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Improvement of Soil to Increase Productivity of

Acacia Plantation
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Abstract

The study of soil improvement to increase productivity of Acacia plantation was
carried out at Sakaerat Silvicultural Research Station, Pak Thong Chai District, Nakhon
Ratchasima province, using split-split design with 4 replicates. Four different soil
improvement methods were applied to four main plots; 1) control (no treatment) 2)
application of dolomite (400 kg/rai) 3) application of dolomite (400 kg/rai) and organic
fertilizer (1 kg/tree) and 4) application of dolomite (400 kg/rai) and chemical fertilizer
(100 g/tree) and three different Acacia were applied to the subplots;, 1) Acacia
auriculiformis 2) Acacia hybrid (A. mangium x A. auriculiformis) and 3) A. crassicarpa. Four
clones of each Acacia species were applied as the plots level. The trees were planted at 3
m x 3 m spacing. A soil pit was dug to study soil profile. The composite soil sample were
collected at the depth of 0-10, 10-20 and 20-30 cm in each plot at the planting time and
at 3 and a half years after planting to study the effect of the species and treatments on
properties of the soil. The DBH and total height of the trees at 1, 2, 3 and 4 years after
planting were recorded and statistically analyzed using GENSTAT program. The soils were
acidic with high organic matter content on the topsoils and low to moderate organic matter
content in the subsoils. The soil fertility was moderate. The study revealed that soil
improvement method had statistical significant effect on DBH of Acacia but not on height
growth. Species and clones of Acacia had statistical significant on both DBH and height of
Acacia. The application of dolomite and organic fertilizer revealed to be the best soil
improvement method used while Acacia hybrid had higher DBH and height growth than
Acacia auriculiformis and A. crassicarpa. Different clones of Acacia showed different in
growth performance. The study of soil characteristic at 3 and a half years showed that
there was clear trend on the change of several soil characteristics including decreasing of
soil pH, soil organic matter content, exchange K, Ca and Na and base situration in all
treatments at every soil depth. Increasing of available P was found in the every plot
applied with dolomite and organic fertilizer and in every plot applied with dolomite and
chemical fertilizer. Increasing of cation exchange capacity was also found in every treatment

at every soil depth.
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Table 1. Climatic data of Sakaerat Silvicultural Research Station, Nakhon Ratchasima

province from B.C. 2548 to B.C. 2553.

Annual rain  No. of rainyday = Mean temp. Mean max. Mean min.
Year fall (mm) (day) o) temp. (CC) temp. (CC)
2548 1,342 108 29.19 34.22 24.16
2549 1,159 106 27.99 31.48 24.50
2550 1,352 110 28.49 29.97 27.01
2551 1,635 127 27.59 30.32 24.86
2552 1,321 113 28.66 34.64 22.68
2553 1,493 127 26.44 31.02 21.86
Mean 1,384 115 28.06 31.94 24.18
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Figure 1. Pluviothermic graph showing relationship between monthly
rainfall (mm) and temperature (°C) in 1) B.C. 2549, 2) B.C. 2550,
3) B.C. 2551, B.C. 2552 and 4) B.C. 2553 at Sakaerat Silvicultural

Research Station, Nakhon Ratchasima province.
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Table 2. List of Acacia species and code of plus tree designated in the experimental design.

Clone no. Species Code of plus tree
Aal nIzduMTIA 1/1/16
Aa2 nIziuMTIA 14/8/19
Aa3 nIEiuUNIA 31/17/25
Aat NIzdUMTIA 32/18/24
Ahl QEERMGRIGH NO.2 3INs
Ah2 QEERIGIIAGH NO.6 s
Ah3 QEERIGIIAGH No.8 uNs
Ahd QEERMGRIGH No.10 w3
Acl nszduATIEEA1IUN 18937
Ac2 nszduATIEdATU 18940
Ac3 nszduATIE@AIU 18947
Act nszduATIE@AIU TN
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Figure 2. Soil profile of the experimental site at Sakarat Silvicultural

Research Station, Nakhon Rachasima province.
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Table 3. Some soil characteristics in Acacia trial plot at Sakaerat Silvicultural

Research Station, Nakhon Ratchasima province.

H Avail. P Exch. Cation (ppm)  c.E.c. B.S. Sand Silt Clay

p
Horizon 0.M. (%) Soil texture
1:1 H,0 (pPMm) K  cq Mg Na (me/100g) (%) (%) (%) (%)

A (0-10 cm) 4.7 3.90 06 105 297 54 7 15.73 1418 42 25 33  Clay loam
Bt (10-48 cm) 4.1 1.19 nil 171 892 263 7 20.09 3529 28 25 47 Clay
Bi1(48-70 cm) 4.0 0.93 nil 168 426 126 8 18.62 19.44 24 21 55 Clay
B2 (70-100+cm) 4.2 0.43 nil 134 313 77 © 19.57 13.13 22 19 59 Clay
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Acacia auriculiformis Acacia hybrid Acacia crassicarpa

Figure 3. Trial plots of A. auriculiformis, Acacia hybrid and A. crassicarpa under different
soil improvement methods at the age of 2 years old at Sakaerat Silvicultural

Research Station, Nakhon Ratchasima province.
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Table 4. Anova analysis of DBH of Acacia species at the age of 1, 2, 3 and 4 years

after planting methods at under different soil improvement at Sakaerat
Silvicultural Research Station, Nakhon Ratchasima province.

1 year 2 year 3 year 4 year
Source of variation d.f.

m.s. F pr. m.s. F pr. m.s. F pr. m.s. F pr.
rep stratum 3  4.877 18.97 41.949 43.584
rep.Mainp stratum
Improve 3 11047 <.001 28.908 <.001 26.608 0.005 17.807 0.031
Residual 9 0.7533 1.9026 3.0537 3.806
rep.Mainp.Subp stratum
Spp 2 7.4692 <.001 65.831 <.001  123.33 175.68 <.001
Improve.Spp 6 0.8978 0.152 1.8128 0.211 1.6695 1936  0.757
Residual 24 0.5109 1.1834 2.0421 3.453
rep.Mainp.Subp.Sub_subp stratum
Spp.Clone 9 4.0714 <.001 14193 <.001 23.615 24911  <.001
Improve.Spp.Clone 27 0.0871 0.996 0.3213 0.937 0.5132 0.988 0.647
Residual 108 0.2146 0.5361 0.801 1.131

Total 191
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Table 5. DBH of different Acacia clones and species at the age of 1, 2, 3 and 4 years
after planting under different soil improvement method at Sakaerat

Silvicultural Research Station, Nakhon Ratchasima province.

N9fiumed (Ag) Anale neeliumsedgnuas (Ah) Anafe nszlivasnadandin (Ao Anely  Auale
Year Treatment

Aal Aa2 Aa3 Aad  Aa Ah1t  Ah2 Ah3 Ah4 Ah Acl  Ac2 A3 Ac4 Ac  Treatment

1 T 30 09 16 17 1.8 24 28 20 20 2.3 25 23 24 27 2.5 2.2b
T2 29 11 17 22 20 25 31 27 25 2.7 32 23 25 29 2.7 25b
T3 37 20 24 26 2.7 33 36 31 3.1 3.3 38 33 38 39 3.7 32a
T4 3.8 19 28 30 29 3.1 37 30 31 3.3 32 23 29 31 2.9 3.0a

Mean Spp. 23b 29a 3.0a

2 T 75 34 45 48 51 74 74 62 67 6.9 57 52 58 60 5.7 5.9c
T2 79 42 52 60 58 80 84 78 76 8.0 72 56 64 65 6.4 6.7b
T3 84 54 63 65 6.7 87 89 85 83 8.6 79 72 78 82 7.8 7.7a
T4 8.8 51 65 67 6.8 85 9.0 84 87 8.7 67 52 69 70 6.5 7.3 ab

Mean Spp. 6.1¢ 8.0a 6.6 b

3 T 10.8 55 68 71 7.5 10.3 100 89 94 9.7 7% 65 77 79 7.4 8.2c
T2 1163 76 82 83 10.8 11.1 104 105 10.7 9.1 7.1 8.1 8.1 8.1 9.0 b
T3 115 75 86 89 9.1 17 15 108 1.0 1.2 94 90 97 098 9.5 9.9a
T4 115 70 83 87 89 "z 114 1.3 116 1.4 82 66 87 90 8.1 9.5 ab

Mean Spp. 8.4b 10.7 a

4 T 137 80 97 9.7 103 138 129 1.6 126 12.7 9.7 88 102 99 9.7 10.9 b
T2 13.6 9.0 104108 109 135 135 129 133 133 109 9.0 101 101 10.0 1.4 ab
T3 13.8 9.8 11.3 115 11.6 144 139 134 135 138 116 1.0 117 1.6 115 12.3 a

T4 139 89 106 1.3 11.2 140 139 145 145 142 102 84 108 118 103 11.9a

Mean Spp. 11.0b 13.5a 10.4 b

|
A a
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Taeiliinszaugnnanazlidindy DBH fidundn(ixfindufiany 2, 3 uay 4 1 (Toble 5)
faazlidiniy DBH quanfions 1, 2, 3 uaz 4 T aud duds 8.0, 10.7, 9.9 uaz 13.5
upns wenfloSsuieuffeinusHideduliiany 4 9 Tngas LSD azifiudnld
nszfiugnuanaziian  DBH faglunasisign (13.5 wwfiums) dounszfinnissduas
ﬂ‘i:ﬁummﬁm%ﬂfm%"’fummﬁﬁﬁﬂﬂdq (11.0 waz 10.4 LEUFLNAT ANNAIAL)
HANIANYIBNENAT21141938 N 19U 50U g9 Runuefla i ldUangdndansna

Sauriuetefiiad Ayneadfudedeln i nazduengpediuli
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Table 6. Average DBH of different Acacia species and clone at the age of 1, 2, 3 and 4 years

at Sakaerat Silvicultural Research Station, Nakhon Ratchasima province.

NTERRMIIA (AQ) NsefiugnuaN (Ah) nsrainAsINaA15UA (Ac)

Year
Aal Aa2 Aa3 Ad4 Ah1 Ah2 Ah3 Ah4 Ac1l Ac2 Ac3 Acd

1 33a 15c¢ 21b 24b 28b 33a 27b 2.7b 32a 26b 29db 3.1a
81a 45c 57b 6.0b 82ab 84adb 7.7b 7.8 b 69a 58b 6.7a 70a
M12a 66c 78b 82b 10.0ns 11.0ns 10.4ns 10.6 ns 85a 73b 8b5a 87a
13.8a 89c 105b 10.8b 139ns 135ns 13.1ns 13.5ns 10.6a 93b 10.7a 109a

A N

Remark: ns = non signifacant
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1316.6, 1262.3, 1238.1 kay 1172.0 Loufiung

Table 7. Anova analysis of height of Acacia species at the age of 1, 2, 3 and 4 years
after planting methods at under different soil improvement at Sakaerat

Silvicultural Research Station, Nakhon Ratchasima province.

1 year 2 year 3 year 4 year
Source of variation d.f.

m.s. F pr. m.s. F pr. m.s. F pr. m.s. F pr.
rep stratum 3 35564.1 225535 576251 518631
rep.Mainp stratum
Improve 3 46631.8 <.001 116927 0.007 148220 0.098 172463 0.072
Residual 9 2907.8 14957 52191 52315
rep.Mainp.Subp stratum
Spp 2 17026 127818 <.001 188188 <.001 382205 <.001
Improve.Spp 6 3936.4 0.001 11397 0.232 15546 0.497 21525 0.619
Residual 24 1899.8 0.095 7776 16882 28871
rep.Mainp.Subp.Sub_subp
stratum
Spp.Clone 9 16465.4 <.001 39193 <.001 55345 <.001 48723  <.001
Improve.Spp.Clone 27 4331 0.989 2255  0.731 3060 0.827 7078  0.511
Residual 108 948.7 2786 4202 7272

Total 191
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Table 8. Total height of different Acacia clones and species at the age of 1, 2, 3 and 4
years after planting under different soil improvement method at Sakaerat

Silvicultural Research Station, Nakhon Ratchasima province.

N9eDUIA (Aa) ANRAY  NILTUITIAGNNAN (Ah) ANRdY  N5:fiuATadaAstn (Ad AuRle  AuRds

Year  Treatment
Aal A2 Ad3  Add Aa Ah1  Ah2  Ah3  Ah4 Ah Acl A2 A3 Acd Ac  Treatment

1 T 322.4 198.6 262.9 262.1 2615 299.8 333.8 281 276.2 297.7 314.6 289.0 288.9 299.9 298.1 285.8b
T2 342.2 223.3 281.3 295.3 2855 3175 350.3 316.7 307.8 323.1 343.2 289.9 298.4 332.6 316.0 308.2b
T3 392.0 2785 3154 3154 3253 356.5 381.0 343.7 350.4 357.9 374.3 353.3 380.8 381.2 3724 3519a
T4 394.0 273.8 358.8 354.0 3452 361.1 389.1 346.3 360.2 364.2 347.2 283.2 323.9 346.2 325.1 3448 a

Mean Spp. 304.4 b 335.7 a 3279 a

2 T1 688.0 459.6 554.7 549.5 563.0 707.1 698.7 626.1 6745 676.6 627.4 589.6 601.3 629.3 611.9 617.2b
T2 715.9 528.0 603.4 667.4 628.7 734.5 737.8 686.5 736.0 723.7 736.2 616.8 641.1 694.4 6721 6748 a
T3 741.8 626.8 670.2 693.5 683.1 767.5 774.0 793.4 745.3 756.6 765.2 7119 743.2 7755 749.0 729.5qa
T4 771.1 602.2 717.3 708.6 699.8 764.4 782.9 739.1 791.0 769.4 688.9 562.6 669.8 725.2 661.6 710.3 a

Mean Spp. 643.6 b 731.6 a 673.7b

3 1 927.2 707.7 795.5 792.5 805.7 954.2 935.9 864.9 922.1 919.3 861.5 812.3 859.8 887.4 855.3 860.1
T2 954.6 743.3 845.2 854.5 849.4 1033.0998.3 960.11037.6 1007.3 1015.7 846.4 879.9 917.4 914.9 923.8
T3 1039.6 878.1 943.7 955.7 954.3 1060.71024.4958.21020.7 1016.0 1018.4 976.7 1025.21024.5 1011.2  993.8
T4 1026.1 830 935.1 904 923.8 1027.01013.5 970.11058.9 1017.4 964.1 758.5 921.9 945.9 897.6 946.3

Mean Spp. 883.3 b 990.0 a 919.7b

4 1 1272.11007.21139.2 1117.8  1134.1 1375.31287.51236.11243.1 1285.5 1095.91068.2 1101.1 1120.3 1096.5  1172.0
T2 1252.9 1132.71196.91208.1 1197.7 1371.41305.41315.81381.0 1343.4 1287.41113.3 1153.01139.3 1173.3  1238.1
T3 1326.91223.01284.01263.7 1274.4 1417.91353.3 1343 1358.8 1368.3 1304.81230.71333.11359.7 1307.1  1316.6
T4 1353.9 1171.6 1280.41288.9 1273.7 1347.11306.91314.6 1394.1 1340.7 1251.41009.71183.81245.0 1172.5  1262.3

Mean Spp. 1220.0b 1334.5 a 1187.3 b

!
A a

\Haarsonierfiaiug [{iivgn 9auau 3 ila 583a naeiinosed nazfiugnuas
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dwsunadmRanunasaesiuiiinnnlgndiuan 4 unashuusazeiia 99nHang
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sin AransduTaedsnisacngefinanuansnsdulianndmdaadu i Hngzdu
gnuan feiudsannnsadnanlatiassiulinaisunds Tnawasinnisiidauisy
AraonuuziilEndnennunaesnadin Act, Act uaz A Thdnaduniaiulafiany 4
1 1234.9, 1216.1 uay 1192.8 LufMAT lag A2 ﬁmmmqw‘%qqm (1105.5 L\ ouFILRAT)
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Table 9. Total height of different Acacia species sum by clone at the age of 1, 2, 3 and

4 years after planting at Sakaerat Silvicultural Research Station, Nakhon

Ratchasima province.

NLAUMTIA (Ag)
Year

NSeHUGNNAN (Ah)

nsriivAsINEA15UA (Ac)

Aal Aa2 Ad3 Aad

Aal Aa2 Ad3 Aad

Aal Aa2 Ad3 Aa4

1 362.7a 243.6c 303.4b 3079b
729.2a 5542c 636.4b 6548Db
986.9 a 789.8¢c 879.9ab 876.7b

FNEENC N )

1301.5 a 1133.6 ¢ 1225.1ab 1219.6 b

333.7b 363.6a 3219b 323.7b
743.4b 7484a 697.8c 736.7b
1018.7a 993.0ab 938.3 b 1009.8 a
1377.9 a 1313.3 ab 1302.4 b 1344.3 ab

344.8a 303.9b 323.0ab 340.0 a
70440 6202b 663.9ab 706.1a
964.9 a 8485ab 921.7a 943.8 a
12349 a 11055b 1192.8 a 1216.1a

ﬂ"ﬁmﬁﬂuuﬂmqmﬂuﬂ' AUDIRY

1
a =

HATEIN1TAATIZADIANTTRTBIAUANHTUANANIBIAUA 0-10 , 10-20 uag
20-30 LHHALHAT AULNANFITIN1TARBINTUSIUIRUANEAB AT iflDiEuduLgn
(P1) uazifladinuliinny 3 9 6 iew (P2) Fauamelili Toble 10 HaNITANENAMIANTTAYDS
AundsUgnliienads 3 T 6 Won wudy Sunalinvesniawdsuuasnoauifonsiui
Faranumanuanuoe Fun AwfAsenau Sundednguin Usinallunades uaades

T = A = Tgx a % ! ~ 1 o o
ALAINVUANIUAULIA LAZAITNBNAIAIE AT HATATANYINATIUNTIVIARNDY LASY]N

|
~

szduiuadndu TneddmaanesafuaniaeulEidnaniu Tnsanis s
masUsulgeinlnelElnlalvinaziledwdd uarnisusulyemnlaelélnlalvivazijond
ArngedunnazdunnananuazAiannng luniTuanildeuiazquaniiadugnnig
NARDILATYNTLAUANANAY AnsuamantAan [Hud USaawnnfi@and
uaniAsnFS mdnuazdhivdien uaznainsisiidesin Usunuenniafiunas
Auulls uazfnmilen) uamsdifudndneusAudnadsiifiudianlgnuasmaseinlgnuda
5 1 6 e UsioadeAufidnTndidssin tuandnunzsesdantnsmui lluniafne
dnfinaunmindifasiuuasdnnuasiane ssnsoaqulidiaudantnsiifuandug

Aa
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Table 10.  Some characteristics of soil in the study plots at Sakaerat Silvicultural
Research Station, Nakhon Ratchasima province at the planting time and at

the age of 4 years old.

pH Avall. P Exch.Cation (ppm) C.E.C. B.S % Soil composition
0.M(%)
Treatment 1:1 H20 (ppm) K Ca Mg Na (me/100g) % Sand Silt Clay

P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P P2 Pl P2 P1 P2 PI P2 Pl P2 P1 P2 Pl P2

0-10 cm

T 45 4.4 346 3.37 4.44 455 201 167 472 352 144 158 8.9 6.5 14.69 16.87 27.76 21.94 41.1 424 243 239 346 33.8

T2 53 49 35

343 3.89 2.64 194 156 927 704 334 308 8.5 6.1 15.6517.88 50.61 38.11 39.0 40.7 26.0 26.2 35.0 33.2

T3 54 50 329 3.27 3.84 406 188 151 920 733 328 312 7.7 6.4 14.67 15.83 53.51 43.21 40.0 40.4 25.6 26.2 34.4 354

T4 53 49 377 3.70 429 536 227 178 933 768 341 340 11.0 6.2 16.36 17.50 49.68 41.67 39.8 39.6 24.4 25.8 35.8 34.7

10-20 cm

T 45 44 276 256 3.18 3.10 146 103 364 247 106 107 9.6 5.4 13.8115.7222.03 16.3 39.0 40.7 23.8 24.1 37.3 35.2

T2 47 45 296 239 3.65 2.89 168 90 522 339 164 141 8.4 5.6 14.09 15.56 31.33 21.00 37.3 38.3 25.2 25.4 37.5 36.3

T3 48 45 270 2.43 3.33 3.72 163 91 545 376 155 145 9.0 54 13.78 14.36 31.49 24.17 38.5 38.2 25.1 25.0 36.5 36.4

T4 47 45 290 2.67 2.79 480 177 106 499 352 159 154 9.4 53 14.62 15.6128.8222.17 36.8 37.2 235 242 39.7 38.6

20-30 cm

T 45 43 1.8

175 197 182 84 65 231 161 65 69 99 4.6 12.7515.26 15.04 11.03 38.0 38.5 22.3 22.8 39.7 38.6

T2 46 44 197 182 211 222 101 65 303 199 86 84 82 54 13.3814.89 18.55 13.23 34.8 36.0 23.8 23.6 41.4 40.4

T3 46 44 195 175 210 291 105 66 342 220 89 84 95 54 13.0013.6220.5515.22 352 35.6 23.5 23.0 41.3 411

T4 46 44 198 195 174 226 108 73 312 203 92 88 9.7 56 14.11 1520 18.52 13.51 34.0 34.2 214 219 447 434

Nﬁgﬂwa

annaAnEINTUSUUaRReRNanas T asgnadsaamines Hioziads
fgnludins?l o fnaede a.unsaneinn nanmsAnedesnlifeny 4 0 aqna i

1. wan1aAnEIuune NS UL RN anEs Tuu sl gnasneaau
Un2e9(# Acacia wudinnsusudqeAndnasia DBH 2eslfiszimduunnsneiuatniie
nsadfud bifinasanisiiulanisaougeaaedulil 319U uUAuAmEnzay
dmsuiuiinaassiie A8nsusuussinlpeilalaluisoduad wia niadsulqenu
Tnelilalalui+iloind Salinarndinisusuugeinlnanisldlalaluiifiantnaiien
uaZARNNSA BTN sUS U AU TNaTidngn

2. Mafnuinliosadeiminzaniunalgnansmih ufuiulameans

wud1 DBH  eeslfinssfiugnuaniidngendt DBH  2es(inszfiunsna@aisii 30.18
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Wosidud udifinuanugearldfinnuuandrsiunisaffudfigondn 12.4 wWesidud
Foiunanisinenassidsndiaaguldidnasesdeninssfinaussdgnuaaiunislgn
aEemionanida

3. Lﬁlmmﬂw@mﬁﬁﬂmwudflLm@'qﬁuﬁ;mﬁﬂﬁﬁwmi@ DBH a9 1Aty nIg
adf AvansazRansonieunaeiugnsanfieasHesimdaudazafinfivanzaiiie 4l
nnadgnadtsgantntufiufidel Seniafnunassilaguilidn ninsasninintinaztu
asssdgnuan[UgninfuidnuoindidesiuAuiuameassaansadenTdnan s
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