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ABSTRACT  

TITLE EFFECT OF NUMBER OF SEEDLINGS PER HILL ON YIELD AND 

YIELD COMPONENTS OF PHONENGAM 3 RlCE IN WET SEASON IN 

SOUTHERN LAO PEOPLE'S DEMOCRATIC REPUBLIC 

BY BOUNSUAN PHOMVONGSA 

DEGREE MASTER OF SCIENCE (AGRlCULTURE) 

MAJOR AGRlCUL TURE 

CHAIR ASSOC. PROF.SUWAT TERAPONGTANAKORN, Ph.D. 

KEYWORDS : NUMBER OF SEEDLINGS PER HILL / PHONENGAM 3 RlCE / GROWTH 

YIELD / SOUTHERN LAO PEOPLE'S DEMOCRATIC REPLUBLIC 

The experiment was conducted at Phonengam Rice Research and Multiplied Seed 

Center in Champasak Province, Lao PDR, during May to November, 2011 to investigate the effect 

of number of seedling per hill on growth, yield and yield components and nutrients uptake of 

transplanting Phonengam 3 rice. The field experiment was set in Randomized Complete Block 

Design with 3 replications and five levels of number of seedling per hill (1, 2, 3,4 and 5 seedlings 

per hill). Results showed that The effect of number of seedlings per hill on relative growth rate 

was significantly at 0.01 probability level, the best relative growth rate was found from one 

seedling per hill treatment all 30, 60 days after transplanting and at harvested stage. But the effect 

of number of seedlings per hill on yield was not significant but the three seedlings per hill tended 

to give highest grain yield with 488 kg rar', the second is the four seedlings per hill treatment with 

484 kg rar', whereas the lowest yield was found from the five seedlings per hill treatment with 

454 kg rar'. The effect of number of seedlings per hill on panicle length and percentage filled 

grains per panicle was significantly at 0.05 probability level namely, the most panicle length was 

found from one seedling per hill treatment with 26.63 centimeter and the number of grain per 

panicle was highest from three seedlings per hill treatment with 83.82 percent. The effect of 

number of seedlings per hill on percentage of panicle per hill, number of grain per panicle and 

1,000 grains weight was not significant. The number of grain was found mostly from two 



seedlings per hill treatment with 115.89 grain per panicle, the percentage of panicle per hill and 

1,000 grains weight were highest from three seedlings per hill treatment with 81.83 percent and 

26.26 gram, respectively. An increasing or decreasing more or less three seedlings per hill reduced 

yield and yield components of Phon eng am 3 rice variety. While the 1 to 4 seedlings per hill to the 

Phonengam 3 rice uptake nutrients better all the three species tend to have sufficient amount of 

growth. The 2, 1 and 4 seedlings per hill with Nitrogen, Phosphorus and Potassium, respectively, 

accumulate in the highest seed 1.49,0.72 and 0.68 percent, respectively. 

http:1.49,0.72
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. '" 
i'!1I1"CIl1 i 

Ji , , iJ 1 I 

'Utntlv.'W Vi flU Nft\91 Iii11 N" {)v.'Wl1'\1" lt11nfl1) !'If'W i ..rfl11111:f1fltytfitl1till 'Jl'W fll) . '" 
, 1t1111t1 rinJfl1"lflfl1) 111Iiiml'W1"lflfl1) 'l1'J fI1t1i ri i,f 

i 'Wfll) Nft\?l 

i i '\1:U'1 
"'. '" 

fll) Nft\?l tll fftl1i) 'j il'W'\1 '\1 fll'j N ft \?I \?Ill1 fI 1111!fI tI;'W 'tI {) 'J \91) m H

51.!. '.1 51 51.1' '1 51 51 51 "" "" 1 1 ""1 II) ''1 't1 '1 51!''If'W lJ'lfl'tl1dU"1lJ"{)tI !'\1\91'W'tIl1!'iI)ty!\?IlI \?I \?ItI\?Ill11inll"lfl\91 \?ItI flU l"lf 
0 d .<II , "" 11).1 '1510 51 'jI, .<II 51 ... 11).1'1 0 

fl'W llJ flU l ''If'ill'W1'W \?I'W fl"l \?I {)'\1 'llllnfl'\1){) 'W {) tltfl'W ! lJ 1'Wfll 'jlJfl\?ll 

• OJ " 

'jI 0 1 CLI 4 31 , dlrJ ' 
l'tIl'V11"1t1'i11fl 'j flUlI,,\lfI'\?I't'Vl"lf 1f1"{)11\911\1'1 'VI 'ill fl N" fll) 'j lt1\11'W'tI{)'J 

Linquist and Sengxua (2001); Schiller et al. (2006) 'Vlll'h fI1f1 l1"fl., 
'jI 1 ' '1 ''1 510 'jI 51 'jI' '1 0 ..2 'jI 51' 0 "" 
'Ul1 \?Itlff1'W mw !''If'ill'W1'W\?I'WflCll 3-6 \?I'W\?I{)'\1"lJ !'Wfll'jlJflfll !i]f'J\91'Wfl"W){)'\1"1I'i11'W1'W\?I'Jfl"11" . . 
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llJ1lJ 1,j i lJ fIl'iiJm'hriu1f'Uofh-;l'wlJ tJ1 '0 Vi 1i <\i'11ijfll'i 

11' i11'f-Hl 

320 (Sihanath, 2004) 

i lJ 

i l'lflJ 111 

x 20 2-3 

"" i 'JIi 'JIo 'JI!II 'JI f f'JI i'JI ::1 0 "" 'I 'JI25 x 25 lClflJ\9lI:IJ\9l'i '11 'l1'OllJ1'U\9l'Uf)"13 \9llJ\9ltJ'I1\!:IJ H\9lm 30 x 30 IClflJ\9lI:IJ\9l'i . 
4-6 \'I'U'h . . 

1'If'U itliim'tl\9l'im. .. .. 
(Schiller et aI., 2006) 

m'tl \9l'i f)H11'U:IJ If)lJf) 'O:::iJ tJi 'U 'U W

'1'J1 0 i d"" 'I .:. d '1'J1 '" "f lJ'iJW:::'VI !'U\'I'U'VIfl1fl 

25 x 25 2548) 

fIl':i i llJ i lJ I 1\9l 

.  
'U tJ f)'Olf)U f)U i O'U m':i i'U i • 

" Q QI 41 91 QI "0 3J , d 0 "4 . r 0

11 lJ m ':i i 'l1'Ol'U1'U\9l 'Umf)\9ltJ '11 \!:lJf)'VIl i 'I1:IJiJ iY 'I11\9l1:IJm'l1" I'M'U 'VIl 
'JI.., , .., 'JI 'JI 0';: "'I "'JI 'JI 'JI "" I

f) 'U m':i 'iI'U \9llJ 
"" lIJ 0 'JI "" !. : , 'JI 'JI 'JIo 'JI 'JI 'JI 

1f)'U ,U m''l1'i11lJ1'U\9l'Uf)mlJtJfJ 

'U 1 m ':i lfJ i U'J::: '11 a i fl11:IJ'I1'Ulml 'U . 
:IJ1f) U"::: Ul 'O:::Vil i 

".1 "" lIJ 'JI 0 ..Q i d ill!. 'JII !II 'JI'ill'U 1lJ 'Yi 'U 'U'\IW:::'VI m "D'ill'U 1'U\9l'U 

\l:IJ i 'U tJl'ilVili
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tJ'J"::mffCll1 'hlil 'Vl.ff. 2540 flfl IR60290-CPA-1-2-1-1-3IIR57519-PMI5 IR57458-
ad <II <I tV 0'9) dod d d 

PMI-17-B-l-l lJ'lfflfflfJ'Vl'IJ1l IR68835-44-8-B-B-3-5-B-PNG-B m'IJ'Vl'IJ1l'll11'V1lJfJWf!1'Vlfl !lJClfl 

hfl1 130-135 1'IJ mlJ1:: 
Q.I ,: d 0' 0" ... 1 <Vd d 

100-110 'lJl'H'lJf) 1,000 tlJClfl 

28 f)i'lJ 640 n1C1f)i'lJl'if)1; 

(1m 2548) 
" 'I ",I 'I M <V I <II ,I" 0' 'I ''I "" 'Il11'V1Hfl1f1 ff1'IJ !'Hty 

'" o'A I <V ,I 'I .,. .,Q 'I '" 0' " ,! "" '" 0''1 .,Q <II <V 0' d 
t'IJ'Vl'IJ1l'll11mCll'IJ'IJ flfl 'Vl'IJ'Il 3 

" UfJlJ i 'IJ f)t1 fl'IJ 'Ii' U 'Vl;'HCllV i 'lJ1l '0 ,-U'IJ vr liJ UCI::'lJltJi'

'li'11-W'IJ llJ 3 -W'IJ 'IJ m'J" 
" . " 

i 'Vl.ff. 2541 

lJ1 fJ""ltltyflVH'Hd i ,ftfl'l!lm m11'IJlJl'1lfJ1Vvf'IJ 'O'IJ 
"" <V .K d c:, d '1"",; -1 .,Q ,

fJ1f1m'IJfl (Voradeth et aI., 2004) 

'0 ::t1'1 'lJf!1f1 'VIffCll1 UCI::trifl 

fl1'J"1l1'1 'IJ 

G JOQJ QV 
2.3.1 fUl1J'fIil'l fl W'Il MNiUU1f1'l111 v 

flU '1,f f)fl'U CllfJflVH 1'lf'IJ 

;if) 

" '" 1lJ " ..." i-I" ," • '" did • " ..." -1 i"'" 'I'lJflfJ f)'O:: 1Jfl1fJ f)'VI1 fl.. 
911 • 'JI , 

'IJ flf) 'Olf)tr'IJ Ul'Htr tr'lJflfl 

'1": QI 9J ,,.,,: <V d d 9J: Q" J 9J 
fl'O:::: if)'IJ 1'l1'IJ 

QI

if) 1l::'IJ'IJ.. .. 
" . 

fl.:JfltJ'J"::flfl'UI'iH'1 



t-.L:!.l1::Ul1 Lrt ltIrtSbH.Qf1.' oz; : I • If' P f:JP P • "Itt 

ft"rttf1.1 tLkb rtlIL (l, 
. " . tLI\. rtltll}Ql\.ltIUH UH"i UlIl}Q1\.1} rt"HIlQmIAL.L:!.n.QlI t tf, tf, '" tf, b r-I '" 0 IV" IP tf, 

tLI\.t-QI\.QlIQltIt-ttrttrtL& ZT£"Z tf, • 0 

Lr;t. 
" Nml1 t-.L:!.l1t-Ql\.rtl\.mLtlA rt&1tltllrt1 (fj 0 l-O (fj" 0 i;;'F" t" (fj Lt 0 

tLI\. rtt W D; rtM,lI111t1 j t L I\. rtltlt-Q I\.Qrt"lIlt111 t L lIQ ltIUHrtlA.ll & & rtt-Sb ltIU.L:!. H IA.m IAL.lW rt rtt-LIlQ rtl\. rt M,1 " ('& IJt (6 (fj i j l=1F t't! 'F' '='\;;7 ITJ 0 tc P • r ';=" 

(oroZ) "IE 1:;) urnlsI t-QI\.n.M
" . rreqa nnlH 

Q"QltILlili rtltlrttrtL 0, lfillUtLlIUH n.1I t-QUIAItIQ.L:!. rt "QltIQ rt" rtt rtL&"1 llA.LltIlI rt tlll • ,16" l?' to" r 0;1 h 0 IfO 0 1. 0 

(800Z;) "IB 1:;) urnysI t-QI\. 

££ uBqa IIDIH "'" 1Pr-"'" tf, Itf, tf, 0 IF' It'';'' 
1, L!;t rt1" f1.t 

f1.!lL!'U 
. . " 

rtL.L:!.IA.t-f1.l\.l1lt111t-1l M,llt1hl}flL rtll QQI} rtl\.lll1lt111 &tL I\. rtltl rt1 tlA.ll ItIl (Sl:;)ml A.mpl:;)l) rtL.L:!.IA.t-f1.1\.11 p $:I If, (fj 1"'1Jt f' t 

tt' 1, (Sl:;)ll!l AlBpuo:):;)S) t-Q.L:!. 1. 

(Sl:;)ll!l AmW!ld) 1}f1."IA.t-f1.l\.n Ltlilltml1f1.ltIlILo,lIQQltIlI1lA.t-rtl\.nt-Sb n.i 17-£ f" P f' F t f"" I'" 

ItIl n.i 1tI1IRl'lIrtltlQt" rtt 171 mLrt::::trtltll tf, lit b .,. i5 tf, Ii' '" I Vtf, lit \" I tf, tf, tf, 

t-UIlQf1.Qrt"lIlt1HtLn.f1.ltI"i LlA.l}o, rt1 tf, I it' tf, tf, b 0 IF' I V lit I 

rt Lt IAItI lIll}f1." f1.t f1. L & I} Q rtQ rt" "1.LIA. 1I L rt f1.t rtL & rt IA.tL I\. rtltl I}Q I\. f1.Q Q Q rt" Nml t-h n.ltIl 1;:7 f" 0 It , ,,0 Of;7F (fj (fj 'l r 0 '=" 

Lr;t. I 1 

tlllltllll:l:&Ul\.rtltll-i1 LlA.::::o, I-iQltIlILrtLUlIf1.ltIf1.tf1.L&lb1 LUrtLI\.HltIHIA. rtl rtl\.lILrtf1.ltIQltIQ f1."lIlt111 '" tf, tf, tf, b 0 I tf, tf, otf, b tf, tf, b IF' tf, I I 

" 1, L!;tt-! Qft"lIlt111::Ulllt11 L!;t 

Lr;t. 
"" . L,t-L ltIll & & rtt-ll11 t-li ntLlIltIlIltLI\. f1.ltI 11.1 LtLl\.rtltlt-QI\. f1.f1.nLrt"rtLt IA Q ltIHltIIl1tI1UH ltILUll • t'f) 1, l;7" (fl(fj b 0 (fj (fj I I JZI" I" 

(1861 'Bp!qsOA) 81-9 

ltIl1tLI\. f1.ltI ltIlirtllltll f1.1I rtlbttLI\. f1.ltIt-Q I\.Qrt"f1.t f1.L&QltIUH rtliL 1tI1i rttlllrtl ltILUlIrtltlf1.tf1.L & 1 If, (fj t:F I'" tc t IS It. I 0 I P'P 0 I,.i 19 I"" C 

Lr;t. f1.o,ltltll f1.1 
. " 

lIrttLlIl}Ql\.lIUrtLtlA tLn.Y,rtM,llo,o,rtllUWQrt (,;' IF' tf, tf, it'" '" '" (,;' 

tLI\.f1.ltIt-QI\.QlIQltIQrtl-if1.tf1.U1 I"ZTZ (fj (6 'I 0 

6 

http:H~.L:!.t-.L:!.l1
http:IlLltI~Ul1Ql1f1.QQ
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'odod _I d'Q d'd '" '" "i 'Iii lIJiI '1i1!1i !Ii 80 hJtl';H!l}f'W1Pl 'YI!'iI)'tyLIPl'lJ llPl'i)'WffllJl'Hl !ifl (Mirza et aI., 2009) fll)' L'lfIPl'Wfl'fn 

I:llJl 01)' llPl HI9I 
" Y. lIJ' 'I d 'I !Ii" !Ii !Ii • 'I 0 0 'I !Ii !Ii !Ii d LlJlJlfl L L'If'ill'W1'W1Pl'W fl'fnmfllPltl'HCllJ L'W O1)'lJ flifl 1'iI:m L'HIPl'W'Ul1!'Y'IlJ• 

I Q.I Jt , • : , .dl Gi!il 9J Ij) 0 ,& Q0 'I 

'Wl • . " 
fll1lJ tifl 'WUflUCl tJ! n'lJ HCl fll'.i 1'W 1'W 1191 tl'H I:llJ l'W fl1'.i 11m'l 191 fl 

BINA Dhan 4 Miah et at (2004) 'Y'I'lJ'j, O1'.i 

1'Wfll'.i 11fl1011 1'W '.i 
"'''' 'I !Ii 0 'j/!Ii d ' 'I 0 0 'I 'j/lIJ !lJ !lJ 'I 0 d'YIHfffWI O1),! 'If'ill'W1'Wifl'W flCll'Y1m CllJ L'W 01)' lJflifll til 'ill'll L'H Lifl)' L'W 'ill'W1'W'YI• 

l..rHCl 
d I 'I Yo 3J jI b1" , QI !iI 0 ,,1jJ 1 GI il 0 0 " lJHCliflflO1'.i L'H'ill'W1'W'.i1,:j'lJfl,:jifl'W'Ul1 LiflUfl 'Y'I'W1lfl'.i'.ilJ'lJl1 'ill'Wl'WIPl'WflClliflfl'Hl:llJ L'W01'.i flifll 'Wl 

2.3.2.3 
, f '(l.I 1!V !iI d I 

01)' U fl,:j U'lJ,:j 'lJ 'W 'il1flfl 11lJ'H 'W 1U'W 'W 'lJ ifl 'W 'lJ 1111 HCl fl'.i tl'lJ'W 1ifl 

;;11 fI 11lJ'H'Wl!!U 'W 'iI:V11 O1'.i 1'W fll '.i tIl'H 1'.i 

ff11,:j 1:J!.wfH'Y'Ifl 
o '1 tJlJJ jI do" j/' <iI 0 IllS' d 0

HCl'YIl L'Hifl'W'lJl1Cliflfl11lJtJl1'Utl,:j',id,:jCl,:j O1),!'Y'IlJ'il1'W1'Wifl'WflCllifltl'H I:llJ L'W O1)'lJ flifl 1 1 'iI:lJHClm 
'1!lJ 'j/ , d 0 'j/

'illflO1HTflEll'lJfl,:j Rahman et al. (2007) 'Y'I'lJ11 O1),!'Y'IlJ'ill'Wl'Wifl'W 

I:llJ' 'W fl1'.iilflI011'Yill..r f111lJtJl1)' fftliflfl n'lJfll)'ffflEll'lJtl,:j Mirza et al. 

(2009) 'Y'I'lJ'h 01)' !v1lJ l'W01'.i11 fl1011 'Yill..rfll1lJtJ11'lJtl,:j), 

i'W1lfl'.i),lJ'Ii'11 

'H I:llJ ''W01'JilflI011 

t "jI.::'I ' , 0' 9Jo d,f111lJ'H 'W 111'W 'W 'lJtl,:jIPl'W 'lJl1!lJ'W ffl!'H)OJ O1'J It m 'H 'ill'Wl'W!lJClifllPl fl 
fJ} .d" "t d .: 0 Gt !i/o Q 51 t IjJ

),1,:j'lJ tl-:l'lJ1TfliflCl,:j O1'J!'Y'IlJifl'W flClllPlfl'Hl:llJ'YImfl'U'W 'iI:m L'H 'ill'W 1'W!lJClifl'lJl1IPlfl),1,:j'Ul1Clifl1:l-:l 'illfl 
, do 'j/!Ii ''j/' , 

fllHTflEll'Ufl-:l Roshan et al. (2011) 'Y'I'lJ11 O1),!'Y'IlJ'il1'W1'WIPl'Wflt'llmflfl11 3 ifl'Wiflfl'HqlJ 'Wfll)'lJfl 

o fJ} cu 4di ,0' "0ifll 'YI1 Bozorgi et al. (2011) 'Y'I'lJ11 fll)' 
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(I Q do , 

2.3.2.5 

Miah et al. (2004) 11t1Ht..r:h 
o 91 91 \1]'''' • 0 <S .,. <S 91 • \I] <S & 

Obulama 
• "1910 91 91 d .1. 0 "I 910 <S "" , 91et 'al. (2004) 'Y,/,U11 f11'J 

";'\.,I"1fl'J'J1JoWl1 ., 
f111t1mlh tAl ''\.,1 mJ (I 'I '\.,11 

: (lI Q 
2.3.2.6 '\.,I1'Y1'\.,1fll,000 

Ahmad et al. (2005) 11t1'11'\.,1'11 

U
1: d'JI 'JI A " 01" .;f 
tl'\.,ll'Y1'\.,1

Q,I

fl'Utl'lL1J tI L'\.,I tl'l 'U Ufl'lUfJ'Ili ll9J m'YI1'J tl'li'll tty li ll9J tnty1'J m (11'\.,1 . . ., 
'lirWtI'IfW t '\.,I fl11 
Y..:Ii J I -: (V d'JI lb)d 
'Ul1 tltll'1 L'Jflm1J Roshan et 

• 910 91 91 91' "" 91 • -: '" <S 91al. (2011) 'WU11 f11'J fl(ll 3 
i'.V.dct ,: QJ d" 111 'JI t cv Y b] ,.

1,000 'UV'I'Ul1 'W'\.,I"1fl'J'i1J'Ul1 1'\.,1 
I lIJ d cv d Q.I

tltll'1 1,000 

'Wl::1i119J "'\.,1 fl111Jty'\.,llUU'\.,I ., 
ml1'Y1Ufl'U L'W 'J1:: fl111Jty '\.,I lUU'\.,Ill11 oW11uri'IUV'I1ill9Jm111'J vh 

"191 \1]'''''' 91 9191 & •l'Y11ill9Jmty1'J fll'ifffl't:l1'Utl'l Rahman et al. (2007) 'WU11 

1 ,000 

Ahmad et al. (2005) 'WU11 f11'J '\.,I • 
it d 'JI /iI'JI" d iJ d.l '.c'!Q,fOQ,1.d 

tAlty Um1J 11 1 'fltJij 1,000 L1J(I 'fl 'Utl'l'Ul1L'W1J'U '\.,I tltJl'11J'\.,ItJtYlfltutJ'I'VI1'1.. 

fl111Jfflt1tyIPiVfl1'J 1 ulPiorJ'Iijtl'il LoM'\.,I ";'\.,1"1 fl'J11JoWl1 

'\.,I ., ., 
f11'JL 1 tl1:: oWl1Lmhu'\.,I l11il 'il m ri I'll'\.,Iij oW mhtl'flty1tl 

.,. • "" ""1' <I'll ... 91 0"1 91 <I'll "'91 L ty V'Ifl 
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'1 ,riifl111H'HlJ1 fflJ fll !vilJr-Hl 

"" " 2.3.2 

'H ff1'W 'H l fl Nilmfl''j'tJ! n
ulPii 

!'l1'W W'
1'jfl U HlJ Vl 'If l1lJ' 'tJii 'YI fltJ fllPi1 '1 'W fl1'j 'tJ fI t'l1'W i -N,j' 'W i'tJ i''U'tJ 1

_ 
1fl'W 

1'j '1 'W fl1'j n'Uil tyi11!'Hril'n 1'J'U fl1'j 

'Pi'1tJl1im'ji 1'W 1'W1I'U fli1 'llJ' fl1'j ilfl,j 

him fl1 i,r !.ff'U 

Yo 91 91 'JI' 0 0 'l 91111 91 f 0 111 f f d !'It
m'j 'H 'YI!'1J'W 

• ... 'I '1 'JI - Y. di 0 91, 'JI "" 91 4 1 'JI 91!'Wm'j 1i1 

i Yo 'JI 91 91 I 0 'I 'JIY 91 lIJ f'" • 0 , Y'JI 91 4 
fl1'j 'If'il1'W fI 'YIl t

: t..:::l I q 1.c:k 0' G) sJ IjJ iI.d Q 1 
flli11'j 'W1 

ulPim 'ill'h i flfl1'j fll 'ilvh '1

'JIo 91 'JI I 0 , 'JI9I 91 ". ,di!'lt
m'j ! 'If'il1'W 1'W1fl'W -:.t .  

o tV Q 
. 

0' 'I i/1jJ jJ Q " 0 '0' ,9IY tJ ..:::l 
ff1!i1Cf,lff1f1ty'YI'YI1 'Wl 'YIl 

- Q 1 lIJ ,,,. 'JI Y. d, 0 di '_1 di 0,91,910 ,!lJlfl u 'H . 
'Pi'1tJ 'Wflfl 'il1f1U 'Ilfl-:.t 
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Q '"' <IY. • d'l dI <lAI' ... 1" .,j ., i" ..."t'VW'Vl1 

.1 4 1"" ")}!" '" II) A ' , ., 1"" " 11)' , d'lIf1'tl fll'!i iJfll'!iuf) 
'"  '" ,til \31 

, .1  AI ... Q ... <I" 'II)" <lAI' ... " 11)' d'l., tllt'H1l1:l::ffll 

1" i" '" " 11)" 'I Y. 1"" ":J! '" , •II) A I'Hfll'i fll'i 'il:l::'Vl1 

'" ihi \31 UCl:l::Uff 
'"''''' .,.,f 4 Q '"' <I" , ., 'I "II) ,,<I' , ... " m 

i 'l1'fll'ii 1

fll'i , "., "" '" ! 'il:l::'Vl1 '"'' " '" , '" ., 'I• 1 UiJ iJ'Vl ffll 'Vl1 m"'"1l'fi119J 

'" tIl'H1'i  \31 'tlfll'i 
... 1  IV d Q,I tlfJ,J .4 0 Q,I 4 l1} fj} tI.... 1 t ..a IJ) .d I '1 Ij) 

'II m 

2.4 !i1fJ81't1l1m1:l::fl1'at)Yl1..r (nutrients uptake) 

2.4.1  

i111LrJiJ 1 , iJ fflllU 'VllVffU'iJ 
d.  )}! ,,,. <I i 11) <I: ! AI'" ,"!'It ... ",<I 11)"'If t'lfiJ fI1'.i1J'tliJ iJl :lJ1LlJCl[JiJ lHlJiJ'tliJ'Vl'.i[Jff1'!i 

• , "'" '"  ... .1 , ..."". '" " ... " 'Vll 'Hllfll'!i 'tll'HU iJ '!i:l::1J'UiJnff 'II niJ1'fill9JtIl'H1'.i'Vl . '" 
liJ'II 'il i 'tl'tl'tliJ 
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rifl'UoU'Hlllfl ijfld 9 m{lJfl'U (C) (0) (H) ''Ulmt'il'U (N) 

1'Iflff1'lfl1ff (P) l'WUYlffl9ffJ:IJ (K) n11l:;tl'U (S) ttrl1;U9f[lll (Ca) UfI:;UllflUl9f[lll (Mg) 

thH1lJ1111PJfl11111'i1fl,rVJ<Jf t"l1'U m{lJfl'U (C) 
I:'J .. lq lq" .. lq lq" 'JI I ""I lq 1

Uflfffl1llJfl'U (C02) UfI:;fllllJfl'U LeI 

(HC03) flflfl91t'il1J (0) (02) UfI:::W<Jf 

(H) 1l1m31 (HP) UfI:::'fIlml'i1'U 

..J'U 
SI SI SI 

U'"1tt fl fllJ 1 [111 1 \PI. 1Lt!'U ff111<JfU a'U 

2.4.1.2 

111IPJflll111l i'U tl;1l1W

1"l1'U1:)'U ijfld 7 flflfl11J (Cl) tl1gfl (Fe) llJlfl'U (B) (Mn) (Zn) 

(Cu) (Mo) i 'UiJ'iI'iI<U'U-Wfl1Y1 

1"l1'U umfifl (Ni) Ltfl::: (Na) • 
.l 

11 1 fl'il'U 

SI 

mrlTu 'iI:::'ih i 'Uflll 1\PI 

l11l1 tl 'iI l:::lJ l'U 1 m[Ii 'U-VJ<Jf 11 [lflfl11:::fl111l 'il1flflll 
f':, .d Q.> 1::$ lIIgJ ,d.c!tQ.> 

1111PJt11f11'U11 fI11:::'il1'fl111IPJflll111 'U L 'fl1l1flflfl'l:lW:::fI1[1'U 

flflfl1l1 fI11:::'il1 1111PJfl11111 fl1llU 11 lJ flfl'U 

[lfl'fl 11 fl"f1'U flfl 'U 'iI W<Jffi fl'U fl 1111PJ llt! <Jf'ill'fl J'Ut iJ'U 11 llPJ tfiS fl'U 1 fl 
, I I • • I 'j/ I=it ..... dlq'JI =it .. ... dlil'JI 1 '" lqA1i'JId"1 I ... 

llJ'U1i1IPJYltflflfl'UYI nJ <JfYl !lJflfl'U l1'jfl 

[lfl'flflfl'U 111i '11" , l1lmt!1J 1lPi'mflfllfll'j 

'iI:::tll lJflO1J fifl'U 

2.4.2 
'JI 'JI "1 'JI 'JI .. I OJ iii A I I 

fl1lll t 'il1l 'iI'U 'iI 11 1 \PI fl1111 l 1'U 'il111l fl111l U\PI fl\PI Hfl 'U L1J mll U\PI fI::: l:; [I:;. 
... 1 P. 1 .:.. "1 .1, 'JI'JI lilA I 'JI OJt\PIlJ \PI (growth stages) \PI'U 'tIl1 [lYl1 L1Jfll'j 1<Jf11 11?J fl111l 'j 'iI 'U 0 QfllJ fffll'W U 1 fI flll 

UfI:;11ifll'jtlflfl 1"l1'U 11l\P1 q q qJ q 
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,  
.f( :y II ,7(£) i:hl 1) 'Yl 0 111 

30 (vegetative phase) um: 

1 U 

i U \1-3 w;i1 i U vJl-3.,'t 11 i U tJ11l1 W'\J ij U 1 1 'Vl U'YI J;YtCUVll Ufl (1 tCUVll 
dd ,.c::p:::;., Q d ,.. .Q GI ... .1 lJJ 1 <> Q.f Qi Q 

UllflU1CJfeJll CJf(1f1ijU Ull-3fllUJ;Y ti1i:lfl t':lI'JijU 
"" Z 'JI 'JI 'JI 'JI lI) 'JI", '" ,(Yoshida, 1981) 

'111111 U iUtJ11l1W i..r
, , lI) d 'JI 'JI 'JI lI) 'JI", l!) 1 'I '" .,l '" l!) 0 i 'JI'JIijeJ1-3 f."I111U'\Jl1 LU IUtJ'J1l1W'YI1l1fl!flU 

IJ) 1II,d .Q Q f)J I '1  0'1.91 .Q

'\Jl1 LllU'\J-3UH ijijUUV1IV (Stangel 

and Harris, 1987) 

2.4.3  

fll'j i i .,'tl1i 
'"  '"  mthO tJ11l1W'Ufll'ii

• I .... "'JI 1i'\J• 11 

flU i U.  .. 
'" 'JI '"' 'JI',!!1 '" "" , 'JIt! i 'JI '" ''JI , , 'JItl 'ItHU1l11 'lf4V 'l14eJ IU 

• • SI I 

Ui:l:;ff1U i vb i u  • 

'\J ij 'i fl 'i iJ-31,j ij tJ n: ff'YI i fll'Vl U(1:l: 1,j J;Yl1l1 'i f.) 1 (1 a \PI.,'t11'I(l'vh fl1 'i J;Y f."I1 'jjU1.0eJ 
.'1 lI) 'JIll) 'JI 0 'JI!i! ...... i 'JI.:+I ""'I 'JI 'I ':'.1 '"' lIJ!i!"" .1.....1fll'ilflll\PI'iUi:l:l:lJl 'lf1,jrILflll IUU1'\Jl1 IU'YI1lJ'i:;mff 

9J , jJ, 

fll'i \PI 'ifl'j tViijlrlUfll'i fil'Vl 

1 

iutJ'i:;mff(111ijvd 3 "l\PI'i 15-15-15, 16-20-0 46-0-0 (Linquist and Sengxua, 

2000 
.1 'JI 'I 'I 'JI ''I ''I 'JI 't! .,l""IUfilfl mty 

'U vJijJ;YvJiji'J;Y U(1:; l'VlU'YIJ;llCUVll 

lIJ 'JI 0 'I 'JI 'I 'JI 't! "" 0 .... "" , l' 'JI  '" mlflll\PI'im J;Yli1'i1J1IU'J1U'YI'ilV 1IV 'l1"lm 15-15-15 i1'iij 

'" J;Y\PI1  16-20-0 , iUtJl1l1W 32 U(1:; 24 fi1i:lfli'1lIPiv 11 ff1UlJVJ;Y\PI'i
<u  • 

" 46-0-0 iff'UtJl1l1W 11 fiij 
• 'f ,J"" 0 QI  ,d P. 111.1' 0(Linquist and Sengxua, 2001) 

fll'i' ir ulPi i:l:l: '111111 trlU-WU'llJ 1 '1-11 11U iMi fftJl1l1W 

vJijJ;YvJiji'J;Y Ui:l:l:l'VlU'YIJ;llCUV1l12, 3 U(1:l: 3 
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1 iu -wmY'wvlff 11{1:: 

1r1U 18, 611{1:: 6 2556) 

flU 1 til i M'ii 11 1:: ff'VIn fI1'W 11 (1:: l.J til 'VI 1-:11"'1 lJ i fi 'il 'il:: V i ffi11'. ., . 
1::fJ::L1{1 U{1:f'l11 'il:11 1ff'YI mfJf'll i U 'Uw::l1 fll1 'l tJff1U 'il:: ., 

L'lfU 15-30 1U iu'Uw:: . ., 
l1ff1'U11'b'fll1 fiv 15 1U !t{1: 

31 './I 11) './I .... A !it I "'" "'" 1 i 3131 y.30 1U (Linquist and Sengxua, 2001) 

I 11) "'.1 .... .. 31 "''''' './I 11) I "'i ....VfJ1-:I I1 111 lJ1 fll VU flU ., ., 
l'lfU iui.rfl'J 11{1:: i U1Ill.J1W 

, 'j) <V A!t Q.I <'IjI 1i)'''1 d 'j) Q,I d' jI tqI t 

tilt! 111 (Warrier, 

2010) 



, 
U1111 "" 3 

fl11fffl'l:J1f1 f,',lrl'Vi 1fl11 'YIf1 i'li'1'J[ym 
o _I .... _I  1Il 'P ' ' ''I' '" U 'tI"N \lllJ 1 fffl lJ 1 t 'YI 11 fl11 'YI fI fl tJ,',I I fI U'lH t'lJ 'W fftJ,',I ff1'W fI tJ ff1'W 'YI '11 'W 'lJ 'W fl11 'YI fI tJ,',I 

mflff'W11l 'VI.fI'. 2554 
'" '" "i 'P "'_I "" 'I 'P ... 'P '" "'1 "''I 'Po3 'YI L"lf\l1'W1'W 

fl'" t'W U fl11'Y1f1fltJ.:j t'W,.rtJ.:jtJ 

'VLfI'. 2554 O.:j 'VI.fI'. 2556 

'li'111'W 1l"lfTi lU 

d '" "''P "i3.1.1 11lflfl'W'W1!'tI111'W'W.:j11l 3 

3.1.2 15-15-15 46-0-0 

3.1.3  Q.:jm:t:f1111  
_1 '" _I '" 'P _I"" "'... .:- 1Il_ 1 3.1.4 

'" .1'P"'I '" Randomized Complete Block Design (RCBD) ''If'W'W'YI 
AI  ,. '1910 91 91' <V I Q.I.4
lJ1:t:1llW 192 IfltJ 5 1:t:f1'U fH.l 1, 2, 3, 4 5 

'"  v
tJ1:t:fltJ'U$l1tJ 3 . 

",dd 'P • 
m11lT6'Y1 1 (Tl) : 1 • 

.t::114,d. 'P • 
mlllTIi'YI 2 (T2) : 2 •. 

",dd 'P • 
m11l1Ti'YI 3 (T3) : 3 • 

'P •  
ml1l1Ti'YI 4 (T4) : 4  

Q.d.,d. 'P • 
m11l1Ti'YI 5 (T5) : 5 • 
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N 

Block I Block II 

I 

I 

I 

I 

Block III 

T4 I 

T3 I 

TS 

Tl 

16 

I I 

Tl 

x x x x x x x x x x x x x x x x x x x x 

x 

x 

x 

x 

x x x x x x x x x x x x x x x x 

x 

x x x x x x x x x x x x x x 

x x x x x x x x x x x x x x x x 

x x x x x x x x x x x x x x 

x 

x 

x 

x 

x 

x x 

x x x x x x x x X x x x x 

. 
-=I <V AI 'JI '" "'1 1 AI •.fl1'Vtrl 3 3 ... . 
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... "" 3.2.2  fIl';HVI'U.JllVl'U 

'" 'Y'l. fl. 2554 2 flf
" I j,I •  jI f t 

flfl 1 141h1 2 1m.;irl'lJi'1JlfUl 

...  <s v .I 
3.2.3  fIl'lIVl'nJlll1l1:lVl'Yt'U'! 

• c;;l '" '" 'I $I d '" "$I '" '" '" ""'1 '" • lIJ·3 fl\Vldl 15 n 
• d '" "$I .: ';", I lIJ$I ';", A 'I $I d ,jJd:l 31 0 d 

24 'lf1 n 48 'lf1 !'Y'lfl • 
100 nfll 

, d "Ii' t.v tI jJ q !V<V <v: til Q

1 1-2 lC)fhl\il!ll\Vl':i 

3.2.4  fIl'ltlgfl 

A $I 31 lIJ jJ '" <!I 0 0' '12. 31 l' '" ... d 30 1h1 ufl 
o <!I ... 'I 31 0 "'" '1310 31 31' 'I 0 1-2 !C)f'\.l\illlllVll x 25 !C)f'\.l\Vl!ll\ild 

3.2.5 fIl'lt]U1:I1mn 
'" 1-2 

tI.d jJ d ... I lit ... I 0 cv 51 r .d.
60 1'\.l 

<v cu 0 IS} '" 5-10 !C)fhl\il!ll\ild 

3.2.5.1 15-15-15 46-0-0 15-15-15 

32 46-0-0 lritl\ildl 11 
•  v j,I • 

2 flt) 1 tl\Vld15.5 
'" , 

151'\.l 2 tl\Vldl 5.5 30 1'\.l 

3.2.5.2 
:P .. f <t t q.., $I t:! d cv .. '1 lq "1 '" ....<v  $I

tff 1- 2 1'\.l !ll 111 

, 
<s'" ....3.2.6  fIl'l&f11J&f1U1N1:IN1:IVI 

d .d !jJ cv 51 ... 1 cv , GiYA cJ t , 
30 1h1 
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"!II 43.3.1 nl1Ul'U'llfl\jfl'n'lf 
(IJ G' 9191 

3.3.1.1 

(1) 
'" 

30, 60 1tJ 

(2) 30, 60 • 
4 flfll9imLtJ".:JVfltl U"'1'111 

J dOl f <.v a'.cs t,{ 

mL'il"tI'illtJ1tJ'I1tJfl\9lflflfl ("l1WJtJ 2549) 

(3) (Relative Growth Rate, RGR) . '" 
03060 1'W 

4 'I1Q1lI9iflUtJ,,-aVfltl 70 fl-af1'lLCJf"LC)$tlff ,1:ItJ&1"1 48 41111-a 
-: QI 91.c;t I <V Q.I <V del d'Q.I 

tJl'11'WflU'I1\1 1I'I1tJ1t1 (m1l/m1l-1tJ) ("l1Y1ltJ 2549) 

RGR= 

'j/ f jI I 

W) um; fifl nf-aii I 2 iim..bm1:ltJ fli'1I W2  
.et d d d "td .r:s, c:v T) T2 'fIfl 'fIH'il 1 2 1I'I1tJ1t1tutJ 1tJ 

'" '" . 
(4) (Specific Leaf Weight, 

..k <!l 'I "I "I AI'" 1 ..d I d"l 'I ISLW) 'I11flu'J1l1W'fI"fl 30 

60 1tJ 'I1a\l;Jmh 1\91 

4 'I1Q1l19imLtJ1HVfltl 70 fl\lf1'lLCJf"LC)$tlff L1:ItJnm 48 41111\1 
9J 0 <V 9J..::oj, 2 <V o'q 0' 

U1l1tJl1l1'l$-atJl'11tJflU'I1\111'11'W1tl (CJf1l 11Ifl.) ("l1WltJ 2549) 

j/ , 

"I "''Il"4tJ'il !1J 

SL W ----------------

http:1~ff1l.yh,.fi
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Of , 

(5) (Leaf Area Index, LA!) 

30 601h1 'Htr'Jllmh 

4 

2549) 

LAI= 
Of , 

<!I "".1'V'lhl'Y11J rlfl..  

(6) (Harvest Index, %) 
Of Of 

1hi l'HUflc}f'J _irl11 

1 • 
d " 2549) 

HI --------------------------- x 100 

QI.c:::t. tI.... I .Q 

3.3.1.2 

(1) 
• .1' "" d d :J! 'I"" ...': d d":J!m;t1 

Ulll1f11h11W (Rasabandith et aI., 2004) 

(lOO-Me) (a) g 1,600 m 2 

x-- x;,-----

2 
(100-14) 1,000 g (b) m 
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Me 
o Q.I Q,I 1 " 

.c!l 0 CV 'jJ 0 Q,I cv , I " " WI 'fItl 'Ul'H'Unfl1t1tl1J + 

.c!t 0 Q.I 91 0 Q.I <V I (v " " fltll.ll'H'Unfl1t1tl1J + W2 

. " . 
Q.I .c:::. Q.I f cd d I 91 

(3) 

15 'i1..'l 

'\111" 
cvo QI CV Q.fd.d t Y 

(4) 'U1J 'ill'U1'Utllfl 'U 1J'H fI..'l!n1J Intl1 Nfl 
" .

15 TN 

'\111" 
(5) 

" (6) Ul'HUn 1,000 (ni'll) 
d iJ Q.I 

1,000 Ufl1'lf..'ll.ll'H'Un 

• I'" "" .. • d " " 3.3.1.3. N P Uflt K 

60 ill 

" (1) (Total N) Kjeldahl (l.I'W1J1fl 
Q.J r;J I::td 

2553) Titration 
" (2) (Total P) Yellow 

molybdovanado phosphoric acid method 

spectrophotometer 

http:11'fl'jl:::,.r1~H.J1
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'" (3) (Total K) (U'WlJlfl' 2553)• 
Atomic absorption spectrophotometer 

'" y ...3.3.2 m'Ufl'U'U8\1aA'U 
d' 'JI ..::::" fI 

3.3.2.1 (Soil texture) ltfl11::::'t'i 

t ,JV{tc)1'W1'>1 v11fllfl'U'W (Sand) v11fllfl'U'W (Silt) 

(Clay) Pipette method (lJlUff (lv\ijf.lCl 'W'WlJlfl' 

:JJ.tl.tl.) 

'" . 
(1) (pH) 1 11\91 

.4 
pH meter 

'" (2) (Electrical conductivity) 

ni'Wi'Wimlffl'W 1 5 EC meter 

(3) (Organic matter) Walkly & Black (1934) 
" ''W (Total N) 1\91rJ11i Titration 

(5) irJ"lni (Available P) Bray II 1\91<l!lfJ 
.4 

!f1'.i£l'l Spectrophotometer 

Q,J 1j/ 
OAc pH 7 Flame Photometer .. 

'" y •3.3.3 m'Ufl'U'U8\1a'Ul 
" '" '<l!t!ri (pH) 

'" '" tll'l'lvh (EC) 2 fli''1 ;tv i'W'.i:::;rJ:::; 30 UCI:::; 601'W 

m;'111 n Ii'h 
fO$ p 

3.3.4 
!iJ 

tllN'W t!CI:::;f11l:JJ1:Jl1U 

t1'.i:::;!'Ylfl'Cl11 

.... .. .1 .1 "" <I 
f)l n!f1 ':i 1:::; 't'i fll1:JJU lJ ':i lJ n'W 'UV 'Ill! '.irJ'W 6)j' (ANOVA) \91 UIUN'W n l'j 'Y1\91 CI 6'1 It 'U'U 

Randomized Complete Block Design least 

http:JJ.tl.tl
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. . . 
d (V 4 q.t significant difference (LSD) 95 11" d ..t VWl$'WY1l (Gomez and Gomez, 

1983) 



.  .... 
'U'YI'YI 4 

4.1 
...... <V ... q..... d'lJ .. ... • ..... .., 

& m"IJ U'lIl.:t'lllulGlfl Gll1i 

t.I,:::'illiJ 2554 

'JI 'JI f 'JJ , 

III ill vh.,l rl'hlJ!:IJ 'rl1rh 111 HlJVi i;( 
!JI ,'J/ 'j} 

1,872 i1" il!:lJI9l'j iJtl1'j m mill1hHlJ t.l,:J 'j 

ttr11UI9lflflflff 626 i1"il!:IJ\9l'j .. . 
1f1 26.8 i1"il!:IJ\9l'j fllll '\1' 'rl'U,..h 1

q qJ q IV q tV 

600--:-
 
 

"-"" 
;x 400 313 

229"0;; 
a 200 
("" 

27(fir'> 
-;:I 

38 .26.8,-., •28.2 •27.9 • • •27.127.4 26.620 
1;: 
r-c: 
("" 10 
G:l 
<;';0' 0::;: 

:a.u. n.A. iII.A. n.u III.A 'W.u.a 
.,. 91 d/ Q .d 

!\9l'jfJ:lJflm Ul9lfl fltltH!!\9lfl flfl ff ,:Jfffl tf1'Utf1fJ1 .. q 

. " . 
... .1"".. .1 "" ""... .1 91 1ill't'tfl 4 'rllJ,:Jl:IJ 3 

ilJ UtJ" fl,:J ffmi'li.umtm:rlil \9l!:IJ lJ ;ttr11 1 1:IJ TIllJ1'rllJ lm91 q 
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Q.I do f 0 

4.2.1 tlfl'hlUl,:t'VI Hml'JfllVlHtl:tLfl:lJ'\J flil'W 'VI 1 m 'J 'VI fl 

{ffllVlI! m'Jl1 I'vf 'W 1fll'J' 

111flUl1\l f flil 'W 111 Utl:t 'W 111 111 VI 

Vlil ft'i fllfl'W '\J il HJ fl11 It tl:t 11 111 f il'W VI il ft'ifllfl'W () il 'W L:lJ'hl 1fl'W '\J 'VJ fl1l 
, 

'Wilfl"lflil t 'W 111 riil'W111mlfffl'hl11'W 
t e!1" 0 Q,.I d di 4d 1 Q,f ..r:.<::t. 

flH'W {fU 1'lU flil 0-15 15-30 

1{f:lJ mflt) lV1 '\J Ut1:t'H 111'i:lJ lUI, 1i1"J Vl'H U'H -cifl'\J 1 1 fll'Jiifltlml 
.Q fI Q,td4 tlQ tI .Q

flil il'Wfllfl'\J'W1flfl'W'VI'J1fl 50.80 tl1illtCJ1'W il'Wfllfl'\J'Wlflfl'W'VI 'J1fl 

• .1 <f <f "'" '"' .1 <f <f.,k.., :1t.1 ""'.U1N 48.83 Ut1:til'4fllfl'\J'Wlflfl'Wt'H'Wfl1 0.37 

5) 

J .Q tI ,"
l'l11H'n 1 mn!fl11:t'H'H1'\J'Wlflil'4fllflfl'W (t'Wilfl'W) 3 

0-15 15-30 

cv t:i IV" Q .. '" 
(CUll.) 

'U'Ul!118\4.f11fl!1l'U (%) 
0-15 15-30 

il\4fllfl'VI'J1fl 52.94 48.66 

46.78 50.88 
.,. '" il'4fllflfl'Wt'H'Wfl1 0.28 0.46 

ji 
I •'" '" t'Wilfl'W '.i1'W'VI11fl '.i 1'W 'VI 'j 1fl 

.. 
t'lf'W VI'U'h hwii 

flil 0.01 dS/m flil 5.35 5.45 

d1'H 'U'W 1:lJ fl11:lJttJ'W 'W 
'" 

t'H :lJ1:!U:lJd1'Hf'U fl U ,,] 1flfliifil!1l :t:lJ1U1, 

0.68 0.45 

2) 
I 

'1 'W '\JUI,:Yi l1'i:lJ1U1,1i l"JVl'Hl'J 'H -ci fl''] ii fl11 tl'W VI 'U'W 

"" •• 11 4'.d tldtl (LJQ Qf
!']$'W 1il"J 'W 0.04 Utl:: 0.03 
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15.69 6.31 ppm 

20.32 20.02 ppm 

2) ., . 
<:II • '1 ....l '.1 'JI tq 'JI <:II ... (Monthathip et aI., 2006) 

, !')$'W 1'W 1\91'H'iltJ 1ftUVlmCiitJ1J V"lij 
,. 'JI. 

tl11J1W -viti fltJ 'ii'H!Pll1J 1 n U '11 n n!'l1 ri lU!1]'W fJ1'111 '.i -vi f11'.i' tJ tl11Jl W1J1 n 

flf11'.i! 1 

2 3 

0-15 15-30 

t,uluiunif,flS't1'l:U pH EC (dS/m) OM(%) Total N (%) Avail. P (ppm) Exeh. K (ppm) 

0-15 'lIlJ. 
5.29 0.01 0.68 0.04 11.45 17.61 

2 5.32 0.01 0.71 0.04 15.79 18.41 

3 5.38 0.01 0.72 0.04 20.87 23.51 

4 5.38 O.oJ 0.65 0,03 14.71 22.03 

5 5.37 0.01 0.65 0.04 15.65 20.05 

F- Test ns ns ns ns ns ns 

CV(%) 2.70 14.18 16.36 15.54 19.06 19.51 

15-30 'lIll. 
5.34 O.oJ 0.41 0.02 6.39 14.32 

2 5.37 0.01 0.43 0.03 5.87 20.09 

3 5.49 0.01 0.47 0.03 7.07 23.68 

4 5.47 0.01 0.46 0.02 6.10 21.81 

5 5.45 0.01 0.45 0.03 6.11 20.22 

F - Test ns ns ns ns ns ns 

CV(%) 5.96 16.75 10.91 13.06 10.81 19.69 

ns 

Qj q OJ""4.2.2 
QI d d ca. d ",:Vo d W Q.d cQI OJ 

'11 "l 'illf1!n'U!mnfmr-m ff'.i 'ill! \91 Vll n1'.i &f1'U g:\9I 'U 

4 ,Q A .cQ OJ .cS..q UQ 

0-15 15-30 !C)f'Wm1J\9I'.i '.i1J1Wtil\91• 
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mmn1 f{ tJ'l'i'lrh f11tJfl1'l'i'IJ'tJ\I '1 'Wl! ohm 
, '1 'W 'l'i'IJi1 rilf11nh• 

1'W 'rl'tJff'rl'tJi'

1\1 '1 'W mru •1'l'iU'VlfflGJfmJ 'W 'lJfl11111

, f;J f;J f;J f;J. • '1 f;JA I"" .. "" d/
(p<0.05) 3 18 Uf1::: 23 ppm 

1, 4 Uf1::: 5 
d 

3) 

'l'i'IJ'h 1\1 1 'W 

'rl'tJ ff'rl'tJi'ff 1'l'iU'Vl fflGJftJll hjii '1 'W fl1 f11nh1 

(p<0.05) 5 0.02 dS/m 

1,2,3 Uf1::: 4 3) 

3 0-15 15-30 

....t\'l.IfIi.\/lfi6'1'1Q)J EC (dS/m) pH OM(%) Total N (%) Avail. P (ppm) Exch. K (ppm) 

0-15'lf1l. 

0.01 5.81 0.85 0.02 8.08 16b 

2 0.01 5.67 0.94 0.02 7.58 18 ab 

3 0.02 5.55 0.93 0.02 8.57 23 a 

4 0.01 5.64 0.87 0.03 9.03 16 b 

5 0.01 5.65 0.97 0.02 7.54 I3b 

F- Test ns ns ns ns ns ... 

CV(%) 12.12 2.50 8.40 7.18 12.16 15.55 
1lV A ....... 

n:flUfnl1Jtlfl'\lfH'lfUfI't.I 15-30 'lf1l. 

0.01 b 6.03 0.64 0.02 6.66 15 

2 0.01 b 5.86 0.85 0.02 6.78 16 

3 0.01 b 5.92 0.90 0.02 9.25 18 

4 0.01 b 6.06 0.8\ 0,03 7.86 14 

5 0.02 a 5.98 0.86 0.02 7.77 13 

F - Test * ns ns ns ns ns 

CV(%) 12.12 2.09 12.04 10.94 22.44 24.34 

91'1flfl 'tJ 'l i'W fI l\ltl'W 1 * iifll111 'Vl1\l 

'W (p<0.05); ns 

http:1~tJNf1f11'l1.ij
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f)1'j i wi'e)'\1 i 'W tHllJ 3 'W'U11 
"" .

f)'e) 30 U€l:;: 60 1'W 4) 

, " 
Vll'H:Jfj 4 rhf)1'J'1.J1 

EC (dS/m) pH EC (dS/ml pH 

2 

3 

4 

5 

F - Test 

CV(%) 

0.07 

0.Q7 

0.06 

0.07 

0.06 

ns 

13.34 

7.05 

6.98 

6.94 

6.93 

6.93 

ns 

0.95 

0.06 

0.06 

0.05 

0.05 

0.06 

ns 

6.34 

6.72 

6.76 

6.83 

6.72 

6.96 

ns 

2.22 

d/ 'I 'jI 0 'jI 0 I 'jI '" "1 'I ' f)1H1mll 3 

'W'U"·h Vll'1 Mm'j!

'1 'jI'jI 'jI 'jI' 0 '1 """ ., "1 "'.,. .... 1 ., ., " (p<O.OI) nn 1-4 3 
. " 

'1 'W nUM tH'j lnil 'W 
"I. ... . '1 '3J9J 31 9J I () III 9i 0 " 9J III •Q.J ,l'l1'e)lJ'W (p<0.05) f)1'j 1,2, 4 5 

" • I 

3 5) 

http:rhf)1'J'1.J1
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Ill'lrnM'kI 'tlU6fi6 (O,)!) ii'VI"I1i:bwno LAI SLW RGR 

("II)!.) 06 vf'kl "110 ("II)!'f)JO.) (0,)!1O')!-1'k1)''IJ 
56 8 1.66 2.75 4.54 ab 1.63 1.62 119 0.13 a 

2 51 11 3.06 5.25 5.53 a 0.67 1.90 103 0.12 a 

3 57 II 2.64 4.25 2.54b 0.73 1.54 106 0.13 a 

4 54 13 2.63 4.75 5.97 a 0.81 2.10 128 0.11 a 

5 51 14 2.38 4.00 6.07 a 0.95 1.79 128 0.07 b 

F- Test os os ns ns ns ns os •• 
CV(%) 6.12 8.34 12.23 21.45 13.12 17.44 20.93 6.54 10.80 

* U1:I::: ** q 

p<0.05 p<O.OI m:uth'fi'U; ns 

4.4.2  l'n'tHUJ 3 60 

tJ'I1 1:I:U 1 'W 11 £1 Vi 'W 3 Vi'U ';h yb'"r•  q 

(p<O.Ol) 1 

• '1 jI jI " '" d', "" """',"'''' d'"" d, <!t "I Y. " .'J! " 'I1'l:U'Yl1 3 2 

3,4111:1::: 5 .  
.di QI  .cl': d'l QI QI cI t;:.dGi : Gt 001  QI f 

t'U l'U 
d!i1 9J d .e:. ,. c3 d d 

6) 

6 3 60 
..  .. q 

'tlU6fi6 (fl')!) 6(IJ"IUfl'kl"llfl LAI SLW RGR 

flGwill'tlq)! ("II)!.) fll!l '\1 vf'kl "110 ('If)!'1ll0.) (fl'Wfl1)J-1'k1) 

80 14 3.99 11.75 6.33 0.35 2.14 51.58 0.08 a 

2 77 14 3.78 16.25 7.23 0.28 1.97 31.67 0.06b 

3 80 16 4.11 16.25 7.73 0.31 2.06 37.52 O.04c 

4 83 16 3.25 18.75 8.45 0.29 2.20 31.11 O.04c 

5 83 19 4.17 14.25 7.21 0.33 2.32 50.02 O.02c 

F - Test os ns ns ns ns os ns os •• 
CV(%) 12.09 IL56 12.21 19.09 17.44 15.32 12.48 6.54 19.35 
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'I1:1J1fJL'I1\9.}:  i ** 'YI1'1 

(p<O.Ol); ns . 
4.4.3 l'W'lHUJ 3 ... 

1 n'llij'll91''U .ij'11i 'U .[1111

Qr»;;V Gi "" Ij) j)' 0 i fJJ fjI 9J da!'U'J:::'fl'Ufl111JI'l5ijlJ'U (p<O.Ol) f11':i 1 Uri::: 5 

ff1'Uf11'Ji'*I91''Uml'l 2, 3 Uri::: 4 
U 1\1 q  q u .  " 

fflJ'W't1 i 'U'Ilw:::nfl111Jff'l l11mrf11!,r'I i mm::: thl91''U iI'l5U 
" 

. 
9nfl'utr'UflK1 'Il1'l1UflU,r'lflflflfl (fl':J.l) RGR HI 

fifl'l1Q" 111 (fl'''Ifl'Wl'U) (%) 

2 

3 

4 

5 

F -Test 

CV(%) 

114 

114 

III 

III 

III 

ns 

14.11 

6.60 

9.72 

9.09 

10.17 

7.44 

ns 

11.15 

26.64 

25.23 

27.40 

21.64 

27.77 

ns 

12.13 

0.67 

0.76 

0.70 

0.88 

0.64 

ns 

15.54 

0.03 a 

0.02 b 

0.02 b 

0.Q2 b 

0.Q3 a ..  
10.75 

40.07 

42.60 

41.17 

46.73 

38.93 

ns 

8.88 

682 

646 

701 

554 

711 

ns 

12.67 

'I1:1J1tJ!'I1\9.}: i ** 'YI1'1 

(p<O.Ol); ns 

o Y  Y' , 4.5.1 3 

1 i 'Uf11'J nlVl'U '111.1 3 1 q  q 

" " 'W'U";h Vl'U'j, 3 
'" 

'I y ""... 1y ""1 '" I lJJ I "" 'I y y v Y I GJ Y'UlJllt'l'l''fl488 f1 t'J 'Jij'lrl'llJ1 f11'J !'11 

484 5 

454 8) 

http:l~'lJf)~.un
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o V V' • ".1 "" 4.5.2 

19191 91 1 1 0 91 '" 0'1 • 1IJ'''' •"]fVlUn'fllV1eJ'I1'QlJ Uf111lJn'PI1'U11'V'lU1! 3 'VfU1l .. 
!"lft.l U'fl:;lJ1'111!n 

d 1 d .1 0' d 0' d c:l. '" • '" "'=11,000 !lJ 'fl'PI U 81 !"ltUVI llJ 'fl'PI!VllJ VI fftlVl U 

'j)'j) 'j) 'j)' • 191 1IJ • • '" '" "'.1 0' d '" d d ,
'l"]fVlt.ln'fll 3-5 VlUVlmHllJ'Vll IlJUVlnVll-:Jnu 

(p<0.05) 1'P1eJn111 n6l 3-4 111' 

.1 o'c:l 0' c:l d • 'l9J'j) 91 'j). 0191.1 0'o'c:l d 
"]fVlUn'fll 1, 2 5 VlUVlt)'I1qlJ'Vll mlJeJ11"ltUmlJ"''PI 

8)• 

.... y
foItlfoItlfI"n nl1SSn'n-3 f111llUn"S':i1-3 D1U1UIlliiYlfis IlliiYlII'111fio 1,000 

, 
flS't'I'lll (M.lt1) vislls (%) ('!Ill.) ':i1-3 (lJJii?!) ':i1-3(%) Illii?! (n1JJ) 

456 75.61 26.63 a IIL22 75.15 b 26.47 

2 478 74.43 26.37 a 115.89 75.49 b 26.24 

3 488 81.83 26.50 a 115.71 82.84 a 26,26 

4 484 75.39 25.09 b 109.48 80.94 a 26.08 

5 454 76.50 25.10 b 107.73 78.75 ab 26.28 

F - Test ns ns • ns • ns 

CV(%) 9.79 6.89 2.45 7.76 3.62 2.65 

'I1lJleJ&'I1V1:• *
(p<O.05); ns 

"IV vv "'" ""'1 ""'.Of·<v4.6.1 VI 60 1U 1U1..:ilJf1V11 

3 'V'l'U ..;h Llivh i11'f111f1'P1 
• • '1J 

'filfJ' t.l1V111'ilt.l 1 'V'lU'Vlt'YLCMeJlJ 'It.l !"lft.l 1'U til 
SI G} d J jI Q 1 c:l d 

1ln ! 'W 'U 1:; lUt.l1 :;:V:;:'VlVlU'Ul1lJ nl1 !'il1 W!VI 'U VI!VllJ'VlVlllJ 1:; fJ:;nl1u 

9) 

http:t.lflt)~lJ,.rl
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N uptake (fl1:11/fl8) P uptake (fl1:11/fltl) K uptake (fl1:11/fl8) 

. " 1'IJ 1'IJ 11fl 1'IJ il1f1l,1 

0.27 0.13 0.05 0.02 0.03 0.01 0.12 0.18 0.03 

2 0.23 0.22 0.03 0.03 0.04 0.01 0.17 0.26 0.05 

3 0.25 0.23 0.05 0.02 0.05 0.01 0.16 0.25 0.04 

4 0.25 0.32 0.05 0.02 0.05 0.01 0.18 0.28 0.04 

5 0.28 0.18 0.03 0.02 0.05 0.01 0.14 0.22 0.04 

F - Test ns ns ns ns ns ns ns ns ns 

CV(%) 20.23 28.34 35.22 27.78 23.65 18.45 26.45 25.25 21.21 

4.6.2 60 l'l.! 
'I 'I 0 '" "'''t ' i' 0 'I f)1'S' I'I'lWl1lJ 3 'I'l1J11 urn 

i'W t"l1'W '111 
til d I efd .d31 1jJ.d d d. Q .Q ,.

U{l:l;:'S'lf1 t 'W'\IW:l;:V1")j1'l 'S' :l;:[J:l;:'Wtll'W 'l':l;: 'W'\I11lJf)1'l' & 'ill I llJ l :;;:[J:;;:f)1'S'& 

10 1'W 'I1!:l'lilf1'f11• 

thl,lll,lt\'l,I Total N (%) Total P (%) Total K(%) 

nt\'lfl8'1'1i,J:II 1'IJ . " il1f1l,1 ':I1fl 1'IJ 
. ... 
illf1l,1 11fl 1'IJ I.ht\'l,I ':i1fl 

1.50 1.13 0.58 0.22 0.26 0.05 1.75 1.53 0.52 

2 1.49 1.35 0.43 0.26 0.27 0.08 1.77 1.60 0.67 

3 1.44 1.41 0.63 0.24 0.28 0.06 1.79 1.57 0.50 

4 1.89 1.72 0.61 0.24 0.28 0.06 1.80 1.48 0.51 

5 1.52 1.23 0.40 0.24 0.33 0.08 1.87 1.55 0.58 

F - Test ns ns ns ns ns ns ns ns ns 

CV(%) 19.11 17.22 33.06 8.10 27.45 25.34 10.15 12.32 16.15 

ns 
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"lV "lMI Y .., .. ..;
4.6.3  n.!1'1H"Iln't'ltl.:.llfl1.Hfl£ll 

'I J!' 'I "" "'" • 111'· 'I 'I 0 nn 3 VfIJ11 ltll'll t'l1flUt)'fI l"lf 

11)" • .1 • .1 "" " "" 'I' '1 0 • "".Ii 1il\9Jl'W 1'1tJfI'l"imfl'UJ;l:::1il\9Jl'VlUl'lfl'!C)f!'JtI 

11) 

..; '1 31 '1 "" cl d31flU'f\'f\ 'W 
'" q 

thU1UAUflKl N uptake (f11JJ/f18) P uptake (f11t.1/f1e) K uptake (f11JJ/f18) 

fie'MQ'" 111 . " amu 111 . " amu 111 . '" illPlU 

0.04 0.15 0.004 0.03 0.03 0.46 

2 0.04 0.13 0.004 0.03 0.03 0.49 

3 0.04 0.15 0.004 0.03 0.03 0.47 

4 0.0.3 0.13 0.004 0.02 0.02 0.38 

5 0.02 0.16 0.004 0.03 0.03 0.55 

F - Test ns ns ns ns ns ns 

CV(%) 17.34 12.44 9.12 14.65 15.54 11.22 

't'l'lllA't'l\lJ ns 

, 
"l • .I v OJ.....4.6.4 &U1'1H"Iln't'ltl.:.llfl'Ulfltl1 

flU 'l 3 'Vl'U'h 111l111,r'l.Jlmw 

1IJ" • .1 •. 1 "" " "" 'l' '1 0 <v.li ;[J!•1il\9Jl'W !'VlUl'lfl'!C)fl'JtI 
'1 • , 11) _ I cl 0 '1 31.1"" 'I 0 31 'I 

'tIl1 
d 

12) 
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91Ulu"'um\'1 Total N (%) Total P (%) Total K(%) . 
fltll1Q" 1lJ . " aWlu 1lJ til"'u 111 iil"'u 

0.88 0.56 0.11 0.11 0.63 1.74 

2 0.95 0.50 0.11 0.11 0.67 1.94 

3 0.93 0.54 0.10 0.10 0.70 1.71 

4 0.99 0.59 0.13 0.10 0.67 1.77 

5 0.57 0.57 0.10 0.09 0.79 1.99 

F- Test ns ns ns ns ns ns 

CV(%) 31.47 19.66 12.44 12.55 15.35 20.05 

4.6.5  

fll'j 3 Vny,h .  . 

. " G1U1UflU Total N (%) Total P(%) Total K (%) 
v • " .fi'lli:l'l':i IIm'l1J 'Il11i:l'l':i IIfla1lflalfltll1q" 'Il11i:l'1':i um'lJ  " 

1.44 0.49 0.72 0.04 0.65 0.59 

2 1.49 0.55 0.68 0.05 0.61 0.60 

3 1.48 0.52 0.67 0.06 0.62 0.56 

4 1.38 0.61 0.62 0.07 0.68 0.60 

5 1.43 0.54 0.62 0.08 0.59 0.61 

F - Test ns ns ns ns ns ns 

CV(%) 5.22 17.34 11.54 32.65 6.92 5.12 

ns 



.  
.::I 

'U'YI'YI 5  

elIit.I 'n tJ fHl fl1 ';) 'YI \111:1 el"  

" " .
1,872 ijflll 

!f1 ,5/" •_IQ 0 ... 1 Q.dl QI I 0 9J 'GI l 9J .d. <V 
m::'iJ lIlfllU If'l'WIVllJ lJ fl'fl lfli:l 1 'iI UfH '.1 U eJ:l: 'II fl flfl'l-3 'Vl1'fl 

626 26.8 

. " 
VI'IJ'h 

'" ?I "'I .. ,d '.1 91 91 ?I ,'"t'flllJUflVl-3'fl (Monthathip et aI., 2006) 

.I U l'ilU i'lflffi'lfli' .1 VIII 'VlfflCl1VlJ llJ1fl 

'jlV-31U'IIfl-3 Linquist and Sengxua (2001) 
.. 

1 

. lUflllllmh,j'111V1U-31lJ 3 VI'lJ11 11l1111,r 

filfl1';ith ii'lfh i'lflff-Wfli'ff fhutlllllfll. . 
,. '" • 'I 91 91 91 91 I 0 'I 91.1"" 1 '" 'I .,.!VlU'VlfftCJ1eJlJ VI'lJ11 fll';i 3 . .. " 

()-323 ppm 5 

9J IJ} 9J I 0 3J QI rf I d :

1 Ufll';iiJfl'fll'1111V1U1i 3 WU11 U 

ftfl30 Ui:I:l: 60 1U 
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3 301'W 
• q 

QI 0 f o!ll 1 0i9J: (lI!II !.1FJt
'Vi'U11 4 U(I::: 5 
,;iJ , 'iI • Y I 

1::: f11'J fi l:1J1 fi 9i V'H (I:IJ vb i If 1'U'H' '11 lJ U(I::: 1'W1'W 1fi fl'U lVi V q 

v v 
.ff1fJ i 'W 'H'11i1v:Jf11'H n U(1:::,,11 1 r.l(lf11';j ffVfI'i'I f11l fJ'tI 

, J 0i<JI: 'jJ ,Jj.I e:i tv rp
Roshan et al. (2011) 'Vi'U11 

'I d. '1;;J;;J;;J ;;J' • '1;;J;;J ;;J OJ "'<; '" Q Q 

1-4 3 
q • u 

V >J , 

i 'W'J:::fJ:t: 30 l'U 
>J, >J 

1U(l:t:lflfl f11'J L,j fl'W1J1 fi Q:l: U'W f11 'J 'U fi 1:IJ 1fifi'hi1 9i V'H (I:IJ i• 

fiv 488 484 fll(1fi'lJ9ivl1 
J I jI t 

i 'W'tIw:::Vi 9iV'HlllJvb i lfr.lll 3 m 
....1 Q.I I I ,t:!J 

• 
"Q.I Q t/ I Gf .!VlrJ

454 fi (2537) ""'U11 f11';j 1"If .. <u • 

;;J :1! ;;J I • '1;;J;;J ;;J \IJ I I 0 i;;J ".1 Q '"  

3  

, ;;J Q;;J.1 ;;J"'I';;J;;J;;J, ;;J I

'UVfi'il1fi'W Mirza et al. (2009) 1f1fffi'hl1'Vi'U11 3 
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lHUJ Roshan et al. (201l) • ., • 
I V I I 0 'G)'JISI 'JI t 

'l1'U1U'U'U 'U 1 l'l1f1'Utlel1111tlflfl ., 
l111..ril 'U ., ., 

Q .t:.'!:l,. .& '1 9J 'JI lJ] 'II) 'JI >eV 'JI .&Q IV 
I'ilHlIlfI'U !fI &:lJ Hamid .. ., 

t=! , QQ 'JI 'JIt &"1 ilooGJ'JI et al. (2011) 'YIVI'U11 tlU IVI :lJ'il1'U1'UfI'U tlCllfltll1'l:lJlI1tl'\J'U 'U 'l1 

'1919191 91' 0'191_1" .. d , , 
l'l1f1'Utlell 3 !tel:: 4 ff1'U. ... . 

!lIJ1 JI "I JI ,;: 0 'I 91 .. .. , 91 "'.. '" 
tl U 1 'I1f1 'U tlel1111 tl'l1 tl 'U flU tl11'U 'YIl m t 19f'U fll:lJelfllfill fI 11'V1'U 'fi 1 'VI'U 3 11• 

1!J,1 ..I 91 '" "g , 'I J/!J,I !J,I , 
1I'U1 Obulama et al. (2004) VI'U11 !'I1f1'Utlel1 5 flfJ 

I Q,J 'JI , 
fI fJ tl'U f.lffllel:: tl 11 1'U '\J Warrier (2010) VI 'U 11 

91 111' lsJ' '" d ..I!J,I '" ,pollen tube !llI'l1'UU'l tiel::: pollen grain fl1tJ1'l1 
!J,I , JI 'I,,,g ""..I J/ lIJ!J,I '" 

8 tN 10 'U1Wfl1 &f1tllrW 
JI:II II JI 

"I .91 1 '1 J/ '... ... '1 J/!J,I J/ J/'"g 0 1 91 
f111:lJ'I1'U'Illtl'U1f1H 'U 'U'\J1'l1'YI1'U'U 'I1f1'Uflel1 1, 2 5 'l1• 
• 1 .. .. d '" .1 "d.. 0'" 

75.15, 75.49 78.75 l1Jfl'H9f'Ufi fl1:lJel1f1'U 
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odd I : Q.I d.::::l 0 Q.I J IjJ 'jI 9J
1,000 1 'Ufl\lflNfl 

.! I 1J}r;J"" I 0" 0 d d ,
'W1Jl1 fl1'j 1 3 f11111tnl'U 'il1'W 

i 1,000 .. . 
'" ,.!II1IU'Wl 

r;J'jI 
!  

• .1 !II 1!II !II !II' i o !II <V "',. , III ' 0 " !IIl"I1.:j'U11111flfl1'j !W'W.:j111 3 W1Jl1 111'Y11 tllfl1':i 

L'W i WUVlfftCJ1tJ1I lw i .. . . 
"'!II !II '" "',. o !II "",!II !II !II ,,!II

, , III n1 !II d 0 i!lln I'" i " • , III d!II Vl1 'W fltJ1.:j 

" !II !II !II I 'I QI "',. II) I " 1!II I'" II) tnfl1'j !W'W.:j111 3 !1I'YI1 t'W 

i WU i 



• • 

.  
;<It 

'U'YI'YI 6 

I)  9J;VI 'JI ",til6.1.1  V'lWI111 3 

G) 'JI'JI 'JI 'JI I 0 'I 'JI'JI 'JI '" til "" "" '" 1fll';i !'If\9l'WflCll 1 \9l'W\9lV'lH.lll'Vll 3 llfll';i!'iI';ity!\9l'IJ \9l 

30, 60 1'W • 

3 

6.1.2.1 
Gi;iljl rJJ 9J I OGf91 cltl "" 'JI IflU !'If\9l'Wfl{jl 3 \9l'W\9lfl'H{jll'Vll !'If'W• 

tid  tI I 0 <l I tI'" tI '" <l I : '" 'ill'W1'W11J{j<;l\91 V';i'H ltlm !1lJf'W \9l111{j<;l!\9111\91V';i 'Wl'H 'Wfl 

1 ,000 1 3 

'I 'JI 'JI 'JI 'JI lOG) 'JI "" 'JI '" til "" flU L'lf\91'Wfl{jl 3 \91 'W\9lV'H {j1J'Vll !'Hf>.j{lf>.j{l\9l'Ul1V'1'W1i V'I'IN111 3 II .  
u'W11 ;iv 488 fil{lfli'llI91V 1-;; t li' f>.j{l 

"" 'JI  '" 't 'JIf>.j{j\91'U111JU'W1 

6.1.3  (nutrients uptake) 

1 t).:j 4 3 iJfll';i\9l\9l .  . 
v • 

3 'If't1\9l iJuu11 1\91 U{l:; 

2 1.49 .  . .. 

v • • 
.e::t GJ dt.cf.G) I jI Q

6.2.2 LU'HClll:lV'lU'Vl 
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lJJ' : HrI::ihlJJ'. (fl11:1lrl11) 

'W'Vt1l1fl 'WlllU\Pl\l. 2553. 'fIW::tf11:1\Pl'lfllff\Pl{ : 

1l'YI11'Y1£l15 'l1GJ1'fj l-U. 

1I1Uff rltlfllflrl !m::'W'Wlllfl 'W111!!'fl\l. 11.11.11. . 

.t::\ <I .QQ.f 1:/ d (1' '<::>Q,<' t:I 0 'j) I 

1tyt:y 'U1W1'U 'UflHflHt1:'Jt1>l1W1'U 1n'fUffltJ. 2537. "V-IrI'tItl\l'il1'W1'W 

V-IrlV-It1\Pl 1\Pl (Koshihikari)", 11'lffl'l1GJ1lf)1'ltf11:1\Pl'l. 

http://www.pikul.lib.ku/.ac.thlcgi-bin/oryza.exe. :iJq'Wltl'W, 2555. 

2549. ffj'l1'Y1t1lf)11V-1t1\Pl-WGJ11i 

"'., '" 1l'YI11'Y1 til Mtlt! rI 'l1GJ1'fj 1'W .. 
() (V Q,.! <jI " ... 1 QJ Gi '.tl 9 'j)mllf)1'l'tl11 "fll'l1Jt!fl 
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'" .  .  
1. f)1'Jfll'W1wvhfYilmi'TJ LA (Leaf Area) 

(4 ihn.bmil'W (em2
) 

LA 

"". '1:11  '" :II 0.8 em lm::;fl11:JJfJ1d 30 em x 0.75 

LA = 0.8 em x 30 em x 0.75 

.&::::\ 

2.  (Soil Texture) 

'" . '" 
1) 20 f)1:JJ 

2) 2.00 - 0.05 11:JJ. (sand)• 

(B-A)100 

% sand 

20 

: II 
B = 'Wl'H'Wf)1Jf)!f)f)'J + sand 

'" B-A 'llli1Uf) sand 
= 

3) 0.002 :JJ:JJ. (clay) 
:' rI 

C 'Wli1'Wf)'Uf)lf)m 
: Q,J C\ rI 

D = 'Wli1'Wf)'Uf)lf)f)'J + clay + calgon 

D-C clay + ealgon 
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" 4)  '1hl-''I'I!fl'UD..'l calgon (blank) 

(D-C)-(F-E) 100 x 100 

% clay 

20 x 20 

:  Col rI 
F  lJl'HlJfl'Ufl1flm + calgon 

" F-E = lJ1m!fl'UD..'l calgon 
" (D-C)(F-E) 111mrfl clay 

5) 0.05-0.002 lJlJ. (silt) 

% silt = 100 % sand -% clay 
" 6)  (soil texture) 

Soil texture = % sand + % silt + % clay 

0.689 x BN x (B-S) 

% OM = ---------

AxB 

BN = lJt1. 'UD..'l Blank 

S = lJt1. 'UD..'l FeS04 

" A = (fli'lJ)  

B = lJt1. 'UD..'l FeS04 Blank  
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" 4.1  i'W 

(A-B) C x 1.4 

%N 

D 

C 
" 

D (tli'tJ) 

dq :v 
Aliquot VI !''If (mt) 

d iii 'j/I 

Z = ppm P Vltll'W standard curve 

AxB 

C 

" C = (tli'tJ) 
d I \I) :v 

A = ppm K VltlTW standard curve 
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5.1  i'Wfi"l$ 

(A-B) C x 0.014 x 100 x 100  

% N = ----------- 

DxE  

A  O.OIN H2S04 

B = O.OIN H2S04 bJank'W'W:Uli'l' 
3i 3i 

C  H S0 (O.OIN)2 4 

()  Q.I fU 1.4 III " D (m:u)  

E =  

" 5.2  fll':ii!fI'J l:::M'H i'Wfi"l$ 

-6 
ppm from standard curve x 8 x 100 x lOx 100 

% P = ------------------

AxB 

o  III QI , 4 " A = 

5.3  lUfi'lf Atomic Absorption 

Spectroscopy: AAS) 

AAS (ppm) x A x 100  

%K  
" (ni':u) x 1,000,000 

A (100 ml)  

ASS (ppm) = K AAS  
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Natuha, Y., Imanishi, A., Kanzaki, M., Southavong, S 

and Phomvongsa, B. 2011. Use of tree in Paddy Field in 

Champasak Province, Southern Lao PDR. 
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