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PRODUCTIVITY OF PLANTS AND SOIL CHANGES IN
AGROFORESTRY SYSTEM :
A CASE STUDY ON LAND AFTER TIN MINING
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ABSTRACT

The reforestation experiment was conducted on tin mine tailings at Takua Pa district,
Phangnga province. Eucaluptus camaldulensis was used for silvicultural plots, while pineapple
and cassava were for agronomic plots. The mean annual stem biomass increment (MABT)
of E. camaldulensis was only 0.13 ton ha' yr' without treatment. The biomass production
rate of E. camaldulensis was improved by mulching treatment (MABT = 0.9 ton ha' yr'!)
and clayey soil dressing with fertilization (MABT = 3.7 ton ha™ yr''). Organic matter
application like compost and mulching seemed to be the most promising method to improved
the deteriorated soil in the study site. Increase in pHw, OM, T—N, Av.N, Av.P, Ex.K
and Ex.B were observed, while no remarkable change was observed in the others (EC, Ex. Ca,
Ex. Mg, Ex. Na) during the five years of study. The crop cultivation trails revealed that
the intensive care, including mulching treatment, could increase the yield of cassava and
pineapple to the commercial level both in traditional system and in agroforestry system.
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Table 1 Experimental desing at Takua Pa experimental site, a tin mined spoil land. Plot

size was 600 m?, and the spacing of trees was 2m x 2m.
Plot Sp." Plowing® CF* Compost* Mulch” Soil® Intercrop Coverplant”
——— (ton/ha/yr)——— dressing (’85—'88) (85— "89)
TE-01 Ec - - — = - - =
TE-02 Ec - - - 13.3—-33.3 - - -
TE-1 Ec o+ - - - = - -
TE-2 Ec s 1.67 - - - = =
TE-3 Ec + 1.67 12.5 = - - —
TE-4 Ec + 1.67 12.5 - - - -
TE-5 Ec + 1.67 - - - Pineapple -
TE-6 Ec + 1.67 - = - - Stylosanthes

1) Ec : Eucalvdius camaldulensis. G — month old saplings were transplanted in May, 1985.

2) Plowing : By farm tractor in May, 1985, and by hoe from 1986 at the time of fertilizer application.
15:15:15 N:P:K.

3) chemical fertilizer :

4) Compost : Bangkok compost No. 1 made of city waste,

5) Mulching : Imperata cylindrica (33.3 ton fw./ha) mulched on the forest floor in Dec. 1985, and the grass was
added in Dec. 1986 (13.3 ton/ha), Jan. 1988 (16.7 ton/ha) and Jan. 1989 (16.7 ton/ha).

6) Soil dressing : Clay soils were put into each of 0.5 m x 0.5 m x 0.5 m transplanting hole.
7) Seeds of sivlosanthes spp. were repeatedly sown from 1985 to 1988,

Table 2 Schedule of tree censuses in silvicultural plots, Census no.0 denoted the date of

transplanting in years.

Census No. 0 | 2 3 4 5 6 7 8
Takua Pa
Date '85 '85 '86 '87 87 "88 '88 89 '89
May Oct Apr Apr Oct Apr Oct Apr Oct
13 28 14 22 8 3 7 25 10
T 0 .46 92 1.94 2.41 2.89 341 3.95 4.41
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Table 3 Coefficients of allometric relations used in the present study. Allometric equations
was expressed as y = ax", where x and y represented Di, *H (cm, m) and weight

of each organ in gram.

Site Sp’ organ Coefficient r
a h
Takua Pa Ec Stem 30.65 0.8140 0.990
Branches 3.588 0.9220 0.936
Leaves 25.17 0.6734 0.923
Roots 30.78 0.8346 0,975

1) Code of species names Ec : Eucalyptus camaldulensis



Nsmsuenaas 12: 118—137 (2536)

123

Table 4.1 Survival and growth of E. camaldulensis planted in TE —01 (control plot).YS, YB,
YL, YR, YT and Y denotes the stem, branch, leaves, roots, aboveground, and
total biomass, respectively. For the date of tree census, see Table 2.

Census 0 ! 2 3 4 5 6 7 8
N of tree 104 104 103 98 96 9% 95 94 93
Survival 1.00 1.00 0.99 0.94 0.92 0.92 0.91 0.9 0.89
DO Mean (cm) = 0.93 1.02 1.41 1.78 2.06 - 257 -
SD - 0.19 1.26 0.38 0.57 0.67 - 0.90 -
D 30 Mean (cm) <= 0.61 0.65 0.96 1.29 132 1.67 1.88 2.04
SD - 0.14 0.17 0.28 0.49 0.49 0.60 0.70 0.82
DBH Mean (cm) - 0.00 0.01 0.27 0.47 0.68 0.92 1.11 1.4
SD - 0.00 0.04 0.30 0.41 0.41 0.51 0.66 0.68
H Mean (m) 0.42 0.79 0.95 1.42 1.52 1.88 2.10 2.26 2.49
SD 0.04 0.15 0.20 0.30 0.45 0.49 0.58 0.68 0.74
YS (t/ha) 0.00074  0.0302  0.0392 0.099 0.179 0.215 0.341 0.443 0.553
YB (t/ha) 0.00000  0.0032  0.0043 0.012 0.025 0.030 0.051 0.069 0.089
YL (t/ha} 0.00089  0.0286  0.0354 0.075 0.120 0.141 0.206 0.254 0.303
YR (t/ha) 0.00042  0.0297  0.0389 0.101 0.185 0.224 0.358 0.469 0.590
YT (t/ha) 0.00163  0.0620  0.0789 0.187 0.324 0.386 0.598 0.766 0.945
Y (t/ha) 0.00205  0.0917  0.1178 0.288 0.509 0.610 0.956 1.235 1.534
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Table 4.2 Survival and growth of E. camaldulensis planted in TE —02 (mulching plot)

Census 0 1 2 3 4 5 6 7 §
N of tree 104 104 104 102 102 l‘[l2 102 100 99
Survival 1.00 1.00 1.00 0.98 0.98 0.98 0.98 0.96 0.95
DO Mean (cm) - 0.97 1.35 3.18 4.18 4.41 - 5.20 -
SD - 0.23 0.29 0.75 117 1.37 - 1.94 -
D 30 Mean (cm) - 0.64 0.94 2.53 323 3.33 3.95 4.38 4.88
SD - 0.16 0.23 0.63 1.05 1.14 1.55 1.76 .13
DBH Mean (cm) - 0.00 0.10 1.28 1.93 2.09 2.54 2.91 331
SD - 0.00 0.18 0.62 0.93 0.98 1.20 1.41 1.65
H Mean (cm) 0.42 0.79 1.23 2.12 2.65 3.07 3.45 393 4,37
SD 0.04 0.15 0.24 0.55 0.80 0.93 1.09 1.41 1.69
YS (t/ha) 0.00074  0.0326 0.872 0.679 1.296 1.553 2.340 3.083 4.111
YB (t/ha) 0.00000  0.0035  0.0106 0.108 0.228 0.280 0.449 0.618 0.862
YL (t/ha) 0.00089  0.0304  0.0689 0.374 0.631 0.732 1.019 1.269 1.598
YR (t/ha) 0.00042  0.0322  0.0881 0.723 1.406 1.693 2.580 3.428 4.610
YT (t/ha) 0.00163 0.0665 0.1667 1.162 2.156 2.565 3.807 4.970 6.571
Y (t/ha) 0.00205  0.0987  0.254% 1885 3.562 4258 6.388 8399 11181

Table 4.3 Survival and growth of E. camaldulensis planted in TE -1 (plowing plot)

Census 0 | 2 3 4 5 6 1 §
N of tree 104 104 104 103 103 103 102 102 100
Survival 1.00 1.00 1.00 0.99 0.99 0.99 0.98 0.98 0.96
DO Mean (cm) = 0.87 0.94 1.47 1.87 1.88 - 2.04 -
SD - 0.19 0.21 0.39 0.55 0.57 - 0.70 -
D 30 Mean (cm) - 0.53 0.62 1.03 1.31 1.33 1.45 1.52 1.80
SD - 0.13 0.15 0.27 0.43 0.4 0.47 0.58 0.76
DBH Mean (cm) - 0.00 0.01 0.35 0.61 0.72 0.89 1.01 1.20
SD = 0.00 0.03 0.25 0.33 0.34 0.39 0.45 0.56
H Mean (cm) 0.42 0.79 1.04 1.54 1.65 1.93 2.19 234 2.49
SD 0.04 0.12 0.18 0.30 0.35 0.42 0.46 0.61 0.66
YS (1/ha) 0.00074  0.0238  0.0384 0.121 0.198 0.225 0.289 0.346 0.486
YB (t/ha) 0.00000  0.0024  0.0042 0.015 0.027 0.031 0.042 0.052 0.077
YL (t/ha) 0.00089  0.0235  0.0350 0.0%0 0.134 0.150 0.183 0.209 0.275
YR (t/ha) 0.00042  0.0233  0.0380 0.123 0.205 0.234 0.302 0,363 0.517
YT (t/ha) 0.00163 (0.0498 0.0776 0.226 0.360 0.407 0.514 0.607 0.838

Y (t/ha) 0.00205  0.0730  0.1155 0.350 0.565 0.640 0.816 0.970 1.355
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Table 4.4 Survival and growth of E. camaidulensis planted in TE —2 (chemical fertilizer plot)

Census 0 1 2 3 - 5 6 7 8

N of tree 104 104 104 85 83 83 82 82 9]
Survival 1.00 1.00 1.00 0.82 0.80 0.80 0.79 0.79 0.79
DO Mean (cm) - 1.52 2.12 4.56 6.30 6.75 - 731 -
SD - 0.24 0.40 1.66 1.9 2.02 - PRy =
D 30 Mean (cm) = 1.05 1.55 3.68 5.00 5.54 6.28 6.34 7.50
SD - 0.18 0.32 1.47 1.83 1.87 2.03 2.13 2.34
DBH Mean (cm) - 0.01 0.42 238 3.33 4.13 4.48 4.57 5.31
SD - 0.05 0.30 1.35 1453 1.55 1.80 1.80 2.18
H Mean (cm) 0.42 1.05 1.54 2.69 3.85 4.56 5.19 5.54 6.17
SD 0.40 0.16 0.21 0.86 1.18 1.36 1.51 1.74 2.1
YS (t/ha) 0.00074  0.0895 0.2316 1.424 2.987 1977 5.307 5.726 8.194
YB (t/ha) 0.00000  0.0108  0.0318 0.262 0.606 0.837 1.160 1.268 1.901
YL (t/ha) 0.00089  0.0709  0.1553 0.653 1.208 1.535 1.947 2.069 2.785
YR (t/ha) 0.00042  0.0904  0.2396 1.559 3.330 4.464 6.000 6.490 9.370
YT (t/ha) 0.00163  0.1712  0.4186 2.340 4.801 6.348 8.414 9.063  12.879
Y (1/ha) 0.00205 02616  0.6583 3.899 8.131 10812 14414 15553  22.249

Table 4.5 Survival and growth of E. camaldulensis planted in TE —3 (compost plot)

Census 0 I 2 3 4 5 6 7 8
N of tree 104 104 104 88 88 83 83 80 79
Survival 1.00 1.00 1.00 0.85 0.85 0.82 0.80 0.77 0.76
DO Mean (cm) - 1.74 2.42 4.95 6.98 7.07 - 8.28 -
SD - 0.20 0.43 1.94 2.11 2.05 - 242 -
D 30 Mean (cm) - 1.20 1.72 4,04 5.42 6.05 6.82 7.16 7.36
SD - 0.16 0.34 1.79 1.94 2.04 2.20 2.48 2.80
DBH Mean (cm) = 0.04 0.53 2.59 371 431 4.9 5.22 5.36
SD - 0.09 0.38 1.69 1.65 1.66 1.98 1.96 2.57
H Mean (cm) 042 1.15 1.57 291 431 4.90 5.64 5.53 6.14
SD 0.04 0.27 0.28 1.13 1.26 1.29 1.65 2.22 2.45
YS (t/ha) 0.00074 0.1178 0.2822 1.934 3.905 4.888 6.546 6.725 8.084
YB (t/ha) 0.00000  0.0147  0.0398 0.373 0.812 1.049 1.468 1.529 1.897
YL (t/ha) 0.00089  0.0891  0.1827 0.838 1.527 1.834 234 2.346 2.710
YR (t/ha) 0.00042  0.1197 0.2935 2.134 4.374 5.508 7.437 71.660 9.264
YT (t/ha) 0.00163  0.2216  0.5047 3.144 6.245 1771 10.337  10.599  12.690

Y (t/ha) 0.00205  0.3413  0.7982 5278 10619 13279 17775 18.260  21.954
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Table 4.6 Survival and growth of E. camaldulensis planted in TE —4 (dressing plot)

Census 0 ! 2 3 B 5 6 7 8
N of tree 104 104 104 102 101 100 99 91 91
Survival 1.00 1.00 1.00 0.98 0.97 0.96 0.95 0.88 0.88
DO Mean (cm) = 31.76 4.65 7.29 8.61 9.12 - 9.75 -
SD - 0.85 0.95 1.59 2.02 2.04 - 2.60 -
D 30 Mean (cm) - 3.04 3.78 6.44 71.54 8.29 8.79 8.77 9.34
SD - 0.72 0.78 1.57 1.91 1.98 2.29 2.54 275
DBH Mean (cm) - 1.57 241 4.75 5.56 6.19 6.61 6.80 T.18
SD - 0.75 0.76 1.42 1.68 1.82 2.06 217 2.55
H Mean {cm) 0.42 2.32 273 4.82 6.21 6.85 7.76 7.70 8.30
SD 0.04 0.52 0.54 1.28 1.42 1.63 2.08 2.66 2.94
YS (t/ha) 0.00074  1.0069  1.6055 6.154 9.584 11943 14650  13.421  16.385
YB (t/ha) 0.00000  0.1688  0.2854 1.318 2.173 2.792 2,539 3.257 4.097
YL (t/ha) 0.00089  0.5202  0.7682 2.312 3.339 4,000 4,708 4.289 5.045
YR (t/ha) 0.00042 1.0824 1.7454 6.932 10.915 13,681 16.886 15.482 19.009
YT (t/ha) 0.00163  1.6959  2.6590 9.784  15.096  18.735  22.897  20.966  25.528
Y (t/ha) 0.00205  2.7784 44044 16,716 26,011 32415 39783 36.448 44597
Table 4.7 Survival and growth of E. camaldulensis planted in TE -5 (agroforestry plot)

Census 0 1 2 3 4 5 6 7 8
N of tree 104 104 104 102 81 9 79 76 75
Survival 1.00 1.00 1.00 0.98 0.98 0.76 0.76 0.73 0.72
DO Mean (cm) - 1.59 2.03 4.9] 5.82 6.50 - T35 -
SD - 0.27 (.38 0.99 2.07 2.17 - 2.46 =
D 30 Mean (cm) - 1.06 1.45 4.26 4.65 5.50 6.38 6.60 7.38
SD = 0.21 0.29 0.93 1.91 1.99 2.41 2.41 2.83
DBH Mean (cm) 5 0.02 0.37 2.82 3.06 3.89 4.55 4.72 5.25
SD - 0.08 0.32 091 1.59 1.66 2.03 2.06 2.55
H Mean (cm) 0.42 1.09 1.43 3.08 3.87 4.34 4.91 5.47 5.61
SD 0.04 0.18 0.27 0.68 1.13 1.24 1.46 1.94 2.08
YS (t/ha) 0.00074 0.0955 0.1985 2.131 2.511 3.603 5.209 5.828 7.151
YB (t/ha) 0.00000 0.0117 0.0267 0.395 0.502 0.755 1.150 1.1317 1.665
YL (t/ha) 0.00089  0.0745  0.1365 0.967 1.036 1.399 1.892 2.056 2425
YR (t/ha) 0.00042  0.0967  0.2046 2335 2.791 4,040 5.900 6.630 8.182
YT (t/ha) 0.00163 0.1818 0.3616 3.492 4.049 5.750 8.251 9.200 11.241
Y (t/ha) 0.00205  0.2784¢  0.5662 5.827 6.840 9.796 14152 15830  19.424
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Table 4.8 Survival and growth of E. camaldulensis planted in TE — 6 (cover plant plot)

Census 0 1 2 3 4 5 6 7 8
N of tree 104 104 103 8 79 78 78 76 73
Survival 1.00 1.00 0.99 0.77 0.76 0.75 0.75 0.73 0.70
DO Mean (cm) = 1.36 1.75 3.88 5.4 6.06 - 7.52 -
SD - 0.26 0.38 1.50 2.29 2.19 - 2.19 =
[ 30 Mean (cm) - 0.89 1.44 312 3.91 4.63 5.54 5.87 6.56
SD - 0.19 1.34 1.25 207 2.20 2.45 2.41 2.68
DBH Mean (cm) - 0.00 0.21 1.72 2.3 313 3.85 4,19 4.73
SD = 0.02 0.26 1.02 1.47 1.71 1.86 1.86 2.10
H Mean (cm) 0.42 0.97 1.25 2.20 2.90 3.62 4.28 4,65 5.21
SD 0.04 0.18 0.23 0.67 0.99 1.36 1.43 1.73 1.73
YS (t/ha) 0.00074  0.0661 0.2225 0.860 1.718 2.577 3.839 4,309 5.420
YB (t/ha) 0.00000  0.0077 0.0353 0.149 0.333 0.525 0.819 0.934 1.215
YL (t/ha) 0.00089  0.0549  0.1342 0.428 0.739 1.039 1.455 1.599 1.925
YR (t/ha) 0.00042  0.0663  0.2356 0.931 1.898 2.874 4,321 4,864 6.138
YT (t/ha) 0.00163 0.1287 0.3920 1.437 2.790 4.141 6.114 6.842 8.560
Y (t/ha) 0.00205  0.1949  0.6277 2.368 4,688 7.016 10434 11707 14.718
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Fig. 2 Biomass growth of Eucalyptus camaldulensis plantation in control plot of the study site.
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Fig. 83 Seasonality of biomass increment in
Eucalyptus camaldulensis plantation in  the
study site. Monthly mean temperature and
precipitation are shown following the manner
of Walter's climate diagram, and bilomass
increment rate between succeeding censuses
are shown for some plots. The negative
biomass increment in TE - 4 was caused by
the death of large tress after an abnormal

defoliation in 1988.
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Fig. 4 Biomass growth of Eucalyptus camaldulensis plantation in the study site. An arrow
indicates the start of mulching experiment in TE —20
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Fig. 5 Survival curves of Eucalyptus camaldulensis in the study site.
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Table 5 Chemical and physical properties of original soils

Plot Depth pHw EC OM T-N AvN  AvP ExK ExAl TA Ex.B CEC  Sand Silt clay
uS/cm M, ppm meq/ 100g Ty
TE-01 0-20em 5.2 13 0.9 67 14 4 10 0 0.31 0.2 0.36 9 3 0
0-40cm S k] 0.03 18 14 3 10 0 033 0.2 0.44 ] | 0
40-60cm 5.1 9 0.05 46 11 2 10 0 0.40 014 028 % | 0

pHw, pH measured in water ; EC, Electric conductivity ; OM Organic matler ;
Av.P, Available phosphorus ; Ex.K, Exchangeable K ; T— N, Total nitrogen ;
Av.N, Available nitrogen ; Ex.Al, Exchangeable Al ; TA, Total acidity ;

Ex.B, Sum of the exchangeable bases CEC, Cation exchange capacity ;
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Table 6 Biomass of Cossava in Takua Pa (tons/ha. oven dried basis)

Harvest
timing Jan.’85* Feb.’87 Jan.’88 Jeb.'89 Jan.'90
TC-0
Leaf 0 0 0 0 0
Stem 0 0 0 0.004 0
Tuber 0 0 0 0 0
Stick 0 0 0 0.042 0
Total 0 0 0 0.046 0
TC -0m
Leaf — 0.002 0.024 0.007 0.008
Stem - 0.080 0.232 0.215 0.302
Tuber - 0.417 0.960 0.976 0.654
Stick - 0.259 0.252 0.333 0.566
Total - 0.758 1.468 1.531 1.530
TC—-1
Leaf 0.080 0.056 0.344 0.079 0.060
Stem 8.332 0.364 1.368 2.081 1.192
Tuber 11.044 0.720 2.520 4,756 2.602
Stick - 0.468 0.696 0.811 0.716
Total 19.456 1.608 4.928 7.726 4.570
TC-2
Leaf 0.068 0.044 0.204 0.020 0.036
Stem 10.456 0.608 3.076 1.936 1.626
Tuber 21.208 3.148 5.588 7.344 4,857
Stick - 0.700 0.716 0.803 1.105
Total 31.732 4.500 9.584 10.104 7.624
TC—3
Leaf 0.056 0.020 0.124 0.047 0.020
Stem 6.776 0.280 1.380 0.882 0.882
Tuber 8.832 1.688 3.312 3,281 3.200
Stick - 0.432 0.580 0.645 0.684
Total 15.664 2.420 5.396 4.855 4.736

*: fresh weight — : no data
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Table 7 Biomass of pineapple in Takua Pa and Ratchaburi (tons/ha, oven dried basis)

Takua Pa Ratchaburi
Harvest Oct.’86 Oct,'88 Oct.’88  May.,Jun.'88  Apr.,Jun.'8y
timing
TP-0 RP-0
Fruit 0 0.052 0.975 0.170 0.165
(0.080) (0.032) (7.790) (1.538) (1.458)*
Stalk 0 0.016 0.060 — ~
Crown 0 0.084 0.710 -
Leaf + stem - 1.028 = - -
Root - 0.536 — - -
Total 0 1.716 1.745 0.170 0.165
TP—1 RP -1
Fruit 0.408 1.380 2.185 1.285 1.305
(2.808) (10.724) (14.665) (11.490) (11.645)
Stalk 0.396 0.164 0.085 - -
Crown 0.156 0.640 0.805 — =
Leaf + stem - 2.876 = = -
Root - 0.992 - - -
Total 0.960 6.052 3.075 1.285 1.305
T™P-2 RP-2
Fruit 1.428 3.056 1.610 0.835 1.195
(15.357) (23.716) (12.9935) (7.470) (10.655)
Stalk 0.944 0.272 0.155 - -
Crown 0.596 0.780 0.740 - -
Leaf + stem - 7.668 - = =
Root - 1.164 - - —
Total 2.968 13.140 2.505 0.835 1.195
TP-3 RP-3
Fruit 0.748 1.876 0.215 1.450 1.155
(5.158) (16.180) (1.745) (13.275) (10.340)
Stalk 0.152 0.180 0.120 = =
Crown 0.272 0.736 0.150 - -
Leaf + stem - 4,792 — = =
Root - 1.812 - - -
Total 1.172 9.396 0,485 1.4%0 1.155
TE-5 RP -4
Fruit 0.072 0.248 1.335 1.505 1.215
(0.628) (2.008) (8.955) (13.425) (10.840)
Stalk 0.044 0.020 0.085 - -
Crown 0.028 0.088 1.105 -
Leaf + stem 0.608 — — -
Root 0.664 - - =
Total 0.144 1.628 2,525 1.503 1.215

Fruit yield in parentheses in expressed on fresh weight basis.
- : no data
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Table 8 Treatments and cost for experimental plots (3)

Plot Area Plowing CF* Compost Mulch Cost/ha Crops
m2 (t/ha) Bahts
Takua Pa
TC-0 125 = = = - - Cassava (1985 -90)
TC-0m 125 . = - 36 36,000 //
TC-1 250 + 4 24 - 60,000 7/
TC-2 250 + 4 24 36 96,000 /7
TC-3 250 + 4 - 36 60,000 //
TP-0 250 % = = = —  Pineapple (1985 88)
TP-1 250 + 4 24 60,000 7/
TP-2 250 + 4 24 36 96,000 /7
TP-3 250 + 4 - 36 60,000 //

—, not done ; +, done ; //, same as above ; CF*, Chemical Fertilizer
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