) 22.0 19.5 9.103%**

D** Significant at 1% significance level.
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Table 2. Monthly average temperature, relative humidity,total solar radiation and rainfall
for a betel-nut plantations(Betel)and a natural hardwood forest(Hard.)

Above the canopy Below the canopy Ground
Temperature R.H. Temperature R.H. Temp. Solar Rainfall
Radiation

Betel Hard. Betel Hard. Betel Hard. Betel Hard. Betel Hard. M/m? mm

c T % % C C % % C C
Jan 14.5 14.2 91 88 16.8 13.7 91 90 16.1 15.5 57.09 25.5
Feb 152 153 90 89 15.0 14.8 90 93 16.7 15.6 38.01 139.5
Mar 17.8  17.8 89 87 17.6 17.2 88 91 19.0 17.6 91.30 31.5
Apr 204 20.3 92 90 20.2 19.7 91 93 21.2 19.1 84.08 222.5
May? 22.1 21.8 95 89 21.8 212 96 94 23.2 19.3 4391 105.0
Jun 234 232 93 91 233 224 93 94 253 21.8 100.00 1319.5
Jul 24.3 24.0 92 89 24.1 23.2 91 93 26.2 22.7 114.28 223.5
Aug 23.5 23.1 94 92 23.3 22.4 94 95 25.2 22.5 97.95 455.5
Sep 22.9 23.0 92 88 22.8 22.2 90 91 24.8 22.2 88.06 52.0
Oct 22.8 22.7 94 90 22.7 22.1 92 93 24.5 23.1 84.06 27.5
Nov 19.9 19.7 97 93 19.8 19.3 95 95 22.1 20.6 68.33 89.0
Dec? 17.4 17.3 93 92 18.8 16.8 92 91 19.5 17.0 63.25 58.0
Avg. 204 20.2 93 90 20.5 19.6 92 93 22.0 19.7
Total 930.31 1749.0

Y Some records were lost during these months.
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Table 3. Comparison of air and earth temperatures between betel-nut plantations and natural
hardwood forests for daytime and nighttime

Avg. of daytime Avg. of nighttime

Betel Hardwood t-value Betel Hardwood f-value
Canopy temp. ('C) 22.2 22.0 0.720 19.0 18.6 0.452
Under-Canopy temp.("C) 22.2 21.4 4.231%** 19.0 18.6 1.141
Earth Temp. ('C) 22.9 20.0 11.168** 21.8 19.7 7.662%%*

** Significant at the 1% significance level.

Table 4. Comparison of air temperatures and relative humidities between natural hardwood
forests and betel-nut plantations under rainy days and sunny days

Avg. of sunny days Avg. of rainy days

Betel Hardwood t-value Betel Hardwood #-value
Canopy temp. (C) 20.2 20.0 0.431 21.1 20.8 0.600
Canopy R.H. (%) 91 88 6.001*%* 96 95 2.181%*
Under Canopy Temp. (C) 20.4 19.5 2.741%*  21.1 20.2 1.823*
Under Canopy R.H. (%) 90 91 -2.773** 96 97 -1.655%
Earth temp. (C) 21.8 19.5 7.275%* 232 20.4 6.093%**

** Significant at the 1% significance level ; * Significant at the 5% significance level.
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Table 5. Monthly average minimum daily ground temperatures ("C) for betel-nut plantations

and natural hardwood forests (C)

Jan Feb Mar Apr May Jun Jul Aug Set Oct Nov Dec

Betel-nut  15.9 16.3 18.4 19.8 22.4 23.7 247 244 23.0 23.4 214 18.4

Hardwood 15.2 15.3 17.1 18.3 19.1 21.1 21.8 21.1 21.8 22.4 20.2 16.2
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Fig. 2. Average daily air temperature for different seasons in the Lienhuachih area and
the cultivated area of betel-nut in Taiwan.
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Table 6. Yearly average air temperature in the Lienhuachih area

Average daily

Average maximum
daily temperature

Average minimum
daily temperature

Range temperature
1961-1965 20.5
1966-1970 20.5
1971-1975 20.2
1976-1980 20.3
1981-1985 21.2
1986-1990 21.4
1991-1995 21.6
1996-2000 21.2

27.5 15.4
26.0 15.8
26.0 16.0
26.4 15.7
253 16.3
25.2 16.9
25.0 17.3
25.1 17.3

Y The yearly average is the average of all daily records in each year.
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