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ABSTRACT

The aims of this study were to investigate the influence of planting and harvesting
dates on growth, yield and active ingredients levels in kalmegh (Andrographis paniculata).
The two experiments were conducted at the experimental field of Faculty of Agricultural
Technology, King, Mongkut’s Institute of Technology Ladkrabang, Bangkok, during, March
to November, 2016.

The first objectives of this study were to examine the effects of different planting
dates on growth and yield of kalmegh. The field experiment was conducted during, March
to November, 2016 to assess to the performance of different local kalmegh cultivars
under different planting dates. Three local kalmegh cultivars (Prachinburi, Nakhon
Prathom and Pitsanulok 5-4) were sown on five different dates (1St of March, April, May,
June and July) in a randomized complete block design with split plot arrangement with
three replications. The results were showed that there were no interaction between local
kalmegh cultivars and planting dates. The best Prachinburi local cultivars was the highest
for plant growth and dry matter yield followed by Nakhon Prathom and Pitsanulok 5-4,
respectively. The planting dates shown significant effect on growth and yield of kalmegh
that decreased with early in planting dates and the highest values were obtained when
cultivars planted on %, June, 2016. This indicated that local cultivar Prachinburi can be
successfully planted at 1" June and early planting should be avoided.

This second experiment was undertaken during June to November 2016, to
investigate the effect of harvesting times on growth, yield and quality of kalmegh. The
treatments were laid out in a split plot design, with three local kalmegh cultivars
(Pitsanulok 5-4, Prachinburi and Nakhon Prathom cultivars) as the main plots and four
harvesting times (harvesting at 120, 135, 150 and 170 days after planting (DAP)) as sub
plots with three replications. The results were disclosed that there were no interaction
between kalmegh cultivar and harvesting dates. For three local kalmegh cultivars, stem
and leaf dry weight and total dry weight of Prachinburi cultivar were the the highest and

Y

followed by Nakhon Prathom and Pitsanulok 5-4 cultivars, respectively. Leaf dry weight



and seed dry weight yield of Prachinburi cultivar were the highest. Harvesting times
directly affected on growth and yield of kalmegh. The highest leaf dry weight yield (13.59
g plant_l) and andrographolide content (2.54%) were recorded at harvesting times of 135
DAP. However, from the finding of this study, it is recommended that harvesting times at

135 DAP in Prachinburi local kalmegh cultivar should be adopted.

Keywords : Planting dates, Harvesting dates, Yield, Andrographis paniculata
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wazvihanefuimeaelasiiialn (@adiideanulng, 2542)
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Wenlong et al. (2004) senuiasedluluiimsaelasiiansegvaneuszinn winidu
ansddeyluniseangvs fe @13ngu Lactone fio ansueulasnsiinilan (andrographolide), @nsiile
weulpsnsilnlas (neo-andrographolide), 14-A8anduaulnsnsilnlas (14-deoxy-andrographolide)
naunazidenvesluiimeanslasfinasasivinananlaulisinii 6% linsiivingaulildug
wmszUSiaasdfyazanuszunn 25% Weifuinuiasu 1 U luussinalveldfinis@ne
dnlszneumaaiifugiuresiimezanglas nuitluluwisseneudivanswn diaterpine lactones
wanoln arswaiduansiildsavy wardusinamnluly wagiuluwis wemsanglasmin 100
n5u awsauenasiadiandeyled 4 gin Fawolull  andrographolide Usunes 1.7 n§u 14-deoxy-11,
1 2-didehydroandrographolide U3u1a1 0.9 n¥u neoandrographolide Y31 0.1 ATU WAz
deoxyandrographolide-19-D-glucose U3u1au 0.055 Ay venaniifanuans KH,PO, U3una 3.8

n3u (aontuidwanulns, 2542)

NanMsAneIMIAdYInen
Husen et al (2004) lgAnwrgvsymandeinervesiimeatelasnuit waveanisnuilu
Foimeanwiselunaoanaass nuasaiiiiddgesiveaislasignimandeine, daeluil
1. gvisaamsunsenaniafTemaiue s
. (isanensvieade Iﬂaﬁﬂﬁnnswﬁaﬁ%maﬁﬂé’mnmsﬁwmLmﬂﬁf%aaﬂaa
. qw%(aﬂ‘liuasﬁﬂumié'nmu (Sheeja et.al., 2006)

. qVisnTEAuQIANiY

2
3
a
5. qristlestusuanansiwnanesin 1y mnewdlimsuamauea vsewd
6. quisinuByyadass

7. quisaminnaluiden

8

. qvidtudagaduzise (Kumar et.al, 2004)

FulgnuazSuiuifgiiinasensiseyiuln ussnandaimeaeles
msﬁﬂwﬁ’uﬂgnuazi’ulﬁuLf"im‘?‘iﬁwasiamsLa‘%ﬁgLau‘lmLLazNawﬁmﬂaaﬁﬂwsaﬂaIﬂiﬁu ad

nsnsfuannlusnassine Kumar et al. (2010) Idnwnisawanlumsugnuasszezildugni

neanelas Imﬁﬁmsﬁgnﬁmzaw‘lﬂﬂui’uﬁ 15 figuiey, 15 nsngiay, 15 &wnau uag 15 Auggu

Faliszuzugn 20x20, 30x30, 40x40 Uay 50x50 LwuRluAT AUAIRU NAIINNITNARBINUIN N1TUYN



Airouinusieugniudl 15 fquioy uaslészesugn 20x20 Loudiuas dmeaneleslinandngean
setawAD szezUan 30x30 uaz 40x40 1wuRnT MUy dnuinavesmsueulasnsillas &
unfign definsugniuiudl 15 fquiou Tnefidwvindu 4.6 Wesidud sewmande Ugniuil 15
nInIAN wag 15 oneu SAwify 2.30 uag 147 wWeidud sudiéu aghalsfiny msugniiand
senlusuile 15 fueneu Fmeanelasiueulasnalnlasiiewiiian damanmsvaasduanssluain
ANINAAB4YBY Tanguturi and Rao (2014) s‘ﬁdlﬁﬁﬂmﬁﬁuﬂgnu.azﬁwLaa%ﬁuﬁaﬂuﬁmzmdﬂs G
FugnAetuil 1 nsngrex, 15 nsngiey, 1 wnau uas 15 Bwnay mudsiy dutrafuifewims
iuieadmeanelas 3 Yasvernmsasqiulanfe fiszesreusennen (pre-flowering stage), szes
senmen (flowering) uazszazn15asnaiin (pod setting stage) HaaNN1IMAaDINUI mzanelash
animhﬁuﬁ 1 Fwnay darugevesdsiy, Smnudaedy, Sulusedy, fuily, Sty
dnihauasiminuiean sardmiutinuidiiiuniian doutaduifefimeanslas wuini
mmﬂ‘[aﬁ‘tﬁwamamqqqmﬂwﬁﬁmia%ﬁaﬂn (pod setting stage) @anAABITUAUNITNAABAVBY
Chaudhari et al. (2013) iild@numsiiuieatimearslasiionguandnetufie iuiieafieny 105,
120 way 135 Juvdaugn wudwhmeanelesildsunmsiiuieafiong 135 fundwgn Winardaun
fian sesawniie Hmvaelasfifuienfiong 120 Yumdgn dwsuanseengrsiichdgluiimeane
Tasfe weulnsnailwlad fiegegauiaifuifgimeanelasiieng 120 Jundaugn dau Nenade et al.
(2001) I Tulgnuas SufuiRevasihmsateles wuimsugniiSafiaae SUmvi 27 (sewine
Juil 28 nangrax) wasfuiefimeaelasdriniiaade dUanvid ds (szwrineiuil 1218 fuenew)
HmzanelaseeWinanamiminaauasuisvesluiiiuniign egndlsfinnu WeRsanfnsesngud
drfyAe woulasnsinlan wu:h‘lﬁﬁmmLmﬂshaﬁwmi'uﬁﬂqnLwiﬁmmumﬂshqﬁ'uaehamﬁlui’u
Fuiden weulnansinladingegaileifuioareudraiifeluduanviil 42 Niranjan et al. (2010)
wuh Hmganelasmsvmaduiedienty 90-120 Sundsugn wiedeuimssiuvesiimeanelases
Unpguituil uasdutafruduiifmearslesBuiinisesnaen Feluthsiiusinaasueulasnslv
lasiengeaeluly gnalsfinu Maheshwari et at. (2002) ndnvi1 msfinwnfgafiunisiaunisld
WAANIINTINYAT e‘hw%’umﬁJQﬂLLaznmﬁuLF‘imﬂ"mzma‘lﬁxs‘i‘ilﬂumsﬁwﬁ”'uﬁms’l*?j’ﬁ’uﬁaamn
(Singh and Singh, 2005; Singh et al., 2011 ) dwmiunsanedetiaaailunsugnuasdasaailunis
AuRnfimnzaudimnuddyetannsenandavasimeanslasineiiluudranmuandoudiunneing
U ﬁwaﬁ'ﬂﬁ“éaaL’JaﬂumiﬂgﬂuazﬂmﬁuLﬁmﬁﬁ%mﬂsﬁaﬁu Faflanuddgsenisugnitmzanelas
(National Research Centre for Medicinal and Aromatic Plants, 2001; Kumar et al., 2002) ’?Jﬂ‘f?&

danarlunisiiuifenianudAysenandnuwazaunmyasimeanglasiduiu (Nemede et al,



2001) amnsdnuideliviuninuin auamvesiimsansles fifanauiiensifuifefimeae
Tasantreanly (National Research Centre for Medicinal and Aromatic Plants, 2001) Bhan et al.
(2006) ‘l¥Anwinsfuideiimeatglasiternsneg fu wuimsifuiefiddesnluaziinarinli
Fasdruvesludesiduanas Kumar and Kumar (2013) fAnwiszezgnuasufiuifesvesit
nzanglasinut Hmeaelasmaiuieiieny 135 Jundwgn uagliszozgniomnzaniigade
30x15 Loufiuns Seaglinandniiunnitan 135 Alanusaienad uasiisseengrisvesuoulasnsiu
laruniianuwihiu 2.63 Wesidud dau Ashok et al. (2002) inwuAufumzanelasiiongunndie
fufie 30, 60, 90, 120 uaz 150 Tundalgn wui Prnftuiieiinfiqeide ey 120 Jundugn dadl
Swilnuiiiinnniuasdaseengrsueulasnainladfdunniiga dwsunsinyuieaiunsugn
Hmzanelasludsumealng wudndinsinwiiueglussnia insenwifulidannin lagewiznisine
AefuTugnuas ufuisfivansautuimeaneles wssild (2548) naadnisugnitmeanslaslu
wanianans lneugnlutiadieungeniau fnsngian lulwaniawmiensudtasnIananBUUY
waann1snaasenudn fmzanslasiiugnlueunsngianazlinandngsan uiuSinuasuaulas

&

nsinlasidladuandresiuuandn dansudaafuifeafddiuuzdadn aasiiviierludaafeu

& A

a U < ! - Y g
wyAINBuLazsuAN Nsiiuiigaraifmzatalaseeliviunavetarsueulasnninladuie

Ussanuanrlausamiinngs uenaniideliduusind mafiudgafimeaneles pstufgItieiiey
ponmeNauAwenUIY 50 Waddud duitvazilongyssana 110-150 Jundagn wliinandnuazans
pengvsIniian dwmsunardmiwinanvesiimsansleserlinandnuszane 2-3  dustels Faand
ndmnadFuandulid Wuduugitlunisugnuasansiiuifeimeanelasednenineg wirdu Tu
Yagtunwasnsugnimsanslaslundasiiufidnsldiugiivgnuansiaiu wu Wughualan 54 10

o <l

Wug7n dnmseSadulanndiduinn wanfiann uasiinsaainiie hvgarelesiugiuiesiiongns

< Ao v @

AuRgriunnifimsanglastuguasuguaiildduvunadn uanisliann fvuanseuidn uasd
Fwaludedufidesnit fuduergnisifiuiivafairensanit Wudu egrlsfinumaainasine
\Uessunsiadqiulavesiimeanelaslundasiugidalinnuudsusivedunn daiudslavihnsdine

=1 =2 <

TupSailtu FansAnuluasedildiugimeanslasun@nuniie 3vug Feldun Wugiwaglan 5-4, sWug
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upsUgn uaiugusdugs Seitmeanelasie 3 Rugiifidnvausmseigdulamedduiiuansaty
un Ffudaifiesdifulgnuas Tufuieiunmafudoe nsvnaesiiasiivsslevideinumsnsgugn
Hmgmelasidusdrannmmzasiilvaunsadoniugimzaralasldhuivgnliednsgndes uazay
lemsuitfulgnuarfufudnimnsanemsdutulediffign Sssansailuujoalunsia
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nsveeei 1 msfinefisiulgniineanilinasiemsiasgauls wanda wazansosngns

drgyluimezanelas
TNUNUMINAaBILUY Split plot in randomized complete block design fid1uIu 3 1
Main plot fia #mgatelas d1uau 3 Wug e
1. flmezanglas Wudhwalans-4
2. flwmganelas Wugusdugd
3. Whweanelas Wuguasusy
Sub plot A Suugnuesiimzanslasfiunnsireiu Sailfe
1. Ugnitmzanelesiudl 1 Feu ey
2. Ugnilmsanelesiudl 1 Weu oy
3. Ugnilmeanslasiuil 1 e wawaau
4. Ugnilmzanelesiuil 1 o fiquieu

5. Ugnitmeanelasiud 1 1hou nIngau

Ugnilmezanelasadluuasges vuin 2 mauas $1u9u 45 udasdes lneveealunguli
8n 2-5 lwuRling Tsvogvinsenindulasual audmeassiidunie 50x20 WuRlns MeaAnqu
az 4-5 Wwiin uazndsiunauiung newdgniinnsliiudulaelvifuiianutuiisefusugauny
(field capacity) udnntufinsliiaussuuidmsarslesedaufismenasnggugn dwmsums
latsrendoyalifinisldfissnduieanougn lushsdl 2 dusisls druntsidndvfinlffinsida
FuilaeliTlenousendiuau 2 ads iefmzanelasilongls 30 way 60 Tundagn udsaniduih
nzaglasiaznsdgivlanquitud Wellweaslasiiongfie 60 Fundwgn Ameanalasiinasuan
Aefuauazeensou fnsunnnaiuny Fmesanuazaunsaiunandnduanlfidefimearelesdl

9gRaus 120 Ju 1Jusiuly
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naiudeya
1. Yarugewesdidy Sruaudevudidiu uasdnauie ndsnduivegeiivluouudidly

Foulaeldgamgl 80 evrwadsa Wunatuu 48 dalue viesuwiinuend? udalundan

1%
o

Swiiuvwesdu uasly ddumsasintamihminasusvuisinsaiadedmeanslasiiong 120 fu
wiadsugn muaiy

2. asvaiiuily dWerluimzanelasndmdhwinanaiaudn fassusailufoen
avaiauiily deufiestiiendrgourtenmiminluuss mstaiuiluasaialagldindesdioiniiud
U fi® Leaf area meter Ju LI-3100 ¥84U3¥% Li-cor KARTIUTEAERSFRLIEN

3. pseianennaelsladnieluluresiimeanslas lnevhmsnsiataluil 2 Tuansemasn
Hlumsaindwau 3 v Tagldlufiinisvenesaudiud thurindhewndes SPAD chlorophyll meter
reading (ju SPAD-502) mntiuthinmenades asreinfieny 120 fumdegn

4. mywssinUSinaessseangns Ae Uiinauweulasnsilwladluluvesitmezaeles 14
399949 Thai Herbal Pharmacopeia (Ministry of Public Health, 1995)
5. anviaRanamiminluwivesimeaslasiiony 120 Sundagn vdendudeléthuin

Tuwissedu Avunmuandusapdativtinluwisseiud (Msuuns)

JURBULAZITNSIATIZN
Ansiteyaiisrusulimeaiimuununisnaaes Split plot in randomized complete
block design wag A1 LSD LiiewlSeuiiisuanadaluisasdimnast nasmntduviingin m1se uay

STPUNANISVINADM 1

Asveaedit 2 msAnwdciuiuiefinsaufinaseninaiyiivln wandn wazaiseen
qistidnfaluimeanslas
NUNUNINeABUY Split plot in randomized complete block design g4 3 $
Main plot fis Hnzateles dmau 3 Wug loud
1. fwzanelas Wudhualans-4
2. Hwmganglas Wugusuys

3. Wveanelas WuguAsUsy
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Sub plot luA SufuiAefimesarelasuandiude
1. fuiReaihmzanslasiiony 120 Fundagn
2. \fulfgnitmzanglasieny 135 Tundaugn
3. (fiuiaimeanglasiieny 150 Sumdegn

4. Wuiegafimeanelasiieny 170 Yuvdsgn

Ugnihwzarelasadlunssansiauediuay 360 nszane feugniinisliiuAfuiisefupnu
gy (field capacity) wﬁqmﬂﬁuﬁﬂWs’lﬁﬁwLm'ﬁwzma‘[amnﬁu’tuﬂ%umﬁ&JUmﬁw%mmﬁmu
Wity 5 fadues Sramvesmstiheddithmanduerinsiossahaelngldtismi nsli
drlvwieuiuianuaynnsznsnasnegmsiasguivla dmiumsquasnuniinismdnivity S1ou 3
ads lenzanglasiiong 30, 60 uaz 90 Fundsugn daumsdeaturidalaauasuaas wuitluin
neanglasiuuasdagivansuniudesinn fdifimstestiuriin visanimearslasiiony 60 Tuwds
Ugn fezdinsuanisiuenyuasunneendeudunauasduudmoan wazvanansnifiuduanléidediy

nzanglasiiongmudmaassiimun

nsiiutaya

1. Sapugevesiify Suaudevudiiu uardaui wdmnduidegfitlusuukily
Foulaeldgmugd 80 ssmwaidea Wuiam 48 Falus wieautmiinusiensdl udhTaiundon
dninuvieuesdy uazly Fslumsasiaiammiminaauazuisll asedaiiefmearelesiiony 120,
135, 150 uaz 170 Jundalgn muaeu

2. asieiuiily dedlufmeanslasindmmiminaniasaud fessrumaluivunn
v auiludeufiazinendngouiionidminluus msiniuilunsvinlngldiniesdiotniiud
U o Leaf area meter Ju LI-3100 v83u3sh Li-cor nanfiUssinravsgenn

3, psr¥mnAnnaelsiaanieluluresimeansles lnsvhnsmsaataluil 2 dusneenaan
Télusmainsiuiu 3 T Teeldluiisinnsvenesuiiud wdnanindaeiades SPAD chlorophyll meter
reading (3 SPAD-502) nduthinmanads anadaiieny 120 fundwgn

4. MeiATEiIUinaesanseengrs drismimusinuvesasesngrsiuly Ty
arainanswoulasnaninlasiuluvesiimezatslas 1935 Hish performance liquid chromatography
(HPLC) Tneldmadusl PR-CjsPhenomenex (250 x 4.9 nm. LD. 5 pm) uagszuu ACN/water

(Gradient Elution) fe flow rate 1.0 mL/min ﬁmmmqﬂfﬁu 225 nm.
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5. asianandmimiinluuiwesimeatelesiieny 120, 135, 150 uag 170 Tundsgn e

a1 dnlenardntvinluwisedy Sahuidnuvnardaatimvtnluwiareiun (Msemns)

gunauwazldnislunsiasie
Ansgideyafisrurliniadfinuununismaaes Split plot in randomized complete
block design way WA LSD tileiUSeuiiisuaiadeluwsiasdmeass vaantuyinng s ms wag

SNYITUNANTNAADIN 2

o < 174
dauivinnsmasesinudeya
wlaannansvainiAir el ulagnisHang

pazwalulaBnisiness dandumalulagnszasunandigaummsannsy i

LHLLIRWNTINEY
syeEnavInsIde dwsdeunaAy W.A.2558 D9 ineURUENY N.A.2559
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WNEN13IvInNaas

‘:I' (=1 =2 o d' e 1 a a a Q‘d‘
AINARIN 1 ﬂ'liﬂﬂﬂ’lﬂﬂ'}ﬂﬂ@}ﬂ'ﬂL‘Vill']%ﬁil“{lllﬂda@ﬂﬂ']iLﬁ]inyLm‘UIﬁ HANAN Layvd1Inangnan

o w

angluiiwmeanelas

AUGIVBIAAU
AINETBIEIAY (wufuns) vesmeatslasiieny 120 Tuwdslgn (AN5197 1) wuln

wugimearelasnldgnuansieiu Suavibinnugeesddudaunnmsiuluniada lnei

% 8/

veaelasiugusTuyiiaugaesddiuunniigawiniu 55.18  wudluns sesaunfedmeany

{ A2 AN ietai@iaime r\qm’lﬂnonu npioce:rnxén?nd, 1 a E_n f
AU 43.44 URAT UNIVIZRTYERIRUTNENAN >-4 U

[ 1 v ld.  j v a 1 7 A 1 U =1 1
ANAgeveddsutioangaviniu 32.47 wudles dwdudgnilineanelasiuanseiu dnade
o ¥ a1 ' o aa o & a P o Y o
AnugevasaiuiiAuanaeiuluneati Amearelasnugnluseuliguisy finnugavesaiud

1 A 1 .24 a <

Fmngaiiu 58.70 wuRluns sesasnfensugniimeanelaslueunsngiau wguaiau
wazwey lnelinnugevesawiudidnrinfu 51.35, 43.92 uag 3633 WuRwAT AU dudh
P & a a o ¥ a1 o @ a ' < '
vzanglasnugnlufieuiiunay fanugeesiduliAmgawiniu 28.19 wudmnms aglsinulal

wuanuduusseninaiugimearalasnldugnuaziuvan fumugeesdinuvesimeaislas

dudsvesandu

Srunudovosdiiu (fosoru) vesiimzatslasiiony 120 Sundsugn (1597 1) wuin
Wugihmeanslasildugnuandnaiu Tnaviiliswudevesdiuiiiunnsieiulumeada Tnedh
neanslaswugusIugiisnnudevesdduanniigavinty 2390 Fededu sesaundeiimzans
Taswuguasugu Tdwnudevssdiduiniu 22.40 dedediu dwiweanglasiugiveylan 5-4 1
swndavesdiulosiigaviidy 19.20 desdedu dautuugnilmearelosiiuanseiu finasde
Swudavesdwuiiduandeiulunisedn Amearelasivgnluieusiquisu fuudevesd
Fuileannigauiniu 27.66 Tesiefu sesaunfsmsugniimeanelesluifisunsngiru nuaiay
wazwey Inelidnnudevesdsudawintu 23.16, 22.00 uaz 19.16 Tosiafu amuawiu diu
Hmeanelasiugnludoutiunen TSwiudevesdduiimmgaindu 17.16 desesy aehalsfin
Lswumnuduiusseniaiugitmezanslosildugnuas Sulgn fuswoudevesdriuresiimeany

Tas
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M135°97 1 MNgwedIdy (lwufiung), Sunudevesddiu (Pesesu), Sl (Reenu) uag
thinandiuutts (nSusesu) leny 120 Sundsugn vesitmeanelasduau 3 Wug ile

lesunsugnlugiaanfiuansnaiu

AINE uIUTe Srunuis v
Fwmeaes UYBIAAY YDA Y (Rarad) ANAULIAS
(URLIRS) (Torpn) (NSuRBL)

WG

Us13uy3 55.18 23.90 24.00 6.76

fiwaylan 5-4 32.47 19.20 16.20 2.88

uAsUgy 43.44 22.40 20.80 4.32
Juugn

fuau 28.19 17.16 14.16 0.66

ey 36.33 19.16 17.00 3.09

N WA 43.92 22.00 19.66 4.85

fgueu 58.70 27.66 28.33 8.70

nsngIAY 51.35 23.16 22.50 5.96
ey 43.70 21.83 20.33 4.65
LSD. (0.05) (Wug) 11.92 3.56 ns 2.38
LSD. (0.05) (Yuign) 3.80 =5 2.05 0.66
LSD. (0.05) (g x Tulgn) ns ns ns ns
CV. (%) (Wug) 14.17 8.49 14.70 26.58
CV. (%) (Tuugn) 6.92 8.13 8.03 11.39

ey t [ aad (Y d o ¢ (2
ns = lifimnuuansteiulunsadanseAuaueeiiu 95 wWasidu

MUIUNY
o l&' t&' 1 dl QU Qv A 1 -7 s
duiuie (Resedu) vesimzaelasfiony 120 Jundsugn (m15197 1) wudy Wugilh

s

sanglasiildugnuansneiu Snavhlisaufdiduandwiuluniada lngihmearolasiug
Usfuyiiiduuianniigawindy 24.00 Awedu sevawnfeimearglasiuduasugu 5
Auviiu 20.80 Asresu dhmzatslasiudiivalan 5-4 I wufceengawiiu 16.20 Ao

s Tulgnihingatglasiuansiieiy fnasesnuiufiauanaranuluniads Angaelasy
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Ugnhuiteufiquie I wudsdidunniignwindu 28.33 fsdedu sosmanienisugniimzansles
Tuidteunsngien wguaau waswwoy Taesiduaufsdauviiiu 22,50, 19.66 uag 17.00 Awio

fu mudndu dudhmeanslesiivgnluifeuiiunay fswiuidiimgaviiu 1416 Awiasu
sglsfinuldnupnuduiusseninafugimearslasilivgnuas Tuugn Audruauiswesi

yranelas

iwiindduusie

dmindaduuis (nFurieu) vesimzanslasileny 120 Fundagn (msait 1) wuda
Wugimeaelasiildugnunndnaiy funavinldimindduuisfiduandefulumsadn Tneth
nranelasiugumiuyiiimindduwianniiaawiniu 6.76 nfusedu seaundefimeaslas
Wuguasugy Smindduuiaindu 4.32 ndusiedu dauimeaelestugivatan 54 i
shdiuuialesiignindu 2.88 nfudedu dututgnitmeanelesiiunnsnetu fuasedmidnady
wialidumnsnafuluneada Amganelasivgnludouiiguisy Sdwindduuksidunniian
wihflu 870 niusedu sesaunfensugniimsarglaslumounsngiau ngunieu wasmwiey
Tneshmindnduuieiiaingu 5.96, 4.85 wag 3.09 NSUADAN MUAIRNU dauﬁwwza']a‘[ﬂiﬁﬂqﬂ
Tudouiiunau fihwindrduuiaiidsigamindu 0.66 nsusedy ehdlsfnulinuauduiug

sevihaiugimeanglasiliugnuayiudgn Audmdnadiuwiwesimeagles

Ity
duly (ludedu) veslmeatslasiieny 120 Tundagn (a131991 2) wudn Wugih

[

nranglasildugnuansredy fuavilisiuaulufirunnsnefulunnsaia Tasfmeanslosiug
Uniugaiswaluinniigawindu 328.90 Tusesiu sesasnfeitmeanglasiuguasugy s
Tuwirfu 227.80 lusiedu dawitmeanslasiugivalan 54 Twaludeeigaindu 174.20 Ty
sl danfudgnitmeanelasiumnsredy fnadesnnuludmuansrefiulumeada #mganeles
gnluieuiiquiey fwanluidunnilgawini 356 50 Tudedu sesamnfemsugnimgans
lasTuidlaunsngian nquaeaw uazwwieu nediduulufidwiniu 322.67, 266.00 way 188.83
Tuefunudsiu dufhmzanelasivgnluieuiivin fswnluiiddganiiu 84.00 Tudedy
adlsAnlainuawduiussenisiugimzanslasilévgnuaziulgn fusuauluaesin

Neanelas

Wmtn Tuidis

ihwiinluudis (nFusiadu) vesiimeanglasiieny 120 Fumdagn (1ns1edl 2) wudn siugin

vganglasuliugnuansneiy dnavilbviumdnluwisdawendieiulunisadd lnafvzatelas
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WuFUsTuETiminluwianniigawintu 2.63 ndudedu sesawnfeihmearalosiuguasugy
fihinluuiawinfu 2.21 nfudedu daufihmzanslasiusivalan 5-4 fwiinluwisiosiian
Wity 137 ndusedu dutulgnilmeanelasiiunnsraiy fnarethminluwisdunnsaty
Tunwadn dmzarelasiivgnludeuliguieu fdminluwiedidunniigandu 288 nfudedu
sovamnAemsUgnitmeanslasluideunsngiau wauniau uazuwey Tasfidminluuiaian
Wiy 2.44, 2.14 uaz 1.65 niusedu sy ddthmeanslasitugnlufousiunay shiwiinly
whsfidsaauiniu 1.22 nfusedy egrlsinalinuauduiusseniaiugimeanslasild

Ugnuaziulgn Audminluuisvesiimeatelas

g5 2 wnulu (used), dviinluniis (NSumen), AuRly (MIs1asuituns) wazusunn

ralsiiadnielulu (SPAD unit) fieng 120 Jundsign vesiimeganelasdnuiu 3 wug

%

Wislasunsugnluthaianiuansneiu

Fwaulu dwinluwis Wunlu YSunumaslsilad

Ammaos (usonu)  (NSusiomu) (%1319 malulu
LHURLURS) (SPAD unit)
Wug
Usnuys 328.90 ki 364.97 5553
#waglan 5-4 174.20 S 191.59 43.67
uAsUgy 227.80 231 270.68 52.55
Juugn
funes 84.00 1.22 109.21 39.49
ey 188.83 1.65 192.81 48.44
N WNIAY 266.00 2.14 268.42 50.55
fgueu 356.50 2.88 447.58 60.22
nINgIAY 322.67 2.44 360.72 53.90
Ay 243.90 2.07 275.75 50.52
LSD. (0.05) (Wug) 48.80 0.77 40.49 5.95
LSD. (0.05) (Fuugn) 33.36 0.27 35.10 5.99
LSD. (0.05) (Wug x Jugn) ns ns ns ns
CV. (%) (Wug) 10.41 19.39 7.63 6.12
CV. (%) (Fuugn) 10.89 10.55 10.12 9.43

T
=

ns = Wifinuuaneaiulunisadfnseauanudoiu 95 wWasidua
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Huwlu
iy (MauRms) vesimsanslasiieny 120 Fundwgn (319 2) wudn Wugit

[

nranelasiiliugnuansneiy fnaviliiuilusidunndefulunisada Taosimsanelasiug
Uniuyitituilunniigainty 364.97 msaeufions sewanfelmeaelasiuguasugy 1
uiluindy 270.68 msrmeuums dullwgarelastugivalan 5-4 fuilutesiigawinfu
19159 mrwuiiuns dufulgnimsarelasiiunnseiu fnadefuiluiiiuandatulums
aid dmeanslasiivgnluieuiiguiey fiuilufidunniigaviniu 447,58 arsaeudiues
sosannfensugniimearelasluifounsnginu wquneu uagwwiou Tnefituiiludanvii
360.72, 268.42 uag 19281 mINUALAT AwEwy daufhmezanelesiivgnluieviiune &
FuFludmdansintu 10921 maasuimns stnslsinalinuasduiudseninaiugin

& dew, a7t o & de 2 5
neay LQ?WL"UUQﬂLLangu‘UQﬂ AUNUNLUUBININEANB LT

Visnuaaalsiadanalulu

Usumnaelsfiadneluly (SPAD unit) vesthmeanelasilong 120 Jundsugn (A15197 2)
wudn Wugitmearelesailiugnuansinediy dinaviliusunanaslsitadnrgluluiidunnsieiu
Tunadn Tneflmeanelastugumivysiviinaeaslsilaaneluluinniigawiniu 55.33 SPAD
unit sesasnAeiinzatslIsiuiuaTUgy dvsuuaaslsiadaaluluivindu 5255 SPAD unit
duthvranslasiugfvalan 54 Tusuueaelsitadnelulutiesiigawindu 43.67 SPAD unit
ehtutgnihmzanelasiiuansinaty dinadeudinunaslsiadansluluiidunndresiulumeadn
Whmganelasiivgnlufeufiqurey fusuunaslsiladnielulufiinunniigawinfu 60.22 SPAD
unit s@9aanAen1sUgniimearalasluifiounsngiau wguniau waziuwigy laelivsunu
Aaelsiad melulufidyiiu 53.90, 50.55 way 48.44 SPAD unit audasTy dautiwzanelasd
Ugnlutfeuiiuieu fsinanaslsitadaeluluiidsanwinty 39.49 SPAD unit aghslsfinalal
wuanuduusssiiugimzanelesiilignuas Tudgn fuvumeaslsitadngluluvesii

veaelas

riardnthwtinluusie

wandmimiinluuie (n3usiemsnawns) vesihmsanelasiieny 120 Sundsgn (msed
3) wuin Wughmzanelasiléugnuansinetu Suaviliinandmivinluieiduandeiuluma
aif Inefmzaelasfuduniugainandmiwdnlusianniiaaminfu 37.19 nfudeniaums
sosaunfeimranslasiuguasugy Tnandmbmiinluwiavinfu 31.30 nfudensnaums dwih
vawlasWusRvelan 54 Tnandndminluuisdesfigawiiu 19.37 nfudemsnaums @y

Ugnihmganelasiuaneneiu Inadenandmindnluwisdauwandsiulunwada dvganelasi
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Ugnluimeuiiguieu fnanamiwiinluusidiiunniigainiy 40.80 nfusennsnawns sesauniie
msvgnihvzanglasluiieuninginu woua1AL uagwgy Tnefnandmininluurididii
30.63, 30.31 Wag 23.43 NSUADAITINUAT AINEIAU ehuﬁ*nmawimsﬁﬂqﬂluLﬁauﬁmﬂm B
wandntninluuiediadiiganinty 1728 adusenisnauns sgslsAmulinunuduiug

serhafugihmeanelasilivgnuasfuugn Aunardmiminluwkwesimeanelas

d. a g U/ 4 - t d‘ U L4 °
A15199 3 wandmhvinluudis (nSusiemsnans) fieng 120 Tundadgn vesiimzanelasdiuiy

3 Wug Welasumsugnlugrsianiiuansiaiu

Amaaos wadmiwrinluis (n3uresmsamns)
Fug
Us1uys 37.19
waylan 5-4 19.37
uAsUgY 31.30
Juugn
RTH 17.28
WU 23.43
WAL 30.31
fqueu 40.80
NINHIAU 34.63
Auady 29.29
LSD. (0.05) (#ug) 10.92
LSD. (0.05) (3uugn) 3.88
LSD. (0.05) (Wug x Tuugn) ns
C.V. (%) (#ug) 19.39
C.V. (%) (Yuugn) 10.55

ns = lifiauuanesiulunsadanseauanudetiu 95 wWesidus

Ysurawaulasnsiinlan

s [

Usnauueulasnailvlas (wWesidud) veslmzarelasiiony 120 Jundslgn (31ed 4)
wu31 WugiwzanelasiiliUgnuansneiu Snavilvuiinaueulasnsilwlan Srunndrsiulumg
add Inefmzarelosiususduysivinanesulasnsiwlasnniigawitiu 279 wWesidus

sosanfefhwzarelasiuduasugy duSinaweulasnalwlasvindu 2.29  wWedidud dau
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vzaelaswugiivalan 5-4 Sunaueulnsniivladiiosigawiiu 2.09 wWesidud dwiuugn
Fmzanelasiiunnsneiu fnadeusinaueulnsnsinladiruandstlumeada dmeanelesii
Ugnludoudiguiey Tusnameulnsnstiladiidunniiganiiy 2.65 Wesidud sesasnfioms
Ugnitmeanelasluiounsngian wguniau uazswweu lnefiviinaueulasnsiinlantdnviniy
253, 2.3 uaz 238 Weddud audidu dauihmeanelesiivgnluieniiuia futinaueulns
nluladiimdnaaviniu 1.96 Wesidus ohdlsiolsimumudiiusseniaiugimeanelasd

TdugnuasTulgn fuviinaweulasnailwlanvesitmeanelas

a1390 4 YSunauweulasnalnlad (Wesidud) fleny 120 Jundsugn vesihmeatslasiiuiu 3

v ¢ A Y ] ] ! %
g elnsunsugnlutisnaiunnnieny

Amnaasd Usinaeulasnsilwlas (Wosidus)
Wug
Us1AUYs 2.79
fwallan 5-4 2.09
uasUgu R29
udgn
fiuau 1.96
Wyeu 2.38
WAL 243
fiquisy 2.65
ASNNIAY 253
Anady ‘ 2.39
LSD. (0.05) (Wg) 0.35
LSD. (0.05) (Yugn) 0.21
LSD. (0.05) (#ug x Jugn) ns
CV. (%) (Wug) 7.63
CV. (%) (Tulgn) 7.03

1y ' [ aad L d o ¢ < (3
ns = Liflauuanarefulumeatanszauanueiy 95 wWasidus
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NIRRT 2 NsAnwnTTuAuReIivIZEaNTTNaRon1SRTRULY HaNER uazaNsERNgND

L

naagyluiiwzanelas

AINGIVBENY
mMugesiy (wufiums) veeflmeanslas (ans1eil 5) wuiniugihmeanslashldgn

s

LANAISAY ﬁNav‘l’ﬂﬁmmqwaaéwﬁ'uﬁﬁmmﬂﬁhdﬁuiumaaaa TagnuinflIngaelasnug

9

UnJuyiiianugavesdifusnnitgaiiu 56.27 wufiues sesaunfeiimeanslasiuguasugy
Fallenugavesdduiiiu 45.28 iwufwnes duiugivelan 54 nnagessdiuiiriesign

WA 38.44 wuRilues @ uiuiietiuenaneny ﬁwaeiaﬂmugwmé’ﬂéfuﬁmLmﬂvmﬁ’uiumq

k%

aa A o d' ‘ﬂl g o rd I o a8 I 1 L2
eam ‘N"IVI%@'IEJIQSVWI’W’I’SLEULﬂEJ’J‘VI’e)']Q 170 Jun QUQﬂ ummqwaammuummnwamwn U

%
= PPN B, - . O
b I

VIVUAUNGINDTE 150 wae 135 Jun
=3

™% > = Lo oL L oy a ..,-d ail~an~ - s
51.65 LPURIURT ]@Qa\lu'lﬁlﬂﬁ'lwgﬁ'lﬂ

g e d_d "
b

e
S
@0)

o

Yeagfuviiiu 47.67 uay 45.12 wuRes auaeu daimegatglasiiiuiieniieny 120
wdagn flanugevesdduiianfosigawiniu 42.21 wuRiues egdlsimuilinuanudiniusves

v & do o v @ a s oy 1.9
Wgihwzanelasilivgnuasuiuies duanugeesiduvesimeaielas

dudsvesaiiu
[J v o v ' P> WG i &
Sruudevesdrdiu (Tesesu) vesmzaiglas (3197 5) wudiugimeanelashldlgn

I3

uandaiu dnavilidruudevesdrfuinuanareiulumeadd Ineiudafmeatslasiug
Uniugaiswauderesdidunniigaindu 25.75 deredu sesamnfeiimeatslaniuguasusy
Feifwudevesdiuwiniu 20.00 derediu druugiivalan 54 fiduiudevesdisuiirtion
figainfu 16.00 dededu drwiuiuiRefiuandai dnadesnudevesdduiisuansaiu
Tunwadh fhnzanslasiinisduifieadieny 135 Jundagn fisnudevesduiidunniign
whitu 23.33 dedesu sesaunfeimezatelasiiiuifeaieny 120 uas 150 Tundegn lned
Snndevedduviniu 21.66 uag 19.50 dededu mudifu duitmzaelasiiiuieaiieng
170 Yundagn fnutevesddulistiesiigaivinfiu 17.83  desedu adhelsfiniulainy

Anuduiusresiugiimeanelasildgnuar fufiuiien fudnnuderesdduresiimeaslas

e

S Restedu) vesfimeanelas (1efl 5) wuiniugimeanelasilivgnuansis
M Snavh s uauisdduanseiulumeadn Tnewudritmeanelosfugusiuyiiisnauienn
Famwirfy 20.45 Awledu sosmunfeiimzarelesiuguasusy dlsnnudasiniy 20.00 nfuse

gy ehuriusiwalan 5-4 Tdnnudsdidfosigauiiu 16.37 Awledu druiuiuiferfiunnmig

fu fnarodnnuisdimuandeiulunada dmearglasivihniniuifernony 135 Jundedgn
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TSundifuniigawiniu 24.66 Awledu sewwfeimeatelasiiiuiiefiany 120 way
150 Fumdavgn lneddruuiaviiy 21.00 uay 18.66 Ausedu muddu dawflmzarelasiiiv
\aiteng 170 Fuwdsugn Hwuiedianlesigauindu 16.50  Asteduedislsinuliny

Anudustusvesiugimeanslasiildgnuas Tufuies dudnuiesitmeaslas

a5l 5 Augavesdiu (wuRumg), Siuiudevesdidu ([lasedu), 1uaui (NasioRu) way

dniindrduusie (hfusedu) vesiiwmezaelasswou 3 sug disldsuTuiuifen

PNLIAWANANNU
GRRHGH UL $unuds  deindduuie
Ameaed YDIAIAU YDIAAY (Aodiu) (nSuABAL)
(wufuns) (Fosionu)

ug

U579UY3 56.27 25.75 24.25 9.69

fiwaylan 5-4 38.44 16.00 16.37 4.28

upsUga 45.28 20.00 20.00 6.68
Susfuifien

120 Yundalgn 42.21 21.66 21.00 7.68

135 Tunasugn 45.12 23.33 24.66 8.88

150 Tuwnaaugn 47.67 19.50 18.66 5.90

170 Yumdagn 51.65 17.83 16.50 5.07
FLady 46.66 20.58 20.20 6.88
LSD. (0.05) (ug) 12.26 3.16 6.10 1.84
LSD. (0.05) (Fuifiuiien) 4.01 1.50 2.10 0.85
LSD. (0.05) (Wug x ns ns ns ns

Sufuifen)

CV. (%) (Wug) 12.22 7.15 14.03 12.45
CV. (%) (Fufiuifen) 6.59 5.61 7.97 9.45

1 ' [y aad LY A o @ o
ns = bﬁﬂ?ﬂMLLmﬂﬁﬁﬂﬂlﬂUW’NﬁﬂﬂﬂigﬂUﬂ’ﬂﬂL‘Uﬂﬂu 95 asigun

¥ o ooy
UmtinaRuAe
duinadunds (nSused) aesimearelas (13199 5) wuiiugiwzanglasiliugn

uansinady fuavhldimiind duniedaunndeiulunnedd nenudwhngaelasiugusiuygs
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Shwiindduuiannitaaviniu 9.69 nusedu sesaundefimearslasiuguasugy deimiin
Sdfuntaviniu 6.88 n¥udedu dauiugfvalan 54 Tdwmindduuidafesiigauindu 4.28
n¥usasiu drutufuieafunneaiy Svadedmiind duuisiduandraiulumeada fmeane
Tasiimaftuieniiony 135 fundagn fdmiindduuisiiamnniigavindu 8.88 ndudedu
seaauAefimearglasiifiuifioaiong 120 wag 150 Jumdedgn Tneihimdnaduuavinfy
7.68 uaw 590 niudedu awdiu duimearelasiiiiuietieny 170 Sundsugn fiwiing
duwieidtiasiigaviniu 5.07 niudedu egrdlsfnulinueuduiusvesiusimeanelasild

Ugnuazhuiuifen fudmindduuisesimezaslas

sty
o & e g e 24 < ” =N w6y PR "W
gty (lusesiv) vosimezanslas (M990 6) wulniugimeanelasnlyugnuansieiu
finavihldualuiiruandneiulunieadd lnenudmeanglasiugusituysiidnuuluinnign
whiu 354.88 Tuslesiu seasndefimeatslesiuguasugy Fdiduluwiiu 251.88 lusieny
1 o a oo oL =] @ 1 ] o P2 = ' [y
dhuiugiwalan 5-4 fidwalufiendesfigawiiu 181.88 Tusiasudnriuiuineiiuanseiy &
1o a1 U o aa = o < o < LY (Y =)
wasiodwululiAwanandulunieadn dvngarglasiviinisiiuineanety 135 Jundsgn 3
° 1 ] o WL = = 4 4
Swauluiienuniigawiniu 36050 Tusedu sesasunfefimzanglesiiuieifiony 120 uas
o e < o 1 o 1 o U 1 A
150 fuwdaugn laefdruauluwingu 279.00 wag 220.20 Tusiesiu mudau duvhmzanelash
A d' U v o [ DRI 4 a L 1 [ 1
Wiutigafieny 170 Jundwgn fisnnulufiendesiigawiiu 174.00 Tusieduegislsinmliny

o L (3 o & o 4 L2 o
anuduiusvesiugimzanelasildvgnuariuiuines fudwnuluvesimeanelas

g )
wuilu
&L 4 a = 1w P
ity (Ms1aufiuns) vesingaslas (13199 6) wudniugimsarelasnliugn
J L < o llag i IS DU 4 o aa ) e € e dday !
waneineiy Snavilvinunluiruanseiulunisads lnewuifsanglasiugusduysinuily
andigarinfu 319 mseuiiuns sesaandeimeaislasiuguasUsy Feliunluiniu 284
a | v €a o Asl L s | " w a e ]
ssuLURLLAT duiugivaylan 5-4 Twunluliatesgawiniu 242 magufuns dauiuny
o o ' v o & i = ! LY aa o < o i
Wifiwaneineiy nadeiuilufisnuandrsiuluniadd dmeaslasivimsiiuiieiiieny 135
@ @ ad de at P P w a & P T
Fundeugn Inunlufidanndigawindu 369 msiueudiung sesannfefimzanglasiiiuinei
219 120 wag 150 Tumdaugn Tneduiluindu 352 wag 255 asnaguiuns aueeu @i
vzawlasiiuifeaiieny 170 Jundadgn Sunluliddeeniaaviniu 197  msiaufuns
| = ' v W & AR So o v & 4 o X 4 K
athalsfimulinuanuduiusvesiugimeanslasildvgnuasfuiuines Auiiuiiluresihmgany

1as
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1519 6 Sunulu Qusedu), Hunlu (Msravudiueg), dmidnluwis (nSusosu) wazu3una

aaelsadagluly (SPAD unit) vesfimzanglasdwau 3 Wug ieldsuiufuiien

YA IWANFNNY
nulu My dhwdnlune Usinueaelsilad
dvnaes (lusinsi) (»11579 (nSusiafy) meluly
LURLUAT) (SPAD unit)

e

U573uY3 354.88 319 3.94 51.83

Nwaylan 5-4 181.88 242 1.83 36.96

UATUFH 251.88 284 2.05 44.14
Furfusfen

120 Junaeugn 279.00 352 3.15 45.76

135 Junasdgn 350.50 369 BL( 54.49

150 Jumnaeugn 220.00 255 2.14 40.74

170 JuwasUgn 174.00 197 1.37 36.24
ALady 262.88 293 2.61 44.31
LSD. (0.05) (ug) 126.05 25.26 1.62 9.41
LSD. (0.05) (Fuifiuiien) 35.035 30.18 0.33 387
LSD. (0.05) (Wusg x ns ns ns ns

Hufuiie)

CV. (%) (ug) 22.29 27.76 29.02 9.88
CV. %) Guifiuie) 10.20 24.40 9.94 6.69

i ' o aad (Y A o ¢ (4
ns = thIﬂ')"lllLmﬂGl’Nﬂuiuﬂ’lﬁﬂﬂﬁl?l’i%‘;ﬂUﬂ’)’]ﬁJL‘ﬁﬂﬂJu 95 1UaILUuUs

AN LU
dvtnluuis (nFudedy) vesiimeaslas (ms1eil 6) nuaiugimezanalasnldugn
uansnafy fnaviifiminlunieddunndteiuluneadd Tnewuindmeanelasiugusiuysd
‘o’ U v 4 1 L Q 1 2% = U 3 :5 s ’o’ L%
dmidnluniannfigawiniu 3.94 niusedu sesasunfefimeatelasiuguasugy Fatliwintu
wiawihiu 2,05 nfudadu duiugivalan 5-4 Shminluwididniesngaiiu 1.83 niusedu
drufulfiuifeafuanansiu duaseuminluwiadiausnstaiuluneadd dmveanelasnvinnis
=3 P c; P o [ =y goj U Y a d‘ [ [ 1 b4 =
Wiutheafiony 135 funaagn dhiminluuisdawnnigawiiu 3.77 niusomu $9989U1ADN

wzaelasiiiuieafiony 120 uaz 150 Tunaalgn Tneilihwinluwiayindu 3.15 uay 2.14 nsy
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siosiy muddiv dihwzatelasiiiuiesiieny 170 Jundadgn Tuwninluwiediendesdign

Wiy 1.37 nfusedu egulsfinulinuanuduiusveniugimzatelasilivgnuay Juiiuies

Autmnlunveasimeaislas

Usanaeaalsnadnelulu

UZanaunaslsftadnielulu (SPAD unit) vesiimzanelas (me1eil 6) wuiniugiimeany
Tasdildugnumnsneiu SraviiliuSununaslsiiadaelulusiduansireiulumsedin Tnewudadh
veanglasiugusiuyiiviinueaslsladniglulusnniigawifu 51.83 SPAD unit sevawnAe
Fmranelastusuasugy Jeiiuiununaslsiladmeluluiniu 4414 SPAD  unit daunug
fvejlan 54 fUSuueaslsiadneluluiididosiigauvindu 36.96 SPAD unit duiufuiend
wansnaiu dinadeuSunueaslstaanieluluddunnsiaiulunadn fwvzansl
\eafleny 135 Jundaugn fUsuunaslsiiadneluluidanadigawindu 5449 SPAD unit
sesaunAeiimzaelasiiiuieaiiong 120 uaz 150 Sundagn Taefiuunanaslsiladngluly
whly 45.76 Wag 40.74 SPAD unit aud1sy daufimeanelesiiiiuieiiong 170 fundwgn i
Vinueaslsitad meluluiidiesiigawiniu 36.24 SPAD unit ghslsfinnulainuanuduifusves

Wugihwzanelasiliugnuas fufuifes futiinuraelsiiadmeluluvesimeanelas

rardntimiinluusie

naxamminluuis (nusienmauns) veafhmeanelas snedl 7) wuiniugimeany
Tasildugnuansinedu Suavilinandmiminluwididuanmetuluniada Tnewuiimeane
Teswugusnduyiinandmiminluuisnnilgawindu 5573 nfudensiauns sesaandedin
vransTaswuguasUgy Seilnandndwrinlusiariiy 29.00 ndusensaumsdiuiugivalan
54 fnandadinluukeiidiesiigawinfy 25.88 niusenisauns dawiufuifeiiunnsediy
finasenananiminluwiiisunndeiulunisedn dmzanglasivinsfuifeaiiony 135 fu
vi¥avgn imandmimiinluutidiaunniigawinfu 5332 nfuiemsiauns sesaunfefimeas
TosiiuAealeny 120 wae 150 Jundsgn Tnefinandnimiinluwiawindy 44.55 uag 30.27
ndusemIsamns Ay daufimearelasiiiudeiiieny 170 Sundegn fnandmiminly
wihdlrtfaeiigawindu 19.38 ausemsisuas sglsAnuilinuanuduiusvesiugimeasy

I’«uiﬂ%ﬂ@;nuazﬁ’mﬁmﬁm funanasiminluwiswesiimeanelas
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M3 7 wandndmdnluwie (nFusiennsnauns) sesimeanelasdiuiu 3 siug Welniunis

WuNe I MLaNeTy

Amnaes wanAnwinluists (n3usenmaums)
Wug
Us1Uy3 55.73
fiwaylan 5-4 25.88
uAsUTN 29.00
Furfiuiien
120 Jumasugn 44.55
135 Junaaugn 3912
150 Jumaeugn 30.27
170 Juviasugn 19.38
ALade 36.88
LSD. (0.05) (Wug) 1.62
LSD. (0.05) (Fuifiutien) 033
LSD. (0.05) (Wug x Suifiuifen) ns
CV. (%) (#ug) 29.02
CV. (%) (Fufunies) 9.94

a 1 o aa o [ A o & & 2
ns = Biflauuanaeanulunieadfinszauainuisgy 95 Wasigus

Usanaueulasnsilnlad

Uinaaulasnsiiwlad (Wesidud) vorimearslas (s1afl 8) wuiniugiimeaneles
Aiugnuanmnetu Tnavihliusunaueulasnsilwladiiiunnmafulumeadi Taenuinimeany
Teswugusiuyiivnausulasnsiwladnniigauwintu 295 Wesidus sesaunfeihmezans
Teswudunsusy Fuluinaueulasnsilladvindu 231 Wesldud duiuiivalen 54 3
Uimnauoulnsnainladiidosiigavindu 186 wWedidud duiuifiuifiiunnsieiu finase
Usinaweulasnsnlasdruanseiulunieadn fwzarelasiivhnafiuifeniieny 135 Yunds
Ugn fusinaueulnsnslladiifunilgawintu 250 Wedidud sesaunfefmeaslesiiiu
\Aeafleny 120 waz 150 Yundaugn lnedusinameulnsnsilladiinfu 244  waz 243
Wesidud mudiu duthmzanelasiiiuientieny 170 fundegn fusinaueulasnsinladd
Afaelaniidu 207 wWedidud edrlsfmulimummdiniusvesiugimearelesilivgnuas

Fuduifen Aulsuausulasnsinlasvesimeaielas
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Arsed 8 USinaweulnsnsilalas (Wesidud) sesitweanelassiuiu 3 wug deldiumaiiu

WNEINTIIAMLANFIINUY

Avnaed Yunaweulasnsialas (Wedidus)
Wug
U5NRUY3 2.93
fiwgglan 5-4 1.86
uAsUgH 2.1
fusfuifen
120 Juwasugn 2.44
135 Junasugn 2.54
150 Jusasugn 2.43
170 Yuwaugn 2.07
ALade 2.37
LSD. (0.05) (#ug) 0.31
LSD. (0.05) (Guifiuiien) 0.20
LSD. (0.05) (ug x Furfiuiien) ns
C.V. (%) (Wug) 10.12
CV. (%) Gusiuiden) 9.87

=] ' LY aad [y ‘ A o c @ &
ns = Laifianuusnanenulunnsafanseauauedu 95 Wosigu
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F5iNanN1TNAADY

l:' = < o A d’d i a a A‘d’ ° v
N1INNEaBIN 1 msmmmauﬂqmflmmzawumamimsﬁgmﬂm WaEa1IDaNgNoNEN iUﬂu‘ﬁ']

Nzaelas

wamnmsmaaaﬁ%’tﬁiﬁudﬁuﬂgﬂﬁumnmaﬁu finasionisiaieyiule Laznananvai
vvanelas dmiuftmzanelas 3 Wug Snsadguivlanisdiiu wasnandniiunndredy fmzane
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Abstract

A field experiment was conducted at the Farm of Faculty of Agricultural Technology, King
Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand, during, March to
November 2016 to assess the performance of different local kalmegh cultivars under different
planting dates. Three local kalmegh cultivars (Prachinburi, Nakhon Prathom, and Phitsanulok
5-4) were sown on five different planting dates (such as 1% of March, April, May, June, and
July, respectively) in a randomized complete block design with split plot arrangement with
three replications. The results were showed that the best Prachinburi local cultivar was the
highest for plant growth and dry matter yield. The planting dates shown a significant effect on
growth and yield that decreased with early in planting dates and the highest values were
obtained when cultivars planted on 1% June. However, Prachinburi local cultivar gave the
highest leaf and seed dry weight yield and the most suitable planting period was on 1* June.

Keywords: Planting date, Growth, Yield, Kalmegh

Introduction

Kalmegh, Andrographis paniculata (King of bitters / Hempedu Bumi) is
an important herb of Acanthaceae family used to cure many ailments and
diseases (Kumar et al., 2004). Every part of the plant has therapeutic value.
Especially leaves (fresh and dry) of 4. paniculata are extensively used in Asian
traditional medicines and in various herbal combination (Srivastava et al,
2002).

Presently, the total production of kalmegh was rather a low yield due to
poor management practices (Krishna ez al., 2014). For successful production of

*Corresponding Author: Detpiratmongkol, S.; E-mail: kdsomyot@hotmail.com
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crop many factors, such as quality seed, weed control, proper fertilizer,
irrigation, a method of sowing, optimum sowing time, seed rate and time of
harvest are indispensable (Ozturk er al, 2017). Among various factors
responsible for low yield of kalmegh in Thailand sowing time and varietal
selection are of primary importance. Kalmegh is sown in routing season and it
has list own definite requirements for rainfall, temperature, and light for
emergence, growth, and flowering. Too early sowing produces weak plants
with poor recto system as the rainfall is minimal and the temperature is above
optimum. Water deficit and temperature above optimum to irregular
germination and the embryo frequently dies. Late planting results in the poor
branch, filleting and crop growth generally slow because of low temperature.
Optimum planting time range of different cultivars varies regions depending on
growing conditions of a specified tract that could be assessed by planting them
at different times (Sona ef al., 2015). Two factors limit kalmegh productivity
because every crop cultivars have its own requirement for particular
environmental conditions for maximum growth, which could be facilitated by
proper sowing date. Thus, the objective of this study was to determine the
growth, yield, and andrographolide of different kalmegh cultivars against five
planting dates in Bangkok, Thailand.

Materials and methods

Study area and experimental produce

The experiment to evaluate the effect of different plant dates on growth
and yield of three kalmegh cultivars was carried out at Faculty of Agricultural
Technology, King Mongkut's Institute of Technology Ladkrabang, Bangkok,
Thailand during March to November 2016.

The experiment comprised three local kalmegh cultivars (Phitsanulok 5-4,
Prachinburi and Nakhon Prathom) and five planting dates were March 1, April
1, May 1, June 1 and July 1 and it was arranged in a randomized complete
block design in split plot arrangements with three replications. Local kalmegh
cultivars were laid out in main plots and the different planting dates
corresponded to subplots. Seeds were sown by hand, sowing two seeds per pot.
After emergence, one plant per pot was maintained. Throughout the plant life
cycle, weeds were kept under control by hand weeding. The experiment pots
were manured with chicken manure @ 2 t ha' and chemical fertilizers were
applied at 80 kg N, 20 kg P and 27 kg K per hectare. Plants were irrigated as
necessary. At harvest, two plants were selected randomly for recording
necessary agronomic data on i) plant height, ii) stem dry weight, iii) number of
branch per plant, iv) leaf dry weight, v) number of capsule per plant, vi) seed
dry weight yield, vii) leaf dry weight yield. For phytochemical analysis,
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andrographolide was determined in the dry matter of aerial parts using high-
performance liquid, chromatography (HPLC). [J

Statistical analyses
The data were analyzed statistically and means were tested by least
significant difference (LSD) test (p < 0.05).

Results and Discussion

Plant _Ilegghf

The data in Table 1 showed that the differences in plant height of the
cultivars under evaluation were statistically different. The highest plant height
was obtained from the Prachinburi local cultivar (55.18 cm), while the
minimum was produced by the Phitsanulok 5-4 local cultivar (32.47 cm). Plant
height was also significantly affected by the different planting dates (Table 1).
The highest plant height was observed in the plant planted on the 1* of June
(58.70 cm) and the lowest plant height was recorded in the case of the plant

planted at 1% of March (28.19 cm).

Stem dry weight

Local kalmegh cultivars under evaluation differed significantly from each
other for stem dry weight in Table 1. The highest value of stem dry weight was
obtained from the Prachinburi local cultivar (6.76 g plant™). The lowest stem
dry weight was recorded the Phitsanulok 5-4 local cultivar (2.88 g plant™). The
planting dates significantly affected the stem dry weight. The plant planted on
1" June produced significantly more stem dry welght (8.70 g plant) while
significantly minimum stem dry weight (0.66 g plant’ 1) was obtained when the
plant was planted on March 1. [

Number of branch per plant

The data on a number of branch per plant disclosed that both the planting
dates and local cultivars affected the number of branch per plant significantly in
Table 1. It was shown that the maximum number of branch per plant (24.00)
was obtained in Prachinburi local cultivar followed by Nakhon Prathom local
cultivar (20.80) while the minimum number of branch per plant was produced
by Phitsanulok 5-4 local cultivar (16.20). The data indicated that planting times
significantly affected the number of branch per plant. Significantly highest
number of branch per plant (28.33) was recorded when the plant was planted on
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1* June which was significantly at par with 1% March planting against the
minimum number of branch per plant (14.16).

Leaf dry weight

The data in Table 1 showed that the differences for leaf dry weight of the
three local cultivars under evaluation were statistically different. Among the
local cultivars, Prachinburi gave the maximum leaf dry weight (2.63 g plant™)
significantly different from the other two local cultivars. The Phitsanulok 5-4
local cultivar produced the minimum leaf dry weight (1.37 g plant™). Data
regarding leaf dry weight disclosed that planting dates affected leaf dry weight.
The plant planted on 1* June produced the highest leaf dry weight (2.88 g plant”
') whereas the lowest leaf dry weight (1.22 g plant”) was obtained when the
plant was planted on 1% March.

Table 1 Plant height, stem dry weight, number of branch per plant and leaf
dry weight of three local kalmegh cultivars as affected by different

planting dates.
Plant  Stem DW Number of Leaf DW
Treatnibatts height (gplant’) branches (g plant”)
(cm) per plant
(branches)

Local cultivars

Prachinburi 55.18 6.76 24.00 2.63

Nakhon Prathom 43.44 4.32 20.80 2.21

Phitsanulok 5-40J 3247 2.88 16.20 187
Planting dates

1% March 28.19 0.66 14.16 22

1% April 36.33 3.09 17.00 1.65

1% May 43.92 4.85 19.66 2.14

1% June 58.70 8.70 2833 2.88

1¥ July 51.35 5.96 22.50 2.44
Mean 43.70 4.65 20.33 2.07
LSD (0.05) (Local cultivars) 11.92 2.38 2.10 0.77
LSD (0.05) (Planting dates) 3.80 0.66 2.05 0.27
LSD (0.05) (Local cultivars x ns ns ns ns

Planting dates)

C.V. (%) (Local cultivars) 14.17 26.58 14.70 19.39
C.V. (%) (Planting dates) 6.92 11.39 8.03 10.55

DW = dry weight; ns = no significant at the 0.05 probability level.
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Number of capsule per plant

The data on number of capsule per plant in Table 2 revealed that among
three local cultivars, Prachinburi cultivar produced significantly the highest
number of capsule per plant (68.90) followed by Nakhon Prathom (60.90) and
Phitsanulok 5-4 cultivars (28.80), respectively. Planting dates significantly
affected number of capsule per plant. Significantly maximum number of
capsule per plant (116.0) was recorded when the plant was planted on 1% June
while the significantly minimum number of capsule per plant (17.28) was
obtained when the plant was planted on 1% March.

Table 2 Number of capsule per plant, seed and leaf dry weight yield and
andrographolide content of three local kalmegh cultivars as affected by
different planting dates.

Number of Seed Leaf DW Androgra-
capsule DwW yield pholide

Treaumngy per plant yield (gm?) content
(capsules) (gm?) (%)
Local cultivars
Prachinburi 68.90 23.09 3LLY 2.79
Nakhon Prathom 60.90 19.98 31.30 2.29
Pitsanulok 5-4 22.80 11.98 19.37 2.09
Planting dates
1* March 17.28 17.02 17.28 1.96
1** April 25.67 17.56 23.43 2.38
1* May 41.17 18.12 30.31 2.43
1* June 116.00 19.99 40.80 2.65
1* July 66.17 19.07 34.63 2.53
Mean 50.86 18.35 29:29 2.39
LSD (0.05) (Local cultivars) 15.87 3.61 10.92 0.35
LSD (0.05) (Planting dates) 072 1.08 3.88 0.21
LSD (0.05) (Local cultivars x ns ns ns ns
Planting dates)
C.V. (%) (Local cultivars) 16.22 10.24 19.39 7.63
C.V. (%) (Planting dates) 15.20 4.72 10.55 7.03

DW = dry weight; ns = not significant at the 0.05 probability level.ll

Seed dry weight yield
Seed dry weight yield was significantly affected by various cultivars
(Table 2). The cultivar Prachinburi produced significantly maximum seed dry
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weight yield (23.09 g m™) followed by Nakhon Prathom (19.98 g m™) and
Phitsanulok 5-4 (11.98 g m™). The planting dates affected significantly the seed
dry weight yield. Significantly maximum seed dry weight yield (19.99 g plant’
') was obtained when the plant was planted on 1% June with minimum seed dry
weight yield (17.02 g plant™) in case of early planting such as 1% March.

Leaf dry weight yield

The data on leaf dry weight yield revealed that both cultivars and planting
dates affected leaf dry weight yield in Table 2. Among three local cultivars,
Prachinburi cultivar produced maximum leaf dry weight yield (37.19 g m™)
which was statistically at par with Nakhon Prathom (31.30 ¢ m™) and
Phitsanulok 5-4 cultivars (19.37 g m™). The data regarding leaf dry weight
yield shown that planting dates affected leaf dry weight yield significantly.
Significantly highest leaf dry weight yield (40.80 g m™) was obtained when the
plant was planted 1% June against the minimum leaf dry weight yield (17.28 g
m?) in case of 1* March planting.

Andrographolide content (%)

Data concerning andrographolide content in Table 2. The data indicated
that cultivar Prachinburi produced the highest andrographolide content (2.79 %)
followed by Nakhon Prathom (2.29 %) and Phitsanulok 5-4 cultivars (2.09 %),
respectively. With regard to the impact of planting times, significantly
maximum andrographolide content (2.65 %) was obtained when the plant was
planted on 1* June with minimum andrographolide content (1.96 %) in case of
1% March planting.

Among three local kalmegh cultivars, the cultivar Prachinburi recorded
the highest growth and dry weight yield followed by Nakhon Prathom and
Phitsanulok 5-4, respectively. Sandeep ef al. (2009) reported that genotypes
have a significantly different effect on plant growth, stem and leaf dry weight
and dry weight yield. Similar results were also reported by Liphan and
Detpiratmongkol (2017).0C

For different planting dates, the results indicated that plant height, stem
dry weight, number of branch per plant, leaf dry weight, number of capsule per
plant, seed dry weight yield and leaf dry weight yield of those planted late were
significantly higher than those planted early (Table 1, 2 and 3). The significant
difference in the aforementioned vegetative parameters could be explained by
the availability of adequate moisture which enabled root to absorb enough
nutrient for plant growth. This observation is in line with the report of Pandey
et al. (1984); Shivaramu and Shivashamkar (1994). According to them,
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adequate moisture aids nutrient absorption to result in good growth response
(Lawal et al., 2011).

Singh and Dhingra (2003) also conducted a study in which growth and
yield of kalmegh were varying significantly with the varying date of sowing
and planting geometry. Himabindu (2013) noted that among different planting
treatments, late planting date gave maximum values for plant height, number of
branches per plant, number of leaves per plant, leaf area, LAI fresh and dry
herb weight which were significantly superior over other early planting
treatments. Dry herbage and andrographolide yield were also significantly

affantnad and A : 1
affected and due to different planting treatment at harvest. Kalmegh planted on

1 August also recorded maximum values for herbage and andrographolide
yield at harvest. Conversely, Krishna et al. (2014) reported that on 15 May of
sowing with 40x25 cm planting geometry in kalmegh was the most ideal to get
maximum growth and dried herb yield. However, the maximum growth and
yield of kalmegh in these study were obtained from the crop sown on 1* June.

Conclusion

From the present experiment, it is clear that growth and yield of kalmegh
largely depend upon the cultivars and planting dates. Among the three kalmegh
cultivars, Prachinburi cultivar was the best growth and yield. In case of planting
dates, late planting date (1* June) had obtained the maximum growth, seed
yield, and leaf dry weight yield. It seems that cultivation of Prachinburi and 1%
June planting date is suitable for this region (in Bangkok, Thailand).
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