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ABSTRACT: This study aims to compare soil properties and carbon storage in soil and study the relationship between
soil properties and carbon in the soil of Acacia mangium Willd. and Acacia auriculaeformis A.Cunn. ex Benth.
The study was conducted in plantations planted in 1985, 1986, and 1987, ages 33, 32, and 31 years, respectively,
with the planting spacing of 2 m x 4 m using a completely randomized design (CRD). A total of 18 sample plots
were collected, with three replicate sub-sampling plots of size 20 x 20 m for each sample plot. Soil samples were
collected at 0-15 cm and 15-30 cm in each sub-sampling plot. The soil samples were then analyzed for physical
properties, chemical properties and carbon storage. The results showed that the texture of all soils is sandy clay
loam. The bulk density, particle density and percentage of soil porosity were similar. The pH value was between
3.68-4.21, In the soil map 48, 56 and 62, which is classified as very acidic. Organic matter content is low to high.
In the Acacia mangium Willd. The plot for the planting year 1985 had the highest organic matter value, equal to
3.65%. The total nitrogen content varied with the organic matter content. The available phosphorus content was
very low to low. Most of the exchangeable potassium, exchangeable calcium and exchangeable magnesium values
were not significantly different (p>0.05), Acacia mangium Willd. had the highest carbon storage in soil, equal to
49.62 tons per hectare. The relationship between soil carbon concentration and soil properties was analyzed. The
results showed that soil carbon concentration had a positive relationship with porosity, organic matter, total nitrogen, and
available phosphorus, but a negative relationship with clay content, bulk density, particle density, pH, and exchangeable
calcium.

Keywords: soil properties; soil carbon storage; Acacia mangium Willd.; Acacia auriculaeformis ACunn. ex Benth.
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Figure 1 Completely randomized design: CRD
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1. aUUANIINIBAINYDIRY

1) aﬂémﬂammwﬁaﬁu (soil particle and soil texture) nansAnuitieAuensziunsed uaznsziumm S1uun
\efunuszuy USDA fissduannudnsing 9 WU 'v;ﬂLLﬂanﬁé’ﬂ‘wmzLﬁaﬁmﬂuﬁuiaumﬁmﬂumw (sandy clay loam)
(Table 1 uag Table 2) InofioumansieuTanasnniign oglurasiesay 48.00-65.00 9sa3uAe sunIARumieIo
Turas 20.00-29.00 wutieniign Ao aymemsneutl oglutasiosas 11.00-25.00 mMnFsuiiteveynmailuusiassedudu
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2) AUNUIRUETINYDIAY (bulk density; Db) wazAMUNUILINBUNIAYEIAY (particle density; Dp) Wud1 A1
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MMUUTAEaroud19Rn (LIATIEY, 2549) warANIMLLLILELNIAYEIAL AegTENing 2.52-2.61 ndusagnuiead
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3) U3mnaululasiausu (total nitrogen) Han3Anw wuin Areglurefosas 0.05-0.14 Fseglusziusann
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o

NMTAATIZAANULANANNWEDH NUIMIRUALANA1AUeEeludtsdAYy (0>0.05) (Table 3 waz Table 4)

o

4) Usunaueanesaniduuszlen (available phosphorus) wanisfinwinudn Usunameanesanidulsslevioy
lurae 1.12-4.76 fadnsusienlansy egluszdudiuiniiann (USDA, 1972) (Table 3 wag Table 4) 3nN15ANWINUIN
Fuduuuivsinameanesandudssleviiunnninfuduans aenrdesiunanisanwives aunula (2547) Ganuin fuduuud
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@
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q

Tvleanesadussrusenau wazannsanwinuii Aulunlaslianmdunsndn Sedanalvinudulsslovivesoanasa
YJouad (ﬂmmiémﬂ%ﬁmﬂgﬁ%mm, 2549) LagaINNISANYIVDY 3nA1 (2544) AANIN au%ﬁuw%ﬁﬁmmwaaWa%’aqmﬂﬂ
fududaifisnfivuninszsey lasfivardimsgalineanesaluszerindnninnnseduinfu
NMTUATIZAANUUANANNIAD A WU’i’lﬁ’j&mmLLGmGiNﬁJuEJ‘EJ'NVLﬂﬁﬁ‘EJﬁ’IﬁEQ (p>0.05) (Table 3 wag Table 4)
5) Usinadlnuaiden () iuaniudeuls (exchangeable potassium) kansAnsanuin fissduanudneieg HGRLE
Tutae 20.75-104.23 fiaansusenlansu aeﬂuisé’fwﬁmnﬁqqn (USDA, 1972) (Table 3 uaz Table 4) lngadiiuiluuwysau
musumAnvesiu TneAutuuuiiviualnunaden (9 fuanivdeulduinnitdutuans iesnfuduuuiiviunm

o P

dunseinguin Fedunseingiianuainsalunisgeduuanloseuliguazaaedlilnunadouduuisdiu (Auasd

a

AeIRIUgIInen, 2549)

1o o

MNMTIATIAANLLANE AR WU WUt uauansnsiueselliied ity (p>0.05) 8nvIu wuasnsziu
sIFTisEduAINEN 15-30 o3, uazulanuSeudiouseminuanseiunsiduagnsgdumm fiseduaudn 0-15 vu. §
AMUUANANEEItEdALY (p<0.05) (Table 3 waz Table 4)

6) Usnauaaidea (Ca) fiuaniudsulsl (exchangeable calcium ) nans@nwnfiseduanudnsineg wui fidog

a o

Tuea9 36.18-184.22 Tadnsusailansy aaﬂmaﬁwﬁ"wmaﬁwﬁ"w (USDA, 1972) (Table 3 uag Table 4) n159puiiuSuna

wraeafinaniuaesulas Lﬁumammﬂmiﬁﬁuﬁmmﬂuﬂsmqa (ANANTENAIVIUFIINE, 2549) dRAARINUNANITANE
fiwudn dnfoeiianmunsadnunn Ssdmarieseiunnubulsslovivesasennslufiu Sniauiidvhnisinwegluiun
giiomadoudu liiAanssuiunisvzazans Wansgyidsuanlossufiduriseantluaniu vilisununadend
uaniAeuldtiane

o

PNMTAATIZAANULANANVNEDH NUIMIUaLAnAiuseslditedAy (p>0.05) (Table 3 waz Table 4)

7) Ysuawunili@en (Mg) Muwanildsuld (exchangeable magnesium) wani1snwinudn dAeglugae 42.91-
239.98 fiadnsusiedlansu sgluseAusinfeUiunana (USDA, 1972) (Table 3 uaz Table 4) Junaunanfuderiiovdann
I [y =3 1 1 [y & '3 a o Y a a a a a yal 1 o =
Wunsadnunn Jedsmanoseauanuluuselewivasansonvnshuay inbiusunasunideuivanasuladaimnsiunans

NMFAATIEAANULANANVEDH NUIMILaLana1eiueensldfidedAty (p>0.05) (Table 3 waz Table 4)
3. USunauansuaungsaulunu

1) anutuduarsuauluu (soil carbon concentration) TusgAUAMUENFI9Y WU AUSHIUANULTLTUAISUDY

v =

Tufuegluiefovay 1.21-3.34 Tnefduwilduanamuseaunnuinuefu nsisusnafutuuuidunseinganyind

q
v o

wnnhRutudns warhuuuulinsgesaaemnnnhiiutuans Jadunaviliauduturesmsveulufuduuuazannind

fianaaly (Meunpong et al, 2010) ARmduduasUsuluAunuInf galundaswesnseAummi Agnd a.m. 1985
fisgsuaudn 0-15 wa. nufesay 334 sesasnfe ulainseiumm fiszduanudn 0-15 v.a. ignd a.e. 1986
wu¥evas 2.79 waznutiosiianluuUasnsiiummn Avgnlud a.e. 1987 fisgdumnudn 15-30 w4, nudesay 1.21 (Table 3
uag Table 4) msfnwiadsiinalndiAatunisfinwives nquannsal (2545) fidnwiluauildisaiueny 20 ¥ wuara

Wuduansueuludunszauaudn 0-30 9y, aglurisdesas 2.92-5.17 uazilArlndlAgsiunan1sfinuves g3t (2560)
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Table 1 Soil physical properties of the Acacia mangium Willd. and Acacia auriculaeformis A.Cunn. ex Benth. at Northeast Forest Research and Development Center,

Nakhon Ratchasima Province

Soil Bulk Particle Soil particle (%)
Porosity
Species depth Year density density (%) Texture
%
(cm) (g/cm’)  (g/cm?) Sand Silt Clay

1985 1.02+0.14  2.55+0.04 59.96+5.83 54.00+2.31 22.00+4.04 24.00+2.65 Sandy Clay Loam
1986 1.07£0.04 2.54+0.02 59.01£3.10 60.00£10.41 17.00+6.03 23.00£4.62 Sandy Clay Loam

0-15
1987 1.08+0.06 2.56+0.02 57.71+2.12 56.00+14.93 19.00+4.58 25.00+10.44 Sandy Clay Loam
P-value 0.752 0.873 0.849 0.868 0.586 0.964
Acacia auriculaeformis A.Cunn. ex Benth.
1985 1.12+0.12 2.57+0.03 56.38+4.98 51.00+3.21 22.00+2.00 27.00+4.04  Sandy Clay Loam
1986 1.20+0.10 2.56+0.05 53.21+4.23 56.00+8.00 18.00+5.51 26.00+2.52  Sandy Clay Loam
15-30
1987 1.27+0.11 2.60+0.02 51.29+3.88 56.00+14.93 19.00+4.58 25.00+10.44 Sandy Clay Loam
P-value 0.406 0.265 0.505 0.851 0.671 0.952
1985 1.00+1.15 2.52+0.04 60.49+6.11 52.00+7.23 25.00+4.16 23.00+3.21  Sandy Clay Loam
1986 1.06+1.13 2.55+0.04 58.30+4.61 65.00£9.45 15.00+3.06 20.00+6.43  Sandy Clay Loam
0-15
1987 1.14+0.08 2.55+0.02 55.38+3.11 64.00+4.93 14.00+2.00 22.00+6.66 Sandy Clay Loam
P-value 0.308 0.311 0.371 0.102 0.014 0.812
Acacia mangium Willd.
1985 1.28+0.03 2.58+0.02 50.11+1.20 48.00+8.39 23.00+4.00 29.00+5.51  Sandy Clay Loam
1986 1.24+0.15 2.57+0.06 51.79+4.70 61.00£9.45 14.00+1.73 25.00+7.77  Sandy Clay Loam
15-30

1987 1.39+0.10 2.61+0.03 46.66+0.67 60.00+11.15 11.00+4.51 29.00+14.73 Sandy Clay Loam

P-value 0.245 0.168 0.259 0.295 0.065 0.882
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Table 2 Soil physical properties of the Acacia mangium Willd. And Acacia auriculaeformis A.Cunn. ex Benth. At Northeast Forest Research and Development Center,

Nakhon Ratchasima Province

1985 1986 1987
Soil depth (cm) Variable Species
Mean p-value Mean p-value Mean p-value
A. auriculaeformis 1.02+0.14 1.07+0.04 1.08+0.06
Bulk density (g/cm?) 0.856 0.904 0.349
A. mangium 1.00+0.15 1.06+0.13 1.14+0.08
A. auriculaeformis 2.55+0.04 2.54+0.02 2.56+0.02
Particle density (g/cm?) 0.492 0.823 0.845
A. mangium 2.52+0.04 2.55+0.04 2.55+0.02
A. auriculaeformis 59.96+5.83 59.01+3.10 57.71+2.12
Porosity (%) 0.919 0.836 0.344
A. mangium 60.49+6.11 58.30+4.61 55.38+3.11
0-15
A. auriculaeformis 54.00+£2.31 60.00+£10.41 56.00+14.93
% Soil particle Sand 0.672 0.547 0.446
A. mangium 52.00+7.23 65.00+9.45 64.00+4.93
A. auriculaeformis 22.00+4.04 17.00+6.03 19.00+4.58
% Soil particle Silt 0.524 0.532 0.158
A. mangium 25.00+4.16 15.00+3.06 14.00+2.00
A. auriculaeformis 24.00+2.65 23.00+4.62 25.00+10.44
% Soil particle Clay 0.896 0.591 0.728
A. mangium 23.00+3.21 20.00+6.43 22.00+6.66
A. auriculaeformis 1.12+0.12 1.20+0.10 1.27+0.11
Bulk density (g/cm?) 0.080 0.699 0.121
A. mangium 1.28+0.03 1.24+0.15 1.39+0.01
A. auriculaeformis 2.57+0.03 2.56+0.05 2.60+0.02
Particle density (g/cm?) 0.624 0.831 0.624
A. mangium 2.58+0.02 2.57+0.06 2.61+0.03
A. auriculaeformis 56.38+4.98 53.21+4.23 51.29+3.88
Porosity (%) 0.101 0.717 0.111
A. mangium 50.11+1.20 51.79+4.70 46.66+0.67
15-30
A. auriculaeformis 51.00+£3.21 56.00+8.00 56.00+14.93
% Soil particle Sand 0.594 0.550 0.750
A. mangium 48.00+8.39 61.00+9.45 60.00+11.15
A. auriculaeformis 22.00+2.00 18.00+5.51 19.00+4.58
% Soil particle Silt 0.718 0.263 0.108
A. mangium 23.00+4.00 14.00+1.73 11.00+4.51
A. auriculaeformis 27.00+4.04 26.00+2.52 25.00+10.44
% Soil particleClay 0.639 0.947 0.721

A. mangium 29.00+5.51 25.00£7.77 29.00+14.73
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Table 3 Soil chemical properties of the Acacia mangium Willd. And Acacia auriculaeformis A.Cunn. ex Benth. At Northeast Forest Research and Development

Center, Nakhon Ratchasima Province

659

soil carbon
Soil depth .
Species Years pH oM Total N Available P Exchangeable bases (mg/kg) C storage
(cm)
(%) (%) (mg/kg) K Ca Mg (%) (t/ha)
1985 4.05+0.04 2.1120.02 0.1020.01  2.39+0.31  104.23+25.72 184.22+85.59 110.16x36.12 2.49+0.87  37.28+9.40
1986 3.87+0.08 2.70+0.34 0.14+0.02  4.76+1.05 30.58+1.21  56.76+44.69 429145285  2.73x0.14  44.00+3.15
0-15
Acacia 1987 3.68+0.19 1.73+0.63 0.09+0.03  3.03+1.55 61.31426.05 99.06+31.81  99.97+117.98 2.30+0.39  37.33+6.68
auriculaeformis P-value 0.073 0.170 0.139 0.122 0.066 0.073 0.459 0.550 0.381
A.Cunn. ex 1985 4.16+0.29 1.20+0.32 0.0620.02  1.66+0.32 743441261 14520+84.29  98.47+26.64  1.61x0.17  26.90+1.04
Benth.
1986 4.08+0.08 1.77x0.25 0.09£0.02  2.43x0.12 20.75+3.45  36.18+29.27  51.43x74.16  2.18+0.57  38.82+9.46
15-30
1987 3.89+0.26 1.21+0.28 0.06+0.02  1.47+0.67 44.99+19.23  69.21+30.03  94.49+99.60 207031  39.37+6.17
P-value 0.542 0.141 0.250 0.148 0.011 0.170 0.623 0.361 0.204
1985 3.91+0.19 3.65+2.44 0.12£0.03  3.22+1.05 59.93+4.06  109.66+26.73 239.38+329.41 3.34+0.37 49.62+574
1986 3.69+0.06 2.29+0.65 0.12+0.03  3.46+0.56 49.87+10.88  78.37+34.24  65.64+12.02  2.79+0.90 44.36+14.18
0-15
1987 3.83+0.13 1.86+0.41 0.09+0.02  2.51+0.86 58.84+16.56 132.23+21.37 883142837  2.04+0.28  34.67+2.52
Acacia
P-value 0.063 0.392 0.437 0.553 0.489 0.066 0.543 0.177 0.304
mangium
willd 1985 4214020 3.26+3.36 0.06+0.01 1.39+0.28 45.79+14.96  93.87+56.90 232.07+304.92 1.61+0.25 30.97+5.43
1986 3954021 1.37+0.30 0.07+0.02  1.94+0.85 3334+6.04  40.81£19.96  82.34+30.18  1.72+0.34  31.73x5.04
15-30
1987 4.09+0.03 0.93+0.07 0.05+0.01 1.12+0.59 50.17+17.19  130.82+59.02 131.00£83.53 1.21+0.20 25.22+4.05
P-value 0.204 0.413 0.281 0.352 0.442 0.098 0.678 0.213 0.401
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Table 4 Soil chemical properties of the Acacia mangium Willd. And Acadia auriculaeformis ACunn. ex Benth. At Northeast Forest Research and Development Center, Nakhon Ratchasima Province

1985 1986 1987
Soil depth (cm) Variable Species
Mean p-value Mean p-value Mean p-value
A. auriculaeformis 4.05+0.04 3.87+0.08 3.68+0.19
pH 0.256 0.031 0.325
A. mangium 3.91+0.19 3.69+0.06 3.83+0.13
A. auriculaeformis 2.11+0.20 2.70+0.34 1.73+0.63
OM (%) 0.337 0.383 0.779
A. mangium 3.65+2.44 2.29+0.65 1.86+0.41
A. auriculaeformis 0.10+0.01 0.14+0.02 0.09+0.03
Total N (%) 0.451 0.349 0.882
A. mangium 0.12+0.03 0.12+0.03 0.09+0.02
A. auriculaeformis 2.39+0.31 4.76+1.05 3.03+1.55
Available P (mg/kg) 0.258 0.133 0.639
A. mangium 3.22+1.05 3.46+0.56 2.51+0.86
A. auriculaeformis 104.23+25.72 34.58+1.21 61.31+26.05
0-15 Exchangeable base K (mg/kg) 0.042 0.073 0.897
A. mangium 59.93+4.06 49.87+10.88 58.84+16.56
A. auriculaeformis 184.22+85.59 56.76+44.69 99.06+31.81
Exchangeable base Ca (mg/kg) 0.223 0.543 0.208
A. mangium 109.66+26.73 78.37+34.24 132.23+21.37
A. auriculaeformis 110.16+36.12 42.91+52.85 99.97+117.98
Exchangeable base Mg (mg/kg) 0.536 0.508 0.876
A. mangium 239.38+329.41 65.64+12.02 88.31+28.37
A. auriculaeformis 2.49+0.87 2.73+0.14 2.30+0.39
C (%) 0.192 0.924 0.395
A. mangium 3.34+0.37 2.79+0.90 2.04+0.28
A. auriculaeformis 37.28+9.40 44.00+3.15 37.33+6.68
soil carbon storage (t/ha) 0.239 0.512 0.459
A. mangium 49.62+5.74 44.36+14.18 34.67+2.52
A. auriculaeformis 4.16+0.29 4.08+0.08 3.89+0.26
pH 0.831 0.350 0.249
A. mangium 4.21+0.20 3.95+0.21 4.09+0.03
A. auriculaeformis 1.20+0.32 1.77+0.25 1.21+0.28
OM (%) 0.349 0.148 0.172
A. mangium 3.26+3.36 1.37+0.30 0.93+0.07
A. auriculaeformis 0.06+0.02 0.09+0.02 0.06+0.02
Total N (%) 0.795 0.184 0.152
A. mangium 0.06+0.01 0.07+0.02 0.05+0.01
A. auriculaeformis 1.66+0.32 2.43+0.12 1.47+0.67
Available P (mg/kg) 0.328 0.379 0.532
A. mangium 1.39+0.28 1.94+0.85 1.12+0.59
A. auriculaeformis 74.34+12.61 20.75+3.45 44.99+19.23
15-30 Exchangeable base K (mg/kg) 0.065 0.065 0.746
A. mangium 45.79+14.96 33.34+6.04 50.17+17.19
A. auriculaeformis 145.20+84.29 36.18+29.27 69.21+30.03
Exchangeable base Ca (mg/kg) 0.431 0.832 0.182
A. mangium 93.87+56.90 40.81+19.96 130.82+59.02
A. auriculaeformis 98.47+26.64 51.43+74.16 94.49+99.60
Exchangeable base Mg (mg/kg) 0.492 0.540 0.652
A. mangium 232.07+304.92 82.34+30.18 131.00+83.53
A. auriculaeformis 1.61+0.17 2.18+0.57 2.07+0.31
C (%) 0.971 0.304 0.055
A. mangium 1.61+0.25 1.72+0.34 1.21+0.20
A. auriculaeformis 26.90+1.04 38.82+9.46 39.37+6.17
soil carbon storage (t/ha) 0.795 0.432 0.716

A. mangium 30.97+5.43 31.73+5.04 25.22+4.05
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Table 5 Correlation coefficient between carbon concentration and soil physical properties. At a depth of 0 - 30
centimeters of the Acacia mangium Willd. And Acacia auriculagformis A.Cunn. ex Benth. (Acacia mangium Willd. N = 9,

Acacia auniculagformis ACunn. ex Benth. N = 9)

% Soil Bulk
% Soi % Soil Particle density | Porosity
Particle Sand | particle site | oo [ 9 (g/cm?) (%)
i article >an particle Si cm
Species Clay (g/cm?) $ °
r-value r-value r-value r-value r-value r-value
Acacia auriculaeformis o
0.81™ -0.51"™ -0.94 -0.46™ -0.64™ 0.51™
A.Cunn. ex Benth.
Acacia mangium Willd. -0.04™ 0.55™ -0.76™ 097" -0.93" 0.97"

Remark: ** = highly significant difference (p<0.01); * = significantly different (p<0.05); ns = not-significantly different
(p>0.05); N = number of samples

Table 6 Correlation coefficient between carbon concentration and soil chemical properties. At a depth of 0 - 30
centimeters of the Acacia mangium Willd. And Acacia auriculagformis A.Cunn. ex Benth. (Acacia mangium Willd. N = 9,

Acadia auriculaeformis ACunn. ex Benth. N = 9)

pH OM Total N | Available P | Exchangeable bases (mg/kg)
Species (%) (%) (mg/kg)
K Ca Mg
r-value | r-value | r-value r-value r-value r-value r-value
Acacia auriculaeformis 048" | 091 0.90" 0.79™ -0.10™ | -0.18™ | -0.40™
A.Cunn. ex Benth.
Acacia mangium Willd. -0.64™ | 0.66™ 0.97" 0.93" 0.52" -0.05™ 0.19™

Remark: ** = highly significant difference (p<0.01); * = significantly different (p<0.05); ns = not-significantly different
(p>0.05); N = number of samples
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