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Executive summary

The research of the Roles of reforestation of Eucalyptus camaldulensis on
socio-economic and environment were carried out at Sanam Chai Khet District,
Chachoengsao Province, during 18 August 20034 July 2004, The budget were
supported by The Thailand research fund (TRF) and site study supported by Eucalyptus

technology Co., Ltd. The report has 4 Lesson and each part were:
Lesson 1 were summary and background of the research

Lesson 2 Methodology of research technique on growth, yield, water use and

soil properties, evaluate water and water use efficiency.
Lesson 3 resuit of each part of the research

Lesson 4 the conclusion of the research

The study on growth, yield, water use and soil properties of 1-5 years old
Eucalyptus camaldulensis Dehnh. with different regeneration system, Af-plantation,
Re-plantation, and Coppice-plantation were investigated. 45 sample plots were set and
diameter at breast height (DBH) and total height of tree (H) were measured to evaluate
growth and yield. Thermal Dissipation Probe (Model TDP-30) was used to evaluate
water and water use efficiency. In addition, disturbed and undisturbed soil sample at 0-
10, 10-30, 30-50 and 50-100 cm in deep of each plot were collected and analyzed.
ANOVA and DNMRT were used for statistic analysis. Cabstand benefits were analyzed
in term of NPV, B/C ratio and IRR

The results indicated that 5 year old of E. camaldulensis in Af-plantation plot
showed the best in DBH, H and total aboveground biomass (11.33 cm, 14.75 m and
52.59 ton.ha'1. respectlively). Relative growth rate (RGR) gradually decreased based on
tree age increasing. Daily water use of trees gradually increased in the moming and
showed the highest rate at noon to afternoon and decreased in evening and very low
water consumption at night time with maximum on July and minimum on December.
Annual water use increased with diameter increasing. Trees with lowest and highest
sapwood area (12.29 cm’ and 196.2 cmz) had daily and annual water use 1.01 and

. -1 =
8.55 literday or 368.71 and 3,119.95 Iiter.yr1. respectively. Average water used
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efficiency of tree in term of economic (WUEys) and biology (WUEwy) were 4.66 and
516 grams.Iiter'1, respectively. Water use of stands increased and water use efficiency
gradually decreased when ages increased. In addition, soil physical and chemical

properties in different age and regeneration system were non-significant different.

Economic returns for 3 - 5 year-old suitabie in all regeneration methods at 5-15
% of interest. In addition, B/C ratio, NPV and IRR varied based on cost, wood price and

age of tree
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Project Code : MRG4580007
Project Title : Roles of reforestation of Eucalyptus camaldulensis on -

socio-economic and environment

Investigator : Mr.Chongrak Wachrinrat Faculty of forestry Department of
Silviculture
E-mail Address : fforcrw@ku.ac.th
Project Period : 1 July 2002 — 30 June 2004
Abstract

The study on growth, yield, water use and soil properties of 1-5 years old
Eucalyptus camaldulensis Dehnh. with different regeneration system, Af-plantation,
Re-plantation, and Coppice-plantation were carried out at Sanam Chai Khet District,
Chachoengsac Province, during 18 August 2003-4 July 2004. 45 sample plots were set
and diameter at breast height (DBH) and total height of tree (H) were measured to
evaluate growth and yield. Thermal Dissipation Probe (Model TDP-30) was used to
evaluate water and water use efficiency. In addition, disturbed and undisturbed soil sample
at 0-10, 10-30, 30-50 and 50-100 cm in deep of each plot were collected and analyzed.
ANOVA and DNMRT were used for statistic analysis.

The results indicated that 5 year old of E. camaldulensis in Af-plantation plot
showed the best in DBH, H and total aboveground biomass (11.33 cm, 14.75 m and
52.59 ton.ha'i. respectively). Relative growth rate {(RGR) gradually decreased based on
tree age increasing. Daily water use of trees gradually increased in the moming and
showed the highest rate at noon to afternoon and decreased in evening and very low
water consumption at night time with maximum on July and minimum on December,
Annual water use increased with diameter increasing. Trees with lowest and highest
sapwood area (12.29 cm’ and 196.2 cmz) had daily and annual water use 1.01 and 8.55
Iiter.day'1 or 368.71 and 3,119.95 Iiter.yrq, respectively. Average water used efficiency of
tree in term of economic (WUEys) and biology (WUE,,) were 4.66 and 5.16 graaums.liter'1

respectively. Water use of stands increased and water use efficiency gradually decreased

when ages increased. In addition, soil physical and chemical properties in different age
and regeneration system were non-significant different.

Economic returns for 3 - 5 year-old suitable in all regeneration methods at 5-15 %
of interest. In addition, B/C ratio, NPV and IRR varied based on cost, wood price and age

of tree

Keywords : reforestation, Eucalyptus camaldulensis, socio-economic, environment
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5.1.5 AMUNUIURTINVBIAU (bulk density)
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5.1.6 AMUNUIUUBUNMATEIGAN (particle density)
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517 AITBWIUITIUDEIAU (soil porosity)
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5.2 AuIuLaNIIail
521 ﬂﬁﬁ%uwmau (soil reaction)
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5.2.2 5“?1:)"{1’3'@11] {organic matter)
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5.2.3 wasvaisiiluilsrlumi (available phosphorus)
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- = P g =
ATINWIAR 5 ﬂ'%mmmmm}mﬂﬂumum (%) nzauaUuBN 0-10 10-30 30-50 ua:

50-100 L oudLuas AolanizuInn I SEUN USRI’
4

NSTUIRATSRUNRS sAuaadn e @
® (1 BUALNRT) 1 2 3 4 5

0-10 28.97 17.36 15.83 23.07 15.76

Af-plantation 10-3¢ 32.45 19.19 16.59 25.07 16.47
30-50 29.73 22.39 18.59 26.61 15.16

50-100 24388 18.31 19.64 26.16 17.96
F-test 0.21ns 0.22ns 0.77ns 0.37ns 0.56ns

0-10 17.97 21.67 2091 15.39 15.13

Re-plantation 10-30 24.02 23.00 24.79 16.07 18.44
30-50 27.05 28.41 2513 2272 21.76

50-100 28.33 31.97 40.46 14.55 20.28
F-test 0.55ns 1.85ns 18.87ns 0.30ns 0.47ns

0-10 18.30 18.13 25.13 14.31 20.69

10-30 21.17 19.65 2786 15.31 21.43

Coppice-plantation

30-50 37.78 19.63 28.89 18.12 18.17

50-100 19.32 13.97 34.79 25.26 26.07
F-test 2.79s 0.52ns 1.16ns 1.50ns 0.43ns
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) . - R - - -
ATWHAUINN 6 ANURUIULUUTINVAIA (g.cm ) ASzOLAINYEN 0-10 10-30 30-50

Uas 50-100 trudluas Nuldnszurun1saunuiNea I
L]

nITUINNIIRUARG rEauAMIEn 2y @)
* (\BIR&IIaT) i 2 3 4 5

0-10 1.32a 1.47 1.49 1.41 1.50a

Af-plantation 10-30 1.34a 1.64 1.58 1.61 1.67bc
20-50 1.69b 1.60 1.62 1.59 1.62ab

50-100 1.61b 1.56 1.62 1.59 1.77¢

F-test 6.92%* 2.83ns 0.33ns 1.79ns 8.79"*

0-10 1.46 1.32a 1.43a 1.44 1.49

Re-plantation 10-20 1.56 1.64b 1.58ab 1.64 1.66
30-50 1.62 1.60b 1.64hc 1.70 1.74

50-100 1.63 1.61b 1.80c 1.75 1.63
F-test 1.90ns 512 T.32% 1.74ns 2.42ns

0-10 1.54a 1.34 1.223 1.27 1.35a

10-30 1.63ab 142 1.56b 1.72 1.62b

Coppice-plantation

30-50 1.75bc 1.54 1.62b 1.70 1.59b

50-100 1.82¢ 1.04 1.49b 1.71 1.55b

F-test 6.38* 0.63ns  20.14** 1227 4.74%*
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4
H - 3, = [ =5
FITHHWIAN 7 ATIAMRWRRORNIGAU (g.om”) AT=RUAARN 0-10 1030 30-50 ugs

50-100 \TURLIAT MO lANTTUINNTRUNUEAS19R
k]

P '::é'utﬂuﬁn a1 @)
(TRALURYS) 1 2 3 4 s
0-10 207 247 2,25 220 228a
Af-plantation 10-30 213 2.52 227 221 2.39
30-50 226 241 227 220 2.49ab
50-100 233 220 228 227 2670
F-test 1.55ns 041ns 0.10ns 0.63ns 7.02%*
0-10 2.19 241 2.64 231 2.13
Re-plantation 10-30 228 246 2.70 238 2.29
30-50 227 243 2.89 245 2.34
50-100 234 229 2.88 2.30 234
F-test 2.85ns 0.14ns 033ns 0.40ns 2.23uns
0-10 236a 239 2.32 226 250
10-30 234a 253 2.42 227 2.48
Coppice-plantation
30-50 2.53ab 2.59 243 2.56 2.65
50-100 2.65b 2.50 235 2.54 247
F-test 426* 0.19ns 0.13ns 1.44ns 0.15ns

el Jd Tt ) et .'o 0 e o 0n
RANHLAR wnmmuenufuana‘nnuluuwmauﬂmﬂﬂnuanmmuwmanﬂ IINNTIT
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are ) - <l - -
MITHHUINT 8 AMUNTUAY (%) NIzAUAUTN 0-10 10-30 30-50 uR: 50-100

L TUALNAS mu'lé'm:mumsﬁnﬁ’ufﬁdﬁoﬁu

nszuIRNMTRUME FAuAINEN oy ()
* (\BuALNAT) 1 2 3 4 s

0-10 36.14 39.28 34.01 36.11 34.24

Af-plantation 10-30 36.79 32.42 30.85 27.46 29.91
30-50 24,57 33.34 28.58 27.66 31.98

50-100 30.81 28.94 29.05 30.16 33.69
F-test 1.87ns 0.75ns 0.39ns 2.45ns 2.99ns

0-10 33.73 44,13 45.45 37.81b 30.10

Re-plantation 10-30 31.72 32.20 40.74 30.88ba 27.83
30-50 28.39 32.70 42.06 30.30ab 26.11

50-100 30.30 29.77 37.34 23.74a 30.19
F-test 1.08ns 1.05ns 0.61ns 4.04* 0.45ns

0-10 35.03 40.06 46.90 43.85 44 89

10-30 2985 43.22 34.97 23.97 34.32

Coppice-plantation

30-50 30.54 39.58 32.86 31.82 38.88

50-100 31.26 26.15 3517 3285 37.22
F-test 1.56ns 0.85ns 5.24* 3.22ns 0.85ns
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d ey - o Bt e
AITIHUINN 9 'ljgﬂ'ill"lﬂ“ (pH) N3z@uAIIVEAN 0-10 10-30 30-50 wuaz 50-100

. [

LU es Molanszuaunsauwuiieanu

L]

NIEUINNITRURKS izﬁuiﬂuan o @)
(tBRALNGT) 1 2 3 3 s
0-10 6.17 5.95 S.:Z 6.30 5.36a
Af-plantation 10-20 6.27 6.30 545 5.84 6.16ab
30-50 6.07 6.61 5.50 6.04 6.70b
50-100 6.00 6.20 5.34 5.58 6.15b
F-test 1.05ns 0.62ns 0.05ns 0.16ns 461*
0-10 5.54 —_-;.57 5.37 5.32 R 5.69
Re-plantation 10-20 5.10 4.68 549 5.55 533
30-50 5.03 1.57 5.79 5.62 5.79
50-100 5.00 4.70 +4.86 5.60 545
F-test 0.29ns 0.0%nx 3.48ns 0.21ns 0.50ns
0-10 5.07a 5.7 5 4.82 592
10-30 5.12a 549 5.14 5.45 583
Coppice-plantation
20-50 541a 5.43 516 5.77 6.16
50-100 6.21b 295 5.14 5.19 5.30
F-test 14,96 2.32ns (.00ns 2.84ns 2.8ns
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=i o o e - a
ANTNHWINYT 10 ﬁuﬁmmaoaun'immq (°%) NIzAUANRN 0-10 10-30 30-50 was

- . [ o ar
50-100 “\uaLUAS nwu'lﬂnS:U'Jum‘iﬁuwmfnmmu

NITUIMMNMITRUWUS szAuAan — __ e GJ.) —
* (tBUALNAT) 1 2 3 4 5
0-10 1.27b —(_I—Q;)“ _—__(GZC Jl-.?, 7b 1.35b i
Af-plantation 10-30 1.15b 0.68 0.73be 097ab 1.23b
30-50 (.52a Q.34 0.42ab (.63ab 0.51a
50-100 0.95b 0.55 (.32 .31a 0.49a
F-test RO 299k 5.37+ 348+ g.u6**
0-10 1.25b 0.97b 0.87 1.45b 1.46b
Re-plantation 10-20 0.56a 0.41a 0.65 0.99ab (L74a
30-50 0.42a 0.36a .54 0.54ab 0.50a
50-100 0.28a 0.28a 0.57 0.16a 0.24a
F-test 22.12%* 7.23%* (1.40ns 1.05%* 11.49**
0-10 1.09b 1.27b I.71 1.35b 1.17
10-30 0.74ab 0.80ab 1.06 0.47a 1.18
Coppice-plantation
30-50 0.51a 0.37a 0.61 0.38a 0.53
50-100 0.24a 0. 16a 0.59 0.58a 042
F-test 4.70* 391+ 2.6%ns 23.25%* 2.61ns
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:‘ bl A
A TRwING 11 Ranaweswaiafdwlzlont (mgkg') Aszeuanudn 0-10 10-30

30-50 uaz 50-100 trudinas mMulanszuaunisiunuifsenu
L]

nNIEUIMMIRUNKE -sze‘fui'nuﬁn o @
(1 BWwEANAT) 1 2 3 4 5
0-10 9.74 5.25 10.23 923 3.le
Af-plantation 10-30 6.84 4.05 3.34 4.33 3.15
30-50 2.85 112 1.93 0.44 2.43
50-100 3.32 1.12 1.11 1.28 1.15
F-test 1.16ns 0.59ns 1.16ns 1.60ns 8.48ns
0-10 14.57 2.84 1.69 2113 9.83
Re-plantation 10-30 4.31 1.79 2.87 617 347
30-50 235 1.61 1.61 0.89 2.02
50-100 1.16 1.85 0.50 048 2.01
F-test 5.10* 3.17ns 36Ins 3.84ns 1.56ns
0-10 5.26b 5.05 561b 246 11.60
10-30 3.51ab 2.88 1.65a 2.15 5.78
Coppice-plantation
30-50 2.09ab 1.98 1.33a 2.4 1.57
50-100 0.30a 0.83 1.75a 0.83 2.14
F-test 4.06* 3.46ns 4.43* 0.50ns 0.73ns

" Ad e . L z ] gl [l
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o = ol w . [
aTRwInh 12 WBnmlnunadoahusnidsuwls (mgke") Aszdunnudn 0-10

10-30  30-50 w8z 50-100 wudLNas MolanszuIum IRuWuEd
L]

@9nu
. +  STOUAINEN ay (1)
NITUIMNTTAUAUS - :
(LB UALNAT) 1 2 3 4 5
0-10 49.90 10.72b 13.42 18.29 16.47b
Af-plantation 10-30 24.04 7.02ab 5.58 9.31 R.45a
30-50 15.43 5.04a 5.64 7.63 6.63a
5G-100 13.06 3.93a 4.13 6.16 5.08a
F-test 2.8Ins 4.33* 221ns 0.82ns 7.17%>
0-10 17.03b 9.45b 18.20 15.99 16.17
Re-plantation 10-30 6.70a 1.37a 6.03 7.10 7.12
30-50 5.87a 3.46a 3.61 6.15 4.33
50-100 4.87a 2.59a 13.88 S48 5.62
F-test 347 5.07* 2.99ns 2.02ns 1.46ns
0-10 9.31 15.95b 28.09 15.73b 26.83
10-30 6.89 6.21a 9.43 6.56a 15.58
Coppice-plantation
30-50 8.47 4.95a 10.89 5.81a 9.09
50-100 3.86 1.97a 16.49 861a 16.00
F-test 0.88ns 5.88* 1.17ns 5.84* 1.6%9ns
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-l oy o - - [
MTNHWIMN 13 VSanmusaFouAuanidowls (megke”) Ascduninudn o-10 10-30

30-50 w8z 50-100 L TWALNGT AMElensTUIUNITTURNUERF AL
%

e .  SETAUAINED a1 (1)
NITUIMNITRUWES R :
(1BUALNGAT) 1 2 3 4 5
0-10 209.89 461.74 86.01 167.74 56.99
Af-plantation 10-30 122.90 588.90 81.33 151.73 105.65
30-50 183.96 614.07 96.61 130.24 56.61
50-100 259.20 156.91 98.37 154.19 89.24
F-test 1.59ns 0.47ns 0.09ns 0.05ns 1.88ns
0-10 50.93 75.73 295.17 80.70 46.67
Re-plantation 10-30 54.67 27.53 189.65 68.13 67.69
30-50 4247 28.77 254.57 58.01 43.53
50-100 42.35 15.47 61.78 12.64 59.77
F-test 0.27ns 2.74ns 1.09ns 1.3%ns 0.28ns
0-10 66.52 131.81 402.67 a8.17 118.22
10-30 73.50 149.47 369.96 55.87 93.11
Coppice-plantation
30-50 64.62 93.77 201.68 61.05 93.45
50-100 61.44 58.19 132.51 32.62 27.36
F-test 0.21ns 0.64ns 0.36ns 0.66ns 0.64ns

L :‘d el [] B ‘.: » - o)
WNOWRA  ALETNI N HTUANAWNWIRLWITILEAIAMIVUANGIINUIRER 3NNN1T
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neassulasld Duncan's new multiple range test
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] ) -l - (% 1, -
ATVHUINT 14 Pnnuunidounuanidfowld (mgkg’) Av=duauSin 0-10 10-30

30-50 uaz 50-100 ruduas mulanszurunisFunusieany

L]

. . ITAUANMNEN a1y ()
NIEUIRATRUNKS R :
{17 AT) 1 2 3 L) 5
0-10 122.64 59.50 30.69 65.99 56.55b
Af-plantation 10-30 116.59 47.49 25.29 55.67 40.23ab
30-50 67.17 35.60 23.78 52.29 25.45a
50-100 31.94 42.65 20.13 59.08 37.86ab
F-test 2.94ns 0.83ns 1.17ns 0.17ns 4.96*
0-10 40.53b 20.70 42.97a 99.85 3291
Re-plantation 10-30 311.59ab 12.97 53.55a 90.17 26.87
30-50 21.97b 12.79 49.49a 156.06 17.21
50-100 22.25b 7.11 230.40b 11.61 32.09
F-test 4.60* 0.87ns 47.07** 0.68ns 0.41ns
0-10 38.67 66.63 132.70 59.43 99.50
10-30 40.60 51.59 111.87 50.41 72.88
Coppice-plantation
30-50 47.71 40.58 124.34 61.16 57.21
50-100 36.26 36.97 250.13 80.09 90.23
F-test 0.32ns 0.69ns 0.84ns 0.30ns 0.23ns

I aalarniansIuandInuluLIaILEaIMNLand I AKNIIETA NS
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nagaulaold Duncan's new multiple range test
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J = d sl a - o
asnwInt 15 Runmulmdoeiuanudowld (mg.kg") Ascduanudn 0-10 10.30

30-50 &z 50-100 1 wuALNe s MUlanItUIuNISRUNRERA1INW
L]

. . STAVANRAN o (1)
ATEUIRNIRUNUS - - :
(\andiuas) i 2 3 3 5

0-10 |3.‘)71 i -;l_"»;_ 6.32 10.93 13.92

A-plantation 10-30 16.09 13,14 11.35 10.85 18.97
30-50 14.56 9.98 10.39 11.39 14.63

50-100 0.95 0.55 0.32 0.31 0.49
F-text 0.53ns 1.0Ins 1.08ns N 0.44ns 1.18ns

0-10 9.64 21.52 13.15 15.61 18.97

Re-plantation 10-30 10.35 13.81 10.57 12.03 2233
10-50 13.07 12.83 2047 13,11 12.96

50-100 028 028 (157 016 0.24
F-test l.84ns 2.18ns U.82ns 0.2 ]ns“ 0.34ns

0-10 11.16 19.21 13.94 9.34 2.41

10-30 11.23 12.00 15.54 12.23 1R.39

Coppice-plantation

30-50 9.16 12.79 13.87 9.89 12.89

50-100 8.16 7.71 13.90 14.27 17.84

F-test 2.10ns 0.84ns ¢.47ns 1.37ns 1.43ns

et Jﬁ s » o l‘: J b - A
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