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Soil Physicochemical Properties in Mining Areas and Plantation Forest for Land

Reclamation of Ban Pu Lignite Mine, Li District, Lamphun Province
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Abstract: Soil properties of Ban Pu Lignite Mine were studied at three sites: natural forest, mine pit and plantation
forest, by making 7 soil pits and collecting samples along soil profiles at 0-5, 5-10, 20-40, 40-60, 60-80 and 80-
100 cm depth. Analysis of physicochemical properties of soil samples was taken in the laboratory. The physical
properties varied greatly with sites and soil depths, and not suitable for plant growth. The soils were the
weatherd rocks, gravels and fragmented rocks or clays. Bluk density was moderately, moderately low and low
caused by the type of material and rock gravel. Soil texture were sandy loam or loamy sand or clay loam. Soil
reaction in natural forest was almost neutral whereas those soils of bare site and plantation forest at the bottom
of mine pit were extremely acid. In contrast, the soil reaction of upper area of mine pit was neutral. In areas of
plantation forest 1 and 2, the reaction varied greatly along soil depths: neutral, slightly acid and very strongly
acid, while that of plantation forest 3 was ultra acid almost soil depth. Organic matter, carbon and nitrogen
contents were low in soils of both mining areas and natural forest; however, some layers of subsoils contained
the higher contents than surface soils as similar as variations of available phosphorus, extractable potassium,
calcium and magnesium. These caused by the dumping weatherd rocks, gravels and fragmented rocks or

subsoils on the surface soils.

Keywords: Land reclamation, lignite mine, mining land, plantation forest, soil properties
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, & A
wigaanill 3 Wi
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#iaiug Hindgn Ae lidnuazazion

Table 1. General characteristics of research sites

(2) Nunila an 2 (plantation forest 2)

uthgnlfidndou

& 1
I~ a

(3) Wunil1ign 3 (plantation forest 3)
Wuilgnlddnuaznsediunisd

2. MSANENANLTANNANNURLLANUIRIAY
YANQNAUNTIN 1.5 m WazAn 1 m AUIu 7
vaa 3 AiiAe Uhassuanf 1 wan reutemiles 3
G meﬂ’]ﬂqﬂﬁyuﬁﬁ”\iau 3 uqu usaetAuly
WA AZUaUTATILAN 0-5, 5-10, 10-20, 20-40, 40-60,
60-80 WAL 80-100 cm LAZILATIZWANaL19A 1Y
HagUfiRng e nmauTAnenann B (1)
AsuLLusan TaeiE core method AAMLARIANN
WaRUTTINAtend 2 mm (2) FNNUNTIALAZIL
TneAadaiinmiin (3) iWeaulaedsnisduia Anm
antimnaaR e (1) UfAsenAu (soil reaction, pH)
Tneld pH meter W8RG UAUA R 11 (2)
BunsadnguazA1fuauliaz wet oxidation 284
Walkley and Black (Nelson and Sommers, 1982) (3)
Tulnsiauianunld3a micro Kjeldahl method
(Bremner and Mulvaney, 1982) (4) Waanasaniiluy
1l9¢TermeTI%3% Bray Il wae colorimetric method (Olsen
and Sommers, 1982) (5) nuna@aufignunsoainld
EBnnsarinfaaasazane ammonium acetate 1 N,
pH7.0 LAaTE T UAAAY 1A3a4 flame photometer
(Knudsen et al,, 1982) (6) WARAIE SNLALUNNT e
gnansnana i 1R Sn1san nAaeansazae ammonium
acetate 1N, pH 7.0 LAZB 1WA H 28 \A3 84 atomic

absorption spectrophotometer (Lanyon and Heald, 1982)

Site Site characteristics

Dominant tree species

Natural forest Dry dipterocarp forest

Mine pit 1. Lower area

2. Lower area

3. Upper area
Plantation 1. Dumping area 1
forest (18 yrs)) 2. Dumping area 2

3. Dumping area 3

Dipterocarps

No reclamation

Teak, Azadirachta sp.
Teak, Leucaena sp.
Teak, Azadirachta sp.
Teak

Teak, Acacia sp.
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1. ANUTANIIN1EATNURIA U (soil physical
properties)

A13197 2 LAASANITANIINIEATNUN S
dsrnsresinily 3 Wi

1.1 AMNRUILUUTINTDIAY (bulk density)

(1) thassutnm

ﬁuﬂmﬁﬁqﬁmmﬂﬁumwmﬂgﬂmmumﬂ
AN e HAuAsLmAeg (red-yellow soil) AL
ANNAN 0-40 cm ﬁmﬂwmuﬂuﬂﬂunmq (1.36-1.52
Mg/m ) Aiaudinamng aauan 4060 cm (1 20 Mg/m %)
UAANNNN LA LA (0.64-0.88 Mg/m’) 1iedann
nanmeluduiusnnuasinliiinaauties

2) RuRaainiaiuiias

Auitiawiiasduans 1 (mine pit 1) f?ﬁi@fyﬂ'
UL B us 090wl e Han sz iTuEng
i (Uewiles BP-2) Fedlidnsgnunituy Tng
Hanwouziluiiuyaesiiuiaau (mud stone) HAI1W
1auszdanludziuey Aufinauin 0-40 om &
mmuumﬂurﬁlq (0.95-1.11 Mg/m’) flAnAewudinasili
14 40-80 cm (1.23-1.25 Mg/m’) wadl Aanamun iy
pludo 80-100 cm (1.03 Mg/m %)

wuvm'amummumq 2 (mine pit 2) 1w
fufimeutiewilasktuanefidgnil"fuyeny 18 1
naan1z1lddn (Tectona grandis) WA A LA
(Azadirachta indica) Hluugaasiulaauginiiluang
AL LU UN AT ANAN 0-10 cm (1.42-
148 Mg/m°) Hanaminsiurendinesinfinanuan 10-
100 om (1.23-1.39 Mg/m)

Fudtiawdasduuy 3 (mine pit3)
AU AAINN1IHUIAU NFIANTIELATIAERUANL S
wilesnay Snsdgninlifumidun@i@es (green
belt) furuiigueuAe gauiindde fuliidens 18
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T FuuuiinenAeuinannuazanaslufuans Audu
0-20 om TAUNUAULLAN (0.94-1.16 Mg/m®) HAn
AR AIAN 20-40 WAZ 80-100 cm (1.22 LaL
1.30 Mg/m®) WAZANTIAANAN 40-80 om (1.17-1.19
Mg/m®)

(3) ﬂqﬂgnﬁyuﬁﬁiﬁu

HuRufiRd nshAu neaanse Ay fiow
ﬁuummwﬁumnmﬂﬂmuﬁﬂawﬁfaﬁ’]mﬁ@\mﬁ'mm
uwiugs mwﬂmnmu”l.wluﬂvmmﬂ 181 Aui
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funlgnldidndau winanaiuiidgnuanszuinedn
AZLAN NIZDUDIA (Acacia auriculiformis) NTZ 14
¢§ini (Leucaena leucocephala)

ﬁyuﬁﬂgnﬂ’] 1 (plantation forest 1) tutln
Ugnlfidnuazazian RupuLETiATNEN 0-5
cm (1.18 Mg/m”) Uunanafiaau@n 5-40 om (1.43-
1.45 Mg/m®) ua¥ 40-100 cm HANAauHingsn (1.25-
1.29 Mg/mS)

Aud ﬂaﬂ‘ﬂ’] 2 (plantation forest 2) Lﬂuﬂ’l
Ugnlddnatinmandou & FuANMUMLLLLA AR AT
mmmn 100 cm (0.79-1.11 Mg/m”) N'L]“immnmmlu
Fupnn FeasinWiRuTiALALLLe

wu‘wﬂgnﬂ'l 3 (plantation forest 3) Wuflﬁ‘ﬁl
Ugnhe 4n nerliunisdd 1aan Wufiu Audiaoiu
WNULLANRANAN 0-5 cm (1.18 Mg/m®) Aiadinasin
ﬁmwﬁn 5-40 cm (1.34 Mg/m°) me‘iﬂuﬁuﬂ'w
(1.06-1.15 Mg/m°)

1.2 d3untunsaauazNaan U (gravel and soil
mass)

(1) thassutnm

AUV (0-40 cm) WnsaAsiaauan (1.79-
4.10% Toeinuin) unaunaeifisd wluduauiian
Al (19.89-54.55%) LaTHANLTNIUNIARUITUING
(67.86-302.55 kg/m/layer)
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Table 2. Some physical properties of soils in the natural forest, mining areas and plantation forest

Soil depth Bulk density Gravel Soil mass .
Type 3 2 Soil texture
(cm) (Mg/m®) (%) (kg/m*/layer)
0-5 1.36 £0.12M 410+ 1.13 67.86 Sandy loam
5-10 1.50 + 0.19M 1.79 +0.16 286.14 Sandy loam
10-20 1.51+0.12M 1.94+0.9 294.35 Sandy loam
Natural forest 20-40 1.52+0.04 M 2.09 + 0.01 302.55 Sandy loam
40-60 1.20 + 0.40 ML 19.89 + 1.22 272.58 Loamy sand
60-80 0.64 +0.04 L 54.55 +2.30 184.68 Loamy sand
80-100 0.88 +0.00 L 34.69 + 1.59 152.72 Loamy sand
0-5 0.95+0.02 L 10.87 + 2.34 47.30 Sandy loam
5-10 1.11+£0.09L 1.00 +2.13 205.52 Loamy sand
10-20 1.03+0.09L 222+1.72 205.58 Loamy sand
Mine pit 1 20-40 0.95+0.09 L 3.43 +1.31 205.64 Loamy sand
40-60 1.25 + 0.05 ML 1.21+£0.02 219.80 Loamy sand
60-80 1.23+0.14 ML 1.18 +1.31 248.24 Sandy loam
80-100 1.03+0.04 L 5.27 + 1.58 226.46 Sandy loam
0-5 1.42 + 0.08 M 6.36 + 2.55 70.85 Sandy loam
5-10 148 +0.15M 4.50 + 1.25 289.64 Sandy loam
10-20 1.39 + 0.08 ML 4.88 + 0.90 283.61 Sandy loam
Mine pit 2 20-40 1.30 + 0.07 ML 5.25+0.54 277.57 Loamy sand
40-60 1.23 £ 0.12 ML 10.19 + 4.18 252.46 Loamy sand
60-80 1.24 + 0.04 ML 6.51 +1.49 246.91 Loamy sand
80-100 1.32 + 0.03 ML 5.92 + 1.58 256.14 Loamy sand
0-5 0.94 +0.08 L 15.93 + 5.45 47.11 Loamy sand
5-10 1.10+0.03L 37.00 + 5.84 204.19 Loamy sand
10-20 1.16+0.09L 3215+ 7.16 218.04 Loamy sand
Mine pit 3 20-40 1.22 + 015 ML 27.29 + 8.47 231.89 Loamy sand
40-60 1.19+0.04L 14.20 + 6.14 240.43 Loamy sand
60-80 1.17+0.09L 14.77 + 0.11 235.16 Sandy loam
80-100 1.30+0.06 L 10.96 + 0.71 246.55 Sandy loam
0-5 1.18+0.12L 22.02 +2.38 58.87 Caly loam
5-10 1.43+£0.07M 12.66 + 5.22 261.00 Clay loam
10-20 144 +0.18 M 10.87 + 4.58 274.59 Clay loam
Plantation forest 1 20-40 145+ 0.28M 9.07+ 3.93 288.17 Clay loam
40-60 1.25+0.27 ML 7.89 +2.85 269.82 Loamy sand
60-80 1.29 + 0.10 ML 9.53+1.52 253.93 Loamy sand
80-100 1.28 + 0.20 ML 14.30 + 6.18 257.04 Loamy sand
0-5 0.96 + 0.11L 37.86 + 8.84 47.48 Caly loam
5-10 1.05+0.09L 26.90 + 3.17 201.10 Clay loam
10-20 1.03+0.10L 149.52 + 3.46 204.23 Clay loam
Plantation forest 2~ 20-40 1.02+0.11L 30.04+ 3.75 207.37 Clay loam
40-60 0.89+0.05L 37.97 + 4.64 190.54 Caly loam
60-80 0.79+0.17L 44.67 +21.90 167.37 Clay loam
80-100 1.11+0.08 L 16.47 + 2.96 190.23 Clay loam
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Table 2. Contd.

Soil depth Bulk density

Gravel Soil mass

Type (cm) (Mg/m®) (%) (kg/m*Nlayer) Soil texture
0-5 1.18+012L 17.42 + 2.39 59.08 Sandy loam
5-10 1.34 + 0.07 ML 8.03 + 3.50 252.25 Clay loam
10-20 1.34+ 0.11 ML 6.92 + 4.02 260.14 Clay loam
Plantation forest 3~ 20-40 1.34 + 0.14 ML 5.80 +4.54 268.02 Loamy sand
40-60 1.06 + 0.30 L 212+2.19 240.01 Loamy sand
60-80 1.15+0.05L 4.52 +4.36 221.04 Loamy sand
80-100 1.10+0.23 L 12.27 + 16.04 224.93 Loamy sand

Remarks: VL=very low, L=low, ML=moderately low, M=Medium (Soil Survey Division, 1993)

2) RuRaeniamiias

PauLiatuiaIAIUane 1 aulinmadieana
flaguan (1.00-10.87%) Minanfiuguasd
SuvitedRn AN PinnmaaRuil AN 47.30-248.24
kg/mZ/layer

AULBUNBIATUANE 2 NUNTIATiaeDa
faaunn (4.50-10.19%) Juaam uidunl s3z1919
70.85-289.64 kg/m’/layer

WBLLAUNRIAULY 3 ANTIALAZNINAY
Hunl 9921919 10.96-37.0% WAy 47.11-246.55
kg/m?/layer AMNANAL

(3) ﬂﬁﬂgnﬁyuﬁ'ﬁiiﬁu

Aulgniln 1 AuddFurninsan 7.69-
22.02% WATHIARU 58.87-288.17 kg/m?/layer

ﬁyuﬁ'ﬂgnﬂﬁ 2 AulnsaANIn (16.47-
44.67%) N uanuAaudineling (47.48-207.37
kg/m’/layer)

Fudtgnil 3 fnsaludududuuls
FYUGNY 2.12-17.42% WAzl uaah i 59.08-268.02
kg/m2/layer

1.3 Lﬁyﬂau (soil texture)

(1) thessnta

Autuuu (0-40 cm) Wlumusaulungne
(sandy loam) %uﬁ@ﬂﬁﬂmiﬂ WuRunseduiou
(loamy sand) %aﬁﬁnwmmﬂuﬁwﬁ”@umu

2) Rudreiniamiiag

wauLiamiaIduans 1 Aufiannudn 0-5
cm WluAusauune uARANAn 5-60 cm lufu
nenhusou funuitetanadiduausoutme

2211 aL BIE LA 2 FANAN 0-20
om fuAuiautunag wazduiieganasidduau
N9elus

aaulamiassuny 3 Auduu (0-60
cm) Lﬂuﬁummﬂuéqum%uﬁ@gjﬁﬂ@\ﬂﬂLfluﬁm'qu
tunag

(3) ﬂﬁﬂgnﬁyuﬁﬁiaau

ﬁyuﬁ'ﬂgnﬂﬁ 1 Fuduny (0-40 cm) U
$authuvilen (clay loam) Funeganasiilufunme
tugau

Fudtdgnil 2 fileAuduufusauly
WitnAeATUAIANTRIAY

Ruitrlgnih 3 fienwan 0-5 om uAusou
Uumang AANAN 5-20 cm iflufugau huviieouas
Fuedanadiifuiunmen sy

2. ANUAMILANURIAY (soil chemical properties)
A19197 3 wanaaNTANIaANIe9mululn
a & A , P , & A a
599MT7R NuNTaLLiamilasaziUgninuniee
2.1 1J)A5enmu (soil reaction)
(1) 1hassuanm
a d‘ =2 3 v
AUUUNAINNAN 0-5 cm lunsaLaniies
(slightly acid, pH = 6.3) FuRuneganasliilunang
(neutral)
(2) NuNnvauLiaLndag
YAUUBLUNDIAIUAG 1 AULUNANNAN
0-5cm Lﬂuﬂimul,mmﬂﬁzgm (ultra acid, pH = 3.3)
dununaganaluiimeanluilzluidunsnguus
17N (extremely acid) HAN pH EuuLlssemdng 3.6-4.1
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Table 3. Some chemical properties of soils in the natural forest, mining areas and plantation forest

Depth O.M. C N Extractable nutrients (mg/kg)
Type pH
(cm) (%) (%) (%) P K Ca Mg
0-5 6. SLA 238M 1.38 0.14L 4.85L 50.25 L 543.00L  57.65L
5-10 7 N 1.38ML 0.80 0.08VL 3.54L 111.20H 52250L  27.63VL
10-20 7 N 1.10ML 064 0.07VL 354L 83.2M 437.00L  23.78 VL
Natural forest 20-40 7 N 0.82L 0.48 0.06VL 3.54L 55.20 L 351.50 19.92 VL
40-60 7 N 0.78 L 045 0.05VL 3.10L 65.43 M 469.00L  38.70L
60-80 7 N 0.43 VL 0.25 0.03vL 2.57VL 67.23 M 308.75 15.65 VL
80-100 7 N 022VL 013 0.01VL 2.66VL 54.55 L 250.00 30.70 VL
0-5 3. UA 065L 0.38 0.04VL 564L 104.00H 462.70L  219.70M
5-10 3. EA 3.55H 206 021M 714ML 77.63M 316.40 143.70 M
10-20 3. EA 2.79M 162 017L 6.70 ML 67.55 M 304.90 128.85 M
Mine pit 1 20-40 3. EA 2.03 M 1.18 0.12L 6.26 ML 57.46 L 293.40 114.00 L
40-60 4 EA 1.30ML  0.75 0.07VL 6.70 ML 88.58 M 238.00 69.30 L
60-80 4. EA 1.51 M 0.88 0.06 VL 564L 170.10 247.30 72.55 L
80-100 3. EA 3.81H 221 022M  459L 59.90 L 502.00L  122.20 M
0-5 4. EA 1.30ML 0.75 0.08VL 521L 100.5H 1173.50 154.90 M
5-10 4 EA 1.219ML  0.70 0.07VL 3.98L 80.95M 555.00 L 4049 L
10-20 3. EA 1.06 ML 0.62 0.06VL 3.76L 78..25M 564.00 L 4795 L
Mine pit 2 20-40 3. EA 0.91L 0.53 0.05VL 354L 75.55 M 573.00L  55.40L
40-60 3. EA 1.08ML 0.63 0.05VL 5.03L 5410 L 543.50L 51.65L
60-80 3. EA 0.74 L 043 0.04VL 459L 59.78 L 602.00L  52.60L
80-100 3. EA 0.87 L 0.51 0.03VL 529L 68.90 M 625.00L  61.20L
0-5 6. SLA 2.16M 1.25 0.13M 8.89 ML 105.50H  556.00 L 23.15 VL
5-10 6. N 0.87 L 0.51 0.05VL 4.15L 65.93 M 530.50L  29.23VL
10-20 6. N 0.74 L 0.43 0.05VvL 3.72L 91.57 M 558.13 L 31.48 VL
Mine pit 3 20-40 6. N 0.61L 0.35 0.04VL 3.28L 117.20H 585.75L  33.73VL
40-60 6. N 0.87 L 0.51 0.03VL 2.93VL 175.10 753.75L  27.15VL
60-80 6. N 0.95L 0.55 0.05VL 3.28L 34.05L 827.00L  25.75VL
80-100 6. N 1.82 L 1.06  0.10L 3.54 L 83.45M 1039.00 36.563 L
0-5 6. N 1.04ML 0.60 0.06VL 3.71L 38.23 L 1270.00 28.69 VL
5-10 6. N 0.69 L 0.40 0.04VL 293VL 46.11 L 1558.00 44.06 L
10-20 5. SA 165ML 096 0.10L 11.39M 42.34 L 1676.25 43.73 L
Plantation forest 1 20-40 5. SA 2.60 151 0.15L 19.85 38.56 L 1794.50 43.39 L
40-60 4. VSA 3.16 1.83 0.18L 13.80 M 37.05L 2832.50 169.70 M
60-80 4. VSA 463VH 269 0.27M 12.05M 27.35VL 2519.50 221.00 M
80-100 4. VSA 048VL 0.28 0.02VvL 38.71H 28.35 VL 1668.50 165.10 M
0-5 6. SLA 216M 1.25 0.13L 15.29 114.30 H 1630.00 28.04 VL
5-10 6. N 1.73M 1.00 0.08VL 7.22ML 39.29 L 1929.50 57.70 L
10-20 6. N 1.15M 0.67 0.06 VL 6.79 ML 4314 L 1808.25 48.08 L
Plantation forest 2 20-40 6. N 0.56 L 0.33 0.03VL 6.35ML 46.98 L 1687.00 38.45 L
40-60 6. N 0.87L 0.51 0.04VL 4.77L 34.38 L 1560.50 38.15L
60-80 6. SLA 1.08ML 0.63 0.03VL 7.57ML 77.44 M 1898.00 54.25 L
80-100 4. VSA 125ML 0.73 0.03VL 10.64 M 7255 M 1875.00 206.50 M
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Table 3. Contd.

Type Depth oH O.M. Cc N Extractable nutrients (mg/kg)
(cm) (%) (%) (%) P K Ca Mg

0-5 4. VSA 281 163 0.16L  459L 66.30 M  1308.00  33.79 VL
5-10 3. EA 6.18VH 358 0.36M 3.89L 27.78VL  1136.50  67.40L
10-20 3. EA 575VH 384 038M 4.46L 31.121L 93250 L  46.40L

Plantation forest 3 20-40 3. UA 532VH 409 040M 503L 34.46 L 72850 L  25.40 VL
40-60 3. UA 18M 108 010L 968ML  11.03VL 72350L 26.44 VL
60-80 3. UA 666VH 386 035M 564L 12.92VL  758.00L  38.58L
80-100 3. UA 389VH 226 020M 740ML  41.90L 777501 56.45L

Remarks: UA=ultra acid, EA=extremely acid, VSA=very strongly acid, SA=strongly acid, SLA = slightly acid,

N=neutral, VL=very low, L=low, ML=moderately low, M=Medium, MH=moderately high, H=high, VH=very high
(Land Classsification Division, 1973; Soil Survey Division, 1993)
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