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Witoon Jaipong 2008: Study on Planting Methods and Spacing on Growth and Yield of Physic nut
(Jatropha curcas L.). Master of Science (Agriculture), Major Field: Agronomy, Department of

Agronomy. Thesis Advisor: Associate Professor Sombat Chinawong, Ph.D. 123 pages.

Study on planting methods and spacing on growth and yield of Physic nut (Jatropha curcas L.).
This study has 2 experiments, i.e. studies on different methods of planting and studies on different spacing of
planting were carried out during August 2005—September 2006. First experiment was consisted of 4 methods,
i.e. direct seeding (DS), direct planting of cutting (DC), transplanting of seedling (TS), and transplanting of
cutting (TC) the experiment were carried out at research field of Agronomy department Kasetsart University
at Kamphaengsaen campus Nakhon Pathom province. Second experiment was study on different spacing of
planting, i.e. 1x1 m (1,600 plants/rai), 1x2 m (800 plants/rai), 2x2 m (400 plants/rai) 2x3 m (267 plants/rai),
and 3x3 m (178 plants/rai) which were conducted in Completely Randomized Design (CRD) in 3 locations in
Kasetsart University at Kamphaengsaen campus Nakhon Pathom, H.M. private development project at
Chachoeng Sao, and The Chaipatthana foundation at Phetchaburi provinces. The result of the study on
different methods of planting showed that planting with direct planting of cutting had higher yield per plant of
838.21 g/plant and yield per rai of 335.28 kg/rai than other methods while planting by transplanting of
seedling had highest dry weight was 9.29 kg/plant or 3,716.00 kg/rai. The result of planting with different
spacing in 3 locations, Nakhon Pathom, Chachoeng Sao, and Phetchaburi provinces, showed that planting
with 3x3 m have highest yield in all locations which were 491.03, 240.01, and 99.92 g/plant respectively but
the yield per area was best with the planting with 1x1 m spacing at Nakhon Pathom and Phetchaburi
provinces of 209.84 and 91.87 kg/rai respectively, while the location in Chachoeng Sao province, the spacing
of 1x2 m gave the highest yield of 122.20 kg/rai. The dry weight of plant with 1x1 m spacing were highest
among other spacing with was 10,976.00 kg/rai in Nakhon Pathom province, 6,496.00 kg/rai in Chachoeng

Sao province and 5,360.00 kg/rai in Phetchaburi province.

Student’s signature Thesis Advisor’s signature
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2.4.1 MIVATITHAULATNY (Soil and Plant Analysis)
a Ia
. NITIUNIICHAU
a 4 9 Y gl
1) M3UAT12H pH A28 pH meter (191i1)
Q'J = %3 1 % U 3’ Q'J =) an
PIAUNIDYN 20 NTU NFUNUUINAU 20 Uaaang Gl,u beaker YU

A aa ya :} Y Y o 1 [ =~ 1 ~ Qy 9
100 iadans auldauuaziihldidhduneuda pH Uszuna 30 wii Tuszriennaneld 3o

= a g o 1 o o & . .
W AsauAnuaTIng nouda pH 3uiludeq standardize pH meter A28 buffer solution pH
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7.0 uaz 4.0 1§eneu M3ia pH #28 pH meter (19 0.01 CaCL) (W1 duplicate) Feaudiod19

10 N5 WA 0.01 CaCl, 20 Jaaans 1u breaker YUIA 100 Haaans IFunuAIAUAUIAY
g’ Y 9 o 1 [ = 1 ~ Qy Y = a I
e lidnnunouda pH Uszanm 30 widil luszrinainema138n 30 wii asezauawily

ng/ @ an ng/ Aq ¥ g} = =~ ' =54 Y Y g/
ATINTI IA pH @]”Ill’J‘ﬁﬂ”liﬂidlliﬂ‘VﬂGImWL‘ﬂiEJ‘]JWIEJ‘]_IﬂVUﬂQ pH ‘Vl’m]lﬂﬁ]”lﬂ pH meter IﬂEJGlGD'Lﬂ

uaz 1% 0.01 M CaCL Aumves pH Nia 18910 indicator A19
a d a A @ . ag
2) MIUATIZHHIOUNTYING (organic matter) 1ae7% Walkly-Black

v o " A &2 yy Yy v 1 a '
PINIDIWNAU G]fﬂjﬂﬂﬂiﬂllﬁj@ﬂ?ﬁﬁgmﬂﬂ (WIUASLUNTT 0.5

[ A 9

9 Y '
Haawag) 0.5-2 nFu Melluduaaudled ez liadunssinguinvsetios Mriaua0019

Q

A3

=1

2514 analytical balance U559A10819NFA108 19010l 8311 Erlenmeyer flask ¥U1A 250

Y
a o

Y
1aaans WwNYe1 dichromate 1 N a111) 5 Tadans Tael¥ pipet aonniiulisunsadanain

p1udutuadlil 10 Taddas T3 unaa flask Tisene 9 e linfududhsu
sz 12 17 udadane BIARSerfudunan 30 i duihnduadl 15 fadans
11a2Me9 indicator 2411 3 e lawsn soil suspension 0111 ferrous sulfate 3UNTENIFVDS
suspension JasunndTeuTuihmaiuuns §1lansng o ferrous sulfate waminlal 1WA

Y v ¥
11181 dichromate 8411) 0.5-1 Haaans 11 1nAINAY ferrous sulfate BNATINTIY end point Ao

v
a

{ . . ] [ g' a : .
909 indicator Sutasuanwaniimaluuas andlsuanien dichromate 110 ferrous
{ a BJz:c <3| o a .
sulfate 7119 35731 uA0991 blank azaa1l5ua1U04 dichromate t1ag ferrous sulfate 13
o . d' 9y a Y KX o a .
AU normality NEENVIIVOA ferrous sulfate HANMUIUNIT UV dichromate an

reduced IABAUAIDENT MITAIUIN

(meK,Cr,0, —meFeSO,)0.003x100x1.33
weight of sample (grams)

% organic carbon =

% auﬂgﬂij@q = % organic carbon x 1.72

a L4 . . 9 oy
3) M5IATIZH cation exchange capacity A8 1911161

1 N NH,OAcpH 7.0

FIADINAUNAMIUAZUNTIVUIA 2 UADIUAT. @28 balance (WA
Y] v I~/ a [ a Aa aa 1 A
az1den 0.01 n31) 10 n5u AuduAuns1eld 25 N5 1A 1 N NH,0Ac 250 ladans 1wean

Y 9
uaziendnu Ne13d1eAU N509898 suction funnels £AURY 1 neutral N NH,0Ac fiaz oy
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Tao1de suction Tuvzvzauiidessz e liauuiuazuanszuns ietlosiuduuia

o o Y A S A o g' o'
WM sve nsgi 18 laoiiyu NH,0Ac a9'118n1u funnels iioszauvosionandiasan
A =2 A Aa o Aa A F ™ =) . 1<}
moudAau shimsvzauliTesn a0 NH,0Ac aunszialill ca eonunlu solution 1

1 @ a I A Aaa
leachate 1311 exchangeable bases o'l USuiSuasiilu 500 aaans Taeld volumetric flask
I Y Y
A9 finnel 19171 filtering flask AWIAN 419828 1 N NH,0Ac 4 A59 118z 0.25 N NH,0Ac 1 A53
Y

N899 TUA19AUAIY 99% isopropyl alcohol S1HIHYTEINU 150 Hadans MIA1eABY 9

o A 9 L= - = [l Qy Y v A ya Y] v Y (]
nszihiiazifosau lill I mdoeg Nelidnagiveliaunina szisedlduanszuns du

+

A Y Y sa < P4 & ' o 1A A~ o i Aa 9
alcohol Nwzd1andansuny 13 luva duaeuse liiims lan NH, hgaduegian clay de

.. Ay o 9 1A Y 1A o 9
acidified NaCl M3 1and 99191 ) 5uaednuns lanluaeuusn aunsznald leachate

Y
sz 225 Uaaans LL%’J%Q‘HQ@ 918 leachate Haalllu volumetric flask YU 250 Waaaa T
a 3’ a aa a ] a 4 { 1 J
wnthas 1 lu flask 1dasy 250 Haddas Yarhynliniu msinsied NH,” 2ldesninil
A5z TABLL aliquot 20 adans 00NN flask 1814 volumetric pipet a4 11/ 14 Kjeldahl
A aa v Aa aa %
flask U1 250 Hadans Tuvn@eINUN19 Erenmeyer flask 50 Jadans ¥4l H,BO,-mixed
. . a aa 1 9 A ) Y 4
indicator 5 NaAANT V3399g1Ua1890IN 1Y condenser VouATBINAU Tas T aevesnuves
Y
condenser Ju08 1A52A V09 H,BO, 1la1i1¥1A U1 condenser 51 1 N NaOH aalu Kjeldahl
Y [l 1
flask Y5232 2 Hodans 1d1ae flask idnunsoenausiui newdla 1@y flask A5

AsIABVIBERBA1I Noanuuuuas 1iTT0857 nauaunTEeldlSInasvesasazaely

Aaa kY o A A I A
Erlenmeyer flask 1323181 30 Aiaaans lawminale 1.0 N H,S0, aunsensdionlaowilud

' 0 Y ° a . [ -
129ua4 72591 blank A8 Y Aura1UTIATUe9 ammonium 114 cmol ke
a 4 . ad . .
4) MIUATITN total nitrogen 1ae75 micro-Kjedahl

FIAUTIUIU 1-3 NTU (9819021089) 8911 micro-Kjedahl flask (A
A Aaa o Y 9 09/' Jq Y
digestion mixture 84 11/ 5 Hadans 1111121904 Kjedahl heater duau ldasazarelanalilv
<3 1 A aa o a 3| Aa aa
1 0198911 volumetric flask YWINVTTY 100 Fadans udrTulsmasilu 100 Tadans
v '
aeriinau luin aliquate $1149u 20 Tadans aslu distillation flask 1AL 10 N NaOH a4l

5 findans lawsnarsazareiinaulddie 0.005 N H,S0, n5o HCI 11 blank 591 11Jée
5) MIVATIZH available phosphorus Tae5mMs BraylIl

19301 0.1 N HCI + 0.03 N NH,F (Brayll) (14 NH,F 1.0N 15 dadans

MR 0.5 N HCI 100 Haaaas dvinwilu 500 Taaans) myada 19ause Brayll
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@ 1 1 A A 1 o Y A oy A o < F%
AIITIU 1:10 181 60 UIN LUVYIIUATUNHUALAINTDUNDDIUINTNADDN Lﬂuulﬂu flask

v 1 Y
azea Uagn Miierh lUimaziilsina p lunhadase il

Y
MIIATILHMUTIUYRS phosphorus Tuthada 111 standard curve
a 2 Yo 9 v ) )
Y04 P 1939411811955 11 Phosphate THNANMUIANUY 5 mg P L Tag 1% standard phosphate 50
mg P L™ 117119199919 10 1511 $n101 aligoote 0,1,2,3,4, uag 5 dndans visgas il

a Aaa

Y
volumetric flask Y@ 25 Haaans wuiiae laulitsuasdszuna 20 Tadans 1A reagent B
Y J
ael1) 4 Haddas we lmddududninduaslylu flask auiidsunasasy 25 Tadaas
QY Y o 2y A ¥ A sd < . s Ay
werldidnunandAdsemna 10 wii udusueuesidud transmittance V0110111828
spectrophotometer wavelength 882 nm Plot N9 521NNV reading 911 spectrophotometer
o 9y v J p < Ay
AUANUUNUVUUDY P 1119181 standard a9UUn5EA NI F99213]Y standard curve NABINTS

uaz 198635y unknown sample &

A J Aa Y .
M3UAT12HMUTu P Tu unknown sample 19 aliquot U5z
a an 1 . d'd a an d'
1-10 ¥aaae 7 YD unknown sample ldaal1/lu volumetric flask NUANNY 25 UAAAAT N1INIL
a 1 9 . ] Qall 4%‘ (K a A (] =& Y
NW9152191023592 19 aliquot ! lariuauedivlsuaves P nlieglu sample F19zAvannana

develop color nou

Y
msfadues P 1ae35i azdeallsy pH il 5.0 Taeld

. <3| . . d! aA A U (==}
P-nitrophenol 0.25% (11 indicator FeazHaanaluaa luidlunsa

o a Aa S Y I -1 a
MsMuUIUMYTUIUV0 P Vl'J!ﬂ'in‘VillﬂLﬂ‘Ll mg P kg 193AU

9

o Yo A
A laa il

(113{ ratio U®N solution: soil =Y

P (mg L") 101118917 standard curve = Z
_ Zx Y xfinal vol.(ml)
aliquot used (ml)

P (mg LY

a J
6) N13IUANTITHN exchangeable potassium calcium sodium 101

. 9 . .
magnesium Tae 1% atomic absorption spectrophotometer
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¥3010819AU 5 N34 11U Erlenmeyer flask U119 125 Jaqans au

Y

o Y] A Aaa A 1w I'4
Wenena NH,0Ac adl1l 50 Tadans werdaaenuuiu 30 i nseslaeldnszauniowuos

. A aa [ a I A aa 9)

42 2311 volumetric flask Y119 100 Haaans UsvUsuasalu 100 Tadans Tasls NH,0AC

o a 4 a . .

i ldamseinalsuna K Ca Na uag Mg A8 Atomic absorption spectrophotometer

(Wetld uaz 93950, 2542)

a J
. ﬂ?i?tﬂi?%ﬁ‘ﬁWﬂ@Wﬁ?ﬁﬁluﬁﬂf
a Jd 1a . . .
1) mmmmzwﬂsmm"lﬂmmu (Distillation)

lilaensazat (aliquot) 118 NM3 digest 1% (H,SO, —Na,SO, —
Se digestion) 314U 10 Uaaans laaslu distillation flask AN 40% NaOH a4 11/ 5 Uadans
udrhmandu luTasnudsedlugl (NH,),50, szgaulaeu lihiuon Tudew @y
wouTuilowdindu 183 o0 lugiuon Tiiionlansenlsd luaisazais boric acid indicator
5 iadans nauaunIzitsensazasly flask 33359 boric acid indicator HU511A3317 30

1 v Y
Hanans lawsaasazatennan1diidae standard 0.01 H,80, %1 blank W3ouf10619

o, N lufiag = mlacid used (sample - blank titration) x Normality of std. acid x 0.014 x 050 x100
Weight of plant sample (gm) x ml. of aliquot

2) Mg Iaserlsuaoanosa (vanadomolydate yellow color)

laJi)n aliquot A ldanmsdesaasiiegianssuIu 3 adans ag
Y '
Tunaeanaaos NN 3 UadaAT AN ammonium molybdate ti8g 0.25% ammonium
[l A Aaa 1 ay 9 A R o [ Yy 9 = A A a éj
metavanadate 86198 1 Haaans we1na 13 20 w1A 3eh I Saanududuvesdimaesiinavy

A8IAT 04 spectrophotometer i wavelength 440 W Tuuas

M1 standard curve ¥9402.55 7.5 10 a2 12.5mg P L™ Tagliialn
strock -40 mg P L 87491 0 0.5 1.0 1.5 2.0 1tag 2.5 Nadans aslunaoanaasg vuia 15
Y v
anuAfsuAmes @uhnduauasazatousaziaoaiidsuies 3 1adans 1A blank Viooa

a2 3UadanT LaZAY 5% ammonium molybdate L1¥ 0.25% ammonium metavanadate GIANGE
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% 1 1 d' 1 9
70819 plot ﬂ'Wl’l’)Tuulﬂ

mg PL™ std. curve x 8 x 50x10° x100

% P Tuies =
’ weight of plant sample x ml of aliquot

a Jd a =~ a a 4
3) ﬂ'li'J!,ﬂi'13W’1J51]'l‘l';l!I‘]J!L“I/]ﬁlclfﬂm,l,ﬁgﬁ'lﬂﬂ'l\ﬂfu@ K t1ag Na A5 1en
9 A, . . Y 4
Tae1% Flame photometer Ca Liag Mg 1935 altomic absorption spectrophotometry (NAd Lag

[
95nY, 2542)
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M13197 1 Characteristic of growth of Physic nut with planted by different methods of planting at

180 days after planting
Plant height No. of Stem Canopy
Methods
(cm) branches/plant diameter (cm) diameter (cm)
DS 131.29b " 292D 4.48b 112.04 b
DC 125.02 c 394 a 4.42 cb 106.61 b
TS 143.20 a 3.89a 497 a 13247 a
TC 130.14 b 2.96b 4.26c 110.14 b
F-test * * * *
CV. % 12.33 9.49 12.48 5.56

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%

Tudumsuannseziinldhimslgnlaeldnsaydnlgnaanlaslasnss

Y
%

A o A A a dgl A A 9 Qa: =\ [] S 9 [
HUIMUIUNNNNAYUHUIN EJWZJWWﬂﬂ\‘l‘ﬂGI,“HﬂQﬂIﬂEJG]iﬁuuiJ*lJuWﬂElﬁﬂluIﬂﬂmﬁuW1u

U
4 a a 3 A A ] 1A 1 a LY
ﬁuﬂﬂa’lﬂﬂﬁﬁﬂ’lm 2.5 IBUANAT 817 50 LBUALNAT Lﬂuﬂmllmmmaaauﬁ]umu"lﬂ Ndaﬂ‘u
a

Dy

a 1A a a A Ao v
uaﬂﬂiglnm 20-30 L UALNAT WU Nﬂqilﬂii‘glﬁﬂiﬁﬂﬂ (FZNWUT La ’qﬂlﬁu@, 2525) I

ya 1o Aa [l ~ I El A
s Isneaymnivinaluguasianuen swxtluilss TesidenssenluFesvotomsasau

U

1 Y
pazlgasuiasni i ldaysriaunsanumuaedunadonais q 168 onnaaau
1<

A A = 9

mieAuRsrlimthaiwumnngagiannliiluluuasnsdely Seil¥ismsgauuums

1¥nalgnasunasTagasalimsuannedwauunndoieunuAsmsdgnuuudu o

9
% 1

a a ] J o
mimﬁmumﬂ@ﬁmmmmmtﬁjumug{uﬂﬂmmazméfuuu WUN fnﬁ‘]JQﬂ

v
=

3 P 4 o 4 4 {
Tasmsmzwasiivina lnggaiiofeunumsignuuudu ieanvnmsndund e

A\

I 1 A o
MNUAAUTAETTEUUTINUAD (tap root) arunsilad Ao szuvsIndes (fibrous root system)
9 Y A <] = Aa [ v Ao ' v
LL@S@Hﬂﬁ]VILWT%%']ﬂ!llﬁﬂ§]$3J5']ﬂVlﬂJsllu"lﬂiﬂﬂJuﬂ'J']!Lﬁgll%']1!'Jl!ﬂ']ﬂﬂ'l”ll,!,agﬁ'n\l"liﬂuwﬂﬁg"[I"IEJ
@ [ o

= ] A FI 1 9/Q| [y o =} 4
@]11]!Lu'ﬁﬁuﬂiQWN!Lﬁ$ﬁ1NLLu3ﬂQ1ﬂﬂﬂ?TﬂTﬁﬂQﬂIﬂﬂi“ﬂﬂﬂﬂﬂ%T (FENWANUT Lay quaua,

2525)



37

M1319% 2 Date of 50% flowering of Physic nut with planted by different methods of planting

Methods DAP
DS 106.25b"
DC 72.50 a
TS 101.25 b
TC 70.50 a

F-test *
CV. % 14.30

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

DAP = day after planting
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319N 3 Yield components and seed yield with planted by different methods of planting at

180 days after planting
Total no. Seed Seed Seed
Total no. 100 seeds Total seed
Methods of fruit height width length
of flowers weight (g)  yield (g/plant)
clusters (mm) (mm) (mm)
DS 25.90b" 18.17 ¢ 9.35 10.23 18.14 77.12 7.43d
DC 4391 a 3249a 9.02 10.54 18.27 77.62 262.36 a
TS 29.51b 22.18b 8.97 10.08 18.41 77.50 119.39 ¢
TC 29970 1821¢ 9.19 10.30 18.40 77.75 205.38b
F-test * * ns ns ns ns *
CV. % 11.98 7.17 3.12 5.48 3.54 1.97 3.40

" Means within the same column followed by the same letters are not significantly different at

95% level by LSD
* = significantly at 95%

ns = not significantly
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A1519% 4 Characteristic of growth of Physic nut with planted by different methods of planting at

360 days after planting
Plant height No. of Stem Canopy
Methods
(cm) branches/plant diameter (cm) diameter (cm)
DS 219.58a " 3.58 ab 8.37 ab 21333 a
DC 201.08 ab 4.13 ab 7.56 ab 194.17 ab
TS 216.25 ab 474 a 8.94 a 209.59 a
TC 195.24 b 3.22b 7.21b 180.72 b
F-test * * * *
CV. % 6.97 20.16 12.36 7.80

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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mwv"; 1 Characteristic of root planted by different methods of planting
a: direct seeding
b: direct planting of cutting
c: transplanting of seedling

d: transplanting of cutting
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MINN 5 Yield components and seed yield with planted by different methods of planting at

360 days after planting

Total no. Seed Seed Seed

Total no. 100 seeds Total seed
Methods of fruit  height width length
of flowers weight (g)  yield (g/plant)
clusters (mm) (mm) (mm)
DS 78.08b " 76.17 b 9.23 10.12ab  18.53 78.12 a 789.30 b
DC 86.13 a 8224 a 9.25 9.77b 18.44 77.25 ab 838.21 a
TS 66.20 ¢ 66.53 ¢ 9.01 10.40 a 18.25 77.50 ab 795.14 b
TC 64.85¢ 55.01d 9.15 10.35a 18.71 75.00 b 542.51 ¢
F-test * * ns * ns * *
CV. % 13.54 12.33 3.84 3.07 3.10 12.21 15.99

"Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M5197 6 Dry weight of each Physic nut part with planted by different methods of planting at

360 days after planting
Methods Leaves (kg) Stem (kg) Root (kg) Total (kg)
DS 1.80a" 4.40 be 0.66 a 6.86 b
DC 1.90 a 420c 0.68 a 6.78 be
TS 2.00 a 6.60 a 0.69 a 9.29a
TC 1.30b 4.70b 0.42b 6.42c
F-test * * * *
CV. % 13.27 7.01 21.57 5.99

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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M15190 7 Total yield and total dry weight of Physic nut with planted by different methods of

planting at 360 days after planting

Total seed yield Total seed Total dry weight Total dry
Methods
(g/plant) (kg/rai) (kg/plant) weight (kg/rai)
DS 789.30 b’ 31572 ¢ 6.86 b 2,744.00 b
DC 838.21 a 335.28 a 6.78 be 2,712.00 c
TS 795.14b 318.05b 9.29 a 3,716.00 a
TC 542.51 ¢ 217.00d 6.42 ¢ 2,568.00 d
F-test * * * *
CV. % 15.99 13.78 5.99 8.97

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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@15191 8 Characteristic of growth of Physic nut with different spacing of planting at 180 days

after planting at Nakhon Pathom province

Plant height No. of Stem Canopy
Spacing
(cm) branches/plant diameter (cm) diameter (cm)

1x1'm 127.75" 232b 426 b 89.57
1x2m 117.40 2.43b 4.39 ab 85.55
2x2 m 122.32 2.80a 4.38 ab 87.57
2x3 m 119.80 3.03a 4.51 ab 90.57
3x3 m 123.05 3.05a 4.65a 84.87
F-test ns * * ns
CV.% 15.73 7.76 14.60 7.69

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13190 9 Date of 50% flowering of Physic nut with planted by different spacing of planting at

Nakhon Pathom province

Spacing DAP
I1x1 m 70.50
1x2 m 71.25
2x2 m 70.00
2x3 m 71.25
3x3m 70.00
F-test ns
CV.% 15.67

ns = significantly

DAP = day after planting
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M3197 10 Yield components and seed yield with planted by different spacing of planting at

180 days after planting at Nakhon Pathom province

Total no. Seed Seed Seed
Total no. 100 seeds Total seed
Spacing of fruit height width length
of flowers weight (g)  yield (g/plant)
clusters (mm) (mm) (mm)
1xI m 12.71¢" 8.73 ¢ 9.20 10.45 18.77 77.57b 53.39d
1X2 m 14.76 ¢ 991c¢ 9.02 10.54 18.27 78.05b 125.51 ¢
2x2 m 26.63 b 15.11b 8.97 10.08 18.41 76.87 b 191.51 a
2X3 m 30.22a 14.81b 8.80 10.81 18.53 79.86 a 177.12b
3x3m 30.05a 19.95 a 9.19 10.30 18.40 77.90 b 197.98 a
F-test * * ns ns ns * *
CV.% 7.98 13.31 3.86 5.05 3.05 1.14 12.96

"Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M1319% 11 Characteristic of growth of Physic nut with different spacing of planting at 360 days

after planting at Nakhon Pathom province

Plant height No. of Stem Canopy
Spacing
(cm) branches/plant diameter (cm) diameter (cm)

1x1'm 207.55a" 2.62d 520d 128.10 ¢
X2 m 180.25 ¢ 3.18¢ 5.67c 159.30b
2x2 m 183.75 be 3.32 bc 6.01b 165.69 b
2x3 m 187.50 be 3.65 ab 6.25 ab 177.22 a
3x3 m 194.62 b 3.89a 6.51 a 181.93 a
F-test * * * *

CV. % 14.45 16.90 13.12 12.69

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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3197 12 Yield components and seed yield with planted by different spacing of planting at

360 days after planting at Nakhon Pathom province

Total no. Seed Seed Seed
Total no. 100 seeds Total seed
Spacing of fruit height width length
of flowers weight (g)  yield (g/plant)
clusters (mm) (mm) (mm
1xI m 24.43¢" 17.23d 9.14 10.27 18.46 78.55 131.15d
1X2 m 30.27d 23.78 ¢ 9.23 10.12 18.53 78.95 260.99 ¢
2x2 m 53.19¢ 36.45b 9.32 10.21 18.46 79.05 483.96 a
2X3 m 59.01b 36.96 b 9.50 10.26 18.53 79.30 460.73 b
3x3m 62.73 a 44.44 a 9.25 9.77 18.44 79.12 491.03 a
F-test * * ns ns ns ns *
CV. % 5.09 5.13 423 411 3.32 2.21 11.49

"Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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3197 13 Dry weight of each Physic nut part with planted by different spacing of planting at

360 days after planting
Spacing Leaves (kg) Stem (kg) Root (kg) Total (kg)
11 m 0.66 b’ 4.40 cd 1.80 b 6.86 b
1x2 m 0.68Db 4.20d 1.90b 6.78 be
2x2 m 0.69b 6.60 a 2.00b 9.29 a
2x3 m 042c 4.70 ¢ 1.30 ¢ 642 ¢
3x3m 1.30 a 525b 2.67 a 9.22 a
F-test * * * *
CV. % 18.92 17.13 11.95 5.80

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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A15199 14 Total yield and total dry weight of Physic nut with planted by different spacing of

planting at 360 days after planting

Total seed yield Total seed Total dry weight Total dry
Spacing
(g/plant) (kg/rai) (kg/plant) weight (kg/rai)

I1xI'm 131.15d" 209.84 a 6.86b 10,976.00 a
1X2m 260.99 ¢ 208.79 a 6.78 bc 5,424.00 b
2x2m 483.96 a 193.58b 9.29a 3,716.00 ¢
2x3 m 460.73 b 123.01 ¢ 6.42c¢ 1,720.56 d
3x3m 491.03 a 87.40d 922a 1,641.16 ¢
F-test * * * *

CV. % 11.49 11.53 5.80 8.04

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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M1319% 15 Characteristic of growth of Physic nut with different spacing of planting at 180 days

after planting at Chachoeng Sao province

Plant height No. of Stem Canopy
Spacing
(cm) branches/plant diameter (cm) diameter (cm)

1x1'm 137.092" 245¢ 4.07 85.07 ¢
1x2 m 123.02b 295D 4.18 103.78 a
2x2m 114.61 be 331a 4.08 90.79 b
2x3 m 94.61d 2.89b 4.30 93.65b
3x3 m 110.58 ¢ 2.81b 4.18 85.51 ¢
F-test * * ns *
CV.% 15.81 9.03 4.33 12.87

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13197 16 Date of 50% flowering of Physic nut with planted by different spacing of planting at

Chachoeng Sao province

Spacing DAP
I1x1 m 96.75
1x2 m 95.25
2x2 m 95.75
2x3 m 96.25
3x3m 96.00
F-test ns
CV. % 8.84

ns = not significantly

DAP = day after planting
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M3197 17 Yield components and seed yield with planted by different spacing of planting at

180 days after planting at Chachoeng Sao province

Total no.  Total no. Seed Seed Seed
100 seeds Total seed
Spacing of of fruit height width length
weight (g)  yield (g/plant)
flowers clusters (mm) (mm) (mm)
1x1 m 521d" 3.23d 8.73 10.77 18.10 78.32 9.21d
1x2 m 9.88 ¢ 4.52¢ 9.08 8.82 18.68 78.07 26.53b
2X2 m 1240 b 743 b 8.86 11.48 18.73 78.80 13.65¢
2X3 m 13.92a 8.89a 8.88 11.03 18.11 79.53 3191 a
3x3m 13.72 ab 8.20 ab 8.86 10.77 18.45 77.97 30.51 a
F-test * * ns ns ns ns *
CV. % 18.76 11.36 6.48 22.85 4.86 3.87 14.33

"Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13197 18 Characteristic of growth of Physic nut with different spacing of planting at 360 days

after planting at Chachoeng Sao province

No. of Stem Canopy
Spacing Plant height (cm)
branches/plant diameter (cm) diameter (cm)

1 m 183.05b" 248¢ 6.80a 115.05 ¢
1x2m 189.65 a 291D 6.51 ab 181.62 ab
2x2 m 182.62 be 347 a 645D 180.37 ab
2x3 m 185.37 ab 331a 6.03 c 176.62 b
3x3m 177.70 ¢ 350a 6.22 be 185.15a
F-test * * * *

CV. % 11.92 17.86 7.08 2.21

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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M3197 19 Yield components and seed yield with planted by different spacing of planting at

360 days after planting at Chachoeng Sao province

Total no.  Total no. Seed Seed Seed
100 seeds Total seed
Spacing of of fruit height width length
weight (g)  yield (g/plant)
flowers clusters (mm) (mm) (mm)
I1x1 m 8.08d" 840 ¢ 8.69 11.45a 18.51 79.20 60.11d
1x2 m 20.25¢ 17.94 b 8.91 11.04 a 17.40 79.62 152.75¢
2x2m 30.34b 30.38 a 9.03 11.07 a 18.05 78.52 213.85b
2x3m 33.29a 3193 a 9.09 8.77 a 18.58 79.37 235.14 a
3x3m 31.00 ab 29.54 a 9.14 1128 a 18.41 78.75 240.01 a
F-test * * ns ns ns ns *
CV. % 16.96 18.46 6.58 22.25 5.91 6.95 12.27

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13197 20 Dry weight of each Physic nut part with planted by different spacing of planting at

360 days after planting at Chachoeng Sao province

Spacing Leaves (kg) Stem (kg) Root (kg) Total (kg)
11 m 0.43b" 2.92b 0.70 b 4.06 ¢
1x2 m 0.61 ab 4.42 ab 0.69b 5.73 be
2x2 m 0.64 ab 4.84 a 0.75b 6.25 abc
2x3 m 0.94 a 5.89a 1.09 ab 7.93 ab
3x3m 0.95a 5.99a 1.41 a 835a
F-test * * * *
CV. % 31.79 24.15 39.36 25.16

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
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M1319% 21 Total yield and total dry weight of Physic nut with planted by different spacing of

planting at 360 days after planting

Total seed yield Total seed Total dry weight Total dry
Spacing
(g/plant) (kg/rai) (kg/plant) weight (kg/rai)

1x1 m 60.11d" 96.17 b 4.06 ¢ 6,496.00 a
1X2 m 152.75¢ 122.20 a 5.73 be 4,584.00 b
2X2 m 213.85b 85.54 ¢ 6.25 abc 2,500.00 c
2x3 m 235.14a 62.78 d 7.93 ab 2,117.31d
3x3m 240.01 a 4273 e 835a 1,486.30 e
F-test * * * *
CV. % 12.27 4.55 25.16 10.34

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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M1319% 22 Characteristic of growth of Physic nut with different spacing of planting at 180 days

after planting at Phetchaburi province

Plant height No. of Stem Canopy
Spacing
(cm) branches/plant diameter (cm) diameter (cm)

1x1'm 130.652 " 3.15b 4.52 75.42 ¢
X2 m 100.55 c 2.72d 4.29 85.55b
2x2 m 118.05b 2.87 c¢d 4.15 84.82 b
2x3 m 115.37b 352a 4.62 90.57 a
3x3 m 95.22d 3.00 be 4.18 82.62 b
F-test * * ns *

CV. % 12.29 15.15 8.93 13.53

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
*= significantly at 95%
ns = not significantly
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A15137 23 Date of 50% flowering of Physic nut with planted by different spacing of planting at

Phetchaburi province

Spacing DAP
1x1'm 103.00 ab"
1x2 m 103.75b
2X2 m 102.50 ab
2x3 m 101.25 ab
3x3m 100.00 a
F-test *
CV. % 12.26

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

DAP = day after planting
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M3199 24 Yield components and seed yield with planted by different spacing of planting at

180 days after planting at Phetchaburi province

Total no. Seed Seed Seed
Total no. 100 seeds Total seed
Spacing of fruit height width length
of flowers weight (g)  yield (g/plant)
clusters (mm) (mm) (mm)
1xI m 5.34 221¢" 9.23 10.21abc  18.76 76.57 18.12 ¢
1x2 m 6.72 2.66 be 9.14 10.48 ab 18.00 78.05 26.15b
2X2 m 6.18 4.15a 9.11 9.81¢c 18.41 76.87 31.02 a
2X3 m 5.55 3.30 abc 8.87 10.73 a 18.53 77.50 20.67 ¢
3x3m 6.03 3.75 ab 9.24 9.98 be 18.14 76.90 3097 a
F-test ns * ns * ns ns *
CV. % 23.68 22.81 4.57 4.32 8.31 11.14 26.74

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13199 25 Characteristic of growth of Physic nut with different spacing of planting at 360 days

after planting at Phetchaburi province

No. of Stem Canopy
Spacing Plant height (cm)
branches/plant diameter (cm) diameter (cm)

1x1 m 210.60a" 3.40a 6.63a 125.60 d
1x2m 169.63 b 2.80b 5.67¢ 159.05 ¢
2x2 m 153.32d 2.87b 5.63¢ 167.80 b
2x3m 156.35¢ 3.50a 6.20b 17032 b
3x3m 156.57 ¢ 3.05b 5.61lc 176.55 a
F-test * * * *

CV. % 11.04 15.94 13.42 9.52

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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15197 26 Yield components and seed yield with planted by different spacing of planting at

360 days after planting at Phetchaburi province

Total no. Seed Seed Seed Total seed
Total no. 100 seeds
Spacing of fruit height width length yield
of flowers weight (g)
clusters (mm) (mm) (mm) (g/plant)
1x1 m 13.52d" 13.48 d 9.14 10.27 18.46 82.32 5742 ¢
1x2m 21.28 ¢ 2222¢ 9.23 10.12 18.53 81.25 72.96 d
2x2m 22.18 ¢ 2476 b 9.32 10.21 18.46 80.30 80.29b
2x3m 24.56 b 2721a 9.50 10.26 18.53 80.05 77.54 ¢
3x3m 2792 a 2825a 9.25 9.77 18.44 80.00 99.92 a
F-test * * ns ns ns ns *
CV. % 25.53 15.89 4.23 4.11 3.32 8.88 21.93

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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A13197 27 Dry weight of each Physic nut part with planted by different spacing of planting at

360 days after planting at Phetchaburi province

Spacing Leaves (kg) Stem (kg) Root (kg) Total (kg)
1x1 m 0.23a" 228a 0.84 335a
1x2 m 0.02b 0.70b 0.51 1.23 ¢
2x2 m 0.02b 0.90b 0.48 1.40 c
2x3 m 0.03b 0.97b 0.60 1.60 be
3x3m 0.09b 1.77 a 0.58 2.45 ab
F-test * * ns *
CV. % 64.62 31.33 47.39 32.47

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD
* = significantly at 95%

ns = not significantly
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M13197 28 Total yield and total dry weight of Physic nut with planted by different spacing of

planting at 360 days after planting at Phetchaburi province

Total seed yield Total seed Total dry weight Total dry
Spacing
(g/plant) (kg/rai) (kg/plant) weight (kg/rai)

11 m 57.42¢" 91.87a 335a 5,360.00 a
12 m 72.96d 58.36b 1.23 ¢ 984.00 b
2x2 m 80.29 b 32.11c¢ 1.40 c 560.00 c
2x3m 77.54 c 20.70 d 1.60 bc 42720 e
3x3m 99.92 a 17.78 e 2.45 ab 436.10d
F-test * * * *
CV. % 21.93 14.54 32.47 16.37

" Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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M15191 29 Soil physical properties from Nakhon Pathom, Chachoeng Sao, and

Phetchaburi provinces at depth of 0-20, 20-60, and 60-100 cm

Locations Depth Texture % Sand % Clay % Silt
0-20 Loam 49.26 17.67 33.07
Nakhon Pathom 20-60 Clay loam 29.12 29.06 41.82
60-100 Silty clay 15.20 41.46 43.15
0-20 Sandy loam 73.91 18.14 7.95
Chachoeng Sao 20-60 Sandy loam 69.88 18.10 12.03
60-100 Sandy clay loam 63.95 20.25 15.80
Sandy clay
0-20 63.43 24.34 12.19
loam
Phetchaburi
20-60 Sandy loam 71.63 18.56 9.81
60-100 Sandy loam 75.02 17.23 7.75
mma*ﬁ 30 Soil chemical properties in from Nakhon Pathom, Chachoeng Sao, and
Phetchaburi provinces at depth of 0-20, 20-60, and 60-100 cm
Location Depth pH1:1THO %OM  CEC cmol kg_1 Total-N g kg-1
0-20 6.4 2.5 8.37 1.34
Nakhon Pathom 20-60 5.8 2 10.99 1.06
60-100 5.3 1.3 12.12 0.92
0-20 5.15 0.3 - 0.33
Chachoeng Sao 20-60 5.2 0.3 - 0.22
60-100 5.1 0.3 - 0.50
0-20 8.05 0.1 6.49 0.64
Phetchaburi 20-60 7.9 0.1 10.99 0.22
60-100 7.2 1.2 11.24 0.22
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13199 31 Soil chemical properties from Nakhon Pathom, Chachoeng Sao, and

Phetchaburi provinces at depth of 0-20, 20-60, and 60-100 cm

Avail. P Etrac. Ca  Etrac. Na  Etrac. Mg Etrac. K

Location Depth 4 4 4 . .
(mgkg ) cmol kg cmol kg cmol kg cmol kg

0-20 69.22 6.15 0.39 1.47 0.32
Nakhon Pathom  20-60 87.13 5.61 0.52 1.64 0.33
60-100  118.15 3.85 0.56 1.73 0.23
0-20 4.86 3.59 0.36 0.36 0.06
Chachoeng Sao 20-60 3.44 3.36 0.35 0.31 0.05
60-100 2.27 491 0.37 0.62 0.09
0-20 541 5.81 4.04 2.08 0.16
Phetchaburi 20-60 5.38 12.53 1.32 1.92 0.12
60-100 5.26 8.66 0.24 0.76 0.17
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WA 3 Total yield (kg/rai) comparision from 3 locations Nakhon Pathom, Chachoeng Sao, and

Phetchaburi province

A15197 32 Total yield comparision from 3 locations Nakhon Pathom, Chachoeng Sao, and

Phetchaburi provinces

Nakhon Pathom province Chachoeng Sao province Phetchaburi province
Spacing Total seed Total seed Total seed Total seed Total seed Total seed
(g/plant) (kg/rai) (g/plant) (kg/rai) (g/plant) (kg/rai)
1x1 m 131.15d" 209.84 a 60.11d 96.17b 5742 ¢ 91.87a
1x2 m 260.99 ¢ 208.79 a 152.75¢ 1222 a 72.96 d 58.36b
2x2m 483.96 a 193.58 b 213.85b 85.54 ¢ 80.29 b 32.11¢
2x3 m 460.73 b 123.01 ¢ 235.14a 62.78 d 77.54 ¢ 20.70 d
3x3m 491.03 a 87.40d 240.01 a 4273 e 99.92 a 17.78 e
F-test * * * * * *
CV. % 11.49 11.53 12.27 4.55 21.93 14.54

"' Means within the same column followed by the same letters are not significantly different at
95% level by LSD

* = significantly at 95%
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MI19WHINT 1 Plant uptake analysis compare with 3 locations at 360 days after planting

from Nakhon Pathom, Chachoeng Sao, and Phetchaburi provinces

112

Location %N %P %K % Mg % Ca
Nakhon Pathom 2460 0.02b 3.14b 0.54a 1.54a
Chachoeng Sao 3.00a 0.00b 2.29¢ 0.24b 091b
Phetchaburi 235b 0.16 a 4.14a 0.55a 091b
F-test * * * *
CV. % 5.25 41.94 9.83 7.29 19.57

" Means within the same column followed by the same lettersare not significantry different at

95% level by LSD

* = significantly at 95%

M1319WHINT 2 Weather in each month at Kasetsart University Kamphaengsean campus

Nakhon Pathom province

Year Month Air Temperature(°C) Humidity (%) Rain Evap. Cloud Sun.
Max. Min. G.min. Max. Min. (mm.) (mm.) (%) (hrs.)

August 32.78 24.48 23.47 94.32 61.19 390.10 4.23 92.00 249
September  33.35 24.21 23.14 93.30 58.70 33820 5.00 81.40 6.36

2005  October 32.33 24.22 22.70 92.39 59.48 114.10 4.05 59.48  7.13
November  32.80 2243 19.32 93.33 49.90 5.70 4.08 17.47  8.67
December  29.91 19.40 16.04 92.94 47.45 7.20 4.07 2537 7.56
January 31.81 18.75 15.51 92.87 41.84 2.60 3.92 23.71  8.39
February 33.20 22.54 19.55 93.39 48.32 17.80 4.51 23.82  8.57

March 35.21 24.43 21.75 92.97 46.71 22.60 5.44 3258  8.17

2006  April 3593 25.04 22.48 94.53 45.83 38.60 5.35 50.73  8.21
May 33.96 24.81 23.04 94.48 56.39 117.00 4.64 69.71  6.09

June 33.89 24.63 23.14 94.93 60.03 162.50 5.01 78.67  5.80

July 33.53 25.07 23.73 94.87 60.26  74.30 4.75 89.42 397
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M319WHINT 3 Weather in each month at .M. private development project Chachoeng Sao

Province
Year Month Air Temperature(OC) Humidity (%) Rain
Max. Min. Average (mm.)
September 32.21 23.68 98.68 392.60
2005 October 32.16 23.27 98.61 149.40
November 31.63 22.63 98.08 77.10
December 29.85 19.67 96.25 17.50
January 33.48 19.14 95.25 0.00
February 34.48 22.50 94.35 19.10
March 34.26 23.65 96.50 106.90
2006 April 34.10 23.75 97.26 147.60
May 33.48 24.17 97.74 346.20
June 32.96 24.23 97.46 153.10
July 31.38 24.16 97.56 200.8

M1319WHINT 4 Weather in each month at The Chaipatthana foundation Phetchaburi province

Year Month Air Temperature(°C) Humidity (%) Rain Evap. total
Max. Min. Max. Min. (mm.) (mm.)
August 329 26.0 90 69 20.9 122.4
September 323 25.5 93 74 146.2 102.8
2005 October 314 247 95 71 347.5 96.5
November 30.8 24.0 88 65 57.9 89.3
December 29.1 21.5 85 59 35.9 99.2
January 34.6 214 82 53 0 118.0
February 31.7 22.6 88 69 0 120.0
March 34.5 25.1 87 63 0.3 173.0
2006 April 37.0 25.2 86 68 46.1 171.0
May 36.0 24.8 92 72 274.3 143.0
June 35.2 25.8 87 65 52.7 140.0

July 34.4 25.6 88 66 164.5 126.0
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MWHUINN 2 Annual yield of Physic nut planted with different spacing at

Kasetsart University Kamphaengsean campus Nakhon Pathom province
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MWHUINN 3 Annual yield of Physic nut planted with different spacing at H.M. private

development project Chachoeng Sao province
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MNHUINT 6 Physic nut stem prepare for planting with direct cutting
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MNEUIND 8 Cutting in polyethylene bags before transplanting
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MWHUINT 10 Physic nut field planted with different spacing of planting, i.e. 1x1 1x2 and

2x2 m at Nakhon Pathom province
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MNEUINA 11 Physic nut field planted with different spacing of planting, i.e. 2x3 and 3x3 m

at Nakhon Pathom province

MWAHINA 12 Physic nut field planting with different spacing of planting, i.e. 1x1 1x2 and

2x2 m at Chachoeng Sao province

MNEUING 13 Physic nut field planted with different spacing of planting, i.e. 2x3 and 3%X3 m

at Chachoeng Sao province
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MNEUINT 14 Physic nut field planted with different spacing of planting, i.e. 1x1 1x2 and

2x2 m at Phetchaburi province

MNEUINT 15 Physic nut field planted with different spacing of planting, i.e. 2x3 and 3%X3 m

at Phetchaburi province

MWNUINT 16 Soil sampling at depth of 0-20 cm., 20-60 cm., and 60-100 cm
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MWWUINN 18 Fresh fruit and fresh seed after dehulled
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MWHUINN 20 Plant sampling for dry weight in each part of Physic nut
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