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Abstract  On the sand and gravel tailings after tin mining in Takuapa, Phang-nga province, Thailand,
Eucalyptus camaldulensis was planted mainly for rehabilitation of the degraded land, and cassava and
pineapple were cultivated for demonstrating the possible way of agriculture. This work is a part of "Waste
Land Project” (WLP), having been conducted in Thailand for six years.

Mulching among others was considered to be the best treatment for both trees and crops based on the
following reasons, i) mulching lowered the maximum soil temperature in the hottest period, ii) it kept a
good moisture condition throughout the year, iii) mulching materials could be utilized by plants as a
source of nutrients as well as enhanced biological activity, and iv) they could be practiced easily, using
weeds collectible in situ.

As far as rehabilitation of a barren land is mainly concerned, Eucalyptus camaldulensis combined
with Imperata mulching proved to be most promising. On the other hand, in order to establish a practical
approach to agriculture under the severely poor soil conditions encountered, further exertion is indispens-
able for the goal, i.e., a reasonable, at least, sustainable yield of cassava and pineapple.
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Concession of the tin mining is concentrated on the western coastal area of the peninsular
Thailand, especially in high density in Phang-nga province. Total concession and abandoned
areas in 1987 were 671 and 480 km2, respectively, and covered altogether 0.22% of the total
land area of Thailand (Tanpibal & Sahunalu, 1989). Most tin ores are found in alluvial
deposits and mining operations by the two methods used, employ water for the mechanical
separation of tin ore from the tin-bearing earth. This results in the deposit being separated
into sand, clay, gravel, and their mixture in various composition. Among them, the sand
depositional area occupies more than 80% of the total area (Tanpibal & Sahunalu, 1989).
Vegetational cover after mining is quite sparse except for a few species, i.e., Casuarina equi-
setifolia trees on the sand deposit and Imperata cylindrica grassland on the clay deposit.

At a glance, there is nothing established on the land surface of the gravel tailings. Natural
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regeneration of any plant species seems to be quite difficult, and therefore, utilization of this
degraded land is far from the concern of farmers. In 1968, in order to restore the vegetational
cover, the Department of Land Development established a Tin Mine Spoil Research Station.
This station has conducted experiments concerning the utilization of tin mine tailings aiming
at reforestation and agriculture, including fodder grass screening, cashew tree and cantaloupe
trials with or without chemical fertilizer and city compost. Forest tree species trials have also
been conducted (Tanpibal & Sahunalu, 1989). The major objective of the present work is to
ensure a more intensive and efficient promotion of the various projects already set in motion.

STUDY SITE AND ANALYTICAL METHODS

Description of the Experimental Plots

Inside the Forestry Student's Training Station of Kasetsart University in Takuapa, Phang-nga
province, situated 10 km west of Takuapa city and close to the Andaman Sea, a study site
was established on the land after pump mining of more than twenty years (Fig. 1). After the
reconnaissance in 1984, an experimental plot of 1.3 ha was demarcated in 1985, on a small
fan-shaped sand and gravel tailing area, slightly sloping to the northwest (Fig. 2).
Climatologically, Takuapa region belongs to Képpen's Am (Thailand Development Research
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Fig. 2. Design of Takuapa experimental site.

Institute, 1987). The approximate altitude of the experimental site is 10 m above sea level.

Since soil profile description and physical properties in this experimental site have been
shown elsewhere (Sakurai et al., 1989), a brief description of the site will be given below. In
this site, gravel and sand layers appeared alternately throughout the soil profile, though at the
very limited parts of the solum, thin clayey layers (less than 2 mm in thickness) were
observed. Thus, these materials showed a very low water holding capacity and a hydraulic
conductivity faster than 3X 10-2 (cm/sec). Sahunalu & Anunsiriwat (1985) discussed the soil
chemical and physical properties of seven different vegetational types of this station. They
showed that the average clay content of gravel-sand tailings from three soil pits was 9%.
However, in our experimental site, clay content was less than 2%.

Experimental Design
The layout of the experimental plots is shown in Fig. 2. Eight silvicultural plots and nine
agronomic plots are summarized in Table 1 together with the treatments and their cost.
Silvicultural plots. Eucalyptus camaldulensis was selected out of several tree species
based on the result obtained by Tanpibal & Sahunalu (1985), and planted in 2 m X2 m plant-
ing space, in May, 1985. TE-01 was designated as a control plot without any treatment
before planting. TE-02 had been a control plot for 1 and half years after transplanting of the
seedlings, until mulching treatment was initiated from December, 1986, using fresh grasses
(Imperata sp.) collected from the abandoned local area near our experimental site. Mulching
was conducted at the rate of 1 ton/plot (16.7 tons ha'l), once a year, usually in December or
January.

Plowing (TE-1 to TE-6) was carried out by hand hoe three times a year, usually in April,
September, and November. Chemical fertilizer (15:15:15) was applied 3 times a year in TE-2
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Table 1. Treatment and cost of each plot .
Silivicultural plots (Eucalyptus camaldulensis)

" Max. Max.
Plot Area Plowing CF Compost Mulch Cost Yield Income Remarks
m? —(t/ha) — Bahts/ha kg/ha Bahts/ha
TE-01 600 — - — — —
TE-02 do. — - - 16.7 16,700 1.00 $ = 25.5 Bahts
TE-1  do. May - - — —
TE-2 do. do. 167 — — 10,020
TE-3  do. do. do. 125 — 28,770
TE-4  do. do. do. do. — 28,770 . Clayey material dressing
TE-5 do. do. do. — — — 2,008 3,020 Pineapple intercroping
TE-6  do. do. do. — — — Cover plant
(Stylosanthes hamata)
Agronomic plots (TC:Cassava, TP:Pineapple)
Max. Max.
Plot Area Plowing CF” Compost Mulch Cost  Yield Income Remarks
m?2 —— (t/ha) — Bahts/ha kg/ha Bahts/ha
TC-0 125 — — — — - — —
TC-Om do. — — — 36 36,000 2,350 1,495*
TC-1 250 May 4 24 — 60,000 17,110 10,882*
TC-2 do. do. 4 24 36 96,000 26,420 16,803*
TC-3  do. do. 4 — 36 60,000 11,910 7,575*
TP-0  do. do. — — — — 320 481*
TP-1 do. do. 4 24 — 60,000 10,724 16,129*
TP-2  do. do. 4 24 36 96,000 23,716 35,669*
TP-3  do. do. 4 — 36 60,000 16,180 24,335*

*: Average farm prices from 1980 to 1989 were used for calculation, 1.504 Bahts/kg for pineapple, and 0.636
Bahts/kg for cassava (according to Office of Agricultural Economics, 1990).

**. Chemical Fertilizer.
—: Not applied.

to TE-6; 30 kg/plot in April, 35 kg/plot in September and 35 kg/plot in November, totalling
100 kg/plot (1.67 tons ha-1). City compost (Bangkok, No.1) of total 750 kg/plot (12.5 tons ha-l)
a year was applied in TE-3 and TE-4; 300 kg/plot in April, 200 kg/plot in September, and 250
kg/plot in November. Both chemical fertilizer and city compost were applied by broadcasting
and mixed with the surface soil (approximately up to 10 cm depth) by hand hoe. However,
both chemical fertilizer and city compost were applied only at the beginning of the experi-
ment in 1 mX1 m square around the planting spot for TE-2, TE-3, TE-5, TE-6, on one hand,
but in a different way for TE-4.

Original land preparation of TE-4 was as follows; 0.125 m3 of clayey materials was
mixed thoroughly with 5 kg of compost and 0.667 kg of chemical fertilizer, and transferred
into a box (50X 50X 50 c¢m in size). After the box was removed from the planting spot, the
land was leveled and seedlings transplanted. Accumulated clayey materials resulting from
mining concession were collected close to the experimental site. These had 43% of solid
ratio and 2.67 of true density, i.e., 0.125 m3 of them corresponded to 143 kg of oven-dried
soil.

Furthermore, we had some special treatments together with Eucalypt plantation in TE-5
and TE-6, aimed at agroforestry. In TE-5, pineapple (Ananas comosus) was planted as inter-
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crop, while in TE-6, covering plants were grown. Leguminous species, Stylo grass
(Stylosanthes hamata) was used to cover the land surface and to improve the degraded condi-
tion because of its nitrogen fixing ability (Tanpibal & Sakurai, in prep.).

Agronomic plots. Cassava (Manihot esculenta) and pineapple were grown in the agro-
nomic plots, and expressed as TC and TP, combined with the numeral representing the treat-
ment applied (see Fig. 2 and Table 1).

Planting space and population density for cassava were 0.5 mX0.5 m and 35,520 plants ha-1,
respectively, which seemed to be a little bit too dense, compared with the experiment
conducted by El-sharkawy & Cook (1987). It was, however, equivalent to that adopted in the
commercial plantation. Cassava was planted at the onset of rainy season (late April), every
year and harvested on late January, i.e., growth period was nine months.

On the other hand, planting space and population density for pineapple were 0.5 mx0.3
m with 1 m interval between rows, and 38,400 plants ha'l. respectively. The value of plant
density seem to be moderate in reference to figures appearing elsewhere (Bartholomew &
Kadzimin, 1977). Pineapple was firstly planted on April, 1985 and harvested on Oct., 1986,
and secondly planted on April, 1987 and harvested on Oct., 1988. It took eighteen months to
collect fruits. Flower inducer (ETHREL, commercial products name in Thailand) was
applied on April and May, 1986 for first crop, and May, 1988 for the next. Without it, yield
would have been very poor under the prevailing conditions.

Both of these are important cash crops in Thailand. According to Agricultural Statistics
of Thailand (Office of Agricultural Economics, 1989), cassava has been harvested mainly in
42 provinces out of 73. This crop is said to occupy 1.62 million ha and the third most culti-
vated crop in the whole of Thailand, following paddy (10.35 million ha) and maize (1.84
million ha). On the other hand, pineapple is harvested in 10 provinces mainly in the central
plain and its total area in Thailand is said to be 0.071 million ha. Although dominant cash
crops in the Southern Thailand are perennial tree species such as cashew, rubber, oil palm,
coffee, and durian (Thailand Development Research Institute, 1987), they need several years
before harvest. Cassava and pineapple can be harvested within a relatively short period, thus
ensuring rapid production and spread. Demonstration of the cultivation of these crops on the
gravel tailings was an important purpose of our work.

For TC-1 to TC-3 and TP-1 to TP-3, chemical fertilizer (15:15:15) was applied three
times a year; 30 kg/plot in April, 35 kg/plot in September and 35 kg/plot in November,
totalling 100 kg/plot (4 tons ha-1). City compost (Bangkok compost No.1) of 600 kg/plot (24
tons ha'l) a year was applied in TC-1, TC-2, TP-1, and TP-2, usually 200 kg/plot in April,
200 kg/plot in September, and 200 kg/plot in November. Both chemical fertilizer and city
compost were applied by broadcasting and mixed with the surface soil (approximately up to
10 cm depth) by hand hoe.

Mulching by fresh imperata grass carried out in TC-Om, TC-2, TC-3, TP-2, and TP-3 was
at the rate of 36 fresh tons ha-l year-! (250 kg/plot for TC-Om, and 500 kg/plot for the
others).

Analytical methods. All chemical analyses presented in this chapter were conducted in
Department of Soils, Faculty of Agriculture, Kasetsart University, Thailand. Analytical
items (and their abbreviation in parentheses) and methods are as follows: pH in water (pHw)
and/or IN-KCl (pHK), 1:5 of soil:solution ratio; electric conductivity (EC), 1:5 of soil to
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water ratio; organic matter (OM), Walkley-Black method; total nitrogen (T-N), wet digestion
and distillation; available nitrogen (Av.N), distillation by N-KCI extract; available phospho-
rus (Av. P), Bray No.2 method; exchangeable cations (Ex. Ca, Ex. Mg, Ex. K, and Ex. Na),
N-ammonium acetate (pH 7) extraction; cation exchange capacity (CEC), N-ammonium
acetate (pH 7) method; acidity (Exchangeable hydrogen and aluminum, Ex. H and Ex. Al),
N-KCl extraction.

RESULTS AND DISCUSSION

Precipitation, Air and Soil Temperature

During June 1985 to January 1990, daily rainfall as well as maximum and minimum temper-
ature were recorded at the experimental site. In Fig. 3, monthly precipitation and average
maximum and minimum temperatures are depicted. Total precipitation in 1986 amounted to
4,721 mm and the average of 4 years was 3,112 mm. Maximum temperature ranged from 30
to 48°C and minimum temperature ranged from 17 to 28°C. Since the thermometer was set
about 30 cm above the ground surface, monthly mean maximum temperature exceeded 45°C

mm
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Fig. 3. Monthly precipitation and average maximum and minimum temperatures from
October 1985 to January 1990.
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in several months. Temperature in summer was not always the highest within a year due to
frequent and heavy rainfall. The meteological data indicated a perhumid condition in the
rainy season, but an excessively hot and dry condition in the dry season. Growth of trees and
crops planted might suffer from both of these extreme conditions.

Total biomass of planted trees have after 4 years in each plot and the amount (tons of dry
matter ha-1) was in such a sequence (Kanzaki et al., in prep.);

TE-4 >>TE-2 >TE-3 >TE-5 >TE-6 >TE-02 >TE-01 >TE-1

445 222 220 194 147 112 15 14

To investigate the effects of treatments applied on soil temperature, thermometers were set
in four plots (control, TE-02, TE-4, and TE-6) at four depths (ground surface (0 cm), 5, 10,
and 30 cm). Some of the features in these plots are as follows: i) control plot was on the bare
land with little grass around, ii) TE-02 was covered with mulching materials, approximately
10 mm in thickness, and the tree growth in TE-02 was less conspicuous than that in TE-4 and
TE-6, iii) in TE-6, tree growth was intermediate between TE-02 and TE-4, and growth of the
Stylo grass was too poor to cover the soil surface, and iv) TE-4 shows maximum growth of
the planted trees, which would possibly supply a significant shading to the soil surface.
Measurements were carried out every day at 12 o'clock during October 1988 to January 1990.
Fig. 3 shows the monthly mean soil temperature in control and TE-02 , representing the high-
est and the lowest soil temperatures at the surface and 5 cm-depth. Surface temperature in the
dry season often attained to 50°C in the control plot, whereas, in TE-02, it was not more than
40°C. Furthermore, soil temperature at 5 cm in TE-02 was not greatly different from that at
10 cm and 30 cm.

Lal (1974) demonstrated the effect of rice straw mulching (4 tons ha-1) in Nigeria on
lowering the temperature of soils at various depths, i.e., 5, 10, 20 cm. He found that, at the
initial growing stage of maize, temperature differed as much as 8°C between mulched and
unmulched plots at the 5 cm-depth. Soil temperature fluctuation observed in TE-02 was the
smallest of all, and therefore, mulching had kept a good temperature condition for roots
throughout the year.

In Fig. 4, soil temperatures at 5 cm depth in every four plots are shown, since fine tree
roots for sucking up water and nutrients actively concentrated at this depth as well as 10cm.
As described already, TE-02 (mulching) showed lowest and TE-01 (control) showed highest
temperature. On the other hand, lower soil temperature of TE-4 (exhibiting the best tree
growth) as compared to TE-6 (with sparsely grown cover grass) was observed. This fact
indicates that in order to reduce the solar radiation to the surface soil, tree shading would be
slightly more effective than sparsely grown cover plants.

Soil Moisture

Soil moisture content was monitored for more than 5 years using gypsum block buried at the
depth of 20, 40, and 60 cm in 5 replications. Measurement was conducted on TE-1, TE-02,
TE-4, TE-6, TC-1 and TC-2. Fig. 5 shows the example of soil moisture content in silvicul-
tural plot at the depth of 20 cm in TE-02 (mulching), TE-1 (no treatment except plowing),
and TE-4 (under the biggest canopy of E. camaldulensis, but at the different place where
clayey materials were dressed) from October 1988 to September 1989. Vertical axis in Fig. 5
represents the resistance value of the gypsum blocks expressed in kilo-ohm. According to
the laboratory measurement, resistance values of 2.8, 4.6, 20, and 2000 are nearly equivalent
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to pF values of 1.0, 2.0, 3.0, 4.0 for this soil, respectively. Thus, resistance value higher than
2000 may correspond to the critical moisture level for plant growth.

During rainy season, i.e., October to December, 1988 and June to September, 1989, soil
moisture contents were kept below the critical level for all plots, while, they became too dry
to maintain the appropriate condition for tree growth of TE-1 and TE-4, during January to
May, 1989. On the other hand, in TE-02, soil moisture level was always below pF 3.0 at the
depth of 20 cm throughout the year. In the previous section, we confirmed the effectiveness
of mulching in reducing soil temperature even in the dry season in TE-02, which would be
brought by the higher soil moisture content.

Lal (1974) explained that mulching at the maize field decreased evaporation losses only
when the soil was at the first stage of the drying cycle. However, in this region, ground water
level exists within 2 m even in dry season, and therefore, if mulching protect against the
severe evaporation, water supply from the lower horizons would not be hindered. Thus, it
can be concluded that mulching is indispensable to maintainance of soil moisture.

On the other hand, TE-1 showed much poorer tree growth but maintained better moisture
condition than TE-4. This result can be attributed to the difference in the amount of evapo-
transpiration of Eucalypt. Bigger trees need more water in soils and releases more by evapo-
transpiration, which would surpass direct evaporation from soil.

In Fig. 6, soil moisture content in TC-1 (no mulching) and TC-2 (mulching) is depicted.
It is quite clear that mulching plot (TC-2) could keep more water than non-mulching plot
(TC-1). Good moisture condition in soils will give a good yield of cassava, as will be
described later.

Gypsum blocks buried in the deeper horizon (60 cm-depth) after 2 years were damaged to
some extent by the weight of the overlying soil materials, however it still maintained a
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Fig. 5 Soil moisture condition monitored by gypsum blocks (1). Silvicultural plot.

reasonable quality for detection of moisture condition.

Soil Moisture Tension Measured in situ
Moisture contents of subsurface and/or surface horizons have been measured gravimetrically,

and monitored by gypsum blocks. However, the level of effective water still remained
unknown. Thus, in 1989, pF value in situ was evaluated at every experimental site, using
tensiometer buried at a depth of 20, 40, 60 and 80 cm. Table 2 shows these results.
Reflecting the heavy rain encountered every day during measurement, pF value in
Takuapa Experimental Site ranged

from 1.0 to 2.0 and they were quite Table 2. Changes in pF condition measured

low compared with the other sites. in St
Generally, lower horizons showed Plot  Days Depth (cm)
hieh F val . 1 after 20 40 60 80
igher pF values representing lower setting
moisture conte‘nt. It can be 1nf§rred TE-02 1 129 120 137 157
that lower horizons were not quickly 2 123 123 146 1.39
affected by the daily rainfall, and 3 103 155 173 141
theref h d diff tend 4 1.69 1.71 1.87 1.88
erefore, showe . ifferent tendency 5 163 126 " 183
from the upper horizons. TE1 1 109 147 151 165
. . . 2 - 1.54 1.57 1.65
Changes in Soil Chemical 3 _ 123 - 149
Characteristics 4 - 1.81 - 1.59
Sample collection for analysis was 5 - le7 18 193
conducted at least twice a year, TE4 1 132132 129 151
. 2 1.49 1.54 1.35 1.72
usually, before and after soil treatment 3 1.58 137 127 149
on every year. It was true that analyti- 4 173 179 171 142
5 1.63 1.85 1.69 1.91

cal value for the samples collected just
. - -: not measured
after compost and chemical fertilizer
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application showed a sharp increase in organic matter content for the former and nitrogen,
phosphate, and potassium content for the latter, though the observed increase was not persis-
tent. Analytical results at the initial condition (average value) and after 48 months experi-
ment are summarized in Table 3. Some of the outstanding feature will be described below.
Silvicultural plots.  The value of pHw was around 5.0 in the surface soil, and ranged from
4.5 to 5.0 in the subsurface. Application of compost increased pH values to beyond 6.0 and
7.0 for surface and subsurface soils, respectively. Fluctuation in pHw was significant, espe-
cially after application of compost and/or chemical fertilizer. The former increased the pHw,
and the latter decreased it.

Originally, organic matter content was quite low. However, at the end of the 4-year-treat-
ment, it increased in the surface soils almost on every plot. In TE-02, mulching materials
(Imperata grass) was not likely to be left in the soil more abundantly than the compost (TE-3
and TE-4) as a source of organic matter. In the field observation, compost was not decom-
posed, but existed as discrete particles in soils for a long time. On the other hand, in TE-02,
soil color itself changed and a lot of macro fauna (mainly earthworm) were found in surface
10 cm. Furthermore, though this was not reflected on the analytical result of OM, mulching
seemed quite effective to increase biological activity in soils.

In addition, total nitrogen (T-N), available phosphate (Av. P), sum of exchangeable bases
(Ex. B) increased significantly in TE-3 and TE-4, where both compost and chemical fertilizer
were applied. On the other hand, without application of chemical fertilizer, there was no
increase in Av.P in TE-02.

Soils in Takuapa showed a quite low soil fertility. Above all, OM content is extremely
low. In this sense, only OM application like compost and mulching could change the soil
fertility. Among them, mulching was most promising to enhance the biological activity,
which is one of the most important factors to make a good soil (Syers & Springett, 1984).
Agronomic plots. A similar tendency was recognized as in the silvicultural plots. Since
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Table 3. Soil fertility at the initial condition (average value) and after 48 months.

Silvicultural plots
Initial Eucalyptus camaldulensis (after 48 months )
condition TEO1 TE02 TE-1 TE2 TE3 TE4 TES5 TE6
pH Upper 52 51 55 52 48 67 62 48 49
Lower 5.1 5.2 54 52 48 6.9 49 5.1 4.6
Organic Upper  0.09 03 06 0.1 05 17 1.0 0.2 04
matter(%) Lower 0.03 0.1 0.1 0.1 0.2 04 0.2 01 0.1
TN Upper 67 123 210 70 158 770 408 70 158
(ppm) Lower 18 35 35 175 70 158 70 35 35
AYN  Upper 14 7 14 7 14 28 21 14 14
(ppm) Lower 14 7 7 14 7 0 14 0 7
AvP Upper 4 2 4 2 36 382 193 23 49
(ppm) Lower 3 1 1 2 26 52 16 12 20
Ex.K Upper 10 30 60 25 25 40 30 25 30
(ppm) Lower 10 20 20 20 20 25 20 140 20
Ex.B Upper 024 0.38 049 0.26 0.22 444 3.84 0.35 043
(meq/100g) Lower  0.24 0.31 0.26 0.29 0.21 144 0.51 0.85 022

Agronomic plots (cassava and pineapple)

Cassava Pineapple
Initial After 57 months After 30 months
condition TCO0 TCOm TC-1 TC2 TC3 TPO TP-1 TP2 TP-3
pH Upper 52 6.3 54 7.1 70 48 4.8 7.2 7.0 45
Lower 5.1 6.3 6.3 7.0 6.9 49 53 6.8 61 49
Organic Upper  0.09 02 10 27 22 13 03 14 19 04
matter(%) Lower  0.03 0.1 0.1 0.1 16 0.3 0.0 0.1 01 01
T-N Upper 67 100 400 1300 1000 200 158 630 823 140
(ppm) Lower 18 100 100 100 200 40 18 35 57 70
AvN Upper 14 7 14 14 21 14 14 14 14 7
(ppm) Lower 14 14 14 14 21 14 28 14 0 7
Av.P Upper 4 3 3 1213 750 107 2 522 46 149
(ppm)  Lower 3 2 2 24 119 49 2 9 11 32
ExK Upper 10 20 20 30 30 20 10 30 30 20
(ppm) Lower 10 20 10 10 10 20 20 20 20 10
Ex.B Upper 024 0.34 0.46 447 3.82 047 047 5.07 735 033
(meq/100g)Lower  0.24 0.37 031 0.59 0.94 0.60 0.14 0.38 036 025

the application rate of compost and chemical fertilizer in the agronomic plots was higher than
in the silvicultural plots, difference between fertilized and non-fertilized plots was greater.

Every specific value on soil fertility was higher in mulching plots (TC-1, -2, TP-1, -2)
than in non-mulching (TC-1, TP-1), and non-fertilized plots (TC-0, TP-0). In TC-Om,
mulching treatment was applied in addition to TC-0 (plowing only), and consequently, higher
organic matter and total nitrogen content were observed in TC-Om than in TC-0. As stated
before, in mulching plot under Eucalyptus, we could find abundant earthworms. However,
there was no proof of earthworm activity under mulching in TE-Om probably due to the year-
ly plowings in preparation for new crops. Tree plantation is more favorable way of manage-
ment than intensive agriculture to improve biological activity under such an extremely poor
soil condition.

Among two agronomic plots, the amount of OM, T-N, and Av. P in cassava plots was
more than that in pineapple plots, whereas, the other properties fluctuated in a similar manner
with each other, and also to the same degree. The reason for this phenomenon would be a
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subject to study furthermore.

Yield of Cassava and Pineapple

In order to exemplify the possibility of agriculture on the gravel tailings after tin mining,
cassava and pineapple were cultivated in Takuapa. Yield of cassava is summarized in Table
4. The highest yield was always obtained in TC-2, where mulching, city compost, and chem-
ical fertilizer were applied. When chemical fertilizer was applied, mulching (TC-3) and city
compost (TC-1) gave almost same effect on the cassava yield for 4 years. On the contrary,
little products could be collected from the control plot, TC-0. However, with only mulching,
(TC-Om), the yield went up to approximately to one-fourth that of TC-3. These data indicat-
ed the effectiveness of mulching.

It is quite obvious that luxurious treatment in TC-2 gave the highest yield even under a
poor soil condition both in chemical and physical properties. However, considering the
economical aspect, intensive treatments conducted here were far beyond sustainable.
Mulching materials such as Imperata grass can be collected easily from the local abandoned
area, and therefore, promising way of approach here. Furthermore, if possible, application of
chemical fertilizer at the same time will assure a reasonable produce of cassava.

In Tables 4 and 5, total biomass of cassava and pineapple is shown. Yield of cassava is
represented in fresh weight basis only in 1986. Judging from another four years' data and
calculating into oven-dried basis, approximately 25% of fresh weight would be equivalent to
the dry weight. Accordingly, cassava dry yield of 1986 would amount to the mean of those of
1988 and 1987.

According to the Office of Agricultural Economics (1989), average cassava yield in
Thailand from 1980 to 1989 was 14.96 t fresh root ha-l. Verapattananirund et al. (1988)
reported the yield of 16.6 t fresh root ha-! on the sandy soils in North-east Thailand, using a
traditional farmers' practice of plow-harrow before planting and three hand-weeding opera-
tions during the initial stages of cassava development. Compared with their result, 21.2 t fresh
root yield ha-! of TC-2 in 1986 showed the possibility that careful management could
produce enough amounts of cassava even in far more infertile soil after mining at Takuapa in
Southern Thailand. El-Sharkawy & Cock (1987) showed the yield of 57 t fresh root ha-1 in
Colombia, using high yielding variety, CM 507-37. Introduction of a high yielding variety
may enable commercial management of this crop.

Average yield of pineapple in Thailand from 1980 to 1989 was 24.17 fresh tons ha-l
(Office of Agricultural Economics, 1989), whereas, Sanchez (1976) reported the yield of 12.5
dry tons ha-l. Even at the luxurious plot (TP-2), its highest yield in 1988 was 3.06 dry tons
and 23.72 fresh tons ha-l. It was considered as comparable to the standard value in Thailand,
but not high at all considering the intensive treatments. Furthermore, after the first harvest,
we could not do any more harvesting. Commercial plantation in more profitable condition
found in the central plain of Thailand could harvest at least 3 crops in 3 years. Considering
these situation, successful management of pineapple on the gravel tailings need more effort
and research activity.

Total biomass of pineapple in TP-2 was highest, 13.1 tons ha-! in 1988, and 50% higher
than that of cassava (TC-2), 9.58 tons ha-! in 1988. Cropping periods of one and half year for
pineapple and eight months for cassava, might be a reason for it. This relationship was true
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Table 4. Biomass of cassava from 1985 to 1990.

Plot Jan.'86 Feb.'87 Jan.'88 Jan.'89 Jan.'90
Part
TC-0
Leaf 0 0 0 0 0
Stem 0 0 0 004 0O
Tuber 0 0 0 0 0
Stick 0 0 0 0042 0
Total 0 0 0 0.046 O
TC-Om
Leaf - 0.002 0.024 0.007 0.008
Stem - 0.080 0.232 0.215 0.302
Tuber - 0417 0960 0.976 0.654
Stick - 0.259 0.252 0.333 0.566
Total - 0.758 1468 1.531 1.530
TC-1
Leaf 0.080(0.017)  0.056 0.344 0.079 0.060
Stem 8.332 (2.600) 0364 1.368 2.081 1.192
Tuber 11.044 3.069) 0.720 2.520 4.756 2.602
Stick - 0468 0.696 0811 0.716
Total 19.456 1.608 4.928 7.726 4.570
TC-2
Leaf 0.068 (0.014) 0.044 0204 0.020 0.036
Stem 10.456 (3.262) 0.608 3.076 1936 1.626
Tuber 21.208 (5.896) 3.148 5.588 7.344 4.857
Stick - 0.700 0.716 0803 1.105
Total 31.732 4500 9.584 10.104 7.624
TC-3
Leaf 0.056 (0.012)  0.020 0.124 0.047 0.020
Stem 6.776 (2.114)  0.280 1.380 0.882 0.882
Tuber 8.832(2.455) 1.688 3.312 3.281 3.200
Stick - 0432 0580 0645 0.684
Total 15.664 2420 5396 4.855 4.786
(tons/ha, oven-dried basis)
-:no data

Figures in parentheses represent the calculated
values into oven-dried weight

for the other plots with the same soil treatments, namely, between TC-1 and TP-1, TC-3 and
TP-3.

Combination of mulching and chemical fertilizer (TP-3) produced approximately 50%
more biomass of pineapple (as well as crop yield) than that of compost and chemical fertilizer
(TP-1). This was not true for cassava, namely, these two treatments seemed to be equivalent
in yield. Response to the treatments between pineapple and cassava can be explained by their
root distribution. Pineapple roots are concentrated on the surface soil near the mulching
materials, whereas, cassava root develops more deeper in the solum. Pineapple roots, there-
fore, could receive more profitable effect from mulching since the prosperous roots are
concentrated just below mulching. Another possible cause may be that cassava roots suffer
from the over-wetting condition in the rainy season, which often spoils the quality of root. In
this sense, mulching treatment as water holding material would not contribute more than as
ion exchanger, especially for cassava.
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Table 5. Biomass of pineapple from 1986 to 1988. Chlorophyll Content
Chlorophyll and nitrogen content of
Plot Oct.'86 Oct.'88 . .
Part leaves has been studied especially for
P0 the appropriate fertilization to rice plant
Fruit 0 0.080° 0052 0320 (Youn & Ota, 1973). Unfortunately,
Stalk 0 0.016 adaptability of this relationship to cassa-
Crown 0 0.084 va has not been clarified yet, and upon
Leaf+stem - 1.028 this, we tried to evaluate chlorophyll
Root - 0.536 .
Total 0 1.716 content of cassava leaves using chloro-
TP-1 phyll meter (SPAD 501).
Fruit 0.408 2.808° 1.380 10.724" Chlorophyll meter, SPAD 501, was
Stalk 0.39 0.164 devised in 1983 by Soil and Plant
Crown 0156 0.640 Analyzer Development. Some
Leaf+stem - 2.876 . .
Root 3 0.992 researchers have exemplified the linear
Total 0.960 6.052 relationship between reading of the
TP-2 meter and nitrogen content in leaves of
Fruit 1428 15357° 3.056 23.716 rice plant (Tyubachi er al. 1986;
Stalk 0.944 0272 Kitagawa er al. 1987). In addition, both
Crown 0.596 0.780 h b £ d be higher in th
Leaf+stem - 7 668 ave been found to be higher in the
Root - 1.164 vegetative stage than in the productive
Total 2.968 13.140 stage (Kitagawa er al, 1987).
TP-3 . . Furthermore, the linear relationship was
Fruit 0.748 5.158°  1.876 16.180 confirmed between readings and the
Stalk 0.152 0.180
Crown 0.272 0.736 actual content of chlorophyll (M. Ueno,
Leaf+stem - 4.792 1990), where regression equation was
Root - 1.812 different among cultivars of rice plant.
Total 1.172 9.3% Measurement was conducted for
TES " " seemingly active cassava leaves (24
Fruit 0.072 0.628 0.248 2.008 . .
Stalk 0.044 0.020 weeks after planting) in 1985, 1987,
Crown 0.028 0.088 1988, and 1989. Since chlorophyll
Leaf+stem - 0.608 content was reported to be fluctuated
Root - 0.664 with the growing stage of rice plant,
Total 0.144 1.628

growth and development of cassava will
(tons/ha, oven-dried basis)

~nodata *:fresh weight be reviewed briefly according to El-

Sharkawy & Cook (1987); During the
first few weeks of crop establishment,
the plants form a fibrous root system, mainly in the upper layer (1 m) of soil. About 2 to 3
months after planting, some of the fibrous roots (from 5-15 roots per plant) start to expand
rapidly, forming storage roots for starch. The formation of leaves in cassava has preference
for available assimilates over storage roots in the first 3 months of growth. However, after
this period, cassava continues to form new leaves concurrently with storage root filling. The
leaf area index (LAI), leaf area per ground unit area, increases in the first 3 to 6 months and
then declines gradually as the older leaves in the lower strata of the canopy fall.
Taking this into consideration, the ages of the leaves when examined (24 weeks) were
generally at the maximum LAI stage when root filling has already started. Thus, chlorophyll
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Table 6. Result of Duncan's multiple range test for the readings of
chlorophyll meter of cassava leaves. Upper: plot name. Lower: mean
values of the readings of chlorophyll meter.

Year/age Plot name and
(Replication)  Readings of chlorophyll meter

1985/24w TCO TC3 TC1 TC2

(n=70) 2122 2270 352¢ 375d

1987 /24w TCO TCOm TC-3 TC2 TC-1
(n=55) 2492 274b 423c¢ 471d 499
1988 /24w TCO TCOm TC-1 TC3 TC-2
(n=20) 19.82 264b 3320 332¢ 36.2d
1989 /24w TCO TCOm TC-3 TC-1 TC2
(n=20) 2552 3060 34.1¢ 358¢ 41.9d

content of leaves would be reflected on the yield and biomass. Results of measurement were
summarized in Table 6, together with the result of Duncan's new multiple range test. Simple
correlation analysis during 1987 to 1989 was conducted, excluding the data in 1985 because
no data were available on crop yield and total biomass on oven-dried basis. Correlation coef-
ficients of 0.75 and 0.67 were obtained between readings of chlorophyll meter and total
biomass and also between readings and crop yield, respectively. These values are not signifi-
cantly high, but could be used as an index to predict the yield. Research activity including
the examination on a optimal timing of measurement merit further attention since this
measurement is very simple and considered to be valuable for practical manipulation of tropi-
cal crops through an appropriate and direct countermeasure.

Economical Aspect

Economical aspect is very important even for sustainable agriculture. In that sense, intensive
treatments are equivalent to the money consuming practice. In Table 1, treatment cost, maxi-
mum yield during this experiment, and calculated maximum income using average farm
price from 1980 to 1989 are included. For.cassava, farm price fluctuated significantly within
these 10 years, from 0.40 to 0.89 Bahts/kg (Office of Agricultural Economics, 1990). That is
also true for pineapple, i.e., 0.91 to 1.98 Bahts/kg. Taking these values into consideration,
the calculated maximum income is much less than the investment for cassava. However,
pineapple cultivation using mulching and chemical fertilizer (TP-3) would be more promis-
ing, if farmers can collect mulching materials by themselves. Mulching materials such as
Imperata grass can be collected easily from the local abandoned area. At the same time, this
practice can be considered as weeding, which will supply further land for agriculture.
Besides, in our experiment, the amount of mulching materials was too much to apply routine-
ly (36 tons ha-1). This amounted to 9 times greater than that adopted by Lal (1974), who
used 4 tons ha-1 of rice straw for mulching. Thus, quantitative evaluation of the amount of
mulching on crop yield should be further studied. It will make it possible to think out a more
profitable way to agriculture in Takuapa.
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BHEE, B. PRACHAIYO, T ATTANANDANA, V. TANPIBAL, K X, REEEZ,
SHTRER, (KARZ 21 OLBEHIEMICHIIEMEEHORE I 277/
FEERMICH T IEMOREICKH T 5 HIFEREE, B, BXEDE

& A DHEER, #5123 #IE (Phang-nga Province) (2 (X A XFLIUAE 2o A XA % K TEH
U723 i, RIS & o RIS kL, B, BOBEERITRS . BERTORAREIIIK
ERETH Y, NBRREEBRORAD R INT VS, I THRFZIE [HEEHFTE, Waste
Land Project] (WLP) »—¥g& LT, /Y #BD S 7 773 (Takuapa) DR & BEORIEMIZ B>
TEucalyptus camadulensis % % tMORABHE D 720 \hiflf L, WEE% REDHKERT 12012
Fx o NENSFy TVERRE L

TS AEE LT - {LFIEEE (1.67 ton/ha/yr) - City compost DEAE (12.5
ton/ha/yr) - 8 & U'F # Imperata cylindrica D7 7 (16.7 ton/ha/yr) (& B=IVF ¥ 7 (HF
DHTE) %k HMmTo FORTINF V7 HBARICHIEWICH Do EDRVAETH oo £DH
BELTHE, ) BSEVEHCBVTHEORSEBEY T, i) —FhLviikoktrz
B, i) TNF ¥ IHMBED S ODHEY CHREFE L LTHAIN, $ 72 TEMEY LI
BEiERAT 2, iv) SOCBGTHELEDDLILILL > THHITETTEL I EVHETDH
nb,

REMOEFEICETAEYE, FHAVICLDTNTF v 7 LA EbE/ Eucalyptus camadu-
lensis DIEFAS - &£ b RALDBVHETH B, —F, ERWEREHFEDOHNY, Lo Ld
R X v FNENA Ty TVONHRBE Lk, TI0L) BITCRFEEHRTEIAT
B0, SORBBNHFATRTH,






