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nrraorucTioK

Amaranth ie one of the large and t&xonomicaliy 
diverse groups of tropical leaf vegetables* They are 
excellent vegetables for their fast growing nature, with 
on extremely high yield potential, lower b uboeptAbility 
to eoll borne diseases then many other vegetables, suita
bility for crop rotation with any other vegetable crop and 
for its high mineral and nutrient oantent. "Easiness in 
cultivation, high suitability for both home gardening and 
commercial cultivation, high favourable response to added 
fertilizers end to organic manure, amaranth la unique" 
(Orubbfin and Vans lot ten, 1961). In wora humid tropical 
ollndte, so congenial for amaranth cultivation, fresh loaf 
yield as high as 30 tonnes/ha in four weeks from direot 
sowing has been reported* Thie may be the highest yield/ 
unit of land and per unit of time that can be obtained from 
any ouch leaf vegetable*

Because of low production cost and high yield, 
amaranth is one of the cheapest, dark green leaf vegetables 
and ie often deecrlbed ho a "poor man's vegetable". The 
nutritional value of this crop io excellent because of ito 
high content of<essential mlcrosutrionts* Tender amaranth 
(A. fiottgatlcua) contains 4 g protein, 397 mg Ca, 03 mg p,



25*3 os S’01 3520 eg carotene, 0.3 cog thiamine, 0.3 ms 
riboflavin, 1.2 mg nieoin end 99 mg vitamin C per 100 g 
(Devndac and Saroja, 1900),

Studies on the adverse nutritional effects due to 
higher intake of amaranth leaves havd indicated that a 
eoneuaption of more than 200 g/day con oauee the foliation 
of calcium oxalate oiomao in the human urinary system. The 
etatietioe of consumption indicate 18.0 g/poroon/day in 
mony of the developing countries. Still, there is definite 
need to evolve lines with negligible content of free ultra to a 
and oxalates.

Amaranth ie mainly considered ae a day neutral plant. 
Short day types have also been identified (Grubbon, 1970). 
Bolting - premature flowering io one of the eeriou© handicaps 
in vogoto ole amaranth culture. The bolted amaranth taotce 
bitter and io not accepted for consumption ae also in commer
cial marketing. The need for evolving non-bolting types or 
delayed bolting typoa after a substantial vegetative growth 
io an important need for the widespread cultivation of vege
table amaranth. The effects of various meteorological para
meters, number of cuttings end height of cuttings, physical 
characteristics of the soil etc. on different phases of 
flowering need to be thoroughly invooligated.



Conventionally six epaioiee - A. tricolor. A. eplnoeua. 
A. dabluB. A, virldio. A. blitua and A* ertiontae are consi
dered oo vegetable types. The epecieo, A. vfrldlp and 
A* Bplnosua oro weeds In many ports of Indio, though they 
ora used ao a delicate and much reliched leaf vegetable 
In rural Kerala. Aeaoolotlon of these opeoieo vlth tho pheno
menon of bolting, content of nitrates and oxalotoo, etc. 
need to be etudied In the context of improvement of amaranths 
through lnterspeolfio hybridioatlon. The present aeries of 
experiments are formulated vlth the following objectives*

1. To identify llne(e) which are non-bolting or 
delayed bolting end to aooribe tho morphological reasons 
for such behaviour.

2. To study the. effect of outting, if any, on bolting.
3. To identify Une(o) suitable for year-round plant

ing and lino(o) which are phenotypically stable.
4* To identify llne(s) with negligible content of 

free oxalates and nitrates.

3* To establish the relation, if any, between various 
meteorological paramoter a and bolting*



TQevUw ojj JLi.iata.tute.
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REVIEW OF LITERATURE
i

Vegetable amaranth, described often oo a poor man's 
vegetable, le unique In meisy vaya* In warn humid tropic 
olimate, amaranth grows oo foot that a fresh matter yield 
of as high oa 30 7/ha obtained In four weeks time, would be 
a record production among many of the economic cropo. 
Amaranths are lees susceptible to eoil borne par&oitic die* 
•aees than many other vegetables* Ease In cultivation, 
suitability to be fitted In crop rotations* fa both home
stead nutrition gar done and commercial cultivation, quick 
and favourable response to organic farming conditions etc* 
make amaranth a high potential crop for the tropics.

The nutritional value of the crop la excellent because 
of Its high content of eocentiol micronutriente* It io q 
good source of corotone* iron* calcium* vitamin 0* folic 
aold and other alcronutrlento* Protein of amaranth would 
be a valuable contributor to human diet.

The odverse nutritional offsets resulting from con
sumption of above 200 g of leaves per day* arc attributed 
to the nitrate and oxalate contents in leavoo* Ths studios 
on consumption pattern (Grubben, 1977) of leafy vegetables 
indicated a daily intake of 5 g/head In Latin America* 11 g 
in Central and South-West Aeio and 21 g in Africa* Thie 
intake is definitely non-consequential as compared to



200 g/doy required for causing nutritional defocto duo to 
higher nitrate and oxalate Intakee* Still, there io need 
to evolve lines with negligible o on tent of the above 
undeeiraole nutrient factor©*

Early bolting has been one of the cerioue handicap a 
in tho cultivation of vegetable amaranthBolting causeg 
a alight bitterness of the product, nuking it unacceptable 
for consumption* deduction in total vegetable yield i© 
considerably higher In bolted typos. Literature on bolting, 
specifically in amaranths io rather scarce*

1. Physiology of flowering

long (1952, 1965) reviewed all aspects of the flower* 
lng phenomenon in crops* Ho separated the phenomenon of 
flowering into four major stages * floral initiation (the 
differentiation of floral prlnordia>B floral organisation 
(the differentiation of individual floral parts)) floral 
maturation consisting of covoral processes, aary of thorn 
overlapping (growth of floral parte, differentiation of the 
sporogeneouo tiooue, aeioela, pollen and embryooac develop
ment) and antheols* Flower initiation marks the transition 
from the vegetative to the reproductive phase* Lang defined, 
"flavors ore modified shoots, which are produced by modified 
shoot aeristea - the flower primordla"* Once a aeriaten 
hae been determined as a flower priaordium, it is usually

5 £



unable to revert to vegetative growth# Obviously then, the 
cardinal problem of the physiology of flower initiation le 
to underetand which faotore cquoo o shoot caorictoa to become 
a flower prlaordiun and how they consummate their action.
The inductive effect of endogeneoue end cxogoneouo control of 
floral initiation hove been dealt in detail by long (1965).
Plower initiation ie ultimately deter&ined by the genotype 
of a plant* It occurs once a plant heo reached a certain 
developmental stage end the sole environmental requirement 
being conditions permitting the plant to attain thie stage. 
Bleocdalo (1973) opined that plants must attain a ainlaua 
amount of vegetative growth before flower buds can be pro
duced. This period of vegetative growth nay be only o few 
weeko in short-lived annualo. Ho coined the term "puberty” 
to describe the plant phase when plants are receptive to 
flowering stimuli#

X&ng (1965) explained that flower initiation, in some 
plan to depends on the in tor act ion between genotype and 
very epeoiflo environmental conditions like a period of low 
temperature, day length or photoperiod* The control of flower 
formation by daylength hue been called photoporiodlea.

2* Photopcrlodisn as a factor in flower initiation in amaranths
Ponigrahi (1951) investigated the photoperiodlo 

rooponooe of A. Rangeticun var* oleraceue Hoxb. and found
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that under a 6 hour photoperiod, flower buds vers formed 
In 32 days after sowing compared to 39 day a under normal 
illumination. Plan to receiving 12, 16 and 24 hours respec
tively of illuninotion, remained vegetative and under 
16 houro illumination, they made the best vegetative growth. 
The etudioo indicated a ehort-dey response of the species 

gan«:etiouB vor. oleraceous.
Zabka (1957) reported the photoperiodio response of 

A. oaudotus. The apeoiee required short days for inflores
cence development. The light intensity, light quality and 
the duration of light exposure affected the flowering be
haviour of A. caudatun. Zabka (1961) conoluded that
A. caudatun became sensitive to day length 30 daya from 
germination after uhioh two short days were sufficient to 
induoo floral initiation. The some apaclos started flower
ing In long days of about 16 hours, 60 days after germina
tion. This indicated that A. caudotue is a quantitatively 
chort day plant. Singh and Oop&l (1973) studied the photo- 
periodic roaponse of A. qplnonuB. The opooioo behaved ao 
a quantitatively short day plont. Seth (1963) observed that 

leucocarpua is a doy neutral plant like A. cruentus. lie 
confirmed the abort day response of A. oaudatue earlier 
reported by Zabka (1957). Samson (1972) working at
Kagounsen revealed t&at a Burinaa oultlvar ohoved no 
difference In flowering raoponeo to doylongtba of 10.5 and
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13*3 hours, whilo a reddish leaved Kthiopeon oultivar 
showed considerable delay in dcy lengths nbovo 12*3 hours* 
This indicates tho abort day response typo o£ behaviour in

i ■
tho Bthiopeaii cult Ivor. Io tailed investigations by 
Grubben (1976) revealed that A. cruentue and A, flublun are 
day neutral types and cultfvoro of core&l amaranths 
(A. oaudatue. A. hvpochondrlaoua) are quantitatively ehort 
day plants* The vegetable amaranth, A* tr loo lor behaved 
oo a quantitative Chert day plant. The cereal amaranth 
(A* ooudathuft. A, hvpochondriaoue) flowered only by the 
end of September, when the days became sufficiently short, 
Grubbon (1976) also suggested that photoperiodio reaction 
alone, may not be the only factor responsible for flowering 
as a few vnriotioc wore practically indifferent to photo-

t - ■<periodicity/and early flowering occurred Irregularly and
tmoreover in all seasons* Methai (1973) reported that 

amaranths arc in general short day plants and when planted 
towards shorter doyo (winter season) they may bolt early*
3* Uoleorologieal factors affecting floral initiation

2oblca (1937) stated that temperature is also on impor
tant factor in determining tho time of inflorescence initia
tion and subsequent development of plants under both long 
days and short days, in onerantho, Grubbon (1976) observed 
that shaded plants flowered Into indicating tho effect of 
quality of light and temperature on floral initiation*



Lang (1952) otated thst floral initiation shows a high
i » <

degree of development under certain environmental condi- - 
tlons - the two conditione which noot frequently controlled 
floral initiation in □ specific moaner ere daylength ond 
low temperature. Long (1952) further oplnod that the effect 
of thermo induction on floral initiation io the ease go due 
to photo induction. Heporte on the opecifio role of low

, i '

temperature on flowering in amaranth o ore rather limited.

4* Soil factors affecting floral initiation
Early flowering JLn amaranth woe observed on plots 

which are not well cared for and those suffering from drought
i(Grubben, 1976). Amaranths cultivated on poor ooile bolted 

early. Enyi (1965) reported that periods of water stress 
stimulate early flowering. In hie view, the principal 
cause for early flowering in tropical region io certainly 
no photoporlodio offoot; uotoretreso seemed a much more 
probable reason.

5. Genetic factors
There is do finite varietal difference in bolting* A 

feu amaranth typo a, Alleppey and Vochoor types were found to 
flower In monthe, uhoreae, a local Kannare typo did not 
flower even after oix months (Korala Agricultural Univereity, 
1973*79) • Variability was observed among various typos of 
amaranths for time to flowering.
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6* Othor factors

Kaufftomm end Gilbert (1931) were of tho opinion 
thst proper management io important to prevent bolting in 
amaranths. Tho height of cutting was also found to in
fluence flowering in amaranths* Kiyi (1965)» Grubbon '(1976) 
and Peutsch (1977) found that cuttings when mode very near 
tho soil surface retarded the development of inflorescence 
in sprouts* Eryi (1965) attributed this to the depletion 
of auxin responsible for flower initiation, when tho stem 
cutting io done at considerable depth. According to 
EhVi (1965) planting distance might also lnfluenoe flower
ing, whoro due to depletion of nitrogen, the 0/11 quotient 
any increase. The higher C/ll quotient leade to floral 
Initiation in aony crop plents* But Grubben (1976) stated 
that a higher dose of either II or carbon seemed to have 
little influence on the number of Inflorescences formed•

Another factor that secaa to have offeoted flowering
t

is. the mode of planting* ISohideen and Eajegopal (1975) 
reported that transplanting delayed flowering and increased 
the total duration of the vegetative phase making it possible 
to have more number of cuttings* Sulekha (1930) found that 
the age of plan tieto also influenced flowering because early 
flowering took place in older seedlings*



7. Studies on phenotypic atobility in amaranths

Yield per plant vae observed highly to bo influenced 
by the environment (Praead et ol.y 1930)* The Investigation 
of Sreoranga Swam! et al, (1930) also brought out the 
existence of strong Genotype x Environment (0 x E) Inter
actions In the diverse genetic population of amaranths* 
3ohideon and Huthukrishnan (1931) found that mean yield of 
greens and component charactera were comparatively high In 
oosVof the types during the suaaor season as compared to 
rainy soaeon* They classified the amaranth genotypes into 
high yielderot moderate yielders end lov yieldors* The 
high yielding types were characterised by vigorous growth as 
evidenced by the high aeon value for leaf weight, stem weight, 
loaf length, loaf breadth, stem diameter and plant height.
But a qystomatic approach to identify stable types as pro
posed by Eberhart and Hue col (1966) in crop plants is lock
ing in vegetable amaranth. Little information is available 
on these lines,

8* Screening amaranth types- with negligible content of 
oxalates and nitrates

The presence of antinutrient or noxious substances, 
oxalates and nitrates in amaranth leaves has always boon a 
negative factor in its large scale consumption. Her 
ttardoroaian et si* (1930) found that noon nitrate levels



1-2 a

wore 0.03# in leaves (on freeh weight basis) and 0.15# In 
atoms. Tho oxalate levels were 0*75# and 0.06# in loaveo 
and atoms respectively. Deutsch (1977) indicated that 
oxalates were store of a problem, when plants were grown 
under stress conditions. Xauffmenn and Gilbert (1961) also 
observed that vegetable amaranth when grown under stress 
condition, ore found to have higher oxalate content.
Grubben (1976) found considerable differences in oxalic 
acid content among 25 varieties of aaarcntbo. A systematic 
approach to identify amaranth lines with negligible content 
of nitrates and oxalates Is rather missing* Similarly, 
little information is available on the chlorophyll content 
of the omaranthe also*
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MATEHIAXS MO) METHODS

The present series of oxperinents vers conducted 
during 12* continuous plan tinge at nonthly interval from 
April 1931 to March 1932, Tho location of the experimental 
plots were at the Instructional Tom of College of Horti
culture , VailflnjkfcBra, which is situated between 10° 32" N 
latitude and 76° 16" B longitude, at an altitude of 23 
netrea above aeon son level* She place enjoya a typical 
vara huaid tropical oliaato. The physical charaotoriotico 
of the coils, where cropping weo done are furnished in 
Appendix X* The neohanioal analysis of soil was done as 
suggested by 2iper C1366)*

A* Experimental materials
The experimental materials included 25 genotypes of 

amaranth* These genotypes consisted of released varieties 
and pronieing linea, which aro members of four Aaaranthus 
speoieo, A* tricolor. A. dublus. A* virldla and A. qplnoBua. 
The speoieo status of the 29 genotypes vers determined uoing 
tho keys dosorlbed by Bailey <1973) and Peine (1931).

The source and morphological descriptions of the 
23 genotypes are given in Tabls 3*1*

* The Hay 1931 planting foiled due to heavy rainfall and 
resultant voter stagnation*
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B. Experimental design

The 23 genotypes wore selected from tiie amaranth 
gora plGca maintained at the Department of Olericulture* 
College of Ilortlculture* Vellsnikkara. The experimental 
asterlale were sown in a randomleed black design with two 
replications. There wore 150 rowo/rsp 11 cation keeping 
oix rowo/genotype/replioatiou. Out of these 6 roue, two 
rows were kept as oontrol9 the middle two rows were used 
for recording vegetable yield and the remaining two rows, 
kept ao suoh after one harvest. The length of each, row vao
1.50 m, row to row distance, 0.30 m and plant to plant 
distance, 0.15 a. The plantings (diroot sowing method) 
were done at monthly intervale treating each month* e plant
ing as a eeparate trial. The experimental plots for monthly
planting were selected In contrasting soil typee for phy
sical character ie tiers*

C. Plant characters otudied

1* Bqyo to 50$ gemination
2% Plant height on the 30th day of sowing'

The observation on plant height was mode on the
30th day of coving in rows kept without harvest. Five 
plants were randomly selected for taking observations on 
plant height.
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3* Girth of stem at out end on the 30th day of cowing
Dianoter of etom-end wqd taken at firot harvoBt 

fro® five randomly selected plants using vornier callipers*

4* longth of tho 5th loaf on tho 30th day of sowing

The fifth loaf from terminal bud was harvested 
frost five readonly selected plants and tho above observa
tion was made.

5. Width of the 5th leaf on the 30th day of sowing
fhe width of the some leaf used for recording the 

length of leaf was taken at the region of maximum width.
6. length of petiole of tho 5th leaf on tho 30th day of coving

Petiole length of tho 5th leaf, used for measuring 
length and width, vao also recorded from the randomly 
selected 5 plants.
7* Branches/plant on the 30th doy of cowing

2hc observation was made at the time of firet harvest.
8, leyn to 50$ bolting in control

Pro® the two rows kept unharvested, dcyo to 50$ 
bolting were observed.
9. Days to 50$ bolting in uniout roue

HoyB to 50$ bolting vao also recorded from the 
2 rows left after one harvest.



10* Hofles on bolting dsy‘

ftodes to bolting wore counted iron 5 randomly 
eoleoted plants*
11* leaves on bolting day

Leaves wore counted froa the some 5 planto, used 
for counting nodes*
12* Plant height on bolting day

Plant height was also measured from the 3 plants 
randomly eoleoted on the day of bolting*
1% Frequency of harvests

Hua b or of harvests made from the rows kept for talcing
yield, for each genotype was also recorded*
*
14* Total vegetable yield

Vegetable yield wae recorded from two rovo/gonotypo/ 
replication, where harvesting wee done first on the 30th 
doy of cowing and then at biweekly Intervals* Harvesting 
was stopped when the plants flowered*

D* Meteorological observations
1* Maximum temperature

Maximum dally temperature during the period of experi
mentation were recorded*
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2. Minimum temperature
She minimum daily teaper&ture during the period of 

inveBtigation wore recorded*

3. Rainfall
Daily rainfall received vae aleo recorded during the

period of investigation.
¥4. Humber of rainy daye/week

5. Relative humidity
The daily relative humidity was recorded.

6. Bright sunshine houro

Bright sunshine hours observed on oach day during the 
period of experimentation*

She data observed for these parameters ere presented 
in Appendix Xln end lib as weekly neons.

E. Chemical analysis of ediblo ports.
1* Oxalate content

Oxalate content of ediblo parts was estimated by using 
ferron reagent as suggested by Marderooian (1930).
2* Nitrate content

Nitrate content of the edible parts was estimated 
by Nesselero reagent as suggested by Cnoll end Snell (1977).



3. Chlorophyll content of loaves
ChXorophyll-a, ohlorophyll-b and total chlorophyll 

content were eotlnntcd uoimg throe campleo/gQnotype as the 
method suggested by Arnon (1949)* The leaf used for esti
mating chlorophyll content was fixed gb tho 9th leaf from 
bottom after appropriate standardisation (Appendix 111).
£• Statiotical analysis
1 • Analysis of variance

The data for each character were analysed separately 
for each crop as In a randomised block doolgn (Obtie, 1966). 
The mathematical model of the experimental design io given 
by

Yij - / +  ti ♦ bj + eij
(1 ■> 1f2,   tj J  ■ 1,2...... . r)
where

Yij ■ observation of the genotype in replication
M ° general mean
ti - true sffeot of 1 ^  genotype
bj « true effect of block end
elj “ random error
The ootuel break up of tho total variation into 

different components Is as given in Table 3.2. Grand mean, 
standard error of mean* critical difference and coefficient 
of variation were estimated ae follows.



Sources of variation df M.S.

Replications 1 R R/E

Geno Typos 24 G G/E
Error 24 E

Table 3.2, General amlyoio of variance
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Grand aean ■
Standard error of aean *j-^- 
nhoro E ■ error aean square

Critical difference ■ j |— x table value of *t* at 24 flf 

Coefficient of variation > t f r j f i  a a e n  x  100

2. Estimation of variability, heritabillty and expeoted 
genetic advance

Variability axleting in 25 gonotypoo was estimated at 
genotypic and phenotypic levels*

Gonotypio ooaffioient of variation,
Gsnotypio stanflorfl deviation 1rvnVgOVI 3 0r£md meen X

Phenotypic coefficient of variation,
Cpov) ■ ghonottyp3>° standard deviation ̂  *joq Grand aean
Satinatoo of gonotypio end phenotypic standard devia

tions were obtained by solving tho following equations from 
the respective AIJOVA of different oharaotors*

AEstimate of error variance, ( ̂ e)» E
Estimate of genotypio variance, ( °g2) »

■ ̂  o A OEstimate of phenotyplo variance, (c_p ) »  * E
whore, r a number of replications}

E ■ error aeon square 
G ■ Mean square for varieties
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Heritabillty In broad esnst wo a estimated by the formula.

3* Tooled analysis of variance
Analysis of variance of the pooled data for each 

character w as performed as suggested by Eanoo end 
Gukhatao (1970) end tho detailed analysis of variance are 
given in Table 3,3*
4. Stability analysis

Tho phenotypic stability analysis for vegetable yield 
end days to 50% bolting were conducted as euggeetsd by 
Eberhart end Runsoil (1966)* Three paramotara were esti
mated so as to measure phenotypic stability of oultivarn* 
They ere (i) mean, (ii) regression of individual mean 
performance on environmental index and (ill) deviation from 
regression* Tho linear model io of tho form

rij - A m i  Ij +^ij
where, 
i - 1,2
d - 1.2

29
11

^ij » mean performance of i ^  genotype in the
environment

A  m m«an of all the genotypes over all the environ*
men to*



Table 2«3. Pooled analysis of variance

. Source df S3

Total 274 ^  7® -OP
J

Genotypes CO) 24

Seasons (S) ({?)* Y?j/25“CP

0 x S 240 #
(264)

Pooled error 264 *(288)

♦There are 12 seasons for days to 5C$ germination
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bi ■ the regression coefficient of l^1 genotype on
the environxentcl index which measures the
response of the genotype to different environments,

Xj a the environmental index vhioh is defined as the 
deviation of the neon of ell the genotypes at a 
given location iron the overall aean.

- tho deviation fron regression of i^1 genotype 
at the environment.
The environmental index con be expressed as

«  - Yid/25)- C \  ^-Yij/275). with - 0
The first stability parameter (bl) was estimated using 

tho formula,

W  - 1  n j  y  t  l *

The seoond stability parameter (Bd^) was estimated 
using the formula

s\ m (1 4 j2/9> ■ sV r
0where, S e/r la the estimate of the pooled error and

t  i  J8 ■ ‘ 1 V ^ r J / 11)- ( f W s/ f c t

Tho overage of error mean squares over all the environ
ment was taken as the estimate of pooled error variance.
The detailed analysis of variance for the estimation of 
stability parameters is given in Table 3*4.



Table 5*4« Analysis of variance for stability

Source df C! CS U*h>l li * 8 *

Total 274
Genotypes (G) 24

Seasons CS) 1.0
G x S 240
S *• (GxS) 250

S (linear)
— m  m

1
G x S (linear) 24

Pooled deviation 225

Genotype 1
•

*
»
*

9

•
•

•

Genotype 25 9

Pooled error 264

Z? -CP *= T.SoS. i j ij
? i . / 1 1 ~GP * <J-£*S »

^  Z?,/25-CP =1 s.s.s. 
J

?.5.S.-G.5.5.-S.S»S.
r2 _  ^ 2

as.

MS,

£- Y — Y /1 1  i T  ij i xl*/<1

1 / 2 5  Y . j  a  S .S .S C 1 )

•S.S.2.(1) MS-i f  %  V 2' ! 1!

'" l(  )
J

EdS.

Z *  v 2
J X2 5 a x2 5 «IT

MS, roV'-’Cn



i) Til* significance of tho difference among genotype 
mesne was tooted using the P ratio*

p _ Kean ftouflre for varieties________“ UiS^ pooled deviation-mean equar®

ii) The significance of genotype x environment inter
action wqb tooted uolng tho F ratio*

„ ^sg Mean square for genotype x seasons 
" pooled error aean square

iii) The genetic differences among genotypes for 
their regression on the environmental index were tested 
using the F ratio*

s> e ̂ S? a Kean square for G x S (linear)13^ pooled deviation mean square

iv) Deviation from regression for each genotype was 
tested using the F ratio*

p ■ < t  idSV9

v) The significance of the difference between regression 
coefficients and unit was tasted using the appropriate *t* 
tost*

bl-1 
t " JHS^/ 1^2

5. Correlation of meteorological parameters and physical 
components of soil with doys to 50$ bolting

Simple correlation coefficients between meteorological



27
2.1

parameters end doyo to 50$ bolting wore worked out ao 
suggested by Snodocor and Cochran (1967) for each genotype. 
The meteorological data wore averaged out for each waok.
The correlation between doyo to 50$ bolting and the woe lily 
mean of the parameters from the week of cowing to bolting 
vqg worked out. In the case of ralnfallt total rainfall 
per week was used for tho correlation analysis.

G. Ascertaining tho opeoice etatue of the genotypes

All the genotypes used In the investigation wore 
examined in detail to put thorn under the botanical species. 
The keys ueed for tho identification wore that of Bailey 
(1973) end Peine (1980).



? $ e 6 u L t$



28

RESULTB

Tho results obtained In the present investigation 
are presented under the following heads.

A. Analysis of variance*, estimation of variability and 
heritability for vegetable yield and its component 
characters and bolting.

3* Stability analysis for total vegetable yield end days 
to 50$ bolting.

C. Correlation of various meteorological parameters end 
physical propertieo of soil with dcys to 50$ bolting.

S. Chemical analysis of tho edlblo parts
£. Ascertaining the oorreot species status of the genotypes,

A. Analysis of variance, estimation of variability end horitabllity for vegetable yield and its, component characters and bolting.

1. Daya to 50$ germination
The 25 amaranth genotypes differed significantly in 

all the 12 sowings (Table 4.1o). Zt ranged from 4 (A 24,
A 25, A 39) to 17 (A IB) doyo (Appendix IT and Table 4.2a). 
The earliest (4 days) germination of oil tho varieties was 
observed during April 1901 coving and delayed (6 doyo) 
gemination was observed during June 1931. The genotypic



Table 4.1. General analysis of variance for vegetable yield and component characters, in anoranthsa. Days to 50p gexalnatlon ___  ___ _____________________

Sources df
- Mean nun of oquaros

V e; b2 ®J E4 E5 E6 *r % E10 S11

Replica- . tlons
Genotypeo 24 
Error 24

0.50
1.36**
0.17

I w
0.50 12.50 0.72 6.48 0.93 ,0.50 0.50 - 2.00
1.26**21.17** 1.78** 2.22** 3.04** 2.00?* 3.17*? 2.48* 
0.21 0.58 0.60 0.69 0.65 0.50 0.38 0.46

0.18 0.02 1.71
* 0.88** 2.21** 4.67** 

0.22 0.40 0.29
b. Height of plants on 30th day after coving

Sources df Mean sun of oqusree
S1 E2 *3 £4 B5 E6 h H E9 S10 E11

1 2 3 4 5 6 8 8 9 10 11 12 13
Replica- . tions 320.05 17.93 163.44 23.27 121.77 0.46 11.79 47.18 140.28 10.82 45.60
Genotypes 24 
Error 24

94.72**
31.79

45.73** 21.51 
16.69 11.72

46.30** 19.49* 47.50* 47.84** 
7.86 8.85 23.73 4.06

26.53*“ 
?.31

64.43**
17.15

68.64**118.12** 
12.55 37.23

o* Girth of etea at cut-erd on 30th day after soving
Replica- 1 
tionc 0.79 5.92 27.83 12.41 0.17 4.26 0.56 2.56 0.01 0.66 23.12
Genotypes 24 
Error 24

7.40
4.9Q

11.08*" 6.36 
1.14 3.61

3.86** 3.49** 2.30 1.84* 
1.03 0.98 1.37 0.80

5.61**
0.36

3.573.26 8.63**
1.59

14.77**5.56
* (p*0.05) ** (p*0.01)
Times of covings Ê  ■ April 1331- ** May 19Q1; E* a June 1331- E_ a July 1381 ̂ 2^ « August 1931.

E^ ■ September 1981. Eg ■ October 7981. Ey « Hovenoer 1981. Doceabe t 1931.
Eg ■ January 1982̂  Ejg ® February 1982̂  Korea. 1982. Ccontd.)



Table 4.2. Ucnn. standard error of mean CS.En), range» genetic coefficient of variation(gov), phenotypic coefficient of variation (per), coefficient of variation (cv), 
horitabllity (h2)f genetic Bdvcnce (GA) and genetic advance as percentage of scan for vegetable yield and component characters

Seasons Ue&n + S.Em Range gcv per ov GA GA as percen-~ tags of mean
— 1 2 : 5 ~  5 6 ~7 3 9~

&• Days to 50£ gemination

4  

4
p

k

11
b. Plai

E 1
E

-*4

*64
s
I™E11

4.34+0.29 4.00-3.00 17.81 20.16 9.40 0.78 1.41 32.47
4•50+0*32 4.00-7.50 15.78 18.63 9.91 0.72 1.27 27.52
6.06+0.54 4.00-17.00 52.34 54.42 12.61 0.95 4.43 106.10
4.92+0.55 4.00-3.50 15.63 22.13 15.67 0.50 1.12 22.74
5.44+0.59 4.00-3.50 16.10 22.17 15.26 0.53 1.31 24.07
5.18+0.57 4.00-10.50 21.10 26.20 15.52 0.65 1.81 35.02
5.54+0.50 4.00-3.00 15.65 20.20 12.76 0.60 1.38 24.93
4.74+0.43 4.00-10.00 24.94 23.10 12.91 0.79 2.16 45.64
5.40+0.40 4.00-3.00 18.34 22.12 12.35 0.69 1.72 31.33
4.62+0.33 4.00-6.50 12.42 16.00 10.07 0.60 0.92 19.87
4.70+0.44 4.00-9.00 20.26 24.23 13.36 0.70 1.64 34.83
4.76+0.33 
gfrt on 30th

4.00-3.00 15.36 
day after coving

19.10 11.35 0.65 1.21 25.47

27.73+3*99
20.76+2.89

13.38-41.55 20.23 28.68 20.33 0.50 6.15 29.39
11.50-25.95 13.36 26.91 19.68 0.47 5.36 25.7923-317 2.42 20.05-29.63 9.30 17.12 14.38 0.29 2.47 10.3914-26+1.98 7.17-25.25 30.71 36.49 19.65 0.71 7.61 53.35

19*03+2.10 12.50-23.95 12.09 19.73 15.60 0.38 2.91 15.26
18.52f3.44 10.50-31.70 18.59 32.21 26.30 0.33 4.10 22.11
15.51+1.42 9.13-29.63 30.13 32.S5 13.00 0.84 0.85 57.09
16.30+1.29 9.20-25.13 20.93 23.71 11.15 0.78 6.20 38.05
23.09+2.93 14.65-35.20 21.06 27.66 17.93 0.53 7.63 33.02
24.50*2.50 14.75-35.00 114.49 21.64 14.45 0.69 9.07 37.02
44.17+4.31 23.50-60.80 14.40 19.95 13.81 0.52 9.45 21.40

(contd.)



coefficient of Tarlotion (gcv) ranged from 12.42 to 52.94. 
Horitability of the character varied from 0.50 to 0.95. 
Genetic advance (GA) an percentage of aeon ranged from 
19.07 to 106.10.
2. Plant height on tho 30th day of coving

All tho genotypes vero aignifioantly different for 
plant heigat on tho 30th day after sowing In 10 seasons 
(Table 4.1b) and in July 1931 coving the gonotypes were not 
significantly different. The plant height ranged from
23.50 cn (A 17) to 60.00 cm (A 20) during iiorch 1902 
(Appendix V and Table 4.2b). The highest average plant 
height (44.17 cm) vac observed during March 1902 sowing and 
the lowest (14.26 cm) during August 1901 eowing. The gov 
ranged from 9.30 In July 1901 to 114.49 in February 1902. 
Heritabillty ranged from 0.33 (October 1901 sowing) to 
0.64 (November 1961 sowing). The OA as percentage of mean 
varied from 10.39 to 57.09.
3; Girth of stem at cut end on the 30th day of coving

The geno types wore significantly different for girth 
of stem during 7 seasons and were not significantly diffe
rent during 4 other Beacons (Table 4.1o). The girth of stem 
ranged froa 5.30 mm (A 43) to 15.60 ms (A 28) during March 
1932 (Appendix VI and Table 4.2o). The maximum overall 
girth of stem wae observed during March 1902 (10.04 mm) and



Table 4.2. continued

E . 7.55+1*53
EI  7.99+0.75ES 6.27+1.34
E? 4.51+0.74
eS 6.16+0.70
E? 5.76+0.33
E? 3.92+0.63
4  3.39+0.42Eg 5.70+1.23
EZn 7.12+0.8910.04+1.67

10.Q5+1.1610.62+0.31
9.69+1.447.21+1.49
9.62+1.319.93+1.403.2671.11
7.83+1.03
10.58+1.3910.35+0.96
13.30+1.57

3 4 5 6 7 8 9
at eut-end on 30tb day after coving
3.55-11.60 14.53 33.00 29.55 0.19 1.00 13.24
4.80-13.50 27.39 30.92 13.35 0.31 4.14 51.30
3.40- 9.40 18.72 35.64 30.32 0.28 1.27 20.23
2.70- 7.50 26.14 34.89 23.10 0.56 1.82 40.34
4.00- 9.25 13.15 34.30 16.03 0.23 1.22 19.79
3.80- 7.70 11.32 23.49 20.30 0.25 0.71 12.25
2.20- 6.25 18.38 29.33 22.89 0.39 0.93 23.62
1.43-10.00 47.37 51.00 17.63 0.38 3.13 9.54
3.20- 7.70 6.86 32.40 31.67 0.04 0.17 2.93
4.20-11.25 26.34 31.76 17.74 0.69 3.20 45.01
5.30-15.30 21.38 31.75 23.48 0.45 2.98 29.66

(ca) on 30tb day after eovlng '

5.65-17.53 26.83 30.81 15.14 0.76 5.22 48.15
4.33-14.31 25.13 27.40 10.30 0.34 5.06 47.69
4.14-14.77 23.65 31.65 21.03 0.56 3.53 36.42
3.37-11.62 26.87 39.69 29.20 0.46 2.70 37.48
4.62-17.81 24.73 31.36 19.27 0.62 3.87 40.20
5.04-13.84 21.66 29.47 19.99 0.54 3*26 32.79
3.69-11-67 22.23 29.21 18.95 0.58 2.63 34.34
3.23-13.03 29.82 35.62 19.47 0.70 4.06 51.51
5.60-15.34 19.42 26.91 18.63 0.52 3.05 23.83
5.30-13.67 23.34 26.30 13.17 0.76 4.34 41.38
7.75-20.13 22.14 27.75 16.73 0.64 4.34 36.38

(contd.)



the alninun during Becoaber 1981 (3.39 on)* The gov rouged 
froa 11*82 to 27-09. Heritobility varied froa 0*04 to 0.0 1; 
and the GA aa percentage of aeon Iron 2*93 to 92.54.

4. length of the 5th leaf, 50th day after cowing
All the 25 genotypeo differed significantly for their 

leaf length during all the 11 oca*one (Table 4.Id), It 
ranged from 7-75 cm (A 45) to 20.15 on (A 13) during March 
1932 (Appendix VII end Table 4.2d). The noxinun overoll 
moan for leaf length was also in March 1982 (13*30 cm) and 
the minimum In Auguet 1931 (7-21 cm). Tho gov ranged iron 
19*42 to 29*32, horitability from 0*46 to 0*34 and GA do 
percentage of aeon from 23*63 to 48*15*
5* Width of the 5th leaf on the 30th doy of sowing

The genotypes were significantly different In all the 
11 seasons (Table 4.1e). It ranged from 5*09 cm (A 43) to 
13*09 cm (A 13, A 2Q) In March 1962 sowing (Appendix VIII 
and Table 4*2e). The maximum mean width (8*65 cm) of all 
genotype a was observed in liorch 1932 sowing end the ainjmua 
(5*29 ca) in Auguet 1981* The gov ranged from 19*77 to 32*05, 
heritabllity from 0*52 to 0*66, end the GA aa percentage of 
moan from 29*23 to 53*31*
6* Length of petiole of the 5th leaf on the 30th day of cowing

The genotypoo differed elgnlflcantly only in 7 seasons 
for length of potlole and in 4 seasons, thoy wore not



Sable 4*1 continued
1 g 3 4_____ 5 6 7  S 9 10 11 12_____ 1?__
d. length, or 9th leaf on 30 th doy after a owing

tione°D" 1 51 *65 1 m2B 0#47 0,76 1-05 11,25 4,79 4,09 0,25 1 *2° 6,10Genotypeo 24 19.64**15.62**14.66** 11.94** 14.75** 15.19** 9.19** 13.39** 12.32**13.53** 22.28** Error 24 2.70 1.32 4.15 4.43 3.43 3.94 2.45 2.35 3.68 1.86 4.95
e. Width of 5 th leaf on 30th da/ after sowing

tions^ 1 39*18 S#61 0,14 °*°° 0,10 1,57 0,29 1,09 0,06 1,55 °*00Genotypes 24 6.32**10.12** 5.71** 4.35** 5.71** 5.33** 5.69** 6.85** 7.07** 7.45** 12.47**Error . 24 1.31 0.74 1.36 1.36 1.38 1.85 0.73 0.79. 1.53 0.90 3.26
f. length of 5 th leaf*b_petiolo on 30th day after cowing

tions00" 1 12*̂ 7 0mOS °*69 °*13 0,44 0,51 0,18 °*°° 4,74 0-27 1,07Genotypes 24 1.31** 2.16* 3.69 1.44 2.48* 2.36** 2.41** .2.30** 1.57 3.45*" 9.29Error 24 0.46 0.92 1.91 1.11 1.05 0.59 0.73 0.36 1.03 0.59 5.13
g. Branches on 30th day after coving

tionsCQ~ 1 4*68 °*50 0,36 0,02 5,77 °*01 0,14 4,32 0,15 0,13 3,04Genotypeu 24 15.74** 7.70** 5.03** 5.72** 4.51*" 4.35s* 4.38** 4.26** 5.07** 3.35"* 6.13**Error 24 3.07 2.22 0.55 0.25 1.24 1.61 0.27 0.48 0.89 0.54 3.06
h. leys to 50$ bolting in control

1 6.40 20.48 5.12 46.03 24.50 0.00 27.38 0.98 18.00 0.93 33.62uono 04 00 40 #0 44 4 0 4. «« .« ** **
Genotypea 24 1315.41 1190.35 632.20 352.46 237.00 221.44 471.38 595.72 295.14 297.96 228.17
Error 24 23.36 11.11 8.87 9.87 6.38 11.96 7.51 11.31 22.71 11.52 10.04

(contd.)



Table 4*2. continued i

8

e. Width of 5th leaf (cn),on 50th day after sowing
E1
E l

* 3
EJ

E5E?
gaPS 10
* 11

‘7.73+0,81 4.22-10.51
7.25+0.61 3.27-11.71'6.62+0.82 3.55-10.345.29+0.83 2.51-8.87
6.51+0.83 ’3.05-’9.737.13+0.96 '3.78-10.30'6.00+0.61 '2.97-'9.64
5.43+0.63 '2.38-9.49'7.43+0.87 4.48-10.937.35+P.67 3.94-11.30
8.65+1.23 5.09-13.69

20.47 25.26 14.79 0.66 2.64 34.18
29.85 32.13 11.67 0.86 4.14 57.14
22.36 28.40 17.67 0.62 2.39 36.04
23.03 31-97 22.13 0.52 1.82 34.48
22.59 23.89 18.13 0.61 2.37 36.40
19.77 27.48 19.07 0.52 2.09 29.23
26.15 29.62 14.33 0.77 2.85 47.44
32.05 36.10 16.39 0.79 3.19 53.81
22.34 27.85 16.68 ■ 0.64 2.75 37.00
24.64 27.77 12.93 0.78 3.30 44.92
24.62 32.42 20.87 0.59 3.36 39.12

f. Length of petiole of 5th leaf (ca) on 30th day after sowing

E1

1P
E7H
E10
fa11

4.51+0.484.81+0.684.01+0.93
3.65+0.74
4.31+0.734.76+0.543.66+0.603.80+0.42
4.73+0.735.03+0.547.73+1.60

3.20- 5.85 2.15- 6.542.80- 8.23 1.90- 5.16 
2.59- 6.89 2.53- 7.85 2.00- 5.87 
2.43- 5.89 3.23- 6.872.80- 8.39 5.25-14.52

14.47 20.36 15.02 0.48 0.93 20.63
16.42 25.30 19.89 0.41 1.96 40.82
19.64 34.77 28.71 0.32 1.10 22.84
11.18 30.92 28.81 0.13 0.30 8.31
19.61 30.84 23.81 0.40 1.11 25.66
19.76 25.54 16.17 0.60 1.50 31.49
23.76 32.43 22.05 0.54 1.39 35.64
25.93 30.34 15.72 0.73 1.74 45.65
10.46 24.30 21.93 0.19 0.44 9.25
23.79 28.25 15.23 . 0.71 2.08 41.26
18.65 34.75 29.33 0.29 1.59 20.62

(contd.)
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significantly different (Table 4.1f)» It ranged frca 
5.25 ca (A 25) to 14.52 oa (A 23) In Kerch 1931 eowing 
(Appendix IX  and Table 4*2f). The a&xlnma overall length 
of petiolo vac observed during March 1932 (7*73 ee) cowing 
and the ainlauia (3*65 cn) during Auguet 1931 cowing. The 
range of gov, herltabillty and GA as percentage of acan were
11.18 to 25.93, 0.13 to 0.73 end 3.31 to 45.65 respectively.
7. Branches/plant on the 30th day of sowing

All tho 25 genotypes were significantly different in 
all the 11 seasons (Table 4.1g). The bronchos varied from
0.20 (A5) to 11.00 (A 34) in April 1901 crop (Appendix X  

and Table 4»2g). The maximua overall noun bronohes (4*50) 
were observed during Kerch 1932 sowing and the ainicun (2.63) 
during Auguet 1931 sowlns'T^The gov ranged from 27.54 to 
62.97, heritability from 0.33 to 0.91 end GA as percentage 
of neon froa 32.79 to 124*04.
3. Soys to 50$ bolting in control

The genotypes were significantly different In all the 
11 oowingo (Table 4.1h). It ranged from £5 (A 12) to 124 
(A 33) days during April 1951 sowing (Appendix XI and 
Table 4.2h). The naxiaua delay (55 days) in flowering was 
oboerved during Juno 1931 sowing and tho ear Hoot (40 dcys) 
flowering was during SSaroh 1932 sowing. The gov, her liability 
end GA ae percentage of mean varied froa 24.61 to 49.45, 0.36 
to 0.9S and 47.96 to 9Q.31 respectively.



Table 4*2. continued
1 ... 2 3 4 5 6 7 8 9

e* Branch co/p lent on 30th'doy after coving -

4.39+1.24 0.20-11.00 57.34 69.86 39.91 0.67 4.26 96.93
e! 4.36+1.05 0.90- 3.70. 38.00 51.12 34.19 0.55’ 2.54 53.19
A 4.12+0.52 1.75t 7.33 36.35 40.55 17.97 0.60' 2.76 67.12

%

2.63+0.36 0.00- 6.00. 62.97 65.33 19.24 0.91 3.26 124.04
3.29+0.79 1.17- 6.38 . 38.88 51.53 33.06 0.57 1.99 60.40

Ei 4.19+0.90 1.50- 7.40. 27.97 41.22 50.28 0.46 1.64 39.10
4 2.94+0.37 0.17- 6.50 48.69 51.82 17.81 0.83 2.23 94.19

3.38+0.49 0.59- 5.33 . 40.71 45.56 20.47 0.30 2.53 74.91
A 4.07+0.67 0.83- 7.34 . 35.55 42.42 23.15 0.70 2.50 61.37

4.23+0.52 1.83- 7.67 . 23.04 33.00 17.40 0.72 2.03 49.10
sl? 4.50+0.24 ' 1.59-. 9.20 . 27.54 47.70 33.93 0.33 1.47 32.79

h. B«yo to 50# bolting In control
E1 52.32+3.42 24.00-124.00 48.58 49.54 9.24 0.97 51.44 93.31
eJ 55.10+2.36 25.00-124.00 44.07 44.48 6.03 0.98 49.56, 09.94
A 54.63+2.11 . 24.00- 90.00 33.56 34.00’ 5.45' 0.97 . 37.31- 68.23
%

46.23+2.22 29.00- 62.00 23.23 29.03 6.79 0.95 26.22. 56.65-
44.82+1.79 28.00- 69.50 23.96- 24.61 5.63’ 0.95 21.53 48.04
41.64+2.45 26.00- 60.50 24.53 25.94 3.31 0.90 . 19.97 47.96

A 47.10+1.94 22.00- 71.50 32.33 32.85 5.82 0.97 30.88 65.56
s 48.38+2.33 25.00- 76.50 35.36 36.04 6.95 0.96 , 34.53 71.48

42.56$5.37 21.00- 61.00 27.42 29.62 11.20 0.86 22.26 52.30gifin 48.10+2.40 25.00- 74.50 24.88 25.86 7.06 0.93 23.72 49.31t? Iw £11 39.90+2.24 - 22*00- 66.00 26.18 27.35 7.94 0.92 20.59 51.60

(contd.)



9. Days to 50$ bolting In unicut rove
All genotypes differed significantly for tho doyo to 

50$ bolting In the unlcut roue in 10 sowings. They were 
not oignifioantly different during February 1982 sowing 
(Table 4.U). It ranged froa 29 days (A 12) to 124 days 
(A 35) during April 1981 coving (Appendix SIX and Table 4*21). 
The aaxlRiun overall aeon doyo to bolting (66 days) was 
observed in the June 1931 sowing and the earliest (51 days) 
was in the Auguot 1931 crop. The gcv, herltabillty end GA 
as poroentage of neon renged from 17*29 to 32.34■ 0.81 to
0.99 and 27.30 to 66.81 respectively.
10. Modoo on bolting day

This was also significantly different in all ganotypos 
during all the 11 seasons (Table 4.1J). It ranged from 
10.10 (A 12) to 33.20 6) during the Juno 1931 crop
(Appendix XIII and Table 4.2j). She aaximun overall mean 
nuabcr of nodes (22.17) was during the Decoabtr 1981 crop 
end the nlnlnua (17.33) was during the September 1931 sowing. 
The gov, heritabiliiy end GA ae percentage of aeon varied 
froa 16.14 to 36.50, 0.37 to 0.97 and 16.99 to 73*95 res
pectively.
11. Leaves*on bolting deyr

All the 25 onoranth genotypes were significantly 
different in all tho 11 sowings (Table 4.1k). It varied



Table 4.1. continued
1 2 3 4 5 6 7 S 9 10 11 12 13

*

1 . DayB to 50£ bolting In unlcut rows 
tlon®08" 1 3-38 0-08 3-38 a 1- 92 35-23 43.02 10.56 12.50 21.76 19.22 13.00
Genotypes 24 855.70*927.46*625.71* 330.13* 231-71* 230.73* 440.03* 630.03* 245.51* 275.22 196.61 
Error 24 10.01 5.91 6.09 10.60 4.41 72.73 18.16 39.92 7.66 29*18 3.13
j • Hodeo on bolting day

tlonoCa* 1 37-50 0-32 0-38 0-07 4-24 0-00 20-35 40-45 9,23 1,05 20-53
Genotypes 24 107.35*110.0?* 70.0§* 45.7?* 31.2?* 57.7?* 22.o5* 97.4?* 94.oS* 51.13* 44.47Error 24 5.19 1.34 4.49 0.80 1.96 4.90 4.55 5.98 9.09 4.12 22.67

1c. leaves on bolting day
tlane^* 1 44#46 89-32 10-34 4-56 1-95 11-71 30-61 10-43 9-37 123-06 57.15
Genotypes 24 257.00*469.5?*534.l6* 227.3?* 1l9.l6* 228.93* 76.5? 105.49* 172.72* 153.25“ 246.96*
Error 24 16.99 71.32 29.50 6.01 12.41 10.81 37.29 19.46 42.64 36.10 34.05
1. Plant height on bolting day

ticn*00” 1 1q5.40 2.45 3-56 23-19 235.31 953.60 87.17 23-32 29.38 0.18 167.23
Genotypes 24 2191.15*2916.66*99l.oT1097.4?*241.65* 372.85*114.0?* 403.6?* 261.91 276.9?* 946.1?
Error 24 70.75 100.50 26.76 17.94 55.36 77.63 14.50 24.15 163.30 60.95 69.30
n. Frequency of harvests 

Replica- ^
tionc
Genotypes 24
Error 24

0.50 0.98 0.18 0.00 0.02 2.00 0.00 0.00 0.16 0.00 0.02
0.26 ■»*2.14 0.55 0.35* _ «« 0.34 1.94* •Cft

0.5a 1 .93* *«5.00 3-7§* 3.63
0.29 0.15 0.10 0.17 0.02 0.13 0 .17 0.21 0.43 0.33 0.23

GO
COVN

(contd.)



Table 4.2. continued

1 2 3 4 5 6 7 3 9
1. Days to 50# bolting in unl-cut rows •

E, 63.53+2.24 29.50-124.00 32.34 32.72 4.93 0.93 41.87 65.05
65.76+1*72 32.00-124.00 32.65 32.35 3.70 0.99 43.93 66*81

A 64.46+1.74 24.00- 90.00 27.31 27.57 3.33 0.93 35.91 55.70
50.80+2.32 23.00- 63.00 26.75 27.52 6.47 0.94 27.21 53.56

si 54.20+1.40 34.00- 77.00 21.73 22.07 3.37 0.97 23.33 44.06
A 5S.98+6.03 33.00- 73.00 17.29 22.54 14.46 0.59 16.11 27.30
s? 62.5<S5.01 36.00- 90.00 23.26 24.34 6.82 0.92 26.74 45.98
b I 69.66+4.47 30.00- 96.00 24.83 26.43 9.07 0.68 33.46 48.03
eS 54.26+1.96 27.50- 71.00 20.10 20.74 5.10 0.94 21.77 40.13
E?n 53.9^+3.82 27.00- 78.00 18.82 20.93 9.16 0.81 . 20.54 34.85K10E11 53.64+2.02 40.00- 70.00 13.10 18.86 5.31 0.92 19.19 35.70

J. ffodeo on bolting dny •

21.25+1.61 1 1.50- 30.20 33.63 35.29 10.72 0.91 14.02 65.96
e! 20.13+0.96 10.10- 33.20 36.50 37.15 6.70 0.97 J 14.89 73.95

20.71+1.50 1 1 .00- 32.23 27.65 29.48 10.23 0.38 11.04 53.29
A

17.70+0.63 10.40- 29.67 26.79 27.26 5.06 0.97 9.57 57.07
17.33+0.99 13.35- 33.00 22.07 23.51 8.07 0.63 7.39 42.64

A 20.88+1.53 10.71- 23.88 24*61 26.83 10.70 0.34 9.69 46.41
£§ 18.3071.51 1 .01- 24.50 16.14 19.91 11.6 6 0*66 4.92 26.33
EA 22.17+1.73 10.93- 35.68 30.16 32.45 1.03 0.33 13.09 59.05

21.65+2.13 10.60- 37.25 30.11 33.18 13.93 0.62 12.13 56.26
Bin 20.24+1.44 10.63- 34.00 23.95 25.97 10.03 0.85 9.19 45.40i? 1Uhn 20.38+3.37 11.34- 23.00 16.21 28.43 23.37 0.32 3.37 18.99

(contd*)
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froa 12*30 (A 3) to 03.03 (A 43) during July 1931 
(Appendix XIV and in bio 4* 2k). The maximum overall mean 
(31*33) le&f uqo during the Juno 1931 crop and the a In Imam 
(17*77) was In September 1931. The gov ranged froa 26.96 
to 54.30, heritability froa 0.34 to 0.95 and the GA es 
percentage of aean froa 27*21 to 108*63*
12. Plant height on bolting day

Tho genotype differed significantly for plant height 
on bolting dey In 10 eovlnge (Table 4.11). It ranged froa 
13.64 cm (A 12) to 156.30 cm (A 33) during the April 1931 
crop (Appendix XV and Table 4*21). ?he maximum seasonal 
moan height was observed during the June 1931 crop and tho 
minimus (30.22 ca) woe In tho November 1931 sowing. The 
range of gov, horitability and GA as percentage of mean were 
23*3&,to 57.91> 0.23 to 0.97 and 16.00 to 105.53 respectively.
13* Frequency of harvest

The 25 amaranth genotypes differed significantly only 
in 10 sowings (Taole 4.1m). The frequency ranged froa 1 
(A 12) to 6 cuttings (A 6, A 9, A 13* A 22) in January 1932 
crop (Appendix XVI and Table 4«2m). The maximum overall 
mean number of harvests (3*50) were got in the January 1982 
crop and the minimum (1 .22) woo in tho Sop tea bar 1931 crop.
The gcv, heritability and the GA as percentage of moon for 
tho character ranged fron 10.14 to 43*14, -0.07 to 0.69 and 
-5*43 to 01.49, respectively.



Table 4*2. continued

1 2  3 4
k. leaves on bolting deyr

E- 30.51+2.91 13.40-54.40 35.91
bJ 31.33+5.97 13.13-80.59 45.04K  31.11+3.84 12.30-33.80 51.06
E? 19.40+1.73 10.60-65.33 54.302| 17.77+2.50 10.00-44.50 41.12El 22.84^2.32 12.68-47.17 45.71E? 19.66+4.32 10.50-35.04 22.53EA 20.12+3.12 10.60-40.04 32.60
Eg 29.89+4.63 13.00-51.13 26.96
EZn 27.09+4.25 14.17-50.59 28.25Ejg 29.78+4.13 13.67-59.00 34.65

1. Plant height (can) on bolting day
E- ©8.44+5.95 13.84-156.80 47.58
E l 70.77+7.09 14.35-156.30 53.03
Ef 47.59+3.66 16.10-106.40 46.14B? 40.12+3.00 12.50- 95.50 57.91
4  33.99+5.26 13*33- 59.34 23.39E? 48.54+6.23 21.75- 79.36 25.03E? 30.22+2.69 14.35- 45.34 23.364  43.22+3.47 15.03- 69.03 32.03
Eg 43.48+9.04 18.75- 61.25 16.15Ein 44.25+5.52 17.50- 63.67 23.49E ^  66.05+5.69 32.34-101.17 31.53

5 6 7 8 9

33.37 13.51 0.33 2 1 .1 1 69.20
52.49 £6.95 0.74 24.93 79.56
53.97 17.46 0.90 30.94 99.45
55.75 12.64 0.95 2 1 .1 1 103.8345.66 19.63 0*61 13.55 76.26
47.93 14.39 0.91 20.49 69.69
33.37 31.07 0.34 5.35 27.21
39.23 21.92 0.69 11.20 55.65
34.74 21.90 0.50 12.63 43.09
35.92 22.13 0.62 12.39 45.73
39.31 19.60 0.76 16.49 62.09

49.14 12.29 0.94 64.91 94.84
54.89 14.17 0.93 74.68 105.53
47.41 10.87 0.95 44.00 92.46
53.87 10.56 0.97 47.05 117-30
35.85 21.89 0.63 15.73 46.27
30.92 18.15 0.66 20.24 41.69
26.54 12.60 0.77 12.77 42.26
34.04 11.37 0.89 26.91 62.25
33.54 29.39 0.23 6.96 16.00
29.33 17.65 0.64 17.10 33.64
33.71 12.45 0.86 . 40.07 59.94

(contd.)



The genotypes were elgnificantly different only in 
8 sowings (Table 4.1n). The total vegetable yield ranged 
from 625 g/0.45 a2 (A 35) to 2*130 g/0.45 m2 (A 3) during 
Uoroh 1982 crop (Appendix XVI and Table 4.2n). The maximum 
(1*233.60 g/0.45 a2) overall mean yield woo also during

nMarch 1932 crop end the lowest (126.60 g/0.45 Q ) during 
the November 1961 crop. The gcv for yield ranged from 
29.04 to 67.67* heritability from 0.20 to 0.77 and GA ae 
percentage of mean from 31*63 to 121.97*
15* Pooled analysis of variance for vegetable yield and 

its component characters
The .data collected during 11 independent triale were 

anslyeed separately for eaca season (environment) and pooled 
analysis over all seasons vae done to ascertain the extent 
of variations due to genotypes* eeaeone and genotypes x 
seasons intereotione (Table 4*3)* The genotypes x seasons 
interactions were highly aiguifleant (p*>0.01) in all the 
eeaeone. Tho 11 eeasono of plantings showed (significant 
difference (p«0.01) with regard to moot of the oharaotere 
studied. The 25 genotypes were also significantly different 
for the 14 characters studied*

14. Total vegetable yield



Table

n* Total
Replica
tions
Gecotypeo
Error

U 1. continued

2________3___
vegetable yield
,1 . 6.48 -
24
24

95292.41 
48421.40

3693.00
241631.35"
116039.67

8

233923.00 15488.00 . 29232.00 11552.00
63163.33
36443.33

16307.00
4196.33

36393.33
17377.83

243352.17
67231.17

e g

3476.17

10 11 12 13
3372.00 76050.00 12300.00 10553,00 672300.00
12642.83 65263.83* 372S63.o8* 276637.sS 416673.oS*

3295.33 39175.00 136170.33 145365.67issssttascssosaBQsaciaaBsasacasaasaaESBacBSBasssBitcsoaseitCcsaB&sa



Table 4*2. continued

6

a* frequency of harvests 
E21

1$7
%I?0
E11

1.38+0.38 
2.39T0.27 1.74+0.22 1.44+0.29 
1.22+0.10 
2.36+0.25 1.40+0.29 2.52+0.32 3.50+0.46 
3.32+0.41 3.10+0.34

1.002.00 10.14 37.68 39.14 -0.07 -0.03 -5.431.004.00 42.02 44.96 16.09 0.87 ‘ 1.92 80.551.00-3.00 27.59 32.76 17.87 0.70 0.82 47.301.00-2.00 20.83 35.42 28.35 0.35 0.36 25.28
1.00-2.00 32.79 34.43 11.59 0.89 0.78 63.61
1.004.00 40.25 43.22 14.93 0.88 1.84 78.09
1.002.50 32.86 43.57 29.16 0.56 0.71 50.431.00-4.00 37.30 41.67 18.11 0.81 1.75 69.291.00-6.00 43.14 47.14 18.73 0.84 2.85 81.491.00-5.00 39.76 43.37 17.39 0.84 2.4B 74.82
1.005.00 42.06 44.34 15.48 0.88 2.52 81.13

n. Total vegetable yield (g)
E1

i
1b

576.04+155.60 
636.80+240.07 282.40+135.00 
160.60+ 45.81 211.40+ 93.21 
603.60+163.35 123.80+ 65.10 249.40+ 64.40 677.607211.10 

E?0 772.20+260.94 1233.60*270.06

220.00-1085.00 
65.00- 1090.00 80.00 690.0055.00- 410.0065.00- 530.0065.00-1245.00
50.00- 350.00 30.00 490.00

170.001800.00150.00-1375.00625*00-2130.00

26.58 46.54 38.20 0.33 132.23 31.6339.35 66.41 53.49 0.35 304.90 47.88
40.94 79.04 67.60 0.27 124.14 43.96
40.45 63.05 40.34 0.59 123.06 76.62
46.13 77.56 62.36 0.35 118.22 55.92
43.93 85.88 42.96 0.57 466.80 77.34
35.43 79.78 71.43 0.20 42.34 32.8767.67 76.90 36.52 0.77 304.20 121.9755.58 70.93 44.07 0.61 603.93 69.1334.32 53.83 47.79 0.34 318.39 41.2329.84 43.00 30.96 0.48 526.25 42.66



Table 4.3. Pooled analysis of variance for vegetable yield end its components

Sean oun of squares
Source ^  Germinn- Plant Girth of loaf

tion+ height otea length leaf Petiole Branches Bays towidth length bolting -
control

Genotypes 24 9.82** 109.79** 14.28** 50.54** £7.31** 7.60** 17.72“* 2051^57*
SoDcono 10 7.54** 1722.00** 92.63** 69.36**- 25.47** 30.23** 10.48** 646.94**

( 11)*

Genotypes ^  1.05** 219767.45* 16774.95 42567.08* 20797.38* 9671.58* 6193.15* 1004650.5§*
Seasons ^
Pooled oca 0.43 15.90 2̂.25 ’ 3.22 " 1.38 1.26 1.29 12.24error (283)*

Mean sun of squares
Pays to Number of Number of
bolting— unicut nodes leaves

1847.15*
895.07*

1579995.38*
19.36

Plant Erequeii(*y Yield
^ttS| day) harvest

243.69 ** ' 64.32173598.51
5.97

803.97an744.14
277923.97

28.80

2924*58
4783.91

1077523.13
61.92

«•5*00
17.U

2213.80
0.20

312160.80 
2813397.§3 

114339186.00 
61609.80

+ There are 12 ceaeons for the character - days to gemination. 
** Significant at 12 level.

ON.
CD

o
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B. Stability analysis for total vegetable yield end dcyo 
to 50$ bolting

?henotyplo stability onalysie ao suggested by 
Eberhort and Qusool (1966) vae performed to estimate 
parameters of stability for each of tbs 25 genotypes

t
(Table 4*4 and Table 4*5) with regard to the total vegetable 
yield and doyo to 50$ bolting* Genotype© were significantly 
different for total vegetable yield and days to bolting* 
Effects of eeaeone were also significantly different* The 
genotypes x environment (aeaeone) Interactions voro highly 
significant (p»0,01 )* the equality of regression of indi
vidual moon performance on environmental index (bi) was 
tested for significance and was found to be highly signifi
cant for yield and bolting* The significance of difference 
between regression coefficient and unity was tested and wore 
observed significant in A 5, A 5, A 12, A 23, A 55* A 34 end 
A 35 for yield and A 6, A 12f A 33 and A 39 for bolting.
The deviation from regression (S di) of each of tho genotypes 
vae tooted from 0 and uaa observed significant only for tho

pgenotypo A 33 for bolting* In all other genotypae & di was 
not olguiflooutly different from eoro* Tho genotype A 6 had 
the highest mean yield (769*09 g/0*45 m2) followed by A 13 
(740*46 g/0.45 a2), A 22 (736*36 g/0.45 a2) and A 33 
(693*64 g/0*45 a2)*
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Table 4.4. General analysis of variance of phenotypio otabillty for vegetable yield and days to bolting

tie an cun of squares
Source ax Yield Bolting
Genotypes ; 24 312160.80* 2051.57**
Seasons 10 2813397.63 646.94**
Gono types s Seasons 240 114389186.05* 1004650.59**
Season + 250 109926155.10 964490.44
(Genotype x  Season) ■

Season (linear) 1 10133796.77 6470.07
Genotypes x Season 24

C14nAn*1 884342.53** 364.34**
Pooled deviation 225____ 50430.12____ ________ 57.62 ______
Genotypes—

A 2 9 31274.23 13.14
A 3 9 88235.53 13.44
A 4 9 73843.09 30.60
A 5 9 20343.27 46.45*
A 6 9 124428.70 280.39*
A 9 9 39903.29 20.50
A 12 9 20681.65 6.33
A 13 9 18413.04 23.51A 14 9 78754.65 27.73
A 16 9 18706.52 45.57*
A 17 9 30574.14 7.72
A 18 9 77944.06 27.73
A 19 9 11416.05 24.52
A 22 9 124854.60 112.57*
A 24 9 31023.64 52.12*
A 25 9 75165.44 48.69*
A 27 9 25321.50 56.10*
A 23 9 68319.24 39.54*
A 33 9 42380.16 307.05*
A 34 9 24476.33 15.67A 35 9 21935.06 12.81
A 39 9 21365.33 17.50A 40 9 66100.95 90.65*A 41 9 60133.93 51.61*

___A.42_____________ _____ _^47087*94-_ 62*21!_____
Pooled error 264 61609.80 12.24
* Significant at %  level. ** Significant at level.
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Table 4.5. PoraaatcrB of phenotypic stability for vagotablo 
yield and deya to bolting

Genotypee Steen bl 8Sdi

**—— *w«i Yield Bolting Yield Bolting Yield Bolting
A 2 385*46 33.23 0.93 0.60 469.33 7.02
A 3 662.27 39.86 1.49* 0.72 57430.63 7.32
A 4 576.82 43.05 0.96 0.31 43038.19 24.48
A 5 550.91 50.68 1*53* 0.62 -10461.63 40.33
A 6 769.09 75.05 1.30 wm4.16 93623.80 274.27
A 9 473.64 54.59 0.62 0.59 9093.39 14.30
A IS 205.46 24.73 0.54* 0.05* -10123.05 0.71
A 13 740.46 55.55 1.05 1.01 -2391.86 22.39
A 14 691.32 56.64 1.11 1.20 47949.95 21.61
A 16 434.55 61.64 1.11 1.38 -1209Q.30 39.45
A 17 355.91 30.50 0.90 -0.20 -230.76 1.60
A 18 404.55 33.77 1.21 0.90 47139.16 21.61
A 19 426.36 42.96 0.72 0.33 -19383.84 16.40
A 22 736.36 58.91 1.30 1.09 94049.70 106.45
A 24 646.00 64.36 1.24 1.20 218.94 46.00
A 25 594.09 61.63 0.66 1.60 44380.54 42.57
A 27 393.18 41.59 0.71 0.46 -5483.40 49.93
A 23 536.32 47.32 1.54* 1.45 37514.34 33.42
A 33 693.64 74.91 1.43* 4.50** 11575.26 300.93*
A 34 303.64 31.77 0.51* 0.21 -6323.57 9.55
A 39 233.64 34.68 0.37** 0.26 -8819.84 6.69
A 39 255.46 36.14 0.63 0.02* -9439.57 11.30
A 40 539.55 46.68 1.41 1.92 35296.05 84.53
A 41 363.64 42.77 0.86 1.63 37329.08 45.49
A 43 445.46 40.77 0.Q6 0.17 16283.04 56.85—■
6 Significant at %  level 
** Significant at 1$ level
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A two dimensional representation of stability para
meters (A end bi) is being made for the 25 amaranth geno
types for yield (Pig.1) end bolting (Fig,2). The line A 13 

with higher aean yield (740,46 g/0,45 m ) end regression 
ooeffioiont tending to 1 appeared In the 4th quadrant, 
line A 6 with tho highest aean yield (769.09 g/0.45 n2) 
hod biol,30. Tho line A 25 with an average neon yield 
(594.09 g/0.45 m2) had regression value 0.70 falling in 
the 3rd quadrant.

Tho lino A 13 appeared stable for bolting. It took 
56 doys to bolt and hod o bi value of 0.10. Tho lines A 33 

and A 6 wore highly unstable (bi»4.50 and 4*20 respectively) 
though they flowered only after 75 days of sowing on on 
average over 11 seasons. The lino A 12 bolted 25 days after 
□owing and had a regression value less than 0.10.

C. Correlation of various meteorological parameters and 
physical properties of soil with daya to 50$ bolting

Correlation coefficients between days to 50$ bolting 
end various meteorological par emo tore, mean maximum tempe
rature, mean minimum temperature, total rainfall, number of 
rainy deyB, mean relative humidity and mean bright sunshine 
hours, recorded at weekly interval, from dote of sowing to 
bolting for each of the 25 genotypes were worked out 
(Table 4.6). The genotypes 0tarted bolting from the 4th
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Table 4*6. Correlation coefficients between days to 50$ bolting end various se tcorological 
paraaotero for different onaranth genotypeo during different growth periods

Ge&o- 1st week of sowing 2nd week of sowing
type* a1 ^2 *3 H4 B5 Mg ^2 *3 a4 *5
A 2 -0.53 -0.34 0.72* 0.57 0.44 -0.52 -0.52 -0.29 0.50 0.65* 0.33 -0.44A 3 -0.09 0.11 0.46 0.39 0.29 -0.24 -0.06 0.24 0.41 0.47 0.34 -0.31A 4 -0.09 -0.57 0.30 0.20 -0.31 -0.14 -0.43 -0.66* -0.11 0.09 0.02 -0.02A 5 -0.61* -0.57 0.75** 0.74** 0.30 -0.74** -0.81** -0.64* 0.46 0.69* 0.45 -0.63*A 6 0.04 0.25 0.33 0.13 0.14 -0.05 0.03 0.30 0.66* 0.47 0.13 -0.18
A 9 -0.33 -0.64 0.33 0.24 -0.10 -0.45 -0.53 -0.58 0.37 0.34 -0.03 -0.19A 12 -0.41 -0.24 0.21 0.45 0.22 -0.25 -0.51 -0.04 0.24 0.32 0.32 -0.37A 13 -0.37 -0.69 0.10 0.24 -0.15 -0.50 -0.54 -0.64* 0.09 0.26 -0.11 -0.23A 14 -0.21 0.03 0.49 0.23 0.24 0.01 -0.12 -0.03 0.62* 0.48 0.00 -0.20A 16 -0.19 -0.43 0.31 0.10 -0.24 0.00 -0.30 -0.48 0.13 0.15 -0.26 0.11A 17 0.65* -0.27 -0.43 -0.62* -0.62* -0.65* 0.47 0.15 0.54 0.66* 0.33 0.69*A 13 -0.37 0.31 0.74** 0.65* 0.63* -0.51 -0.29 0.36 0.71* 0.74*<► 0.74** -0.64*A 19 -0.50 -0.45 0.55 0.55 0.24 -0.70* -0.61 -0.51 0.54 0.57 0.21 -0.59A 22 -0.70* -0.54 0.50 0.46 0.16 -0.52 -0.78** -0.54 C.26 0.43 0.12 -0.33A 24 -0.25 -0.10 0.23 0.27 0.03 0.03 -0.22 -0.03 0.25 0.37 -0.05 -0.11A 25 -0.34 -0.14 0.50 0.32 0.10 -0.24 -0.34 -0.30 0.29 0.49 -0.03 -0.18
A 27 -0.02 -0.26 0.30 0.29 0.07 0.23 -0.0? -0.38 0.05 0.09 0.00 -0.12A 23 -0.39 -0.12 0.63* 0.57 0.37 -0.29 -0.45 0.03 0.69* 0.64* 0.51 -0.46A 35 0.04 +0.22 0.30 0.03 0.12 0.01 0.11 0.23 0.63* 0.45 0.06 -0.12
A 34 -0.29 -0.63* 0.13 0.16 -0.22 -0.13 -0.53 -0.49 -0.02 0.10 0.02 0.01
A 35 0.15 -0.27 0.13 0.14 -0.30 -0.01 -0.16 -0.19 -0.06 0.04 0.10 -0.00
A 39 0.06 -0.74** 0.11 0.13 -6.26 -0.09 -0.23 -0.49 -0.08 -0.03 0.10 -0.00A 40 -0.01 0.37 0.51 0.34 0.44 -0.15 0.11 0.33 0.65* 0.63* 0.37 -0.36A 41 0.00 0.23 0.42 0.23 0.30 -0.01 0.14 0.27 0.58 0.51 0.12 -0.24A 43 0.22 -0.21 -0.16 -0.19 -0.45 0.53 0.13 -0.31 -0.43 -0.37 -0.50 0.44

Significant £|t 5$ level. ** Significant at 1$ level.
ft| -.Hean mnsinum temperature 
Hg - Hear. nlninan temperature 

- Total rainfall

H. - Humber of rainy days 
- Mean relative humidity 

Mg - Mean bright eunahine hourc

(contd.)



Table 4.6. continued

Geno 3rd week of sowing 4th week of coving
types al **2 s U4 H5 a6 »2 % a4 H5 36
A 2 -0.63 -0.26 0.52 0.60 0.33 -0.63* -0.75** v0.06 0.59 0.56 8 : &

*4-0.82A 3 -0.26 0.12 0.27 0.23 0.47 -0.30 -0.37 0.64* 0.24 0.31 -0.51
A 4 -0.19 -0.37 -0.16 -0.01 0.04 -0.20 -0.29 -0.54 0.22 0.06 0.24 -0.12
A 5 -0.66 -0.23 0.38 0.59 0.36 -0.77®* -0.72* -0.50 0.62* 0.47 0.50 -0.63*A 6 -0.01 0.21 0.44 0.27 0.30 -0.13 -0.07 0.46 0.01 0.14 0.21 -0.15
A 9 -0.45 -0.70* 0.27 0.30 -0.07 -0.28 -0.57 -0.31 0.19 0.07 0.06 -0.34A 12 -0.56 0.08 0.46 0.55 0.45 -0.56 — — — — — —
A 13 -0.43 -0.63* 0.14 0.28 -0.15 -0.30 -0.55 -0.53 0.45 0.22 0.06 -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 -0.19A 16' -0.29 -0.60* o.oa 0.06 -0.17 -0.10 -0.41 -0.17 0.04 -0.05 0.03 -0.25
A 17 0.66* -0.03 -0.33 -0.43 -0.20 0.45 0.64* -0.19 -0.45 -0.46 -0.12 0.52
A 18 -0.48 0.41 0.53 0.53 0.76** -0.59 -0.43 0.54 0.37 0.53 0.67* -0.64*
A 19 -0.45 -0.26 0.21 0.30 -0.03 -0.38 -0.42 -0.43 0.22 0.10 -0.07 -0.18
A 22 -0.77 -0.53 0.35 0.49 0.09 -0.57 -0.87** -0.48 0.60* 0.47 0.23 -0.67*
A 24 -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 -0.17 -0.13 -0.21 0.12 -0.01
A 28 -0.55 0.15 0.66* 0.64* 0.66* -0.65* -0.49 0.19 0.25 0.32 0.64* -0.57
A 33 -0.09 0.17 0.47 0.29 0.25 -0.13 -0.07 0.42 0.06 0.18 0.19 -0.18
A 34 ,-0.45 -0.4S 0.20 0.31 0.15 -0.35 -0.53 -0.43 0.30 0.18 0.33 -0.39
A 35 -0.06 -0.10 -0 .15 -0.10 0.24 -0.05 -0.13 0.07 0.02 —0.05 0.42 -0.05
A 39 -0.04 -0.34 0.05 *0.15 0.19 -0.25 -0.13 -0.24 0.06 -0.08 0.45 -0.16
A 40 -0.11 0.47 0.48 0.33 0.53 -0.36 -0.12 0.5S 0.29 0.42 0.51 -0.40
A 41 -0.07 0.29 0.40 0.27 0.23 -0.24 -0.07 0.51 0.11 0.20 0.31 -0.28
A 43 0.21 -0.26 -0.39 -0.40 -0.40 0.27 0.20 -0.17 -0.32 -0.42 -0.19 *0.26

(con td .)
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Table 4*6* continued

ieno- ~ 5th week of coving 6th week of coving
typeo

H1 2 b H4 H H6 a2 b S4 % *6
A 2 -0.61* -0.27 0.43 0.52 0.31 -0.38 -0.60*' -0.22 -0.02 0*31 0.22 -0.21
A 3 -0.54 0.23 0;45 0;45 0^50 -0.49 -0.65* 0.13 ! 0.57 0.67* 0.48 -0.63*A 4 -0.20 -OiOl -0;32 -o;17 0.17 ' 0.04 0.24 . 0.15 -0.43 -0.33 -0.20 0.31A 5 -0.60* -0;40 0.09 0.28 0.30 ' -0.30 ' -0.26 -0.11 -0.39 -0.09 -0.02 0.13A 6 -0.30 0.24 0;68* 0.42 0.47 -0.39 * -0.40 .-0.03 . 0.65* 0.79** 0.44 -0.61*
A 9 -0.42 -0.35 0.14 0.02 ^0.05 0.03 ; -0.21 .-0.40 -0.23 -0.06 -0.34 0.27A 12 — — — ■— * * — — — —
A 13 -0.23 -0.54 -0.24 -o;25 —0.26 0.36 0.07 -0.34 ;-0.48 -0.47 -0.56 0.55A 14 -0.28 -0.19 0.70* 0^55 0.34 -0.56 ‘ -0.45 -0.39 , 0.56 0.76*0 0.38 0.63*A 16 -0.31 -0.15 0.15 0.03 0.07 -0.09 -0.25 ,-0.36 0.03 0.19 -0.17 -0.07A 17 0.55 0.43 -0.33 -0;37 ^0.08 ' 0.29 — — — - — —
A 18 -0.72* 0.24 0.66* 0^75** 0.73** -0.76** -0.79** 0.15 . 0.45 0.78** 0.66* 0.72*A 19 -0.31 -0:66* 0.06 0.03 -̂ 0.12 ‘ -0.13 -0.15 -0.42 -0.15 0.02 -0.32 0.17A 22 -0.61* -0.44 0.10 0;22 0.13 -0.06 -0.34 -0.42 -0.31 -0.09 -0.30 0.16
A 24 -0.50 0.03 0.42 0.43 0.47 -0.31 -0.47 -0.23 0.48 0.48 0.24 -0.54A 25 -0.34 -0.24 0.18 o;ie ‘0*16 1 -0.06 -0.27 -0.22 , 0.21 0.34 -0.05 -0.17
A 27 0.02 -0.27 0.02 0.13 -̂ .Ol -0.38 -0.07 .-0.08 ♦0.05 0.09 0.22 -0.17A 23 -0.79** 0.20 0.74** 0.79** 0.84** -0.82** -0.68* -0.04 0.30 G.63* 0.59 -0.65*
A 33 -0.25 0.20 0.70* 0.42 0.44 -0.34 -0.39 -0.06 . 0.64* 0.76** 0.44 -0.60
A 34 -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 -0.31 0.38 -0.14 -0.07 0.39 ' -0.15 0.02 0.31 0.04 0.00 0.06 -0.09
A 39 -0.19 0.12 -0.14 —0.04 0.18 —0.09 0.11 0.24 -0.49 -0.39 0.08 0.27A 40 -0.31 0.25 0.69* 0.59 0.59 -0.55 -0.51 0.20 . 0.69* 0.87** 0.75** -0.77*'A 41 -0.25 0.07 0.66* 0.51 0.41 ' -0.52 -0.52 *0.06 0.80** 0.39** 0.60 -0.78*<
A 43 0.18 -0.03 -0.24 -0.20 -0.13 0.01 0.18 -0.15 0.16 -0.03 -0.14 -0.03

(contd.)



Table 4.6* continued

7 th week of dowing 6th week of sowing
t^pec

*1 H2 *3 a4 “5 SI*6 “l a2 . . . S . *4 *5 *6
A 2 
A 3 -0.77*'* 0.21 0.67* 0.69* 0.55 ! -0.67* -0.68*

- - - -
A 4 0.15 0.11 -0.25 -0.16 -0.15 0.13 -0.26 0.05 -0.24 -0.03 -0.37 0.28A 5 -0.33 -0.14 -0.11 0.12 0.17 . -0.22 -0.27 0.15 -0.02 0.23 0.03 -0.15A 6 -0.56 0.17 0.68* 0.66* 0.53 -0.72* -0.65* -0.27 ♦0.67** *0.87** 0.51 -0.77**A 9
A 19

-0.24 -0.30 -0.13 -0.04 -0.13 —0.03 -0.21 -0.43 0.05 0.21 -0.19 -0.04A l£
A 13 0.02 -0.43 -0.31 -0.33 -0.31 . 0.21 0.06 -0.12 -0.39 -0.23 -0.34 0.20
A 14 -0.49 -0.01 0.53 0.54 0.57 -0.74** -0.52 -0.29 0.65 0.67* 0.54 -0.53A 16 -0.24 -0.07 0.17 0.13 0.01 . -G£23 -0.12 -0.70* , 0.16 0.27 -0.21 -0.C1
A 17 — — — — •• — — — —■ — — —
A 16 -0.88** 0.25 0.61* 0.Q5** 0.62* . -0.81** — - .. — — — —
A 19 -0.26 -0.53 0.05 0.12 -0.04 , -0.17 -0.33 -0*03 0.17 0.25 0.11 -0.27A 22 -0.31 -0.25 -0.09 0.06 -0.15 -0.13 -0.17 -0.51 -0.09 0.04 -0.23 0.00
A 24 -0.51 0.06 - 0.53 0.41 0.31 -0.59 -0.34 -0.43 0.30 0.33 0.06 -0.32
A 25 -0.40 -0.02 0.45 0.51 0.25 -0.50 -0.33 -0.53 0.45 0.50 0.19 -0.37A 27 —0.04 -0.03 0.06 -0.02 0.39 —0.11 -0.01 0.35 -0.03 0.04 0.23 0.06A 23 -0.70* 0.24 0.37 0.52 0.50 -0.69* -0.61* -0.15 0.51 0.65* 0.23 -0.53A 33 -0.53 0.21 0.63* 0.65* 0.57 -0.73* -0.60* -0.30 0.65** 0.35** 0.56 -0.75**A 54 * — — •» • •
A 35
A

-0.12 0.18 0.10 0.04 —0.04 ' 0.01 -0.01 - " * * * ' -
a pa A 40 -0.69* 0.33 0.80** 0.36** 0.90** , -0.88** -0.73* 0.07 0.93** 0.96** 0.86**-0.89**
A 41 -0.65* 0.17 0.85** 0.76** 0.81** , -0.86** -0.69* -0.14 0.86** 0.85** 0.73* -0.79**A 43 0.22 -0.01 0.75** -0.18 -0.09 0.11 ■ — - - - - —

Ccontd.)
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Table 4*6* continued

9th uoeic or sowing 10th week of eowlzigGeno- _________________________ _____________________________________________typed “i u 2 *4 U5 “6 “i “2 *5 “4 H5 a6

A 2 —. m _ _ _
A 3 - — — - — - — — — — — —
A 4 _ — — — — — — — —
A 5 -0.22 -0.12 0.01 0.39 -0.09 0.12 0.25 -0.42 -0.54 —0*46 -0.12 0.18
A 6 -0.45 -0.17 0.70* 0.60 0.46 -0.26 -0.15 —0.04 0.56 0.40 0.40 -0.36
A 9 0.01 H).19 -0.05 0.16 -0.13 0.35 - — — — - —
A 12 _ — — — — — ■» — — — * —
A 13 0.14 -0.05 -0.17 0.07 -0.36 0.36 - - - - - -
A H -0.42 -0.28 0.56 0.52 0.29 -0.19 0.23 -0.28 0.22 -0.03 0.28 —0.05
A 16 0.08 -0.38 0.17 0.21 -0.14 0.29 0.56 -0.51 -0.20 -0.40 -0.21 0.33
A 17 — — •» — — — — — — — — _
A 13 * — — — — — — — — — ■- —
A 19 * * * — — — — • — — —
A 22 -0.05 -0.47 0.00 0.30 -0.23 0.09 0.32 -0.58 -0.41 -0.42 -0.29 0.19
A 24 -0.31 -0.52 0.59 0.66* 0.04 -0.34 0.24 -0.59 0.19 -0.15 0.07 -0.11
A 25 -0.17 -0.27 0.50 0.50 0.13 0.03 0.24 —0.36 -0.03 -0.16 0.14 -0.01
A 27 • * — — — — — — — — — —
A 23 -0.53 -0.46 0.40 0.67* o . ia -0.33 -0.05 -0.33 0.15 0.07 0.09 -0.21
A 33 -0.44 -0.11 0.70* 0.63* 0.52 -0.31 -0.10 -0.20 0.56 0.39 0.47 -0.40
A 34 — — — — •— — — — — — — —
A 35 — — • - — — — — — - - —
A 39 — — _ — — — — — — — —
A 40 -0.74*'6 0.10 0.83** O.QO** 0.81** -0.54 -0.29 0.10 0.60* 0.44 0.64* -0.58
A 41 -0.66* -0 .04 0.64** 0.72* 0.62* -0.33 -0.26 -0.14 0.50 0.21 0.47 -0.33
A 43 - — - — — - - — — — — *

(contd.)
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Tabla 4*6. cantinuad

11-fca week of coving 12to veok of BooingGeno- __________________________________________ _______________      . ____
typeo is1 B2 *5 H.4 “5 *6 ai »2 *s “4 ss_p “6
A 2 _
A 3 — - — — — — — — — - — -
A 4 - * - — — — - - - — —
A 5 _ _ — — — — — — — —
A 6 -0.31 0.06 0.69® 0.80®* 0.56 -0.71* -0.21 -0.07 0.32 0.42 0.50 -0.43
A 9 — — — — — - * — — • — —
A 12 — — — — — — • — — — — —
A 13 - * — - — - — — — - - —
A 14 * — — — * — — — — — —
A 16 0.43 -0.43 -0.18 -0.05 -0.16 0.10 - - - - - —
A 17 — — ■ — — — — — — — — -
A 13 — — — — — — — — — — —
A 19 — •» _ — — — — — •• — — —
A 22 0.34 -0.45 -0.40 -0.32 -0.27 0.14 — - - — - —
A 24 0.19 -0.55 0.34 0.14 -0.01 -0.10 — — — — — —
A 25 0.19 -0.20 -0.01 O.OS 0.13 0.20 0.27 -0.20 -0.23 -0.18 0.17 0.05
A 27 — * . — — — — — — — — — —
A 23 • • — — — — — — — —
A 33 -0.27 0.09 0.68* 0.70** 0.60* 0.70* -0.16 -0.04 0.30 0.43 0.51 -0.45
A 34 — — — — — — — — — —
A 35 — - — - — — — — — — — —
A 39 — — — — — - — — — — — —
A 40 * — — - - — — — — — — -
A 41 — — — — — — — — — — — —
A 43 - . - - - - - — - - - — —

(contd.)
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Table 4*6. continued

Genotypes
13tli veek of sotting

M1 a2 *3 ^4 a5 *6

A 2 - . . .A 3  - . _ .
A 4 - - - -A 5 - -
A 6 -0*33 -0.53 ' 0.54 0.67* 0.59 0.55A 9 - . . .
A 12 - _ _ _
A 13 - . . .A14 - . . .A 16 - . . .A 17 - . . .A 16 - . . .A 19 - . . .
A 22 - . . .
A 24 - -
A 25 - . . .
A 27 - - - -A 28 - . . .
A 33 -0.29 -0.53 0.52 0.67* 0.57 0.54A 34 - . . .A 35 - . . .A 39 - . . .A 40 - . . .
A 41 - . . .
A 4 3  .  -  -

cn-ovT1



week onward a* Significant correlations were observed bet
ween days to bolting and mean maximum temperature in the 
first week of n owing In torso genotypes (A 5» A 17, A 22). 
Significant oorrelotiono were observed in two genotypes 
(A 34 mid A 39) for bolting and mean minimum temperature'

i j * "
at first week. Six out of 25 genotypes exhibited eignifi- 
cont correlation between floys to bolting and total rainfall 
in tho oeoond week and number of rainy doye in the second

i 1
week. The lines A 6 and A 33 bolted only after the 13th 
week of coving and significant correlation woe observed bet*

« i
ween the days to bolting end the number of rainy days during 
the 13th week*

The physical properties of soil, percentage of sand, 
percentage of eilt and percentage of cloy were correlated 
with deye to bolting for each genotype (Table 4*7) and 
collectively for all the genotypes (Table 4.8). The percen
tage of ollt in the soil was observed highly correlated with 
days to bolting in A 5. Similarly percentage of clay in the 
soil had significant correlation with bolting in A 6. The 
genotypee as a whole had no significant correlation between 
tho physical properties of soil and the days to bolting and 
the total vegetable yield.
D. Chemical analysis of the edible ports

Data on chemical analysis for free oxalates, free 
nitratoo and chlorophyll content of amaranths are presented
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Inbio 4.7. Correlation cooffioicnto between days to 50£ 
bo1 tins physical properties of soil

Oonotypoo Percentage of
Sana Silt Cloy

A 2 oil? -0.40 0.07
A 3 0.13 -0.05 -0.10
A 4 -0.51 -0.40 0.56
A 5 -0.42 -0.67* 0.64*
A 6 -0.C6 -0 .11 0.10
A 9 -0.12 0.03 0.01
A 12 0.27 -0.41 0.07
A 13 0.25 -0.06 0.16
A 14 0.02 -0.40 0.22
A 16 0.05 -0.04 0.06
A 17 0*11 0.19 0.01
A 10 0.08 -0.39 0.15
A 19 0.60 -0.33 0.57
A 22 0.09 -0.39 0.12
A 24 0.35 -0.24 0.07
A 25 0.14 -0.40 0.23
A 27 0.24 -0.30 0.34
A 20 0.15 -0.52 0.19
A 33 0.02 -0.13 0.05
A 34 0.15 -0.24 0.03
8 35 0.30 0.10 0.25
A 39 0.15 -0.03 0.14
A 40 0.06 -0.37 0.25
A 41 0.01 -0.25 0.14
A 43 0.02 0.00 0.01

* Significant at %  level
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Sable 4.3. Correlation coefficients between ghyoicalpropertioe of soil end dcyc to 5Qp bolting and total vcgotable yield

Percentage ofEconomic
attribute Sand Gilt Cloy

Boyo to bolting -0.05 -0.59 0.25
Sotal vega table 
yield -0.29 0.14 0.15
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In Table 4*9. Tne free oxalate content ranged froa 0.94$
(A 43) to 1.29$ (A 41) on dry weight baaia. The free 
nitrate content woo naxlaua for A 2 (1.00$) and ainiaua 
in A 43 (0.5856).

Clilorophyll-a was ainJjnum in " 14 (0.73 ag/g of frech 
leaf eaaple). Chlorophyll-b content ranged froa 0.59 ng/g 
of fresh leaf cample (A 41) to 1.80 ag/g of fresh leaf 
eample (A 34). Iho total chlorophyll content vae rajnjffliiM 
In A 14 (1.33 ag/g of fresh leaf ocaplo) and oaximun in A 34 

(3.70 ag/g of fresh leaf aanple).

E. Ascertaining the correct epeoles otatuo of the genotypes
The 25 gcnotypoo were examined in detail to put then 

under distinct botanical opeoles. The 24 genotypes fitted 
tho key oheraoterietlce end description of four species - 
A. tricolor. A, dabiuB. A. virldlo and A. aoinooup (Fig. 3 
to 27). The line A 17 fitted the key character!otica of 
A. tricolor ae per the keys of flailey (1973) and Poino (1930), 
but had hollow ctem, branched axillary inflorescence and 
(ocorpioid cyne) and with loaf tlpo deeply lobed (Pig. 13).
A typical A. tricolor (A 16) and the line A 17 are dccoribed 
below for comparison.
A 16 (A. tricolor)

Annual herbaceous plant* aaooth in appear nnco oulti- 
voted ae vegetable! etea end petiole deep purple, ©too
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Table 4*9. iiean oxaltvto, nitrate and chlorophyll coutfinto 
of 25 amaranth genotypeo

Oeno typos Oxalate Jt
(dry weight oasis)

. Chlorophyll (ng/g of fresh Hitrxte % loaf)
(Amr uaiffht
beele) a b a+b

A 2 1.15 1.00 1.69 1.34 3.03
A 3 1.05 0.31 1.40 1.35 2.74
A 4 1.07 0.70 1.52 1.17 2.6S
A 5 1 .1 2 0.70 1.03 1.20 2.23
A 6 1.20 0.68 0.96 0.82 1.77
A 9 1.26 0.94 1.16 1.05 2.22
A 12 0.98 0.69 1 .12 1.31 2.43
A 13 1.22 0.84 1.27 0.93 2.20
A 14 1 . 1 1 0.79 0.73 0.62 1.35
A 16 1.02 0.70 1.77 1.46 3.23
A 17 1 .10 0.68 1.40 1.03 2.43
* 18 1.05 0.65 1.40 1 .1 2 2.52
A 19 1.06 0.63 1.42 1.24 2.67
A 22 1.13 0.76 0.91 0.75 1.66
A 24 1.15 0.62 0.96 0.79 1.75
A 25 1.17 0.55' 1.2 1 1.03 2.24
A 27 1.26 0.72 1.25 1.35 2.53
A 23 0.95 0.64 1.68 1.59 3.27
A 33 0.97 0.72 0.99 0.83 1.81
A 34 1.07 0.68 1.90 1.80 3.70
A 35 1.05 0.62 1.37 1.09 2.46
A 39 1.10 0.79 1.38 1.08 2.46
A 40 1.03 0.66 1.17 1.51 2.69
A 41 1.29 0.70 0.79 0.59 1.36
A 43 0.94 0.58 1.43 1.19 2.29
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fibrous and solid) lamina purpl®* leaves alternate* petiole 
about as long os lamina; leaf broad ovate* margin entire* 
apex oouto, Inflorescence axillary and terminal; unisexual 
flovere oluotorod In axils* no diotinot peduncle for exi-

» t

llsry inflorescence; each flover le subtended by three 
bracts) perianth glabrous with purple btreat: along the 
margin) stamens 3, free) ovary-1* otigmaB 3* fruit a one 
seeded dehiscent (olrcuaecloaile) utricle; porelatent styles 
forming the-beak; eeede deep black and shiny (Fig. 12}.

A 1? (A* tricolor?)

Annual herbaceous plant emooth In oppearance* culti
vated as vogotable;main stem end petiole deep purple) stem 
hollow and fleshy) lamina greonieh'purple* leaves alternate, 
potlolatej petiole long about oo long os the lamina) leaf 
triangular ovate, margin smooth* apex distinctly lobed) 
Inflorescence axillary and tormina 1; axillary Inf lore scene e 
eoorploid cyme with a distinct axis or peduncle) each flower 
subtended by three braoto) perianth glabrous. There is q 
prominent purple streak at the apex of the perianth) stamens 
3* free* authors 2 celled; stigmas 3; fruit a one seeded 
dehiscent (oircumeolGolle) utrioloj persistent styles 
forming a beak) coeds brown and ohixy (Fig. 13).

Hence the line A 17 was quite distinct from other linos 
belonging to A. tricolor.
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DISCUSSION

Vegetable amaranth la an important leaf vegetable 
of the troploe. A fresh matter yield of »e 30 tozmes/ha 
in a period of four wools* would be a record production 
QEong many of the economic oropa. Being a "poor man's 
vegetable", its role in enriching the diet of an average 
Indian io considerable, Grubben (1977) reported a daily 
intake of 5 g/hood/dcy in Latin America, 11 g in Central 
and South Weet Asia and 21 g in Africa. Tho presence of 
antinutrient or noxiouo substances, oxalates and nitrates 
in amaranth leaves has been o negative factor In large 
scale consumption of tho crop (Diustsch, 1977). -'hough 
the intuit© Id definitely not of any concern as compared to 
200 g/dey for causing adverse nutritional effects, still 
there io definite need to identify lino(s) with negligible 
content of the above undesirable nutrient faotoro.

Early bolting has been one of the limitations in the 
cultivation of vegetable types. There are day neutral and 
ehort dry types of amaranths - short dty typoo being obli
gatory In nature and dsy neutral typeo being affected by 
temperature (Zabka, I957)f soil feotoro (lipyi, 1965 and 
Grubbon, 1976), genetic feetors (Kerala Agricultural Univer
sity 1970-79), other feotoro like height of cutting
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(Kauffnaim and Gilbert, 19S1), nature of cutting (Grubban,
1976 and Doutoch, 1977), density of population (Kzyi, 1969), 
C/H ratio (Grubben, 1976), mode of planting (ifohldcen and 
Re^agopal, 1975) and age of plcntleto (Bolokha, 1930)* The 
role of genotype per ee to decide early flowering require 0 

further study*
Being a crop grown throughout the year, there is 

need to identify stable lirco for total vegetable yield 
and deyo to bolting* The present investigation attempts 
to eluoidate information on phono typically stable line(s), 
lino(s) with negligible contents of oxalates and nitrates 
and attompteo to pin point roocono - genetic, morphological, 
physical end moteorological, for early flowering*

The Investigation wao compartmentalised into four 
continuous aspects of study to arrive at useful information* 
The 25 amaranth genotypes differed significantly in all the ! 
12 eovinga* This indicates tha inherent genetic difference0 

among the 25 genotypes* The genotypes ranged from 4 (A 24,
A 25, A 39) to 17 days (A 16) even for days to 50$ gemina
tion* The very delayed germination in A 13 causing obvious 
anxiety to amaranth growers would bo a matter for detailed 
investigation* The 25 genotypes exhibited significant varia-' 
bility for plant height, girth of stem at cut end, length of 
5th leaf, width of 5th loaf, length of petiole, branches/plant,
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dqyo to 50p bolting in oontrol* deyo to 50# bolting in uni- 
out rows, nodoe on bolting dey, plant height on bolting 
day, frequency of harvests end total vegetable yield* The 
expected GA for the above characters wore very high indi
cating scope for simple selection methods to improve amaranth 
for the above characters. Hanjipraead ©t al. (1930) also 
revealed that tranche e/plant hao high heritability along 
with high GA. Leave s/plant and dcyc to visible gemination 
ehoued :high heritability along with moderate GA. They 
observed a very low GA for yield/plant. Xhie could be pro
bably due to the different typea of materiel under experi
mentation.

Phenotypically stable varieties are of great impor
tance particularly in countries like India, where the 
environmental conditions differ from one climatic zone to 
another and even within one climatic zone itself. A breed
ing programme, aimed at developing phenolypioally otoblo 
variation, requires information on the extent of genotype x 
environment (G x E) Interactions. No detailed information 
io available in amaranths regarding G s E  interactions except 
that the report of Creerangaeiuemy et al. (1930) that there 
existed a strong G x E Interaction in the diverse genetic 
population of amor an tho. In the present Investigation,
G x E interact lone were highly oignificont as reported by 
Sreerangacwamy at al. (1980) for all the 14 characters
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studied. Thio indicates that the above characters are 
unstable and could fluctuate considerably with a change 
In the environment.

In practical plant breeding. It is necessary to 
identify genotypes suited for high, medium and low yielding 
onvironaento. According to Eberhort end Husssl (1966), on 
ideally adaptable variety would be one having higher mean, 
unit regression coefficient (b»1 ) and the deviation frost 
regression as small ae possible,

Zn the present investigation, stability parameters 
wore worked out only for the characters, yield and bolting. 
The deviation from regression vao not significant except 
for A 33, for bolting, Detailed analysis indicated that for 
yield, tho genotypes A 6, A 22, A 33, A 3, A 40, A 28 and 
A 3 are suited for high yielding environments (Fig. 1),
They have higher means, regression coefficient mors than 
one and deviation from regression not significant, The 
stable varieties are A 13, A 14 and A 4, They have high 
means, regression coefficient one end lover deviation from 
regression. They are the adaptable llnoo, for medium yield
ing environments. Lines A 23 end A 9 con be recommended for 
low yielding environments, which have higher mean, regre
ssion coefficient less than one and deviation from regression 
smaller. Those lines manifest their inherent potentialities 
fully well under low yielding environments. She otable



lines for yield, suited for each environment are shown in 
the Table 5.1.

The stability parameters for bolting was aleo esti
mated* Tho lines A 24, A £5, A 16, A H  and A 23 are suited 
for high yielding environments (Fig. 2). They have high 
mean, regression coefficient more than one and smaller 
deviation from regression, le., they retain maximum vegeta
tive phase under high-yielding environments or very good 
management practices. The linoo A 22 and A 13 can bo re
commended for a odium-yielding environments. They have higher 
mean, regression coefficient one end smaller deviation from 
regression also. The linoo A 9 end A 5 ore euitod for low- 
yielding environments, they have higher mean, regression 
coefficient leas than one and lesser deviation from regro- 
eoion. The do tails are given in Table 3*2*

The genotypes A 22 end A 13, being high yieldere and 
stable for bolting can be recommended for seed production 
purpose also* They flower and seedo are obtained at all 
seasons of sowing. The linoo A 6 and A 33 though high yield
ing, are not stable for days to bolting and hence not oultod 
for seed production purpose. The lines bolt only under short 
day conditions available during Ootobor-Iiovemhor months.
By all aecno, those two lines could be coneidered aa short 
day typea and tho rest as day noutrala.



Table 5*1 * Mean* regression coefficient end deviationfrom regression for yield in aaarcnths ouited for high a aediua and low-yielding environments

Environment Genotype Menu bi s2d i

A 6 769.09 1.30 93623.00
A 22 736.36 1.30 94049.70
A 33 693.64 1.43* 11575.26

High-yielding A 3 662.27 1.49* 57430.63
A 40 539.55 1.41 35296.05
A 28 586.82 1.54* 35514.34
A 5 550.91 1.53* -10461.63
A 13 740,46 1.05 -2391.96

Mediua-yielding A 14 691.82 1.11 47949.95
A 4 576.82 0.96 43038.19

Low-yielding A 25 594*09 °* 66 44380.54
A 9 473.64 0.62 9093.39

* Significant at 5* level



Table 5.2. Hoan days, ragreeoion coefficient and deviation froa regression for bolting in aoaronthe suited for high,- aodiua and low-yielfling environnento

Environment Genotype Ideon bi S2di

A 24 64.56 1.20 46.00

A 25 61.68 1.60 42.57
High-yielding A 16 61.64 1.50 39.45

A 14 56.64 1.20 21.61
A 28 47.52 T.4'5 33.42
A 22

Uq&iua-y folding
A 15

53.91
55.55

1.09
1.01

106.45
22.39

A 9
low-yielding A 5

54.59
50.53

0.59
0.62

14.58
40.33
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The investigation reveals that the lines A 22 and 
A 14 can bo reoommended for high yielding environmento 
as non-bolting types suited for year-round planting. With
out considering the stability for bolting, A 6 end A 33 ore

4 '  T >also suited for high-yielding environments. These lines 
can be recommended for progressive farmers, or to highly 
fertile lends, the line A 13 ie suited for medium (average) 
yielding environment as a non-bolting type, for year-round 
planting* £hia line performs batter under average manage- 
mental praotiooe. The non-bolting line A 9 is suited for 
low-yielding environments for year-round planting. This 
line is suited under poor soil conditions, or under poor 
aanagenental practices.

Xt was also saen that there ie an influence of day a to 
bolting on total vegetable yield (Pig. 23). As the bolting 
is delayed the vegetable yield is increased. The line A 12 
bolted the earliest (25 days after sowing) and was the lowest 
ylolder. Similarly the highest yioldar (A 6) had the maxi
mum delayed bolting (75 days) also.

The elgnificant difference existing in the 25 genotypes 
for days to 50$ bolting indicated that genotypes per ee has 
& significant role in bolting. She physical factore like 
cutting influenced bolting (Table 5.3)* In all the 11 sowings, 
significant dclqy in bolting was observed in one cut rove
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Table 5-3. Effect of cutting on bolting in onaranth 
ganotypoe

Seasonal no sno
Seaoono lays to bolt in unicut 

F0V8
Eayo to bolt 
in control

of delay

Ei 64 52 21.52

% 66 55 19.35

b
64 55 17.69

h 51 46 9.77

s 5 54 45 20.93
S6 59 42 41.64

*T 63 47 32.70

Ea 70 46 43.99
*9 54 43 27.49
B10 59 46 22.54
B11 54 ' 40 34.44

't' value - 9.14** ■
** Sigal&cant at 1$ level
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eo compared to uncut, control* The study confirms in 
unaabiguoue torao the effect of cutting tho cause delayed 
bolting.

The role of colour variance— red and green— in bolt
ing use exanined in detail (fable The observation of
delayed bolting In all tho red types ae compared to groen
typeo was an Interacting observation in the prooant otudy.

2-In 5 out of the 11 sowings, tho X  value aoaeuring tho 
elgnlfloonoo of tho differonoe between expected and observed 
frequencies were highly significant (p«0.05). Deviation %  

which measured tho significance of difference between the 
two groups ae a vhola wero also highly significant (p®0.001) 
thus confirming the role of colour variant to determine 
bolting. This 1c further observed fron the delayed flower
ing habit in A 35, and early flowering in A 34. A 35 differed 
from A 34 mainly in the red coloured atom and tho petiole of 
the former though both belonged to A. oplnoBua (Appendix VIZI) 
Tho heterogenlty'X^vao not eignificent which indicated no 
significant interaction between eeaeonal effects end colour 
variation with regard to bolting.

The role of me tooro logical parameter a, mean Baxlnun 
temperature, aeon alnlnua temperature, total rainfall, number 
of rainy days, mean relative humidity and aeon bright sun
shine hours was examined In detail (Table 5*5). The weeks



Table 5.4. Comparison of red saaranths (12)+ ni;d green amaranths (11) with regard to de/s to 50$ 
bolting

Location Means
Bed GreenSeasons

_ _

h

h

hh
%
*?

■ %
■
^ 0
*11

♦ The lin os A 19 end A 55 were excluded fo r 'tills  
comparison as the/ had nixed colour of rad and 

.green

'Total'f2 ' • 55*56** <P«0,01)
Devintion y ?  - 32,62*** (p»0;001)

' HeterogonitT It ? * 2.94 (flo t s ig n ific a n t)'

66 40 6.03*
69 43 5.B6*
66 44 4.26*
55 39 2.71
43 43 0.24
46 36 1.16
53 37 4.44*
59 39 4.15*
50 '35 ’ 2.61
55 ‘ 42 ' 1.54
47 '33 ' 2.52
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Table 5*5. Huaber of amaranth genotypeo with cigniflcont
correlation between days to bolting end meteorological pareaotere recorded at weekly intervals

i

Week We on Kean Total Humber Ween Wean 
maximum QlnimuB rainfall of rainy relative brighttempera- tcape- ficya humidity eunnhinoture rature hours

lot 3/25 2/25 4/25 2/25 2/25 3/25
Slid 2/25 3/25 6/25 6/25 1/25 3/25
3rd t/25 3/25 1/25 1/25 2/25 3/25
4th 4/24 1/24 2/24 0/24 3/24 4/24
5th 5/24 1/24 7/24 2/24 2/24 2/24
6th 4/23 0/23 4/23 8/23 2/23 7/23
7th 5/20 0/20 7/20 6/20 ‘ 3/20 8/20

Oth 6/16 1/16 4/16 6/16 2/16 4/16
9th 2/13 0/13 4/13 5/13 2/13 0/13
10th 0 /11 0 /11 1 / 1 1 0 /11 1 / 1 1 0 /11

1 1th 0/7 0/7 2/7 2/7 1/7 2/7
12th 0/3 0/3 0/3 0/3 0/3 0/3
13th 0/S 0/2 0/2 2/2 0/2 0/2



from 4 to 3 appear to b« critical for doyo to bolting.
The various meteorological yarametoro in the first week 
itself detorminod bolting in thro a of the 25 genotypes.
It was noted that the number of rainy doyo in the 15th waefc 
of sowing deoided flowering in two of the genotypes (A 6 

and A 33). Preoieely these lines are abort day typoa and 
obviously would flower under short day conditions only.
The rest 23 genotypes are day neutral typee and ore affooted 
by various meteorological parameters in the specific veeko 
after coving.

The 25 genotypes were chemically analysed for free 
oxalate, freo nitrate and total chlorophyll contents. The 
lineo A 23 and A 43 had lower oxalates* The line A 43 also 
had the lowest content of freo nitrate. The presence of 
variability for the content of free oxalates and nitrates 
lead us to think of ocopo for solaction to develop low 
oxalate and low nitrate oontent.

Observation of a deviant fitting to the key character
istics of A. tricolor, but for ita hollow oten, lobed leaf 
tips, branched axillary inflorescence, and brown coloured 
seeds, led the author to noma it ae a subspecies under

tricolor, tentatively, A. tricolor ssp. cavloaulla meaning 
therety hollow-steamed A. tricolor. Based on these, a new 
key is prepared by combining the keys of Bailey (1973) and 
yeine (1930) with necessary modifications, as given below.
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Tho present study could crrivo at certain definite 
conclusions. Lines A 6 ond A 33 era obligate short day 
types and suited for planting except during September. 
Cuttings invariably delay ‘ flowering in amaranths* Tho red 
colour varianoo had delayed bolting when compared to green 
coloured variance. Presence of high variability asoooiated 
with high haritability give good scope for improvement 
of amaranth through celeotlon* Lines with lower content 
of oxalates and nitrates ore available.
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SUiMAHT

The preeent experiment, '’Screening for non-bolting 
typo(o) of amaranths euitea for year-round planting* vao 
planned to identity line(e), which are non-bolting or 
delayed bolting and to ascribe tho morphological reasons 
for ouch behaviour* Effect of cutting* if any, on bolting, 
identification of line(s) cutted for year-round planting 
and phenotypically otable llno(s), oeleotion of llne(o) 
with negligible content of free 02a la too and nitrates and 
eetablishnent of relation, if any, between noteorological 
parameters and bolting were tho other objectives of the 
study.

2. Tho experimental material consisted of 25 amaranth 
genotypes belonging to 4 botanical epoeies planted at 
monthly interval in a randomised blooh design with two 
replications. Observations were recorded on total vegetable 
yield and it a components, bolting and chemical properties 
of the leaves.

3« The 25 amaranth genotypes differed eignificontly 
for days to 50$ gemination, plant height, girth of etea at 
cut end, length of 5th leaf, width of 5th loaf, length of 
petiole, branches/plant, days to 50$ bolting in control, 
dqye to 50$ bolting in unicut rows, nodes on bolting day. 
leavos on bolting day, plant height on bolting day, frequency 
of herveats and total vegetable yield.



4* High horitability, associated with high phenotypic 
coefficient of variation resulting in high expcoted gone tie 
advance vac observed for all the 14 characters under study*

5. Genotypes x seasons interactions wore highly sig
nificant for the 14 characters, Tho seasons were also signi
ficantly different*

6* Paranetera of phenotyplo stability (/^, bia S2dl) 
voro worked out for tho 25 genotypes* The line A 15 had

phigher total vegetable yield (740.46 g/0,45 a ) and regression 
value of 1 *05* The line A 6 gave the aoxiaua vegetable yield 
(769.09 g/0*45 a2)*

7* The stability parensters for days to bolting were 
worked out* The linoo A 53 end A 6 though high yielding 
had very delayed bolting and was highly unstaole (bi» > 1 *00)*

0* It was found that A 22 and A 14 are suited for 
high-yielding onvironncnte with regard to yield and bolting 
(yield— 736*36 g and 691*82 g/0,45 a2 respectively! dcyo to 
bolting— 59 and 57 respectively). The genotype A 13 con be 
reoosmended os a non-bolting type ouitod for year-round 
planting, for medlun yielding environments (yield— 740*46 g/

p0*45 a | deys to bolting— 56) and the line A 9 can be re- 
contended for low yielding onvironaonto (yield— 475*64 g? 
doyo to bolting 55)* Other proaicing lines for high-yielding 
environaents with regard to yield are A 6 and A 33*
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9* Ho la t ion between a« td or o logical parametero and 
days to bolting vae studied* The line A 6 and A 33 bolted 
13th uoelc after coving and nuabor of rainy days in tho 13th 
voole decided flowering in the above two lines* Moon naxi- 
num temperature during the first veelt deterainod dayp to 
bolting in A 5* A 17 and A 22. Hean bright sunshine houro 
during the first veelc of sowing influenood flowering in 
A 5, A 17 end A 19*

10* The correlation coefficients between physical 
properties of soil* where cropping was done and economic 
attributes* vero not significant considering genotypes as 
a whole. Percentage of silt and percentage of clay in the 
■oil influenced bolting in A 5*

11* Cutting was observed to delay bolting in ell the 
amaranth genotypes* Percentage of delay over control 
(uncut) rongod from 9*77 (August 1931) to 43*99 (December 
1931).

12* The edible parts were anatyood for free oxalates, 
free nitrates, chloropttyll-a and chlorophyll-b content.
Free oxalate content ranged from 0,94$ (A 43) to 1*29$ (A 41 
on dry weight basis and nitrate content from 1,00$ (A 2) 
to 0.50$ (A 43). She total chlorophyll content ranged from 
1*35 ng/g of fresh leaf (A 14) to 3*70 sg/g (A



13. The line A 6 yielded the highest (769,09 g/0.45 
end bolted 75 days after cowing. Other llnco of promioe 
are A 13 (740.46 g/0.45 n2), A 22 (756.56 g/0.45 a2) and 
A 33 (693.64 g/0.45 a2).

14. Tho line A 17, a variant of A. tricolor is 
tentatively named as A. tricolor osp. oavlcaulie. meaning 
thereby "hollow ateaaed A. tricolor".
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Appendix I. Bhyoical properties of the soil

Et (April 1931)
Eg (June 1931)

(July 1931)
E^ (August 1931) 

(September 1931) 
Eg (October 1931)
Ey (Novcaber 1931) 
EQ (December 1931) 
Eg (January 1932) 
E10 (February 1982) 

(March 1962)

Percentage of
Sand S i l t

61.50 12.25
62.00 3.50

52.25 4.00
65.75 6.25

63.75 9.00
54.50 12.25
64.00 18.00
53.00 10.25
57.25 11.00
54.50 12.25
60.25 12.00



Appendix Ila. Meteorological data averagad over weekly Intervals
daring April 1931 to June 1932

Month Week Meteorological paranetars
Maximus Minimus teaps- tempera turs rature
C^) (Mg)

Totalrainfall

( V CS
S 

£
1 
Eep 

& 
P 

I 
 ̂
hO 

P
j 1

Holatirehumidity

(m 5)

Brightsunehlnthours
(M6>

1 36.00 25.60 0.00 0 66.55 7.60
l n « l l 1  1 n A l 2 36.90 25.70 1.90 2 66.80 6.00April lyol 3 35.30 29.40 14.20 1 62.90 9.10

4 34.30 26.00 13.00 2 77.60 9.60
1 35.90 25.90 52.20 2 68.95 • 7.70

r i d H  4qq4 2 34.30 24.70 48.40 1 78.10 9.40m y  lyyi 3 34.60 26.60 19.40 2 76.30 8.00
4 32.30 24.50 105.80 4 31.85 5.00
1 30.30 23.10 394.40 7 91.75 0.40

T ttvu ft 1QA1 2 23.20 22.50 283.30 7 92.15 1.60u uno iyoi 3 27.70 22.10 956.30 7 90.10 0.60
4 23.00 22.10 143.60 5 86.75 4.40
1 29.90 22.90 131.90 4 66.75 5.50

T u l t v  1 n n 1 2 29.00 22.00 170.60 7 87.75 3.70uujf ryui 3 30.40 23.10 19.30 2 70.05 5.30
4 20.30 22.80 191.10 Q ■ 90.10 1.20
1 23.90 21.60 63.60 5 90.90 4.10

August 1931 2 20.40 22.40 50.00 4 86.85 2.60
3 27.50 22.30 257.10 7 88.60 2.70
4 29.20 21.90 32.20 4 62.65 5.10
1. 30.70 23.60 48.10 3 79.15 6.30

C] jhf% A 2 20.40 22.50 138.70 7 88.20 3.20tsopuosocr1QR1 3 28.50 22.90 252.60 7 83.75 2.60i yoi 4 29.60 22.90 82.40 5 84.25 7.30
1 30.60 22.60 11.00 1 81.45 6.90

^ A d | v V \ n t l 2 30.70 22.60 25.20 2 78.75 5.90UgTiOuur
1 Q Q 1 3 31.50 23.00 10.20 1 77.55 6.20lyo i 4 . 30.20 22.80 40.00 5 79.30 2.50

1 30.20 22.50 50.60 2 61.90 4.80
H ftT fA m  H a  vs 2 31.20 22.10 27.40 2 73.45 7.30iiovomwina4 3 32.30 22.60 0.00 0 63.10 9.10iya i 4 31.30 21.10 22.00 1 65.60 6.60



Appendix Ila. continued 

Month

December
1981

January 1932

March 1932

April 1982

May 1982

June 1982

Kook M1 a2 “3 *4 5
1 32.20 22.00 0.00 0 66.79
2 32.10 18.60 0.00 0 59.40
3 30.70 23.50 0.00 0 65.45
4 31.90 22.00 0.00 0 56.60
1 31.50 21.50 0,00 0 55.15
2 32.30 20.30 0.00 0 53.75
3 32.70 20.70 0.00 0 57.20
4 33.20 22.50 0.00 0 63.65
1 34.60 21.70 0.00 0 54.95

, 2 36.00 21.30 0.00 0 53.75
3 35.90 21.30 0.00 0 55.50
4 37.10 20.70 0.00 0 53.15
1 34.90 22.10 0.00 0 67.602 36.90 21.60 0.00 0 77.90
3 35.70 23.50 0.00 0 85.15
4 33.90 25.90 0.00 0 79.90
1 35.00 25.60 0.00 0 84.652 35.20 25.00 0.00 0 82.953 35.30 24.30 32.20 3 71.90
4 34.30 26.00 13.00 2 77.60
1 33.70 25.50 6.00 1 83.452 34.70 24.80 4*70 3 70.20
3 33.70 23.60 123.50 2 79.00
4 33.00 24.40 0,00 0 85.15
1 23.10 30.30 92.00 7 07.052 23.40 30.20 151.60 5 92.053 22.70 23.10 291.60 7 93.00
4 23.60 29.00 199*60 7 92.50

9.90 
10.00
7.10
9.90
9.90 

10.10 
10.009.80
9.50
9.90 

10.10 
10.10

9.809.509.30
8.30

0.50
10.00
9.10
8.30

7.70 
9.40 
6 .804.90
4.00
3.10
0.903.80



Appendix lib. Meteorological obeervationo averaged over weakly intervals from the date of cowing 
lot week for each month's crop* used for correlation

Besson

S2

I

*7
fig
P°

2nd week 
Ef
4i
H
I I
e7%
E10

U1 _ ! L ____ ^ a4 *5 *6

34.30 26.00 ' 13.00 2 77.60 9.80
23.00 22.10 ' 143.Q0 5 86.75 4.40
23.30 22.30 19 1.10 a 90.10 1.20
29.20 21.90 32.20 4 02.85 5.10
29.60 22.90 ' 62.40 5 64.25 7.30
30.20 22.60 40.00 5 79.30 2.50
31.30 21.10 2.20 1 65.60 6.60
31.90 22.00 0.00 0 56.80 9.90
33.20 22.50 0.00 0 63.65 9.80.
37.10 20.70 0.00 0 53.15 10. 10 .
33.90 25.90 0.00 0 79.90 0.30.

E11

35.90 25.90 52.20 2 63.95 7.70
29.90 22.90 13U90 4 66.75 5.50
28.90 21.60 63.60 5 90.90 4.10
30.70 23.60 ’ 48.10 3 79.15 6.30
30.80 22.30 11.00 1 31.45 6.90
30.20 22.50 ’ 50.60 2 31.90 4.80
32.20 22.00 0.00 0 60.75 9.00
31.50 21.50 0.00 0 55.15 9.90
34.60 21.70 0.00 0 54.95 9.50
34.90 22.10 0.00 0 67.60 9. 80
35.00 25.60 0.00 0 84.65 3.50

3rd week
E 1
i
&

I
I"g
Iio“ll

34.30 24.70 43.40 1 78.10 9.40
29.00 22.00 170.60 7 87.75 3.70
23.40 22.40 50.00 4 86.85 2,60
23.40 22.50 138.70 7 63.20 3.20
30.70 22.60 25.20 2 70.75 5.90
31.20 22.10 27.40 2 73.45 7.30
32.10 10.60 0.00 0 59.40 10.00
32.30 20.30 0.00 0 53.75 10.10
36.00 21.30 0.00 0 53.75 9.90
36.90 21.60 0.00 0 77.90 9.50
35.20 25.00 0.00 0 82.95 10.00

(contd.)



AppendJU lib. continued

Seaton

4  t h  w e k

Ea
i4P^k
4jjioE11

E1
Er
S?4
ii
%En

6 th week 
E.
I?
%
1I
e“*1°II

U1 a2 *3 1
a* j ___ a6

34.60 26.60 19.40 2 76.30 8.0030.40 23.10 19.30 2 70.05 5.3027.30 22.30 257.10 7 30.60 2.7020.50 22.90 252.60 7 00.75 2.6031.50 23.00 10.20 1 77.55 . 6.2032.30 22.60 0.00 0 60.10 9.1030.70 23.50 0.00 0 65.45 7.1032.70 20.70 0.00 0 57.20 10.0035.90 21.30 0.00 0 55.50 10.1035.70 23.50 0.00 0 05.15 9.3035.30 24.30 32.20 3 71.90 9.10

32.30 24.50 105.00 4 01.05 5.0020.30 22.60 191.10 0 90.10 1.2029.20 21.90 32.20 4 82.05 5.1029.60 22.90 62.40 5 04.25 7.3030.20 22.60 40.00 5 79.30 2.5031.30 21.10 2.20 1 65.60 6.6031.90 22.00 0.00 0 56.80 9.9033.20 22.50 0.00 0 60.65 9.0037.10 20.70 0.00 0 53.15 10.1033.90 25.90 0.00 0 79.90 0.3034.30 26.00 13.00 2 77.60 8.30

30.30 23.10 394.40 7 91.75 0.4023.90 21.60 63.60 5 90.90 4.1030.70 23.60 43.10 3 79.15 6.3030.80 22.00 11.00 1 01.45 6.9030.20 22.50 50.60 2 81.90 4.00
32.20 22.00 0.00 0 60.75 9.0031.50 21.50 0.00 0 55.15 9.9034.60 21.70 0.00 0 54.95 9.5034.90 22.10 0.00 0 67.60 9.6035.00 25.60 0.00 0 04.65 8.5033.70 25.50 6.00 1 33.45 7.70

(contd.)



Appendix lib. oontlnucd

Season 
7th veelc

i$
i
I%

Qth woek
E 1
E2
H
ES
EgEi
*9E10
E 11

9 th wok 
E1

sI£S
PPE10 E11

a1 2 *3 J 4„ s J J b

26.20 22.50 263.30 7 92.15 1.60
23.40 22.40 50.00 4 36.85 2.00
23.40 22.50 133.70 7 63.20 3.20
30.70 22.60 25.20 2 78.75 5.90
31.20 22.10 27.40 2 73.45 7.30
32.10 16.60 0.00 0 59.40 10.00
32.30 20.30 0.00 0 53.75 10.10
36.00 21.30 0.00 0 53.75 9.90
36.90 21.60 0.00 0 77.90 9.50
35.20 25.00 0.00 0 82.95 10.00
34.70 24.60 4.70 3 70.20 9.40

27.70 22.10 356.80 7 90.10 0.80
27.50 22.30 257.10 7 83.60 2.70
28.50 22.90 252.60 7 88.75 2.60
31.50 23.00 10.20 1 77.55 6.20
32.30 22.60 0.00 0 63.10 9.10
30.70 23.50 0.00 0 65.45 7.10
32.70 20.70 0.00 0 57.20 10.00
35.90 21.30 0.00 0 55.50 10.10
35.70 23.50 0.00 0 85.15 9.30
35.30 24.30 32.20 3 71.90 9.10
33.70 23.60 126.50 2 79.00 I.6.80

28.80 , 22.10 143.80 5 86.75 4.40
29.20 21.90 32.20 4 82.85 5.10
29.60 22,90 62.40 5 64.25 7.30
30.20 22.80 40.00 5 79.30 2.50
31.30 21.10 2.20 1 65.60 6.60
31.90 22.00 0.00 0 56.60 9.90
33.20 22.50 0.00 0 60.65 9.60
37.10 20.70 0.00 0 53.15 10.10
33.90 25.90 0.00 0 79.90 8.30
34.30 26.00 13.00 2 77-60 6.3033.00 24.40 0.00 0 65.15 4.90

(contd.)



Appendix lib. continued

Soaeon
10th woeic 
El
skb5
b|
eS
2
Eg
P oB11

11th weak
E1
S24
4
1®
i
I10

H1 “ 2 M4 U5 H6

29.90 22.90 131.90 4 86.75 5.50
30*70 23.60 48.10 3 ■ 79.15 6.30
30.80 22.80 11.00 1 81.45 6.90
30.20 22.50 50.60 2 81.90 4.60
32-20 22.00 0.00 0 60.75 9.00
31.50 21.50 0.00 0 55.15 9.90
34.60 21.70 0.00 0 54.95 9.50
34.90 22.10 0.00 0 67.60 9.80
35.00 25.60 0.00 0 64.65 8.50
33.70 25.50 6.00 1 83.45 7.70
23.10 30.30 92.00 7 87.05 4.00

11
12th week 

E 1

i
i
4
4E10
“ 11

29.00 22.00 170.60 7 87.75 3*70
23.40 22.50 138.70 7 88.20 3.20
30.70 22.60 25.20 2 73.75 5.90
31.20 22.10 27.40 2 73.45 7.30
32.10 18.60 0.00 0 59.40 10.00
32.30 20.30 0.00 0 53.75 10.10
36.00 21.30 0.00 0 53.75 9.90
36.90 21*60 0.00 0 77.90 9.50
35.20 25.00 0.00 0 82.95 10.00
34.70 24.60 4.70 3 70.20 9.40
23.40 30.20 151.60 5 92.05 3.10

30.40 23.10 19.30 2 78.05 5.30
28.50 22.90 256.60 7 88.75 2.60
31.50 23.00 10.20 1 77.55 6.20
32.30 22.60 0.00 0 68.10 9.10
30.70 23.50 0.00 0 65,45 7.10
32.70 20.70 0.00 0 57.20 10.00
35.90 21.30 0.00 0 55.50 10.10
35.70 23.50 0.00 0 85.15 9.30
35.30 24.30 32.20 3 71.90 9.10
33.70 23.60 126.50 2 , 79.00 6.60
22.70 28.10 291.60 7 93.00 0.90

(contd*)



Appendix lib. continued

Goooon

■i11 
Cu

1*11

"3 " s
kiii*

13 th week
E1 28.30 22.80 191.10 8 90.10 1.2029.60 22.90 82.40 5 84.25 7.30
1*3 30.20 22.80 40.00 5 - 79.30 2.50s 31.30 21.10 2.20 1 65.60 6.60
§5 31.90 22.00 0.00 0 56.80 9.9033.20 22.50 0.00 0 60.65 9.80
la

37.10 20.70 0.00 0 53.15 10.1033.90 25.90 0.00 0 79.90 0.30
9 34.30 26.00 13.00 . 2 77.60 8.30
£10*11

33.00 24.40 0.00 0 85.15 4.9023.60 29.80 199.60 7 92.50 3.SO

i

Appendix III* St&ndardioation of the leaf for estimatingchlorophyll content in the line A 3

leaf position
Ueen chlorophyll content as mg/g of fresh leaf
Chlorophyll-a Chlorophyll-b Total

chlorophyll
1 7.12 5.33 12.45
2 6.93 5.34 12.27
3 7.25 5.53 12.63
4 8.35 5.51 13.86
5 9.12 6.71 15.836 9.12 6.69 15.71
7 9.68 7.34 17.02
8 9.48 6.18 15.66
9 10.73 7.72 18.45
10 10.13 7.78 17.91



Appendix XT. Mean days to 50% gemination of 25 amaranth genotypes
Genotypes E1 E1+ B2 E4 E5 E6 By 6 E10 E11 Varietalmean

A 2 4.00 4.00 4.50 5.00 5.00 4.50 5.50 4.00 5.50 4.00 4.00 4.00 4.50
A 3 4.00 5.00 5.50 5.50 6.50 6.00 4.00 4.00 4.00 5.00 5.50 4.50 4.96A 4 4.50 5.00 6.00 4.50 6.00 6.00 4.00 5.50 4.00 4.00 4.50 4.50 4.68A 5 4.00 5.50 7.00 5.00 6.50 6.00 5.00 4.00 4.50 4.00 5.50 5.00 5.17A 6 4.50 5.00 5.00 5.00 5.00 4.50 6.00 4.50 6.50 4.00 5.50 5.00 5.04A 9 4.00 4.00 5.00 5.50 5.00 5.00 4.00 4.00 4.00 4.50 4.50 4.00 4.46A 12 8.00 7.50 16.00 8.50 a . 50 10.50 6.00 10.00 8.00 4.50 9.00 8.00 8.88
A 13 4.00 4.00 5.00 5.00 6.00 4.50 5.50 4.50 5.50 4.00 4.00 4.50 4.71A 14 5.00 4.00 5.00 5.00 5.00 5.00 7.00 5.00 7.00 6.00 4.50 4.50 5.25A 16 4.00 4.00 4.50 4.00 4.50 5.50 5.50 4.00 5.50 4.50 4.00 4.00 4.50
A 17 4.50 4.50 4.50 4.00 5.00 5.00 5.00 4.50 5.00 4.00 4.50 4.00 4.63A 16 4.00 4.50 17.00 5.00 6.00 5.00 6.00 4.50 5.00 5.00 4.00 4.50 5.83
A 19 4.00 4.00 5.00 5.00 5.00 5.00 5.00 4.50 4.50 5.00 4.50 4.50 4.67A 22 4.00 4.00 5.00 4.00 4.50 4.00 6.00 4.00 5.50 4.00 4.00 4.50 4.46
A 24 4.00 4.00 4.00 4.50 4.00 4.50 6.00 4.00 4.00 4.00 5.00 4.00 4.33A 25 4.00 4.00 4.00 4.00 4.50 4.50 6.00 4.50 5.50 4.50 4.00 4.CO 4.46A 27 4.00 4.00 4.50 4.00 4.50 5.00 5.50 4.00 5.00 5.00 4.00 4.00 4.46
A 28 5.00 5.50 6.50 6.00 6.00 5.00 7.00 5.00 7.50 5.00 5.50 5.50 5.79
A 35 4.00 4.50 6.00 5.00 6.00 4.50 6.50 5.00 6.50 5.00 4.50 4.50 5.17
A 34 4.50 5.00 5.50 5.00 5.50 5.50 7.00 5.50 6.50 5.00 4.00 5.00 5.33
A 35 4.00 5.00 5.50 5.00 5.50 5.00 6.00 6.50 6.50 5.00 4.00 4.00 5.17
A 39 4.00 4.00 4.00 4.00 4.00 4.50 7.00 4.00 6.00 5.50 5.00 4.50 4.71A 40 4.00 5.00 5.00 5.00 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 4.00 5.00 4.50 6.00 4.50 5.00 4.50 4.50 4.50 4.71
A 43 4.50 4.50 7.50 5.50 7.50 5.50 5.00 4.50 5.50 5.00 5.00 5.00 5.42
OverallBeen 4.34 4.60 6.06 4.92 5.44 5.10 5.54 4.74 5.4B 4.62 4.70 4.76
C.B. 0.84
(peO.05)

0.94 1.58 1.59 1.71 1.66 1.46 1.26 1.40 0.92 1.30 1.11



Appendix V. Mean plant height (cn) on 30th day of 25 aaaranth genotypes

Geno--
typea

A
AA
A
A
A
A
A
AA
A
A
A
A
A

2
34
56 
9 
12
13
14 
16
17
18 
19 
22 
24

A 25 
A 27 

26
33
34
35
39
40
41 
43

A
A
A
A
A
A
A
A

*1 S2

41*55
24.12
33.01
35.10 
20.20 
27.43
33.71
26.40
28.71 
24.18 
30.14 
24.90 
18.80 
31.20 
24.22 
30.03
34.10
18.40
20.93 
31.05
33.94 
35.47 
25.92 
13.38 
21.21

Overall 
nean 27-75

24.04
22.20
29.95
23.20 
21.99 
22.30
13.54 
20.80
12.55 
20*65 
30.10 
22.24 
20.00 
17.75
22.15
20.50 
25.60
11.50 
21.40 
24.60
21.15
19.20 
19.20 
13.18 
14.20

27.00
25.40 
24.25 
27.80 
23.85 
21.90 
21.80 
20.10
25.50
22.35 
29.20
23.63 
22.45 
20*10 
21*50
21.40
20.50
20.35
21.35 
26.55
21.40
29.63 
21.60 
20.05
25.50

16.33
7.17

23.13
25.25
14.85 
13*55 
10.65 
17*57
9*44

13.64
17.85 
13.05 
11.30 
11.10 
14.03 
19.50
23.70
8.95 

10.02
8.95

16.90 
11.19
11.90
11.70 
14.84

4 “V  “6 '3 &10 Varietal

23.60
20.63
21.88
20.25
18.34
19.75 
15*17 
23*95 
15.58 
20.50
22.50 
14f15 
18f65 
21.30
18.13
19.75 is;5o 
18.30
15.67 
22^30
19.68
19.13 
22.20
13.75
12.50

31.70
19.35
23.10 
22.40
10.50 
22.00 
13.55 
15.37
18.50
18.10
24.00 
16.60 
13.80 
18.50 
21.80 
20.30 
24.60 
22; 10
14.20
14.45
20.00
14.09
18.10 
10.85 
14.95

22.33 
21.83 
23.88
29.63
11.63
15.25
10.25
13.33 
13-75 
15*50 
15*63
14.63 
11.57 
11.19
16.13
16.13 
19.80 
16.94
11.26 
9*13

13.33 
12.00 
16.00 
13-25 
18.65

18.30 
16.00
15.50 
25.13 
-15.95 
15.70 
13.25 
20.60
15.50
15.30
17.60 
9.20

13.68
14.30 
19*65 
14.00
25.10 
16.98 
12.65
14.10
18.50
15.60 
14.90 
11.19
15.10

35.20
20.19
26.63 
26*85 
17.00
20.83 
16*40 
23.28
18.40 
19.60 
22.13 
27.68 
19*93
32.63 
23.88 
29.48 
27.75
23.30 
14.65
29.30 
H .7 7
27.83
25.63 
16.50
17.40

34.30
19.13
26.25
29.25
29.75 
22.67 
16.00 
21.88 
27.71 
32.46 
25.29
22.50
18.33
32.83
27.34
30.34 
35.00
20.50
18.13
21.50 
M *75
20.83
19.75 
19.50 
26.33

43.60
45.40
42.40 
52.10 
44.30
42.40 
33.70 
51.68 
33.50 
50.00

29.25 
22.22 
26.36 
29.27
21.26 
21.99 
15.46 
23.20 
20.38 
22.75

23-50^23*27 
47.10 21.90
44.30
47.00 
50.40 
51.13
45.00

19.82
23.45
23-56
24.78
27.24

60.80-^1.65  
37.60 _17.99  
48.10 22.74
39.38
39.40
45.50
31.90
40.90

21.23
22.22
21.55
,15.93
20.15

20.76 23.81 14.26 19.03 15.52 15.51 16.30 23.09 24.50 44.17

C .D . 11.64 (p-0.05) 8.43 \7.07 5.79 6.14 10.05 4.16 3.75 8.55 7.31 12.59
 ^ ---------------------------------------------------------



Appendix 71. Uean girth of oton (ma) at cut end of S3 amaranth genotypes
Genotypes B1 E2 h E4 E5 E6 E0 E9 E10 S11 Varietalmean
A 2 9.10 8.20 6.70 4.90 ' 5.83 7.70 5.00 3.00 7.40 9.30 9.00 6.93A 3 0.50 7.50 9.00 2.70 8.60 6.50 3.63 2.80 5.40 6.90 14.70 6.93
A 4 11.60 13.50 8.30 6.50 9.25 7.70 3.60 3.60 9.00 10.30 11.60 8.65
A 5 9.70 12.40 9.40 7.50 6.20 7.00 5.40 3.50 5.00 10.38 13.60 8.19A 6 6.10 7.50 6.10 5.60 7.25 5.60 2.20 2.30 0.60 7.60 12.00 6.46
A 9 7.10 8.Q0 6.90 4.00 5.70 5.10 4.60 2.70 5.50 7.38 5.50 5.75
A 12 6.60 6.10 3.60 3.30 4.63 5.10 3.55 3.80 4.40 4.63 6.30 4.73
A 13 8.70 0.50 6.30 2.80 6.20 5.70 4.00 4.10 5.90 7.20 11.00 6.53
A 14 9.60 7.70 7.00 4.08 7.00 7.00 3.30 4.35 6.00 8.25 9.60 S.72
A 16 5.20 7.60 7.30 3.60 6.70 5.90 3.40 2.05 5.50 0.00 13.50 6.25
A 17 7.50 13.20 9.40 6.10 6.75 7.40 3.40 5.20 6.10 11.25 10.90 7.93
A 16 7.30 5.50 6.60 5.60 4.00 5.30 5.50 2.50 4.90 5.63 9.90 5.70
A 19 6.00 5.90 4.60 3.60 6.90 5.00 3.80 3.00 4.60 6,13 10.00 5.41
A 22 Q.00 6.20 5.20 2.90 6.70 5.80 3.sa 2.60 7.70 6.70 10.90 6.00
A 24 6.10 8.80 6.60 3.60 7.00 6.10 2.70 2.20 6.00 8.&0 10.60 6.26
A 25 10.20 8.20 5.50 4.60 5.60 5.00 4.43 3.70 5.00 7.90 7.70 6.31
A 27 10.90 9.40 5.65 6.90 5.88 6.70 6.25 10.00 6.50 10.00 8.70 7.90
A 26 7.30 9.40 8.90 4.20 5.50 6.40 4.30 2.30 5.10 6.40 15.80 6.87
A 3? 7.00 9.SO 6.60 2.80 6.50 4.70 4.10 2.90 5.1B 4.70 12.10 6.03
A 34 7.20 6.50 5.90 3.94 5.63 5.10 5.00 2*40 5.00 4.20 7.50 5.31
A 35 7.60 5.40 3.40 5.90 5.34 3.80 3.50 3.27 5.10 4.20 7.70 5.00
A 39 6.90 6.50 4.80 5.24 4.83 5.20 3.20 3.00 3.20 6.40 10.40 5.42
A 40 6.30 7.00 5.30 3.40 5.38 4.80 2.70 2.40 4.70 6.63 8.50 5.19
A 41 4.60 5.40 3.90 3.20 4.43 4.40 3.50 5.50 5.20 4.63 6.00 4.30
A 43 3.55 4.80 3-70 5.50 4.30 4.30 3.63 1.48 4.60 4.50 5.30 4.15
Overallmean 7.55 7.99 6,26 4.51 6.16 5.76 3.92 3.39 5.70 7.12 10.04
G.D. 4.61 2.20 3.92 2.15 2.05 2.42 1.85 1.23 3.73 2.61 4.86
(p-0.05)



Appendix VII* Moon length of 5th leaf (cm) of 25 enaranth genotypes

Genotypes E1 E2 h S4 E5 E6 *7 E8 h B10 E11 Varietalaeon
A 2 12.22 9.23 8.26 7.12 8.35 11.79 9.25 5.99 9.96 9.63 11.51 9.39A 3 12.17 12.53 8.64 4.09 11.77 10.77 9.67 6.77 11.67 12.29 16.23 10.60A 4 13.30 11.34 9.35 10.15 9.83 11.51 11.38 8.22 10.44 11.93 15.39 11.17A 5 11.32 13.05 10.17 11.62 10.61 10.74 9.77 8.95 11.18 12.65 16.33 11.49A 6 12.24 13.98 14.77 8.20 10.52 9.15 11.00 11.12 12.70 13.40 14.98 12.00A 9 14.11 11.12 10.77 7.28 10.68 12.93 7.57 8.40 12.03 9.45 14.06 10.77A 12 7.00 4.55 6.67 3.87 6.24 5.04 3.69 4.68 5.60 5.32 9.17 5.62A 13 5.14 13.07 11.22 12.23 13.14 9.81 9.90 9.34 13.36 11.68 20.13 11.73A 14 4.25 11.27 10.01 5.61 10.03 13.01 10.03 10.39 12.35 12.24 15.63 10.45A 1& 11.77 10.95 13.74 11.48 11.78 11.27 9.76 8.90 9.04 10.72 13.34 11.21A 17 9.36 10.59 9.22 6.56 10.30 9.25 8.62 6.33 9.43 10.98 9.00 9.06A 16 10.58 10.37 a.G5 7.H 5.58 7.05 5.53 3.23 11.03 10.84 9.99 8.13A 19 12.34 10.64 9.62 6.54 9.52 9.53 6.83 8.59 11.31 11.80 15.99 10.24A 22 17.58 13.55 10.35 6.63 17.81 12.32 6.74 10.15 15.34 13.67 17.32 12.59A 24 12.23 12.02 14.55 10.61 10.75 13.06 10.50 10.24 11.92 11.42 16.65 12.10A 25 15.29 11.53 10.47 8.92 11.59 11.54 7.40 11.25 11.95 10.65 12.32 11.17A 27 13.16 14.09 10.67 6.49 9.45 12.60 9.30 15.03 13.60 13.30 13.06 11.70A 28 10.25 11.67 13.43 7.51 10.55 13.84 11.67 7.83 14.30 13.45 16.33 11.90
A 33 11.75 14.31 12.14 6.55 a.97 11.24 6.55 11.20 10.04 11.20 16.09 10.91A 34 6.86 6.03 6.05 3.93 6.40 6.36 3.Q9 4.93 7.12 6.90 £.00 6.18
A 35 10.50 7.76 7.50 7.09 7.26 7.32 7.55 6.72 7.18 5.70 8.92 7.59A 39 10.41 7.28 4.14 *.58 7.23 6.78 7.00 5.11 8.64 7.65 11.40 7.29
A 40 10.69 9.15 9.02 4.64 9.10 7.29 8.10 5.09 8.44 9.03 11.66 8.40A 41 10.86 11.07 7.84 6.61 8.25 7.83 Q.25 5.78 9.05 7.64 9.77 8.45
A 43 5.63 4.33 5*68 4.62 4.62 5.75 6.35 4.72 6.68 5.30 7.75 5.60
Overall
aoan 10.85 10.62 9.69 7.21 9.62 9.93 0.26 7.00 10.58 10.35 13.30
c.u. 3.39 2.37 4.21 4.35 3.82 4.10 3.23 3.17 4.07 2.81 4.59(p«0.05)



Appendix VIII. Sean width of 5th leaf (ca) of 25 anarantii gei.otyPG°

Genotypes S1 ** *3 E4 V ES *7
s6 *9 E10 E11 Varietalmean

A 2 3.10 6.05 5.73 5.52 5.97 3.53 6.75 4.09 6.62 6.07 6.67 6?50~
A 3 9.52 9.91 6.95 3.94 Q.44 8.21 9.64 5.53 9.00 9.45 12.29 7.63
A 4 7.64 7.03 5.92 6.02 6.40 6.83 6.62 5.65 6.25 8.42 a .83 6.83
A 5 3.71 9.64 7.35 8.37 8.36 7.27 7.22 5.72 3.65 9.33 10.31 8.36
A 6 9.56 11.47 10.34 6.61 7.90 7.90 8.55 8.23 10.49 11.30 10.10 9.33
A 9 10.13 8.39 3.00 5.37 7.33 9.23 6.02 6.99 3.85 7.55 6.96 7.76
A 12 5.27 3.82 4.94 3.12 4.70 5.33 2.97 3.30 4.50 3.97 7.07 4.50
A 13 10.61 9.36 7.33 8.45 9.20 3.33 6.32 6.70 9.75 8.29 13.69 8.93
A 14 9.85 9.36 7.99 4.94 7.29 9.39 7*29 7.64 9.20 8.67 9.73 3.32
A 16 3.39 7.76 7.30 6.13 6.77 7.21 5.92 5.44 6.13 7.20 8.22 7.00
A 17 6.93 6.44 5.79 5.00 6.34 7.04 6.65 4.29 6.22 7.04 5.94 6.20
A 18 6.95 7.61 6.33 5.69 4.24 5.54 4.25 2.33 7.30 7.72 7.03 5.92
A 19 3.37 7.63 6.70 4.98 6.22 6.35 5.05 6.05 8.24 3.35 11.24 7.24
A 22 10.13 8.59 6.47 4.67 9.78 7.77 4.71 5.52 9.21 8.30 7.10 7.43
A 24 3.62 3.61 3.29 6.66 7.68 3.54 7.47 6.29 7.79 3.30 9.75 3.00
A 25 10.51 8.14 6.45 5.93 7.26 7.83 5.10 6*90 7.78 6.52 7.77 6.38
A 27 9.02 8.31 7.24 5.14 6.84 7.70 6.51 9.49 8.55 3.02 6.21 7.73
A 28 8.60 3.36 9.22 5.50 7.30 10.30 6.86 5.62 10.93 9.83 13.87 3*99
A 33 9.10 11.71 3.56 5.67 6.90 3.67 5.67 8.03 8.12 8.35 11.36 8.42
A 34 4.38 3.29 3.55 2.51 3.99 4.19 2.57 2.89 4.37 4.13 5.97 3.81
A 35 6.15 4.35 3.99 4.40 3.93 4.35 4.80 3.61 4.48 4*37 5-57 4.55
A 39 7.27 5.60 4.63 3.74 5.35 6.22 5.02 3.95 6.25 5.73 3.11 5.63
A 40 3.24 7.04 6.15 3.32 5.70 5.44 5.90 3.70 6.11 7.04 8.13 6.11
A 41 7.01 7.31 5.04 5.13 5.24 5.25 5.24 4.08 6.02 5.05 6.47 5.62
A 43 4.22 3.27 4.19 3.70 3.05 3.78 4.53 3.43 4.93 3.94 5.09 4.02

Overall
scan 7.73 7.25 6.62 5.29 6.51 7.13 6.00 5.43 7.43 7.35 8.65

Cp-0.05) 2*36 1#73 2-24 2,41 2*43 2,81 1-77 1,84 2*35 1#96 % 7 3



Appendix IX. Moan length of petiole (ca) of 5th leaf of 25 amaranth genotypes

Genotypes E1 E2 E* E5
•

E6 *7 % ^9 B10 E11 Varietalseen
A 2 3.73 4.14 3.53 2.36 4.24 4.46 3.33 2.52 3.23 4.59 5.43 3.87
A 3 5.05 6.06 6.19 3.25 6.22 5-51 5.56 3.09 6.00 5.52 12.81 6.00
A 4 5.45 4.90 3.97 4.32 4.49 5.42 4.75 4.64 4.49 5.25 8.50 5.11
A 5 3.30 6.54 3.42 4.12 5.00 5.07 3.07 4.32 4.77 8.27 6.22 4.96
A 6 4.11 5.22 6.14 4 -H 3.63 3.95 4.47 4.30 5.28 4.25 7.12 4.80
A 9 3.73 3.31 3.85 3.29 3.20 4.34 3.27 3.80 3.45 3.94 7.23 3.95
A 12 4.25 2.15 2.80 1.90 2.90 2.53 2.00 2.78 3.75 2.80 5.67 3.05
A 13 4.42 4.42 4.14 4.19 4.95 3.53 3.74 3.43 4.43 3.70 9.32 4.57
A 14 4.74 5.94 5.24 3.06 4.32 5.62 4.32 5.74 5.44 5.40 8.94 5.34
A 16 3.74 5.38 4.28 4.57 5.23 5-31 4.12 4.36 4.44 5.55 7.55 4.96
A 17 4.81 6.19 6.03 4*09 5.32 5.71 5.87 4.27 5.52 5.97 6.14 5.45
A 16 4.21 5.70 4.78 3.77 2.89 3.93 2-59 1.88 5.12 5.97 5.73 4.21
A 19 3.30 5.52 3.61 2.45 3.49 3.58 2.23 2.83 3.59 4.39 3.03 3.91
A 22 5.73 5.82 4.47 3.94 6.89 5.21 3.66 3.92 5.08 5.82 7.94 5*33
A 24 4.20 4.94 6.63 4.94 4.97 5.02 5.07 4.46 4.30 4.90 7.29 5.16
A 25 5.87 5.05 3.57 4.24 4.97 5.24 3.64 5.89 5.22 4.52 5.25 4.95
A 27 4.69 4.71 4.17 3.53 4.17 5.97 4.20 -5.00 5.H 6.20 7.70 5.05
A 28 5.30 4.43 8.28 4.27 5.34 7.35 4.43 4.23 6.87 8.39 14.52 6.72
A 33 3-75 4.93 5.18 3.14 2.66 4.09 3.14 4.50 4.31 4.07 8.20 4.35
A 34 4.94 3.60 4.48 2.42 4.52 5.51 2.27 2.65 4.59 4.97 9.18 4.39
A 35 5.73 5.33 6*83 5.16 5.20 5.25 5.83 4.94 5.32 4.99 7.95 5.69
A 39 3.67 3.70 2.94 2.63 5.23 3.55 3.00 2.46 3.29 4.00 6.75 3.56
A 40 4.59 3.76 5.02 2.66 3.44 4.41 3.40 2.43 5.04 3.69 7.18 4.15
A 41 3.20 4.78 3.56 3.77 2.99 3.35 2.99 2.84 4.09 3.60 5.37 3.68
A 43 4.32 3.55 6.14 4.49 3.65 5.37 5.00 3.84 5.64 5.10 7.16 4.98
Overall
nean 4.51 4.61 4.81 3.65 4.31 4.76 3.87 3.60 4.73 5.03 7.73
C.D. I.40 1.97 2.85 2.17 2.12 1.59 1.76 1.24 2.14 1.53 4.68
(p«0.05)



Appendix X. Mean brcnekeo of 25 emornntii genotypes
Genotypes B1 *2 ' ^3 ' ' E4 ' B5 E6 '-*7 % *9 B10 *11 ' Varietalne&n
A 2 5.00 3.10 4.75 0.20" 2.40 4.30 3.70 1.50 3.63 3.63 3.25 3.22 'A 3 3.30 4.60 4.50 0.50 1.50 4.20 4.38 2.85 3.79 4.75 6.88 4.20A 4 4.70 5.50 4.38 4.50 4.00 4.70 5.25 4.13 4.63 2.13 1.59 4.18
A 5 0.20 3.20 2.33 3.17 1.20 2.60 0.63 1.30 1.83 4.13 4.50 2.31A 6 2.00 3.20 3.00 2.03 2.34 5.20 1.50 3.38 3.00 3.38 4.96 2.96
A 9 0*60 2.80 3.63 1.00 2.50 3.20 1.13 3.88 2.84 4.13 3.88 2.71A 12 5.30 4.30 3.84 2.85 4.00 3.60 1.75 2.88 5.17 3.13 3.23 3.64A 13 3.60 3.90 3.33 3.50 4.17 1.50 3.00 1.36 4.33 2.88 3.75 3.22A 14 4.10 4.20 6.50 0.50 3.54 4.50 2.64 4.54 3.64 4.38 3.50 3.80
A 16 0.50 1.70 2.27 2.50 2.67 2.50 2.67 2.35 1.00 1.83 3.53 2.18
A 17 3.60 0.90 2.25 0.00 1.17 2.80 0.17 0.63 0.33 4.25 2.17 1.71A 18 5.90 0.50 7.33 4.70 2.67 4.50 2.00 0.59 5.63 5.13 5.50 4.77A 19 4.80 3.50 3.33 2.29 2.50 3.30 1.83 3-13 3.64 4.34 3.83 3.3QA 22 5.60 4.00 4.00 0.00 4.54 4.00 1.38 3.90 5.50 3-50 5.75 3.88
A 24 2.40 2.10 4.13 2.17 2.00 3.90 2.34 3.75 2.84 4.67 3.13 3.04
A 25 5.60 3.80 %75 1.55 2.67 3.60 2.1? 3.75 2.S3 2.50 2.67 2.99
A 27 3.30 2.60 5.67 0.00 2.25 3.40 3.09 4.00 3.21 4.34 2.33 2.93A 23 0.30 5.60 3.25 1.67 2.50 4.30 3.00 2.30 5.00 3.84 6.50 3.34
A 33 1.90 3.80 3.83 3.00 2.17 3.90 3.00 4.25 3.64 3.50 4.75 3.43
A 34 11.00 8.70 6.38 3.73 4.00 7.00 4.17 4.88 7.34 6.00 9.20 6.63
A 35 10.70 7.20 0.38 3.33 6.38 7.30 3.00 5.50 5.04 7.67 6.50 5.73
A 39 6.20 5.25 5.33 4.67 4.00 3.77 3.84 4.25 4.75 4.50 4.00 4.60
A 40 7.20 5.90 7.00 3.35 6.50 6.30 4.34 5.30 5.84 5.67 5.83 5.75
A 41 5.10 5.10 4.13 3.90 5.67 4.40 4.67 4.96 5.00 4.33 5.40 4.88
A 43 6.65 6.50 6.17 6.00 5.17 7.40 6.50 5.38 6.54 6.17 5.60 6.21
Overall 4.39 4.36 4.12 2.63 3.29 4.19 2.94 3.38 4.07 4.23 4.50aean - - *
C.D« 3.62 3.03 1.53 1.04 2.30 2.62 1.09 1.43 1.94 1.52 3.61(paO.05)



Appendix XI. if eon day 9 to 5Qp bolting in control row a for 25 aaarontb genotypeo
G«no-typeo E1 E2 h . A S5 E6 *7 E8 . V . *10 . E11 Varietal

aean
A 2 31-00 38.50 4 1.50"36.00 33.50 27.00 37.50 29.00 32.00 31.00 28.50 33.23A 3 47-00 43-00 46.00 33.00 40.50 35.00 *44.50 34.00 32.00 41.50 37.00 39.86A 4 35-50 41-00 50.50 41.50' 45.00■ 42.00' 40.50 * 51.00 '38.00 50.50- 33.00 43.05A 5 40.00 55-00 65.50 55.00 -50.50 -54.00 47.00 50.00- 47.00 - 53.00 40.50 50.63A 6 121.00 121.00 90.00' 57.00- 38.00 * 53.00- 70.00■ 76.50 ■53.50 74.50 66.00 75.05A 9 49.50 61.00 60.00■ 54.00 48.00 - 54.00' 63.00 ■ 57.00 51.00 55.00- 48.00 54.59A 12 24.00 25.00 24.00 29.00' 23.00' 26.00 22.00 26.00 ■21.00 25.00 22.00 24.73A 13 49-00 53.50 60.00 62.00' 49.00 60.50 60.00- 58.00 55.00 56.00 43.00 55.55-A 14 67-00 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 68.50- 70.00- 55.00' 62.00 -48.00' 74.00 73.00 54.50 ■ 63.50 46.50 61.64A 17 27.50 30.00 27.00 29.00 32.00 26.00 29.00' 31.50 32.50 - 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 33.77A 19 40.00 47.00 51.00' 40.00 37.00 51.00 42.00 44.00 44.00 39.50 37.00 42.96A 22 45-50 63.00 76.50 71.00 53.00 52.00 63.50* 70.50 48.50 50.00 44.50 53.91A 24 76.00 65.00 69.00 75.00- 69.50 52.00 63.50 72.00 54.00 62.50 49.50 64.36
A 25 66-00 64.50' 84.00 61.00 54.00- 47.00 67.50- 71.00 58.00 55.00 50.50 61.68
A 27 41-00 42.50' 44.00 36.50’ 53.50- 42.00 35.00 35.CO '50.50 47.50 30.00 41.59A 28 51-00 65.00 54.00 49.00' 55.00- 40.00 40.00 47.00 31.00 50.50 30.00 47.32A 33 124.00 124.00 90.00 62.00- 34.00 46.00 71.50 76.50 61.00 72.00 63.00 74.91A 34 26-00 32.50 33.00 36.00 34.00 29.00 33.00 37.00 26.00 35.00 28.00 31.77A 35 35.00 33.00 37.00 33.00' 36.50 35.00 34.00 38.00 27.00 4 1.00- 32.00 34.68
A 39 30.00 36.50 36.00 38.00' 39.50 36.50 36.00 34.00 34.00 45.00 32.00 36.14A 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 65.50 55.50 52.00 37.00 39.00 32.00 38.50 33.50 44.00 41.50 32.00 42.77A 43 44.50 34.00 38.00 35.00 54.00- 34.00 39.50 51.00 42,50 46.00 30.00 40.77
Overalliiean 52.32 55.10 54.68 46.23* 44.32* 41.64 47.10 48.33 .42.56 48.10 39.90.
C.3. 9.97 6.88 6.15 6.48 5.21 7.14 5.65 6.94 9.84 7.00 6.54(e1=0.05)



Appendix XII. tfeon deyn to 50£ bolting In uniout rouo for 25 aaarantii genotypes

5 S  ** ^  ^7 *8 ®9 B10 E11 T^ al
A 2 55.50 51.00 60.50A 3 63.50 62.00 53.00A 4 55.00 56.50 64.50A 5 62.50 71.00 79.00 'A 6 121.00 121.00 90.00 -A 9 67.00 74.00 76.00A 12 29.50 32.00 *24-00A 13 62.00 65.00 ■79.00A 14 55.00 73.50- 73.00A 16 76.50 72.00 81.00 *A 17 54.00 33.00 3 1.00-A 18 53.00 55.00* 55.00A 19 53-00 59.00 57.00A 22 68.50 76.50 81.00A 24 71.00 73.00 73.00-A 25 75.00 72.00 83.00A 27 59.50 54.00 64.00A 28 65.50 71.00 65.50A 33 124.00 124.00 90.00A 34 39.00 47.00 39.00A 35 50.00 50.50 60.00A 39 43.50 43.00 45.00A 40 70.00 74.00 66.00A 41 59.50 69.00 53.00A 43 51.50 50.00 49.00
Overall 63.53 65.76 64.46moon
C.B. 6.53 5.02 5.09(p=0.05)

40.00 . 43*50 45.00 53.50 50.00
54.50 43*50 59.50 ‘ 64.00 '70.00 ■
47.00* 54.00 56.50 62.00 73.00
52.00 ' 56.50 71.00 ■ 66.00 71.00 -
57-00. 45.00 72.50 61.00 85.00
53.00 ■ 63.00 76.00 . 65.00 87.00 -
23.00 34.00 .33.00 . 36.00 30.00 '
63.00 60.50 -54.50 .75-00 80.00’
54.50 - 67.00 73.00 , 67.00 83,00
62.00 70.00 .65.00 . 90.00 88.00
43.00- 36.00 -37.00 , 44.00' 42.00'
34.00- 44.00 -55.00 . 50.00 46.00'
43.00- 49.00 -61.00 . 61.50 68.00
70.00 72.50 -70.50 . 69.00 94.50’
84.00 77.00 -73.00 . 76.00. 96.00
70.00 72.00 -70.00 . 81.00 90.00
43.00 62.00 53.50 . 50.50 74.50
61.00- 59.50 -61.00 , 50.00 65.50
62.00 49.00 67.00 - 08.00 87.50
35.00 39.00 - 44.00 56.50 49.50
34.00 43.00 - 55.00 50.00 48.00
40.00 50.00 - 53.50 43.00 69.00
47.00 50.00 - 53.00 51.00 66.00
41.00 49.00 51.00 52.00 55-00
42.00 59.00 - 49.00 55.50 73.00
50.80 54.20 53.93 62.50 69.66

6.78 4.33! 17.60 8.80 13.04

49.50 50.00 48.50 49.73
48.00 - 54.50 51-50 - 57.6459.00 53.00 50.50 57.62
67.00 . 65.50 50.00 64.86
59.00 74.50 ' 70.00 ' 79.64 '
61.50 69.50 62.00 70.82 ,
27.50 27.00 40.00 ■ 31.00 -
65.50 72.00 ■ 66.00 • 67.96 *
62.50 65,50 62.00 67.36
65.00 71.50 58.00- 72.64
48.50 52.50 43.00 42.18
32.00 41.00 44.50 46.32
58.50 54.50 48.00 55-68
53.00 68.00 60.00 71.23
71.00 78.00 70.00 77.91
65.00 62.00 70.00 74.09
53.50 55.50 51.00 56.91
48.00 53.50 49.00- 59.0570.50 72.00 70.00 82.18
39.00 48.00 41.50 43.41
45.00 54.00 45.00 48.59
50.50 60.00 43.50 50.5554.00 66.50 54.00 59.63
50.00 49.00 49.00 52.96
53.50 51.00 44.00 52.50

54.26 53.94 53-64

5.71 11.15 5.83



Appendix XIII. Mean nodes on bolting day for 25 aiaaranth genotypes

Geno- S1 E %  E4 E6 ^7 ^8 B9 E10 E11typ©o *
A 2 13-80 15.58A 3 20.70 16.40A 4 19.60 18.60A 5 23-30 18.50A 6 38.15 38.15A 9 21.10 19.21A 12 11-50 -10.10A 13 20.80 15.00A 14 15.80 16.50A 16 27.20 23.10A 17 11.60 13.00A 18 13.90 15.67A 19 17.50 14.40A 22 21.20 21-45A 24 31-70 23.38A 25 29.90 33*50A 27 19.40 15.90A 28 21.20 19.79A 33 38.20 33.20A 34 13.80 16.60A 35 20.40 17.30A 39 14.00 - 14.90A 40 27.90 21.04A 41 16.80 19.46A 43 16.83 17-63

16.63 15.00 16.63
20.50 13*73 17.75 15*30 13*10 13.3419.60 16.63 18.0031.80 22.00- -16.17 22.10 22.13 16.1711.00 10.40 14.13
17.00 16.33 17.7.121.03 18.75 17.4228.33 21.50 33.0019.20 16.60 18.17 17.90 16.40 14.0018.20 15.90 17.4224.30 22*63 22.75 32.23 23.63 18.5029.30 29.67 24.2518.80 15.10 17.0016.03 13.60 17.7032.20 22.75 16.67
19.25 17.90 16.3419.48 16.90 17.60
15.70 14.50 14.2122.50 14.70 18.5416.48 34*90 16.80
13.00 12.66 19.92

16.27 16.00 16.1017.40 14.38 16.28
22.04 12.73 26.2532.42 18.03 29.60
-24.27 -19.38 24.0023.83 20.00 29.90
10.71 11-01 11.83
18.25 16.05 24.3423.50 18.75 25.3831.30 22.63 35.8824.08 19.50 20.43
16.13 16.25 10.9319.21 13.50 19.5021.50 22.63 25.3.027.60 22.88 32.5328.88 24.50 36.20
22.03 19.18 19.2520.88 17.53 19.8521.63 22.13 25.1016.00 17.30 13.0020.78 19.38 22.2514.88 13.90 15.10
17.60 21.23 15.9014.74 16.38 13.70
16.00 16.75 20.43

18.63 15.50 11.33
16.38 15.00 -18.6719.00 17.71 26.9027.50 18.29 19.17 -36.00 24.34 23.0020.00 21.12 20.67
10.60 10.63 11.3315.33 13.38 18.34 17.98 21.84 15.17 29-25 £0.44 26.5019.50 16.75 12.3316.60 18.75 18.3.416.20 17.00 20.42
24.63 22.63 22.7425.63 32.17 22.1727.84 34.00 26.3431.88 19.50 20.67 
18.53 20.17 25.1737.25 25.67 24.2118.70 20.38 26.50
20.13 20.50 19.1716.50 16.75 15.50
21.50 24.21 24.1715.60 18.00 17.6717.00 16.33 17.50

Overall 21.25 20.13 20.71 17.70 17.33 20.88 18.30 22.17 21.65 20.24 20.33aean . . .
C.B. 4.70 2.80 4.37 1.85 2.89 4.61 4.40 5.05 6.22 4.19 9.83Cp«0.05)

Varietal
aean
15.59 17.07
18.60 21.92.27.43
21.48 
11.20 18.01
17.7627.65 17.38 16.3617.66 
22.8927.7729.49 
19.88 
19.13 27.64 
18.25 19.45 19.09 20.84 16.41 16-74



Appendix £1?. Heon leaves on bolting day for 25 amaranth genotypes
Genotypes E 1 B2 E j S4 E 5 *6 *7 8 E9 B 10 E11 Varietal

aean

A 2 23.00 26.78 24.40 13.20 14.33 14.60 22.25 12.63 19.BS 26.17 23.17 20.09
A 3 26.30 23.00 12.30 12.90 12.59 13.80 12.75 12.55 13.00 22.00 23.67 17.26
A 4 32.30 25.80 47.50 10.40 10.00 17.67 31.34 22.00 36.38 41.34 32.04 27.68
A 5 26.90 23.75 19.20 17.50 16.50 23.37 20.13 20.75 20.00 21.25 23.00 21.12
A 6 23.65 23.65 23.90 17.50 16.00 22.64 24.17 31.67 28.13 30.63 34.67 26.51A 9 26.40 18.09 31.37 21.63 11.00 19.90 15.25 19.57 23.17 25.84 21.57 21.71
A 12 13.40 14.00 14.10 10.60 13.75 12.83 11.93 11.25 13.00 14.17 13.67 12.93
A 13 25.30 22.00 16.03 16.63 15.65 17.60 13.75 17.38 28.00 13.00 13.50 13.98
A 14 21.30 3U30 28.95 23.13 15.67 19.84 22.50 17.50 26.00 24.84 20.17 22.34A 16 23-70 30.93 25.63 21.00 27.85 22.50 21.66 21.38 29.00 21.00 24.67 24.50A 17 15.60 13.13 16.10 11.60 12.50 20.50 10.50 15.88 14.53 18.84 16.17 15.04
A 18 33.40 53.84 30.80 15.70 21.75 13.29 14.75 10.60 33.42 22.50 27.17 25.11
A 19 24.60 23.20 16.63 13.30 14.29 15.75 18.54 15.93 26.33 17.75 23.00 19.11
A 22 34.30 21.23 21.30 21.83 17.63 19.63 13.50 17.60 29.23 25.09 34.34 23.70
A 24 33.90 32.70 29.50 25.38 H .3 3 21.20 17.63 26.38 35.54 24.63 24.34 26.00
A 25 31.60 32.30 34.65 25.75 20.17 24.40 22.67 22.93 38.96 29.25 33.50 23.61
A 27 20.40 24.20 21.17 12.25 10.S4 17.80 15.75 19.25 27.09 22.54 22.67 19.45
A 23 23.20 24.34 13.70 13.75 14.88 14.90 20.00 12.25 22.79 15.42 25.17 16.26
A 33 26.00 26.00 27.00 14*83 20.17 17.30 18.13 34.79 40.50 27.75 33.50 26.00
A 34 48.40 65.80 46.03 23.75 23.15 47.17 15.75 15.19 33.54 39.67 49.50 37.54
A 35 54.40 31.15 47.30 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
A 40 60.70 33.07 52.80 16.60 13.54 50.50 21.79 25.96 41.25 37.84 50.67 37.25
A 41 36.50 42.96 42.25 23.00 28.13 44.04 35.04 40.04 43.96 35.42 41.00 37.49
A 43 44.88 80.59 83.83 65.33 44.50 40.42 30.58 21.50 53.93 50.59 59.00 52.27

Overal 30.51 31*55
aean

31.11 19.40 17*77 22.04 19.66 20.12 29.09 27.09 29.78

(p*0.05) 0.51 17.43 11.21 5.06 7.27 6.79 12.60 9-11 15.51 12.40 12.04



Appendix Vt. Hean plant height (cm) on bolting doy for 25 snaranth genotypes
Geno- E- E„ EL B- B- Efi EL EL E—  E ^  Tarietnl
types 1 4 5 * ^aean__
A 2 60.80 57.83 51.43 31.60 42:38 35.25 23.50 39.60 51.25. 37.17 64.17 43.21
A 3 62.65 46.30 34.00 25.63 23.34 40.60,32.75 36.25. 42.04 .37.17 51.00 . 39.74.,
A 4 57.35 53.00 34.10 33.13 34.17 65.90 39.54 44.33 45.21 45.50 74.20 48.36
A 5 56.90 76.75 31.20 30.^3 33.60 79.38 32.33 43.50 47.29 63.17 90.63 54.57A 6 154.00 154.00 106.40 95.50 27.64 62.60 27.33 65.13 53.83 61.64 109.00 85.63
A 9 81.20 32:46 55.60 54.75 23.34 67.20 39.00 49.50 52.13 53.50 64.97 57.60
A 12 ■ 13.84 14:35 16.10 12.50 13.33 21.75 14.35 15.03 18.75 17.50 32.34 17.26
A 13 75.60 '£75.90 30.40 26.88 44.46 52.30 25.50 62.25 40.13 33.84 97.84 51.83
A 14 60.60 39:30 62.50 62.25 35.75 70.27 36.25 52.50 46.83 63.77 63.17 53.92
A 16 75-30 122:05 69.15 75.63 56.79 57.40 46.25 53.80 51.04 56.33 37.67 o3.31
A 17 27.95 27:68 25.00 21.80 25.17 30.50 29-68 25.83 23.25 29.00 37.67 29.07
A 18 43.35 34:50 36.95 25.90 20.24 28.63 20.84 15.70 36.13 31.67 36.42 30.03
A 19 43.80 35.60 46.30 18.90 31.79 35.80 29.67 34.70 45.00 41.67 46.17 37.22
A 22 61.30 77:73 48.40 54.63 46.96 53.90 45.34 42.70 48.65 45-34 63-46 53-53
A 24 81.95 120.63 64.60 58.63 37.84 60.05 36.83 61.00 61.25 53-35 00.67 65.19
A 25 90.60 120:90 74.20 69.17 59.34 67.00 37-14 64.15 61.25 54.50 101.17 72.72
A 27 73.25 52.00 34.S& 26.90 50.83 51.90 27.35 42.68 31-08 40.83 57-00 45-17
A 28 93.55 81.67 35.65 41.25 35.45 43.S0 26.25 44.38 43.09 31.34 69.34 49.61
A 35 156.80 156.80 100.20 90.25 32.63 46.40 33.50 69»08 53.50 53.67 98.50 81.30
A 34 49.00 44.10 34.15 25.83 20.96 41.38 21.00 37.00 38.09 36.84 42.17 35.50A 35 68.70 40.60 34.20 23.70 22.34 39.30 28.13 37.40 39.99 42.00 52.92 39.03A 39 46.90 49.00 35.40 19.33 32.54 47.50 25.6? 44.60 41.75 42.17 46.00 39.17
A 40 91.40 87:27 59.80 22.10 39.84 40.90 25.25 35.00 56.50 44.67 81.84 53.14
A 41 39.50 63.38 29.80 18.60 24.94 38.00 21.00 23.65 32.33 34.67 64.50 35.95
A 43 34.18 55.34 39.80 32.50 23*54 35.60 30.78 32.55 30.75 56.34 60.00 37.39
Overall 53.44 70.77 47.59 40.12 33.99 48.54 30.22 43.22 43*48 44.25 66.35mean ~ _   . - - _____
C.D. 17.36 20.69 10.63 8.74 15.36 18.19 7.85:* 10.14 26.38 16.11 17.13(pa0.05)



Appendix 2VX, Mean frequency of harvest of 25 ozioronth genotypoa

Oeno-
V p e« S1 E2 . ^  .. \ E5 .. E7. ^6 _ E9 . V , 211 Varietal

aean
A 2 1.50 1.00 2.00 1.00 1.00' 1.00‘ 1.05 2.00 2.50 2.50 2.00 1.59
A 3 1.50 3.00 1.50- 2*00 ■ 2.Q0 2.00 ' 1.00 2i50" 3.00 1.50 3.50 2.14 "A 4 1.00 1.50 2.00 1.00 1.00- 2.GO- 1.00 3.00 3.00 3.50 2.50 1.96
A 5 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 6 1.00 4.00 2.50 2.00 1 .00; 3.50. 2.50 " 3.50 6.00 5.00 5.00 3.27A 9 1.00 3.00 2.00 2.00 2.00. 4.00. 1.50 3.00 6.00 5.00 4.50 3.09
A 12 1.00 1.00 1.00 1.00 1.00. 1.00. 1.00 1.00 1.00 1.00 1.00 1.00
A 13 2.00 3.50 2.00 1.50 2*00. 4.00. 2.50 3.50 8.00 4.00 5.00 3.27
A 14 1.50 3.50 2.00 1.50 2.00. 3.00. 2.00 3.00 4.00 5.00 3.00 2.77A 16 1.00 3.00- 2.00 1.50 1.00, 3.50. - 2.00 3.50 5.00 4.00 3.00 2.68
A 17 1.50 1.50 1.00 1.00 1.00. 1.00. 1.00 2.00 2.00 4.00 1.50 1.59A 18 1.50 1.50 1.00 1.00 1.00. 1.00. 1.00 1.00 3.00 1.50 2.00 1.41A 19 2.00 2.00 2.00 1.00 1.00. 2.00. 1.00 3.00 3.00 3.50 2.50 2.09
A 22 1.50 3.50 3.00 2.00 2.00, 5.50. 2.00 4.00 6.00 5.00 5.00 3.41
A 24 1.00 3.00 2.00 1.50 i.oo: 3.00. 1.50 4.00 5.00 4.00 5.00 2.82
A 25 1.50 3.00 1.50 2.00 1.00. 3.50, 1.50 4.00 5.00 4.00 3.00 2.73
A 27 1.00 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. 1.50 2.00 3.50 3.00 3.50 2.18
A 33 2.00 4.00 2.00 2.0Q 1.00. 2.50. 2.50 3.50 5.00 5.00 5.00 3.H
A 34 1.00 1.00 1.00 1.50 1.00, 1.00. 1.00 1.00 1.00 1.00 1.00 1.05A 35 1.00 1.00 1.00 1.00 1.00. 1,00. 1.00 1.50 1.50 '1.00 2.00 1.18
A 39 1.50 1.00 1.00 1.50 1.00. 2.50 1.00 1.50 2.50 2.50 2.00 1.64
A 40 2.00 . 3.50 2.00 2.00 1.00, 2.50. 1.00 2.50 3.00 4.CO 5.00 2.59A 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 2.00 1.00 1.00, 2.00. 1.00 3.00 3.00 4.00 2.00 2.00
Overall
sean 1 .3a 2.38 1.74 1.44 1.22 2.38
C.D.  ̂(
(p*0.05) ,11

1.40 2.52 3.50 3.32 3.10

0.79 0.64 0.84 0.29 ' 0.73 0.17 0.94 1.35 1.19 0.99
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ABSTRACT

The Investigation, "screening for non-bolting type(s) 
of amaranths suited Tor year-round planting" was conducted 
during April 1931 to Harch 1932 at tho Instructional Earn 
of College of Horticulture, Vellnnlkfenra with the following 
objectives— to isolate 0table llne(e) for yield and bolting, 
line(o) with negligible content of ontinutrient factors . 
i.e., nitrates and oxalates and to ascribe tho reasons for 
bolting. The 85 amaranth genotypes belonging to four bota
nical speoieo wero grown in a rondoaioed blooh design with 
2 replioatlono at monthly intervals. All the 25 genotypes 
varied significantly with regard to the total yield, yield 
components and bolting. The heritabllity, phenotypic coeffi
cient of variation and expooted genetic advance were high 
for all the characters* There woe a very high O z E  inter
action also for theoe churaotoro. Tho line A 13 was stable 
for bolting and A 33 and A 6 were highly unstable* lino A 13 
was stable for yield also (740.46 g/0.45 m2). Line A 6 was 
the highest yielder (769.09 g/0.45 a2). The llnee A 22 and 
A 14 were suited for hign-yielding environment with regard 
to yield and bolting and the line A 9 was suited to low 
yielding environments. Hence the promising lines observed 
were A 6, A 13, A 14, A 22 and A 33.



Tho linoo A 6 and A 33 were abort day typos and the 
rest, day neutrals. Humber of rainy days, 13th week after 
eowlng influenced bolting in A 6 and A 33. 21©on naximim
temperature during tho firot ueelc of sowing determined 
bolting in A 5, A 17 and A 22, Ueon bright ounahine hours 
during the firot week of cowing influenced flowering in 
A 5, A 17 and A 19. Physical propertie0 of coll (percentage 
of sand, silt and cloy) had no significant correlation with 
days to bolting exoept for the line A 5, which was Influenced 
by the percentage) of clay and oilt of soil.

Plowering was delayed by cutting. Red amaranths 
bo 1 to <3 late and green amaranths were early.

A 43 had the minimum content of free ultra to and 
oxalate. Maximum total chlorophyll content was estimated 
in A 34.

Tho line A 17, a variant of A. tricolor vae tentatively 
named 00 A, tricolor ssp* cavicaulln duo to its hollow stemmed 
choraotor.


