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INTRODUCTION

Amercnth e one of the lorge and taxonomically
diverse groups of trogical leaf vegotables, Ihoy are
sxcollent vegetables £§r their fast growing nature, with
on extremely high yield potential, lower suscoptibility
1o eoil borne digeages then mzny other vegetables, suitos-
bility for crop rotation with any other vegoetuble crop and
for its high minernl and mtrient oantent. "Eapiness in
cultivation, high suitability for both home gardening and
commercial cultivation, high fovourable response to added
fertilizers end to organic mepure, zaarsnth is unique”
{Orubben and Vans Iottenm, 1981). In wara huzid troplcal
olimote, 80 congenial for cmaranth cultivation, frech loaf
yiold uahhigh as 30 tonnee/ha ih four weeks from direot
sowinyg has bveen reportod, This noy be tho highest yield/
unit of laond and per unit of time that can be obtuined fron
any ouch leaf vogetable,

Booaupe of low production coat and hipgh yield,
anaranth is onc of ithe cheapast, dark greon leaf vegetables
end is often described as a '"poor nsn's vegetiable", The
nutritionsl value of this crop io excollent bscause of ito
high content of: essentinl micromutrionto. Tender amaranth
(A. gongetjcus) contains 4 g protein, 397 mg Co, 83 mg P,




25.5 ag Fa. 5520 Bg ﬂﬂrctena. 0-3 ng thiﬁmine, 0'3 e 124
riboflevin, 1.2 ag nisoin end 99 mg viteain C por 100 g
(Devadags and Sarojn, 1980),

Studies on the adverse nutritional affects due ito
higher fntako of amerantn lsaves havd indicaled that a
consunption of more than 200 g/dasy con couse the formation
of calciun ox2late eionos in the human urinary syptem. The
ntaiiﬁtioa of conounpiion indicate 18.0 g/poroon/dey in
nony of the developing countries., Stiill, there io definite
need to ovolve linen witnh negligible content of free nitratos

and oxadistee.

Anarenth le moinly conosidered a2 a dey neutrel plent.
Short day types have aleo been identified (Grubben, 1978).
Bolting - prenature flowaring ie ono of the seriouc handicaps
in vogetonole amaranth culture., The bolted amaranth tastee
bitter and 1o not acoopicd for consumption &s alsv in commor-
cial marketina. The need for evolving non=boliing types or
deloyed bolting types after a suvstontiecl vegetative growtih
io an importiant need for the widespread cultivation of voge-
table aneranth. The offecte of varlous meteorological pura-
nmetery, nuaber of cuttinge and height of cutiinge, phyoical
choracteristics of the soll ete. on difforent phasos of

flowering nood to be thoroughly invaestigated,



Convoantionally Sixy apecies = A, tricolor, A. spinosus,
4. dubius, A. viridis, _&.l blitun and A, cruentus sre conoi-
dered as vegetable typesm., The ppeclss, A, viridis end
A. spinosus are weede in aeny perte of India, though thoy
are uged as a delicote end much relighed leaf vegeiable
in rurcl Kersla. Aspooiailon of thece ppecles with the phono=-
genon of baliing, content of nitrates and oxalates, ete,.
need to be giudied in the contoxt of improveuncnt of anarantha
through interampeoifio hyuridisation. 7The presenti cerles of
experiments are formulnted with the following objectivess

1. To ldentify line(s) which arse non-bolting or
delnayed bolting ond to amorive the gorphologlcel reasons

for such behaviour.
2, To study the eoffoot of outting, if sny, on bolting.

3. To ideniify line(e) suitable for yosr-round plani-
ing and line(s) which are phenotypically sisble.

4, To identify line(e) with negligible content of
free oxanlotos and nitrates,

5« To establieh the relation, if ony, betwaen various
meteorological paremeters and boltiug,
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RAEVIEW OF LITERATURB

Vogoiable ancranth, degeribed often oo & poor man'e
vegetable, ie unique in mony waya. In warm hunid tropic
olimnte, anaranth grove ac fogt that a fresh matter yield
of 2o high as 30 T/ha obtained in four weeks time, would b2
a racord production among meny of the ocoronic crope.
Moranths ore lega sugceptible to coil vorne perasolitic dip~
easen than nony other vegotables. Ease in cultivation,
suitebilily 1o be fitted in crop rotaticns, in boih hone~
atoad putrition gerdens sud commercial cultivation, quick
and fovourable response to arganic farming conditions etc,

anke amaranth o high potential crop for the tropice.

The nutritional value of the orop ia exoeliant becaupe
of its high content of esesentiol amicronutrients. It ioca
good pource of corotene, iropn, caleiuzm, wvwitanin G, folic
oold end othor micronutrienis, ICrotein of amaranth would
be & valunblo contributor to human dict.

The odverce nutritional effecis reculting froa con-
cunption of above 200 g of leaves por doy, are atiributed
to the nitrate and oxalate contento in'leavao. The studlog
on consumption pattern (Grubben, 1977) of leafy vegeiablee
indicated o daily intake of S g/head in Istin Amerleam, 11 g
in Central and South-est Amim and 21 g‘in Africa. Thie
intoke is definitoly non~congoequeniial as coapared to



200 g/doy required for caueing nutritionanl defeets duo to
higner nitrate and oxalote intnkes, 8till, there io nead
to evolve lines with nogligible content of the sbove

undesiranle nutrient faoctors.

Eerly bolting hao been one of the cerious handiocape
in the cultivation of vegeiable mmaranthso. Balting causep
a olight bizterﬁese of the product, meking it unccceptiable
for oonscumption. Heduction in total vegetable yicld ie
considerably higher in bolted iypos. Litsrature on bolting,

gpecifically in smaranthe 1o rather scsrco.

1. Paysiology of flowering

Ieng (1952, 1965) revicwed all aspecte of the flower-
ing phenomenon in arope. le peparated the phenomenon of
flowering into four major etagem -~ floral initisntion (the
differentinticn of floral primordim); floral organisation
(the differentiation of individual floral parts); floral '
maeturation coneisting of ceversl procesnesn, nsny of thea
overlapping (growth of floral parts, differentiation of ine
gporogoneous tigsue, meioeis, pollon and exbryoeac develop-
nent) and anthepis, Flower initiation marke the trensition
frop the vogotative to ithe reproductive phase. lang defined,
"flowore ore modified ehoots, which are produced by modified
snoot meristes ~ the flower primordia”. ©Onoc a meristea

hae boen determined as a flower primordiun, it is usunally



unable to reovert to vegetative growth. Obviously then, tue
cardinal problem of the payolology: of flower initiation ie
to understand which factors couse & shoot mericten to becoae
e flover primordiun ond how thoy conscumnate thoir action.
The inductive offect of epdogoneous and exogencous conirol of
floral initiation heve becn dealt in detall by Lang {1965).
Flower initiation im ultimstely determined by the genotype
of a plante It occure once o plant hes rcached a certain
dovelopacntal ptage end the sole environnental requirement
being conditions pernitiing the plant to attain thie stage.
Bleancdnlo (1973) opined that plonta muat attain a ainimun
amount of vegeiatiive growih bofore flower budc can be pro-
duced,. This period of vegetatiive growih nsy be only & few
vesks in short-lived annuanls. He coimed the term “puberty”
to desoribe the plant phase when plants ore receptive to
flovaring stinuli,

Iong (1965) expleined that flower initimtion, in sone
plante depends on the interaction between genotypos end
very apeoific environnental opnditions like a perdod of low
teaperatura, daylength or photoperiod. The control of flower
formntion by doylengih has been ozlled photoperiodism.

2., Photoperiodien ap 8 factor in flower initiation in
ageranins

Panigrahl (1951) inveotigated the photoperiocdic
responsos of A. ganxeticun var. glernceus Roxb., end found



that under 8 & hour photoperiod, flower buds were forumed

in 32 doys after eoving compared to 39 daya unfer noramal
illumination. Plente recoiving 12, 18 cnd 24 houra rospec
tivoly of illuninstion, remeined vegointive and under

16 houra illunination, they cade the beot vegetative growth.
The studico indicated a ghort-day response of the species
A. gongoticug var. oleraceoun.

Zabka (1957) reported the pholoperiodio rosponse of
A. caudatus, The ppeocics required short doys for infloroo-
cence development., The light intensity, light quslity aud
the duration of lignt expoeurc affected the flowering bo-
hoviour of A, csudatus. Zabka (1961) conoluded that
A. caudatugs became censitive to daylength 30 dayos fron
geraination after vhich two short days were sufficicent to
induco floral initiation. Ihe same gpocios startoed flover-
ing in long daye of about 18 hours, 60 days efter goraming-
tion. 7This indicated that A. caudnlue is o quentitatively
ohort dey plent. Singh and Gopel (1973) ptudied tné photo=
periodic response of A, spinosus. 7Ihe spooles behaved asn
8 quantitatively short day plont. Seth (1963) observed that

A. leucocarpus ie a doy neutral plent like A, cruentue., le

confiraed the short day responese of A, onudgtus earlier

roported bty Zavka (1957). Saason (1972) vorking st
Wageningen revealed that a Burinsn ocultivar shoved no

difference in flovering recponse to daylengths of 10.5 and



13.5 hourn, while a rcddish leesved Etalopecn cultivar
chowed conciderable deley in daglengihp cbove 12,5 hours,
This indicaten the short day responee type of behoviour in
the Ethiopéaﬁ cult;var, Tietalled investigatione by

Grﬁbb&n (1976) Eevealed;that A. cruentus and A. dublus are -
doy meutral typeo and cultivors of coresl ameranths

(Le oaudatus, A. Agpochondriscus) are quantitatively chort
doy plenta, The végetable anaranth, A. iricolor behaved

oo & quantitative chord day plent. The cersal amaranth

(A, cpudathus, A. hypochondriacus) flowered only by the

end of September, when the daye became sufficiently short.
Grubben (1976) also suggested thnat photoperiodic reaction
alone, msy not be the only facior responsible for flowering
ag a faw variotles wors practioally indifferent to photo~-
periodicl iy rand early flowaring occurred irregularly and
noreover in £ll amsasons. Hathai (1978) roportoed that
anpranthes are in general short day plants sng8 when plented
towarde chortor daye (winter ceason) they nsy bolt early,

3. Hoteorological factors affecting floral initiaticn

Zobka (1997) stated that temperature i6 aleo an 1mpbr-
tant fector in deteraining tho time of inflorescence initic-
tion-anﬁ subgegucnt developacnt of plarnie under both lonz
deye end shorti days, in emersantha. Grubban (1976) observed
that ghaded plents flowered late indicaiing the effect of
quality of 1ight and teaperature on floral initiation. -



Lang {1952) ntated that florel initiation shows a high
degreo of developmbnt under certain onvironmenial condi~
tions ~ the two conditione which moast frequently coutrolled
floral initiation in o epecific memner ere duylongih ond

low tempgraxura. Long (1952) furtiher opined thot the effect
of thernmo induction on floral initiation io the eane oo due
to photo 1nduop1ap. Reporte on the ppecific role of low

tcaperature on flowvering in amoranths are rather limited,

4. Soil factore affectins floral iniiiction

" Early Iloﬁering in caeronth woe observed on plots
which are not uell‘csred for ond those suffering from drougnt
(Grubben._19§6). Anaranths cultivated on poor soile bolted
eurly. Enyl (1965) reporied tamt periode of water siress
stimulate early flowering. In his view, the principal
cauge for eariy flowering in tropical region ic certainly
no photoperiodic effoot; uéterﬂtreao scomed a much nore

probable reagon.
5¢ Genotic factore

There is dofinite varietal difference in bolting, A
few coaranth types, Alleppoy and Vechoor types were found 1o
flower in 3=3% months, wacraas, 8 local Kannars typo 4id not
flower oven after cix aonths (Horala Agricultural University,
1978+-79). Varinbility wap obpcrved emong various types of
ancranthe for time to flowering. |
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6. Other faotors

Kauffearm cnd Gilbert (1981) were of o opinion
that proper mansgement 1le inportant to pravent bolting in
amaranths. Tho height of catting was also found to in=-
fluence flowering in emaranthe. IEnyd (1965), Grubbon (1976)
and Deutsch (1977) found that cuttings waen made very near
the eoll ocurface rotarded the dovelopzent of inflorsgcence

in eprouts. Enyi (196%5) attributed this to the depletion
i of auxin responsible for flower initietion, when the ptem
cutting 1o done at considerable depth. According to
Ingi (1965) plantiﬁg distance might also influenoe flowver-
ing, where due to depletion of nitrogen, the O/H quotient
may increaes, The higher C/H guoticnt leade toc floral
initiation in meny crop plents, But Grutben (1976) estated
that a higher dose of either N or corbon seemed to have

little influence on the number of infloregcences formed.

Another faootor ihat seems teo have affeoted flowering
is. the mode of planting; Hohideen and Hajogopal (1975)
reported that transplanting delnyed flovering snd increased
the total duration of the vegetative phage making it poseible
te have more numnber of cuttings. Sulekha (1980) foupd that
the age of plentlete also influencod floworing because earLy
flowering 'took place‘in older seedlings.

1T
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7. Studies on phenotypic sitnbility in aceranthe

Yield per plant wos obperved highly to be influenced
by the environaent (Praead ei sl., 1980). The investigation
of Sreoronga Swoami gt ale (1980) also brought out the
existonce of eirong Genotype x Invironment (G x B} inter-
sotions in the diverse genatic population of anarantnhs.
dohideen and Muthukrichran (1981) found thet nean yield of

"grecns ond component cheracters were coaperatively high in
nostl of the types durin;; the suaznor season as coapared to
rainy socson. They claspificd the azaranth genotypes into
high ylelders, moderate ylelders end low yieldors, The

high ylelding typen ware cinaracterissd by vigorous growtih ams
evidenced by the high mean value for leaf weizant, sten weight,
leag length, loaf breadth, stem dismeier and plont height.
But a oysteaatic approach to identify otable iypes as pro-
poeed by Ioberhart snd Ruesel (1966) in crop plante is lock~
ing in vegetable azaranth. Little inforaation is wvailable
on these lines,

8. Screening canranth i7ypes- with negligible content of
oxnlatens and nitratos

The presonce of entinutrient or noxious substances,
oxalates ﬁnﬂ nitrates in aacranth leaves hop always been a
negntive factor in ite lerge scale consumption., Ier
darderonien et sl. (1980) found that nmean nitrate levels
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voere 0.08% in leaves (on fresh weisnt Lasis) and 0.158 in
atens, Tho oxalato levels were 0,755 and 0.06% in leaveo
and atens respeotively. Deuiach (1977) indicated tnat
oxalntes wers more of a problen, when plunts were grown
under stroes conditions, Fauffnmexn snd Gilbert (1951) also
obgserved that vegeiaoble amaranth when grewn urder spiress
condition, are found to have higher oxalate content.
Grubben (1976) found considerable differemces in oxalic
ocid content emong 25 varieties of emercnthe. 4 eyeteaatic
approach to identify aneranth lines with neglligible content
of nitrates and oxanlsties is rather mlsping. Similarly,
little infornation is available on the chlorophyll content

of the oanranths Also.
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HATERIALS AND HETHODS

The preaent seriea of experinents wers conduoted
during ‘l21IIP ocontimious plantinge at aonthly interval from
April 1931 to Morch 1982, The location of the cexperimentsl
ploto ware at the Instructionnl Farm of College of Horti-
culture, Vollenikkera, which is eituated botween 10° 32" N
latitude end 76° 16" B longitude, ot an altitude of 23
metires above meon mga lavel, 7he place epjoyas a typliceal
worn hundd tropical olisnte. Tho phyeical charaoteristics
of the poilp, where cropping wan done are furniched in
Appendlx 1. The mechanical snalysis of soil wao depe as
suggested by Piper (1966).

A. Experinental materials

The experimental meteriols included 25 genctypes of
sperenth. Theso gervotypes conecisted of releesed varieties
and pronieing lines, which aro members of four Amaronthus
speoien, A. iricolor, A. dubjus, A, viridje and A. gpinosuas.
The spsoies atatus of the 25 genotypes vere determined using
the keys dascribed by Eailey (1973%) and Foeine (1981).

Tho source ard morphological dosoriptions of the
25 genotypos ore given in Table 3.1.

® The Hay 1981 plonting foiled due to hesvy rainfoll and
rosultont wvater stagnation.
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B. Experimental dosign

The 25 genotiypes waore selected from the amaranth
gera plaem maintzined at the Department of Olericulture,
Collegs of Horticulture, Vellsnikkara. The expsrimential
Ratericle vere sown in a randomteed block demizn with two
replications, 7There were 150 rows/replication keeping
eix rowe/gonotype/replication. Out of these 6 rows, two
rowa were kopt am oontrol, the middle two rows were uasd
for recording vegetable yield and the ramsining lwo rowa,
kept ap such after one harvest., 7Tne length of each row was
1.50 @, row to row distance, 0,30 m ond plant to plent
~ distance, 0.15 m. The plontings (diroct sowing method)
were done at monthly intsrvale treating each monih's plent-
;Lné as 8 separate trial. The experimential plote for monthly
planting vere selscted in contrasting soil typea for phy-
sical characieriestiosn,

C. Plant characteras ptudied

1, Doya to 505 germination
2. Plont height on the 30th day of eowing’

The observation on plant helght wac made on the
30th day of cowing in rows kept without harvest, Five
plonto were randomly eolected for talting obeervations on
plant height,



16

3, Girth of sten at cut end on the 30th duy of sowing

Dismeter of sion=-end wes taken at firot harvost
fron five randomly eelected plantio ueing veraler callipers.

4o longth of tho Sth leaf on tho 30t day of eowing

The fifth leaf from torainal bud wes harvacted
from five rondonly selected plentis and tho above observae-

tion was made,

5. Width of the Sth leaf on the 30th day of eowing

The width of the same lesf used for roegording the
lengtih of leaf was taken a2t the region of maxinum width.

6. Iongth of petiole of the 5th leaf on tho 30th day of
sowing

Petiole length of the 5th leef, umed for measuring
length and width, wao aloo recorded f:.fom the randoaly
goloected 5 planto.

7« Branches/plant en the 30th 4oy of sowing
The observation wam made at the time of firet harvent.
8, Dayn to 50% bolting in control

From the two rove kept unhervested, doys to 50%
bolting were observed, =
9. Daye to 50F bolting in uniocut rowe

~ Days to 50% bolting vas slso recorded from the
2 rovwo left after one harvest,



10, Nodes on bolting dsy’

liodes to boliing vere counited from S randomly
solected plonts,

11, leaver on bolting day

Leaves woro counted froa the msme 5 pleants, nced

for counting noden.
12. Plont height on bolting day

Plont heipgnt wans also ncegured from the 5 plents
randonly seleoted on the dsy of bolting.

13. Froquency of harvesis

Huaber of hnrvaﬁta nade from the rowa kept for taling
yield, for each genotype wan alzo rocorded,.

'14. Total vegetable yield

Vegetadble yleld was recorded from two rows/gonotypo/
replicetion, where harvooting was done first on the 30th
dey of oowing and thon at biweskly intervals. Harvesting
war stoppod when tie plents flowered.

De Keteorological obgervetions

1. Uaximumn temperature

NMaxioun daily tempersture during the period of experi-

nentation were recorded,
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2. Hinimun temperature

The minimua deily temperature during the perled of
investigation wore revorded,

%+ Roinfsll

Daily reinfall received wae aleo recorded during the
period of investigation.

4o Humber of rainy days/weok
5..ﬁelat1ve humidity
The dailé relative hunidiiy was recorded.
6. Brizht sunshine hours
Brignt sunchine nours gbeerved on oachk day during the

poriod of experimentation.

The datn obaerved for these parameters are presented
in Appendix IIa ond IIb cp woekly mesum.
Ees Chenionl annlynie of edible perts.
1. Oxnlate content

Oxalate content of odible peris wos esiimated by using
ferron reagent as sugseeted by Uarderosian (1930).

2. Hitrate content

liltrate content of the edible porio vao cotimated
by Neoeelers reagent as auggested by Sneil znd Snell (1977).

%



9« Chlorophyll content of loavos

Chlorophyll=-g, chlorophyll=b and wotal chlorophyll
content were cstinpted using three gomples/genctype as the
method suggested by Arnon (1949). The leaf used for eoti-
mating ochlorophyll content wan fixed as the 3th leaf froa
bottom after appropriste sienderdisstion (Appondix I1I1).

F. Statiotical apalysio
1: Analyeie of varience

The data for each character were analyced seporately
for each crop as in & randomised block deeign (Omtle, 1966).
The nathenatical model of the experimental design is given

by

Yj,J q/ﬁt+ tL ¢+ b) + el
. (i« 1'2' sescsnssty J = 1.2 ceveceses I)

where
Y.‘I. = pbgervetion of the j,t'h th :
J - genotype in § 7 replication

/L( general mean
i = true effeot of 1“‘ genotype

b) = true offect of §¥ block rwd

ol] = random error

The ootual break up of tho totsl wvariation into
d:l.f;.’arant componente ie &8s given in Table 3,2. Crand mean,
standard error of neon, cyritioal difforence and coefiicient
of variation were cstimated ae followe,



Table 3.2, Goneral annlysilso of variance

A W g . Sy A S A A - e e T

Sources of voriation ar H.S, ¥
Replications 1 R R/E
Genotypos 24 G G/E
Error 24 E

20
2.0
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Grend mean o Gran%ﬁtotal

Standard orror of mean s|—5—

€
3
Where E = error mean squave

Critical difference = g-?-x table value of 't' at 24 4f

Coqfficiant of variation = ﬁraéggﬁean x 100

2. BEstirntion of wveriability, heritability and expeoted
senotic advance

Variability eximiing in 2% gonoiypoo wae entimated at
genotypice and phonotypic levels,

Gonotyplo ccofficient of varistion,

(EW) - G.ﬂﬂt!g;ﬁ atandard dwmtj.g} x 100

Grand mesn

¥hcnotypice coefficient of varietion,
Phonotyplc standard deviation . 4
(pov) = Grand aean x 100

Ratimaies of genotyplo end phenotypic standord devia-
tions were obtained by solving tho following eguations fron
the rospootive ALOVA of differont oharaotors.

JI‘\'J-.
Eptinmate of error variance, ( C@)a E

Eptinate of genotypic variance, { Sg°) = Qgﬁ_

Estimate of phenotyplo vorimnce, (p-) = cgo+ B

vhore, r = nunber of replicationsg
E = error aesn sguare
G = Hean esquare for varieties
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Heritability in brogd sense uza estinsted bty the formula,
o gl
3. Popled aenalyeles of varisnce .

Anelyesis of variance of the pooled data for each
character vas porformed as suggeoted by Fansoe end
Sukhatae (1978) end tho detnilod anelysis of varimmcee are
given in Table 3.3. |

4, Stability cnalysin

The phenotypio stability onalysis for vegotable yiold
end doys to 50p bolting werse conductod as euggoeted by
Bbsrhart and Russell (1966). Three porameters were osti-
nated so as to noasure phepotyplc stability of cultivars.
They eare (i) mean, (ii) regression of individual mesn
performance on environnental index and (4144) deviation froa

regreasicn. The linear nodel io of tho fora

YiJ n/l‘+b1 1] +<§-i,]

where,

I = 1,2 cececones 29

d ® 1,2 seceonees 11

‘riﬂ = pean performence of,ith genotype in the Jth
environmsnt

/4 = aean of all the geroiypcee over all the environ=-
ments,



Table %.%. Fooled

analysle of varianoce

Source ag 85
2
fotaa I
2
Genotypes (8) 24 A TL{1950P
Seasons (8) (}?). é%-g?dizs-cr
(264)
Pooled error 264
(288)

*There are 12 scasons for doye to 507 goraination
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bi = the regression cosffioient of ith genotype on
the environmentel index which meacures the

roaponse of the genotype to differeant environments,

Jj = the anvirconmentzal index whioh is defined as the
deviation of the mean of all the genotypes at a
given location from the overall mesn.

th

é}J = tho dsviation from regresoion of 1™ ganotype

at the § ¥ exvironment.
The environmental index caon be expreessed as
Ij = (% Y43/25)= (7 5 Y4)/275)y with 5 1) = O
The first otability parsmeter (bi) was estimated ueing
the forzula,
- = = 1 2
bi 3 Yij Iﬂ/ 3 IJ
The seoond otobility paremeter (5%a,) wae estimated
usaing the formula

2 = - al
594y = 59 42/9) = 85 /r
vhere, sza/r ia the eatimats of the pooled error end

ié 2 a o - 2
7 132=(5 ¥yy292/10)=- € Y, 1)°/21,2

The avaerage of error zean gsqueres over all the anviron-
nentl wag taken ap the eetimate of pooled error varianocc.
The detailed analysis of varlanoe for the eotimation of
stability parameters is given in fable 3.4,



Table F.4. Auclysis of varisnce for stability

Source at Salla i1ela

Total 274 T = Y%-c:@ & ToBaS.
Gerotypes (G) 24 = ¥2_/11-CP = G.8.5. 54
Seasons (5) 10 faa Y.J/25-CF a Se8.8.
G‘ z S 240 T.S.S.‘G.S.S.-S.Sosa mz

= == 2 - = 2
S + (GxS) 250 TS Y,_J 1 Yi./11
s Ty 2 2 = 5 )
w (l.inear) 1 1/25 (ﬁ Y.J IJ) /?I‘j Sele (1)
G x 5 (linear) 24 [—i 2,2 12] wm & .

5 & Yi:l 1%/ % 13| «3.8.5.(1) s,
Ponled daviction 225 51'(“5 ) LS

d 13 4
Genotype 1 9 T 2 <2y, 19721 i
™ - J 1. J 1 J J J
: : 11 .
Genotgpe 25 9 2 Y2 - y2 ’ 2 2
25. . (=7

I 2 ——?—?—- J ZSJIJ) /?IJ

Pooled error 264 S LS, NP
\r‘.




i) The significance of the difference emong genotype

mesns wue teoted using the P ratio,
Fu zaa1 o Eeen sauare for yariotieo
Hﬁ4 pooled aeviaction-meéan squnre

1i) The significance of genotype x environment intor-

action was tenicd uming the F ratio,

U2 . Heen sausve for genotype x seasons

Fe HSg - “pooled orror mean equare

111) Tho genetic differences among genotypes for
their regression on the environmentsl index weroe tepted

using the F ratio,
b4

P o EEZ » Heon sousre for G x S (linsar)
s‘ pooled deviation mésn square
iv) Deviation from regresnion for each genoiypo weo
tested using the F ratio,

= (2 S
by (% _132)/9

@

v) The asignificence of the difforence botween rogresseion
goefficients and unit was teeted using the appropriate 't

tool,
bi~1
t = f==: 7,

S« Correlation of moteorologicel parageters and physical
components of soil with deys to S0% bolting

Simple correlation coefficients betwsen meteorological
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pararmetors and days to 507 bolting were worked out as
suggeated by Snedecor and Cochran (1967) for each genotype.
The metecrological data wore averaged out for each woek,
The correlation between doyo to 505 bolting and the woelkly
nean of thie parazeticrs froa the week of powing to bolting
vos worked outs In the case of rejiufall, total reinfall

per week was uced for tho correlstion analyois,

G. Ascertaining the sopeoice status of the genotypeo

A1l the genotypoo used in the investigation were
exanined in detall to put thoenm under the botmnical apecies.
The keys used for the identification wore thet of Ealley
(1973) snd Feine (1980). |
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RESULTE

The resulte obtained in the pressat investigntion

are presentied under the following heads.

Ao

Be

C.

D,

E.

Ao

1.

Anslysia of varisnce, eatimstion of variability ond
heritability for vegetabls yield and its cocaponent
characters and bolting.

Stability anolyeis for totel vegetable yiecld end daye

Corrolation of various meteorologlical porcaeters end

physical properties of coll with days to 50% bolting.
Chezical enclyeie of the edible parts

Aescertaining the oorreod spcoles ntatus of the genotypes.

Analyels of vorisuce, estinction of voriability ond
horitability for vegetable yield ard itc component
characters and bolting.

Days to S50% germination

The 25 amoranth genotypes differed sisnificantly in

all tho 12 cowinge (Iz2ble 4.1a). It ranged from 4 (A 24,

A 25, £ 39) to 17 (A 18) doyo (Appendix IV end Table 4.2a),
The eorliesct (4 days) gorminstion of sll the varieties was
obgserved during April 1981 sowing axd delayed (6 deyo)
gerainntion was obeerved during June 19381, IThe genotypic



Table 4.1. General cuoglysie of varlance for vegetable ,yaeld and conponent charactere.

in emaranths
2, Doys to geraination

tean gum of gquaroes

Sources 4f — — - - :
By By B B 55 By By By By By Eq

BOplica= g 0,50 - 0.50 12.50 0.72 6.48 0,93 0.60 0.50 - 2,00 0.18 0.02 171

Gomotypes 24 1.365%  1,26%%21.17%¢ - 1,785% 2,22 3,04%% 2,00%% 3.17%¢ 2.48%¢ 0,86%* 2,21%% 4.67°¢
Error 24 0,17 0e21 0,58 0,60 0,69 0,65 0,50 0.38__0.45 0,22 0,40 _ 0.29

be Helght of plonts on 50th doy after sowing
lean sua of ogusres
1 2 - 3 4 5 6 2] 8 9 10 1 12 13

Sources af

iiﬁlll:ea- 1 320,05 17.93 165,44 23.27 121.77 0.46 11.79 47.18 140.28 10,82 45.60

Genotypos 24 04.72%* 45,737% 21,51 46.30%* 19.49° 47.50% 47.84%% 26.58%" 64.43** 68.64°%118,12%%
Error 24 31.79 16.69 11.72 7.86 8s85 23,73 4006 -3.31 17.15 12.55 b Y Y&

Ce Girth of sten at cut-end on 30th day after sowving
§§§§§°a' 1 0.79 5692 27483 12.41 0.17 426  0.56 2.56 0,01 0.66 23.12
Gonotypos 24  Te40  11.08%" 6,35  3.86%° 5,49%F 2,30  1.84° 5s61%¢ 3,57 8,63 14.77**
Error 24 4,98 1.14 3.61 1,08 098 1,37 0,80 0.36  3.26 1.59 5¢56

2 (p=0.05) *®= (p=0,01)

Tines of sowingl E.‘ = April 1981; E; 1981 8, = June 1381, L, = July 1981; L’4 o August 1931,
E§ u Saepteaber 1981; EB = Oct.ober ‘?9813 E7 = Hoveaocar 1981; EB- Daceabet 198%
Bg = January 19823 EIG = February ‘49812= Bqq> Marcen 1982. (contd.) o
B W ]




Table 4.,2.

Jcan standard error of mezn (S.En), range, genetic coefficlent of veriation
5, phenotypéc coefficient of varieticn (pcv), coefficicnt of variction (ov),

heritabllity (h

genetic sdvonce (GA} and ganetic sdvance ag perceniage of
gean for vegetablz yicld end component caaracters

. Seasons

Hean + S.Em Rauge gev pey oV he GA GA as percenr
tage of aecn
1 2 3 &4 - 5 6 7 8 9
2. Days to 50% germinaticn ‘
B1 4.3440,29 4,00-8.00 17.81 20.16 0,40 0.78 1.41 32.47
E1+ 4,60+0.32 4.00=7.50 15,76 18,63 9491 0.72 1.27 27.52
Ez " 6400+0.54 4.,00-17.00 52.34 54.42 12.61 0.95 .43 106.10
E4 544440.59 4.00=8.50 16,10 22. 17 15.26 0.55 1.31 24..07
35 501840,57 4.,00-1G,50 21.10 26,20 15.52 0.65 1.81 %5.02
35 545440.50 4,00-6.,00 15.65 20,20 12.76 0.60 1.38 24 .98
E? 4.7*:0.43 4.00‘10.00 24.94 28.10 12.91 '0.79 2.16 45.64
By 5.40+0648  4.,00-8.00 18,34 22,12 12,35 0.69 1.72 31433
39 4.6250.33 4.00=6,50 12,42 16.00 10.07 0.60 0.92 19.87
B10 4.7Q¢Oo44 4.00’9000 20.26 24.23 13036 0.?0 1.64 34.83
E11 4.7640.38 4,00-8,00 15.36 1%.10 11.35 065 1.2% 25.47
b, Plant height on 30th day after cowing
E1 27+T345.99 13.38~41.55 20.23 23.68 20,33 0.50 B.15 293439
B 20,76+2.,89 11.50-25.95 18.36 256,91 19.68 0.47 536 25.79
BS 23.81% 2.42 20.05-23.63 9.30 17.312  14.38  0.29 2,47 10.39
E4 14. 26+1.98 T7.17-25.25 30.71 36.49 12.65 0.71 7.61 9535
gs 19.0842,10 12,50-23.95 12.09 19.73 1560 0.38 2.91 15.26
6 18.52_3 £4 10.50-31.70 18.59 32.21 26,30 0.3% 4.10 22.11
E7 15.51+1.,42 9.13-29.065 30.10 32.85 13.00 0.54 8.85 57.03
Ea 16.30+1 29 9.20’25.13 20.93 23.71 11015 0078 6.20 38005
Eg 23.09+2.93 14.65-35.,20 21.06 27.60 17.93 0.53 T.63 33,02
310 24.5042 50  14.75-35.00 114.49 21.64 14.45 0.69 3.07 37.02
E11 44.17+4.31 23.50=60,80 14.40 19.95 15.81 0.52 9.45 21.40
(contd.)

oo

o
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coefficient of varintion (gov) renged from 12.42 to 52.%94. °
Horitabllity of the charaocter voried from 0,50 to 0,95,
Genetic advence (GA) an percentsge of mecn ranged from
19.87 to 106,10,

2. Plant height on the 30th doy of esowing

All tho genotypeo wvere significantly different for
plent heigni on tho 30th doy after sowing in 10 seacons
(Table 4.1b) and in July 1981 eowing the genotypes wers not
eignifieantly differont, The plent nelght ranged from
23,50 ca {A 17) to 60.80 ca (A 28) during iarch 1982
(Appendix V ond Teble 4,2b). Ihe higheat average plont
_height (44.17 cm) wvas observed during Harch 19_&_2__%
the lowest (14,26 ca) ﬁuring Auguat 1981 eowing. The gov
renged from 9,30 in July 1961 o 114.49 in February 1982,
Heritability ranged from 0.33 (Ootober 1951 mowing) to
0,84 (Hovember 1981 mowing). The GA as percentage of mean
voried £roam 10,33 to 57.09.

Js Girth of stes at cut end on the 30th dsy of ecowing

The genotypee were significantly different for girth
of otem during 7 seazsons end weré not significantly dirfe-
rent during 4 other ceasons (Table 4,18)., The girth of stea
ronged from 5,30 mm (A 4%) to 15.80 mm (A 28) during Larch
1932 (Appendix VI and Table 4,20). ¢he moximum overall
girth of atem was observed during Harch 1982 (10,04 nm) and



Table 4.2, continued
1 2 -3 4 5 [ T 8 g9
c. Girth of sten (on) at cut~end on 30th day after sowing
099‘50075 4.80"13. 50 27.89 30092 13 035 0.81 4e 14 51 .80
E§ 6.2751.34  3.40- 2.40 18,72  35.64 30.32 0,28 1.27 20.28
B 4.5130.74 2.70- 7.50 26,14 34.89 23,10 0.56 1.82 40,34
Eg 6.1640.70  4.00- 9.25  18.15 3430 16.08  0.28 1.22 19.79
Bg 5.76=b.33 3.80= 7.70 11.82 23.49 20,30 0.25 0.71 12.25
Err 3.92+0.63 2e 20— 6.25 18.38 29.33 22.89 0039 0.93 23.62
EB 3.3940.42 1 048"10.00 47 .87 51 .00 17.53 0.83 3.13 9- 54
Eg SeT0+1e28 3.20= 7.70 6.86 32.40 31.67 0.04 0.17 2.93
E3g 7.1230.89 4.20-11.25 26.34 31,76 17.74 0.69 3.20 45,01
B33 10.04+1.67 530=15.80 21.38 31.75 23,48 0.45 2.98 29.66
d. Tength of 9th leaf (cm) on 30th day after sowing
E, 10.85+1.16 5¢63=17+58 26.83 30.81 15.14 0.76 S5e22 48.15
E2 10-62’00.81 4033-1 4.31 25. 18 27 «40 10.80 008" 5.06 470 69
E3 9.69+1.44 4.14-14.77 23.65 31.65 21,03 0.56 JeS3 36.42
E‘ 7.211'1 049 3.87-1 1 .62 26087 39. 69 29. 20 Oo 46 2070 37-48
Eg 9.62¢1431 4.,62-17.581 24.73 31.36 19.27 0.62 3.87 40.20
E 9.93+1.40 S5e04=13 .84 21,66 29.47 19.99 0.54 3426 32,79
E? 8.2631.11  3.69-11.67  22.23 23.21 18.95 0,58 2.83 34,84
E 7.8321.03 3,23=13,03 29.82 35,62 1947 0.70 4,06 57451
Eg 10.58%1.39  5.60-15.34  19.42 256.91 18.63 052 3,05 28.85
E3g 10.35+0.96 5e30=13,.67 23,34 26.80 1317 0.76 434 41,88
(contd.)

Z%ZE
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the mininun Guring Deceaber 1981 (3.39 un), The gov ronged
from 11.82 to 27.89., Heriiabilitly varied from 0,04 to 0.81;
and the GA as percentoge of mezn from 2,93 to 92.54.

4. lsngth of the 5th leaf, J0th day after eowing

A1l the 25 genotypem differed eignificantly for their
leaf length during ell the 11 scasons (Table 4.1d)e It
ranged from 7.75 ca (A 43) to 20.13 em (A 13) during Harch
1982 (Appendix VII ond Table 4,24), The muximum overall
nean for leaf length was also in darch 1982 (13,30 cm) and
the minimum 4n Auguot 1931 (7.21 ¢3). The gov ranged from
19.42 to 29.82, heritability from 0.46 to 0,84 and GA an
percantoge of nean from 28,88 to 48,19.

5. ¥idth of the 5th leaf on the 30th dey of sowing

The genotypem were sipnificontly different in cll the
11 geasons (Table 4.1e). It renged froa 5,09 ca (A 43) to
13.09 cn (A 13, A 28) in Narch 1982 sowing (Appendix VIII
and Table 4.2¢). The naximum mean width (8,65 ca) of all
genotypea was observed in leorch 1982 sowing snd the mindimun

(5,29 ca) in August 1981, The gov ranged from 19.77 to 32.05,

heritability from 0.52 to 0.86, send the GA ag percentage of
noen from 29,28 to $3.81.

6. Length of potlole of the 5th leaf on the 30th dey of
sowing '

The genotypon differed significantly only in 7 seasons
for length of potiole mnd in 4 seasons, they were not

)



Table 4,1 continued

1 2 3 4 5 6 7 a8 9 10 11 12 13
d. lepgth of 5th l=af on 30Gth dey after sowing

Replico= 4 51,65 1.28 047 076 1.03 11.25 4.79  4.09  0.25 1.20  8.10

Genotypes 24 19-54"15.62*’14.66" 11.94%7 14,75%% 13.192% 9,18%® 13.39%# 12,329913,53%% 22,28%¢

Error 24 2.70 132 4.15 4.43 - 3.43 394 2445 2,35 3.88 1.86 4.95
6, Width of Sth leaf on 30th doy afier sowing

%ggg;°“' 1 39,18 261 0.14 000 010  1.57 0.23 1.09 0,06 1.55 0,00
Cenotypes 24  6.328210,12%% 5.71%% 4,35%% 55,7185 5,83%0 5,60%8 §,85%% 7,07%% 7.45%% 12.47**

Error 24 1.31 0.74 1,36 156 1.38 1.85 0.73 0.79. 153 0.90 3426
f. Length of S5th leaf's. petiols on 30th doy after cowlng .

ﬁig;gcﬂ‘ 1 12,67 0.06 0.69  0.13 0.4 0,51 0,18 0,00  4.74 © 0.27 1.07
Genotypep 24  1.31%% 2,16% 3.60  1.44  2.48°  2.365% 2,41%% 2,30% 1,57 3.45%" 9.29

Error 24 0.46 0,92 1,91 1.11 1.05 0.53 Q.73 0.36 1.08 0.59 513

ge Eranches on 30th day aftler cowing

ﬁggiéca- 1 4,68 0.50 0.36 0,02 3,77 0,01 0,14 4,32  0.15 0,13  3.04
Cemotypen 24 15.74%% T«T0%® 5.03%%  5,729% 4.51%7 4,35%% 4,38%% 4.26%" S5.07%* 3.35°% 6.13*°

Error 24 3,07 2.22 0.55 0,25 Te24 1.61 0.27 0.48 0.82 0.54 3,06
h. Doys to 50% bolting in control

Replica~ 648 20,48  5.12  46.08 24,50 0,00 27,38 0,98  18.00  0.98  33.62,

ticne
Genoiypee 24 1315.41 1190.35 652.20 352.46 237.00 221.44 471.38 596.72 295.14 297. 96 228.17

Error 24 23,36 11,11  8.87 9.87 6.38 11.96 7.51 1131 22.71 11.52 10.04

(contd,)
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‘Table 4,2, coniinued

1 2 3 4 5 6 T -8 9
e. Width of 5th leaf (cm) on 30th dsy after sowing
E1 ‘7.7340.81 4422=10.51 20.47 25.26 14.79 ‘066 2.64 34,18
2 _7.25+O.61 ‘B3627-11.71 29,85 5213 11.67 ‘0.86 414 S7.14
E3' _6.62+0.82 "355=10.34 22.36 28,40 17.67 '0s62 2039 36.04
E‘ 5.29+0.83 "2s51= 8,87 23.03 %1.97 22.13 0.52 1.82 34.48
ES 5.5130.83 "3,05=" 3,78 22,59 28.89 18.13 ‘0.61 237 3640
E .7-134'0.96 ‘3.78-10-30 19.77 27.4‘8 19.07 0.52 2.09 29.28
£ 5l0050.61 2.97-'9.64 26,15 29,82  14.33 0.7  2.85 47.44
E _5.43+0.63 "2638=" 9449 32,05 36010 1639 ‘079 319 58,81
Eg  7.4330.87  4.48-10.93 22.3F  27.85  16.60  -0.64  2.75 37.00
311 806541 028 5.09"13 089 24 082 32042 20087 0- 59 3-38 39-12
f£. Iength of petiole of Stn leaf (ca) on 30th day after sowing ‘
E1 ' 44513048 '3.20- 585 14.47 20.86 15.02 0.48 0.93 20,63
B '4.81+O.GB - 2.15= 6.5¢ 16.42 25.80 19.89 0.41 1.96 40,82
E§ 4.8130.08  2.80- 8,28 19.64  34.77  28.7} 0.32 1,10 22,54
E 3.65+0.74 1,90~ 5,16 11.18 30.92 28+81 0.13 0.30 8.31
Bg .31"0.73 ' 2.59- 6.89 19.61 30.84 23.81 O-4O 1.11 25.66
Es 4.76:0. - 2058 7.85 19.76 25-54 16.17 0060 1-50 31 049
Eq * 3,6620.60 2,00= 5.87 23,76 32.43 22.05 0454 1.39 35.54
E 3-80"‘0042 2-43-' 5-89 25.93 30034 1 5.72 0073 1 074 45.55
E3  4.7330.73 -3.23- 6.87 10.36  24.50 2193 0.19 0.4 9.25
B4y .7501.50 5e25=14652 18.65 34.75 29.733 0.29 1.59 20.62
{contd.)
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eignificantly different (Table 4.1£). It ranged frem

5.25 cn (A 25) to 14.52 oa (A 23) in Uorch 1981 sowing
(Appendix IX and Teble 4.2f), The maximum oversll length
of petiole van observed during March 1962 (7.73 ca) sowing
and the minimum (5.65 cn) during Auguet 1981 soving. The
range of gov, horitabilily cnd GA as percentzage of moon vere
11.18 1o 25.9%, 0,13 t0 0,73 &nd 8.31 t0 45.6% rosgeotively.

7. BEranches/plant on the 30th day of sowing

All tho 25 genotypes were significantly different in
all the 11 seasons (Table 4.1g). The branches varied from
0.20 (AS) 1o 11.00 (A 34) in April 1981 crop (Appendix X
end Table 4.2g8). The maximun overasll meun bronches (4.50)
were observed during larch 1982 soving aud tne minimum (2,63)
during August 1931 aowing%ﬁ\Tne gov rangod from 27.54 1o
62,97, heritadbility Tron 0.33 to 0,91 and GA as percentege
of mean Ircm 32.79 to 124,04,

8. Days 1o 50% boliing in control

Thoe genotypes were significantly different in all the
11 sowingo (Tavle 4.1h). It ranged from 25 (A 12) to 124
(A 33) days during April 1951 sowing (Appondix XI ond
Tsblo 4.2h). Tho maximum deleay (55 daye) in flowering woe
oboerved during June 1981 cowing and the sarliest (40 doye)
flovering was during MNarch 1982 sowing. 3Ihe gov, herltability
and GA ae percentoge of meon varied from 24.61 to 49.45, 0.86
10 0.98 and 47.96 10 95,31 respectively.



Table 4.2. cantimaed

1 ... 2 '3 -4 5 6 7 8 9
€. Branches/plent on 30th doy after sowing _
B,  4.3921.24  0.20~11.00  57.34  69.86  39.91  0.67 4.26 95493
By 4.3621.05 090 8.70. 38.00 51.12 34.19  0.55°  2.54 53,19
By 4.1a+o.52j 1.75= 7.35. 36,35 40.55 17,97 0.80°  2.76 67.12
E 2.63+0.36 o.oo- 6.00. 62.97 65.83  19.24  0.91 3426 124.04
E‘g 3.2050.79  1.17= 6.38. 38.88  51.58 33,86  0.57 1.99 60.40
B2 4.1930.90 ‘1.50= T.40 . 27.97 43.22  30.28  0.46°  1.64 39,10
E 3.3850.49 0.59< 5.38 . 40.71  45.56 20447  0.80 2.53 74.91
Eg 4.0730.67  0.83< 7.34 . 35.56  42.42 23.15  0.70 2.50 61.37
By 4.23:0.52 1.33- 7.67 28,04 33.00 17.40 0.72 2.03 49.10
Eq;  4.5030.24 °  1.59- 9,20 . 27.54  47.70  38.93  0.33 1.47 32,79
h. Daye to 50% bolting ir control
Ey 52.3243.42  24.00-124.00 49.58  49.58 9.24 0,97 51.44 98.31
E}  55.10$2.36 25.00-124.00 44.07  44.45 6.03 0.98  49.56. 89,94
s§ 54.68+2,11 . 24.00= 90.00° 33.56° 34.00°  5.45 0.97 . 37.31. 6842%-
Eg 44.8231.79  28.00~ 69.50 23.96° 24.61 5463  0.95  21.53 48.04
E2 ' 41.6432.45 26.00- 60.50- 24.53°  25.94 8.31- 0,90 . 19.97 47.96
EC  47.1081.94 22.00- 71.50 32,33 32085  5.82  0.97  30.88 65.56
Bl  43.3832.33 25.00- 76.50- 35.36°  36.04 6,95 096 . 34.53 771.48
By 42,3623.37 21.00- 61.00- 27.42  29.62° 11.20  0.86 22,26 52430
E], 48.1032.30 25.00- 74.50  24.88  25.86 7.06 0,93 23,72 49.31
Ejq 39.90+2.24 . 22,00--66.00 26,18  27.35° 7.94  0.92 20.59 51.60
(contd.)
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9, Daye to 50% bolting in uniocut rowe

All genotypes differcd signifiocontly for the days to
5074 bolting in the unicut rowe in 10 sowings. They were
not signifioontly different during Februory 1982 sowing
{(Table 4.11). It ranged from 29 &aya (A 12) to 124 deys
(A_33) during April 1981 sowing (Appendix XII and Table 4.21).
The maxisun overall menn dayse %o boliing (66 deys) wao
obgerved in the Jume 1931 oowing and tne enrliost (51 deys)
wao in the August 1981 orop. TQe sov, herltability eand GA
ap poroentags of mesn renzed from 17.29 to 32.34, 0.61 to
0.99 and 27.30 to 66.81 respectively.

10. Nodes on bolting day

Thie was also significantly different in all genotypes
during all the 11 seasons (Teblsc 4.1j). Xt ranged from
10,10 (A 12) to 38,20 (# 6) durirg the Juno 1951 orop
(Appondix XIII ond Toble 4,2j). The maximua overall mean
punber of nodes (22,17) wap during ihe Dscozber 1981 crop
and the ainioua (17.33) wap during the Septenber 1981 powing.
The geov, heritability end GA as porocentioge of mean waried
Iroa 16.14 to 36.50, 037 10 097 &nd 18,99 to 73.95 ren-
pectively.

11, Isavoe-on bolting day

All ithe 25 omaranth genotypes were silgnificantly
di{ferent in all the 11 eowings (Table 4.1k). It varied




Table 4.1. continued

1 2 3 4 5 6 7 8 9 10 1 12 1% .
i. Iays to 50% bolting in wnicut rows
2§ggtca' 1 3«38 0.08 3,38 B81.92 35.28 48.02 10,58 12.50 21,78 19.22 18.00

L X &* [ X ] 248 L I
Gonotypes 24 855.78 927.46 625.71 320,13 281.71

Error 24 10,01 5.91 5,09 10,80 4.41
J+ Hodes on dolting day

ﬁiplica' 1 37,58 8432 0.38 0,07  4.24
onn L -] L L | ] 5&

Genoliypes 24 107.35 110.0F° 70.08" 45.75° 31.2

Zrror 24 5.19 1084 4.49 0080 1.96
k. ILeaves cn boliing day

Replica~-

tions 1 44,46 89.32 10.34 4.56 1.95

Genotypes 24 257.00 469.51 534.18" 227.87" 119,18°

- Error 24 16,99 T1.32 29,50 6.01 12.41
1. Plant height on bolting day
Replica~-
ticns 1 185.40 2445 3.56 23.19 235,31

Genotypes 24 2191.13°2916.60991.08"1097.47"241.65"

-3 e d 8 .e
280.T% 440.83 638,03 245.51

72.73 18,16 39.92  7.66
0.00 28,35 40.45  9.23
57.77 22,00 97.47° 94.008"
4.98  4.55 5,98 9.09
11,71 30.61 10.43  9.37
228.93" 76.51 105.49° 172.72"
10,81 37.29  19.456 42.64
953,80 87.17  23.32 29.38

372.65"114.07° 4038.65" 261.91

275.22 19661

23:18  B.13
1.05 20.53
51.13  44.47
4.12 22,67
123.06 37.15
155.28" 246.98"
36,10 34.05
0,18 167.23

276.98" 946.17°

Error 24  70.75 100,50 26.76 17494 55.36 7T7.63 14.50 24.15 163.30 60,95 69.30
a. Frequency of harvesis
Replica= 4 450 0,98 0.18 ©0.00 0.02 2.00 0.00 0,00 0.18 0.00 0,02
tionﬂ »-a oA & [ J L 2} ap’ 48 -4 ] & & g‘ & &
Genotypes 24  0.26  2.13°  0.55  0.35 0.34  1.94 0,58 1.98° 5.00 3.7 3463
Error 24  0.29 0,15 0.10 0.47 0.02 0.3  0.17 0.21 0.43 0.33  0.23
(contd.)
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Table 4,2. continuecd

1 2 .3 4 5 6 7 8 9
i. Daye to 50% boliing in- uni-cut rows B
Eq 634584224 20,50=124.00 32,34 32.72 4.98 0.98 41.87  65.85
E, 65.7641.72  32.00-124.00 32,65 32,85 3,70 0.99 45493 66.81
EZ 64.46%1.74 24.00- 90.00 27.31 27.57 2,83 0.98 35,91 - 55.T0
Bg 54,201.48  34.00= 77.00 21.73 22,07  3.87 0.97 23.83 44.06
H 58498603 33,00= 73.00 17.20 22.54 14.46 0.59 16.11 27.30
Eq 62.50+3,01 36e00~ 90,00 23.26 24.34  6.82 0.92 28.74 45.98
B 69.66+4447  30.00- 96.00 24.83 26.43 9,07 0,88 53446 48,03
B3 S#.2631.96  27.50- 71.00 20,10 20,74  5.10 0.94 21.77 40,13
E3g 59.9533.82 27.00~ 78.00 18,82 20.93  2.16 0.81 . 20.54 34,85
J. Hodas on boliing day
E, 21.2521.61 11.50= 38.20 33.63 35,29 10.72 0,91  14.02 65.96
E 200134’0.96 10-10- 38020 36.50 37.15 6.70 0.97 ’ 14-89 73.95
E% 20.7131.50  11.00- 32.23 27.65 29.48 10.23 0.88 11.04 53429
E 17.70:0.63 10.40~ 29,67 26.79 27.26 5+06 0.97 9457 57407
B} 17.33+o.99 13.35= 33.00 22,07 23.51  3.07 0.88 7.39 42.64
EZ  20,8821.53 10.71= 28.88 24,61 26.83 104,70 0.4 9.69 46441
By 18.30%1451 1.01- 24.50 16.14 19.91 11.66 0.66 4.92 26.83
E 22.17*1073 10.93- 35.63 30.16 32.45 1003 0.89 13.09 59l05
Ejp 20.2431.44 10,63~ 34,00 23.95 25.97 10.03 0.85 9.19 45,40
E11 20.38:3.37 ‘11034" 28.00 16.21 2\'3.43 23.37 0.32 3.87 18.99
(con‘t.d.)

gkl 0%
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from 12,30 (A 3) to 83.88 (A 43) during July 1981
(Appendix XIV and Table 4.2k). 7The moximum overall mean
(31,33) leaf waps during ths June 1931 crop end the minimum
(17.77) wse in Septeaber 1981, The gov ranged from 26.96
to 54,30, heritobility from 0.34 to 0,95 end the GA es
percentage of mean from 27.21 to 108.83.

" 12, Plant heisht on boliing day

Tho genotypes differed significently for plent helight
on bolting dsy in 10 sowings (Iable 4,11). It ranged fro=
13.84 cz (A 12) to 156480 o= (A 33) during the April 1981
crop (Appendix XV and Table 4,21). 3he meximua gesesonal
mean height was obperved during the June 1981 crop cond the
ainimun (30,22 ca) was in the Hoveabor 1981 sowing. The
rengg of gov, heritability and GA as percentage of mean were
23.36,1%0 57.91, 0,23 to 0.97 ené 16,00 to 105,53 resepeciively.

13. Frequency of harvest

The 25 amaronth geqotypeu differed significantly only
in 10 sowings (Taole 4.1m). The frequency ranged from 1
(A 12) to 6 cuttinge (A 6, A 9, A 13, A 22) in Jeanuary 1982
crop (Appendix ZVI and Table 4.2m). IThe maximur oversll
moan pumber of herveets (3,50) wera got in the January 1982
orop and the minioun (1.22) wao in the September 1931 crop.
The gov, herdtability and the GA ap percentege of nmocn for
the charactor ranged from 10.14 to 43,14, -0.07 1o 0,89 end
=5.43 10 81,49, respectively. '



Table 4.2, continued
1 2 3 4 5 6 7 8 9
k. leaves on boliing day
-E‘i 30.5142,91  13.40-54.40 35.91 38437 13,51 0,88 21. 11 69.20
Ep 31334597 13.13-80.59 45.04 52.49 26,95 0.74 24.93 79.55
Eg 31.1133.84 12,30-83.88 51.06 5397 17.46 0.90 30.94 99.45
§4 19.40+1.73 10.60-65.33 5430 5575 12.64 0.95 21.11 108.83
Sg 17+7722.50 10.00~44.50 41.12 45.66 19.863 0,81 1355 76.26
E-? 19.6644.32 10.50-35.04 22.53 3337 31.07 0.34 S35 27.21
Ee 20.1233.12  10.60-40.04 32,60 39.23 21,92 0.09 11.20 5565
>3 29.89¢4.63 13.00-51,13 26.96 S4.74 21,90 0,50 12.83 43.09
53, 27.09»4.25 12.17-50.59 28.25  35.92 22,18 0.62  12.39  45.73
1. Plant height (cm) on bolting dey

Ez 70.77"7.09 14.35-156080 53.03 54.39 14017 0093 74.58 105.53
B2 47. 5933.66  16.10-106.40 46414 4741 10.87 0.95 44.00 92.45
E 40.1233,00 12,50- 95,50 57.91 58.87 10,50 0.97 47.05 117.30
B}  33099s5.26 13.33- 50.84 2339  35.85  21.89 0.63  15.73  46.27
E 43-5405.23 21.75= 79.38 25.03 30692 18.15 0.66 20.24 41.69
6

27 30.2252.,69  14.35- 45.34 23.36 26.54 12.60 0.77 12.77 42.26
B 43, 22_3-47 15.03- 69.08 32,038 34.04 11.37 0.89 26.91 62.25
% 43.4849.04 18,75 61.25 16.15 33.54 29.39 0.23 6.96 16.00
E'IO 44.2545.52 17.50- 63.67 23.49 29.53 17.65 0.04 17.10 38.64

(contd.)
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14, Zotal vegetable yield

The genotypes were significantly different only in
8 powingo (Zable 4.1n). The total vegetable yield ranged
from 625 g/0.45 02 (A 35) %0 2,130 /0,45 nZ (A 3) during
Moroh 1982 crop (Appendix XVI and Table 4.2n). The maxinua
(1,233.60 g/0.45 ua) overall mean yield was slso during
Morch 1932 crop ond the loweat (123,80 g/0.4% E;a) during
the Novembar 1931 crop. %he gov for yield ranged from
29.84 to 67.67, heritability from 0.20 to 0.77 end GA ze
percentage of mean fron 31.63 to 121.97.

15. Pooled analysis of vorionce for vogetable yield ond
its component cheoraoters

The data collected during 11 independent triale were
anslyesed ceparately for sacn geason (environzent) and pooled!
anelyaie over all ceasons was done to ascertain the extentd
of varistions dus 10 genotypoes, seasons and genolypes X
soacons interaotiona (Table 4.3). The genotypes x seapons
interactions were highly aignificont (p=0.01) in all the
aeasons. 1ho 11 eeagons of plantings showed signifilcont
differcnce (p=0.01) with regard to most of the oheracters
studied. Tae 25 genotypen were also oignificontly differeant
for ihe 14 cheracters studied.



Tablo 4.7. continued

R 2 3 4 5 6 7 8
n. Total vegeiable yield ) )

%‘;gigca' 1 _6.48 . 3698,00 233928.00 15488.00  29282.00 - 11552.00

Genotypen 24 95092.41 241631.33" 63183.83  16307.00"° 36393.83° 248852.,17"

. Error 24  48421.48 116039.67 56448.85  4196.33  1I377.85  67231.17

9 10 11 12 13

3572,00 7605000 12800.00  10658,00 §72800.00
12642.83 6526%.85" 372863.00° 276637.83  416873.00"
8476.17 8295.85 89175.00 136170.83  145866.67

TEmoown '-.'::-"-' j=3-3- 33 Jabothing Bt St Bl Pt Rofattebel ol dofitebdded—ti b R b iR -2



Pable 4.2, continued

1 2 3 4 S 6 7 8 9
a. Frequency of harvests
E1 .33#9.38 1 000.2000 100 1‘ 37.68 39. 14 -0.07 .0.% -5. 43
.33*0. 27 1.00~-4,00 42.02 4496 16.09 0.87 © 1492 80.55
E§ 1.7450.22  1.00-3.00  27.59 32,76 17.87  0.70  0.62  47.30
E .44+O.29 1.00=-2,00 20.83 35«42 28435 0.5 0.36 2525
E‘g, 1.2250.10  1.00-2.00 32.79  34.43  11.59 0.89 0.75 63.61
EE 2.35+0.25 1.00=4,.00 40.25 43422 14.93 0.88 1.84 73,09
57 1.40+0.29 1.00+=2,50 32.86 434,57 29,16 0.56 0.71 50.43
245240432 1+00~4 .00 3730 A1.67 18.11 0.81 175 69.29
e 50+0.46 1.00-6,00 43.14 47.14 18.T73 0.84 2,85 B81.49
”10 3.32+O.41 1.C0=-5,00 39.76 43437 17.39 0.84 2448 T4 .82
E11 3010"‘0.34 1000‘5.00 42.06 44.84 15.48 008'8 2.52 81 .13
n. Total vegetable yield (g
(g)

E1 576.04+155,60 220,00-1085,00 26.58 46.54 38420 033  182.23 31.63
32 635.804240,87 65.00-1090.00 39.35 66.41 5349 035 304.90 47.88
B 160.60+ 45.81 55.00= 410,00 48.45 63.05 40.34 0.59 123,06 T76.62
Eg 211.40% 93.21 55,00~ 530.00 4613 77.56  62.36 0.35 118.22 55,92
E7 128.80+ 65.10 5Qe00~ 350,00 35.43 T79.76 Tl.48 0.20 42434 3287
38 249.40% 64.40 30.00= 490.00 67.67 76490 36.52 077 304.20 121.97
Eg 677.60£211.10 170.00-1800,00 55.586 70493 44,07 0.61 ©603.93 89,13
Elo 772.20+260.94 150.00=1375.00 34,52 53,83 47.79 0.34 318,39 41.23

5%



Table 4.3. Pooled ~nolysis of voriance for vegetoble yield snd ito coaponents

P

Ween gun of squores

Source 4f  Qerminn- Plont  Girth of Ieaf leof  Petiole Hreuches Dsys to
tion+ hejght oten lerngth width length bol%in% -
COonwro

Gerotypes 24  9.82°*  109.79%%  14,28%%  50.54°% 27.31%¢ 7,60%%  17,72%%  2051,57
Seocone 10, 7.54" 172,00 92.630%  -69.36%. 25.471% 302300 10.48"c  64G.94"
GemOLIDES 40 ,. 1.05%% 219767.45" 16774.95 42567.83 20797.38 9671.56 6193.18" 1004650.53°

Seasons  (204) ' ' ' ' ' '

Pooled - og 0. 15.90 2,2 3,22 . 138 1426 1,29  12.2
enor (384ys 0 ?-9 > 3 : 3 1-29 4

Mean sum of pqQueres

Daye to Number of Husber of  Plant Pra%uanqy Tield
bolting=--unicut nodes 1eavas. (h%iﬁ?%é aag) o ot

e a*s b bd REe i e
1847.15 - 243.69 808.97 2924 .56 5,80 312160.80
oy sre ' an -1 »
895.87 64432 - 744.14 4753.91 17.41 - 2013597.53
-g - R r [ X ] a [ e
1579395.38 178598.31° 277923.97 1077523.59 2218.80  114389186.00
19.36 597 28.80 61.92 0.20 61609.80

+ There are 12 seacons ‘for the character - days to germinstion.
@< Significent at 1% level.

3%
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B. Stability analysis for toial vegeiable yield ond deys
to S0% bolting

Phenotyplo siabllity nnalyéis as ouggested by
Evberhart snd Bussel (1966) wae perforaed to eptimate
poreneters of stability for each of the 25 genotypes
(Table'4.4 and Table 4,.5) with regard to the fotasl wvegoiable
yiéld and dqyé to 50% bolting. Genotypes were significantly
aifferent fof total vogetable yield and days to bolting,
Effects of eeaeons were also significantly different. Iho
genotypos x enviromnent (geasone) interaotions wero highly
aignificani (p=0.01), The squality of regroseion of indi~-
vidual mean performence on onvironmental index (bi) was
tented for eignificance and was found to be highly pignifi-
cant for yleld and bolting. The significance of difforence
votween ragrecsion cgofficient and unity wvoe teated and were
obsorved gignificont in A 3, A 5, A 12, A 28, A 33, A 34 end
A 35 for yield and A 6, A 12, A 33 ond A 39 for bolting.
The deviation from regraaeion'(sadi) of esch of tho genoiypes
wag tested from O nnd wvas observed significant only for the
genotypb A 33 for bolting, In all other genotypam 82a1 vae
not signifioontly different from gero. The genotype A 6 had
the highest mean yield (769.09 g/0.45 m?) followed by A 13
(740.46 /0445 0°), A 22 (736,36 g/0.45 a°) and A 33
(698,64 £/0.45 8°).
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Toble 4.4. General anslyeis of varience of phenotyplc stabillty
for vegetable yiold ond Gayc 1o boliing

Usan cua of pquores

Source ar
Yield Bolting
Genotypes 24 312160o8§: - 2051.57"°
Seasone 10 2813397.63 646.94%*
Ganotypes x # o
ngegg 240 114389186,00 1004650459
Geanon + - 250 109926155,10 964490.44
(Genotype % Season) -~ -
Seamon (lincar) 1 1013379677 6470.07
Genotypes % Seacon 24 80434253 56403409
(linesar)
Pooled deviation 225 504%0,12 57.§2
'Genotypea--
A2 9 31274.2% 1%.14
A3 9 85235.53 13.44
h4 9 73643%,09 30,60
AS 9 20343.27 46.45%
L6 9 124428,70 260,39*
A9 9 39903,29 20,50
& 12 9 20681,.85 6.83
A13 9 1841%3.04 28,51
A 14 9 768754 .65 27.73
A 16 9 18706452 45,57*
A7 9 30574.14 772
A 18 9 77944 .06 2773
A 19 9 11416,08 244,52
A 22 9 124854 .60 112.57*
A 24 9 31023.64 52.,12%
A 25 9 75185.44 48,69%
A 27 Q 25321.50 564 10%
A28 9 68319.24 39.54*
A 33 9 42330,16 307.05%
A 34 9 24476033 15.67
A 35 9 21985.06 12,81
A% 9 21365433 1750
A4 9 68133.98 51.61*
A_43 9 4708794 __ 62,97"
Pooled error 264 61609,.80 12.24

# 84enificent at 5% level,

#* gienificant ot 15 level.

4
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Table 4,5. Paransters of phenotypie stability for vogetable
yield end daya to bolting

Koon bl 32d1
Genotypee
Yield Bolting Yiold Bolting Yield Bolting

A2 385,46 33423 0,93 0.60 469433 © Te02
A3 662.27 39.86 1449% 0,72 57430.63 Te32
A4 576.82 4%.05 0,96 0.31 430338.19 24.48
AD 550491 50,68 1,53 0.6‘2"|l ~10461,63% 40.33
AG 769.02 75,05 130 4.16 93623.80 274.27
A9 473.64 54.59 0.62 0.59 9093,39 14.38
A 12 205,46 24,73  0.54* 0,05* -10123.05 0.71
A 13 T40.46 55455 1405 1.01 =2391.86 22.39
A 14 691.82 55.64 1.1 1,20 47949.95 21,61
A 16 484,55 61.64 1.11 138 =12038,38 29445
A7 355.91 30,50 0,90 =0,20 «-230.76 1.60
A 18 404,55 33.77 1.21 0.90 47139.16 21.61
A9 426,36 42,96 0.72 0.33 =19%38,84 18,40
A 22 736.36 58,91 1.30 1.0 24049,70 106.45
424 646.00 64.36 1.24 1.20 218,94 46,00
A 25 594.09 61,68 0.66 1.60 44380,54 42.57
A 23 586,82 47.32 1.54* 145 3751434 3Te42
A 35 698,64 74,91 1.43%  4,50°* 11575.26 300,93%
A 34‘ 30306‘ 31 077 0. 51“ 0. 21 "'6328. 57 90 55
A 38 233.64 34.68 0.37** 0,26 =5819.84 6.69
A 39 255.46 36,14 0.63 0,02% «3439,57 11.30
A 40 569,55 46,68 14471 1,92 35296,05 84453
A 41 363.04 42,77 Q.86 163 37329.08 45,49
A 43 445,46 40,77 0.86 0.17 16883,04 56485

&« 8ignificant at 5% level
== Bimificent at 1% level
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A two diumensionsal representation of stability para~-
seters (Mend bi) ie boing made for the 25 amsranth geno=
types for yield (Fig.1) end bolting (Fig.2)e The line 4 13
vith higher nmesp yiold (740.46 g/0.45 m°) end regression
coeffiolont tending to 1 appearsd in the 4th qundrént.

Line A 6 with the hignent meon yield (769.08 £/0.45 n?)
hed bi=1,30. The line A 25 with an everage mean yield

(594.09 g/0.45 n?) had regression value 0,70 falling in
the 3rd guadrent. ’

The line A 13 appceared stable for boliinge. It took
56 days to bolt ond hed a bi value of 0,10, Tho linee A 33
ond A 6 were highly unotable (bi=4,50 and 4,20 respectively)
though they flowvared only after 75 deyas of sowing on an
avorage over 11 peasone. The line A 12 bolted 25 daye after
oowing and had a regression value less then 0,10.

Ce Correlation of warious meteorological perameters and
phyoical properties of moil with Gaye to 507 bolting

Correlation coefficients between deys to 50% bolting
end various meteorological parenoierc, nean maxinum tempe-
rature, mesn ainimum temperature, totel rainfall, rumber of
rainy deye, mesn relative humidity snd mean bright sunchine
hours, recorded at weeklyninterval. froa date of sovwing to

bolting for each of the 25 genotypse wore worked out
(Table 4.6). The genotypeo started bolting fros the 4th
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Table 4.6. Correlation coefficients botween days to 50% bolting end verious metcorological
paraxoters for differeat suasrantn genotiypogs during different growth pericds

Genoe 1at week of sowing 2nd week of bowing
typew  Hy &, Hy  H, U5 ¥ iy G By B By
A2 "'0058 -0034 0.72, 0.57 0044 -Oo 52 -Oo 52 "0029 0.50 0065' 0.33 —0.“
A3 «0.09 0.11 0.46 0.39 0,29 =0.24 =0,06 0.24 0.41 0,47 0.34 -0.31
A4 =0.09 =0.57 0.30 0,20 «0De31 -0e14 ~0.43 =0,66* -0.11 0.09 0,02 ~0.02
A5 ~0.61* =0,57 0.7T5%% 0.74%*" 0.30 0,747 <0817 =(,64* 0,46 0.69* 0.45 -0,63%
A 6 0l04 0025 0-33 0- 13 Oo 14 '0.05 0008 0030 0066. 004? 0. 13 -0. 18
A9 =(.38 =0.64 0.38 0.24 =010 =045 053 =0,58 (.37 0e3¢ =~0.03 -Ga19
A 12 =041 =D.24 0.21 Ced5- 0.22 =0.25 =051 -0.04 0.24 032 0032 =0.37
A 13 -0l37 .0069 0010 0024 .0.15 ‘0.50 -005’4 -0.64’ 0-09 0.26 -O. 11 -'0023
A 14 -0.21 0.03 0.49 Q.28 0.24 0.01 =0s12 =0.05 0.b62* 0.48 0.00 =020
A 16 =0.,19 =0.48 0.3%1 0.10 -0.24 0,00 =,30 =0.48 (.13 0.15 =0,26 0.11
LT 0s65% =0,27 0643 =0,62¢ <0,52® =0,65° 0.47 015 0054 0.66* 0.33 0.b3*
A8 =037 0.31 0.74%% 0.65% 0.68% =0,51 ~(0e29 0,36 O.71*  0.T74%% 0.74%2* <0.64%
A 19 =050 =0,45 0.55 0.55 0.24 =0,70* -0.b61 ~0.51 Q54 0.57 0.21 ~0.59
A 22 «0,70* ~0.54 0.50 0.48 0.16 =0.%2 =0, T8*® =0,54 (.26 0.45 0.12 =033
A24 <0.25 =~0.10 0.23 0.27 0.0 0.03 =022 =0.03 0.25 0.37 =0.05 -0 11
A25 =034 =0.14 0.50 0.32 0.10 =0.24 =0.34 =0,30 0.29 0.49 =0,03 -0.18
A 27T =002 ~0.26 0.30 0.29 0.07 0.23 -0.07 =0.38 Q.05 0.09 0,00 0,12
A28 =038 =012 0.68% 0,57 03T =0.29 =045 0.03 0,69* 0.64* 0.51 =0.46
A 33 0.04 +0022 0030 0.08 0.12 0.01 0011 0.28 0063. 0045 0006 "0.12
A34 =D,29 ~0.68* 0,18 0.16 =0.22 ~0.13 =053 =049 =0,02 0.10 0,02 0.01
A 35 0.15 .0.27 0.13 0. 14 "'0.30 "0001 '0-16 '0.19 .0006 0.04 00 10 "‘0-00
A 39 0.06 ~0.,74%% Q.11 0.13 =G.26 =0.00 =0,23 =0.,49 -0.08 =0,03 0,10 -0,00
A 40 =0, 0.37 0.51 Qe 4 0.44 =0.15 0.11 0s38 0,652 0,65* 0.37 -0.36
A 41 0.00 0.23 0.42 0.28 0.50 =0.01 Q.14 0.27T 0.58 0.51 0.12 =0e24
A 43 Co 22 ‘0. 21 "0. 16 "0. 19 "0- 45 0-53 Oo 13 "0031 '0043 '0‘.37 -oaB‘O 0.44

* Significant gt 55 level.  *® Significant at 1§ level. Ccontd.)

u1 -.Hoan aaximm temperature ﬁ‘ - Hunber of raliny days

8, - leax ninimnm teaperature Hs = Rean relaijve hunidity

H3 - Total rajinfall Hﬁ - Heon hrignt eunghine houre

(516



Table §.6. continued

3rd uveek of mowing

4th voek of sowing

Geno-
pes
v y B, u E, E 3 W Hy 8y 8 My
L &}
A 2 .0063 -0.26 0. 52 0060 0033 -00685 -007 5“ ?0.06 0. 52 o. 55 o.gg -0.82
A3 D26 0.12  0.27 0.23 Ced7 =0.30  =0.37 0.64* 0.24 0.31 0.60% ~0,51
A4 «0.19  =0,37 =0,16 =0.01 0.04 =0.20 =0.29 «0.54 0.22 0.06 0.24 =0D,12
AS ~0.66 =0.23 0.38 0.59 0.36 «0.77%* =072% =D,50 0.,62*% 0.47 0.50 ~0,63°
A6 =0.01 0.21 O0.44  0.27 0.30 =0.13  =0.07 0.46 0.01 0.14 0,21 -0.15
A9 =045 «0.70* 0,27 0.30 0,07 =0.28 -0.57 031 0.19  0.07 0.06 ~=0,.34
A 12 =0.,56 0.08 0.46 0.55 045 =0.56 - - - - - -
A 13 "0.4‘3 "0-63' oo 14' 0028 .0.15 -0030 -0. 55 .00 53 004’5 0. 22 0.0B -‘0.31
A 14 0,22 0.07 0.47 0.34 0.09 ~=0.29 -0.13 0.07 =0.02 0.04 0.03 ~0.19
A 16 =0.29 =0,60" 0,08 0.06 -0.17 =0.10 -0.41 ~0,17 0.04 =0,05 0.03 =0.25
A 17T 0,66 =-0.08 =0.38 <=0.43 =0.20 0.45 0.64* =0.19 -0.45 =-0.46 =0.12 Q.52
A18 <048 0,41 0.53 0.53 0.76%% -0,59  =0.48 0,54 0.37 0.55  0.67* -0.64*
A19 =045 =0.,28 0.21 0.30 0,03 =0.38 -0.42  -0.43 0,22 (C.10 =0,07 -0.18
A22 ~0,77 =0.53 0.35 0.49 0,09 =0.57 =0.87*% -0.48 0.60* 0.47 0,23 =~0.67*
A24 -0.,44 =-0.04 0,40 0.38 0.23 0,37 =0.47 0.15 0.40 0,37  0.40 =0,52
A 25 -0.42 =0,26 0.18 0,22 0.20 =0,32 =0.56  =0.15 0.50 0.44 0.17 ~0.49
A 27 0.07 "0.04 -0.03 0.02 -0.44 "0.20 0. 10 .0017 -0‘13 .9'21 0' 12 .0001
A28 ~0.55 0.15 0.66®* 0.64" 0.66® =0,65* =0.49 0.19 0.25 0,%2 0.64* -0.57
A 33  «0,00 0.17 047 0.25 0.25 ~=0.13 ~0.07 C.42 0,06 0,18 0.15 =0.18
A 34 ~0.45 <=0.48 0,20 0.31 0.15 -0.,35 =0.33 -0.43 0.30 0.18  0.33 =0.39
A35 “0,06 =0.10 =0.15 =0.10 0.24 =0.05  =0.73 0.07 0,02 =0.05  0.42 ~0,05
A39 -0,04 -0.34 0.05 +0.15 0.19 =0.25 ~0.13  -0.24 0.06 =-0.08 0.45 -0.16
A30 =0.11 0.47 0.48 0,38 0,53 =0.36  —0.12 0.56 Q.29 0.42 0.51 =0.40
A 41 =0.07 0.29 0.0 0.27 0.28 ~0.26 =0.07 0,31 0.11 0,20 0,31 -0.28
A 43 021 =0.,26 =0.39 =0.40 ~0.,40 0.27 020 =017 =0s32 =0.42 =0,19 0,26
(contd,)
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Toble 4.6.

continued

- 5th week of sowing

 6th week of sowing

Jenn=-
types ; oy
A2 “0e61% <027 0443 0.52 0.31 =(0,38 ~0,60° =0.22 =0.,02 031 0,22 =0.21
A3 ~0e 54 0.23 0:45 0.45 '0.50 ° =049 ~ =0.65* 0,13 | 0.57 0.67* 0.48 ~0.63*
A4 =0,20 =0.01 =032 0,17 ‘0617 ° 00§  0e24 | CulS =047 =0.33 =-0.20 0.31
A6 ~0.30 Q.24 0.68% 0.42 ‘0ed7 =~ =039 =0.40 =0.03 0.65% 0,79%* 0,44 =0.61%
i 22 =0.42 =0.35 0. 14 Q.02 f0.05 © 0s03 | ~0.21  <0.40 ~0.28 <=0.06 ~0.34 0.27
A4 =0,28 ~0,19 0.70% 0,55 ‘0e54 =0.56 @ =0.45 -0.39 0.56 0.76*" 0,38 0.63*
A 16 =031 =0:15 0.156 0.08 '0s07 =~ =0.09 ~0.25  =0.36 0.03 0.19 -0.17 ~0.07
A 17 0.56 0:48 =032 =0.37 (.08 * 0429 - - .- -
A8 =0, 72 0.2 0.66* 0,75%* 0.73*‘ =0,76%% =0,79%= 0.15 . 0.45 0.78*‘ 0-55' 0.72*
A 19 =031 =0.66* 0.06 0.03 “0s12 ' =0.13 =0,15 =0.,42 =0,75 0.02 =0.32 0.17
A 22 =0,61* -0.44 0.0 0.22 013  =0.06 =0.34 ~0.42 =0.31 =-0.09 -0.30 0.16
A24 =0.50 0.03 0.42 0.43 0.47 =031 =047 ~0.25 0.48 0,48 0,24 =0.54
A25 ~0.34 =0.,24 0.18 C.18 ‘016 ' =000  =0,287 =022 | 0,21 0,34 ~0,05 =0.17
A 27 0.02 =0,27 0.02 Q.13 =0.01 =0.38 =0,07 =0.,08 20,05 0,09 0.22 =~0.17
A28 =0,79** 0,20 Ce74%* . 0,79%* 0.,84%%¥ =0,B2%% «0,68* =0.04 0.30 0.5%* 0.59 ~0.65*
A 33 -0.25 0,20 0.70* 0.42 O.44 =0434 =0.39 ~0.06 . 0.64" 0,78%* 0.44 ~=0.60
AZ4 ~0.45 0.02 =0,02 0.09 0,29 =0,03 0,05 =0,08 0,45 =0.30 -0.16 0.23
A 35 =031 0,38 =0.14 =0,07 0.39 = =0.15 0.02 Ue31 0,04 0,00 0,06 =0.09
A39 =019 012 =D.,14 =0.04 018 ° ~0,09 V.11 Ce24 0449 =0.59 0.08 0.27
A 40 ~0,31 0.25 0.69* 0.59- 0.59 ~0e55 =0s51 0,20 . 0.69% 0.87%% 0.,75%% =D, 77**
A4l  =D25 0.07 0.66* 0,51 0.41 =0.52 =0,52 =0.06 0.80%** 0.,39** 0,60 =0,78**
(contd.)
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Tabla 4.6. con‘&inued

Sth wveek of soving

Genc- 7th weck of sowing
typese : - N

i, H, i H, i, i 51 i, e 4, Mg e
A 2 - - - -. '-' . L] ] - L ] -_— - -
A 3 "0.77‘6 0021 0.67. 0.69' 0-55 . .OOGTQ "0.63* - - - - -
A4 015 0.11 =0.25 =0,16 =C.15 0,18 =026 0,05 =0.24 =0.03 =0.37 0.28
A5  =0.33 =0.,14 «0¢11  0.12 017 . =0.22 =0.27 0.15 =0,02 0.25 0.08 =0.15
AB  =0.,56 0.17  0.68% 0,66% 0,55  ~0,72% =0.65% =0,27 *0.87** 20.87%* 0,51 =0,77%°
ﬁ 22 “0.24 =0.30 =0.13 0,04 ~0.13 =003 =0.21 =0.48 0.05 0.21 <=0.19 =0.04
A13 0,02 =0.48 =031 =0.33 =031 . 0.21 0,06 =0.12 «0,33 =0.23 «0,34 0.20
A 14 -0049 -'0.01 0058 0.54 0.57 -0074§§ -0-52 "0.29 0.55 0.67‘I 0054 -0058
i :'? 024 =0,07 0,17 0s13 0,01 . ~0.23 =0,12 ~0.70* .0.16 0.27 =0.21 =~0.C1
A 18  =0.88%% 0.25 0.61* 0.85*% 0,62 . =0.31#% = - - - - -
A 19 =0,26 =0.53 0,05 012 =0,04 . =0,17 =038 =0.053 0.17 0.25 0,11 0,27
A 22 <=0.31 =0.2% =0,09 0,08 «0.15 =0.18 =0.17 =0.51 -0,09 ©.04 =0,23 0.00
A24 «0.51 0,06 . 0655 0ud1 0.31 =059 =034 =048 030 033 0,06 =0.32
A25 «0.40 «0.,02 085 0e51 025  «0.50 =033 =0.53 045 0,50 0,19 =0.37
A 27T =0,04 =003 0,06 =002 0,35 =011 =0,01 0.35 =0.88 0.04 0.23 0,06
A28 =0,70% 0.24 037 052  0.50  =0.69* =0.61% ~0.15 0,51  0.65* 0.28 -0,53
i gz "‘0053 0.21 0.58" 0.65‘ 0.57 "0073* -00605' -‘0.30 0085“i 0.85‘* 0.56 -0075.*
ﬁ gg 0,12 0.18 0,10 0.04 -D.04 . 0,01 =001 =~ -~ = - - ‘-
A A0  ~0.69" 0,38  0.,80%% 0,86%% 0,90%%  =0,88%% «0,73% 0,07 0.93%% 0.,96%* 0.86%*~0D,89*%
A 41  «0,65° 0,17  0.,85%% 0.76%% 0.81%%  =0.86% -0,63% 0,14 0,86%% 0,85%* 0,7%* =0,79%*
A 43 0,22 «0.01 0.75"% =0.,18 =0.09 0.11 P - - - - -

(contd.)
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Table 4.6, continued
%ano- 9th veek of sowing 10th week of cowing
Yy Pen .

i, H o By U5 s iy 4, i X 5 %

A 2 -— L - L L ) - = - L - -— -

A4 - - - - - - - - - - - -
A 5 '0.22 "0.12 0001 0039 "0009 0012 0025 "'0.42 "0054' -0.‘6 -0012 0018
A 6 -00‘5 -0.17 0.70‘ 0.60 0.46 -0.26 "0.15 -0.04 0.56 0.‘0 0.‘0 "0036
A 14 “Oed2 =0,28 Q.56 0.52 0,29 =0,19 0.27 =0,28 Q.22 ~D,03 0.28 «=0.05
. g }g 0.08 =0.38  0.17 0.21 -0.14 0.29 Qe50 =0.51 =028 =0.40 «0.21 0.3%

i }s - - - [ - - L L - - " -

9 - - - - - - - - - -— - -
A 22 =005 =047 0.00 0.30 =0.23 0.09 Ce32 =058 =041 ~0.42 =0.29 0.19
A 24 0,31 =0.52 0.59 0.60% 0.04 «0.34 0.24 =0.59 0.19 =0.15 0.07 =0.11
ﬁ g? =0.17 =0.27 050 0,50 0.18 C.03 0.2 =D.36 =003 =0,16 0.14 =0.01
A28 0.5 -0.46 0.40  0.67* 0,18 =0,33 =0.05 =033 0,15  0.07  0.09 =0.21
A 33 ~0.44 =0.11 O, 70* 0.,63* 0.52 =0.3% -0,10 ~0.20 0.56 039 0.47 =0.40

A 3‘, - - - - - - - - - - - -
A 40 =0.742% 0,10 0,83%% 0,80%¢ (,81%% =0,54 =029 0. 10 0,60 Q.44 0.64* =0.58
i 4; =0.66% ~0,04 0.84%* 0,72* 0,62% =0,38 ~0.260 ~0.14 0.50 0.21 0.47 =0.33

‘ - L ] - - - - L - - - - -

(Qﬂntﬁ. )

(9 8§



Table 4.0. continued

Ben 11ta week of gowing 12th week of eowing
e

ypes

551 332 33 H4 i!s HB H1 Hz H3 H4 Es 51'6

A2 - - - - - - - - - - - -

A 3 - - - - - - - - - - - -
As - I T C = - - - I Iz =
A 6 "'0031 0006 0-59” O.BO“' 0-56 "0.71" -0.21 "0.07 0032 0-42 0050 -0048
A 9 - - - - L] L " L ] - - L - L]

A 13 - - - - - - - - - - - -

A :'? 004-8 —0043 -0.18 -'0.05 -0.16 0.10 - - - - - -

A - -— . 4 - - - L - -— - - -

ﬁ 13 - - - - - - - - - - - - -

A 24 0,19 ~0,55 0.34 0.4 =0,01 ~0.10 - - - - - -
A 25 0.19 =0.20 =0.01 0.056 0.13 0.20 0.27 =0.20 ~0.28 =0,18 0.17 0.05
A 27 - L ) ' L] L - - - L - - - L

A 33 =027 0.09 0.68% 0.76** 0,60* 0.70* =0,16 -0.04 0,30 0.435 0.51  «0.45
A 35 - - - - - - - - - - - -

A 40 - - - - - - - - - - - -

(contd.)
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Table 4.6. continued

13th week of sowing

Geno types - - - "
B 4y fy By Hg 6
A2 - - : - - -
A3 - - = - - -
A§ - : - _ - -
? g -0.33 -0.53 GeS4 0.687* 0.53 0025
A 12 - - - - - -
A 13 - - - - - -
A 14 - - - - - -
A 16 - - - - - -
A 17 - - - - - -
A 18 - - - - - -
£ 19 - - - - - -
A 22 - - - - - -
A 24 - - - - - -
i}{ 27 - = - - t -
A gg -(}.29 =(e 53 0.52 0.07* 0:5? 0.5&
£ 34 - - - - - -
A 35 - - - - . -
A 39 - - - - -
A 40 - - - = - -
A 41 - - _ - - _
A -~ -

Loks
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veek onwordes. 8ignifiocent correlations were obeerved bot~-
veen deye to boliing and mear msximua tesperaturs in ine
firet week of mowing in tarec gemotypes (A 5, A 17, A 22).
Eignifioantloorralatinns were obeorved in two gouotypes

(A 34 and A %9) for bolting end mecn minimum temperature’

at firat week. Six out of 25 genotypos exhibited ocignifi~-
cont correlatian batween Qaye to bolting auﬂ total rainfoll
in the aooonﬂ veek and nunber of rainy doye in the second
-waeﬁ. The lines A'G and A 33 bolted only efter the 15th
wack of sowing and significent correlation was obearved tet-
ween the daye to bolting end the nunver of rainy deys during
the 13th week.

Tﬁe phyelcal properties of solil, percentage of sond,
poréentago of ailt and perceniage of clay were corrsalated
with daye t0 bolting for each genotype (Table 4.7) and
collectively for all the genotypes (Table 4.5)., The percen~ .
tege of vilt in the soll was observed highly corrcluated with
days to bolting in A 5. lsimilnrlg percentage of olay in the
soil had eignificont correlation with boliing in 4 6. The
gcnotypoe ae a whole hrd no significant correlation between
the phyelcel properties of soil and the dayo to bolting and
the totul vegetsble yield,

D, Chemicual anplyaia of ithe edible partis

Tata on cheaicol analyeis for froe ozslates, frae

nitrates ond chlorophyll content of smaranths are presented



Tablo 4.7. Correlaotion coofficients between days to 507
kolting snd physleal properties of soil

Parcentnge of

Genotypes
R Sond 511t Cloy

A2 0.17 =0.40 0.07
A3 0.13 =005 ~0410
A4 «0451 =0,40 0456
AS 0e42 -0.67* 0.64*
A b =0s06 0o 11 0,10
A9 “04 12 0.03 0,01
A 12 0.27 ~0e41 0407
A 13 0.23 «0s05 0.16
A 14 0,02 =0e40 0,22
A 16 0e05 =0,04 0.06
A 17 0,11 019 Y 0,01
A 18 0,08 =0+39 0.15
A 19 0,60 -0.33 0.57
A 22 0,09 =0,39 0.12
A 24 0¢36 -0e24 0.07
A 25 0. 14 040 0.28
A 27 0.24 =030 0.34
A 20 0.15 =04 52 0e19
A 33 0.62 013 0,05
A 34 0.13 «0,24 003
% 25 0430 0,10 0.26
A %0 0415 «0,038 0.14
& 40 0.06 ~0e37 0425
A 41 0.01 0,25 0.4
A

43 0,02 0.00 0.01

Sianificent at 5% leval
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Table 4.8. Correlation coefficjents boiween phyeical
proportios of soil end days to 50p boliing and
total vegetable yield

Percentage of

Econoaio

attributoe Sond €11t Clay
Daye to bolting =0.05 ~0.59 0,25
Total vegotable =0.29 0,14 0,15

vield




in Table 4.9. 7Tne freo oxalata content ranged froa 0.94%
(A 43) to 1.29% (A 41) on dry weight basic. Tae frae
nitrate content wao maximua for A 2 (1.00%) and minianun
in A 43 (0,58%),.

Chlorophyll=a vas ainimum in © 14 (0.73 ag/g of fresh
leaf saaple). Chlorophyll=-b content ranged froa 0,59 mg/g
of fresh leaf pcuple (A 41) to 1.80 mg/g of fresh leaf
cample (A 34), The total chlorophyll content was minimum
in A 14 (1,35 ag/g of fresn leaf ocmplo) and maximum in A 34
(3.70 ng/g of freash lenf pample). )

E. Ascertaining the ccrrect epecies otatun of the genotypea

The 25 genotypes were exanined in detail to put then
under distinot botanical opeoies. Tne 24 genotypes fitted
tho key oharaoteristiceo and description of four specles -

A, tricolor, A. dubius, A, viridis and A, geingouns (Fig. 3

10 27). The 1line A 17 £itted the key characteriotics of

A. tricolor se per the keys of DBalley (1973) and Feino (1930),
but had hollow cten, brauched axillary inflorececence and
(scorpioid cyme) ond with loaf tipo deeply lobed (Fig. 13).

A typicel A, tricolor (A 16) and the line A 17 ore desoribed

balow for comparison.

A 16 (A. tricolor)

Annuel herbsoceous plant, emooth in eppearance oulti-

voted ap vegotaovley eten cnd petiole deep purple, etenm
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Table 4.9.

lean oxsluto, nitrate end chlorophyll coutsnts
of 25 amaronth genotypeo

Oxalote % Hitrate &

Chlorophyll (mg/g of fregh
loof)

Genotypes
(drgu511§ht (g§g£:.1=ht n b a+bh
A2 1. 15 1.00 1.69 174 3.03
A3 1,05 0.81 1,40 1.35 2eT4
A g 1.07 0,70 152 1.17 2.68
AS 1.12 0,70 1,03 1,20 223
A b 1,20 0,68 0.96 0.82 177
A9 1.26 0.94 1.16 1.05 222
A 12 0.98 0,69 1.12 1,31 2443
413 1.22 0.84 1.27 0.93 2,20
A 14 1.11 0,79 0,73 0,62 135
A 16 1.02 0.70 177 1.46 3.23
A 17 1.10 0,68 1.40 1.03 243
“ 18 1.06 0.65 1.40 1.12 2e52
A 22 1.13 0,70 0.91 0,75 1466
A 24 1.15 0,62 0.96 0.79 1.7
A 25 1.17 0455 121 1,03 224
A 27 1.26 0.72 1.25 135 2.58
A 28 0,95 0.64 1.68 1. 59 D627
A D3 0,97 0,72 0,99 0.83 1.81
A 34 1,07 0,68 1.90 1.80 3470
A 35 1,05 0.62 137 1,09 2,46
A 39 1.10 0,79 1.58 1.08 2.46
A 40 1.03 0.66 1.17 1.51 . 2469
A M 1.29 0.70 0.79 0.59 1,36
A 43 0.94 0.98 1643 1.19 2e29

62 b
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£ibrous and eolid; lazina purple, lecves alternnte, petiole
obout no long es lemina; leaf broad ovate, margin entire,
apex ecute, infloreecence axillery and terninal; unisexunl
£lowera olusterod in axiles, no distinot pedunole for axi-
)lary inflorescence; ecch flover ie cubtended by tures
bractej perienth globrous with purple atreok clong ihe
marging otamensc 3, free; ovary=i, stigmas 3, fruit a one
seeded dehiscent (circumscinaile) utriclo; persistent otyles
foraing the -besak; seeds dcep bloeck and shiny (Fig. 12).

A 17 (A. tricolor?)

Arnusl herbacsous plant emooth in sppearanco, culti-
vated as vogotable;main oism end patiole deep purplej otem
hollow and fleeohy; lamine grecnieh’ purple, leaves alternate,
petiolate; petiole long about 8o long as the ladinag; leaf
triengular ovatoe, margin saopth, apox distinctly lobsdg ‘
inflorescence axillary and terminelj oxillary infloreccence
eoorpiolid oymo with @ distinct azis or peduncle; each flower
gubtended by three braotog perianth globroue. Thero is a
proninent purple sireck 2t the opex of the perianth; stomens
3y free, anthore 2 colled; stigaas 3; frudt o ono seeded
dehiscent (oircuneciesile) utricle; persiotent mtylee
forming & benk; ceede brown end shiny (Fig. 13).

Hence the line A 17 wves quite dietinct from other liros
belonging to A. irjoplor,
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DIGCUSEIOR

Vegetable ameranth io en importznt leof wogotsble
of the tropios, A fresh matter yield of oe 30 tomnes/ha
in a period of four wooke would be a record production
enopg mouy of the economic cropa. Eeing a "poor man'e
vagetﬂble". its role in enriching the diet of an average
Indion ic coneiderablo, Grubben (1977) reported m daily
intake of 5 g/hesd/doy in Latin Americs, 11 g in Central
ord South Went Asia epd 231 g in Africn. 7The preserce of
entinutrient or noxious substences, oxtclotes and nitrotes
in omaranth leaves han boon 6 negative frotor in lerge
pcole consumption of tho crop (Diustech, 1977). Ihough
the intukke 4o definitely not of any concorn as compared 1o
200 g/day for causing adverse putritionnl offects, mtill
there is definite need to identify lino(s) with negligible
content of the above undesirable putricnt factors.

Eorly bolting hes been ome of the limitations in the
cultivation of vegetable typces. There are day neutral and
enort doy types of aumrsnthe = cghort doy iypos being obli-
ga2tory in noture and day neutral typems being affocted by
temperature (Zabka, 19%57), soil feotors (Enyi, 1965 and
Grubben, 1976), genetic faotoras (Kerals Agricultursl Univer-
ity 1978-79), other feotors like height of cutting
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(Kauffzann end Gilbert, 1981), nature of cutting (Grubben,
1976 and Deatsch, 1977), dennity of populmtion (Enyi, 1965),
C/H ratio (Grubben, 1576), mode of planting (iiohideen end
Rejagapal, 1975) snd age of plontlets (Sulakha, 1980). The
role of genotype par_se to decide exrly flowering requires
further study.

Bsing a crop grown throughout the yeer, there ie
need to identify ctable lincs for total vegetable yield
and deys to bolting. The prosent investigation attexnpts
to eluoidate information on phonotypically otable line(e),
line(2) with nogligible contente of oxelates and nitratee
ond attoaptes to pin point renscons -~ genetic, morphologieal,
phyesical and moteorological, for early flowering.,

The iuvestigation was comparimentaliscd into four
continuous aspects of study to arrive at useful infornation.
Tne 25 amoronth genotypen differsd significantly in all the !
12 sovwingo. This indicates the inhoront geneiic differencesn
anong the 25 gonotypes. The genotypes ranged from &4 (A 24,

A 25, A 39) to 17 doys {A 18) even for deys to S0% gorminm-
tion. The very delayed geraination in A 18 causing obvious
anxiety to emaronth growers would be a matter for detailed
investigation. The 25 gonotypeo exhibited sigmificant varim-l
bility for plont height, zirth of stem at cut end, length of
5th leaf, width of 5th leaf, length of peiliole, branches/plent,
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daye to 50% bolting in control, days to 50% Loltdng in uni-
cut rove, podee on bolting dey, plant helght on boliing
doy, frequency of harvea?a- enf total vegetable yield. The
expocted GA for the sbovo cheracters were very higch indi-
ocating scope for epimple seleotion methods 0 inprove anoranth
for the above characierc. Ranjiprasad gi al. (1980) also
revealed that branches/plent hoe high herdtsbiliily along
vith high GA. leaves/plent end dayc to visible gersination
ehowed ‘hiigh heritability alcong with moderate .GA, They
obperved a very low GA for yield/plent. This ocould be pro=-
bably due to the diffaren? types of materiel under expori-

nentation.

Phenotyploolly stable vorietien ere of great impor-
tance partioulsarly in countriog like India, whore tae
environnental conditions differ from one clinmatic gons to
enother and even within one climatic sone iteelf. A breed-
ing programze, aimed at developing phenotypically stoble
varisties, requires inforastion on the exient of genoiype x
environnent (G x E) interasotions, No detailed inforsstion
io aveilanble in smorarnthe regording G x E intercotione except
that the report of Sreerangnswomy et nl. (1930) that there
exieted o etrong G X E interaction in the diversze genetic
population of smeronthe. In the present investization,
G X E interactions q-‘ere highly eignificont ap roporied by
Sreerangoeweny et al. (1950) for all the 14 characters
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atudied., This indicaies that the avove charactors are
unstable and could fluctuatc coneiderably with @ chapge

in the environment,

In practicol plant hrseding, it is necaeesary to
idontify genotypes sulted for high, mediun and low ylolding
environmento. According to Eberhart spd Russel (1966), an
 ideally adapinble variety would be one heving higher aesn,
unit regreseion coefficient (b=1) and tho devieiion froa

raegresaion ap small as pogsible.

In the precent investigntion, etability percmeters
woere worked out only for the charaoters, yleld end bolting.
The deviation frox regression wae not signiflcant except
for A %%, for bolting. Dotofled eanonlyeis indicated that for’
yicld, tho genotypos A 6, A 22, A 33, A 3, A 40, A 28 and
A 5 ore suited for high yielding environmonta (Fig. 1).

They hove higher mecnse, regresélon coofficient moro thon

ona end deviation fron regreesion mot algnificaent. The
stable vardeties cre A 13, A 14 end A 4. Thoy have high
meens, regroceion coefiicient onv end lower deviation fron
regropsion, They cre the adspiable linece, for nedium yield=
ing environments, Iines A 25 and A 9 can be recommnendad for
low ylelding environments, which have higher mesn, regre- ‘
csion coeffioclent leese than ono end deviation froa regression
czaller, Thope lines nmenifeat their inherent potentislities
fully well under low yielding environnents, The ctable
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lines for yleld, pulted for emch environment are shown in
the Table 5.1,

The etability parsmeters for oboliing was aleo esti-
mated, The lines A 24, A 25, A 16, A 14 and A 28 are sulted
for high yielding environaente (Plg. 2). They have high
mean, regression cosfficicent more then ono snd saaller
deviation fro=a regreseion, 1eo., they retain mexinum vegeta-
tive phass under high-yielding envirgraento or very good
napngeaent practiices, The-llnna A 22 and A 13 can be re-
connended for mediun=-yiclding environmente. They have higher
neen, regrespoion coefficlent one end smaller deviation froa
rogression alpo. The lines A 9 and A S.ﬁre suited for low-
ylelding environzonts, ihey aove hlgher mean, regression
confficient loas thon one and lesser deviation from regro-
epion. The dotalls are given in Table 5.2,

The genotypes A 22 and A 13, being high yileldere and
stable for bolting con be recomnended for seed production
purpdaa slmo. They flower and seedo ere obtiained at all
seasons of sowing. The linee A 6 and A 33 though high ylold~
ingz, sre not otable for days to bolting and henes not sulted
for meed production purpose. The lines bolt only under short
day conditions available during Ootober«lioveabor aonthe.

By all neons, these two lines ocould be coneidered as short
day types and the rest asp day noutrals.



Table 5.1. Heam, regroseion coeffioient end deviation
from regression for yiesld in azmarentas sulted

fZor high, mediuva end low=ylelding environments

473.64

trnvironment Genotype Meon bl 82a1
AO 769.09 1.30 93623.80
A 22 736036 1.30 94049,70
A 33 098.64 1.43° 11575.26

H3gh=y10lding A3 662,27 14490% 57430.63
A 40 539455 1.41 35296.05
A 28 586,82 1.54* 35514434
A 5 550091 1.53“ "'10‘61 063

Mediun~yiclding A 14 691,62 1.11 47949.95
A4 576.62 0.96 43038.19

TLow=yielding A 25 594,09 0466 44380,54
A9 0.62

9098.39

* Significant Rt 5% level
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Teble 5.2, Mosn -days, regrescicn coefficient eand devintion

froi regropsicn for boliing in amaronthe suited

for high, nediun and loveyielding environmenteo

Buvivorment Gemotype  Mean bi 5244
A 24 64436 1.20 46.00

L 25 61.68 1.60 42,57

Higheyielding , 45 61.64 1.38 39445
A 14 5664 1,20 21,61

A 28 47,32 1.45 35,42
soatumstotitng * & 53491 1,09 106,45
) A3 55455 1,01 22,39
9 54459 0459 14.38

fowyleldlng o 0.62 40433

50453

70 0
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The 1nveupigation reveale that the linses A 22 and
A 14 can Pa.rgoommenﬂeﬂ for high ylelding environmento
as nonrbolting types cuited for year-round planting. With-
out coneidering the stability for bolting, A & end A 33 are
also suited for high-yielding enyirorments. These linee
can be recomacnded for progresaivo farmérs, or to highly
fortile lends. Tho line A 13 1s suited for mediuz (averags)
kiélding enviromaent as & nan=bolting iype, for year=round
plaﬁting. ihis line perforas betier under average manege-
nentsl practicos. The non~bolting line A 9 ie suited for
lov=yielding environments for year-round plenting. Ihie
lines ic suited under poor soil conditions, or under pecor

nenagenental practices.

It wvas aleo peen thot there ig ean influence of dsys to
bolting on total vegetable yiold (Fig. 28). 4o the bolting
1o deloyed the vegetable yiold is inoreased, The line A 12
bolted the earliast {25 doys artaé gowing) end was the lowes?t
yiolder, Similarly the highest yiolder (A 6) hed the anxi-~
aun deloyed ﬁoltigg (75 daya) also.

The eignificant difference oxisting in the 25 genotypes
for doys to 50% bolting indicated that genotypes per se has
2 pignificant role in bolting. Zhe phyeical factore like
cutting influenced bolting (Table 5,3). In all the 11 sowings,
silgnificent deley in bolting wap observed in one cut rovse
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Table 5.3, Effeot of cuttinug on bolting in smaeranth

geno typos
Segeonsal moaena Percentoge
Seagono Toys to bolt Dayo to bolt ©OF delay
in unicut in control

rows
Eq 64 52 21,52
E, 66 55 19,35
E3 64 55 17.89
34 51 46 977
EB 54 45 20,93
Eg 99 42 41.64
E7 63 47 22.70
By 70 48 43.99
Eg >4 43 27.49
Eqq o4 40 24.44

't volue = 9,14**
v Significant at 1% level

% 7
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ap compared 1o uncut, control. IThe study confirams in
unsnblquous torme the effect of cutiing tho cause delayed
bolting.

The role of celowr varience--red and green~-in bolt-
ing was expnined in detail (Table 5.*4). The obaervation of
delayed bolting in all the red {ypee ae compared to green
types was an interesting observation in the proesent atudy.

In 5 out of the 11 cowinge, the XL value nmeasuring tho
aignifioance of tho difference between expacted and observed
freguencies were highly eignificant (p=0,05). DTeviation %L
which measured the al.gn.tﬁcancc. of differonce batween the
two groupe as & whole werg also highly eignificent (p=0.00%1)
thug confirnming the role of colouwr variant to deteraines
bolting, This is further observed from the delsyed fLlower-
iug hablt in A 35 and early flowering in A 34, A 35 differed
froo A 34 melinly in the red colourcd stom end the pstiole of
the forasr thouga bsth belonged to A. spinosus (Appendix VIIL).
‘The heterogenity j(,z-wna not sigoificent vhich indicated no
elgpificant interaciion between ceaconnl effects and colour
variation with regard to bolting.

‘The role of metoorological parensters, mean maxinun
temperature, meen ainimua temperature, total rainfell, number
of rainy dayo, ocon relative huanidity snd mean bright sun-
ehine hours wss exanined in detzil (Table 5.5). The wecka
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Table 5.4. Conparison gf red soaranths (12)* and green
amoroaths {11) vith regerd to doys to 503

bolling
Seasons ‘fLooationrHaana o -
Red  Green
Ey 66 40 6.03%
& 69 43 5,86%
5 66 44 4,26%
5 55 39 2,71
55 43 43 0424
5 46 3% 1.16
£ 58 37 AoO4® -
+ Hy 59" 39 " 4e15®
By 50° .38 " 2,61
B 55 42 ' 1,54
© Byg 47 ‘33 " 2,52

+ The lines A 19 ond A 35 vere éxcluded for thie
-gomparison as they hod mixed colour of rad and
.groen , .

‘Totel L2 m 35.56%* (p=0,01) -
‘Dovintion X° = 32,62%%* (p=0.001)
‘Heterogenity L = 2,94 (Hod simnificant)’



Table 5.5,

Hugber of amaranth genotypes wiih signiflcant
. .corrmlation batween days to bolting snd meteoro-
logical parcneters reaorded at weekly interwgla

79

Weak 7L Tab Heon Total Buzber ¥ean Kean
anximun oininun reintall of reiny relsative -bright
‘Eeuﬁgara- ;333; daye hunmitsr ﬁougru:me

10t 3/25  2/25  4/25  2/25 2/25 = 3/25

ond 2/25  3/25  6/25  6/25 /25  3/25

3ra 1/25  3/25  1/25  1/e5  2/25  3/25
4th 4/24 /24 2/24  O/24 3/24  4/24

Sta 5/24 /24 /24 2/ 2/ea 2/

6th 4/25  0/23  &/23  8/23 2/23 /23

T 5/20  0/20  7/20  6/20 ©  3/20  '8/20

8th 6/16 1/16 4/16 6/16 - 2/16 - 4/16

9th 2/13%  0/13  4/13  S/13 . 2/13 . 0/13

10th 0/14 0/14 /11 0/11 /1% o/

11th /7 0/7 2/17 2/ /1 2/

12ta 0/3 0/3 0/3 0/3 0/3 0/3

13th 0/2 0/2 0/2 2/2 0/2 0/2
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from 4 to 8 appecr to bes critical for'daya to bolting.

The various getearologioal paragetors in the firsi weelk
itself datormined bolting in three of the 25 genotypes.

It was poted that the numbar cf rainy daye in the 13th week
of powing deoided flowering in two of the genotypes (A &
aud A 33). Preoisely these lines are chort day typee and
otviously would flower under short day conditions only.
The rest 23 genotypse ere doy noutral types and are affeoted
by various actecrologlionl paremctors in tho specific weeke

aftor cowing.

The 25 genotypen were cheuically snzlysed for froe
oxalate, frec nitrate end total chlorophyll contents., The
lines A 28 and A 43 had lower oxelatss, The line A 43 nlso
had the lowest content of frec nitrate, The prea&née of
variability for the content of free oxalates and nitrates
lead us to think of scopoe for soslaction to develop low

oxalate and low nitrate content.

Obassrvation of a deviant fitting to the koy character-
isticp of A. iricolor, but for ito hollow oten, lobsd leaf
tipe, branched axillary inflorescence, oxd brown coloured
geeds, led the cuthor to name Jt ae & subspecies under
A+ iricolor, tentatively, A. tricolor sep. cavioasulis mecaing
therety hollow-gtemmed A, tricolor. Based on these, a new
key is prepared by combining the keys of Balley (1973) and
Foinoe (1980) with nocessary modifications, ap given velow,
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The present study could sarrive at certain definite
conclusions. Idnes A 6 and A 33 are oblipate short day
types and suited for planting except during Sepiomber.
Cuttings ixveriably de].uy‘nouering in emaranthes The red
colour varianoo had delayed bolting when coapared to green
coloured variance, ZPresence of high wvariability assocointed
with high heritebility give good scope for improveasnt
of smaranih through selection. Ldines wiih lower content
of oexalates and nitrates are available,
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SUMMARY

The present axperiment, “Screening for non-bolting
type(n) of amaranths euited for year-round plenting” was
planned to identify lino(s), which are non-bolting or
delayed bolting end to ascribe the morphologiocal reasons
for such behaviour, Zffect of cutting, if eny, on bolting,
identification of line{s) cuited for year-round planiing
and phenotypically otoble lino(s), ocelection of line(s)
with negligible contcnt of free oxalates and nitrates ond
entablishuent of relation, if ony, between moteorological
peronetero and bolting were tho other objeotives of the
atudy.

2. The experimental material consinted of 25 amarenth
genotypes belopging to 4 botanical gpocios planted at
monthly intervel in a rondomiced blook desipn with two
replioations. Obsarvations were recordcd on totol vegeisble
yield ond its components, bolting ard chemical properties

of the lesves.

3« The 25 amaranth genotypes differed eignificantly
for doys to 502 germinntion, plant height, girth of sten at
cut end, length of S5th leaf, width of 5th leoaf, length of
petiole, branchee/plent, days to 504 bolting in control,
doys to 50% bolting in unjout rovs, nodes on bolting day,

leaves on bolting day, plant height on boliing dey, frequency
of hervests ond total vegetinble yiocld,
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4. High horitability, zsecciated with high phenotypic
coefficicnt of veriation rosulting in high expecoted genetiio

advance waa observed for all the 14 charaoters under otudy.

5. Genotypes x peaecons interacoiions wore higaly sig-
nificant for the 14 charactors. The seasous were slco signi~
ficantly different.

6. Paraneters of phenotyplo stability (4, bi, s?a1)
vore wvorked out for the 25 genotypes. The line A 13 had
hizgher total vogetable yield {(740.46 g/0.45 12) end regreasion
value of 1.05. The line A 6 gave the asximum vegetable yield
(769.09 £/0.45 m®).

7. The stablility poexremeters for daya to bolting were
worked out. The lines A 33 and A 6 though high yielding
had very delayed bolting end was highly unataole (bis >1,00),

8. It vas found thet A 22 and A 14 are suited for
high-ylelding environnents with reguard to yield and bolting
(y1e1d~736,36 g ond 691.82 g/0,45 a® respogtivelys dayso to
bolting—59 end 57 respectively). The genotypsc A 13 con be
reoconmended os a non~bolting type ouited for year=round
planting. for medium yleldinz environments (yield—740. 46 74
0,45 I 3 days to bolting~—56) onéd the line A 9 can be re-
coanended for lov yielding onvironmente (yield—473.64 g;

doys to bolting 55). Other promicing lines for high-yiclding
environaents with regard to yield ere A 6 nnd A 33,



Qe Relatiaﬁ botveen aeteorological parameters and
dags to bolting wae studicd. Tho line A 6 apd A 33 bolted
13th week nfter cowing and nuaber of rainy deys in the 13th
weok decided flowering in the above two lines, Meon maxi-
oun temperature during the first week determined days to
bolting in A 5, A 17 and A 22, lean bright sunshine hours
during the firet vweelk of sowing influenood flowering in
A S, A 17 end A 19,

10. The correlation coofficientis betwoen physical
propertien of soil, whers cropping wao done and sconomio
attributéa, wore not pignificont considering genotypes as
a whole., Percentage of silt and percentage of clay in the
soil influenced bolting in A 5.

11. Cutting was obgerved to deloy bolting in all the
ancranta genotypes., TPercentage of delaoy over control
(uncut) ranged from 9.77 (August 1981) to 43499 (December
1981).

12, The edible parts ware anslysed for free oxalateos,
free nitrates, chlorophyll=-a and chlorophylli=b content.
Free oxolate content renged from 0.94% (A 43) to 1.23% (A 41
on dry weight basis and nitrate conteant from 1?00$ (A 2)
to 0.58% (A 43). The total chlorophyll content ranged froa
1.35 mg/g of fresh leaf (A 14) to 3.70 mg/g (A 349,



- 13. The line A 6 yielded the higneot (769.09 £/0.45 nz)
end boltesd 75 dayo after gowing. Other lines of proniee
are A 13 (740.46 §/0.45 02), A 22 (736,36 §/0.45 n°) cnd
& 33 (698.64 §/0.45 n°),

14. The line A 17, a varilant of A. tricclor is

tentativoly nemed as A. iricplor ssp. gavicaulis, meaning
thoreby "hollow stiemmed 4. iricolor”,
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Appepdiz X. Phyoical properties of the soil

Parcoentage of

"Plod
Sand 8il1% Cley
E1 (April 1981) 61,50 12.25 20425
E, (June 1951) . 62400 8450 29,50
33 (July 1981) 52425 4.00 43.75
E, (Auguet 1381) 65.75 Be25 26,00
Eg (Beptanver 1981) 63.75 9.00 27.2%
Eﬁ (October 1981) 5450 12,25 33425
E7 {Hovembor 1981) 04,00 18.00 16.00
E, (Dacember 1981) 58,00 10425 31,75
Eq (Januory 1982) - 57.25 11,00 31475
Eyq (Fetrusry 1982) 54,50 12.25 33425

E11 (Hl&‘ﬂh 1982) 60025 12.00 27.15

[rp - p—— R




_Appendix IIa. Xeteorologicsl data averaged over weekly intervals
daring April 1981 to June 1932

Hetsorological parcmeiers
Noxinum Minsmum Total Humber Relative ZEright

tezpe~ tempe~ rainfall of hunidity sunshine
rature rature rainy hours

G%VB
W) ) Gy) M) W) ()

ionth Week

T T
April 1981 3 35°30 23.40 14,20 1 . 62:90  9.10
A 34.30 26.00 13.00 2 77.60  9.80
3 34.60° 26.60 19.40 2 - 76.30 8200
A 3230 24,50 105.80 4 31.85  5.00
1 30,30  33.10 394,40 7 91,75 0,40
3 27.70 22.10 356.80 7 30.10  0.60
4 28.80 22.10 143.60 5 8675 4440
1 29,90 22,90 131,90 4 86e75 550
T 30.40 23.10 49.30 2 78,05 5,30
4 28030 22.80 191.10 8 - 90.10 : 1.20
} Bxone & 3 pm o
A 1 . » . I .
uguet 1981 5 57780  92.30 257.10 7 88.60  2.70
4 29.20 21.90 32.20 4 82.85 5,10
2 daee 23°% a7 9 304 S
8. L ] [ ] | ] [ ] 0
Sopteuer 3 25,50 22,90 252.60 7 83.75 2460
4 29,60 22.90 82.40 5 84,25 7430
1 30,80 22.80 11,00 1 81445 6490
Ootobar 2 30.70 22.60 2520 2 78.75 5490
oo 3 $1.50 23,00 10,20 1 77.55 6420
4 30,20 22.80 40,00 5 79:30 250
L me mmopa 1 am s
Hoveober 3 32,30 22,60 0.00 O 63,10  9.10
&  31.30 21.10 22.00 1 65.60  5.60

(0002)



Appendix IIa. continued

Llonth Woek By i, My iy g He

i gmug Lm s & ax

2 L ] L ] L ] -, | ]
Dogoaber 3 30,70 23,50 0,00 O  55.45 7,10
& 31,30 22,00 0,00 ) 56480 0,90
1 31,50 21,50 0,00 O 55,95 9,90
Jenuery 1982 2 32,30 20.30 0,00 O  53.75  10.10
3 32,70 20,70 0.00 O  57.20  10.00
4 33020 22,50 0.00 O  68.:65  9.80
L pmam on o omm 3w
Februery 1982 3 35090 21,30 0.00 O  85.50 1010
4 3710 20.70 0.00 O  53.15 10410
P pRamm g 4 g
Horch 1982 3 35°70 23.80 0.00 O  85.15  9.30
4 33.90 25.90 0.00 O  79.90  8.30
I BRanem o s aw

Je Py . . .
April 1982 3 35°30 24,30 32,20 23 71.90  9.10
4 34,30 26,00 13.00 2 7760 830
P ZRER SR 3 8% I

| ] L L ] '4

Hay 1982 3 33.70 23.60 123,50 2  79.00  6.80
2 33.00 24.40 000 O  B85.15  4.90
1 23,10 30,30 92,00 7  B7.05 4,00
June 1982 2 23.40 30,20 151,60 5 92,05 3.10
' 3 22.70 20.10 201.60 7 93.00  0.90
3  23.60 29.80 199,60 7  02.50  3.80




Appendix IIb, Metsorological observatliono avaraged over
weskly intervals fron the date of sowing
for each otonth's crop, used for correlation

15t week

fegoon H.' "2 H.5 H4 515 HG
32 28,80 22010 _ 143080 5 85.75 4,40
E3 28,30 22,80 " 191,10 8 50.10 1.20"
R 29,20 21,90 32,20 4 82,85 5,10
74 20,60 22,90 @ 82,40 5 84,25  7.30°
EB 3020 22,80 . 40,00 5 7930 2050
58 31,90 22,00 0,00 0 5680 9,90
Eg 33.20 -22,50 . 0,00 0 68.05 9.80.
Edp  37.10 20,70 - 0,00 0  53.15 10.10.
311 93,90 25,90 0.00 0 79490 8e¢30.

ond veek
E1 35.90 25,90 52,20 2 68.95 770
Ea 29.90 . 22,90 ' 1’1 «90 4 8075 550"
E4 30.70 23.50 ' 45,10 3 79015 6030
35 30,80 22.80 11.00 1 81.45 6+90
EG 30,20 22,50 ° 50,60 2 81,90 4,80
E7 32,20 22,00 0,00 0 60,75 9,00
EB 31.50 21,50 0.00 0 5515 9.90
Eg 34.60 21.70 0,00 4] 54495 9450
510 34.90 22,10 0,00 0 67.60 9,80
Eqq 35,00 25,60 0.00 0 . 84.65 B4 50

Jrd_week .
E, 34,30 24,70 49,40 1 78,10 9,40
E2 29,00 22,00 170.60 | 8775 3470
53 28.40 22,40 50,00 4 86.85 2480
B 29,40 22,50 138,70 7 B8,20 3.20
Eg 30,70 22,60 25,20 2 78.75  5.90
E 31.20 22,10 27.40 2 73.45 730
E° 32,0 18,60 0,00 0  53.40 10.00
B 32430 20.30 0,00 0 53,75 10,10
Eg 36,00 21,30 0,00 O 53475 9490
Ejo 36,90 21.60 0,00 0  77.90  9.50
Eqf 5520 25,00 0,00 © 8295 10,00

(ccntd.)



" Appendix IIb. continued

Season i, gy iy Yy M g
gth woag
5, 34,60 26460  19.40 2 76,30 8400
E} 30.40 23.10 19,30 2 78,05 5,30
ES 27.50 22.30 257.10 7  88.60  2.90
E7 28.50 22,90 252.60 T 8575 2460
E} 31,50 23.00 1020 1 7755 . 6420
B2 %2.30 22.60 0,00 ©  68.10  9.10
B 30,70 23.50 0,00 O 65.45  7.10
L 32.70 20.70  0.00 0 57.20 10,00
Eg 35.90 21.30  0.00 0 55,50 10.10
E3; 35,70 23,50 0,00 O 8515 9,30
Bqq 35,30 24.20 32,20 3 71,90  9.10
Sth_weel
Ey 32,30 24,50 105,80 4  B81.85  5.00
E} 28.30 22.80 191,10 @& 90.10  1.20
B 29,20 21,90 32,20 4 82,85  5.10
. 20.60 22.30  82.40 5 G425 7430
E& 30.20 22.80 40,00 5  79.30  2.50
B2 31,30 21.10  2.20 i 65.60  6.60
31.90 22,00 0.00 © 56¢80 9490
E 33.20 22.50 0.00 O 68,65 9,80
Eg 37.10 20.70 0,00 O 53.15 10,10
B3,  33.90 25,90 0,00 O 79,90 8,30
539 38.30 26,00 13,00 2  T7.60  8.30
bth waelt
By 30,30 23.10 394,40 7 31.75  0.40
E) 28,00 21,60 68,60 5 Q0,30 4,10
BS 30.70 23.60 48.10 3 79.15 6430
E 30.80 22,80  11.00 1 81.45 6490
Eg 30,20 22,50  50.60 2 8190  4.80
E2 32,00 22.00 0.00 O 60,75  9.00
B 31,50 21,50 0,00 O 55,15 9,90
B 34,60 21.70  0.00 0 54495  3.50
ES 34.90 22,10 0,00 0 67.60  9.80
EJy  35.00 25,60 0,00 O  84.65  Be50
£19 33,70 25,50  6.00 1 83.45 770

(contd.)



Appen
dixz IIb. contina
ed

iy
Ith week H2
B 2 2 Ha
Be -
Eg 28.38 22,50 - us .
E 23 2 6
2 «40 22,40 83430 |
Eg 30.70 22450 50400 7
of 31.20 22,60 138,70 4 92415
E7 2410 22,10 25420 7 86.85 160
E 32,30 18,6 27 2 83 2.8
E 32.00 30:38 Te80 2 78:$g 320
510 35°30 21420 0.00 o 12.43 ;-90
" 3370 22:00 .00 2 23075 10200
8th week 24.50 .00 0 53:15 1010
el «80 .00 2 75 «10
E, 4.70 0 7.90 9.90
EQ 27.70 3 82,95 9.50
E3 27 .50 22.10 70.20 10,00
2 28450 22430 356480 9.40
E5 31450 22,90 257.10 7
Ez 32430 23,00 25246 7 90
ED 30 22 3200 -2
.70 «60 0420 7 88460 0.80
E 32 23 88 2
8 70 «50 0,00 1 715 «70
Eq 35,20 20.70 0.00 0 77 246
£10 321 21.30 0.0 0 65,10 520
o 3o 5330 0.0 ¢ 2735 7:10
v 0 23:80 .00 7.2 10200
va0o 3.60 32.20 0 55 0.00
12 8 50 10
E: 2.20 3 2.30 1010
] 20,20 22,10 9.00 52'10
E‘ 29,60 21,90 142.60 6.80
Eg 30,20 22.90 32.20 >
kg 39050 5240 o0 5 8o
ES 3120 21.10 82440 3 80.7 &
B 33,20 22,0 2. 5 84'85 5'40
E3 37.10 52050 220 i 79'25 7'10
B 26.70 0.00 0 £5:%0 220
$10 2430 29:90 Qe 2 56'60 &2
. 24.00 1 «00 o 58065 .90
+«40 3.00 3¢ 15 19.60
3y 2200 o0
0 77.60 8,30
85415 8430
4.90

{contd, )



Appondix IIb, ocontinued

Seseon H.. Ha 13 H4 5 H&
Joth wesk
By 99,90 22,90 131,90 & 86,75  5.50
£} 30:90 23.60 48.10 3 * 7915 5430
x2 30.80 22.80 11.00 9 81.45 6,90
E 30,20 22,50 50.60 2  81.90 4,80
£} 32.30 22.00 0.00 O 60,75 9400
EZ 31.50 21,50 0,00 0 55.15 3,90
E2 X460 21,70 0,00 O  58.95  9.50
El 24.90 22.10 0,00 O  B67.60  9.80
Eg 35.00 25.60 0,00 O  B84.65 8450
E3,  33.70 23.50  6.00 1 89,45 7.70
£l 23.10 30,30 92,00 7 87.05  4.00
11th weesk
By 99,00 22,00 170,60 7 87,95 370
E) 23.40 22,50 138,70 7  88.20 .20
£2 30.70 92.60 25,20 2  T8.75  5.90
5 31:20 22,10 27.40 2  T3.45  7.30
ir 32.10 18.60  0.00 0O 50.40 10,00
EZ $2.30 20,30 0.00 O 58.75 10,10
ED 36,00 21430  0.00 0  53.75  9.90
B 36.90 21,60 0,00 O  77.80 9.50
s 85.20 25.00 2 0.00 O  B82:95 10.00
£,  34.70 23.80 4,970 3 70.20 9,40
z)9 23,40 30,20 151,60 5 02,05 3.10
12th week
E, 30,40 23,10 19,30 2 78,05 5,30
E) 28,50 22.90 256,60 7  £€8.75  2.60
Eg 31.50 23,00  10.20 1 T7.55 6420
£ 30050 22.60 0,00 O  68.30 9.10
E§ 30,70 23,50  0.00 O 65,45  7.10
B2 32,70 20.70 0,00 O 57920  10.00
E 35,90 21430  0.00 O 55450 10410
B 3570 23.50  0.00 O  85.15  9.30
5g 35.30 28.30 32,20 3 71.90 9.30
ED,  $3.70 23,60 128.50 2, 79.00  5.80
ELS 25,70 28.10 291,60 7 93.00  0.90

(contd.)



Appendix 1Ib. continued

Sescon H1 Ha Hs H4 Hs HG

13th weel
E1 28,30 22,80 191.10 8 90,10 1.20
52 29,60 22,90 82.40 5 84.25 T30
23 30,20 22,80 40,00 5 79.30 2050
24 351.30 21.10 2,20 1 65.60 6.60
ES 31.90 22,00 0.00 C 5680 9.90
37 3710 20,70 0,00 0 5% 15 10,10
Ea 9390 25,90 0.00 0 79.90 8,30
Eg 34,30 26,00 12,00 . 2 T7.60 8630
E10 33.00 24.40 0,00 0 85.15 4.90

Apperdix IXI. Sisndordication of the leaf for eatirmating
: chlorophyll content in the line A 3

Msen chlorophyll content as ng/g of

Ieaf position iresh leaf
' Chlorophyll=a _ Chlorophyll=b Total
o chlorophyll
1 7.12 533 12.45
e 6.93 234 12.27
3 725 558 12.83
4 8435 551 13.86
5 9.12 6.71 15.083
6 .12 6469 15.71
7. 9,68 T34 17.02
8 9.48 6.18 15.66
9 10.73 772 18.45
10 10,13 778 17.91




Appendix IV. Hean days to S50F germination of 25 amaranth genoiypes

B

B

B

E

E

B.t E : : E,, Verieial
riy 1 2 B 4 5 % Pp s 5 10 Bqq Veriet
A2 4,00 4,00 4.50 5,00 5.00 4450 5.50 4400 5.50 4.00 4.00 4.00 4,50
43 4,00 5.00 5¢50 5,50 5.50 65400 4e00 4400 4.00 5.00 5.50 4.50 4496
A4 4.50 5.00 6.00 - 4.50 6.00 5.00 4,00 5450 4,00 4.00 4,50 4.50 4.88
AS 4,00 D5.50 T.00 5400 6.50 6.00 5400 4.00 4.50 4.00 550 5.00 5.17
A6 4,50 5,00 5400 5.00 5.00  4.50 600 4.50 6.50 4.00 5,50 5,00 5.04
A9 4,00 4,00 5,00 5,50 5,00 5,00 4.00 400 4¢00 4.50 4.50 4.00 .46
12 8.00 7.50 16.00 8.50 8,50 10.50 B8.00 10,00 8.00 4450 9.00 8.00 8.88
A3 4.00 4,00 5.00 5.00 6.00 4.50 5.50 4.50 5.50 4.00 4.00 4.50 4.71
A1 5,00 4.00 5,00 5,00 5400 5,00 7.00 5.00 7.00 6.00 4.50 4.50 5,25
A16 3,00 4,00 2.50 4.00 4.50  5.50 5,50 4.00 5.50 4,50 4.00 4.00 3.50
A7 4.50 4450 4450 4400 5.00 5,00 5.00 4.50 5.00 4.00 4.50 4.00 4.63
A 18 4,00 4450 17.00 5,00 65.00 5,00 6.00 4.50 5.00 5.00 4.00 4.50 5.83
A19  4.00 4.00 5.00 5.00 5.00 5.00 5.00 4.50 4.50 5,00 4.50 4.50 4.67
A 22  4.00 4,00 5,00 4400 4.50 4.00 6.00 4.00 5.50 4.00 4.00 4.50 4.46
524 4400 4,00 4,00 4,50 4.00  4.50 6.00 4.00 2.00 4400 5400 4.00 4.33
A 25 4400 4,00 4.00 4.00 4450  4.50 6.00 4.50 5.50 4450 4.00 4.00 4.46
A 27 400 4.00 4¢50 4.00 4.50  5.00 5.50 4400 5400 5.00 4.00 4.00 4.46
A28 5,00 5,50 6450 6400 .00 5.00 7.00 5.00 7.50 5.00 5.50 9.50 5.79
A 33 3,00 4.50 6.00 5.00 6,00 4.50 6.50 5.00 6.50 5.00 4.50 4.50 5.17
A34 4,50 5.00 5,50 5.00 5¢50  5e50 7.00 5.50 6.50 5,00 4.00 5.00 5.33
A35 4,00 5,00 5450 54,00 5,50 5.00 6400 6450 6.50 5.00 4.00 4.00 5.17
A 33 4,00 4.00 4.00 4.00 4.00 4.50 7.00 4.00 6.00 5.50 5.00 4.50 4.71
A 30  4.00 5.00 5.00 5400 5.00  4.50 5.00 4.00 4.50 4.50 4.00 4.00 4.54
A 41 4,00 5.00 5.00 2.00 5,00 4,50 6,00 4.50 5,00 4.50 4.50  4.50 4.71
Ad3 4,50 4450 7.50 5,50 7450 5.50 5400 4450 5,50  5.00 5.00 5.00 5.42
STen L 4434 460 6.06 4492  5.84  5.18 5.56  4.74  5.40  4.62  4.70 476
CoD. 0,84 0.94 1.53 1259 171 1.66 1.46 126 1.40 0,92 1.30 1.1

( pﬂo. 05)




Appendix V. Hespn plant height (cm) on 30th doy of 25 amaranth genotypes

—. B B R E B B B Varietial
1 6 3 10 11

types  pp9 ;gi j? 9«@31 Po- “wr___ :7 @ j‘fzm ciyii-32REE
2 41.55 24.04 27.00 16.38 2%.60 31.70 22.88 16,80 35.20 3§.Bb 48.60 29.26
3 24,12 -22.20 25.40. T17 20.63 19,35 21.88 16.00 20,19 19,13 43.40 22.22
4 33,01 29,95 24.25 23%.13 21,88 23.10 23.88 195.50 - 26,63 26.25 - 42.40 26,36
g 35,10 23,20 27.80 25.25 20,25 22.40 29.63. 2%.13 26.88 29,25 52.10 29,27
9
1

]

A

A

A

A

ﬁ 20.20 ) 21.99 28185 14085 18.84 10.’50 11.63 _1 5.95 17.00 . 29.75 _ 44.30 21.26
A 27.48 22,30 21.90 13.55 19.75 22.00 13.25 15.70 20.88 22.67 42.40  21.99
A 12 38,71 13,54 21.80 1065 15,17 13,55 10,25 13.25 1640 16.00 33,70 18.46
A 13 26,40 20,80 20.10 17.57 23495 1537 13.38 20.60 23,28 21.B8 51.68 23,20
A 14 28,71 12,55 25.50 F.44 15,58 18,50 13,75 15.50 18,40 27.71 38.50 20.38
A 16 24.18 20,65 22,35 13.64 20,50 18,10 13.50 15.30 19.60 32+46 50.00 22.75
AT 30,14 30.10 29.20 17.85 22,50 24,00 15,63 17.60 22.13 25.29 235.50-23.27
A 18 24,90 22,24 25.68 13.05 14,15 16.80 14.65 9.20 27.68 22,50 47.10 21,90
A 19 18.80 20,00 22,45 11.30 18,65 13,80 11,57 18.88 19.93 18.33 44.30 1y.82
A 22 31,20 17.75 20.10 11,10 21.30 18,50 11,19 14,30 32.63 32.83 47.00 23.45
A 24 24.22 22,15 21.50 14.03 18,13 21,80 16.13 19.65 23%.89 27.34 50.40 23.56
A 25 30,03 20.50 21.40 19.50 19.75 20.30 16.13 14.C0 23.48 30.34 51.13 24,78
A 27 34,70 25.60 20.50 23.70 18,50 24.60 19,80 25,10 27.7% 35.00 45.00 27.24
A28 18.40 11,50 20.35 8.95 18.30 22,10 15.94 16.88 23.720 20.30 £0.80—21.65
A 33 20,93 21,40 21.35 10.02 15,67 14.20 11.26 12.65 14.05 18.13 37,60 _17.99
A 34 31,05 24.60 26.55 8,95 22,38 14.45 .13 14.10 29.30 21.50 48,10 22.74
A 35 33,94 21,15 21.40 16.90 19,88 20,00 13.38 18,50 1477 14.75 39.38 21.28
A 39 35,47 19.20 29.63 11.19 19,13 14,03 12.00 15.60 27.88 20.88 39.40 22,22
A 40 25.92 19,20 21,60 11.90 22,20 18,10 16.00 14,30 25,63 19.75 45.50 21.88
A4l 13,38 13,18 20,05 11.70 13.75 10.85 13.25 11.19 16.50 13.50 31.90 15.93
A 43  21.21 14,20 25.50 14.84 12,50 14,95 18.63 15.10 17.40 26.33 40,390 20.15

- L P B . [

(;;DE; )11.64 B.43 \T.07T 5.79 6.14 10,05 4,16 3,75 8,55  Te31 12,59
=0,0 \

ey




Appendix VI. Uean girth of oton (m=) at cuit end of 25 anarcuta gemotlypes

Geno- B E ' B E E E E B E,, Varietal
typon 1 2 U3 4 5 6 By 8 9 10 Eqq Veriet
A2 .10 8420 Ga70 4490 5.88 ToT0  5.00 3.00 7.40 9,30 9,00 6.93
A3 Ba50  7.50 9400 2.70 Be60 6,50 363 2.80 5,40 6,90 14,70 693
A4 11,60 13,50 8,30 6.50 925 7,70 3,80 3.60 9.00 10,30 11.60 8.65
AS 9,70 12.40 9.40 750 6,20 To00 5,40 3.50 5.00 10.38 13.60 8.19
A6 6010 750 6.10  5.60 725 5.60 2,20 2.30 8.80 7.60 12,00 6.46
A9 710 8,80 6490 4.00 5.70 5.10  4.60 2,70 5.50 738 5.50  5.75
A 12 6.60 6.10 3460 330 4463 5010 3.55 380 4440 4463 630  4.T3
A 13 BeT0 8450 6630 2,80 B8.20 5.70 4400 4,10 5.90 7.20 11.00 6.58
A 14 9.60 770 700 4.08 7,00 T.00 3,30 4635 6.00 8425 9.60  5.72
A 16 5420 Te60 730 3.60 6,70 5.90 3.40 2,05 5.50 68400 13.50  6.25
A7 750 13,20 940 6410 575 740  3.40 520 6.10 11.25 10,90  7.93
A 18 Te30  5.50 6460 5.60 4.00 5.30 5.50 2450 4490 5.65 9.90  5.70
A 19 00 5,30 4.60 3.60 6490 5,00 3.80 3.00 4,60 6,13 10.00 5S.41
A 22 B.00 6.20 5.20 2.90 6470 5.80 3.828 2,60 T.70 6.70 10.90  6.00
A 24 610 8480 6460 3.80 7,00 6,10  2.70 2420 6.00 8.60 10,80  6.26
A 25 10,20 8420 5450 4460 5,60 5.80 4043 3,70 5.80 7.30 7.70  6.31
A2T 10490 9,40 5465 690 5.88 6,70  6.25 10,00 6450 10.00 &.70  7.90
A 28 7e30 9440 8490 4,20 5,50 6440 430 2430 5.10  6.40 15.80  6.87
A 33 7.00 0.50 6460 2.80 6450 4,70 4,10 2.90 5.18 4.70 12,10  6.03
A 34 720 6e50 5,90 3294 5463 5.10 5,00 2,40 5.00 4.20 750 @ 5.31
A 35 760 5440 340 5.90 S5.34 3.80 3.30 3,27 5.10 4.20 7.70  5.00
A 39 65690 6450 4.80 5.24 4.83 5,20 3,20 3,00 3,20 6.40 10.40  5.42
A 40 630 70D 5430 3,40 5,38 4,80  2.70 2440 4.70 6,63 8,50  5.19
A 41 4,60 5.40 3.90 3.20 443 4.40 3,50 5.50  5.20 4.63 8.00 4.30
A 43 3.55 4480 3.T0  5.50 4.30 4430 363 14D 4.60 4.50 5,30 4.5
gverall ;.55 7,99 6.26 4.51 6.16 5.76  3.92 3.33  5.70 7.12 10.04

CeDa 4.61 2,20 3,92 2,15 2.05 2.42 1.85 1.23 3,73 2.61 4.86




Appendix VII.

Moon length of Sth leaf (cm) of 25 emaranth genotypes

Geno- B E B B E B E B Yarietal
il 1 2 B 4 5 6 % GO 10 By Veriet
A2 12622 9423 8426 712 835 1179 925 5.99 9,96 9.63 11.51 9.39
A3 12.17 12,53 B.64 4.09 11,77 1077 9467 6,77 11.67 12,29 16,23 10.60
A4 13.30 1134 9.35 10415 9.88 11,51 11.38 383,22 10.44 11.93 15,30 11,17
A5 1132 13,05 10.17 11.62 10,61 10,74 9.77 B8.99 11.18 12,65 16.33 11.49
A6 12.24 13.98 14.T7 8,20 10.52 9.15 11.00 11.12 12,70 13.40 14.95 12.00
A 12 TeO00 4.55 0667 3.87 624 5«08 369 468 5.60 5,32 9.17 54,62
A 13 5«14 13,07 11.22 12,23 13.14 9.81 9,80 9.34 13.36 11.68 20.13 11.73
A 14 4.25 11.27 10,07 561 10,08 13.01 10.03 10.39 12.35 12.24 15,65 10.45
A 16 1177 10,95 13.74 11.48 11,78 11.27 9.78 8,90 9,04 10.72 13.84 11.21
AT 336 1059 922 64556 10,30 9,25 362 6433 9.4% 10.98 9.00 9,05
A 18 1058 10,37 8405 7.4 5.58 7.05 5.53 3.2% 11,08 10.G4 9,99 B.13
A 19 12,34 10.64 9.62 6454 9,52 3453 6483 8459 11.371 11,80 1%.99 10.24
A 22 1758 13,55 10.35 6663 17.81 12.32 674 10.15 15.34 13.67 17.32 12.59
A 24 1223 12,02 14,55 10.62 10.75 13.06 10.50 10.24 11.92 11.42 16.65 12.18
A 25 15629 11.535 10.47 8,92 11.59 11.54 7.40 11,25 11.95 10.65 12.32 11.17
A 27 1316 14,09 10,67 6,49 945 12,60 9,30 13,03 13.60 13.30 13.06 11.70
A 28 10625 11,67 1343  To51 10,55 13.84 11.67 7.85 14.30 13.45 16,33 11.90
A 33 1175 14451 12,14 6.55 8.97 11.24 6,55 11.20 10.04 11,20 16.09 10.91
A 34 086 603 6,05 3,93 6.40 6.80 3,89 4,93 7T.12 6.90 H.00 6.18
A 35 10,50 T76. Te50 7.09 7T.26 Te52 Te55 672 To18 5,70 B892 7.59
& 39 10,41 T.28 4.14 &§.58 17.23 D70 TaO0 Se11 B804 TebH9 1140 729
A 41 10.86 11.07 7.8‘ 6.51 B¢25 q.83 8.25 5.78 9005 -64 9.77 8.45
A 43 5603 4433 5.68 4.82 4,62 5075 0e35 4,72 068 5.30 775 5.60
Sverall 10.85 10,62 '9.69 7.2 9.62  9.93 0.26 7.88 10.58 10.35 13.30

CoTw 3.3 2437 421 4.35 3.82 4,30 3.23 3,17 4,07 2.81 4.59




Appendix VIII. iHean width of S5th leaf (em) of 25 aneoranth gerotiypes

Geno- 7 E z E. . E g E B.. Varietsl
il 1 5 Ey 4 5 5 Eq ) Eq 10 17 variet
A2 3.10 6486 5,73 5,52 5,97 5¢58  6¢75 4.09 6.62 6.87 6467 6450

A3 952 991 6.95 3J.94 B.44 B.21 9,64 5.58 9.00 9.45 12.29 7.63
A4 Tebd T03 5,92 6.02 6440 087 6.52 54,65 6.25 B.42 8.88 6.83
A S B8.T1 9.64 T«85 B.87 8306 T27 722 5.72 8,65 933 10.31 8.36
Ab 9.56 11.47 10,34 681 790 7.950 B8.55 B8.25 10.49 11.30 10.10 9+33
A9 10.13 B39 8.00 587 Te33 928 6,02 699 8.85 T.55 565496 776
A 12 5627 3482 494 3.12 4,70  5.83 297 3430 4,50 3.97 7.07 4.50
A 13 10,61 936 7438 8445 9,20 8.33 6,82 6.70 9,75 8.29 13.89 8.98
A 16 B8e39 TT6 Te80 613 677 Te21 592 5.44 6.18 T.20 8,22 7.00
A7 6498 Bad4 5,79 5,00 6.84 7.04 6.65 4.29 £.22 T.04 5.94 6.20
A 18 695 761 633 5.69 424 S.54 4.25 2,38 T30 T.72 T.08 592
A 19 Be37T Teb3 6.T0 4,98 6422 6585 505 6,05 B.24 8.35 11.24 Te24
A 22 10,13 BS99 64T 4467 9.78 777 4.71 5.52 9.21 8.30 7.10 7.48
A 24 862 BbB1 8429 066 T.H68 854 Te47 65,29 T79 Be30 9.75 8400
A 25 10,51 Be14 D245 5.93 T.26 T.863 510 65,90 T7.78 6.52 777 6.38
A 27 9.02 8,51 T.24 5.14 6.84 T.70 Ge51 9.49 8.55 8,02 B.21 773
A28 BH0 8.86 9,22 5.50 T30 10,30 8.80 5,62 10,93 9.83 13.87 8599
A 33 Q.10 11.71 8.56 567 65.90 8.07 G4BT Bl.03 8,12 B8.35 11,856 8442
A 34 4o38 3,29 3.55 2,51 3.99 4.19 257 2489 ° 437 4.18 5.97 381
A 35 615 4035 3499 440 3,98 4.35 4.80 3.61 4.48 4.37 5.57 4.55
A 39 72T . 5.60 4.68 374 5.35 6.22 502 3495 6425 5.78 Ba.11 Geb3
A 40 824 To04 515 3482 5.70 5444 5.90 3,70 6411  T.04 8,13 .11
A 41 7.01 731 5.04 5.15 524 5.25 S5e24 4.06 6,02 5.05 6.47 562
A 43 4.22 3427 4413 3,70 3,05, 3.78 4,53 D43 4.98 3.94 5.09 4.02

Overall o oz  2.95 §.62 5.29 6.51 Te13  6.00 5,43 743  Te35 8465

?;26.05) 2.36 1,78 2.24 2.41 2,43 2,81 177 184 2,55 1,96 3.73




Appendix IX. ¥esn length of petlole (cm) of Sth leaf of 25 anaranth genotiypes

311 Varistisl

iypes aesn
A2 3,78  4e14 3453 2.306 4424 4.46 3633 2652 3623 459 D443 2687
A3 5«35 64,06 6419 3.25 6.22 5.51 S5e56 J409 6.0 5.52 12.81 6.00
A4 Se?5  4.90 397 432  4.49 T S.42 4.75 4.64 4449 525 8450 Se11
AS 380 654 Jed42 4.12  5.00 5,07 3207 432 4477 8427 6422 4.96
A b 411 5,22 65.14 4.4 385 395 4,47 430 5.283 4.25 7.12 4.80
A 9 3-73 3031 3.85 3-29 3-20 4.34 3027 3080 30‘-5 3.94 7-28 3.95
A 12 34.25 2,15 2,80 1.90 2.90 2.58 2.00 2.78  3.75 2.80 5.67 3.05
A 1S .42 4.42 4,14 4,19  4.95 3.598 374 3443 4.43 3.70 9.32 4.57
A 14 4.74 5494 5.24 3,08 4.32 5.62 4,32 5,74 S5.44 5.40 8.94 Se34
A 16 3eT4 5438 4.28 457 5.23 5.31 412 436 4.44 5455 Te55 4.96
A 17 4,81 6.19 6.03 4.09 5,32 5.7 5687 4.87 552 5.97 ©6.14 545
A 18 4.21 5.70 4,78 3.77 2.89 3.98 2.59 1,88 5,12 5.97 5.73 4.21
A 19 3630 5452 3.61 2.45 3.49 3.58 2.23 2.8%3 5,59 439 8.03 391
A 22 S5eT3 5482 4447 3,94 689 5421 396 3,92 5.08 5.82 7.94 5«33
A 24 4.20 4,94 6.68 4,94 4.97 5.02 5407 446 4430 4,90 7.29 5.16
A 25 587 5405 Zu57 4024 497 5024 .64 5.89  5.22 4.52 5.25 4.95
A 27 4.69 4.71 417 JeH3 4.17 5«97 4.20 -5.00 S5e 14 620 770 5«05
A28 5¢30  4.43 B.28 4.27 534 7.85 4.43 4.23 587 8.39 14.52 672
A 33 2,75 4.93 5,18 3.14 2,66 4.09 3.14 4,50 431 4,07 8.20 4.36
A 34 4,94 3,80 4,48 2442 4.52 5.51 2.27 2465 4459 4.97 9.18 4.39
A 35 573 533 05838 5.16 5.20 5.25 5«83 4494 532 4499 7495 5«69
A 39 BT  3T0 294 2463 Te23  3.55 3.00 2445 3.29 4.00 6.75 3.56
A 40 4.59 3,76 5.02 2.66 35.44 4.41 3,40 2.43 5.04 3.69 7.18 4.15
A 41 3.20 4.7& 3.56 3.77 2.99 3.35 2.99 2064 4-09 3.6'0 5.37 3.58
A 43 .32 3e55 6e14 8449 3465 5.37  S.00 384 S.64 5410 7.6  4.98
OVerall 4.51 4461 4481 3.65 4231 4476 3.87 3.80 4.73 5.03 7.73

C.D. 1.40 1.97 2.B5 2,17 2.12 1.59 1.70  1.24 2.14 1.58 4.68




Appendix X. Hean bronenres of 25 canranth genotypes

‘Gorno- By T e 0 B, T B BE.  'TE, B ’ i Buan B Var.ietal
e 1 B By 4 5 6 fﬁ 3 Eq 10 19 Veriet
A2 5,00 3010 475 020 2:40 4430  3.70 1,50  3.63 3463 3,25 3,22

3 3,50 4.60 4.50 0.50 1.50 4,20 4485 2485 3,79 4.75 6.88 4.20
4 4,70 5.50 4.88 4,50 4.00 4.70 525 413 4,63 2,17 1.59 418
5 Ca20 3,20 2,38 3,17 1.20 2,60 o.aa 1630 183 413 4,50 2.31
6 2.00 3.20 3.00 2.08 2.34 3.20 .50 3.38 3000 3038 4.96 2-96
9 080 2,80 3,63 1.00 2.50 3.20 113 388 2,84 4,13 3,88 2.71
12 5630 4.30 3.84 2.85 4,00 3.60 .75 2,88 5,17 3.13 3.23 3.04
13 %6080 3,90 T3 3,50 417 1.5 3.00 138 433 2.88 3,75 Je22
14 4.10 4,20 64,50 0650 3,54 4.50 2.84 4.34 B.64 4.33 3.50 3.80
16 050 1,70 2,27 2.50 2,67 2450 2.67 235 1,00 1.88 3,53 2.18
3,60 0,90 2.25 0,00 1.17 2.80 017 0.63 0488 4.25 2,17 1.71%
18 5.90 8.50 7.33 4.70 2. 67 4. 50 2.00 0. 59 5.63 5. 13 5. 50 4.77
19 4,80 B.,50 3,33 2,29 2.50 3.30 188 3213 384 4.84 .83 D38
22 S.60 4,00 4.00 0.00 4.54 4.00 188 3,90 5,50 3.50 5.7% 3.88
24 240 2,10 4.1 2.17 2.00 3.90 2e348 3,75 2.84 4,67 3.13 304
25 5660 380 1675 155 2.67 3.60 2,17 375 2.83 2,50 2.67 2.99
27 3.30 2,60 35,67 0.00 2.25 3.40 300 4,00 3421 4434 2,33 2,93
28 030 5400 325 1.67 2.50 4.80 3.00 2230 5,00 3.84 6450 ¢34
33 1,90 3,80 3,838 3,00 2.17 3,90 B.00 4.25 3.64 J.50 4.75 343
34 11.00 B.T0 6.88 3.73 4.00 7.00 4,17 4.83 7.34 6.00 9.20 6.63
A 35 1070 720 0.38 3.33 6.38 T30 3,00 5,50 5404 T.07 6050 573
A 39 6020 5.25 5433 4.67 - 4.00 3,77 B84 4625 4475 4.50 4.00 4.60
A 40 720 5,90 700 3.35 650 6430 4.34 5.30 5,84 5.67 5.83 5,75
A Al 5.10 5010 4.13 3,90 5.67 4.40 4,67 4,96 5,00 433 .40 4.83
A 43 6.65 6,50 5,17 6,00 5.17 7T.40 6650 5438 6454 6.17 5.80 b.21

e o o T A
el
-

gggzéll 439 4436 4.12 2,63 3.29  4.19 2,94 3.38  4.07° 423 4430

CeDo 3462 3,08 1,53 1.04 2,30 2.62 1.08 1.43 1.94 1,52  3.61




Appendix XI. Ween doyes 1o 50% bolting in control rous

for 25 amaranth genotypeo

Geno~- E E B B E B E E E Varjetal
A 2 31.00 38,50 41,50 36,00 33.50 27.00 37.50 29.CC 32.00 31.00 28.50 33.23
A3 47.00 43.00  46.00 38,00 40.50 35.00 44.50 34.00 32.00 41,50 37.0C0 39.86
A4 35.50 41.00 50650 41.50" 45,00 42,00 40.50° 51,00 38.00 50.50° 38.00 "43.05
AS 40.00 55.00 65,50 55.00 -50.50 54.00 47,00 50.00- 47.00. 53.00 40.50..50.€8
AB 121,00 121,00 90,00 57.00° 38.00° 58,00 70.00" 76.50 ‘53,50 ° 74.50 66.00° 75.05
A9 49.50 61,00 60,00 54.00 48.0D° 54.00° 63,00 57.00 51,00 55,00 48,00 54.59
A 12 24.00 25.00 24.00 29,00 28,00 26,00 22,00 26,00 '21.00 - 25,00 22.00  24.73"
A 14 687.00 71,00 61.00° 51.00° 57.00 49.00 50.50 59,00 '60.00 ' 52,00 45.50° 56.64"
A 16 62,00 868,50 70,00 556.00° 62,00 48.00° 74.00 73,00 '54.50 - 63.50° 46.50°' 61.64"
A 17 27.50 30,00 27.00° 29.00° 32,00 23.00 29.00° 31.50 52.50 " 36.50° 32.50° 30,50
A 18 40.00 43.50 44.00° 32.00° 35,00 30,00 33.00" 25,00 '23.00 - 31.00° 35.00° 33.77"
A 19 40.00 47.00° 51,00 40.00° 37.00° 51.00° 42.00 44.00 44.00 39.50 37.00' 42.96
A 22 45.50 63,00 T6.50° T1.00 53.00 52.00 068.50° T0.50 '4G.50 50,00 44.50 53.91
A 24 76,00 65,00 62,00 T5.00° 69.50° 52,00 63.50 T2.00 54,00 62,50 49.50 64.36
A 25 66,00 64.50° 84,00 61.00° S4.00° 47.00 67.50° 71.00 ‘58,00 55.00 50.50° 61.68
L& 27 47,00 42.50° 44.00 36.50° 53.50° 42.00 35.00 35.00 ‘50.50 47.50 30.00 41.59
A 28 51,00 65.00 54.00 49.00" 55.00° 40,00 40.00 47.00 31.00 50,50 30,00 47.32
A 33 124.00 124,00 90,00 62.00° 34,00  46.00 71.50 76.50 61.00 72.00 63.00° 74.91
A 34 26,00 32,50 33.00 36.00 34.00 29.00 33.00 37,00 26,00 35.00 28.00 31.77
A 35 35.00 33.00 37.00 33.00° 36,50 35.00 34,00 38.00 27.00 41.00° 32,00 34.68
A 39 30,00 T6.,50 36,00 38.00° 39,50 36.50 36,00 34.00 34.00 45.00 32,00 36,14
A 40 70,00 64.00 63.00° 43.00° 33.00 33.00 37.50 30.00 44.00 47.50 43.50° 46.68
A 41 £5.50 5550 52,00 37.00 39,00 32,00 38450 33,50 44,00 41.50 32.00° 42.77
A 43 44.50 34,00 33,00 35.00° S4.00° 34.00 39.50 51.00 42,50 « 46,00 30,00 40.77
3‘;3;?11 52432 55010 54.68 46.23. 44.82  41.64 47.10 48.38 42,56  48.10 33.90.

C.B. 9.97 6.83 6.15 6.48 5.21 7.14 5.65 6.9‘ 9.84 7.09 6.5‘

(p=0.05)




Appenfix XII. Meon deys to 50% bolting in uniecut rows for 25 anarsmnth genotypes

Geno=- B E B B B E B B B Varietal
Gene- 1 2 By M 5 6 E 8 9 10 By Varie

A2 5550 51,00 60,50 - 40.00 . 43.50 45.00 53,50 50,00 49.50 50,00 48.50 435.73
A 3 63.50 52.00 58.00 _54.50_ 48550 59050 64.00 ) 70.00 ) 48.00 * 54.50 ' 51.50 . 57.64 .
AS 6250 T1.00 7T79.00 52,00 53,50 71.00 - £6.00 - 71.00 - 67.00 . 65.50 50,00 6€4.86
A6 121,00 121,00 90,00 . 57.00. 45.00 72,50 61,00 85.00 59.00 74.50 70.00 T9.64
A 12 29.50 32,00 24.00 - 28,00 - 34.00 33.00 . 36400 30.00 " 27.50 27.00 - 40.00 - 31,00.
A 14 55.00 T8.50 ° 73,00 54.50 - 67.00 73.00 . 67.00 83,00 62.50 65,50 62.00  6£7.36
A 16 76.50 72,00 81,00 62.00 70.00 .65.00 . 90.00 883,00 65,00 T1.50 58.00 - 72.64
A 17 54,00 33,00 31.00- 43.00- 36.00 .37.00 . 44.00 42.00 48,50 52.50' 43.00° 42.18
A 18 53.00 55,00 55,00 34.00- 44.00 .55.00 . 50.00 46,00 32,00 41.00 44.50 - 46.32
A 19 53.00 59400° 57.00° 43.00 - 49.00 .61.00 . 61.50 68.00 58.50 54.50° 48.00- 55.68
A 22 68.50 76¢50 81,00 70,00 T2.50 .70.50 . 69.00 94.50  53.00 68.00 60.00 71.23
A 24 71.00 78.00 7T8.,00° 84,00 77.00 .78.00 . 76.00. 96.00 7T1.00° 78.00° 70.00 77.91
A 25 75.00 72,00 88.00 T0.00- 72.00 .70.00 . 81,00 90.00 65.00 62,00 70.00 74.09
4 27 69,50 S4.00 64,00 43.00- 62,00 58450 . 50.50 T4.50 53.50 55.50 51.00 56.91
A 28 65.50 71.00 65.50° 61.00- 53,50 .61.00 . 50,00 65.50 48.00 53,50 49.000 59.05
A 33  124.00 124.00 90,00 62.00- 49.00 67.00 . 88.00 87.50 7T0.50 72.00 70.000 82.18
A 34 39.00 47.00 39,00 35,00 39.00 . 44.00 56.50 49.50 39.00 48.00 41.50° 43.41
A 35 50,00 50,50 60.00 34.00 43,00 . 55.00 50,00 48.00 45.00 54.00 45.00 48.59
A 39 43,50 48,00 45.00 40.00 50,00 . 53.50 48,00 69.00 50.50 60,00 43.50 50.55
A 40" T0.00 T4.00 66,00 47.C0 50.00. 58,00 51,00 66.00 54.00 66,50 54.00 59.68
A 41 53,50 69.00 58.00 41,00 49.00. 51.00 52.00 55.00 50.00 49,00 49.00 52.96
A 435 51,50 50.00 49,00 42.00 59.00. 49.00 55.50 73.00 53.50 51.00 44.00 52.50

0;2.;311 63.58 65,76 64.46 50.80 54.20. 53.98 62.50 69.66 54.26 58.94 53.64

C D. 653 5.02 5.09 6.73‘ 4.33 17.60° 8.80 13,04 5.7 11.15 5.85
(P=0-05)




Apperdix XIII. ezn nodes on bolting day for 25 smaranth genotypes

Geno=- B B B E B 3 E Ban B Varietal
topos 1 s B3 4 ) 5 B B 9 100 Eqq Veried

2 13.80 15,58 16.63 15.00 15,65 16.27 16.00 16.10 18.63 15.50 11.33 15.59
3 20.70 - 16,40 -20.50 13.78 17.75 1740 - 14.88 16,28 - 16.38 15,00 - 18,67 - - 17.07 -
4 19.60 18,60 15,30 13.10 13.34 22.04 12,73 26,25 19.00 17.71 26.90 18.60
g 23.30  18.50 19.60 16.6% " 18.00 32.42 18.08 29.60 27.50 12.23 19.17 21.92
9

1

38.15 38.15 31.80.22.00. 16417 - 24.27 19,38 .24,00 -36.00 24.34 28.00 ..27.48
21,10 1527 22.10 22.13 16,17 23.88 20,00 29,30 20.00 27.12 20.67 21.48
2 11.50 10,10 11.00 10.40 14.13 10.71 11.01 11,83 10,60 10.63 11,33 11.20
13 20,80 15,00 17.00 16.38 17.71 18.25 16.05 24.34 15.38 13,38 18.34 18.01
14 15.80 16,50 21.03 18,75 1742 23.50 18.75 25.38 17.98 21.84 15.17 17.76
27,20 28,10 28,33 21.50 33.00 31.30 22.63 35.83 29.25 20.44 26.50 27.65
17 11.60  13.00 19.20 16,60 18,17 24.03 19.50 20.43 19.50 16.75 12,35 17.33
18 18,90 1567 17.90 16.40 14,00 16.13 16.25 10.98 16.60 18.75 18.34 16.36
19 17.50 14.40 18.20 15.90 17.42 19.21 18,50 19.50 16.20 17.00 20.42 17.66
22 21,20 21.45 24.30 22.63 22.75 21.50 22,63 25.30 24.63 22.063 22.74 22.89
4 31,70 23,38 32,25 28.63 18.50 27.60 22,88 32.53 28.63 32,17 22.17 27.77

25 29,90 3350 29430 20,67 24425 28,88 24,50 36,20 27.84 34.00 26.34 23.49

27 19,40 15,90 18.80 15,10 17.00 22.03 19.18 19.25 31.88 19.50 20.67 19.83

20 21.20 19.70 16,03 13.60 17.70 20.88 17.58 19.85 18.53 20.17 25.17 . 19.13

33 BG.20 38,20 32,20 22,75 16.567 21.63 22.13 25.10 37.25 25.67 24.21 27.564
A 35  20.40 17.30 19.43 16.90 17.60 20.78 19.38 22,25 20.13 20.50 19.17  19.45
A39 12,00 . 14.90 15.70 14.50 14.21 14.88 13,90 15.10 16,50 16.75 15.50 19.09
A 40  27.90 21,04 22.50 14.70 18.54 17.60 21.23 15.90 21.50 24.21 24.17 20.84
A 41 16.80 19.46 16.48 14.90 16.80 14.74 16.38 13.70 15.60 18.00 17.67 16.41
A 43 16.88 17.563 13.00 12,66 19.92 16.00 16.75 20.43 17.00 16,38 17.50 16.74

e o N s
= 3
o

overall 21,25 20,13 20.71 17.70 17.33 20.88 18,30 22.17 21.65 20.24 20,38

C.D. .70 2.80 - 1.8 2.8 01 2,40 5,05 6.22 4.19 9.8
(pmo.os) 4.7 437 5 §9 40 : 9 ?

- — - -



Appendix X1V,

Eopn leavee on bolting decy for 25 asaranth genotypes

Geno- B E 2 B E B E B E.., Varietal
il 1 2 I 4 5 6 5 B 9 10 By Tarics
A2 23,00 26,78 24440 13.20 18.35 14.60 22.25 12,63 19.85 26.17 23.17 20.09
A3 26.%0 23.00 12.30 12,90 12.59 13.80 12,75 12,55 18,00 22.00 23,67 17.26
A4 32,30 25.80 47.50 10,40 10.00 17.67 31.34 22,00 36.38 41.34 32.04 27.83
A5 25490 23,75 19.20 1750 1650 23.37 20,13 20.75 20.00 21.25 23.00 21.12
A b 28,65 23.65 25,90 17.50 16,00 22.64 24.17 3167 28.13 30.63 34.67 26.51
A9 26¢40 18,03 31,37 21.63 11,00 12.90 15.25 19.57 28.17 25.84 21.57 21.71
A 12 13,40 14.00 14,30 10.60 13.75 12.838 11.93 11.25 13.00 14.17 13.67 12.98
A 13 25,30 22.00 1608 16.63 15,65 17.60 13,75 17.38 28.00 18.C0 13.50 18.98
A 14 2130 31.30 25,95 23.13 15.67 19.84 22.50 17.50 26,00 24.84 20.17 22,34
A 16 92,70 30,03 25.63 21.00 27.85 22.50 21.88 21.38 29.00 21.00 24.67 24.50
& 17 1560 1313 1610 11.60 12.50 20.50 10.50 15,88 14,58 18.84 16.17 15.04
A 18 33,40 52,88 3080 15.70 21.75 13.29 14,75 10.60 33.42 22.50 27.17 25.11
A 19 28.60 23.20 16483 1330 14423 15.75 1854 15,93 26.83 17.75 23.00 19,11
A 22 B4.30 2123 21.30 21.88 17.63 19,63 18,50 17.60 29.23 25.09 34.34 23.70
A 23 33,90 32.70 29.50 25.38 14.3% 21.20 17.63 26.738 35.54 24.63 24.84 26.00
A25 31,60 32,80 34.65 25.75 20.17 24.40 22,67 22.98 36.96 29.25 33.50 28,61
A 27 20,40 24,20 21,17 12.25 10,84 17.B0  15.75 19425 27.09 22.54 22,67 19.45
A28 23,20 24.84 13.70 13.75 14.83 14.90 20.00 12,25 22,79 15.42 25.17 18,26
A 33 96,00 26,00 27.00 1383 20.17 17.30 18,13 34,79 40,50 27.75 33.50 26400
A 324 48,80 55.80 46403 23.75 2315 47.17 1575 15.19 38.54 39.67 49.50 37.54
A 35 54¢40 31.15 4730 20.80 20.25 17.50 23.63 20.34 30.42 32.83 35.84 30.40
A 39 27.50 29,50 46,03 16.50 14,17 22,00 12.50 17.74 25.63 32,00 33.00 25,14
A40 60,70 38,07 52.80 16.60 13.54 50.50 21,79 25.96 41,25 37.84 50.67 37.25
A 41 36.50 42,950 42,25 23,00 28.13 44,04 35.04 40.04 43.96 35.42 41.00 37,49
Qgggg} 30,51 31e3% 31,11 19,40 17.77 22.84 19.66 20,12 29.89 27.09 23.78

C.D. B.51 1743 1121  5.06 727 6.79 12.60 9.11 13.51 12,40 12,04

( p-0.0S?__



Appendiz XV. FMean plent height (cz) on bolting day for 25 emeranth genotypes

L ——

Geno- B B E B B g B B Verietal
iy 1 2 I 4 5 6 E, a g 10 17 Varle
A2 60.80 57.88 51.48 31.60 42,38 35425 23,50 39,80 31.2% 3717 6417 43.21

3 62,65 46,30 34.00 25,83 28.34 40.80 32.75 36.25_ 42,04 37.17 51.00. 39.74 _.
4 57¢85 53,00 34.10 35.13 34,17 65.90 39.54 44438 45.21 45.50 74.20 48.36

g 56430 T6eT5 3120 30.38 33.50 79.38 32,38 48,50 47.29 63417 90.83 54.57
9

1

154,00 154.00 106,40 95.50 27.84 £2.60 27.33 63.13 53.83 -61.84 103.00 83.68
81420 B82:46 55.60 54,75 28434 67.20 33.00 49,50 52.13 58,50 64.37 57.60
2 - 13.84 14:35 16,10 12,50 13.33 21.75 14435 15.07 18,75 17.50 32.34 17.26
13 75.60 }75.90 3040 26,88 44.46 52.30 25.50 62.25 40,13 38.84 97.84 51.83
14 6060 39:30 62.50 6225 35.75 T0e27 36425 52.50 46.83 63.T7 63.17 53.92
16 75.30 122.05 69415 75¢63 56,79 57.40 46425 5330 51.04 56.33 87.67 8831
17 27.95 27:68 25,00 21,80 25,17 3050 29.88 25.88 28.25 29.00 37.67 29.07
18 43,35 34,50 3695 25,90 20.24 28,63 20.84 15,70 36.13 31.67 36.42 30.03
19 43.80 35,60 46,30 1890 31,79 35.80 29,67 34.70 45.00 41.67 46.717 37.22
6130 7773 4840 58463 46.96 53.50 45.34 42.70 48.65 40484 63.40 23.55
24 81,95 120,63 64,60 58.63 37.84 60.05 35838 61,00 61,25 53.35 80.87 65.19
25 90.60 120.90 74.20 69.17 53.84 67.00 37.14 ©64.15 61.25 54.50 101.17 72.72
27 T3.25 52,00 34,50 256.90 5083 51.90 27.35 42.68 31.88 48.83 57.00 45.17
28 53,55 8167 3565 4125 35.45 43.80 26.25 44438 45.02 31.534 69.34 49.61
156,80 156,80 100,20 90.25 32.63 46.40 33.50 653,08 58.50 53.67 96.50 81,30
49,00 44.10 34.15 25.83 20.96 41.38 21.00 37.00 38.03 36484 42.77 35.50
68.70 40.60 34420 23,70 22.34 39,50 28,13 37.40 39.99 42.00 52.92 33.03
46,90 49,00 35,40 19.38 32,54 47.50 25.63 44.60 41.75 42.17 46.00 33.17
91,40 8727 53.80 22.10 33.84 40,90 25.25 35.00 56.50 44.67 81.84 53.14
30,50 6£3.35 20,80 18,60 24.94 38.00 21,00 28465 32238 34.67 64.50 35.95
34.18  55.34 30,80 32.50 23.54 35.6C 30,78 32.55 30.75 36.34 60.00 737.39

Y 3 o T T o N N
"
SYIGr S N

o $a e LIV
Ul

°§:§§?1 63.44  TOJTT 4759 40.12 33.99 48.54 30.22 43.22 43.48 44.25 66.85

G.De  17.36 20.69 10.68 5.74 15.36 18.19 7.86. 10,14 26.36 16.11 17.18
(9‘0.05)




Appendix 3IVI. Kean frequoncy of harvest of 25 anarsnth genotypes

Geno~ E B E E E E E E Yarietnl
typesn 1 - ?:2_ . 33 - 4 P L I S KB - 2 LT 11 aesn -
A2 1.50 1,00 2,00 1,00 1,00 1,00 1,00 2.00 2,50 2,50 2.00  1.59

A3 1e50 - -3,00 - 150 - 2.00 - 2560 - 2,00 - 1,00° 2550 3.00 "~ 1,50 350 2.14
A 4 1000 1050 2.00 1.00 1000 -00 1000 3.00 3¢0D 3.50 2050 1.96l
AS 1,50 2,00 1,50 1.50 1,00 2,50 1.50 1.50 2,50 4.00 2.00  1.96 .
A G 1,00 4,00 ° 2,50 2,00 1,000 3.50. 2,50 350 6,00 5.00 5,00 3427
A9 1.00 3,00 2.00 2.00 . 2400, 4,00. 1.50 300 6400 S.00 4.50 3.09
A 12 100 1,00 1,00 1,00 1,00, 1,00 1,00 1,00 1,00 1.00 1,00 1.00
A3 2,00 3,50 2.00 1,50 2,00, 4.00. 2e50 3,50 8.00 4.00  5.00 Y27
A 14 150 3,50 2.00 . 1,50 2.,00. 3.00. 2.00 3,00 4,00 S.00 3.00 2.77
:l 16 . 1.00 3.00 2.00 1.50 ' _1 .00 ‘3.50' - 2.00 3.50 500’0 4.00 3.00 2.68
A 17 1.50 150 1.00 1.00 1.00. 1,00, 1.00 2,00 2.00 4.00 1.%0 1.59
A 18 1.50 1,50 1.00 1,00 . 1.00. . 1.00. T.00  1.00 3,00 1,50 2,00 1.41
A 19 2,00 2,00 2.00 1,00 1.00. 2.00. 1.00 3,00 F.00 3,50 2,50 2,09
A 22 150 3.50 3.00 2,00 2,00, 3%.50. 2,00 4.60 6,00 5,00 5,00 3.41
A 24 1.00 3,00 2.00 1450 1.00. 3%.00. 150 4,00 5.00 4.00 5.00 2.82
A 25 1.50 3,00 1.50 2,00 1.00. 3.50. 150 4,00 5.00 4.00 3,00 2.7%
A 27 100 2,00 1,50 1,00 1.00. 2.,50. 1.00 2,00 3,00 3,50 3,00 1.96
A 28 1.00 2,50 2,00 1.50 1.50. 2.00. 150 2,00 3450 3.00 350 2.18
A 33 2,00 4,00 2,00 2.00 1,00, 2.,50. 2.50 350 5.00 5,00 5.00 314
A 34 1.00 1.00 1.00 1.50 1.00. 1000. 1-00 1.00 1.00 1.00 1.00 1.05
A 35 1.00 1.00 1.00 100  1.00. 1.00. 1.00 1.50 1,50 1,00 2,00 1.18
A 39 150 1,00 1.00 1,50 1,00, 2.50 1.00 1,50 2450 2.50 2.00 1.64
A 40 2.00 - 3.50 2.00 2.00 1.00 2.50. 1.00 2.5‘0 3.00 4.00 5.00 2.59
a 41 1.50 3,00 2.00 1.00 1.00. 2.,50. 1,00 1,50 2,00 1.50 3.50 1.86
A 43 1.50 1,50 2,060 1,00 1,00, 2.00. 1.00 3,00 3.00 4.00 2,00 2,00

Overall 1,38 2,38 174 1.4 1.220 2,350 1,40 2,52 3.50 332 3.10

C.h, ; : . . , . N . :
(930005) 11 0079 0.6‘ 0.8" 0029 0-73 0017 0.94 1 .35 1 .19 0.99
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AESTRACT

The investigation, "screening for non-boliing type(s)
of smoranthe suited for yeere-round planting” was conducted
during April) 1981 to March 1982 at the Inetructionn) Fara
of College of Horticulturc, Vellanikkara with the following
objeotives~-t0o imolato stable line(s) for yield and boliing,
line(a) with negligible content of antinutrient factors .
1.0.y nitrates and oxalates and to ascribe tho reasons for
bolting., The 25 amaranth gemotypee belonging to gour bota-
nical speoies were growvn in & randomised blook deaign with
2 replicatione at monthly intervals. All the 25 genotypes
varied significantly with regord to the total yield, yield
components and bolting. Ihe heritability, phenotypic coeffi-
clent of variation ond expeoted genetic advonce were higa
for all the choracters. There woe a very high G x E inter-
action aleso for these cheraotorn, Tho line A 13 was cisble
for bolting snd A 33 end A 6 were highly unstable. Line A 13
was atable for yield also (740.46 g/0.45 n2). Line A 6 wag
the highoat yielder (769.09 310.45‘12). The lines A 22 apd
A 14 wore suited for hign=yiclding environment with regord
to yield and bolting end the lina A 9 was suited to low

yielding onvironments. Hence the prouising lines obhserved



The lines 4 6 and A 33 vere short day iypes and the
rest, dey neutrale., Humber of ralny days, 13th week after
sowing influenced bolting in & 6 and A 33. leon maximun
tenperature during tho firot week of sowing determined
bolting in A 5, A 17 and 4 22, iemn bright cunshine hours
during the firct week of cowing influenced flowering in
A 5, A 17 cnd A 19, Physical properties of coil (percentege
of scnd, silt end clay) hed no signifioont correlation with
daye to bolting exoept for the line A 5, whiel was influenced
by the percentage of cloy and cilt of eoil.

Plowering was delayed by catting. HRed saargnths
bolted lote arndgreen anarsunths were early.

A 43 hed the minimun content of fres nitrate and
oxalate, Heximun totol chlorophyll content wap cstimnted
in A 34,

Tho 1ine A 17, a variont of A. tricolor wae tentotively
nened ae A, tricoler sep. cayjcaulis due to ita hollow stommed

charzotor.



