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ABSTRACT

Presently, Kalmegh (Andrographis paniculata (Burm. f.) Nees) is widely used as a
medicinal plant in Thailand to treat diseases such as sore throat, flu, fever, diarrhea, and
cough. Kalmegh production in some region is negatively affected by high radiation.
However, the information on the effect of shade on growth and yield of kalmegh is
lacking. Therefore, the aims of this study were to investigate the effect of shading on
growth and yield of kalmegh. The three experiments were conducted at the Faculty of
Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Bangkok,
Thailand from December 2014 to May 2018.

The first experiment was carried out with the objectives to study the response of
kalmegh growth and vyield to different shading levels. The study was conducted from
December 2014 to April 2015. A split plot in randomized complete block design with 3
replications was arranged. Four local kalmegh varieties (Phisanulok 5-4, Prachinburi,
Ratchaburi and Phichit 4-4) and 5 shading levels (09, 2096, 4096, 50% and 80% of shading)
were as main plots and sub plots, respectively. Data were collected on growth and yield
of the crop. The results showed that we were not found interaction between kalmegh
varieties and shading levels. Prachinburi variety gave the highest number of branches
plant?, leaf area index and leaf dry weight yield and followed by Ratchaburi, Phichit 4-4
and Phisanulok 5-4 varieties, respectively. Shading affected on growth and yield of
kalmegh. In addition, significant differences were observed for all growth characters
between open light condition (0% shade) and shaded plants. For different shading levels,
leaf area index and leaf dry weight yield was the highest under 20% shading condition. It
was concluded that kalmegh variety Prachinburi performed better in terms of highest
growth and yield grew under 20% shading condition.

In the second experiment, we studied the growth, yield and andrographolide
content of three local kalmegh (Andrographis paniculata (Burm. f.) Nees) responses to
varying shade levels under greenhouse conditions, from March to July 2018. Our

experiment was laid out in a split plot in randomized complete block design with three



replications. Three local kalmegh varieties (Prachinburi, Nakhon Prathom, and Saraburi)
and four shading levels (0%, 25%, 50%, and 75% shading) were applied to the test plots.
Stem height, stem, leaf, and root dry weight, seed and leaf dry weight yield and
andrographolide content were recorded. The Prachinburi variety, followed by Nakhon
Prathom and Saraburi, showed the strongest growth under all shade conditions. Different
shading levels strongly influenced growth and kalmegh yield. The highest growth, stem,
leaf, root, total dry weight, seed, and leaf dry weight yield and andrographolide content
were registered at 25% shading levels followed by 0%, 50%, and 75% shading levels. We
concluded that 25% shading and the local Prachinburi variety kalmegh should be
recommended.

The third experiment was undertaken, from January to May 2018, to investigate
the effects of shading at different growth stages on the growth, yield, and quality of
kalmegh. The design of this pot experiment was split plot in randomized complete block
design with three replications; three local kalmegh varieties (Prachinburi, Phisanulok 5-4,
and Phichit 4-4) were the main plots. The four sub plots were 20% shading at 3 stages of
growth viz: 30, 60 and 90 days after planting (DAP) till harvest and no shading which was
the control. Several agronomic characteristics of kalmegh such as plant height, dry weight
of stem, leaf, and root, total dry weight and leaf dry weight yield were recorded. The
results indicated that Prachinbuti cultivar gave the tallest plant and stem heights as well
as the highest dry weight of leaf and root, total dry weight and leaf dry weight yield,
followed by Phisanulok 5-4 and Phichit 4-4. Shading at different stages of growth clearly
affected the growth and yield of kalmegh. No shading resulted in the least growth and
yield while shading at 90 DAP till harvest promoted some growth and yield that was
higher than no shading but lower than shading at 30 and 60 DAP till harvest. The
maximum values of growth and yield were observed under 20% shading at 30 DAP till
harvest.

However, for the three experimental results, it was concluded that kalmegh
cultivar Prachinburi grown under 20-25% shading at 30 DAP till harvest gave the highest
yield.

Keywords : Shading, Growth, Yield, Kalmegh
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1.1 aAnudfguariurvasgm

Hmzanelas (Kalmegh) §i¥oAnenranidn Andrographis paniculata Burm. £) Nees gy
2 Acanthaceae iflaannifufivifisavunindagnuuruuandn King of bitters (Abhishek et al,,
2010) WuRivayulnsalifusgraunsvansluyssmaduidi wasyssmeluuauieifions Susenidedls
(Saravanan et al.,, 2008) Tl n.a. 2542 nsznsnamasguedlve lndalivayulnsiimeanelas
agluliyTemanuvisnd (iadinn uazedty, 2548) Hgarelasduivirfiawnsansgdulnldalud
sudusulsim3eluvjalea (Saravanan et at, 2008) Wufiniiamuemlavunstuunadeinisugn
dwiuihluwaundusdndusioiesneilse Alasumsldednanieang wu anuAulafings, AW
fuladineh, Tsaumany, vinlvg, wAld, ufifune, Yestueinisiies, Tsaln, eamsle, fwns
v, Ausniau, Jeatumsuay, destuidleten uazunilesiuanarsite (Akbar, 2011; Biffa, 2003;
Heyne, 1987; Jaganath and Teik, 2003; Kumaran et al., 2003; Niranjan et al,, 2010; Shah et al,,
2007; Winarto, 2003) walu®l w.a. 2549 IfihlssmafuAuainnsensnasisusguvesing Wi
neaelasannsainwenmsveadsuuuliifads, seunds, Uandlesndwiile uasﬁw,n‘lwa Faudu
pmsvedlininlédae (ladinn uasedy, 2548) msiiimeanelastiqvdidueléftidewnanasddy
wisasusznouiniifiegluiivayulnsimeanelasiiiustloninandyine) fie Diterpene lactone
Tneil Andrographolide 1udiuysznoundn (Aromdee et al., 2005; Edi et al, 2011) Tulagiu
nssuamuioimsuilnrdudniiioquamiinsveneddivgediy dutmeanalesanansolfifumaden
'lumsﬂmﬁ’uuasquaq'zjmw‘lﬁ'ﬁnmqLﬁanm‘iq (Us150un, 2549) Javhlineasnsiiaanuaula uas
vesRuiiRemsgnimsanealasdunsifudiiannnty wivhinarandafimeaislasinuasns
Wuiiealddemeinnailiviveu uazinuunmlid (Edi et al, 2011) dwiuunawgniimeanelesd
ddgrensemalnedulngjegludminuasusy, 1043, gasand, Aveilan, awssans, assuna uas
Usduyd Wudu (nsfsa waseus, 2508) nandriadihwminuiesimeanslaniwssmmegi 400
Alanfudels dregluinmsifreutadi (gaty, 2559) Fufudldsinsidouasimuinisudnegig
wnzay fevannsafiunandadelsvosimezanslosnntuly

waslunumddglunsiannnisvesiis wasduthidefiddgsdenstinveiio imsedy
udmdnuiineliifnnsrunsduassiuas mnanduveswaiuandfueneinauansreiululy
nMsRRUIMsTesuly, nsLAULn uaznandnuediy (Martin et al, 2011; Vyas et al., 2004)



dvdumamsnuasiaiudsddquiteaneauduveas, guvnd uasifumntuluuasign (Nur
Faezah et al, 2015) fwflifussivaudimewuadimnsausstilugruaunasswinnismen
Tuluvesity ’/‘lﬁmsg\,ﬂ%uﬁwuasu.s'mcqmnﬂnﬁﬁtﬁa’lﬁ‘lummﬁmtﬁ{ﬂm waznsRANINTIveIiudey
auysel (Sulandjari et at, 2005) AniflelfFuarutuvewasfinnauiinlyssiinaluvaie
nssumMsdanswiRsrtiewasiini lugnssudinmduanzviuas ilesniinalagmsa
ﬁiamsvhawﬂﬂ5’mq~7|‘1'ﬁ'lunszmumsa’fqmﬂsﬁﬁ'aau.aq (Kumar et al,, 2012; Ferus and
Arokosiova, 2001) luvtuzifigatunsnsruailitfsmesadwmadeussdniamnisuan Tnavin g
{Ann138usaRasuas (Photo-inhibit) Fulunansenuiiiudunsnesonszurumsininangemisues
it (Vyas, 2004) Medany et al. (2009) 'lﬁﬁnmﬁqmm?tyLﬁu‘imaqwﬁnmﬁumﬁwawamLﬁ'umnﬁu
ameldlsadouiinquinenteds isamnmswsuasdinaviligumgdl, Avwiaan wazaaudy
vouas fifranas uwimnuluuwtasgnifiutiu Saravanan et al. (2008) lsmmasmsnuadifutia
neansleslussiumnuduveauasiiuandniy wuinSinausulasnsivlasiiAliunnsnaiu uas
nsugnlaelildfunimwsneuas fmzanelaslinandingeiian Edi et al. (2011) wuifiujduiusiv
sewinlaninnednuasseiuraansnsuas 25% Inseigiuladfige uasiuduaueulasn
sirladgunniian 93y wasaaz (2552) seauhmensuawarhinsauas nahlinnugees

o ¥

adiunazauninvemsmudidlivansresiuneada uinswsnuasiinayiiinandnanauansn
Auvadatunslinsuas wasihBuuuanlausigeaadelinasiauas 70% uas 60% awesiy
q97381 uazdde (2549) NANTINTTRTNUAITZAUANY Tuliifuaunnaretulunadftunandnii
nzaeles uazuduauanlausiuiinirngaitlduniswaiouas 70% Watson et al. (1984) wuin
Berseem clover (Trifolium alexandrium L.) uag ‘Nangeela’ subclover (T. subterraneum L.) i
naramiwinukeisiiRsntungldnnmsnauas 50% d@au Jeong et al. (2007) snesuitfuiily
vosudasiiinfnnudessfunswauasiiduzanniy Bushra et al. (2012) lénnaeansna
uasluszeziafisunuuuenseiuluizemeiug Roma waz Rio Grande wuinmswstaudslu
ssuzafsruiinerenssiyAuin uasnandnvesusifomalutaggfouliduiianniy D'az-
Perez (2014) WU HAKAAYOMINNEINIALTUAUANTNYBIAUEIUIUTBINTNT VLA Milenkovic
et al. (2012); Rodr 1guezdet-Bosque et al. (2005) Na1231 W3n Piquin wag ‘Chameleon’ peppers
(also C. annuum L) flesunausnedraiuiinaensgmsisigiuln Tnavhlinandnanas daunis
wsnuduRdTina ikandnvem3niinngeiian snfindnaumitmmiinuih mswauasiiunum
fiddgdonmsiaigiula uasnandnvesisiduagnaun afwli"u#uﬁmsUgnﬁwzma‘iﬂiﬁﬁmm
umn#nfy vieituiiinisugaluilds uasunefuiiugrluanmitiintswsnuas famnnmisnsisienans



aiddenilutszmelvsuassassmaidnyiigafumsnuasimsanslesiigimuhdainisdnm
fiuegieann uaznanisvaassifléfdemdimnbivtiuey mwsauadlussiulauasarsnanaua
tanaledezlinadiian lasiifmeanslasinmaelgdulamedvuiuasinanangean Addiined
nsAnuiusndeutuiy dafudddimsanetunfiiity dmsumsinsluadilimsadeliims
Andeniiugiimeanglasiinumsnsiinsugndulaevialy falimsiedgidulnifuaclinandngesuay
6 Wug thungnulsuifisuiuimiuglaesinandngegn uazdeldiunsnsuasiissduunnsnedy
uaztaINIININUATLANATY nsreuaussresimsaelant 6 Wug iuatwln nandniis
wntuvieanaunnieeiedadiansuiiousuiuimearsTastlildsuniswsnuas mamaassiil
Ustlemifunwmsgfugniimeanglesdiusthann efinuasnsezldmauiaumsidanignitmsas
Toswugle uaziflofinansnuasmsnsuasiissivlawastranalaioilinandadmeanelasiien
wnfige Feezdunaiunandniimearelesifidufunnty uazdlodnnmefesililfinunnss

val o &
selanwuuntulusuian

1.2 Inquszasdvaslasinisive

1. edesmmeninsidydvlaniiu nandn uararsesngrisndfny Ae uaulnsns)
Wlan veaflmeanalasduau 6 Wug laun Wugfiveilan 54, Usnduys, sy, #3ns 4-4, uasusy
uazasuys

2. WessmasuiainsadgiuTandidu nanda uavanseengrisfiddy Ae weulasns
Trilad vaemzanslasis 6 Wug weldsumensauaduszauiiuandreiu uaztranarvesnisnss

J ] o o o 1
wafiuanafuSsufisuiuduitlingeuas

1.3 yauivnveslAsaINside

1. ibinsuiimeanglesitldinanfnm 6 Wug léun Avaglan 5-4, Usidun3, #dns 44,
T11Y3, a38ys wasuasugy finnswigdvianndrunasvinandauandniuuindesifigala
uenaniuglafiarseenguiiidrdny fe ueulasnsilwles Saunniign

2. vibisuihmswsuassatiensuabiunimeanglasimzay asidussduns
winuawhladeesribimeaelesinaedgiuladia uaslinandngege

3. yilinsuinswsauasmemitensuasbiuaiaveansles mswsnuasinatviile
vosmsigdula dmranglasiesinaelydulaiia waslinandngagn
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ATIVBNET

Hmzanelas (Kalmegh) iufivasyulnsdugnuasiduliviy $3eimermansin Andrographis
paniculata (Burm. ) Nees agluas Acanthaceae Wufijdniuluu “King of bitters” 1ilaanngl
savnfiusn (Kumar et al., 2012) Hmzarelasnssneeglulssvauauiedoivaioulasianizly
Bulfly, A3dan, Unilaay, dulaiide, snade, Fu, ne, duidensiusenuasnsiunn wasuesidva
awnsowuldmanvansduluiuiiswgy, Wi, wovsimes uasiuisug Wy sy wasiiuiisn
$13 (Nur Faezah et al,, 2015; Palaniswamy, 2005) luusswmelnefizarelasiideGonuandaeiu
auviaady 1y Hmeaeles, thanowaney ("gamw), narriug (avan), firane (miadie), weme
grengu (Iws131y), awdud (Feeidn), weavzas (zad) wasiasiu (Wnga) (Mina uavauy,
2542) ﬁmzmtﬂ.ﬂsL"L‘]uvlﬁq'luﬁ'uaqu‘lwsﬁﬁqﬁmﬁlﬁ%'unwﬁqaﬁfhﬁqwémaﬂ"ﬂumé’ﬁ’mmvhaq Pl

¥ o

MU, nansedugiiduiu (Kumar et al, 2012) uasdunssniauiudeatuendnsnande
. » o - [
(Mishra et al,, 2007) anmundeufivinzaslunsugnimearelasegluanmgiionimwuuivaiou

af ¥ a - g - oo 1 < - L ¢ ot
wazfawaiounivsuaninlu 1,500-2,000 fiadumnsrel (Zaharah et al, 2001) WigRulnlanluiii

a1 1wy Tuwadn (Valdiani et al,, 2012)

SnwasmangnuAnEnd

dnvasmanguanisneg vesmzarslastusiuldimsarslesiiddududnden @
TG 30-100 iwudns Tudednfudrduduguuumsituiniluwiasde dludugulini 14
\uRaAs 813 212 wudans sendugasitudwuinude uasadufeintugdaly dnvuslauly
wazUmeluuvan veulundnduviedoy Fludwuudidundadlaly Wlndumesenasiiouadn
as $Awludy (s wasAgal, 2531; nina wasaue, 2542) Amzarslasiinisesnsenliunende
(Panicle) sanfivansanvievenlaufimly (11n3 wavaga, 2531) Wunenauyseine uSaufu
uanuesnduneniivy nduidesdl 5 ndu s 3-4 fadwns FeuRniu ndusendl 5 ndu nduidey
Antuvansusnidu 5 wan wiadu 2 van (Lip) Yrnuudl 3 wanem 5-7 fadwas Fvnilududihady
tnanail 2 wan enlaideiy Uinuuden wasdiil 2 §u Aefiuinuinuasaveandunen fuysy
1554617 6-8 fladuuns dvu Suisgydinadudl 2 vies wie 2 Carpel shumisyesalvaginiionsndunen
(Superior ovary) Ingfinugsaainasiidly (Style) 3 1 §u snlAwuuiatuiugduisy nanieiingy
vouruwuAsutnuuusm ity 2 fadwns Yareuarlauuvay deuniinasunnassdn Jwde 8-14



' 3 » ' » { - - H -
winseiln winfoudradnguirmdrwiivasy uasldnvasuuudimaun (1193 wa¥myey, 2531;

NN UazAe, 2542)

AsIANITNYRIRMEeles
o ol o el a - v & a1
Amzanslandufivfiannsaugnlalunnggna wasiBufieiifinsedgavialavsludisu uas
v - a v, a - v P a t v a
nansuds nsezisdgiulaldnluglienmadouniofoutu qaimnzande TRAUQIRUI1IRBY

ey e Audsunqunian (iadin uazadty, 2548; dninddaiAsughanisinems, 2549)

ASATENRAY

nswnlenduignitmeanslesasiduduiugeiiingszuinii msusuliausiugeuds o
Hunisidniuiivdae luiuiivgnitmeandlanfuilfvivhinnnlwhnslowsaudswdadeine ud
thifuftugnitivRivannuaswinduuds mashnaslansou 2 ada A loasudamnauld 12 #Uavi uds
Falouusdnady dmiuiuiiugnilifuiiguuasugnluggeu mehnisyrensewvauietestuthvia
% Tngyaonuuasge 15-20 @wuAums uwain 1-2 Wns AIUENITEMUAMINAIIIIMINEANYEY
weiud Bumadusenitulacssing 1 wes wazdinisIWiuiismme (w3 wasage, 2531;
Tassmsaulwsitemsfisnuias, 2534)

WBmaugn

1. mavgnuuuwznalasimsimzndrluaiwendt uazeriimsdrenagnidietiong
Uszan 45-60 Tundsen vledledlluvszuia 10-14 Ty mnﬁ"'uawqn'luuﬂaa'?im'%‘ﬂu‘l"ﬂﬂaﬂqn 1
AuRengu ﬁﬁ%‘ﬁmmsﬁuuﬂawqnf‘iﬁﬂtuvlﬁ"uﬁ'v;uusm?anszﬁﬁmﬁmﬁuq‘ﬂﬂmqu vIeiidau
wimiugluBinadisnin deulgniudaimsarelasmisnsefumssenineudaluutiessumdn 2
Au vidsutti¥eu 80-100 sewiwadea Uszanas 5-10 unfl (clggm, 2536)

2. maUgnuuuwin lagldsdmnammaneveludam 1:1-2:1 (¥93 uavage, 2531)

3. mavgnuuulssuidnduun Taoyasesdiug WWuunien frenisewinuanyssun 40
WUl Tsewdanauiuune @mdunsumdunule, 2553)

al o
dauimirlulduszlomi
o v v v o P % a o -
ddu luan wazluwis Tagazivlunnldifleduiimeanslesiiongld 3-5 Fou (Wadinn
uasadyy, 2548)



diTnguveimzatsles
asanaail 4 Ysens fie
1. uAlivhg W 1w livia wazlivinlvg
2. ssiusmseniau wanle \Jure redniau deuviouda vaorausnlay wastiulauve
o - Y va & oo 1% o Y - Iy oW Ve
3. Shwilsaiamia B uidnliefviliuanvios vieads On udnssimisuasdrldSniav

4. Wugnwuiadgemis (ladn uazesy, 2548; an3deayulng, 2542)

aseonqvand Aty

Wmzanglasiiarsdrdy Ussion lameshu uaalau (Diterpene lactones) oA waulasnsa
Tnlad (Andrographolide) ignianlduazdrunisdniau wasdeandusulnsnirlnlad
(Deoxyandrographolide) ﬁaﬁqw‘ﬁ‘é’uazaL#auuaﬁn's‘aﬁt’flummmmﬁaas‘w wmsguraimeatslas
Mlun1sudaerazdesdl Andrographotide Lsitfasnda 6 wWefidudlasmin (@oiuiduanulns,
2542)

AIguashw

msfiadrivdmiunmsugnuuuwinuazulaawznda Inmsidairivlaenisaoudiunis
Ugnuuulseiuumuvunseangu uavugnimesundt annsarislnsnsoounieldisdediotaodlés
(asamsayulwsiitenisfiamutes, 2534)

dmiumsdesiuirdalsnfivuazunas luilsgtulsafivuazunadiharudemessuuss
Liwulunsugnitweaneles flusfisudadasivinrnudemetiaingu 6ud Tsalaunih wazsanuin
Ay arwuuSualauuazsinfiawsavialiie aupuedsalauni uassnniady u9ndes
Fusarium sp. 81msvadlsAlauii warsnuirdu suimeatslesssuanemadisafiviudugsu
wwiimeluiign uasusduBeuduimady msllestuuasiinludeunsoou wasvhane
Fuitmzanelesiialsn Slsaueuunsaluaasnuenisiinsnanluievasly exmsimuuulude
eluwkmeduiviedn veuusadidy awvguedlsaunsindla Colletotrichum sp. nistissfuuas
dntudesdumsnsuuanharsdufimyanslesfiinlan (@aniuideayulns, 2542)



uely uasnIwsnusiuntsiedgulnva sy
uaauﬂﬂﬁﬂﬂ'z'mﬁwﬁcuviamsw%cmﬁuimmﬁﬂumnﬁqﬂ Ao MITNYBIUA (Light intensity)
Falennuliadonsuauandolidmivmsatieemns uastuawnaiiioganasivsoaudeuutas
Tuguuuudineg devsudaliidhvanimuindenlusiq (Nur Faezah et al, 2015) fAvurawial
dosmsuasuaaluuSinaiiun widleldsuawanlnsnsinanefindnasaieiuiwhliing
wigdulamedrdulif dnfulunsugniisusiiniedeinisnsua fan1wsruaseetaoan
wansenuiaziinemsisigivinveiiy Tneviligumafianadlaslifnadeanuitilinsauas (Paez
and Lopez, 2000) Juf (2539) uuzthin nasugnfivayulnsuneiiafidenisuasuaamios S
Suduethanniifieddmirenstuanis elivmaniuldsuuauanissaulifusunsonofy
dmiunsugniivayulng wmivi (2536) nand1 nsugnfivayulnsansaugnldvsluiisuuas
nanuds uidilvaplnsunesiiagnlufisuestaly uasfimsusnmisliiwinduiiinnh aosady
Aans (2535) s1e0wdn AvayulwswghinAsusandydulialruuinaiiivauwnnsls wali
AslAsvuananaanRI Ty wiaflasusuunidulufbidunadidengtinfs iwsrzesyihli
Tuwmdedld (Wintimy, 2543) gamsel wasaels (2565) seyin RvapilwslesuTmmnnauAulUAR
sanssnusieniseenaen Aevriinseennentiesnd WenSsuifleutufivayulnsilésuuasunnagng
Wl e (2536) wusalvi msugniivayulnsiliesTldzuuauannniulY fvayuinsuroin
vouuawuanls Serosugniivayulwsioliladulilvg domssa (2553) wuih fvayulwaidudivd
ovsuan Limslruuasuanianaonisu wissglufisuunnauduly fue (2531) eswi i
aulwsidioldfuuaunndn uaziimsvimbasilivaulnsiinsiuin . wituiusdbildfazin
Sumsrerefivayulns vibilldiunbeazlumaes uazmelaluilan Palaniswamy (2005) navia
luvesiiviidudatuuauanlagnsssivhinunasisiadanas 35% uasarududuvesnsaeonyidn
gofia 30% uanaliifuinsasuulasesiusznautassdng uazmmduduvensnesnyidnets
Wunalnmsatlesfunssuaumsdanssitsuasanuasaing
dmiunisfnminswsnuadliunfimeaslas Hendrynus et al. (2015) wudmsugniia
nzargleslaglilifuuasuansdrniuilinandniiliunnmetuiunsugnaeldmtionsiauds 50%
Nur Faezah et al. (2015) léinmassugnimzatslesaeldnsnsiauas 09, 20%, 30% waz 50%
wuhiiuffniustutumsdauseia thminluukalrdunntudeldiussdunsmsuaniiviu ms
Ugniimzanglaslagiimamsnuasuaziimsdauneimiindasilinandamedanmiidgsiu g
95587 waride (2549) $989UTINIINTNUAT 0%, 30%, 50% waz 70% Lifinaviliraugevesdn
Muuazanunitemsmuimsamelasiiduandniy willunlbifmeatelasiivgnluanmitlis



- a  a ' ' v d « >
ATTNTNUAY UASHINUE 30% ufni“]ifyWl‘UTﬂW'NVI7\17!31”']ﬂﬂ7']53ﬂ1]9u ﬂqﬂzﬁqﬂiﬂfﬂUQﬂﬂqﬂlm

I ¢
o =

ASWINUA 70% TfFinauarlaususmgn a3y wavanz (2552) nanriimawswayininardn
anaUszm 50% uandnfluadafufimeaslasitlilafunisnsuas uazniswsieuas 70%
uaz 60% WiSnauaalausingaiian

dwnsfnwiwavesnsnuadlufivelinduq Alldfvayuinsiinsfnmiuetnievn
Medany et al. (2009) wuir maisdqivTavemdamamiiiuntunelilsadouriléntnenstoua
e iindunainnnsiigiiemnimusnaiildzuniswisuaniy (Micoctimate) #8u 1iossn
gamadl, Anudian uazanadnveuadidianas luvusiimmtuduinsvesemaiiiniiuuny
donAdaafunIIMARBIes Quaglitto (1976); Priya et al. (2002) Fnuirlundavauilduniswsig
uas 35% Inelnnvredindnngdu WewSsuiisufuniensuadaglinmrodifovun 50%
waz 75% mudau

Thangam and Thamburaj (2008) szyinfivfiugnaneldnswsnauassiimaugeesdiufiy
fnntu dewFouifieutuiiviteglurjidds asandestuiu Paez and Lopez (2000) fidunandamu
gevasfiy unsuitluvesfivaniimnniudielifunswsnwuas dau Jeong et al. (2007) Tsenrinde
fisvAuniswsuaniinty fuiluveshudueniududaeui unnddluaniuiluseminamin
(Medany et al, 2009), ugifie (Weeping fig) (Ficus benjamina L.) wa¥ Croton (Codiaeum
variegatum L) wuirfifnanauiiossduntsnsnauasidiiuanniy (Scuderi et al., 2008) aenAABA
U Chen et al. (2001) uaz Fonteno and McWilliams (1978) Aindnrin ameldanneitiiuasiios ns
waavedluuazmatiadivesiouasufewsifniu fendrwfunisaevaussves Ficus benjamina L.

da o & ol &
‘hlaﬂ']wvmisﬂUﬂ?']JJLﬂJJﬂOQuﬁQWuOU

o

Wong et al. (1985) wuiniwnssnadaiidnsraiuveslu / e (Leaf / Stem ratio) fiamas
uazdhTIdTeIMe / 590 (Shoot / Root ratio) (fisdustinan luvasiifunszgadiinudedund
nssmauangaszinlusasddumelianmdisinswsiauas

Aloni et al. (1996); Bazan-Tene et al. (2005); D'iaz-Perez (2013) nd1191 nandnvesied
geiumeldmamsauasunaneaiisidertunsiannaututedadovansesne wu msiiaiy
vosiuituiomn, gamqTifianas uarliiiinmsvaasvewenuayka

Anthura (2010); Stancato et al. (2010) 31891u1 svdumUENYBILATigun Fannda
mmannsalunsduasiuasresivaunhliiinnnssudaieuas (Photo-inhibition) Tuluseuuas
nonvesity uasdafululiifvesgninimifssfummuduveuaiig



Biondo and Noland (2000); Dole and Wilkins (2005) 5184771 A7 INYDIUENRSAIMUR
s vosmsindeniliiAnreniunfudu

Tombesi et al. (1993) uag Zoran et al. (2012) wuin afvssnavvenaliazlfsy
wansevustedmeuRsfussunTItiveua Tneasiinansenusdednuusnisgnueamaldl samm
nanfuies wazengnsiiudn

Jaimez and Rada (2011) 5789771 nandnyeawinmaIuug Pepon (C. chinense Jacq.) g
TigalussAunsNTIUA 0% 1NN HTlAFULAUARIAEATY WAXNITWINLAY 60% My

Bushra et al. (2012) lsvhn1sAnwmavesnsnsnuaundusedisniunaramidoutu
uzifoiva Ao uaraustuil 1 wwisy, 1 nquatay uas 1 figuey aunssﬁaﬁuqmmsmwﬂqn
Tngfinswaruaslusedudl 55 Wedidud Aunzifowmn 2 Wuf wudinugevesiivgeiign 101
wuAwas neldanmessnsnsuaunduildnudiFeunmey nswsuansdnluiou
wwsuwazngunIen iinandnanasegrunnuasetniitedify dewSeuifieututuniswsiuas
Tudeuliguiou waznslasuuasefindogradini

Gent (2008) szyInswsuadlifinadeniseigiivinvesfivmeluaudamiusnveanis
N3N windindnluudasinnsnsnuaadunndat nandnvesfivazanasinds 30% wle
Wisuifsuiutuanmitbifinnsnsnouas

D'iaz-Perez (2014) ldfinwtantswsnuasundnlifuninvean wuiwandnlngsveamsn
wenissnndu Weliiunismsrauas

Milenkovic et al. (2012); Rodr 1guezdel-Bosque et al. (2005) 51897471 W30 Piquin uag
‘Chameleon’ peppers (also C. annuum L.) Wikandngeganiglinamsnuamundiu lusaeiingn
lafuuawaredrufuguuuueiinevihinandnanag

dmivluimzanslesdufivayulwselaniddifimugnluanmessund wildiduuioadil
SumasRuRland1e (Nur Faezah et al, 2015) Aluaunainraemiaiu egnlsinuaInn1snsa
tenasinuiilusisenaifimsAinyideaiumansuanimeaelasiuegiin duluysemalned
FamdinsAnminisnsuasimearslestuosuiniduiu uaswaniimasesiildfiganaginla
wiuau 5nﬁv’aﬁmsmﬂhiﬁﬂqnﬁuaq:'ﬁ‘atjwmﬂﬁ'uq' ﬁ'aﬁ"'uLﬁaﬁmswsﬂauaaﬁmsmuhsﬁﬂqnuaias
Wuglinsreuauswiemsaigiule wasnandmbuetils Yegiudthiinesins@nwuandey dnfy
JldvimsAnwlundaiity
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gunsal uaviSnismaans

al P ' - - o W a
3.1 pamanedit 1 ansdEnuitiwavainisnsnuadifidenisislgdulannedidu nande ua
ansddgy Turmeaneles wou 4 Wug

MNUAUMIVNAABILUY Split plot in randomized complete block design 314U 3 €1

Main plot A WugHmratelas S1uau 4 Wug loun
1. #mzanelas Wudiweylans-4
2. #mranelas Wufusduys
3. nzanelas Wugsvys

Camny

4. vwmzaelas Wugiins 4-4

Sub plot un Msnsnualiuniwzanelasiunndreiy filde
1. Hmzaelasithildunsnsiauas violdsuuasuan 100 Wefidust (Control)
2. HmzaelasiléFunswseuasiisedu 20 Wesidud (d3uuas 80 Wedidus)
3. Hmzanglasiidiuniswsnuasiiseiu 40 Wedidud (65uuas 60 Wefidus)
4. Hwzanglasiildifumswnuasitsedu 50 wWehidud (W5uuas 50 Wefidus)
5. Hmzanglasiidifummsnuasiisedu 80 Wadidud (8uuas 20 Wedidus)

Ugnitwzanelasadlunszanssnnuionn 100 nszans Tasfinsugnduay 2 fusienszang
e mranglesiionglé 15 Sundegn vhmsneuusnliinde $1uu 1 Fudenszan fiauugniinig
WhhuriRuissfuamgau (Field capacity) wdntuiinslibunfmeaelssniuluuina
WisuwiniutBnanhduiniy 5 fiadums dmivinnawemstihertilutwaduasinng i
agwasiuanelaglvasmi nslidlifeutufomamnnszane nasnegMTRIdule dwmiums
gua¥nuniinisidaiufia s1uau 3 ad dledmeranelasiiony 30, 60 waz 90 Tumdadgn daunns
Uosuidalsauasuiamuilufmeanslesiiuasdngfivunsumutiesinn Sdhifinistesturdn
wasinWmzaelasiieng 60 Jundngn ﬁwﬁmsumnf‘iqﬁ'ma'mua::u.mneamdamflunauau"fluvg‘ua
mean annsaifuiuanlfdlemeandlesiiony 120 Suwdegn
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dmiuisnwseuadiunfimeatsleseslinndronsuade uasnisnsauadusedui
uanAnafueslfiadesdle Li-1600 Steady state porometer (B LI-COR, USA) TaeinAuaslnlan
Arftmuaeliludmeas: dwiumsilsadeuiieelinsauadimeanslos aelilivanuasiiilivi
Hufdudeilasiivun eauniie x 81 x g1 Wil 4 x 4 x 2 wms nfunquitemitens U
muiitmunieliludmeaes lnesrEivhmswnwuaailofmsaelasiion 30 Sundngnaunsess
iuifigaieny 120 Fumdugn daumshinseuasiazyinisugnimeanslestilétuuasegraduil

naonegNMsigAuln waslitinnsdauas

nafiudaya

1. darnugevesdrdiuiimeansles wasifudwauncudduiveansles Tagvhnsnsiade
luusiazdmanastiong 120 Fundeugn

2. dambwiinuiaresdrdu lu aen fin wazsnvesiimsansles Trendwinuendiunige
vosmsaelasluurazdmaasud suwkdugaulnsléguugd 50 ssruvaidea Wunau 48
Hilua wienumbmiinuiensit udaTaiudamiwiinukwesdidu Tu aen #n wagsin uazian
AmnamAmiminuies Sdunsanslamiminukdantadeimeastes flo1g 120 Funds
Ugn awdny

3. MANFTIAUTLY (Leaf area index : LAY vosimzansTas vnsasaeiaileny 120 Junda
Ugn Teenirdeyaiuiluvesimyanelassnunusn aslugasves Hunt (1978) Feanansaduaallieil

v ad o X a
fytnuilu LA) = wuv’ﬂu (R151PUALINT)

& -
nunlgn (Ms1agupiums)

4. svwiamdpaelsiadneluluresimeanalesiiong 120 fundsgn Taevinnsnsaataly
#l 5 usngesann MHlunsedasuan 3 lu Taglsluiiimsveediuiiuas Sausnadiunanares
Tu faeiATaq SPAD chlorophyll meter reading (B%e Minolta T4 SPAD-502) Pinfuheildum
Aady

5. vinmsifiusegnluanumuiunavesraslsilad 1o wa T Wluvesimeanslas Tnavih
nsmsaeiadlefmeaslas fleng 120 Tunaadgn lneviniswneglufimeanalas udniluldlu
arsavatgesdlny 80 wWesidud Ui 10 Haddns udnhluiuliluiiadunaunu 7 Su sy
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thansavaneitlfnwinsganduuasansilalodafinmenndu 663 waz 645 unluwns fae
\30q Spectrophotometer (8e Thermo 7 Genesy 10 S UV-VIS) (Whithan et al., 1971)

6. mAAaTIMUTInaemsuaulasnsinlanluluvesiimezarelesfiony 120 Yundwign
fromadiniaTesuenarsszuulansuilansi vinusIfug (High performance liquid
chromatography: HPLC) Tmsmstrdedlufimeatslesfiouniaiigamgi 50 esrneaidoa uiy
18 $ale anuauAzSoukuArINTIUES 80 winhuifvinwilugmanafnduden vhmsataansuey
Tnsnsnladlasnisihdedluimsarelasiiuaud suduamiueauduia 10 feddns uaringnd
#1 water bath unan 1 Flu dtaeliduiigamaives mnfinhasazanefldnnsene
N3EAMNNTOI whatman manelay 4 adluviauiutsumsuunn 25 Haddns wasduaznou 3 asy
wmeaUinm 10 faddas waruTuuiumsilaviunm 25 faddns

hasazaefildunfenhoerTlalulasd uasusnarsueulasnsiilas Meowedaeies
usnasszuvlasnlansMelinusadugs (High performance liquid chromatography: HPLO) #ae
nedl C-18 Thermo-Hypersil ilvunn 250 x 4.60 iafluns gampiives Tnnvhmsandegrudn
reduindeas 20 Lilasans asviavinaumsiisgnimeansaanauuaisansililadniinwen
ﬂ'ﬁl‘u 254 unluns (Cava et al., 1962; Matsuda et al., 1994; Lomlim et al., 2003)

7. iunandafmzanslesluudasdmmaans vanuendly, #n, wis uasdrdusenanty
nnfnhudauarludhgouigumgl 50 eswaidua Wunaum 48 $ilue wissuiminukensd

Jedomiminui udnideyaiminudauasluni seAwandafnduniusensiesms
Y » = o«
vunsuuazlinslunisinsie
- Y «l v Lo . . .
‘1Lﬂi'wﬁ'ua:;;awﬂ'lﬁ'w'lﬂwnanﬁmuuﬂumiwﬂam Split plot in randomized complete
. 1 o at ' - ] S @ & o
block design uazwin LSD iewlSsuiiisurnedsluusiasdmaass udwiniuyinsw a1sn uas

al
FIUHANITIVINGDIN 1

al - t - - o v -
3.2 mweash 2 msAnwfwareinIIwsnuadfiidenisiedgidvianiedrdu nande uaz
ansddg Tulmeaieles dawau 3 Wug

MUAUNINAABLUY Split plot in randomized complete block design fidwu 3 g

Main plot fie Wugveamezatelasdnu 3 Wug ldun
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1. #msaneles Wudusduys
2. mzaneles Wuguasugy
3. #mzaneles Wugaseys

Sub plot fie Mswsrauadlifuiwranslasiivacenguansitafiu 1éun
1. Mdfinmswsauas (Control) (laFuuausn 100 wWesidus)
2. Hmeanglasildzuniansnuastisesu 25 wWesidud (Afsuuas 75 Wesidud)
3. Hwranelasfildsuniswsuasdisediu 50 Wesiius (d5uuas 50 Wesidud)

v - PY) ver
4. Hwmzaglasnlasuniswsnuaiiseiu 75 Weddud (dsuuas 25 wWesidud)

Ugnimeaslasadunssanaianun 60 nsvan Taefinsugnsiuay 2 dusensyans et
nzanslesfiony 15 Fundagn Aezaeuusnliivde 1 fusienszan feutgniinishithurfuisedu
A (Field capadity) wdsanfuiinisiihunfimsarslamnfuluvnaiieuviduuiina
ity 5 fadums fauaveinsiihlitunanduasiniiesnaiauelaglétasmi
sl limfoufuimuaynnssans saensignmsiquivla dmsumenwsauadiunifimeasles
wlfsefuresnsnsnuas audidmusludimeass dmiunisguainw finnsidaieie S 3
afs ilefmeanslasileny 30, 60 uas 90 Fundaugn drumstlestutdalsruazusamudaluia
neanslasfiwnasdngivansumutiesinn 3sbiinsteeiuddn nadmnimeatelasiiony 60 Tunda
Ugn flesimsusnisfuanmuazuansenseudiuneuasifiuiudmean uasansaifunandnduan
Isiflomeanalasiiony 120 Fundaugn

dwmiuainmmsauaiiunfimzanslaseeldadiensnuacds wasihmamsuadlussdui
unnAnfulaeazldiadesiio Li-1600 Steady state porometer (BWaLI-COR, USA) aAnsediuaay
Wuvewadlildmuriirmusioliludmeass dwmsunsilsadeudieslfnsauamimeanslas o
Mlmnuasliilivduiedindeulnesivutn pamuniie x 81 x ge WAt 4 x 4 x 2 wes mfusqu
femtensnuammiidmuneliludmeass Tnsssduimmsauaadiefmeanslasiiongsous
30 Fundaugn dniludemeasnslinsrauas fevugnimeanelesildtuuauanedraiuiinaaneny

= - o & < ted
nswsgavlnsunssiafiuifien uaghifinmsnsnuas
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3
nsinuteyn
o k-3 LY E-J Q' ] ] « A
1. amugevesdiu uastiudnuituuduimeansles wwdsiunsmaaei 1
2. Famiminuivesdrdiu Tu aen #n wazsinvesimzatelas udnihurduiumel
MUY [WudgiunMsRasd 1
' ool * . - o ]
3. MAWUiINuNlU (Leaf area index : LAl vsafiveanalasituideinumsyvnaseii 1
LY 1 - 1 -l o d
4. aiamaraslsiadnisluluresimeanslas Wwuweatunisvaaed 1
5. vinmsifiusaednluanvemineansles uwnuSunuvesraslsiad a uas b amelulufia
] - [ Y] d
neanelas Wwudnunsnasd 1
6. ATiATIEImIUsSunarsarsuaulasnsinlastuluyesdimeaneles wulmeatunis
<
yPapan 1
o a ' , Y o W % v o 'Y '
7. unandaimzatslasiuunazdmaans udnhdeyauminudauasluuiamidi

- - o 1 ) o A
HAHGR ﬂmﬁunmmamswmm Wuhgaiunsnaani 1

& = ¢
YurBUKarIENITlUNTT AT
Anseifeyansrunulannaiiniuununismaass Split plot in randomized complete
. ] - a ' < ' . 'Y Y o
block design uagwAn LSD ieiTsuiisuAnadeluudardmaas ndniuvingw a3 uag

SIEUNANITNAADIN 2

J ) J ] a - - JQ J
3.3 mmeasai 3 nasAnwiinisnsnuatlugiuandiiuyenisedgidvie Alinasdenis
WIYAULAEWI Hands wazUSinaansddgluiimeanelas

NUHUNITNAABALUY Split plot in randomized complete block design fi1uu 3 Q‘?"]

Main plot As WugWmrarelasiugeineg dunu 3 Wug leiun
1. Hganeles Wudusduys
2. fmzaneles Wughveylans-4
3. #mzanelas Wughdng 4-4

[V ol Y ¢ed ¢ o -l Vv a a
Sub plot lauA n1snsNuaNsEAY 20 Wosidud Adraiiunndwiureinisidgivia

o

X
UAB
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g a

winuastmeanglasfiony 30 fundgnaunssiafuifien

-3 -l

< v v o
winuasmzanelasiiony 60 Tundsugnaunseiaiiuiies

d v o of
wsnuameanelasiiony 90 Jundagnaunseviafuiien

N A e

lifimsnsruas (control)

Ugnimezanelesaslunssansdmnuianun 60 nsvans Tngilinsugndtuau 2 dusenszang
unsziimzanelesiionglé 15 Sundagn vhmsoousenlivie 1 fusenszans nouvgniinisiy
unfufiszAuamqaun (Feld capacity) wdnniuinisibuafzarelosnaiuluuinn
WieuwihAunanheuwinty 5 feduns dmiutanamvemsiiheliutaanduassinsii
atwasinanelagldtasmir mslidlindoutuimayanszans aaenegnTRTAule dmiums
quasneiinisirdnduity Siuau 3 ads e mzanelasiiony 30, 60 uaz 90 Tumdagn dwunis
Uosiudrdalsauazunamuituimeanslesiiuadngiivansumutiosunn Selifinstieatuddn
wimnfmeanelasiiony 60 Sundnign AuzlimsunnfeiuanvuazumngenseuiiuneuasBursd
awan annsaiviuanliifefmearalesiieny 120 Fundagn dwsumswsuadiuntimeans
TasTaglifhizanelesdsuniswsuasiiunnsinety Jetmualiludmaasaiu wwdudinswsiaas
Wunfwzangles dieflongld 30 Yumdsgn

dwduiBmansnuasiunimzanslaserldmdionsrauacds uaznsnsuasusesuil 20
Wesidud neerlfindosile Li-1600 Steady state porometer (B%eLI-COR, USA) Jafnuaslileniu
Afirmunetiludmaass dufunsilsadeufieslinmauanimeansles wldlisanuasliileivh
Wuddmdelasfiouin anuniie x 813 x g9 Wity 4 x 4 x 2 wies MiurguiaeMTIEN LA
aitimuneliludmaass Aewsauaitszdy 20 wWesidud Tnees@mihmmeuandofimesany
Tesiieng 30, 60 uaz 90 Tundgn audmenesiiimualy druimeanelesibildsumsnsnauas &
ﬂsﬂqnﬁmsma‘ias‘luﬁ'[ﬁquﬁa‘lﬁlﬁ"%’uuauﬁuﬁmaaﬂwzai’uvmi’u m%uviné’amnﬂqnwnssﬁ"«ﬁut?‘itn
wazbifimsvaua

[ [ 4
nsiutaye
1. dprugeuasdiiu wasiuduicudduimeanslas Wudsrdunsvnaeil 1
2. Famiminumiresdaisiu lu aen #n wassinve i meansles wdvuIfuImIAl

UMINWRSI Wwdenunmsnaasd 1
| o el o . ] o <
3. mAwvinuily (Leaf area index : LAI) vasivzanglaswuidientunisvnassii 1
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4. anwiamAraslsiadnmeluluvesfvzansles Wuldeatunisveassd 1

5. yhmsiiudetnluaavesimzateles imuSinavesraslsiad a waz b melulutih
nzaelas Wwuideafunsveassil 1

6. nsilesEziIvinavesdsuaulnsns Wladluluresiinzansles wWudeafunas
. VRap1

o - ] P [ 9 o v ‘o’ (Y3 o » 0
7. nunandaRmeatgleslundasdnaase wanteyaruminwanuazluudamicl

wandn Ardunsuremsnuuns Wwudsatunisnaass 1

& a
vunsuuazIsnMslun1siasiew
a 1 4 < v o - . . .
'JLﬂi'wﬁ'tlm;l,awi'miw'lﬂw'Nanmmuunumswwam Split plot in randomized complete
. J o 1 < 3 y [y LS
block design wasmfin LSD inaiUSauifisusadsluunasdmnass ndawintuiinsm a1sae uas

o
UM TVAODIN 3

al o
aawivinmassviiudeya
wlamaaes uazlsiiSeunaass veammivunaluladnisrinity
aazinaluladinisinums aantunalulanszeaundudnammsainnseds

SHLIIAMINTTIN UaTUNUNITANTIUIURaDRTATINTSISY
38l1aN5INe AusifeusuaL W.a.2557 8 feunguniny W.A.2561
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unn 4

NaN1TNRaBY

d ] A 4 LY o o o
4.1 msfnwtamavaantwiuauszAuiiuandniy Alldeniswig@ulanieddu nanda

wavasdAg lulmezatelesduay 4 wug
4.1.1 dnwasweaIsineveamzawles

Yiunaraslsiadnsluly

Vinanaslsftadaneluly (SPAD value) vestimzanslonia 4 Wug fieny 120 Junds
Ugn (15197 4.1) wudiimuuandreduluneads lngWmzarelasiugusiduysiviunm
paplsAadneluluiiiunniigawintu 58.06 SPAD unit sewmanAeimeanslasiugswys was
#ins 4-4 TvSunmaaslsiladaelulumindu 54.42 uaz 54.40 SPAD unit muadiy dautia
nzarelesiugfivglan 5-4 fivfuueaslsiladaslulufiAfesiigainfu 50.84 SPAD unit
dwiunrsnsuashiunfimzanslasluseiuiiunnanaiy wuinilmnunansiniustiited gy
et laotmyanelasfildsummsauaannilgafiofisedu 80 Weidud fvhinupaslsiiad
melulunniigawinfiu 67.24 SPAD unit sasamfie fmvarelesiildsumsnsauasiiseiy 50,
40 uaz 20 Wadldus laefivinmnaslsiadaeluluindu 59.33, 55.66 was 50.13 SPAD unit
audrdu duimzanslesihildunawsmauas (0 wWedlud) fivTinaraslsftadnieluluiis
Youfigawiniy 39.97 SPAD unit ueneniiudunainaslsfadaneTuluaesimearsles laimy
Audmussswiiuguestmzarslasiussiuresnswsiuas

Ulnanaslsas @ aneluly

Vineaelsfiad 1o aehilu @adniusie 100 nfibiminluan) veaftmeanglesks 4
Wug fleng 120 Tundaugn (msnaft 4.2) wuinfianuwansnafulumeadi Tnefmeatslasiug
UsituEiviinaaaslsitad 1o melululidunnfigawingy 0.14 fadn3usie 100 nfnfwinluan
sesaunfefmeaeleniudneys uashns 4-4 inunaslsitad e meluluwihiu 0.13 uas
0.12 fiadnfusie 100 niiminluan ARy dudmzanslesiugiveylan 54 fuSuna
raslsfiad 1o nelulullAnleeiigawindu 0.05 fadnduse 100 n3nfwinluan dwduntsws
waa A mzanelasluseiuiiunnsinamy wuinlimnuunnsnaiuegreiivoddgmneada Teeda
nemelasilasuniswsuannniigafediszdu 80 wWesidud fivhinueastsiiad 10 meluluann
figainiu 0.23 fiadndusie 100 nfinfwninluan sewmnie fmzanslosilddumansouas
380V 50, 40 way 20 wWesidus lasiivSunuaaslsfiad 1o aeluluwidy 0.15, 0.09 uay 0.04
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fiadinsueie 100 niiwinluan mudy dufhmeanelesfilildzunmeeua (0 Wedidud) 3

! » J 1 o - o o J o .Ol LY :
Vinmeaelsitad 18 meluluiiedesiigauiniu 0.02 fiadnsuse 100 nfuiwinluan wensn]
Vainaeaalsilad 1@ meluluvestmeaieles hinuaruduiussewirmiuguesiimeanslesiu

SYAUTBINTITNT NUA

o - e (3 ° g « ¢
a1 4.1 Yainaraslsiladnieluly (SPAD value) veeimzatsles $uau 4 Wug (Wug
= LY S W <t v faa o « «
fweylan 5-4, Wugusiduys, Wugeys uarfugiies 4-4) leng 120 Sumdagn
] ve v o 1 [
dielasumswsneuaslusvduiunnsireiy

Rmmaes Usnnuanvasnaslsiaanielulu (SPAD unit)

g mraneles (A)

#vaylan 5-4 50.84
Us3uy3 58.06
31%Y3 54.42
WIns 4-4 54.40
THAUNINTNUAR (Wasidus) (B)
0 (Control) 39.97
20 50.13
40. 55.66
50 59.33
80 67.24
Aady 54.46
LSD (0.05) (A) 4.62
LSD (0.05) (B) 3.74
LSD (0.05) (A x B) ns
C.V. (%) (A) 9.51
C.V. (%) (B) 8.26

«

1] 1 .ﬂd A .'I
ns = Bifiauuananlunnatinseduanudedy 95 Wedidus
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-] ¢ - ¢ - - . w1
19519 4.2 USuumraslsWad 1o anelulu wavysunuraslsitad U amelulu Gadndusie 100
niniminluan) veslmzaelas S 4 Wug (ugfiveflan 54, Muguniugs,
v ¢ at v (aa <} 'Y Y] - veo v o«
WUGYY3 uazWugiIng 4-4) ieny 120 Fundsugn sldumsnsauaslussaun

unnEiy
Usunauraslsilad o Usunuraslsiad O
Awvinaed aeluly @adniusie aelulu Gadniune
100 n3mbwinluan) 100 n3miminluan)
wugimraeles (A)
fiwaglan 5-4 0.05 0.16
Usiugs 0.14 0.38
TS 0.13 0.37
#ing 4-4 0.12 0.33
FEAUNTINTNUEY (Wasidus) (B)
0 (Control) 0.02 0.07
20 0.04 0.15
40 0.09 0.27
50 0.15 0.41
80 0.23 0.63
Aady 0.11 0.31
LSD (0.05) (A) 0.02 0.05
LSD (0.05) (B) 0.01 0.03
LSD (0.05) (A x B) ns ns
CV. (%) (A) 20.37 19.64
C.V. (%) (B) 12.30 13.60

(7] ] Aqd LY A Q'l « £
ns = liliauuandnlunnatiniseiuau@eiy 95 Wesisus
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Ysunwuaasliad U nwlulu
Usunaumaslsiaa U anelulu Gadnfuse 100 ndumiwminluan) vaaimeanelasvia 4

4

Wug 191y 120 Sundaugn (M31ef 4.2) wudrieauunnsreiuluneada TneftmeansTaswug
UriuyEiviinanaslsiiad § melulufisunniigawiiu 0.38 fiadndise 100 afiniwinluan
setaunfevmeanglasiugsrys uashing 4-4 iusnunasisitad U aeluluwindu 0.37 uas
0.33 fiadniusie 100 nfminluan audiy dauflmzanslesiugiivalan 5-4 fivduna
maslstiad U meluluiiAnfosfigawindu 0.16 Sadniuse 100 ninfwinluan dwmsuniswen
wasliuarmzanslesluseduiiunnanediy wuddimnuunnsnefuetraiiteddgnieada Taodfh

zanglesfildTumanuannniigafediseiu 80 wefidud fusinueaslsiad © meluluinn
fgaviniy 0.63 fiadniuse 100 niniwninluan sesaunie fmzarelasilldfuniswsauasdi
S¥AU 50, 40 uay 20 Wesidud laeiiusunuraslsiad U nneluluindu 0.41, 0.27 uas 0.15
fiadngusie 100 nfanjwninluan smaddu duimvanelasilildfumsmsneuas (0 wWedidud) 3
Viinaeaslsiiad T meluluiiandeeiigawiiu 0.07 Sadnsude 100 nfinwinluan uenainil
Viinueaslsiad U aneluluvesimranslas hinvanuduiusszninaiugvesimezanelasiv

FEAUTBINITNTNUA
4.1.2 fnwazmaeiguaulaneady uasnandafimzaisles

AUGIVBIEAY
[J - “ A fd L A
ATIGRYBIEWIY (lwuRns) vaefwzaneles 4 Wug fieny 120 Jumdaugn (s1eil 4.3)
' - "W aa v € o oV at af
wudianuuandiuluneada Inedmranelasfuiusniuyiiianuguesdiudidminign
Winfiu 57.08 louimns setaunfe Hmsarlasiudsnuys uasiidng 4-4 adnugevesdisiu
1 [ - t e = <l o A
Wiy 46.87 uas 44.34 wuRlwms durhmsanglesiugivegylan 5-4 fimugeesdwiuliesian
1 o« < A ! o A ) « J
Winhu 33.82 wuiwns dwmiumswsruasbiunimeanslastussduiunndiaiy wuirdiaay
1 [ 1 «t @ [y -~ o dy ve < a o (4
unnsineuegwiidodrAgneada lnefmeatslasnlaiunisnsuainiigafeniszdv 80
J A 1 - - o
Wesius farugevesddunniigauiniu 59.88 leuditing sssaundefimeanslasiildiums
A ¥ -4 [J ) o
WIRUAWTEAU 50, 40 way 20 Wesidus lasiinnugwesdduniniy 5531, 46.07 uas 37.40
wuRlms auddy dnufmzanglositlildfumsnsnauas (0 wWedidud) fmugevesddution
A 1 o - dv o ) L) e 1 (4
ngaviniu 28.97 wuiums wenniimugeresdwiuimeanslas Linuanuduiusseninaiug

Yo mea18lesAusSEAUYRINITNIMAY
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J o ¥ - [ —' ) ¥ A‘ °
A1TNN 4.3 AUGYEEWU (1wuRWRT) wazdudufwiedy (fv) gesimeaisles dwau 4
o v Ca o a4 A v o€ - v Caa < o
wug (Wugiwailan 5-4, WugusnAuys, Wugseys uavWugidns 4-4) ey 120 fu

Y a4 v ve v o« ' e
wiagn delasumswanauasusziuiiuandnaiu

“ AT Snnunedy
Aamnaes (wudung) 6D
wugmransles (A)
#woylan 5-4 33.82 19.73
Usuys 57.08 25.33
3193 46.87 21.20
Wins 4-4 44.34 21.33
FEAUMINTNUEL (WaTidus) (B)
0 (Control) 28.97 23.83
20 37.40 27.00
40 46.07 22.00
50 55.31 19.66
80 59.88 17.00
AnaAY 45.53 21.90
LSD (0.05) (A 8.51 2.49
LSD (0.05) (B) 4.83 1.11
LSD (0.05) (A x B) ns ns
C.V. (%) (A) 20.94 12.77
C.V. (%) (B) 12.77 6.12

1] 1 ) A L7 d ..’
ns = LifiauuananlunadfnseaurIuTaliy 95 Wosldus
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0 (Control) 17.04 374.43
25 21.28 449.47
50 9.95 297.40
75 4.93 120.37
ALadn 14.80 310.41
LSD (0.05) (A) 2.24 53.88
LSD (0.05) (B) 244 81.81
LSD (0.05) (A x B) ns ns
C.V. (%) (A) 13.40 15.31
C.V. (%) (8) 16.70 26.61

1 1 ﬂﬂd 1Y) d ‘l‘
ns = Lifieuunnsndlunwaddnsefumandetiu 95 Wetdus
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Anans waulasnsalwlamiulu (Wesidus)

Wi mranales (A)

Usduys 2.78
uAsUgy 241
asvys 1.81

SEAUMSNINUA (Wasidus)) (8)

0 (Controb) 2.62

25 2.93

50 2.60

75 1.18

Aady 2.33

LSD (0.05) (A) 0.03

LSD (0.05) (B) 0.32
LSD (0.05) (A x B) ns

CV. (%) (N 12.22

C.V. (%) (B) 13.76

3 =i 1 -QA L A ‘ll
ns = Liflauuanslunuadfinsefuamnudesiu 95 Wedidus
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4.3.1 Snvasneassingrvesimeaisles

Yianuaselsiadasluly

Uiumaaslsiadnielulu (SPAD value) wesitmeateles 3 Wug fleng 120 Sundagn
(m5197 4.19) wudndmnuunnsinduesniiteddyluneada Wmzarelasiugusduyii
Viinuraslsiadnieluluidunnigamindu 67.34 SPAD unit sesaunie Hmzarelaswug
fivgylan 5-4 uazhdns 44 Falviumraslsiiadnielulumiaiy 57.60 uax 48.88 SPAD unit
mudRy daunswsuaddutidiuanssiureanisidyduln wuiiiai S inueaslsiad
mehluimeandlasimnauanseiulunieada #meanelesiifivsuunastsiadnielulugien
unilgafe Hmvaelasfildfunswsnauaileng 30 Sundgneunsstafiuien Teefiusunn
Aralsftadmeluluvindy 70.87 SPAD unit sesawnfefimeanslesiildsumensieuasitony 60
uaz 90 Fumdngnaunssitafuiien Tnefiviinaueaslsiiadnshuluaraayindu 63.17 uas 53.91
SPAD unit audwy daufimzanslasilalléFuniswsnuas fvsuunaslsiadnelulusign
winlu 43.81 SPAD unit uenaniluiueaslsRadneluluimeandles Livumudunug

sundiugimeasles wasnswsuadlutiwaunnieturesnisiesgivin

Yinnunselsnad 18 angluly

Uinueaslsilad 1 aelulu @adniusie 100 ninjwninluan) vesimeaneles 3 Wug
#leng 120 Fundaugn (seft 4.20) wudlimuuansniuetniveddgluniada Hmsane
TeswuguamIuysiuTunuaastsitad 10 amelulufidunniigawindy 0.06 fiadnsuse 100 ndy
yminluan sesawnie WHwmeaelasiuifivalan 54 wasiidng -4 Gaiudunaslsiad 1o
meluluiniu 0.04 uax 0.04 fadndusie 100 n¥infwinluan sudwy daunswsreuadutng
funnsreturaamsisigiuln wuhiinavhlisnueaslsiiad 1 melulufveanelestiaon
unnAnfluneatn fmeanelesiiiuSinuraslsitad e mehiluildunniignfe Amzanelasi
Supswiauasiiony 30 undnignaunsstufuifien Tnefiviinamaslsiiad 10 meluluwiiy
0.07 fiadin$usi 100 nfninintuan sesanAeimzarelesiilafunsweuailey 60 uas
90 Jundsgneunseiafuiie Ineiiuiinunaslsiiad 1o nmeluluanasyindu 0.06 uaz 0.04
fiadinfusie 100 nfPmninluan sy drufmzanslesilildFuniswseuas SUsuw
naslsfiad 1o neluluaigaindy 0.03 fadnsude 100 n3nbminluan uenaniusua
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ol a ¢ o v ¢, ¢

A319W 4.19 Yinwnaslsfiadnngluly (SPAD value) vesfimranslas $1uau 3 Wug (iug
o A v €a v caa < Y 1Y d v vey

U9uys, Wugimalan 5-4 uasWudinang 4-4) fieng 120 Tundagn dislasunis

(4 (4 H o ] o - a
WINUA 20 Wedidud lutifiunnsineiureinsieiydvin

Rmnana Usmnumvasnaslsiadaniglulu (SPAD unit)

Wugimeaneles (A)

Usduys 67.34

#woglan 5-4 57.60

Wins 4-4 48.88
ﬁm&awmmm%sutﬁu‘[m )

WIuaATiony 30 Tundagn 70.87

unsyiafudies

wiudsiieny 60 Jumdaugn 63.17

unITiafufien

WAy 90 Fumdaugn 53.91

Junseiafiuien

Lifin1swsrauas (control) 43.81
ARAY 57.94
LSD (0.05) (A) 5.40
LSD (0.05) (8) 5.40
LSD (0.05) (A x B) ns
C.V.'(%) (A) 8.23
C.V. (%) (B) 8.14

1 ) aad a o 4 (4
ns = ‘bJﬁﬂ'J']lJuﬂﬂﬂ1Q1UYlﬂQﬁﬂﬂYl58ﬂUﬂ'J'mI§0uu 95 I.UEJSI.‘?!‘N?I
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Ysnunaaslsiad o Ysnunaslsiad J
Aennaes aelulu @adniuse melulu @ladnsuse
100 nfuiwiinluan) 100 adnjwninluan)
wugrmzateles (A)
Us1Ruys 0.06 0.06
#vnjlan 5-4 0.04 0.04
NIns 4-4 0.04 0.03
FRIABINIYHULR (B)
NIUATIEY 30 Tundavan 0.07 0.07
Junseiafuifies
wiauaeng 60 Tundagn 0.06 0.05
unsERafuien
wsnauasileny 90 Jundagn 0.04 0.03
unsetaftuidies
Lifinswsauas (control) 0.03 0.02
Aadey 0.05 0.04
LSD (0.05) (A) 0.017 0.011
LSD (0.05) (B) 0.014 0.013
LSD (0.05) (A x B) ns ns
CV. (%) (A) 6.42 6.30
C.V. (%) (B) 9.63 8.66
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AT 4.21 FI'J"IJJQQ‘UEN&"MU (lgumunNg) uaguunmenu (H) v meanles UM 3
v ¢ v i < v fa v faa f o (4
Wug (Wugusiugs, wugiivaglan 5-4 uasWugiang 4-0) fieny 120 Jundsgn
o Ves cd o ] o J [ < a
Ll.li]‘lﬂiUﬂ"li‘Wi"Nan 20 Wasigun .[‘IJ‘U'NVILLC‘IﬂWNﬂU‘!IENﬂ"IiLQﬂULWUIﬂ

o ATIGRYBIEIAY Snnufesy
AanaRs (\wuRLns) (R9)
Wugiezaneles (A)

UsRuys 56.41 29.45

wnaylan 5-4 32.04 18.20

wins 4-4 21.84 15.22
FRAVBINSIYFULR (B)

Wiy 30 Fumdaugn 58.10 25.20

unseifuiAen

wiuaieny 60 Sumdsugn 42.25 22.48
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WsudTeg 90 Fumdaugn 33.05 20.26
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Laifimswsneuaa (control) 20.31 18.55
Auady 38.42 21.62
LSD (0.05) (A) 5.14 4.73
LSD (0.05) (B) 5.70 240
LSD (0.05) (A x B) ns ns
C.V. (%) (A) 11.82 19.33
C.V. (%) (B) 1498 11.22

1= 1 AAA o A .:’
ns = 'luum'luummq'lumeanmms uAIERNY 95 Wesidud
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q Y1
davinaeg utituily

wugihmzaneles (A)

UsAuys 0.82

wwailan 5-4 0.50

Wans 4-4 0.33
PUIATBIN5L3EYHULR (B)

wuaiey 30 Tundign 0.64

unsyiafiudien

winauasfieny 60 Tundagn 0.56

unseiafiudien

WinauaaTeng 90 Fumdaugn 0.52

Junseiaiuifien

Lifimswsiauas (control) 0.48
Aady 0.55
LSD (0.05) (A) 0.09
LSD (0.05) (B) 0.07
LSD (0.05) (A x B) ns
C.V. (%) (A 15.20
C.V. (%) (B) 1273

[} 1 AAA () J t'l «
ns = Lillanuuansnlunneadinsefuangeiu 95 wesidus



53

L I A
UmingRuU
T v o w v v 1w v ¢ d v v o
umindiuu (nSurenu) vesinsanelas 3 Wug Meng 120 Jundadgn (151
4.23) wuininnuuananfusgiuddgluneada Amsanglesiugusuyiivmingidu
Y oa o 'V W v o v - v fa o
wiidieunniigawindu 3.58 niusesu sesaunde Amsanglaswudivealan 5-4 uasiing 4-4
-4 :’ « o ¥ L4 ) « « 1 L. o & 1 H 4 ) «
Fefiwmindrduuwiaindu 2.1 uas 1.74 n¥usiediu audwy dumswseuadlutieiluansnaiy
vaamsasgiiuls wudndinavilmiminasuwviadmeanslasiinnuuanaraiuluneada #n
da$ o o v v ool o - Ve - Y Y
neanglesfifhimindduuiidiiunniigafe fAmeaelesfildsumsmaauasiiong 30 Jundaugn
-] < -t @ o W L4 1w (Y. a Jluv
unsEiaiuing) nelidmindwiuuiaingu 3.22 nusiedu sewanaefmsanglasilasuns
f o [ O & o R4 “ o W 1 4 1w
WINUAWDTY 60 uay 90 Jumdrlgnaunseiaiuings lagtivmindrduusanaayindy 2.91
uaz 2.61 n¥usaiu mudRy duimsanelasilildiuniawsiauas fwnindduusingn
wiriu 1.14 nfusiesu uenaniuwindwiuuiaiinaneles linuanudiiusseniteiugia
va1elas warnmamsuaslugiwauananiurensieigiule

® v v
uminluuske
‘0’ « s 1 | 4 « 4 o o A
dumninluuvia (nusiedu) vesimzangles 3 Wug Mieng 120 Tuvdagn (wn91911.4.23)
) ol \ ¥/ ] s o w - - o o ) <) = r L Y ot
wuidiruunneeiuegriideddgluncada hvsarelasiuguamiuygiiihminluusliaiunn
J i « « t - « o £ 4 ‘0’ «
ngawiniu 2.84 nfusiedu sevawnde Wmzanalasiugivelan 5-4 uasiidns 4-4 Fehiwinly
t 4 ] « g U L d o L ) [} J J Q
Wiy 2.05 uag 1.29 nfusiedu arud1au @un1ansaualuy Nnuana i uLeIns
- - 1 oa v o [ = s W aa o
Wigdula wuihiikavihliimninluwisiwmeanelastifmuensneiulunieadd dmzanelasid
- Y ' «f Y o w Y <
uminluwisdidnnniigafe Amsanslesildsunmsnsiauasiiong 30 Jumdsgnaunseiafiu
o LAY ' W v 1 Ve o
1o Taehihwminluwtavindy 2.42 nfusiodu sesaunfefimzaislasildsunmsuasiiony
hd L Ill d ‘0’ / 1 24 « J
60 uaz 90 Yundagnaunseiiafiuiies Tnefihiwmiinluuisanaaviiiu 2.10 uaz 1.95 niumedu
o L4 1 A g “ L3 IO J « « 1
audiu duimesanslasnlilasuniamssuas iwdnluuigawindu 1.72 ndusiedu
-:g o/ L4 ’ LY. " 3 o &
vanniiuminluuiiimeateles bivumuduiussevirniugimeatsles uasniswsauasly

FRAUANANIUTBINTS YU



54

al T o oo v v Y e v v v o o ¢,

A19190 4.23 uhwmindruui wavimninluwks (nSuredu) vasimeaneles Sy 3 Wug (Wug
< « oy o a o o « d o

UsAuys, Wugieaglan 5-4 uasWugiang 4-4) fleng 120 Jundagn disladums

ce ¢ T ) a a
NNUA 20 Wesidun Tudniuansiuresmsissgauln
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wugwzanelas (A)

Usduy3 3.58 2.84
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nsuaiieny 60 Fundnian 291 2.10
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nsuasiieny 90 Fundaign 2.61 1.95

unseviafuifen

laifinswsauas (control) 1.14 1.72
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LSD (0.05) (A) 0.32 0.28
LSD (0.05) (B) 0.35 0.25
LSD (0.05) (A x B) ns ns
CV. (%) (A) 11.28 11.94
C.V. (%) (B) 14.30 12.39
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wIRuaTieny 30 Fundign 0.26 0.06
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C.V. (%) (B) 15.16 14.03
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King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
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Abstract

Kalmegh (4ndrographis paniculata (Burm. f.) Nees) is widely used as medicinal plant in
Thailand. However, the information on the effect of shade on growth and yield of Kalmegh is
lacking. Thus, the purpose of this study was to determine the effect of shading on the
vegetative growth and yield of Kalmegh. The study was conducted at Faculty of Agricultural
Technology, King Mongkut’ s Institute of Technology Ladkrabang, Bangkok. A split-plot in
randomized complete block design with 3 replications was arranged. Four local Kalmegh
varieties (Phitsanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and 5 shading levels (0%,
20%, 40%, 50% and 80% of shading) were as main plots and sub plots, respectively. Data were
collected on growth and yield of the crop. The results shown that we were not found interaction
between Kalmegh varieties and shading levels. Prachinburi variety gave the highest stem, leaf
and total dry weight and followed by Ratchaburi, Phichit 4-4 and Phitsanulok 5-4 varieties,
respectively. Shading affected on growth and yield of Kalmegh. In addition, significant
different were observed for all growth characters between open light condition (0% shade) and
shaded plants. For different shading levels, dry weight of stem, leaf and total dry weight and
dry weight yield were the highest under 20% shading condition. It was concluded that
Kalmegh is suitable for cultivation under 20% shading condition.

Keywords: Shading, Yield, Growth, Andrographis paniculata

1. Introduction
Kalmegh (Andrographis paniculata (Burm. f.) Nees, Acanthaceae) also called the andrographis
or “King of bitters” is native to the Asian subcontinent. The roots and leaves of this herb have
been used for centuries by the traditional medical practitioners of India, Thailand and China to
treat numinous ailments ranging from poor digestion and throat infections to haipatiels.
(Chopra et al, 1956, 1982 ; Palaniswamy, 2005)

Plant has an optimal intensity of light. This is the point at which the process of photosynthesis
is maximized and plant growth is at its greatest (Neri e al., 2003). If the level of light is less,
growth is reduced. The point where an increase in light intensity will not increase
photosynthesis anymore is called light saturation. Light is generally recognized as the most
influential environment factor affecting the growth of plants (Li et al., 2010). The objective of
this study therefore was to determine the optimal shading level for the production of the
highest growth and yield of Kalmegh.

2. Materials and Methods
Experimental site: This study was carried out during December, 2014 to April, 2015 at the
nursery house of Faculty of Agricultural Technology, King’s Mongkut Institute of Technology
Ladkrabang, Ladkrabang district, Bangkok province, Thailand. The research is located at
coordinated 13° 43° 36.21” N latitude and 100° 46’ 48.45” E longitude. The average altitude of
this area is 1.5 m. above mean sea level. The used soil in the experiment was Bangkok series
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and clay in texture. The soil was slightly acidic with pH 6.10. The mean annual rainfall for five
years from the year of 2010 to 2015 was 151.98 mm. The mean daily temperature is 30.95 °C.

Experimental design: For local commential Kalmegh varieties (Phitsanulok 5-4, Prachinburi,
Ratchaburi and Phichit 4-4) were evaluated in this study. The experimental design was a
split-plot with three replications, with Kalmegh varieties assigned to main-plots, and the five
treatments used included 0% (no shading / control), 20%, 40%, 50% and 80% shading
provided by black nets to sub-plots. They were placed in different lath houses, constructed
using wooden post and planks. Each lath house was 4 m long, 4 m wide and 2 m height. Each
lath house, except for the control, was covered with different density black shading net
according to the objectives of the experiment. Stem cuttings were conducted from mother plant
of Kalmegh. Stem cutting were placed in shaded seedbed for root initiation. Fifteen days old
stem cuttings were planted in the experiment. One stem cutting was planted in each pot. The
pot was irrigated and intercultural operations like weeding were done as and when necessary.

Data collection and analysis: At harvest, 120 days after transplanting (DAT), all of plant from
each pot in each supplication and treatment for data collection. Data collected included: plant
height, leaf, stem, root, flower and pod and total dry weight. The leaf area (cmz) of harvested
leafy Kalmegh was measured using a leaf area meter (LI-3100 area meter, USA) and then leaf
area index (LAI) was determined using the leaf area (upper side only) per unit area of land
below. It is expressed as m? leaf area per m” ground area. Collected data were analyzed using
ANOVA following the procedure for Split-plot design. Least significant different (LSD) values
were calculated at 0.05 probability level wherever the F-test was significant. Data analysis was
performed using WINDOWSTAT statistical software.

3. Results
3.1 Plant height
Plant height varied significantly among the varieties (Table 1). The variety Prachinburi gave
the highest plant height (57.08 cm), whereas the lowest plant height (33.82 ¢m) was obtained
from the variety Phitsanulok 5-4. Plant grown under with 80% shading had the highest plant
height (59.88 cm) among all the treatments, while the lowest plant height (28.97 cm) was
recorded among Kalmegh provided with 0% shading (Table 1). Shading reduced plant height in
Cyclamen (Villegas et al., 2006) Cermeno et al. (2001) reported that, a moderate reduction of
radiation increased stem length in Chrysenethemums. Increase in growth characteristics of
sweet papper grown under black net screen house was attributed to better micro climate in
terms of reduction in temperature, relative humidity, wind speed and light intensity (Medany et
al., 2009). Plant height observed in carnation plants under shading in this investigation could
also be attributed to improved microclimate.
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Table 1 Effects of different shadinglevels on plant height stem andleaf dry weight and Jeaf

area index (LAI) of Kalmegh at 120 days aftex transplanting.
Plantheight  StemDW. LeafDW. LAl

Treatments @)  (gplaut)) (gplanc))
Mainplot (Cultivars)
Phissamiok 5-4 3382 285 161 028
Prachimbwi 57.08 6.62 337 0.51
Ratchabon 46 .87 429 228 038
Phichit 4-4 44 34 375 188 031
Sub plot (Shadaglevel ()
0 (Coutrol) 2897 562 313 045
20 3740 839 3175 067
40 46.07 453 283 033
50 5531 281 137 028
80 59388 053 033 0.13
Mean 4553 438 228 037
LSD (0.05) (Cultivars) 851 089 043 005
LSD (0.05) (Shadinglevel) 4.83 0.51 031 003
LSD (0.05) (Cultivarsx Shadinglevel)  Ns ns ns ns
C.V. (%) (Culfivam) 2094 2292 2129 1686
C.V. (36) (Shadinglevel) 12.77 1412 1649 1017

LAI =leaf area index, ; ns =No agnificant at the 0.05 probability lavel

3.2 Stem dry weight

Stem dry weight vaned significantly among the varieties (Table 2) The highest stem dry
weight (6.62 g plant™) and the lowest stem dry weight (2.85 g plant 'Y were recorded from the
variety Prachinburi and Phitsanulok 5-4, respectively. Kalmegh grown at 0% shading had
significantly (P<0.05) higher stem dry weight when compared to those shaded at 40%, 50%
and 80% levels (Table 2). Kalmegh at 20% shading had the highest stem dry welght 839¢g
plant™) while those shaded at 80% had the lowest stem dry weight (0.53 g plant” H.

3.3 Leaf dry weight

Leaf dry weight varied significantly among the varieties (Table 2). The highest leaf dry weight
(3.37 g plant™) was recorded in the varlety Prachinburi. On the other hand the lowest leaf dry
weight (1.61 g plant ') was recorded in the variety Phitsanulok 5-4. There was significant
(P<0.05) difference in leaf dry weight between Kalmegh plant grown under the different
shading levels. Plants grown under 20% shading gave the highest leaf dry weight per plant
(3.75 g) while the lowest leaf dry weight per plant (0.33 g) was obtained from plants provided
with 80% shading (Table 2). Wiebel er al. (1994) stated that leaf area and leaf dry weight was
decreased with increase in shading condition.

3.4 Leaf area index

Leaf area index varied significantly among the varieties (Table 1). The variety Prachinburi
recorded highest leaf area index (0.51) followed by Ratchaburi (0.38), Phichit 4-4 (0.31) and
the lowest leaf area index (0.28) was recorded by the Phitsanulok 5-4. There was significant
(P<0.05) difference in leaf area index of Kalmegh plant grown at all the five different shading
levels (Table 1). In general, plant grown at 20% shading had the highest leaf area index (0.67)
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while those shaded at 80% had the lowest leaf area index (0.13) (Table 1). Jeong et al. (2007)
reported that an increased in leaf area of begonia with increased shade levels. Leaf area in
sweet pepper (Medany et al., 2009), weeping fig (Ficus benjamina 1..) and Croton (Codiaeum
variegatum L.) (Scuderi et al., 2008) was found to decrease with increased shading levels.
Similarly, in this investigation, each increase in shading level above 20% results in
corresponding decrease in leaf area index of Kalmegh.

3.5 Flower and pod dry weight

Flower and pod dry weight varied significantly among the varieties (Table 2). The maximum
flower and pod dry weight (2.01 g plant™) and the minimum flower and pod dry weight (0.67 g
plant™) were obtained from variety Prachinburi and Phitsanulok 5-4, respectively. Shading the
Kalmegh plant at 0% results in significantly (P<0.05) higher flower and pod dry weight per
plant when compared to all the other shading levels (Table 2). The lowest flower and pod dry
weight (0.04 F plant™) was obtained from plants provided with 80% shading while the highest
(3.17 g plant™) was obtained from those provided with 20% shading.

3.6 Root dry weight and total dry weight

Significant variation was found in respect of root dry weight and total dry weight among the
varieties (Table 2). The highest (0.84 g and 12.85 g plant™) and the lowest (0.44 gand 558 g
plant™) were obtained from variety Prachinburi and Phitsanulok 5-4, respectively. The highest
root dry weight (0.86 g plant™) and total dry weight (15.64 g plant™") were obtained in plants
provided with 20% shading as compared to all the other shading levels (Table 2). Araki ef al.
(2014) reported that total dry weight per plant decreased with an increase in shade.

Table2 Effectsof different shadinglevels on flower and pod, xoot and total dry weight of

Kalmegh at 120 days after transplanting
Bower and Root DW. Total DW.
Treatments Pod DW. (g plant’!) (g plant)
(g plant™)

Mainplot (Culfivars)

FPhitsannlok 5-4 067 044 558

Prachinbari 201 0384 1285

Ratchabami 152 052 862

Phichit 4-4 097 055 717
Sub plot (Shadinglevel (%))

0 (Control) 1.72 093 1196

20 317 0386 15.64

40 1.03 075 915

“50 051 030 501

80 0.04 0.10 102
Mean 129 059 8.56
LSD (0.05) (Cotfivars) 017 010 144
L5D (0.05) (Shadmglevel) 013 0.06 071
LSD (0.05) (Coktivarsx Shadnglevel) ns ns ns
C.V. (%6) (Cuitivars) 1517 1933 1892
C.V. (%) (Shadmglevel) 1220 12.16 10.08

DW = dry wright ; ns = No significant at the 0.05 probability level

3.7 Total dry weight yield and Leaf dry weight yield
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Significant variation was found in respect of total dry weight yleld and leaf dry weight yield
among the vanetxes (Table 3). The highest (141.40 and 47.70 g m™) and the lowest (63.22 and
22.80 g m™) were obtained from variety Prachinburi and Phitsanulok 54, respectively. There
was significant (P<0.05) difference in total dry weight between Kalmegh plant grown under the
different shading levels Plants grown under 20% shading gave the highest total dry weight per
plant (171.83 g m) while the lowest total dry weight per plant (12.32 g m™?) was obtained
from plants provided with 80% shading (Table 3). For leaf dry weight yield, the highest leaf
dry weight yield (53 08 g m™) was obtained from Kalmegh grown 20% shading, while the
lowest (4.72 g m™) was obtained from plant shaded at 80% (Table 3). Increasing the shadmg
intensity results in a significant (P<0.05) decrease in yield of Kalmegh. These results are in
good agreement with the finding of Devkota and Jha (2010) also showed that increasing level
of shading could reduce growth and yield of plant.

Table3 Effects of diffexent shading levels on total diy weight yield and leaf dry weight
yield of Kalmegh at 120 days after transplanting

Total DWY. Leaf DWY.
reatments Em?) Em?)
Mamplot (Calfivars)

Phitsanmlok 5-4 6322 2280
Prachunbyrn 14140 47.70
Ratchabam 9294 3224
Puchit 4-4 79.68 2661
Sab plot (Shadinglevel (%))
0 (Control) 12390 4435
20 171.83 5308
40 10417 4005
50 5932 1949
30 1232 472
Mean 9430 3234
LSD (0.05) (Culfivars) 1803 6.15
LSD (0.05) (Shadnglavel) 392 443
LSD (0.05) (Cultivars x Shadinglevel) ns ns
C.V. (%) (Cultivars) 2140 2129
C.V. (%) (Shadinglavel) 1138 16.49

DWY = dry weight yiegld ; ns = No significant at the 0.05 probabiity level

4. Conclusion
It is concluded that among the studied 4 Kalmegh varieties, Prachinburi was the best growth
and yield. The highest growth and leaf dry weight yield were obtained from Kalmegh provided
with 20% shading. Increased shading level above 20% significant reduced in stem growth and
dry weight yield. However, production of Kalmegh should, therefore be undertaken for
Prachinburi variety at 20% shading to obtain the best growth and leaf fresh and dry weight
yield.
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Kalmegh Andrographis paniculata Burm. F. (Nees) is widely used as medicinal plant in
Thailand to treat diseases such as sore throat, flu, fever, diarrhea and cough. Kalmegh
production in some region is negatively affected by high radiation. However, the information
on the effect of shade on growth and yield of Kalmegh is lacking. Thus, the objective of this
study was to evaluate the effect of different shading levels on growth and yield of Kalmegh.
The study was conducted during December, 2014 to April, 2015, at Faculty of Agricultural
Technology, King Mongkut’ s Institute of Technology Ladkrabang, Bangkok. A split-plot in
randomized complete block design with 3 replications was arranged. Four local Kalmegh
varieties (Phisanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and 5 shading levels (0%,
20%, 40%, 50% and 80% of shading) were as main plots and sub plots, respectively. Data were
collected on growth and yield of the crop. The resuits shown that we were not found interaction
between Kalmegh varieties and shading levels. Prachinburi variety gave the highest number of
branches plant”, number of leaves plant”, leaf area, shoot dry weight and leaf dry weight yield
and followed by Ratchaburi, Phichit 44 and Phisanulok 5-4 varieties, respectively. Shading
affected on growth and yield of Kalmegh. In addition, significant different were observed for
all growth characters between open light condition (0% shade) and shaded plants. For different
shading levels, leaves number plant’, leaf area, shoot dry weight and leaf dry weight yield were
the highest under 20% shading condition. It was concluded that Kalmegh variety Prachinburi
performed better in terms of highest growth and yield grown under 20% shading condition.

Keywords: Shading, Yield, Growth, Kalmegh, Andrographis paniculata

Introduction

Kalmegh is one of the most important medicinally important plant grown
worldwide. Kalmegh Andrographis paniculata Burm. f (Nees) belongs to
family Acanthaceae was known as “King of bitters” (Kumar ef al., 2012) due to
its bitter taste and the weak odor is one of the important herbs classified as an

* Correspouding Author: Liphan S.; E-mail: Rabbit Liphan@hotmail.com



annual and shrub plant in tropical Asian countries. Kalmegh is available
abundantly in India, Pakistan, Sri Lanka, East and West Indies, Mauritius,
China, Java, Thailand and Indonesia (Kumar et al., 2012). Kalmegh is known
as Fah Talai Jone in Thai Folklore, used in the treatment of various diseases of
the liver, colic, fevers, and as anthelminthic. The medicinal herb Kalmegh,
grows as a wild plant in the open fields (Biffa, 2003; Jaganath and Teik, 2003;
Anonymous, 2008; Niranjan et al., 2010; Akbar, 2011).

Light is the major factor to the life cycle of a plant because it is the
energy source that triggers the process of photosynthesis. All plants need
sunlight to make their food, and if the available sunlight is reduced the plant
have to change and adapt in various ways in order to acclimatize to a new
environment. Excessive light intensity resulted in photosynthesis inhibition as it
has a destructive effect on photosynthetic pigments (Kumar ez al., 2012). The
plants grow well in shaded places such as undergrowth in the forest. Under
natural conditions, Kalmegh is found in both shaded and wide open areas. This
may be a lack of information on growth and physiology related to different
light intensities of Kalmegh (Saravanan et al., 2008). Growth and yield of crops
are close related to the amount of solar received during the growing period.
This study objective was therefore to investigate Kalmegh in growth and yield
response to different levels of shading.

Materials and methods

Experimental site: The research was carried out at the nursery house of
Faculty of Agricultural Technology, King’s Mongkut Institute of Technology
Ladkrabang, Ladkrabang district, Bangkok province, Thailand (13° 43 36.21”
N latitude and 100° 46’ 48.45” E longitude) with an elevation of 1.5 m. above
mean sea level during December 2014 to April 2015. The used soil in the
experiment was Bangkok series and clay in texture. The soil was slightly acidic
with pH 6.10. The mean annual rainfall for five years from the year of 2010 to
2015 was 151.98 mm. The mean daily temperature is 30.95 °C.

Experimental design: The experiment was arranged in a split-plot design
with three replications. The main plot was the four local commercial Kalmegh
varieties (Phisanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and the sub-
plot was the kind of five shading levels such as 0% (no shading / control), 20%,
40%, 50% and 80% shading provided by black net. In 0% shading treatment,
sunlight was allowed to fall over the Kalmegh plants without any barrier.
Kalmegh plants were placed in different lath houses, constructed using wooden
post and planks. Each lath house was 4 m long, 4 m wide and 2 m height. Each
lath house, except for the control, was covered with different density black
shading net according to the objectives of the experiment. Stem cuttings were
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conducted from mother plant of Kalmegh. Stem cutting was placed in shaded
seedbed for root initiation. Fifteen days old stem cuttings were planted in the
experiment. One stem cutting was planted in each pot. The pot was irrigated
and intercultural operations like weeding were done as and when necessary.
Irrigation was given to the plants after planting till harvest. Other cultural
practices were made as and when necessary.

Data collection and analysis: At harvest, 120 days after transplanting
(DAT), all of plant from each pot in each supplication and treatment for data
collection. Data collected included: number of branches, number of leaves,
number of pods and shoot dry weight. The leaf area (cm®) of harvested leafy
Kalmegh was measured using a leaf area meter (LI-3100 area meter, USA).
Chlorophyil content was measured using a chlorophyll meter (SPAD-502,
Minolta Co, Japan). For all treatments, the leaf of Kalmegh was inserted into
the leaf clip and SPAD value measured 5 times from different spots of a single
leaf and bract. Chlorophyll a and b in leaf were measured by 80% acetone.
Absorbance was taken at 645 and 663 nm using UV-VIS spectrophotometer
according to Witham et al. (1971). Crop growth rate on plant mass (CGR, g m™
day™) during the monitoring period was calculated from the formula: CGR =

% x (%‘-:—) where CGR = crop growth rate, p = ground area, dw = dry weight

production in t days, dt = number of days.

Collected data were analyzed by analysis of variance using ANOVA
following the procedure for Split-plot design. Least significant different (LSD)
values were calculated at 0.05 probability level wherever the F-test was
significant. Data analysis was performed using WINDOWSTAT statistical
software.

Results and Discussion

Number of branches

Number of branches plant” varied significantly among the varieties at
harvest (Table 1). The highest number of branches plant™ (25.33) was recorded
in the variety Prachinburi and the lowest number of branches plant™ (19.73)
was recorded from the variety Phisanulok 5-4. Kalmegh grown at 0% shading
had significantly (P<0.05) higher number of branches plant™ when compared to
those shaded at 40%, 50% and 80% levels, respectively (Table 1). Kalmegh at
80% shading had the highest number of branches plant™ (27.00) while those
shaded at 80% had the lowest number of branches plant” (17.00).
Shivashankara et al. (2000) reported that 10-60% light curtailment produced
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higher internodal length, increase in number of branches, leaf number in betel
vine (Piper betle).

Table 1 Effects of different shadin% levels on no. of branches plant”, no. of
leaves plant™, leaf area (cm®), no. of pods plant™, pod dry weight and
shoot dry weight (g plant™) at 120 days after transplanting of 4 local
Kalmegh cultivars at harvest.

No.of No.of Leaf No.of PodDW. Shoot
Treatments branches Leaves area pods (g plant DW.
plant’  plant’ (em?  plant’ B (g plant™)

Main plot (Cultivars)
Phisanulok 5-4 19.73 246  200.84 28.73 0.19 5.58
Prachinbuari 25.33 338 36520 86.26 1.05 12.85
Ratchaburi 21.20 267 27372 7220 0.85 8.62
Phichit 4-4 21.33 285  224.17 39.26 0.45 7.17
Sub plot (Shading
levels (%))
0 (Control) 23.83 363 319.22  82.33 0.93 11.34
20 27.00 469 47632 127.00 1.54 16.26
40 22.00 285 23579 4425 0.49 9.15
50 19.66 212 203.57 24.83 0.20 5.01
80 17.00 91 95.01 4.67 0.02 1.02
Mean 21.90 284 26598 56.61 0.64 8.56
LSD (0.05) (Cultivars) 2.49 46.37 41.12 627 0.11 1.44
LSD (0.05) (Shading 1.11 3532 2258 4.74 0.10 0.72
levels)
LSD (0.05) (Cultivars ns ns ns ns ns ns
x Shading
levels)
C.V. (%) (Cultivars) 12.77 1826 1730 12.40 20.60 18.92
C.V. (%) (Shading 6.12 1494 10.21 10.08 22.34 10.19
levels)

ns = No significant at the 0.05 probability level ; DW = Dry weight.
Number of leaves

Number of leaves plant” varied significantly among the varieties at
harvest (Table 1). The maximum number of leaves plant” (338) was obtained
from variety Prachinburi whereas the minimum leaves number plant™ (246)
was obtained from variety Phisanulok 5-4. There was significant (P<0.05)
difference in number of leaves plant™ between Kalmegh plant grown under the
different shading level. Plant grown under 20% shading gave the highest
number of leaves plant” (469) while the lowest number of leaves plant™ (91)
was obtained from plants provided with 80% shading (Table 1). In Aster scaber
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and Lingularia fischeri, plant height, leaf number, length and width were
increased in 30-50% shading as against the open condition (Hong et al., 1996).

Leaf area

Leaf area varied significantly among the varieties at harvest (Table 1).

The variety Prachmburl gave the highest leaf area (365.20 cm®) followed by
Ratchaburi (273 72 cm?®) Phichit 4-4 (224.17 cm®) and the lowest leaf area
(200.84 cm®) was recorded by the Phisanulok 5-4. Shading the Kalme §h plant
at 0% results in significant (P<0.05) higher leaf area (319.22 cm®) when
compared to all the other shading levels (Table 1). The lowest leaf area (95.01
cm’) was obtained from the plant provided with 80% shading whereas the
highest (476.32 cm?) was obtained from those provided with 20% shading. On
the other hand Jeong et al. (2007) stated that an increased in leaf area of
begonia with increased shade levels. Leaf area in weeping fig (Ficus benjamina
L.) and Croton (Codiaeum variegatum L.) (Scuderi et al.,, 2008) and sweet
pepper (Medany et al., 2009) were found to increase leaf area with increased
shading levels (Scuderi ef al., 2008). Similarly in this investigation, increase in
shadmg level above 20% results in corresponding decrease in number of leaves
plant and leaf area of Kalmegh. Naidu and Swamy (1994) observed increase
in number and area of leaves in Pongamia pinnata plant grown in shade.

Number of pods and pod dry weight

Significant variation was found in respect of number of pods plant™ and
pod dry weight among the varieties at harvest (Table 1). The highest (86.26
pods and 1.05 g plant™) and the lowest (28.73 pods and 0.19 g plant™) were
obtained from variety Prachinburi and Phisanulok 5-4, respectively. The
highest number of pods plant™ (127.00 pods) and pod dry weight (1.54 g plant™)
were obtained in plants provided with 20% shading as compared to all the other
shading levels (Table 1). However, shading reduced the number of pods per
plant for soybean as reported by Kurosaki and Yumoto (2003) and Kakiuchi
and Kobata (2004, 2006).

Shoot dry weight

Shoot dry weight varied significantly among the variety at harvest (Table
1). The variety Prachinburi recorded the h1§hest shoot dry weight (12.85 g
plant™) followed by Ratchabun (8.62 g plant™), Phichit 4-4 (7.17 g plant™) and
Phisanulok 5-4 (5.58 g plant™), respectively. There was significant (P<0.05)
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difference in shoot dry weight of Kalmegh plant grown under the five different
shading levels (Table 1). Kalmegh grown at 20% shading had the highest shoot
dry weight (16.26 g plant™) while those shaded at 80% had the lowest shoot dry
weight (1.02 g plant™). Kakiuchi and Kobata (2004, 2006) reported that total
dry weight per plant decreased with an increase in shade.

SPAD values

The results on the determination of chlorophyll values using the SPAD
meter (Table 2). Significant variation was found in respect of SPAD values
among the varieties. The highest (58.06) and the lowest (50.84) were obtained
from variety Prachinburi and Phisanulok 5-4, respectively. Minotta and
Pinzauti (1996) reported that the total chlorophyll content is depend on
physiological characteristic of species. Kalmegh plant grown under the
different shading levels (Table 2). Plant grown under at 80% shading had the
highest SPAD values (67.24) followed by 50% shading (59.33), 40% shading
(55.66), 20% shading (50.13) and 0% shading (39.97), respectively. According
to previous studies, the findings of Lépez-Marin et al. (2012) and Zhu et al.
(2012) where 60% and 30% shading intensity resulted in the highest SPAD
values, respectively. However, our finding harmonizes with those reported by
Legarrea et al. (2010) and Jang et al. (2014) noting that higher shading
intensity resulted in higher SPAD values and higher chlorophyll concentration.
Shade-plants develop acclimation strategies, including larger and thinner leaves
which present even a three-fold increase in chlorophylls (Adamson et al., 1991;
Taiz and Zeiger 2002). Nonetheless, the excess of light can cause greater
degradation and consequently, a reduction in the levels of total chlorophyll (De
Carvalho Gongalves et al., 2005).

Chlorophyll a and b content in leaf

Chlorophyll a and b content in leaf varied significantly among the
varieties at harvest (Table 2). The variety Prachinburi was recorded the highest
chlorophyll a and b content in leaf (0.14 and 0.38 mg / 100 g of leaf fresh
weight) and the lowest chlorophyll a and b content in leaf (0.05 and 0.16 mg /
100 g of leaf fresh weight) was recorded by Phisanulok 5-4. Chlorophyll
content in leaf increased progressively with the increase of shading level (Table
2). Plant grown under 80% shading gave the highest chlorophyll a and b
content in leaf (0.23 and 0.63 mg / 100 g of leaf fresh weight) followed by 50%,
40% and 20% shading, respectively whist the lowest chlorophyll a and b
content in leaf (0.02 and 0.07 mg / 100 g of leaf fresh weight) were obtained
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from plants grown under 0% shading. It has been postulated that shading
increased the quality of chlorophyll and thus increase the photosynthesis
efficiency of plant and ultimately the yield increase (E-Aidy ef al., 1983). In
Rumbhora adiantiformis, around 50 and 70% shading increased the contents of
chlorophyll a, b and total chlorophyll (Chen et al., 1999). Thomes ef al. (2005)
reported that high chlorophyll contents might also contribute to higher
photosynthetic rate and significant positive correlation between chlorophyll
content and photosynthesis rate.

Table2 Effects of different shading levels on SPAD values, chlorophyll a
content and chlorophyll b content in leaf (mg / 100 g of leaf fresh
weight) at 120 days after transplanting of 4 local Kalmegh cultivars

at harvest.
SPAD values Chlorophylla  Chlorophyll b
Treatments content in leaf  content in leaf
(mg/100 g (mg/100g
of LFW) of LFW)

Main plot (Cultivars)

Phisanulok 54 50.84 0.05 0.16

Prachinbuari 58.06 0.14 0.38

Ratchaburi 54.42 0.13 0.37

Phichit 44 54.40 0.12 0.33
Sub plot (Shading levels (%))

0 (Control) 39.97 0.02 0.07

20 50.13 0.04 0.15

40 55.66 0.09 0.27

50 59.33 0.15 0.41

80 67.24 0.23 0.63
Mean 54.46 -0.11 0.31
LSD (0.05) (Cultivars) 4.62 0.02 0.05
LSD {0.05) (Shading levels) 3.74 0.01 0.03
LSD (0.05) (Cultivars x Shading ns ns ns
levels)
C.V. (%) (Cultivars) 9.51 20.37 19.64
C.V. (%) (Shading fevels) 8.26 12.30 13.60

ns = No significant at the 0.05 probability level ; LFW = leaf fresh weight.
Crop growth rate

Crop growth rate determines the dry matter accumulation in a time and
land units in a plant community. The crop growth rate value varied significantly
among the varieties and shading lavels at 0-30, 30-60, 60-90 and 90-120 days
after transplanting (Table 3). Crop growth rate value in this study had an
ascending growth. The variety Prachinburi recorded the highest crop growth
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rate values (0.06, 0.62, 1 48 and 3.89 g m? day™) followed by Ratchaburi (0. 05
036 1.15 and 2.49 g m? day"), Phichit 4-4 (0.04, 0.29, 129and174g
day™) and Phisanulok 5-4 (0. 03 0.12, 0.72 and 1.73 g m? day™), respectively.
There was significant (P<0.05) difference in crop growth rate values of
Kalmegh plant grown under the five different shading levels (Table 3). Plant
grown under at 20% shadmg had the highest crop growth rate values (0.07, 0.81,
2.23 and 4.53 g m? day™) followed by 0%, 40% and 50% shading while those
shaded at 80% had the lowest crop growth rate values (0.03, 0.05, 0.14 and 0.24
2 day™).

Table 3 Effects of different shading levels on crop growth rate values (g m™
y"') of 4 local Kalmegh cultivars at harvest.

Crop growth rate values (g m™ day’)

Treatments Ages (DAT) (days)
0-30 30-60 60-90 90-120
Main plot (Cultivars)
Phisanulok 5-4 0.03 0.12 0.72 1.73
Prachinburi 0.06 0.62 1.48 3.89
Ratchaburi 0.05 0.36 1.15 2.49
Phichit 4-4 0.04 0.29 1.29 1.74
Sub plot (Shading levels (%))
0 (Control) 0.06 0.45 1.63 3.20
20 0.07 0.31 223 4.53
40 0.05 0.25 1.17 2.83
50 0.04 0.17 0.63 1.51
80 0.03 0.05 0.14 0.24
Mean 0.05 0.35 1.16 246
LSD (0.05) (Cultivars) 0.06 0.07 021 0.54
LSD (0.05) (Shading levels) 0.02 0.03 0.17 031
LSD (0.05) (Cultivars x Shading ns ns ns ns
levels)
C.V. (%) (Cultivars) 15.12 23.30 20.70 24.84
C.V. (%) (Shading levels) 8.81 11.10 18.48 15.37

ns = No significant at the 0.05 probability level ; DAT = Day after transplanting.
Leaf fresh and dry weight yield

Significant variation was found in respect of leaf fresh and dry welght
yield among the varieties (Table 4) The highest (6.20 and 3.37 g plant™) and
the lowest (4.44 and 1.61 g plant™) were obtained from variety Prachinburi and
Phisanulok 5-4, respectively. There was significant (P<0.05) difference in leaf
fresh and dry weight yield between Kalmegh plant grown under the different
shading levels. Plants grown under 20% shading gave the highest leaf fresh
weight yield per plant (6.60 g plant™) while the lowest leaf fresh weight yield
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per plant (3.16 g plant™) was obtained from plants provided with 80% shading
(Table 4). For dry leaf dry weight yield, the highest leaf dry weight yield (3.75
g plant™) was obtained from Kalmegh grown 20% shading, while the lowest
(0.33 g plant™) was obtained from plant shaded at 80% (Table 4). Increasing
the shading intensity results in a significant (P<0.05) decrease in yield of
Kalmegh. These results are in good agreement with the finding of Devkota and
Jha (2010) also showed that increasing level of shading could reduce growth
and yield of plant. On the other hand, Santiago-Santos and Cedeno-Maldonado
(1991) reported that the leaf mass of ngo gai produced under 63 or 73 % shade
was greater than that produced under full sun.

Table 4 Effects of different shading levels on leaf fresh and dry weight yield (g
plant™) of 4 local Kalmegh cultivars at harvest.

Leal FWY. Leaf DWY.

Treatments (g plan ) (g plan %)
Main plot (Cultivars)

Phisanulok 5-4 4.44 1.61

Prachinbari 6.20 337

Ratchaburi 5.11 2.28

Phichit 4-4 4.71 1.88
Sub plot (Shading levels (%))

0 (Control) 6.11 3.13

20 6.60 3.75

40 5.49 2.83

50 4.20 137

30 3.16 0.33
Mean 5.11 2.28
LSD (0.05) (Cultivars) 0.92 043
LSD (0.05) (Shading levels) 0.76 0.31
LSD (0.05) (Cultivars x Shading levels) ns ns
C.V. (%) (Cultivars) 20.29 21.29
C.V. (%) (Shading levels) 18.03 16.49

ns = No significant at the 0.05 probability level ; FWY = fresh weight yield ; DWY = dry
weight yield.

Conclusion

It is concluded that among the studied 4 Kalmegh varieties, Prachinburi
was the best growth and yield. The highest growth and leaf dry weight yield
were obtained from Kalmegh provided with 20% shading. Increased shading
level above 20% significant reduced in stem growth and dry weight yield.
However, production of Kalmegh should, therefore be undertaken for
Prachinburi variety at 20% shading to obtain the best growth and leaf fresh and

dry weight yield.
87



Acknowledgement

The authors thank the Faculty of Agricultural Technology, King Mongkut® s Institute of
Technology Ladkrabang for providing the financial support.

References

Adamson, H.Y., Chow, W.S., Anderson, JM., Vesk, M. and Sutherland, M.W. (1991).
Photosynthetic acclimation of Tradescantia albiflora to growth irradiance:
morphological, ultrastructural and growth responses. Physiol. Plant. 82 : 353-359.

Akbar, S. (2011). Andrographis paniculata: A review of pharmacological activities and clinical
effects. Alternative Medicine Review. 16(1) : 66-77.

Anonymous. (2008). Intellectual property and traditional medical knowledge. World
Intellectual Property Organization. 933(134) : 1-4.

Biffa, M.A. (2003). Conservation and diversity of Hempedu Bumi (4ndrographis paniculata
nees) germplasm in Malaysia. Dissertation of Master of Agricultural Science, Faculty of
Agriculture, Universiti Putra Malaysia. 1-25.

Chen, R.Y., Zeng, Q.L., Su, W.X_, Wu, H. and Li, Z.F. (1999). Effect of shading treatments on
growth and some physiological effects in Rumhora adiantiformis. Journal of South
China Agricultaral University. 20 : 77-79.

De Carvalho Gongalves, J.F., De Sousa Barreto, D.C., Dos Santos Jr, UM., Fernandes, A.V.,
Barbosa Sampaio, P.D.T. and Buckeridge, M.S. (2005). Growth, photosynthesis and
stress indicators in young rosewood plants (Aniba rosaeodora Ducke) under different
light intensities. Braz. J. Plant Physiol. 17 : 325-334.

Devkota, A. and Jha, P. K. (2010). Effect of different light levels on the growth traits and yield
of Centella asiatica. Middle-East Journal of Scientific Research. 5(4) : 226-230.
E-Aidy, F., Moustafa, S. and El-Afry, M. (1983). Influence of shade on growth and yield of

tomatoes cultivated in summer season in Egypt. Plasticulture. 59 : 33-36.

Hong, C.H., Bang, S.B. and Han, J.S. (1996). Effects of shading net on growth and yield of
Aster scaber Thunb and Lingularia fischeri Turcz. RDA. J. Agric. Sci. Hort. 38 : 462-
467.

Jaganath, 1.B. and Teik, N.L. (2003). Malaysian herbs series 1. Smile, May/Jun 2003, 4p.

Jang, Y., Mun, B., Do, K., Um, Y. and Chun, C. (2014). Effects of photosynthetic photon flux
and carbon dioxide concentration on the photosynthesis and growth of grafted pepper
transplants during healing and acclimatization. Horticulture Environment and
Biotechnology. 55 : 387-396.

Jeong, K.Y., Pasian, C.C. and Tay, D. (2007). Response of sux Begonia species to different
shading levels. Acta Hort. 761 : 215-220.

Kakiuchi, J. and Kobata, T. (2004) Shading and thinning effects on seed and shoot dry matter
increase in determi-nate soybean during the seed-filling period. Agronomy Journal. 96 :
398-405. doi:10.2134/agronj2004.0398.

Kakiuchi, J. and Kobata, T. (2006) The relationship be-tween dry matter increase of seed and
shoot during the seed-filling period in three kinds of soybeans with dif-ferent growth
habits subjected to shading and thinning, Plant Production Science. 9 : 20-27.

Kumar, R.N., Chakraborty, S. and Kumar, J.IN. (2012). Influence of light and developmental
stages on active principles of Andrographis paniculata (Burm. f)) Wall. ex Nees. Indian
Journal of Sciences Research. 3(1) : 91-95.

88



International Journal of Agricultural Technology 2017 Vol. 13(1): 79-89

Kurosaki, H. and Yumoto, S. (2003). Effects of low tem-perature and shading during flowering
on the yield com-ponents in soybeans. Plant Production Science. 6 : 17-23. doi:10.1626
/pps6.17.

Legarrea, S., Karnieli, A., Fereres, A. and Weintraub, P.G. (2010). Comparison of UV-
absorbing nets in pepper crops: spectral properties, effects on plants and pest control.
Photochemistry and Photobiology. 86 : 324-330.

Ldpez-Marin, J., Gélvez, A., Gonzilez, A., Egea-Gilabert, C. and Fernandez, J. (2012). Effect
of shade on yield, quality and photosynthesis-related parameters of sweet pepper plants.
Acta Horticulturae. 956 : 545-552.

Medany, M.A., Hassanein, MK. and Farag, A.A. (2009). Effect of black and white nets as
alternative covers to sweet pepper production under greenhouses in Egypt. Acta Hort.
807 : 121-126.

Minotta, G. and Pinzauti, S. (1996). Effects of light and soil fertility on growth, leaf chlorophyll
content and nutrient use efficiency of beech (Fagus sylvatica L.) seedlings. Forest
Ecology and Management. 86 : 61-71.

Naidu, C.V. and Swamy, P.M. (1993). Effect of shade on growth, biomass production and
associated physiclogical parameters in Pongamia pinneta (Linn.) Pierre. Indian J. Plant
Physiol. 34 : 212-214.

Niranjan, A., Tewari, SK. and Lehri, A. (2010). Biological activities of Kalmegh
(Andrographis paniculata Nees) and its active principles - A review. Indian Journal of
Natural Products and Resources. 1(2) : 125-135.

Santiago-Santos, L.R. and Cedeno-Maldonado, A. (1991). Effect of light intensities on the
flowering and growth of spiny coriander (Eryngium foetidum L.). Journal of Agriculture
of the University of Puerto Rico. 75(4) : 383-389.

Saravanan, R., Krishti, S., Gajbhiye, N.A. and Maiti, S. (2008). Influence of light intensity on
gas exchange, herbage yield and andographolide content in Andrographis paniculata
(Nees.). Indian Journal of Horticulture. 65(2) : 220-225.

Sarma, A.S. (1977). Studies on growth and yield under different plant densities and
photosynthetic efficiency of wheat genotypes. M.Sc. (Ag.) Thesis, G.B. Pant Univ. of
Ag. And Tech. Pantnagar (Nainital).

Scuderi, D., Li Rosi, A., Cassaniti, C., Paratore, A. and Romano, D. (2008). The influence of
shading levels on foliage plant growth and quality. Acta Hort. 801 : 1191-1196.

Shivasankara, K.S., Mithila, T. and Maiti, S. (2000). Effect of different light intensities on
growth and yield of betel vine (Piper betel L.). J. Plantn. Crops. 28 : 196-200.

Taiz, L. and Zeiger, E. (2002). Plant Physiology. 3rd ed. Sunderland: Sinauer Associates, Inc.

Thomas, J.A,, Jaffrey, A., Atsuko, C.K. and David, M.K. (2005). Regulating the proton budget
of higher plant photosynthesis. Proc. Natl. Acad. Sci. USA. 102 : 9709-9713.

Witham, F.H ., Blaydes, D.F. and Devlin, R.M. (1971). Experiments in plant physiology. Van
Nostrend Reinhold Company, New York.

Zhu, J.J., Peng, Q., Liang, Y.L., Wu, X. and Hao, W.L. (2012). Leaf gas exchange, chlorophyll
fluorescence, and fruit yield in hot pepper (Capsicum anmuum L.) grown under different
shade and soil moisture during the fruit growth stage. Journal of Integrative Agriculture
11 : 927-937.

(Received 6 January 2017, accepted 8 January 2017)

89



PLANT ARCHIVES
AN INTERNATIONAL JOURNAL

National Academy Of Agricultural Science (NAAS) Has Rated The
Journal 4.41

( R.N.l. NO-UPENG/2001/5119 ) ‘ e-1SSN : 2581-6063 (Online) )
( ISSN:0972-5210 )




R.N.I. No. UPENG2001/5119

Plant Archives

(International Journal of Plant Research)
Dr. R.S. Yadav, Ex. Principal, Ch. Charan Singh P.G. College, Heonra (Saifai), Etawah—(U.P.)-206130
Mob. : 09411274848
An UGC Approved Journal (No. 30969)
e-mail - ramarsy@prediffmail.com, website : www.plantarchives.org (NAAS Rating : 4.41)

ISSN :0972-5210
1SSN : 2581-6063
(Online)

Ref. No. : PA3/5364 Dated :22.07.2019

Dear Sir/ Madam,

1 thankfully acknowledge the receipt of your manuscript. You are requested to refer the para(s)
ticked (v/) below :

v 1. I am pleased to inform you that your manuscript entitled “RESPONSE OF KALMEGH
(Andrographis paniculata (Barm. F.) Nees) TO SHADING AT DIFFERENT GROWTH
STAGES” by Somanan Liphan and S. Detpiratmongkol has been accepted for publication.
Your paper will appear in Vol. 19 No.2 October, 2019.

v2. You are requested to pay US$ 150 (One Hundred Fifty USS only) towards the
publication cost, in the Acoourt of Plant Archives, account no. 50033745466 of Allahabad
Bank, Branch Ch. Charan Singh P.G. College, Heonra, Etawah, U.P. (India). IFSC Code
is ALLA 0212436.

3.  Your paper is being sent to referees for their comments which will be communicated to you as
soon as we received any information.

4.  Your paper was referred fo an expert for suitability of publication. The comments of the expert
and paper are enclosed herewith for revision.

5.  Wearesorry to let you know that our referees have not recommended your paper for publication
in Plant Archives.

v 6. Please recommend our journal for your departmental/institutional library.

Thanking you and assuring you our best services at all times.

With best regards
Yours truly

(R. S. Yadav)
Chief Editor



RESPONSE OF KALMEGH (Andrographis paniculata
(Burm. F.) Nees) TO SHADING AT DIFFERENT
GROWTH STAGES

Somanan Liphan® and S. Detpiratmongkol

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, Thailand, 10520

Abstract

Kalmegh (4ndrographis paniculata (Burm. F.) Nees) is a very useful medicinal herb widely used for treatments
of various human diseases and symptoms: fever, cold, laryngitis, diarrhea and inflammation. However, its
enhanced growth and yield as a response to shading at different growth stages have not been studied yet.
Therefore, in this study, an experiment was undertaken, from January to April 2018, to investigate the effects of
shading at different growth stages on the growth, yield and quality of kalmegh. The design of this pot
experiment was split plot with three replications; three local kalmegh cultivars—Prachinburi, Phichit 4-4 and
Phisanulok 5-4—were the main plots. The four sub-plots were 20% shading at 3 stages of growth viz: 30, 60
and 90 days afier planting (DAP) till harvest and no shading which was the control. Several agronomic
characteristics of kalmegh such as plant height, stem, dry weight of leaf and root, total dry weight and leaf dry
weight yield were recorded. The results indicated that Prachinbuti cultivar gave the tallest plant and stem heights
as well as the highest dry weight of leaf and root, total dry weight and leaf dry weight yield, followed by
Phisanulok 5-4 and Phichit 4-4. Shading at different stages of growth clearly affected the growth and yield of
kalmegh. No shading resulted in the least growth and yield while shading at 90 DAP promoted some growth and
yield that was higher than no shading but lower than shading at 30 and 60 DAP. The maximum values of growth
and yield were observed under 20% shading at 30 DAP.

Key words : Yield, Andrographolide, Kalmegh, Shading

Introduction
of time will be low as well. Lack of light leads to

Medicinal plants are essential for human
beings who utilize them for basic preventive and
curative health care. Kalmegh (dndrographis
paniculata (Burm. F.) Nees) is an important herb
for treatments of fever, diarrhea, dysentery, cough,
sore throat, bronchitis, arthralgia, haematometra,
hypertension and snake bite (Madav et al., 1995;
Matsuda ef al., 1994). Kalmegh that is continuously
harvested from trees in the forest may become
depleted (Yusron and Januwati, 2004). However, it
is widely cultivated in India, Sri Lanka, Malaya
Peninsula, China and Thailand, but a proper
cultivation method is required. The need for
kalmegh plant as a rew material for traditional
medicine continues to increase, but the supply of
kalmegh harvested from farms is still unpredictable
(Purwanto er al., 2011). Environmental conditions
such as shading strongly affect its growth (Kosma
et al., 2013). Solar radiation with a proper intensity,
quality and duration of exposure is an important
factor for its growth. When the received light
intensity is low, the amount of light received by the
surface area of each leaf within a specified period

*Author for correspondence : E-mail : somanan.liphan@

gmail.com

metabolism  disorder and  decreases in
photosynthesis and carbohydrate synthesis rates.
Conversely, if the light intensity is too high, the
plant may suffer from high temperature stress and
drought stress (Parwanto ef al,, 2011). Therefore,
the objective of this study was to determine the
effects of 20% shading at different growth stages
on the growth, yield and quality of harvested
kalmegh. This study was also meant to identify the
optimum period for shading, in terms of days after
planting till harvest, and inform farmers so as to
enhance their kalmegh production.

Materials and methods

A field experiment was conducted at an
experimental plot in the area of the Faculty of
Agricultural Technology, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok, Thailand,
during January to April, 2018. Seeds of kalmegh
(Prachinburi, Phisanulok 5-4 and Phichit 4-4
varieties) were obtained from the Phichit
Agricultural Research and Development Center,
Pichit Province, Thailand. Three seeds were
dropped into a 1-cm deep hole in the soil in plastic
pots (30 cm in diameter). The pots were arranged in



the experimental plot according to a split plot
randomized complete block design with 3
replications. The main plot had all three varieties of
kalmegh placed in it with 20% shading. It was
divided into 4 sub-plots where each received 20%
shading only during one of the 4 different growth
stages of kalmegh. The sub-plot treatments
included the following: (1) shading for 30 days
after planting (DAP) till barvest, (2) shading for 60
DAP till harvest; (3) shading for 90 DAP till
harvest and (4) without shading. When the seeds
grew to 15 DAP, one plant from each pot was
selected and the others were pulled off from the
pot. At 30 DAP, 3 replicates of each of the 3
varieties for a total of 9 pots altogether were placed
in each of the four sub-plots. According to a
number of previous studies, plant growth, shoot dry
weight and leaf dry weight yield were the highest
under 20% shading condition (Liphan and
Detpiratmongkol, 2017). Therefore, in this study,
the shade treatments were imposed in the field with
black artificial shade nets that provided 20%
shading and the no shade control provided 100% of
the sun light without any shading. To keep the soil
moist, all of the pots received daily irrigation of
water equivalent to 5 mm of rainfall till harvest. All
of the pots were weeded manually for three rounds
at 15, 30 and 60 DAP.

At 120 DAP, all of the plants were washed
off the dirt clinging on them with water, pulled off
the pots and their heights were measured with a
meter scale. Next, they were separated into fresh
leaves, stems and roots for assessment of some of
their growth characteristics: stem length, number of
branches per plant, number of leaves per plant and
leaf area. The leaf area was measured with a
portable area meter, LI-COR Model LI-3000, USA.
Then, these parts were dried at 80 °C for 48 h and
weighed and calculated of stem dry weight per
plant, leaf dry weight per plant, root dry weight per
plant, total dry weight per plant, pod DW plant’’,
seed dry weight yield (g m?) and leaf dry weight
yield.

Finally, the amounts of andrographolide
and total lactone in the dry shoot biomass were
determined by a method reported by Jain et al,
(2000) and Singh et al, (2011). An .analysis of
variance was carried out on the obtained data, and
the LSD (p = 0.05) was calculated (Gomez and
Gomez, 1984).

Results and Discussion
Growth characteristics
Plant height
The plant heights at the time of harvest of

the three kalmegh varieties varied (Table 1). The
average plant height of Prachinburi variety was

significantly higher than those of Phisanulok 5-4
and Phichit 4-4, by 43.25% and 61.28%
respectively. Different periods of shading strongly
influenced plant height. The average height of
plants grown under shading at 30 DAP was higher
than that of plants grown under shading at 60 DAP
and 90 DAP, by 27.28% and 43.11% respectively.
The kalmegh plants grown unshaded (control) had
the lowest height. Increased treatment plant heights
can be attributed to the favorable shade condition
which might make the plants grow taller by
increasing their cell division and elongation
(Himbindu et al.,, 2017; Saravanan et al.,, 2008). A
few previous studies reported that kalmegh grown
under shade were taller than those under no shade
(Saravanan et al, 2008; Rosli et al, 2018). In
addition, shaded kalmegh grew taller with a larger
canopy than those grown under no shade so that it
could capture more light. The kalmegh plants grew
taller because their stems elongated more in
response to the low red to far-red ratio light that
they were exposed to. Red to far-red ratio is the
ratio of light at 655605 nm to light at 725-735
nm. Red light suppresses stems from elongating
while far-red light enhances elongation (Smith,
2000; Franklin and Whitelam, 2005). Shading
decreases this ratio and stimulates the cells of the
stems to make more phytohormones such as auxin,
cytokinin and gibberellin (Milller and Leyse, 2011).
These phytohormones cause the stems to elongate
resulting in taller plants. This explains why the
height and canopy of shaded kalmegh in this study
were taller and more abundant. Several research
results suggest that plant height depends on stem
elongation (Liu et al, 2016; Nagashima and
Hikosaka, 2011).

Number of branches plant™?

Among three kalmegh varieties (Table 1),
the variety that yielded the highest number of
branches plant! was Prachinburi, followed by
Phisanulok 5-4 and Phichit 44 (Table 1). The
number of branches plant! was affected by the
different periods of shading The maximum of
number of branches plant” was found in the plant
grown under shading at 30 DAP, followed by those
grown under shading at 60 DAP and 90 DAP in
this order. The minimum of number of branches
plant® was found in the plant grown under no
shading (control). The number of branches plant
might depend on the height of the plant which
favored formation of more lateral buds: a taller
plant yielded a higher number of branches plant!.
This phenomenon was also reported by Singh et al.,
(2011) and Sunil Kumar et al, (2011).



Number of leaves plant™ and leaf area index

Significant variations of the number of
leaves per plant and leaf area index among the
three local kalmegh varieties can be observed in
Table 1. The highest number of leaves per plant
and leaf area index was yielded by the Prachinburi
variety and the lowest was yielded by Phichit 4-4.
Shading at different growth stages significantly
affected the number of leaves per plant and leaf
area index compared to the control (no-shading
treatment). The numbers of leaves per plant shaded
at 30 DAP were 9.39%, 32.36% and 40.05%
greater than those shaded at 60, 90 DAP and no-
shading, respectively. The results of leaf area index
were similar to those of number of leaves plant’'.

All of these results indicate that shading at
different growth stages treatments increased the
number of leaves per plant compared to no-
shading. The number of leaves per plant under a
shade were influenced by the light intensity and
exposure duration that the plant got. The plant that
received an appropriate light intensity for a proper
duration, especially intensity at 20% shading for a
period of 30 DAP till harvest, achieved a proper
balance between water transpiration from its leaves
and water and mineral absorption by its roots,
resulting in good photosynthesis and high
accumulation of carbohydrate; thus, its growth and
development was close to perfect. This result
agrees well with those reported by Sulandjari ef al,
(2005) and Purwanto (2011). A previous study also

reported that the total leaf area per plant of shaded

kalmegh was the highest, whereas plants grown
under no shade produced the lowest total leaf area
per plant (Saravanan et al., 2008).

Stem dry weight

Stem dry weights were significantly
different among the three kalmegh varieties (Table
2). The stem dry weight of Prachinburi variety was
41.06%, 51.40% greater than those of Phisanulok
5-4 and Phichit 4-4, respectively. The stem dry
weight of the plant shaded at 30 DAP till harvest
was higher than those of the plants shaded at 60
and 90 DAP till harvest by 9.63% and 18.94%,
respectively. The lowest stem dry weight was from
the plant grown under no shade (control).

Leaf dry weight

The leaf dry weights differed among the
three kalmegh varieties (Table 2). In comparison,
the leaf dry weight of Prachinburi variety was the
highest, followed by those of Phisanulok 54 and
Phichit 44 in this order. A significant increase in
leaf dry weight was observed in the plant grown
under a longer shading period. The kalmegh grown
under shade at 30 DAP till harvest yielded the

highest leaf dry weight while the kalmegh grown
under no-shade (control) yielded the lowest leaf dry
weight.

Our result indicates that a longer period of
shading resulted in a remarkable increase in plant
height, number of branches plant!, stem dry weight
and feaf dry weight. This finding agrees well with
the findings from a study by Detpiratmongkol and
Liphan (2018) that a minimum continuous shading
level (20%) at an early growth stage till harvest not
only increased kalmegh plant height but also its
growth parameters such as number of branches
plant’, stem and leaf dry weights as well as seed
and leaf dry weight yield (Detpiratmongkol and
Liphan, 2018).

Root dry weight

Root dry weight wvaried significantly
among the varieties (Table 2). The highest root dry
weight was from Prachinburi variety. It was
37.50% and 53.13% greater than those of
Phisanulok 5-4 and Phichit 4-4. Shading had a
significant effect on the root dry weight of
kalmegh. The plant grown under shading at 30
DAP till harvest had the highest root dry weight,
followed by those grown under shading at 60 and
90 DAP till harvest in this order, whereas the plant
grown under no shade (control) had the lowest.
Previous tudies have reported that plants grown
under a shading condition were taller and had a
greater leaf, stem and root dry mass than those
grown under no shade (Pitono et al., 1996; Rosli et
al., 2018).

Pod dry weight

Pod dry weight varied among the three
kalmegh varieties (Table 2). The pod dry weight of
Prachinburi variety was 52.00%, 80.00% larger
than those of Phisanulok 5-4 and Phichit 4-4 in this
order. The pod dry weight of kalmegh grown under
shading at 30 DAP till harvest was the highest; it
was greater than those of kalmegh grown under
shading at 60 and 90 DAP till harvest by 6.25%
and 18.75%, in this order. The lowest pod dry
weight was from kalmegh grown under no shade.

Total dry weight

The trend in total dry weight was similar
for stem, leaf, root and pods (Table 2). The highest
total dry weight was from Prachinburi variety; it
was greater than those of Phisanulok 5-4 and Pichit
4-4 by 30.9% and 64.9%, in this order. The total
dry weights of kalmegh shaded at different growth
stages were greater than that of kalmegh grown
under no shade. Kalmegh grown under 30 DAP till
harvest gave the highest total dry weight; it was
14.29% and 20.96% higher than those yielded by



kalmegh grown under shading at 60 and 90 DAP
till harvest. Kalmegh grown under no shade gave
the lowest total dry weight.

Yield and andrographolide content

Seed dry weight yield

Similar to the results for pod dry weight
and total dry weight (Table 3), the highest seed dry
weight was from Prachinburi variety while the
lowest was from Phichit 4-4. The seed dry weight
yield was greatly affected by shading at different
growth stages. The highest seed dry weight yield
was from the shading condition of 30 DAT till
harvest, followed by shading at 60 and 90 DAP till
harvest in this order, whereas the lowest was from
kalmegh grown under no-shade condition.

Leaf dry weight yield

The results on leaf dry weight yield are
presented in Table 3. They indicate that the leaf dry
weight yield strongly depended on the kalmegh
variety. The maximum leaf dry weight yield was
observed in Prachinburi variety, followed by
Phisanulok 5-4 and Phichit 4-4. Shading at
different growth stages also strongly affected leaf
dry weight yield compared to the no-shading
condition. The highest leaf dry weight yield was
obtained with the kalmegh grown under a condition
of shading at 30 DAP till harvest, which was higher
than those grown under 2 60 or 90 DAP till harvest
condition by 7.71% and 15.44% respectively.
Kalmegh grown under no-shading condition gave
the lowest leaf dry weight yield.

Andrographolide content (%)

The results of the determination of
andrographolide content are shown in Table 3.
Significant variations were found with respect to
andrographolide content among the kalmegh
varieties. The Prachinburi variety had a 15.48%
and 30.54% higher andrographolide content than
those of Phisanulok 5-4 and Phichit 4-4,
respectively. The andrographolide content in leaf
also varied with the condition of shading. The
highest andrographolide content was recorded for
the plant grown under the shading condition of 30
DAP till harvest, followed the conditions of 60 and
90 DAP till harvest in this order, whereas the
lowest content was observed in the plant grown
under’a no-shading condition.

Some researchers have studied the
agronomic requirements for enhancing the growth
and quality of kalmegh (Ramesh et al, 2011;
Mishra and Jain, 2013). They found that yield
improvement and quality of crops correlated with
optimum level and duration of its exposure to light.

There has been a report that kalmegh responded
positively to light (Niranjan et al., 2010). In
addition, light strongly affected plant growth and
yield potential (Zhu et al, 2012). Kalmegh
responded to variations in light intensity and
exposure duration by changing their morphology
and developing its growth characteristics such as
taller height as well as higher leaf, stem and root
dry weights and yields (Kumar et al., 2009).

Shading reduces the active primary
radiation in photosynthesis, resulted in a decrease
net assimilation of light (Lambers and Poorter,
1992), an increase in stored photosynthetic
products in the storage organs such as root
(Schaffer, 1996), and a decrease in plant dry weight
(Purwanto et al, 2011). The authors of this last
reference also reported that kalmegh needed
shading in the range of 25% to 50% for optimum
growth and andrographolide production. In this
study, the maximum growth and yield parameters
were observed under the condition of 20% shading
at 30 DAP till harvest The timing of shading
clearly affected the growth and yield. The no-
shading condition caused the greatest growth and
yield reduction. Rosli e al, (2018) reported that
the growth as well as the quantity and quality of
kalmegh grown under 40% shading at an early
growth stage of 60 days after transplanting were
enhanced.

Conclusion

1t could be concluded that the Prachinburi
variety was the best variety compared to
Phisanulok 5-4 and Phichit 4-4. Shading at
different growth stages improved its growth and
yield. The best shading condition was 20% shading
at 30 days after planting till harvest which
improved its growth and yield the most.
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Table1: Effects of different times of shading on plant height, number of branch plant!, number of leaves
plant” and leaf areas of 3 local kalmegh cultivars at harvest (120 days after planting).
Plant height Number of Number of Leaf area index
Treatments {cm) branch plant? leaves plant? (LAI)
(branch) (leaves)
Cultivars (A)
Prachinburi 5641 A* 2945 A 47.18 A 0.82A
Phisanulok 54 32.04B 18.20 BC 39.81B 0.50B
Phichit 4-4 21.84B 1522 B 28.65C 0.33C
Times of shading (B)
30 DAP till harvest 58.10a 2520a 2528 a 0.64a
60 DAP till harvest 4225b 22480 42.17 ab 0.56 b
90 DAP till harvest 33.05 be 2026 b 3821b 0.52 be
No shading (control) 2031 ¢ 18.55¢ 2852 ¢ 048 ¢
LSD (A) (0.05) 5.14 4.73 532 0.09
LSD (B) (0.05) 5.70 2.40 5.09 0.07
LSD (AxB) (0.05) ns ns ns ns
C.V.(A) (%) 11.82 19.33 12.18 15.20
C.V.(B) (%) 14.98 11.22 13.34 12.73

ns = No significant at the 0.05 probability level; * = value within a column to followed by the different letters
are significantly different by DMRT p < 0.05.

Table2: Effects of different times of shading on stem, leaves, root, pod dry weight and total dry weight of 3
local kalmegh cultivars at harvest (120 days after planting).
Stem DW. Leaves Root DW. Pod DW. Total DW.
Treatments (g plant) DW. (g plant?) (g plant') | (g plant?)
(g plant?)
Cultivars (A)
Prachinburi 3.58 A* 284 A 032A 025 A 530A
Phisanulok 5-4 2.11B 205B 020B 0.12B 3.66B
Phichit 4-4 1.74C 1.29C 0.15C 0.05C 1.86 C
Times of shading (B)
30 DAP till harvest 322a 242a 026a 0.16 a 434a
60 DAP till harvest 291 ab 2.10ab 0.23 ab 0.15a 3.72b
90 DAP till harvest 261b 195b 021b 0.13 be 343 bc
No shading (control) 1.14c¢ 1.72¢ 0.17 ¢ 0.12¢ 293¢
LSD (A) (0.05) 032 0.28 0.02 0.01 0.49
LSD (B) (0.05) 0.35 0.25 0.03 0.01 036
LSD (AxB) (0.05) ns ns ns ns ns
C.V.(A) (%) 11.28 11.94 14.55 1091 12.10
C.V. (B) (%) 14.30 12.39 15.16 13.43 10.20

ns = No significant at the 0.05 probability level; DW = dry weight; DAP = days after planting; * = value within
a column to followed by the different letters are significantly different by DMRT p < 0.05.




Table3: Effects of different times of shading on seed and leaf dry weight yield and andrographolide content

in leaf of 3 local kalmegh cultivars at harvest (120 days after planting).

Seed DWY. Leaf DWY. Andrographolide
Treatments (g m?) (g m?) content (%)

Cultivars (A)

Prachinburi 3.57 A* 4044 A 239A

Phisanulok 5-4 2.11B 29.40B 2.02B

Phichit 4-4 1.74C 18.29 C 1.66 C
Times of shading (B)

30 DAP till harvest 3.22a 33.74a 233a

60 DAP till harvest 291 ab 31.14b 2.16 ab

90 DAP till harvest 2.61b 28.53b 1.99b

No shading (control) 1.14¢ 24.10¢c 1.60 ¢
LSD (A) (0.05) 0.32 3.66 0.24
LSD (B) (0.05) 0.35 2.97 0.24
LSD (AxB) (0.05) ns ns ns
C.V. (A) (%) 11.28 11.01 10.46
C.V. (B) (%) 1430 10.21 11.98

followed by the different letters are significantly different by DMRT p < 0.05.

ns = No significant at the 0.05 probability level; DWY = dry weigh yieldt; * = value within a column to
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INFLUENCE OF SHADING LEVELS ON GROWTH,
YIELD AND ANDROGRAPHOLIDE CONTENT OF
KALMEGH

Somanan Liphan” and S. Detpiratmongkol

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, Thailand, 10520

Abstract

We studied the growth, yield and andrographolide content of three local kalmegh (4ndrographis paniculata
(Burm. F.) Nees) responses to varying shade levels under green house conditions, from March to July 2018 in
Thailand. Our experiment was laid out in a split plot design with three replications. Three local kalmegh
varieties (Prachinburi, Nakhon Prathom and Saraburi) and four shading levels (0% , 25% , 50% and 75%
shading) were applied to the test plots. Stem height, stem, leaf and root dry weight and leaf number per plant,
seed and leaf dry weight yield and andrographolide content were recorded. The Prachinburi variety, followed by
Nakhon Prathom and Saraburi, showed the strongest growth under all shade conditions. Different shading levels
strongly influenced growth and kalmegh yield. The highest growth, stem, leaf; root, total dry weight, seed and
leaf dry weight yield and andrographolide content were registered at 25% shading levels followed by 0%, 50%
and 75% shading levels. We concluded that 25% shading and the local Prachinburi variety kalmegh should be

recommended.

Key words : Growth, Yield, Andrographolide, Kalmegh, Andrographis paniculata, Shading

Introduction

Andrographis paniculata (Burm. F.) Nees
commonly known as kalmegh belonging to family
Acanthaceae, is an important medicinal plant,
widely used in India and south-east Asian
countries, such as Thailand and Indonesia, for
treatment of malaria, liver disorder, hypertension,
bowel complaints, fever, snake bite, common cold
and variety of other ailments (Parasher et al.,, 2011;
Valdiani et al., 2012)

Light is the main environmental factor
which determines crop development: all plants are
sensitive to it. Light plays an important role in
chlorophyll synthesis, enzyme activation, and
photosynthesis, thus governing plant growth and
development. Excessive light intensity inhibits
photosynthesis as it destroys photosynthetic
pigments (Kumar et al, 2012). Under natural
conditions, kalmegh may be found in both shaded
and wide open areas. Purwanto et al. (2011)
reported that the shading level influenced growth
and yield of kalmegh. Shading at 25% led to the
best growth characteristics and yield, while the
highest andrographolide content was observed at
50% shading levels. In contrast, Gundadon et al.
(2015) found that kalmegh grown under full
sunlight did not differ from those under 50% shade
in height but produced more branches and leaves as

*Author for correspondence : E-mail : somanan.liphan@
gmail.com

on the main plant stem. Rosli er al. (2018)
compared two shade levels, 0%, and 40%, and
reported that 40% shaded plants grew taller with
greater total leaf area, specific leaf area ratio and
net assimilation rate than sun-grown plants. During
the growing period, growth and crop yield was
closely related to the amount of solar energy
received. However, this may be a lack of
information on growth and physiology related to
different light intensities of kalmegh (Saravanan et
al. 2008). Therefore, the aim of this experiment is
to evaluate the kalmegh in growth and yield
response to different shading levels. So, we
evaluated kalmegh growth and yield response to
different shading levels.

Materials and methods

Plants were grown in the glass house of
the Department of Plant Production Technology,
King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand (13°44'33™N,
100°46'51"E) during March to July 2018.

Experimental design: The experiment was
arranged in a split plot design with three
replications. The main plot treatments use three
local kalmegh varieties (Prachinburi, Nakhon
Prathom, and Saraburi) while sub plot treatments
used four different shading levels (0%, 25%, 50%,
and 75% shading).



For placing the shading material, four 2 m
high posts were erected above the treatments and
then different shading material was stretched
between these posts so that it was hanging on the
sides, but not touching the ground to ensure
ventilation. Three local kalmegh cultivar such as
Prachinburi, Nakhon Prathom, and Saraburi were
planted in main-plots. Black perforated plastic
matting with 25, 50 and 75% transparency level
was used as shade material. For 0% shading, the
plant was fully exposed to sunlight.

Plant material and transplanting: The
seeds of three local kalmegh varieties were
obtained from Phichit Agricultural Research and
Development Center, Phichit Province, Thailand. It
was the place which was the largest collecting
germplasm, local and hybrid of kalmegh varieties.
One seed was sown (10 mm deep) in small plastic
bags and then 30-day old seedlings, 150 mm high,
were transplanted to plastic plots 300 mm in
diameter and 300 mm of deep soil, approximately
30 kg. The soil was Bangkok series and clay in
texture (Land development department, 2019) with
pH 6.10, ie slightly acidic. One seedling was
transplanted into each pot. The pot was irrigated
everyday after transplanting until harvest to keep
the soil moist. For fertilizer, the plant was given a
base dose, 35 kg ha' of Nitrogen fertilizer was
applied as urea (46% of N) at 300 kg (N) ha of
which 50% was applied as a basal dose and 50% at
the 30 DAT. P [150 kg (P»Os) ha'] and K [150 kg
(K20) ha'] were applied as ordinary
superphosphate (12% of P,Os and 12% of S) and
potassium sulfate (50% of K20). All of P and K
fertilizers were applied at one day before
transplanting. Weeds were removed manually at
15, 30 and 60 DAT to minimize weed competition.
The kalmegh plants were sampled at 120 DAT to
measure their physical characteristics (stem length
per plant, stem, leaf, root dry weight per plant, total
dry weight, seed, and leaf dry weight yield). Dry
weight per plant was measured by drying the plants
at 80 °C for 48 h. Plant height was recorded by
measuring the length of the plant from the soil
surface to the top of the plant. The number of
branches per plant was counted each plant and the
average number of branches per plant was
calculated. Seed and leaf dry weight yield per pot
were noted and seed and leaf dry weight yield per
square meter were calculated. At 120 DAT, total
andrographolide was measured by HPLC following
the method of Saxena et al. (2000) and Rajani et al.
(2000).

Statistical analysis: The experiment was
arranged in a split plot in a randomized complete
block design with three replications following
Snedecor and Cochran (1980). Analysis of variance
using the SPSS for Windows 14.0 software
package and means compared by the Least

Significant Difference (LSD) test at P=0.05 level of
significance.

Results and Discussion
Growth characteristics

Plant height

Plant height (cm) differed significantly
differed among the kalmegh varieties at harvest
(Table 1). Maximum plant height was recorded
from Prachinburi variety: it was 17% greater than
the Nakhon Prathom and 37% greater than the
Saraburi variety. There was significant (P<0.05)
difference in plant height between plants grown
under the different shading levels. Plants grown
under 75% shading were the highest and were 11%
higher compared to 50% shading and 26% higher
than 25% shading, while plants were grown under
full sun (0% shading) were the lowest. These
results agree with those of Saravanan et al. (2008).
Plant height varied significantly with light
intensity. It was reduced up to 32% under full light
(0% shading) compared to 25% light. The plants
were shorter with reduced internodal length and
more compact under full sun. Similarly, Boardman
(1977) and Purwanto (2011) also noted that plants
grown in the shade tended to be taller with a long
stem segment composed of thin-walled cells, larger
intercellular spaces and fewer transport tissue and
binding tissue. This can be attributed to the activity
of auxin. In the other words, kalmegh plants grew
well with shading levels of 25 to 75%.

Number of branches

The degree of branching or number of
branches per plant varied significantly among the
varicties at harvest (Table 1). The Prachinburi
variety showed higher branching than the others.
Branching was affected by shading level. The
highest branching degree was observed in plants
under 25% shading. The lowest branching was
observed with 75% shading.

Stem dry weight

Significant variation was found in stem
dry weight. The Prachinburi variety recorded the
highest stem dry weight followed by Nakhon
Prathom and then Saraburi varieties. Shade also
affected stem dry weight, with the highest stem dry
weight obtained at 25% shading and it decreased by
19% at 0% shading, by 27% at 50% and by 30% at
75% shading.



Leaf dry weight and number of leaves per plant

Significant variation was found in leaf dry
weight and number of leaves per plant at harvest
(Table 1). Again, the Prachinburi variety showed
the highest and Saraburi the lowest. Shading levels
led to significant (P<0.05) differences also, with
the highest values at 25% shading, followed by 0%
and 50% shading with the lowest at 75% shading.
Higher numbers of leaves per plant and leaf dry
weight observed at harvest was attributed to
increased growth (number of branches per plant)
which generated more leaves. Similar finding was
reported by Ashok ef al. (2002) and Sanwal et al.
(2016). The production of plants with more number
of branches per plant by the formation of more
lateral buds. The results are in conformity with the
finding of Kumar ef al. (2009) and Parashar et al.
(2011) in kalmegh. In contrast to Saravanan ef al.
(2008) reported that total leaf area per plant was the
highest under full light conditions followed 25%
shading. Lowest leaf area was recorded in plants
grown under 70% shading.

Root dry weight

Root dry weight also varied with variety at
harvest (Table 1). This followed the trend observed
for the other parameters with Prachinburi variety
showing the highest root dry weight and the
Saraburi variety showing the lowest.

Pod dry weight

Pod dry weight differed among three
varieties (Table 2): the trend was the same as for
the other varieties with Prachinburi showing the
maximum. Pod dry weight was also attributed to
increased growth (number of branches per plant)
and was consistent with reports by Kumar ef al.
(2009); Parashar ez al. (2011).

Total dry weight

The trend for total dry weight followed the
same pattern, agreeing with the work of Araki ef al.
(2014). However, Omar et al. (2016) found that
shoot fresh weight and shoot dry weight disclosed
increased with the increase in shade level or
lowered total sun exposure, i.e. the minimum shoot
dry weight was obtained under full sunlight. Singh
et al. (2011) also reported that growth and dry
matter yield decreased with lower sun exposure.
This might be due to the fall of lower leaves, which
became yellow and dry due to shading. Saravanan
et al. (2008) also concluded that the total herbage
and andrographolide content were the highest under
full light conditions and that kalmegh is suitable for
open cultivation. Purwanto ef al. (2011) confirmed
this. However, significant differences in total

- biomass were not observed for plants grown under

70 and 50% light levels.

Plant yield and andrographolide content
Seed dry weight yield

Maximum seed dry weight (g m?) was
found in Prachinburi variety and was 27% greater
than Nakhon Prathom and 48% greater than
Saraburi. The same trend with shading level was
observed.

Leaf dry weight yield

Leaf dry weight yield (g m?) was again
highest in the Prachinburi variety and 15% lower
for Nakhon Prathom and 30% larger than Saraburi
with the same trend for shading level.

Andrographolide content

The Prachinburi variety produced more
andrographolide content than Nakhon Prathom and
Saraburi see Table 3. Andrographolide content
decreased significantly with increasing shading
levels. The highest andrographolide content (2.9%)
was recorded at the 25% shading level. It was
reduced by 60% at the 75% shading level.
Saravanan (2008) reported that the role of light in
biosynthesis of andrographolide and the
metabolism control was not yet understood. Shade
indirectly plays a role, by altering the basic
processes, like photosynthesis and respiration, and
thereby changing the flux of metabolites and
reducing power generated through the light reaction
which may in turn, modify synthesis and
accumulation of andrographolide. Similar findings
were reported by Purwanto ef al (2011), who
found that the kalmegh plant needed shading in the
25% to 50% range for optimum growth and
andrographolide production. Rosli et al. (2018)
reported that andrographolide content of shaded
plants was slightly higher than sun-grown plants.
Liphan and Detpiratmongkol (2017) reported a
maximum andrographolide content at 20% shading
level and a minimum at the 80% shading level.

Significant variations were found in
respect of growth and yield among the local
kalmegh cultivars. As three local kalmegh cultivars
(Nakhon Prathom, Prachinburi and Saraburi)
cultivars had significant in nine characteristics with
each other. Prachinburi had the tallest plants (300
mm), number of branches per plant (34.6) and
highest weights per plant: stem (53.9 g), leaf (25.9),
root dry weight (14.2 g), pod dry weight (5.1 g),
total dry weight (95.4 g), seed (48.3 g) and leaf dry
weight yield (365 g m) followed by the Nakhon
Prathom and Saraburi varieties. These results
confirm other work (Detpiratmongkol ez al. 2016;



Detpiratmongkol et al. 2017; Liphan and
Detpiratmongkol 2017). Sandeep et al. (2009) also
reported that genmotypes have a significantly
different effect on plant height, stem, and leaf dry
matter, total dry matter and dry matter yield.

Plant growth is affected by many
environmental factors, such as insolation,
temperature, soil, fertilizer and so forth. Significant
differences in growth, yields, and andrographolide
content were observed with shading levels. The
maximum seed dry weight yield and total dry
weight were obtained for the crop under 25% shade
followed by the full sun (0% shade) and 50% shade
levels. The lowest was recorded at 75% shade
levels. We concluded that the optimum growth of
kalmegh required limited shading for better growth.
However, shade at more than 50% would decrease
plant growth due to the high reduction of
photosynthesis. As shown in Tables 1 and 2, the
stem, leaf, and root dry weight and total dry weight
and yield were the highest under 25% shading,
followed 0% and 50% shading levels and lowest
growth characters were recorded under 75%
shading levels. This previous work of Liphan and
Detpiratmongkol (2017) who were found that
shading affected on growth and yield of kalmegh.

Conclusion

Our study clearly indicated that the
highest plant height, stem leaf and root dry weight,
total dry weight, sced, and leaf dry weight yield
were obtained by the Prachinburi variety, followed
by Nakhon Prathom and Saraburi. For different
shading levels; shading had significant difference
for all the growth characters studies. The maximum
of stem, leaf and root dry weight, total dry weight
and dry weight yicld were obtained with 25%
shading levels and the minimum was achieved with
75% shading level. Therefore, the use of the
Prachinburi variety and plants grown under 25%
shading levels were recommended.
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Table 1: Plant height, branches number plant, stem dry weight, leaf dry weight and number of leaves plant™
of three local kalmegh varieties at harvest (120 days after planting) affected by different shading

levels.
Plant height Branches Stem DW Leaf DW No. of
Treatments (cm) number plant’ | (g plant’) | (gplant’) | leaves plant’

Plant varieties (A)
Prachinburi 30.44 34.56 53.87 25.86 192.40
Nakhon Pathom 25.18 28.05 46.96 22.36 158.73
Saraburi 19.28 23.42 39.27 19.14 116.50

Shading levels (B)

0% 19.47 31.32 55.21 24.27 185.95
25% 22.76 36.82 65.00 27.48 243.16
50% 27.08 25.48 39.75 20.73 125.89
5% 30.56 21.08 27.85 17.31 68.51

LSD (0.05) (A) 3.63 332 6.66 299 26.71
LSD (0.05) (B) 2.84 4.20 6.02 240 21.38
LSD (0.05) (AxB) ns ns ns ns ns

C.V. (A) (%) 12.84 10.22 12.59 11.78 15.12
C.V.(B) (%) 11.52 14.78 13.20 10.79 13.85

ns = No significant at the 0.05 probability level; DW = dry weight.

Table 2: Root, pod and total dry weight of three local kalmegh varieties at harvest (120 days after planting)

affected by different shading levels.
Root DW Pod DW Total DW
Treatments (2 plant™) (g plant?) (g plant™)
Plant varieties (A)
Prachinburi 14.21 5.06 95.36
Nakhon Pathom 11.59 443 81.13
Saraburi 9.17 297 66.38
Shading levels (B)
0% 11.58 4.08 84.72
25% 14.51 5.09 95.10
50 % 10.70 3.95 73.22
75% 9.68 3.50 70.78
LSD (0.05) (A) 1.42 0.60 9.32
LSD (0.05) (B) 1.16 0.57 8.35
LSD (0.05) (AxB) ns ns ns
C.V.(A) (%) 10.77 12.80 1631
C.V.(B) (%) 10.07 13.76 14.42

ns = No significant at the 0.05 probability level; DW = dry weight.



Table 3: Seed and leaf dry weight yield and andrographolide content in the leaf of three local kalmegh varieties
at harvest (120 days afier planting) affected by different shading levels.

Seed DWY, Leaf DWY. Andrographolide
Treatments (g m?) (g m?) content (%)
Caltivars (A)
Prachinburi 48.25 365.27 2.78
Nakhon Prathom 35.34 310.76 241
Saraburi 25.02 255.22 1.81
Shading levels (B)

0% 39.74 374.43 2.62
25% 48.67 449.47 293
50% 34.48 297.40 2.60
75% 21.92 120.37 1.18

LSD (0.05) (A) 5.96 53.88 0.03
LSD (0.05) (B) 564 81.81 0.32
LSD (0.05) (AxB) ns ns ns

C.V. (A) (%) 14.52 1531 12.22
C.V. (B) (%) 15.74 26.61 13.76

ns = No significant at the 0.05 probability level; DWY = dry weight yield.





