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ABSTRACT

The present investigation entitledCharacterization and evaluation of Amaranthus
(Amaranthus spp. L.) genotypes for leaf yield” was carried out at research plot of Central
Horticultural Experiment Station, ICAR-Indian Irtstie of Horticultural Research, Bhubaneswar,
Odisha, India duringabi, 2020-2021. The objectives of the investigatiormemeharacterization and
evaluation of vegetable amaranthus germplasmpéorse performance. The other objectives were
estimation of nature and extent of genetic varighitharacter association, path analysis of gteah
yield and yield attributing traits as well as digence study for future crop improvement programine o
vegetable amaranthus. Thirty germplasm of vegetadiearanthus were studied by adopting
randomized block design replicated twice. Importaaits on vegetative growth, green leaf yield and
yield attributing traits as well as leaf qualityrddutes were recorded and analyzed statistically.

The results on morphological characterization ofetable amaranthus germplasm showed
dominance of short plant height (100.00%) with gptigrowth habit (90.00%) having pink stem
(43.33%), purplish red petiole colour pigmentat{d.33%), ovate leaf shape (66.67%), green colour
leaves (53.33%) without any blotch in leaves (8%33These findings will be utilized towards
development of new superior genotypes in vegetabiaranthus improvement programme. Results
revealed that germplaswez., ACCESSION-48 (611.02), ACCESSION-45 (598.25), ACCGHE3N-276
(595.43), ACCESSION-65 (591.25), ACCESSION-204 (B0 ACCESSION-248 (573.17),
ACCESSION-287 (568.82 ) and ACCESSION-268 (561f60preen leaf yield (qh8 were identified
as superior genotypes on the basipafse performance. Traitsiz., leaf length (90.20% and 54.61%),
leaf breadth (92.60% and 65.37%), stem girth (9%b.6hd 58.14%), petiole length (88.50% and
49.70%), leaf area (98.10% and 117.76%), leafm stio (85.40% and 53.31%), leaf weight (90.80%
and 51.89%), green yield plant96.30% and 60.06 %), green yield pl¢96.30% and 60.07%) and
green yield hd(96.60% and 60.58 %) revealed both higher heritgitzihd genetic advance as % mean
suggesting that these traits are controlled bytagdgene actions. So, there is enormous scope for
direct selection of these traits in vegetable amthis. Green leaf yield plahtrevealed highly
significant positive association with plant heigdt490 and 0.533), number of leaves plaiE.693 and
0.765), leaf length (0.553 and 0.583), leaf bre¢@tB60 and 0.706), stem girth (0.553 and 0.6, |
weight (0.894 and 0.914), leaf area (0.505 and&).ahd leaf to stem ratio (0.570 and 0.573) both at
phenotypic and genotypic level, respectively. Santyl, path analysis studies showed maximum direct
effect on green leaf yield plahtvas by leaf weight (0.532), number of leaves pl0t369) and leaf:
stem ratio (0.221). All the 30 tested genotypesewgrouped into seven diverse clusters through
Tocher’'s method. Being most divergent, expectedridybation between these parent(dy.,
cluster VI (ACCESSION-65 and ACCESSION-204) withheir cluster VII (ACCESSION-8) or
cluster 11l (ACCESSION-40) might result in produgidesirable recombinants with maximum
exploitation of heterosis either atf Btage or new segregants in segregating generatituture
vegetable amaranthus improvement programme.

Based on overall findings of the present invesigatACCESSION-48, ACCESSION-45,
ACCESSION-276, ACCESSION-65, ACCESSION-204, ACCE3${248, ACCESSION-287 and
ACCESSION-268 being identified as superior genaype the basis gfer se performance may be
recommended for cultivation. Direct selection thgbutraitsviz., plant height, number of leaves
plant?, leaf length, leaf breadth, leaf weight, stem lyirstem weight, leaf weight, leaf: stem
ratio and green leaf plahtwill be very effective for improvement of vegetabéenaranthus.
Green leaf yield plarit leaf area and stem weight are important parametentributing more
towards green leaf vyield hectarein vegetable amaranthus. Therefore, simultaneous
improvement of these traits will be highly helpfalimprovement of vegetable amaranthus.
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INTRODUCTION

Amaranthus Amaranthus spp. L.) is a cosmopolitan genus of annual or
short-lived perennial plants (Dorling, 2008). Thengs name “Amaranthus” comes

from Greek word “amarantos” which means “immortal”“everlasting” in view of
fact that its flower last for long time (Rezwaatal., 2017). According to Rezwamhal.
(2017), the crop, amaranthus believed to be origthdrom Central and South
America. Since the centuries amaranthus speciesbaimg cultivated as leafy
vegetables, characterized by a high degree of sityenaving broad adaptability to

different agro ecological conditions (Katiyatral., 2000 and Snezarehal., 2012).

In India amaranthus is widely cultivated for bottaigs and greens in highly
diverse areas from tropical low land to the eleratf 3500 m in the Himalayas and
in South Indian hills (Yadav and Mina, 2019). I various domesticated forms of
amaranthus are grown in Tamil Nadu, Andhra Pradksimataka, Kerala, Odisha,
West Bengal and interior areas of North-West hililss one of the cheapest leafy

vegetables in tropical and sub-tropical parts efdbuntry.

Amaranthus is a fast growing, easy to grow annaslrng quick rejuvenation
capacity after each harvest with high yield of éalimatter unit areain limited time
making it suitable for kitchen gardening as wellcasnmercial cultivation. Being a
short duration crop fits well to both multiple andxed cropping systems. The C-4
cycle photosynthetic pathway of the crop assurgb Iphotosynthetic activity and
water use efficiency under high temperatures agl hadiation intensity making it
ideal for abiotic stress conditions under changihgate. Being a C4 plant makes
potent for very high production (Raeaal., 2005). The characteristics in amaranthus
enable them to grow rapidly. They are accountedhigsly productive plants. The
leaves and tender stem of amaranthus are usedjemble (Mobinat al., 2014). It is
a summer crop and grown successfully in hot suns@ason and humid conditions of

kharif season in India.

Almost universally, amaranthus has been scornepoas people’s resource
(Akaneme and Ani, 2013). The vegetable amaranthbstantially contribute to the
nutritional well-being of rural people by providitige essential nutrients required for



body growth and development and for prevention feakes associated with
nutritional deficiencies. It is a highly nutritiousuper food rich in protein,
carbohydrates, dietary fibres, calcium, iron, mamge, zinc, vitamin- A, vitamin- C,
vitamin-K, riboflavin, niacin, vitamin-B and folate which enable the crop to combat
mal-nutrition. Tender stems and leaves containaroaverage as moisture (85.70 %),
carbohydrates (6.30 g), protein (4.0 g), fat (QgpOcalcium (397.0 mg), phosphorus
(83.0 mg), iron (25.5mg), vitamin A (92001U), andamin C (99 mg), (Rai and
Yadav, 2005). Due to their nutritional superioriggnaranthus have been suggested as
alternative source of rich protein leafy vegetalfissding those overpopulated and
undernourished areas (Dhangethal., 2015). Lysine and sulphur containing amino
acids have been found in their leaves which mametables and cereal grains lack.
ICMR recommends consumption of 125g of leafy vegle alone out of 300 g of
vegetables dayhead' (Hazra and Som, 1999). In recent few years’ amausritas been
rediscovered as a promising food crop mainly dudstaesistance to heat, drought,
diseases and pests, and the high nutritional \ailbeth seeds and leaves (Jangda .,
2017). It can be used as food, fodder and medirinearious pharmaceutical and
cosmetic products (Prakash and Pal, 1991; Statiklg 2003).

Vegetable amaranthus being very perishable in eadoesn’t stand storage
for more than a day under room temperature whistriogs its export potential. The
low productivity of amaranthus is due to negligenice proper cultivation and
management practices, lack of advance technola@giéddess human interference and
exploitation of this vegetable. A number of straihave been introduced and
acclimatized in various parts of the world througbllection and selection, but
evaluation studies for yield and its contributingagtitative and qualitative traits are

scarce in India.

Considering the potentiality of this crop, thereaisieed of development of
suitable varieties for cultivation under specifgr@ecological conditions. A thorough
knowledge regarding the amount of genetic varigbékisting for various characters
followed by effective selection by adapting diffetrebreeding methodology is

essential for initiating the crop improvement pieogme.

The phenotypic expression of the plant characterngrimarily governed by
genetic makeup of the genotype, environment and thieraction effects. Further,
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the genetic variance of any quantitative trait @mposed of additive variance
(heritable) and non-additive variance which incluEminance and epistasis (non-
allelic interaction). Therefore, it becomes necgsstb partition the observed
phenotypic variability into its heritable and noeritable components with suitable
parameters such as genotypic and phenotypic ceeffiof variation, heritability and

genetic advance.

The development of a new cultivars involves bregdof cultivars with
desired traitiz., economic yield and yield attributing traits, t@ece / resistance to
both biotic and abiotic stresses, quality attrisugec. In order to achieve this goal, it is
highly essential to estimate the nature and extérgenetic variability of the said
germplasm, their character association, path aisadysd diversity study etc. Further,
adequate characterization of gene bank accesssoimghly essential in order to
facilitates the utilization of germplasm by planteeders and evaluation helps
revealing the potentially useful variability forrtber use in genetic enhancement of
cropsi.e., characterization and evaluation of genetic ressigan provide breeders
with valuable information on effective utilizati@i genetic resources for the breeding

programmes for further improvements.

Keeping these facts in view, the present investigat entitled,
“Characterization and evaluation of Amaranthus (Amaranthus spp.) genotypes
for leaf yield” is being proposed and will be undertaken with tledowing

objectives:

[ —

. Morphological characterization of amaranthus gepesy

2. ldentification of superior amaranthus genotypegs)gfeen leaf yield

3. Estimation of nature and extent of genetic varigbibmong the tested
genotypes

4. Estimation of correlation coefficient and path asé of the tested genotypes

5. Divergence study of tested amaranthus genotypes

eI Re——



REVIEW OF LITERATURE

Vegetable amaranthug\rranthus spp.), a very popular leafy vegetables of
tropical regions, belonging to the family Amranteae having chromosome number,
2n=32 or 34. The crop is native to India or Indar€ke region (Dewast al., 2017). The
centres of diversity of amaranthus are Central @odth America, India and SE Asia
while secondary centre of diversity has been redont West Africa (Grubben, 1997).
Amaranthus leaves are very rich in inexpensive cgsuof dietary fibres, proteins,
vitamins and a wide range of minerals (Shu#tlaal., 2006). Still under Indian sub-
continent conditions, amaranthus is grown as uexpleited vegetable crops grown
during warm seasons, primary due to low produgtiat the crop, unavailability of
HYVs, lack of proper production technologies etasjetal adaptability to environmental
fluctuations is important for the stabilization @bp production both over regions and
years (Dewaret al., 2017). In general, adaptability is measured imseof phenotypic
stability of a genotype over several environmehsrikins and Shipe, 1997).

Performance of any genotype primarily depends upengenetic makeup of
the genotype, environments and their interactidiece$. Hence, location specific
research is not only highly essential to identifg suitable genotype(s) for a specific
region or locality but also utilization of that gfec genotype (s) for further crop
improvement programmes. The development of a ndtiauinvolves breeding of
cultivars with desired traitgz., economic yield and yield attributing traits, ta@ece /
resistance to both biotic and abiotic stresseslitguattributes etc. Supposing to
obtain this goal, it is highly essential to estiem@éihie nature and extent of genetic
variability of the said germplasm, their charactssociation, path analysis and
diversity study etc. Further, adequate characteoizaof gene bank accessions is
highly essential in order to facilitates the ualion of germplasm by plant breeders
and evaluation helps revealing the potentially wisefriability for further use in
genetic enhancement of cropse., characterization and evaluation of genetic
resources can provide breeders with valuable irdtion on effective utilization of
genetic resources for the breeding programmesuftiidr improvements. Amaranthus
is a cross-pollinated crop and shows wide rangegaietic variability. Hence,
collection and evaluation of germplasm includingdeaces offer considerable scope

to pick out suitable genotypes for any specifiadagMandalet al., 2010).
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Keeping these facts in view, the present investgat entitled,
“Characterization and evaluation of Amaranthus (Amaranthus spp.) genotypes
for leaf yield” was undertaken at experimental plot of CHES-IIHRAR),
Bhubaneswar during summer season of 2020. Thetoigenf the investigation was
morphological characterization of amaranthus geasml estimation of nature and
extent of genetic variability, character associatirect & indirect path for leaf yield

and clustering analysis for future improvement paogme.

In the present chapter, “Review of Literature” emgl have been given for
critical reviewed of various aspects of the presemestigation on the following

subheadingsyiz.,

2.1. Morphological characterization
2.2.  Mean performance of amaranthus genotypes

2.3. Variability study (Range, mean, PCV, GCV, itadility & genetic
Advance)

2.3.1. Range and general mean
2.3.2. PCV and GCV
2.3.3. Heritability and genetic advance
2.4. Correlation coefficient analysis
2.5. Path analysis
2.6. Genetic divergence
2.6.1. Clustering analysis
2.6.2. Inter and intra cluster distance
2.6.3. Cluster mean and % of contribution towatidergence
2.1.  Morphological Characterization

Morphological and physiological characterizatioraisraditional and general
approach for the determination of genetic diveragywell as variations (Hiest al.,
2007). However, they play crucial role in the sttt and utilization of proper
parents in breeding programme. Moreover, yield @alil contributing traits are very

helpful through which overall performance of gempaty could be determined.



Characterization and evaluation of genetic resgucaa provide breeders with
valuable information for effective utilization oégetic resources for improvement of the
programme as per the breeding objectives. Callectind evaluation of germplasm
including wild types, wild relatives, local landes; absolute varieties etc. offer ample
scope to identify suitable types for a particuégion (Shatet al., 2018).

Gheraseet al. (2020) reported significant differences for theaits like
diameter of the bush, the length of the panicleyelas the number of main branches in
amaranthus. The genotypes had different typeseofnifforescences, thus 9.10% were
semi-drooping, completely drooping 36.50% and gittainflorescences 54.40%. The

colour of the inflorescence also had variationmffight green to dark pink.

Celineet al. (2007) evaluated 89 diverse genotypes of amarardbllscted
from different parts of Kerala during SeptemberCtecember, 2004 at College of
Agriculture, Vellayani, Thiruvananthapuram. Excepal variability for yield, quality
and resistance to leaf blight was noticed. The tpfenght ranged from 13.3 cm for
Am-15 to 81.1 cm for Am-83 taken down at flowerifigne length of leaf lamina was
maximum for Am 67 (21.1 cm) followed by Am 21 (2@&®) and Am 37 (20.8 cm)
whereas it was shortest for Am 24 (7.4 cm). Thédyranged from 120 to 1132.5 g
plant®. The highest yield was recorded in Am 88 follovigdAm 7 and Am 86 while,
lowest yield in Am 27 (120 g plaft. The top yielders’ genotypes belongedAto
dubius. Leaf blight disease scored on a 0-4 scale redaala the highest incidence
2.60 was in Am-1. The genotypes belongingAtaubius were free from disease
incidences. Am-37 A. hypochondriacus) was also resistant. All the
tricolor accessions were susceptible to varying levels. @helysis of quality
parameters like b-carotene, vitamin C, protein, l@beaand nitrate also showed
variability. Am-5 had the maximum b-carotene cohteh4655.50 pug 100 fwhile
Am-90 had the minimum. Am 58 (151.20 mg 10€) gecorded highest vitamin C
whereas Am-91 had maximum protein content (3.5@%palate was minimum in Am
90 (0.60 %) and maximum in Am-76 (2.10%). nitrav@tent varied from 0.04 % to
1.60 %.

Shah et al. (2018) reported wide range of variations for madét the
morphological parameters iimranthus spp. under Jammu & Kashmir conditions.
Most of the genotypes exhibited good early plamgour with a few exceptions,

6



exhibiting very good and poor early plant vigoure& growth habit was dominant in
the germplasm with a few showing spreading grovahits. Leaf colour exhibited a
wide range of variations with green and red as gredant classes. Green and red
were the prominent classes for inflorescence coloowever, pink, yellowish green
and reddish green colours were also noticed. Gpestgxhibited four classes with

respect to stem colowiz, red, yellowish green, pink and reddish green.

Ray (2019) evaluated 50 germplasm of vegetable amtaus at CHES-IIHR,
Bhubaneswar, Odisha. He characterized 50 genotypesgetables on the basis of
leaf colour, stem colour, petiole colour, leaf shamd multi-cut ability. Results on
characterization of vegetable amaranthus indicat@dinance of 48.00% as green
leaf colour followed by yellowish green colour (@8%) while dominance of 56.00%
as light green stem colour followed by 12.00% agpleustem colour. Similarly, out
of 13 types of petiole coloured observed in theng@gasm, light green colour was
dominated (56.00%) followed by green colour (12.00@n the other hand, out of
five different types of leaf shape, the populatwas dominated by ovate and broad
ovate shaped leaves (34.00% each) followed by tielliphaped (22.00%). The
evaluated vegetable amaranthus germplasm also dhd@@0% as multi-cut type

while 60.00% as non-multi-cut types of genotypes.

2.2 Mean performances of amaranthus genotypes

Shukla and Singh (2003) evaluated 10 high yiel@dind pure breeding lines of
vegetable amaranthus, namely, AV-35, AV-45, AV-35AV-63, AV-64, AV-77,
AV-151, AV-N-3, AV-190 and AV-76 at NBRI, Lucknowrdm 1997-98 to 2001-
2002. The analysis of variance for stability reedathat the mean square due to
genotypes was significant for foliage yield, indiog the presence of substantial
genetic variations among the genotypes. They aported that the environment
plays a major role in foliage yield. The genotyp&/-190 (264.88 q hd) was most
ideal for foliage yield as well as adaptabilityae range of climatic conditions.

Shuklaet al. (2006) tested 29 genotypes of vegetable amarafimes anthus
tricolor L.) for different leaf yield and its nine contrifmg morphological and quality
traits. They reported that the genotypes, AV-38§%g plot}) and AV-31 (5.04 kg
plot?) revealed highest leaf yield followed by AV-30 78.kg plot}) and AV-23
(4.70 kg plot). On the other hand, Gimplinget al. (2007) while studying two

7



important genotypes of amaranthusnéranthus hypocondriacus L. and Amaranthus
cruentus L.) reported that average harvested leaf yieldeddrom 2200 to 3000 kg Ha
without significant differences between the twolested genotypes.

Priyaet al. (2007) estimated 60 diverse strains of amaranémas observed
variability among strains for all the traits studlielhe highest yield was noted from
accession A-57 (304.50 g pldtfollowed by A-53 while lowest yield was found in
NBPGR accession, A-9.

Panet al. (2008) estimated direct and indirect effect of Igyaraits on
foliage yield in 39 distinct genotypes of vegetaldemaranthus Amaranthus
tricolor L.). On the basis of yield performance, the red/éshline, HAAMTH-48
(3.15 kg plot, 35.00 t h&) performed the best followed by the red leavee,lin
HAAMTH-21( 3.11 kg plott, 34.50 t h&) and the green leaved line, HAAMTH-
29 (3.00 kg plot, 33.30 t ha) respectively. These three lines also out yielthe
released varieties of vegetable amarantvius Pusa Lal Chauli (2.05 kg pfét
22.78 t ha) and Pusa Kirti (2.28 kg pldt 25.33 t ha).

Celini et al. (2011) studied 32 accessions Arharanthus dubius Mart. ex.
Thell. They reported that the accession, AD-23 higghest yield (382.00 g plaft
which was closely followed by AD-13 and AD-18.

Mandal et al. (2012) estimated 17 cultivars of amaranthus haviogy
improved varieties and 13 local types and obseaveast range of variations for yield
(55.80 to 303.90 q M. Among the cultivars, Bankura collection-3 (308§ ha')
and Bolpur collection-1 (287.00 ¢ Raproduced highest yield followed by Pusa Kirti
(283.50 q ha).

Tejaswiniet al. (2017) while evaluating 27 genotypes includingg&smplasm
lines and two checks of amaranthAsnéranthus tricolor L) observed highly significant
differences among the genotypes for 19 traits ustlety. Taking into account mean
performance of the genotypes, five genotypes 1C-522214, IC-536718, 1C-536712,
IC-536699 and IC-536728 were identified as promgisgenotypes under Hyderabad
situations. Similarly, Dewast al. (2017) while working with 20 germplasm of stem
amaranthus at Dhaka, Bangladesh conditions idedtdgiermplasm of G-08 and G-18

for higher individual leaf yield and G-07 for higheadividual stem weight.
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2.3. Variability study (Range, mean, PCV, GCV, hatability and genetic
Advance)

In general, crop improvement primarily depends lo@ presence of genetic
variability in the population followed by effectivselection. Therefore, knowledge of
both nature and extent of genetic variability ie ropulation in terms of quantitative
and qualitative traits are essential for improvetredrany crop. The variability in the
population can be estimated by various parameiiegsrdnge, mean, genotypic and
phenotypic coefficient of variationse. GCV and PCV together with heritability and
genetic advance (GA) / genetic gain (GG). In gdneagronomic traits are
guantitative in nature and interact with environimender study, so partitioning the
traits into genotypic, phenotypic and environmemfécts are essential to find out
the additive or heritable portion of variabilityg&eret al., 2015).

According to Farulet al. (2009) and Kaisegt al. (2011) evaluation of genetic
variability among accessions of a species is th&t ftep to design a breeding
programme. This enables plant breeders to sele@dbessions or the particular plant

trait to incorporate in a breeding programme.

2.3.1. Range and General mean

In any crop improvement programme, the variabiiitythe population will
very much essential for further improvement. Thstfstep in the nature and extent of
genetic variability study in a population will deygkon the range and general mean of
the traits to be targeted for selection for improeat. Range is measure as the
difference between the lowest and highest valugbsérvations of a particular trait in
the population. Higher differences simply indictite wide scope for selection of that
trait in future crop improvement programme. Henoea variability study, the ranges
of various traits provide scope for selection, whtbe breeder will target. On the
other hand, general mean indicates the quantificatf a particular trait in the
population to be selected. In general, traits m@higher general mean values are

more useful in crop improvement programme.

Varalakshmiet al. (2004) estimated 46 amaranthus genotypes durieg th
kharif season. The genotype showed a wide range of uéyiab plant height (31.00
to 81.50 cm), length of basal lateral branchesQ(28 103.00 cm), length of top
branches (5.00 to 58.3 cm), leaf width (3.00 t®@2Zm), petiole length (3.00 to 9.00
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cm), inflorescence length (5.00 to 50.00 cm), irdkzence lateral length (2.50 to
32.60 cm), length of auxiliary branches (0.20 t®@05cm) and days to 50% flowering
(29.00 to 69.00). Similar presence of consideran®unt of genetic variability in
amaranthus was also observed by \gtas. (2006).

Oboh (2007) reported wide range of variability Imast all quantitative traits
studied, ranging from 74.30 to 181.00 cm for plaeight, 13.90 to 29.40 cm for leaf
length and 7.00 to 12.40 cm for leaf width amongabgessions oAmaranthus
hybrid L.

Panet al. (2008) evaluated 24 indigenously fetched germplaswmegetable
amaranthus Amaranthus tricolor L.) for all the nine quantitative characters. The
maximum extent of genetic variability was manifelsby leaf: stem ratio followed by
total green leaf yield pldt girth of stem and length of leaf.

Joshiet al. (2011) observed wide range of variability in plaeight (46.00 to
149.00 cm), number of branches (5.50 to 20.50},ézeyth (10.00 to 24.50 cm), leaf
width (5.20 to 12.70 cm), petiole length (5.70 &7D cm), leaf weight plait(7.00
to 119.00 g), stem weight plah{28.00 to 975.00 g) and seed yield pfa($.00 to

58.00 g) in accessions of vegetable amaranthus.

Akaneme and Ani (2013) evaluated five genotypeArafanthus hybridus at
University of Nigeria, Nigeria. They reported wideariability for different
guantitative traits under study. Plant height wrfeom 147.25 cm to 228.10 cm
whereas days to 50% flowering from 25.00 days (&sim no.l) days from the

earliest to 66.00 days (Accession no.3).

Dhangrahet al. (2015) studied the genetic variability of 22 gemeats of
vegetable amaranthus under West Bengal conditibmsy reported wide variations
among the traits studied varied from minimum of7/0t@ 1.74 (fresh leaf: stem ratio)
to 55.80 to 300.20 g Hagreen yield).

2.3.2 PCVand GCV

Coefficient of variation is described as the measirvariations and measured
as ratio of standard deviation to the mean anapsessed in percentage. GCV is the

genotypic standard deviation expressed as pereentdgmean, while PCV is
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expressed as the phenotypic standard deviatioress@d as percentage of mean. A
slight difference between PCV and GCV suggestedligiBlg influence of
environment on that character. Mahmaadl. (2013) explained that, if PCV values
were much higher than GCV values, in such situatian indicates the high
involvement of environmental factors or what calted contribution of non-additive
gene effects (Habtanat al., 2011). Thus, breeding objectives may not be a€ligh

such traits are selected because of the low priopoof additive gene effects.

Bharghaveet al. (2003) observed higher estimates of PCV over spording
GCV for most of the characters studied in amaratfitey also reported higher PCV
and GCV for the traits like leaf size and foliagelg while that of lowest in stem
diameter. Similarly, under Tamil Nadu conditions ilhevaluating 57 lines of
amaranthus, Rani and Veeraragavathatham (2003jteepaigher PCV and GCV for
green vyield plant (84.66% and 81.53%) followed by stem weight pla(it6.04%
and 75.08%), leaf weight plaht(58.77% and 55.70%) and number of leaves plant
(57.22% and 54.69%).

Shuklaet al. (2006) reported lowest values of GCV in traitg., branches
plant?, leaves plant, plant height and stem diameter in amaranthusil8iy Anuja
and Mohideen (2007) while working with 100 genotype amaranthus reported that
invariably PCV were higher than GCV for all traitsder study. They reported higher
GCV for traitsviz., number of leaves plahtyield of greens, root weight, leaf weight,

stem weight and leaf area.

Ahammedet al. (2012) reported highest PCV (87.85%) and GCV (B%bin
primary branches plaftwhile that of lowest PCV (10.28%) for plant heigimd GCV
(7.51%) for leaf width of vegetable amaranthus. atieet al. (2013) observed high
GCV and PCV for leaf weight (77.54% and 80.14%) aing weight without rind
(74.42% and 74.47%), respectively in amaranthugrlably, PCV was higher than

those of GCV for all the characters.

Patialet al. (2014) studied 22 genotypes of amaranthus andifoelatively low
differences between the PCV and GCV showing lesgeaict of environmental factors on
the expression of the traits under study. Similavyjacic et al. (2014) evaluated 10

amaranthus genotypes and reported significantbiiisisamong the traits under study.

11



Akaneme and Ani (2013) estimated five genotypeArafanthus hybridus at
University of Nigeria, Nigeria. They reported thavariably the estimates PCV of
different traits were higher than corresponding G@\Wes, highest being recorded
by plant height (225.626% and 53.577%) and days08% flowering (133.925% to
107.029%).

Dhangrahet al. (2015) studied the genetic variability of 22 gemets of
vegetable amaranthus under West Bengal conditibmsy reported high PCV and
GCV (>30%) for plant weight, stem fresh weight,fleé@sh weight, leaf: stem ratio
(fresh) and green foliage yield. Similarly, Abeal. (2015) assessed 32 amaranthus
germplasms and reported wide range of variability \wighly significant differences
in phenotypic characteristics. Similarly, Diwainal. (2017) observed high magnitude
of GCV and PCV in amaranthus for traugz., leaf weight (35.01% and 35.63%), leaf
length (19.69% and 24.50%) and internodal leng®4@% and 22.99%), thereby
suggesting the substantial improvement of amaranthitough simple selections for

these traits.

2.3.3 Heritability and genetic advance (GA)

The extent to which variability of a particularitris transferred to the progeny
is considered as its heritability. Thus, heritapils for assessing the genetic variance
over total variance of a particular character. Adowy to Lush (1949) heritability
treated as “portion of observed variance for whdifferences in heritability is
responsible”. On the other hand, Robinsbml. (1966) defined heritability in broad
sense as “the ratio of total variance to total jpfygwic variance”. Heritability is
usually expressed in percentage. Therefore, héitiyais the heritable of phenotypic
variance- a good index of character transmissiomfparents to their progenies. It
has been suggested by Johnebal. (1955) that heritability estimates would provide
more appropriate information when studied togeth#th GA as compared to
heritability studies alone. Similarly, Allard (1968uggested that traits having low-

inheritance should not be considered as they askenleby environmental impacts.

Heritability always emphasizes the selection ofajie traits, which may be in
broad sense that reflects the functioning of ggmedyor in narrow sense which is that
part of the observed variance caused by additiveetge variance which actually

guides the plant breeders in selecting individdedsn segregating generations to
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improve effectively. As a whole, estimation of hability is necessary for planning

any crop improvement programme based on the tecbrofjselection.

Similarly, GA is even more useful in estimatingtura of transmission of
traits. In general, GA is directly linked to hehtisty due to selection of a specific
trait. GA is the improvement over the parental pafon in the mean genotypic value
of the selected plants, which is a measure of gegatn under selection. The GA as
% of mean estimates provide more definitive detaighe efficiency of selection in
improving a character, as its estimate is basedaritability phenotypic standard
deviation and selection intensity. Hence, estimateseritability along with GA are

two important parameters for selection of traitstiop improvement programme.

In crop improvement programme, the success of @deu selection mainly
depends upon three major facterg., genetic variability, heritability and selection
intensity. High value of GA indicates the naturegehe action as additive while non-

additive gene action with low values of GA.

Bhargavaet al. (2003) observed higher heritability in amaranthas traits
viz,, leaf size (76.87%), foliage yield (72.27%) and temof leaves plart(52.30%).
They also reported low heritability for traits likdant height (17.31%) and number of
branches plarit (17.80%), indicating a major impact of environnaérfactors on the
expressions of these traits. The study also shdwugkdheritability with high GA as %
mean for traits like leaf size, foliage yield angnber of leaves plahtthus suggesting a

possible role of additive gene effect for the ggpiatvariance for these traits.

Rani and Veeraragavathatham (2003) reported higkahgity coupled with
high GA for green yield plart(92.56% and 161.36%), stem weight pta(®7.00%
and152.40%), leaf number plan(91.31% and107.65%) and leaf weight pfant
(89.94% and 108.77%), plant height (85.93% an87#4%), leaf length (82.68% and
47.80%), leaf breadth (74.26% and45.72%) and stetm (3.33% and 47.87%) in
amaranthus which suggested additive gene effeatsilaBy, Shuklaet al. (2006)
reported high heritability estimates for all thaits along with highest expected GA as
% of mean for ascorbic acid (57.48%) followed biiafge yield (48.30%) and leaf

size (29.51%) in amaranthus.
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Anuja and Mohideen (2007) while working with 100hgéypes of amaranthus
observed high heritability coupled with high GA%sof mean for traitsiz., number
of leaves, root length, root weight, leaf weightlatem weight. On the other hand,
Panet al. (2008) recorded high heritability for traiez., leaf stem ratio, width of leaf,
length of leaf, days to 1st clipping, number opplng, girth of stem and total yield of
greens plot. Similar reports of high heritability coupled witigh GA as % mean was
reported in traitsviz, leaf weight plant (91.10% and 49.38%, stem weight pfant
(82.56% and 134.12%) and yield hg78.70% and 56.00%), respectively by
Ahammedet al. (2013). Therefore, traits with high heritabilitg avell as high GA
indicate that there is prevalence of additive gaogon in their inheritance. Thus,

selection for such traits can easily be done (Raith Jagatpati, 2011).

Hasanet al. (2013) assessed 17 strains of stem amaranthuseeodied high
heritability coupled with high GA as % of mean farmber of leaves, leaf weight and
marketable yield while Patiadt al. (2014) worked on 22 genotypes of amaranthus
also observed high heritability coupled with high @s % mean for yield planht
days to maturity, days to seed fill, harvest indeaqicle girth and seed yield plant

which indicated the presence of additive gene effec

Dhangrahet al. (2015) while studying the genetic variability d genotypes
of vegetable amaranthus under West Bengal conditiceported high to moderate
estimates of heritability along with high to moderastimates of GA as % mean for
plant weight, stem fresh weight, leaf fresh weidbaf: stem ratio (fresh) and green
foliage yield suggesting the predominance of adéitiene action for the expression

of the traits, hence simple selection will be meffective.

Sarkeret al. (2015) reported highest heritability along witlghiGA as %
mean in traitsviz,, leaf area (99.86% and 95.83%), shoot weight (99.7nd
61.01%), shoot: root ratio (96.83% and 149.10%@msbase diameter (99.71% and
63.40%) and biological yield (99.99% and 60.16%gamaranthus under Bangladesh

conditions.

Similar results also reported by Diwae al. (2017) who observed high
estimates of heritability along with high GA as %an for traits like number of
leaves plant(76.20% and 20.60%), leaf width (78.10% and 25.7@%¢) leaf weight
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(96.60% and 71.20%) in amaranthus. They suggebtdthe heritability might be
due to additive gene effects and selection may dyg effective in these traits for

improvement in amaranths.

According to Adeniji (2018) heritability estimategre low for leaves planf
marketable yield, non-marketable foliage yield sfreveight of leaves and leaf dry
weight in amaranthus. High heritability estimatesrev recorded for leaf width
(70.00%) and plant height (60%). Phenotypic tr&igéving very high heritability
indicates relatively small contribution of the emmviment factors to the phenotype and
selection for such characters could be fairly edsg to high additive effect. In
addition, medium heritability estimates were reeordor branches plafand plant
height. While leaves plafit marketable foliage yield, non-marketable foliageld,

fresh weight of leaves and leaf dry weight had tesitability estimates.

2.4 Correlation coefficient

In general, genetic variability studies provideommhation on the extent of crop
improvement in various traits. But they do not thrany light on the extent and
nature of relationship existing between variouggra herefore, for rational approach
towards the improvement of most complex trait iapcplant, yield, proper selection
has to be made for various components of yieldjield of a crop plant is governed
by many genes. Genetic correlations between twits teise because of linkage,
pleiotropy or developmentally induced functionalat®nship. Therefore, study of
character association of various traits with yiehdll play a vital role in proper
selection of a superior genotype in crop improveinpeogramme. In general, many of
the yields attributing traits are interacted intbdesirable and undesirable directions
as well. Hence, knowledge of correlations betwaeits can help effectively to
avoiding inversely related compensation effectshattime of phenotypic selection
processes. Usually, when the results of correlaibawed closeness between at
phenotypic and genotypic levels, that indicatesléisser influence of environmental
factors in the expression of the trait and presewnicstrong inherent association

among the traits.

Pan et al. (2008) estimated 24 indigenously collected gersmlaof
Amaranthus tricolor L. including two released varieties. They obsertieat GCV

were higher in magnitude than PCV which suggesingtrinherent relationship
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between the traits. They also reported that thal tgield of greens plot was

positively and significantly correlated with duiati of harvest. Thus, selection for
duration of harvest in positive direction coulduks in substantial improvement in
total yield of greens in vegetable amaranthus. Agntdre agronomic traits, plant
height and number of inflorescences exhibited §icamt positive association with
foliage yield, while chlorophyll a, chlorophyll lzarotenoid, fibore and ascorbic acid

were positively correlated with foliage yield.

Similarly, Aruna (2009) estimate the character eisgimns of various traits of
vegetable amaranthus with six genotypes and:39dsses. The character association
between leaf yields of greens with weight of leawess significantly highest with

both at genotypic and phenotypic level.

Varalakshmiet al. (2010) reported that plant weight was significardahd
positively associated with number of branches plantimber of leaves plaht leaf
weight and stem weight in amaranthus. They alse@rmkes higher significant and
positive correlation of green yield with leaf weiglstem weight and plant height,
whereas, leaf: stem ratio showed negative assogiatith green yield in hundred

genotypes of vegetable amaranthus.

In amaranthus, leaves pldntstem diameter, stem weight pfanteaf weight
plantland plant height exhibited highly significant poait correlation with yield
hectare' both at genotypic and phenotypic level (Ahamnaedl., 2012). Similarly,
Navangburuka and Denton (2012) and Atifl. (2013) reported that leaf yield pfot

had strong positive association with leaf widtlenstgirth and leaf stem ratio.

Akaneme and Ani (2013) studied five accessionsi@Amaranthus hybridus L.
and reported that days to 50% flowering were padii correlated with leaf length
and stem diameter. The association between mamy paicharacters were positive
and highly significant (P<0.01). The highly signdnt and positive correlation (P
<0.01) recorded between 500 seed weight and ledthwi500 seed weight and
hypocotyls length; leaf width.

Correlation studies on stem amaranth@sdranthus tricolor L.) conducted
by Hasaret al. (2013) revealed that green yield had strong pasiissociation with
leaf weight (0.780 and 0.774), stem weight (0.908 @.998), stem diameter (0.602
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and 0.594), dry weight with rind (0.611 and 0.61&nd dry weight without rind
(0.754 and 0.764) at both genotypic and phenotigviel, respectively.

According to Kendreet al. (2013) higher fresh stem weight and number of
leaves plant must be taken into account in the selection yaskitr increasing leaf
yield (kg) plot! as they studied that fresh stem weight followechbsnber of leaves
plant! showed high positive and direct effect and hadiigmt positive correlation

with leaf yield (kg) plot.

Khuranaet al. (2013) reported that the number of leaves pldrad highest
(0.4933) positive direct effect on total green gidbllowed by leaf area index
(04268), leaf length (0.0986), plant height (0.091&af width (0.0487) and protein
content (0.0208). The indirect effect of leaf aiedex on total green yield was
highest (0.4543) in positive directiota number of leaves plaht

Patialet al. (2014) studied 22 genotypes of amaranthus andifthat harvest
index was positively correlated with days to mayurin a study for genotypic
variability by Sarkeret al. (2014) in 30 vegetable amaranthus genotypes folaid
there was significant positive correlation of lgafld with plant height, leaves plaht
diameter of stem base, fibre content and leaf &B@ailarly, Yadavet al. (2014)
revealed that seed yield pldnshowed highly significant positive correlation hvit
days to 80% maturity and plant height and signifiqaositive correlation with days to
50% flowering. Inflorescence length had significaasitive correlation with lateral

spikelet length in amaranthus.

Abe et al. (2015) reported positive association of plant heigith fresh
biomass and dry biomass. Yield ptarghowed a moderate positive correlation with
leaf width, leaf length, leaf area, leaf area indaxd plant height, and a strong
correlation with fresh biomass and dry biomass. ta other hand, Hailgt al.,
(2015) worked out correlation study and reporteduadess value of phenotypic
correlation coefficient than the genotypic cornelat coefficient in most of the
characters. The green leaf yield piashowed a positive and significant relationship
with the majority of the traits except lateral oriéscence which had negative

significant association with green leaf yield inaramthus.
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Dhangrahet al. (2015) observed higher genotypic correlation thair
corresponding phenotypic correlation there by ssetygg strong inherent association
between various traits in vegetable amaranthuserGyeeld was found positively and
significantly correlated with leaf number, leafdéim width ratio, plant weight, stem and
leaf fresh weights. They also suggested that iodselection of these traits would be
helpful for identifying high yielding genotypes fgrowing in a particular region. On the
other hand, Sarkex al. (2015) observed that biological yield of amaraathad positive
and significant correlation with leaf area (0.3Z8)pot weight (0.999), shoot: root weight
(0.454) and stem base diameter (0.368). Similathm base diameter had a significant
positive association with leaf area (0.597) anadsheight (0.365).

Tejaswiniet al. (2017) while evaluating 27 genotypes includingg2smplasm
lines and two checks of amaranthégn@ranthus tricolor L) observed positive and
significant correlation of leaf yield with leaf vggit plant}(0.935, 0.974 and 0.953),
leaf stem (0.845, 0.866 and 0.871), leaf breadit¥ 74, 0.823 and 0.771) at 30, 60

and 90 days after sowing, respectively.

Adeniji (2018) observed that number of brancheatglaecorded negative and
significant correlation coefficient with leaf widtirhis indicated that phenotypic
improvement in the number of branches will not cangent leaf width among the
genotypes. The leaves pldmecorded positive and significant correlation ot
with marketable foliage yield, non-marketable fgkayield and leaf fresh weight.

Sagaret al. (2018) studied the correlation coefficients of ieas traits of
vegetable amaranthus with 25 genotypes. They repadhiat foliage yield plartwas
significantly and positively correlated with numbsfrleaves plant (0.987) followed
by stem girth (0.696), number of branches plai®631), number of spikes plant
(0.629), spike length (0.566) and leaf area (0.385jenotypic level. This suggests
the possibility of simultaneous improvement of théwits in improving total foliage

yield plant?.

2.5 Path analysis

Yield of any crop is a complex trait which resultem direct and indirect
effects of several characters operating eitheomhanation or individually. Selection
for a trait in one direction may influence anothait by a direct or indirect effesta

18



a third variable factor. Therefore, knowledge oe tlature of association of different
attributes with yield is essential. So, for detemimg the direct and indirect effects of

various plant characters on crop yield the pathficbent analysis is carried out.

Path coefficient analysis is an efficient statastitechnique specially designed
to quantify the interrelationship of different cooments and their direct and indirect
effects on yield. Through this technique yield cimitting characters and specific

traits producing a given correlation can be categdr(Islamet al., 2010).

Panet al. (2008) estimated path coefficient analysis of ityafaits on foliage
yield in 39 distinct cultivars of vegetable amabhaist @maranthus tricolor L.). The
analysis of different characters contributing tadgaiotal yield of greens revealed that the
duration of harvest had maximum direct effect omltgield. The indirect effect of

duration of harvestia number of clipping was maximum and positive.

Aruna (2009) estimate the path analysis of varitnasts of vegetable
amaranthus with six genotypes and 3(cfosses. Results on path analysis indicated
that both leaf and stem weight had higher and ticeatribution to green yield.
Similarly, Shuklaet al. (2010) reported plant height (0.12), stem diamé@e2l),
number of leaves plahi0.45) had significant positive direct effects atidge yield
while negative direct effect by number of brancpémt?® (-1.22), leaf size (-0.27)
with foliage yield in amaranthus.

Khuranaet al. (2013) studied on the agronomic traits of amdmasitand found
that the number of leaves pldnhad highest (0.493) positive direct effect on ltota
green yield followed by leaf area index (0.427xfléength (0.099), plant height
(0.092), leaf width (0.049) and protein conten0@l). The indirect effect of leaf area
index on total green yield was highest (0.454) asifive directionvia number of

leaves plant.

Path analysis studies on stem amarantAosi(anthus tricolor L.) conducted
by Hasaret al. (2013) reported that stem weight (0.951) had marindirect effect
on marketable yield followed by leaf weight (0.09®af number (0.004) and dry
weight without rind (0.007). Based on path coeéfittivalues, direct selection through
three traitsj.e., leaf area diameter of stem base and leaf weighidvsignificantly

improve the foliage yield of vegetable amaranti&erKeret al., 2014).
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Hailu et al. (2015) estimated 36 germplasm accessions of amhaiarand
revealed that the maximum positive direct effecesawecorded in biomass plant
plant height, leaf area and leaf width. Tejaswehial. (2017) while evaluating 27
genotypes including 25 germplasm lines and two khet amaranthusAfmaranthus
tricolor L.) observed that leaf yield had positive and direffect with leaf weight
plant! followed by leaf: stem ratio, leaf length, leafdtyi, protein content and

ascorbic acid content of leaves.

Jangdeet al. (2017) reported highest positive direct effects fi@sh stem
weight of plant (1.100) followed by dry leaf weigftt.766), petiole length (0.686),
leaf length (0.519), harvest index % (0.344), laafa (0.050) and number of leaves
plant! (0.014) whereas the leaf stem ratio (-0.781), steyn weight (-0.741), plant
fresh weight (- 0.524), plant height (-0.355), stease diameter (-0.306), number of
leaves plant (-0.073), leaf width (-0.065), fresh leaf weight0.037) showed

maximum negative direct effects on leaf yield kgtpl
2.6. Genetic divergence

In general, selection of genetically distinct dyent genotypes as parents is
highly essential not only for exploitation of hythwigour towards development of F
hybrid(s) but also development of high yieldingigar(s) as transgressive segregants
in any crop improvement programme. Therefore, adysthe nature and magnitude of
genetic divergence among the tested genotypes heilb the plant breeder for

choosing the suitable diverse combinations.

2.6.1 Clustering analysis

Anuja (2011) studied the genetic divergence of @@0otypes of amaranthus
belonging toA. tricolor, A. blitum, A. tricolor var. triistis andA.dubius. On the basis
of D? analysis, 100 genotypes were grouped into 09amisisCluster | had maximum
655 genotypes followed by cluster II, IV with sevgenotypes, cluster AV and VIII
with five genotypes each, cluster IV with four geypes each, cluster VI and VIl with
three genotypes each and cluster IX with one g@eotyhe genotypes chosen from
the same eco-geographical origin were found seatter different cluster indicating

the non-existences of relationship between gewdetarsity and geographical origin.
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Akther et al. (2013) computed seventeen genotypes of amarathiatisell
into 4 different clusters. According to the studgximum number of genotypes (6)
were included in cluster (IV) followed by clustdt (5) and cluster Il (5), and the
minimum number was in cluster | (1). The genotypé@thin the same cluster,
although formed specific clusters, but were co#ldctrom different places, which
indicated the geographical distribution and geneivergence and did not follow the

same trend.

Ahammedet al. (2013) estimated the genetic divergence amongeRdtgpes
of stem amaranthus using Bnalysis at Ghazipur, Bangladesh. The genotypes we
grouped into four clusters. Cluster 1, I, Il ai composed of two, four, seven and
nine genotypes in succession. No relationship wasid between divergence and
geographical distribution of the genotypes. SinylaAkaneme and Ani (2013) on
evaluating five accessions of themaranthus hybridus revealed, accessions were
distributed into 2 clusters. Cluster | comprisingcessions 3 and 5 and cluster 1

comprising accessions 1, 2 and 4.

Kujur et al. (2017) studied the extent of genetic divergenes éxist for the
yield and yield contributing traits of 25 genotyp&Eskheda bhaji Amranthus dubius
Mart.) using Mahalanobis Danalysis. They grouped the 25 genotypes into five
distinct clusters. The distribution pattern indezhtthat the maximum numbers of
genotypes (7) were included in Cluster | and Vdekd by cluster IV (6) and cluster-

Il (4) and the minimum number was in cluster I1).(1

An experiment was conducted by Kunehial. (2019) to identify the extent of
genetic divergence that exist for the yield anddyieontributing characters of 25
genotypes of Amaranthusrfaranthus spp.) using F analysis. Analysis of variance
showed significant difference among the genotypesrost of the traits studied. The
genotypes under study fell into 5 clusters. Thstrdhiution pattern indicated that the
maximum numbers of six genotypes each were includeduster IV and cluster V
each followed by five genotypes in cluster Il ardster 1ll and three genotypes in
cluster I.
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2.6.2 Inter and intracluster distance

Anuja (2011) studied the genetic divergence of @@0otypes of amaranthus
belonging topA. tricolor, A. blitum, A. tricolor var. triistisandA. dubius. On the basis
of D? analysis, 100 genotypes were grouped into 09 arsistThe intra cluster
generalized distance ranged from 1.899 to 10.56%t€ VI showed minimum intra
cluster distance (1.899) and maximum by clustef0.569). Minimum inter cluster
distance was observed between cluster | and 1DJ9hile maximum between VI
and IX (31.855) followed by cluster Il and IX (288). Similarly, Aktheret al.
(2013) grouped seventeen genotypes of amarantimdouar different clusters. The
highest inter cluster distance was observed betWéemd | (50.75) followed by the
distance between cluster Il and | (36.24) showindewdiversity among the groups.
The lowest intercluster distance was observed ltwausters Il and 1l (9.85)

suggesting a close relationship among the genowyjiese two clusters.

Ahammedet al. (2013) estimated the genetic divergence amongeRdtgpes
of stem amaranthus into four clusters. Maximumrictaster distance was observed
between cluster | and 11l (12.326) while minimum3526 between cluster | and II.
The crosses between the genotypes of cluster | twéhof cluster Il and cluster I
with cluster IlI would exhibit high heterosis ands@ likely to produce new
recombinants with desirable traits in stem amatmntisimilarly, Kujuret al. (2017)
grouped the 25 genotypes Avfranthus dubius Mart. into five distinct clusters. The inter
cluster distance varied from 0.000 to 3.157. thgimmam intra cluster distance was shown
by cluster | (3.157) followed by cluster IV (2.482)uster 11 (2.390), cluster V (1.871) and
cluster 1l (0.000) which indicate distance witltie cluster. Kumagt al. (2019) identified
five diverged clusters by analyzing 25 genotypesiwfaranthus. The intra cluster’ D
values ranged from 1.849 (cluster lll) to 2.34%ugt#r V). The intra cluster distance was
observed highest in cluster V (2.345) followed lyster IV (2.284), cluster | (2.050),
cluster Il (1.954) and was recorded the lowestuster Ill (1.849), which indicate distance
within the cluster. However, the inter clustén@lues varied from clusters Il and V (2.523)
to clusters Il and Il (6.370). The maximum intkrster distance was observed between the
clusters Il and Il (6.370) followed by cluster #hd IV (6.272), cluster | and IV (5.314)
cluster Ill and V (4.795), cluster | and Ill (4.628luster | and 1l (4.278), cluster | and V
(3.818), cluster Il and IV (2.880), cluster IV and(2.800) and the minimum inter

cluster observed between cluster Il and V (2.523).
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2.6.3 Cluster mean values and % of contribution

Shukla and Singh (2002) while studying genetic g of 66 amaranthus,
grouped into nine clusters on the basis of Mahalanb? analysis. Cluster VIII had
the maximum yield and leaf size while cluster dhhighest number of inflorescence
plant! followed by yield. They also reported maximum cimition towards divergence
was plant height, number of nodes pfaand leaf size. Similarly, Anuja (2011) reported
maximum contribution by number of leaves pfaKit4.73%) followed by leaf weight
(13.43%) whereas minimum by root length (3.43%) kad area (3.29%) towards the

yield of greens while studying 100 genotypes of mmtnus.

Ahammedet al. (2013) while studying the genetic divergence am@ag
genotypes of stem amaranthus, reported that nuofdeaves plant, petiole length,
stem diameter, leaf weight pldiasind stem weight plant leaf width, petiole length

and 1000 seed weight showed maximum contributidhedotal divergence.

Kujur et al. (2017) grouped the 25 genotypesAofranthus dubius Mart. into
five distinct clusters. They reported that traiteeItest weight of seed contributes
highest (42.95%) to divergence followed by leafgln (17.11%), dry matter %
(13.42%), plant height (12.75%), fibre content 84, petiole length (1.34), number
of leaves plant (1.00%), root length (1.00%), yield kg pl¢1.00%) days to 50%
flowering and duration (0.33%) contributed maximtmwards genetic divergence.
Hence, these traits could be given the importamcestlection of genotypes for

further crop improvement programme.

Akther et al. (2013) studied 17 genotypes of amaranths disetunto 4
clusters. Maximum number of genotypes (6) was ohetuin cluster (V) followed by
cluster Ill (5) and cluster Il (5), and the minimumamber was in cluster | (1). The
highest inter cluster distance was observed betwéand I, followed by the distance
between cluster 1l and | showing wide diversity amathe groups. The lowest
intercluster distance was observed between cludtersnd 1l suggesting a close

relationship among the genotypes of these two elsist
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MATERIALS AND METHODS

The present investigation entiti€tCharacterisation and evaluation of
Amaranthus (Amaranthus spp. L.) genotypes for leaf yield” was carried out at
research plot of Central Horticultural Experimerat®n, ICAR-Indian Institute of
Horticultural Research, Aiginia Bhubaneswar, Odjdhdia duringrabi, 2020-2021.
The objectives of the present investigation weraratterization and evaluation of
germplasm of vegetable amaranthus fler se performance. The other objectives
were estimation of nature and extent of geneti@bdity, character association, path
analysis of leaf yield and yielding attributes asllvas divergence study for future

crop improvement programme of vegetable amaranthus.

The details of materials used and methods adoptedcdnducting the
experiment are described in the present chaptertéiidds and Methods” with
relevant information supported by tables, figurehiotographs etc. as per the

requirement.

3.1 Cropping history of the plot

Prior to the present investigation, detailed infation on cropping history of
the experimental plot was collected and presemtédble 1.

Table 1. Cropping history of the experimental plot

Year Kharif Rabi Summer
2018 Fallow Brinjal Chilli
2019 Fallow Amaranthus Fallow
2020 Fallow Amaranthus Fallow
3.2 Soil

A composite of soil sample was collected from fplaces randomly from 15
cm depth from the experimental field before raidimg crop for the investigation. The
collected soil samples were mixed thoroughly armbmposite sample of 5009 size
was made to analysis the soil property. The phy&otcal analysis of the soil has

been shown in Table 2.
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Table 2. Soil status of experiment field

Sl Particulars Analytical Classification Methods
No. Value
I Mechanical analysis
1 |Sand (%) 82.44%
. International pipette meth
0, 0
2 |Silt (%) 3.80% loam (Black, 1965)
3 |Clay (%) 13.76%
Il Chemical analysis
, i Low organic|Walkley and Black's methc
1 |Organic carbon (%) 0.22-0.24 matter |(Black. 1965)
: Modified kjeldahl metho
2 |Available N (kgha) <200kghd Low (Piper, 1966)
3 |Available BOs (kgha') |10-15 kghd Medium | Olsen method (Olsen, 1954
. . Flame photomets
4 |Available K20 (kghd) |150-200 kghd | Medium (Jackson,1973)
. : . .|Carbon electrode pH me
5 |Soil pH 4.8-5.2 Highly ac'd'“method (Piper, 1966)

3.3 Geographical location of the experimental site

Khurdha district is situated in the eastern paf@disha state between latitude
190 40” to 200 25” North latitude and 840 55” td88 East longitude covering an area
of 2,813 sqg. kms. It is situated at an altitud@®50 m above mean sea level and about
60 kilometres away from Bay of Bengal. It is sumded by Ganjam district in the south,

Cuttack district in north, Nayagarh district in tlvest and Puri district in east.

3.4 Climate

The geographical location of the experimental sames under the T'agro-
climatic region of the state i.e. East and SoutBst&a coastal plain according to
Centre for Environmental Studies, Forest and Emvivent Department, Government
of Odisha. It is termed as sub-humid, characterigedvarm moist climate with mild
winter. The average temperature varies fromi®if winter to 41.4C in summer and
relative humidity varies between 49.00% or 90.00&mf May to November. Based
on average of preceding ten years rainfall data, dkierage annual rainfall of
Bhubaneswar is 1552 mm. Most of the rainfall (85&%)received from July to
September.

Monthly average meteorological data during crogmeason was recorded at
meteorological Observatory of Odisha University Ariculture and Technology

Bhubaneswar in Table 3.
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Table 3. Meteorological data collected during thexperimental period (Oct - Feb)

Temperature (°C) Rainfall (mm) Relative Humidity (%) | Wind Bright

Month Max | Min |Mean aniqr;;?" rai’;lls.d(gys Max | Min | Mean Er?]?r?rd sur?osl:lrlne
Year - 2020

Oct. 31.9 24.4| 28.2| 247.6 13 95 76 85.5 0.5 4.7
Nov. 31.4/19.6| 25.5 5.6 1 90 53 71.5 1.0 6.5
Dec. 29.8 14.3| 22.1 0.0 0 94 41 67.5 1.8 6.5
Year - 2021

Jan. 30.516.3| 234 0.0 0 93 39 66 2.6 4.2
Feb. 32.8§15.3| 24.1 0.0 0 92 28 60 2.9 7.0
3.5 Experimental details

Experimental Design
Number of replications
Number of treatments
Season of experimentation
Spacing

Total no. of plots

Plot size

No. of rows per plot

No. of plants per row

No. of plants per plot

Width of bund separating blocks

Width of irrigation channel

Randomized BlockipegRBD)

2 (Two)
. 30 genotypes
: Rabi, 2020-21
30cm x 10 cm
30
3.0mx1.0m
10
10
100
Im
30 cm

Table 4. Source of vegetable amaranthus germplasm

Genotypes Source Genotypes Source
Vi |AccEssion-65 |NOPSRel v |ACCESSION-48  |Odisha local
V2, |ACCESSION-2 Vi; |ACCESSION-202
Vs |ACCESSION-6 \ls |ACCESSION-204
Vs |ACCESSION-8 Vs |ACCESSION-205
Vs |ACCESSION-13 Vo |ACCESSION-231
Ve |ACCESSION-19 V1 |ACCESSION-237 |NE Collections
V; |ACCESSION-26 V. |ACCESSION-247
Vs |ACCESSION-32 V: |ACCESSION-248
Vo |ACCESSION-37 V. |ACCESSION-250
Vio |ACCESSION-38 Vs |ACCESSION-287
Vi1 |ACCESSION-39 | Odisha Vs |ACCESSION-288
Vi, |ACCESSION-40 | local ¥; |ACCESSION-258
Viz |ACCESSION-41 Vs |ACCESSION-263 |qgisha local
Vs |ACCESSION-43 Vs |ACCESSION-268
Vis |ACCESSION-45 o |ACCESSION-276
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Replication | Replication Il

Fig. 1. Layout of research plot

27



Fig.2. Field view of the experimental plot
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3.6 Morphological characterization

The morphological observations on Plant heightnPtaowth, Stem colour,
Petiole length, Petiole colour, Leaf colour, Preseof blotch in leaf, Leaf shape,
Prominence of leaf veins, Inflorescence colour Bresence of axillary inflorescence
traits of 30 genotypes of vegetable amaranthusifereht stages of plant growth
were recorded as per the plant minimal descriptér Grain Amaranthus
(Amaranthus spp. L.) excluding ornamental or vegetable varieties)Ryptection of

Plant varieties and Farmer’s Rights Authority, Gomeent of India.

3.7 Field operations

The experimental field was brought to a fine tiithploughing twice followed
by proper levelling with incorporation of FYM @ 16 ha' before final land
preparation. Then individual plots were designegesthe plan of layout. The seed
sowing was done on T6December 2020 at the depth of 1-2 cm with required
spacing. Light irrigation was given with rose cdoe the first time in main field.
Subsequently light irrigation was given to raisgo@d crop of amaranthus. Standard
package of practices was adapted uniformly to ladl 80 tested genotypes of
vegetable amaranthus to raise a good crop. Thinmagycarried out after seven days
of sowing for the closely germinated plants at acepg of 10cm from plant to plant.
Manually hoeing, weeding, top dressing and earthipgwere done followed by
irrigation at 15 and 25 days after sowing. Adequasat protection measures were
taken by spraying insecticides and fungicides abdial intervals to raise the crop
successfully. For control of stem borer applicatiwin Phorate @ 10kg Hawas
applied during crop stand. Amaranthus were hardesten they were at tender stage

(marketable maturity) i.e. edible stage.

3.8 Biometric observations
3.8.1 Sampling techniques

The observations of both qualitative and quamigatraits were recorded on
ten randomly selected plants, leaving the bordantp| from each plot of both the
replications which were tagged properly. The obsgons of these tagged plants were

recorded from time to time.
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Fig.3. Field activities done during the course of erk
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Fig.4. Laboratory activities done during the courseof work
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Fig.9. ACCESSION-204 Fig.10. ACCESSION-248
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3.8.2 Characters studied
1. Plant growth

The circumference of tagged plant spread was meadwrizontally in cm in
the east-west and north-south directions and thennoé five plants were calculated

separately.

2. Plant height

This character was recorded by taking height ofsemple plants in cm from
the base of the plant to the top of the infloreseeand their mean value were taken

for analysis.

3. Number of nodes plant

This character was recorded at the maturity grostdge by counting the
number of nodes along the main stem from ground fevtip of plant.

4, Number of leaves plant

The numbers of main countable leaves along the stamre taken into
consideration to record this character.

5. Number of inflorescences plant

The numbers of main countable inflorescence albegstem were taken into
consideration to record this character.

6. Leaf length

Three leaves were selected randomly each from rtmddle and bottom
position of the selected plants. Their lengths wasasured by recording the length
starting from the tip of leaves to the base of gdeti averaged and expressed in

centimetre (cm).

7. Leaf breadth

The leaves that were selected for measurementngthe from the tagged
plants were also taken for computing breadth. Theattth was measured by
recording length at the centre of each leaf bladeraged and was expressed in

centimetre (cm).
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8. Leaf thickness

The leaves that were selected for measuremeningthe and breadths from
the tagged plants were also taken for measuringethiethickness using a Vernier

caliper.

9. Stem girth

The girths at the top, middle and bottom part efriain stem of each selected

plant were recorded, averaged and expressed imaat (cm).

10. Petiole length

The sample leaves selected for length and breadsummement were also
used for recording petiole length. For analysistho$ character the length starting
from the top of petiole to the base of attachmeith \eaf was measured and their

mean values were taken.
11. Colour of leaf, stem and inflorescence

Colour of leaf, stem and inflorescence of the ongpe taken from leaf colour
chart, stem colour chart and inflorescence coltvairtc

12. Stem weight

For this character, fresh weight of total numbestagims harvested excluding
leaves at marketable harvest was taken in eaclcagph of each plot and the total
yield was expressed in terms of gram pfant
13. Leaf weight

Observation for this trait was estimated by countine fresh weight of total
number of leaves harvested excluding stem at masleeharvest in each replication
of each plot and the total yield was expressednims$ of gram plarit
14. Leaf area

The leaf area meter was used on the selected léavesord the leaf area and

was expressed as ém
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15. Leaf: stem ratio

The ratio of the fresh weight of total number adves to the fresh weight of
total number of stem were taken at marketable Isaimezach replication of each plot

were recorded for this character.

16.  Leaf yield plant*

To record this character, sum of the fresh weidghot@al number of leaves and
the fresh weight of total number of stems at matiet harvest was taken in each

replication of each plot.

17. Quality parameters

The following procedures were used for estimatifge tbiochemical

constituents:

a) TSS -The TSS of amaranthus sample was measured frontotest range of

Refractometer from 0-32.

Procedure: 7 to 10 amaranthus leaves were crushmaitar and pestle to extract the
filtrate juice. A drop of the sample was put on tilass of refractometer prism and

covered gently with the lid to measure the TSSraggdhe light.

b) Ascorbic acid (mg /100 g)Ascorbic acid content of amaranthus leaves was

estimated by volumetric method (Sadasivam and Bhlasnanian, 1987).

Dye solution: It was prepared by taking a 200 muwetric flask in which 42 mg of
sodium bicarbonate was dissolved in distilled water which 52 mg of 2-6
dichlorophenol indophenol was added and the volwas made up to 200 ml by

adding distilled water.

Standard Stock solution: It was made by dissolifg mg ascorbic acid in 100 ml of

4% oxalic acid solution and 10 ml of this stockusimin was diluted to 100 ml with
4% oxalic acid to get the working standard of 109 per ml.

Procedure: 5 ml of the working standard solutiors wgpetted into a 100 ml conical
flask. Into it 10 ml of 4% oxalic acid was addedhelcontents were titrated against the

dye (viml) until a pink end point appeared. The amarantkasple (5g) was
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extracted in 4% oxalic acid and the volume was mg® 100 ml. Then the contents
were centrifuged. 5 ml of this supernatant was tp@deout and to it 10 ml of 4%
oxalic acid was added and titrated against the(dyenl). The following formula was
then used for calculation of ascorbic acid content.

Ascorbic acid (mg/100 g) = (0.5 mg + V1) x (V2 +nfl) x (100ml + Wt. of the
sample) x 100

C) Sugar content-The total sugar content in amaranthus leavesdstermined

with the following procedures.

Determination of total sugar: 10 ml of filtrate gei amaranthus leaves was taken in a
250 ml of conical flask. 5 ml of 1N HCI was addedldwed by addition of distilled

water. The content was heated for 4-5 minutespuia@d by cooling for 30 minutes in

a water bath for complete inversion. The contens Ween transferred to 250 ml
conical flask & 2-3 drops of Phenolphthalein indazawas added & titrated against
1N NaOH solution taken in a burette. The end pwias marked by appearance of
light pink colour. Now the non-reducing sugar présm fruits is converted into

reducing sugar. The whole content is then trarsfieto a burette. 5 ml each of
Fehling's A & B are taken in 250 ml conical fladk)lowed by addition of 40 mi

distilled water and then heated over the flame. Wiiebubble appears 1-2 drops of

Methylene blue was added and titrated till the poitit comes to brick-red colour.

% of Total sugar = Dilution Factor (0.05) x 100 x100 Titrate value x
volume of sample

3.9  Statistical analysis
3.9.1 Analysis of variance

For finding out the varietal differences, analysisvariance for each asserted
trait was done. For carrying out the analysis faclecharacter, randomized block
design analysis procedure was followed (Panse akbdgime, 1954).

The following model was used for carrying out asa\of variance.

Yij=m+ g+t g
Where,

Yi = Phenotypic observation in tHegenotype and th&jreplication
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m = General mean

g = Effect of the ' genotype/treatment

rj= Effect of [" replication

gj= random error associated withgenotype and"jreplication

Table 5. Analysis of variance and expected mean suoh square

Source Df MSS Expected mean sum of squares
Replication | (r-1) M o% + Qo

Genotype (9-1) N 0% + 6%

Error (r-1)(g-1) M c%

3.9.2 Mean, Range, Standard Error and Critical Diferences

The total was divided by the respective number lifeovations to calculate
the sample mean values for each trait, while tigildst and lowest values for each
trait were taken as the range. The following foranwas used to calculate S.E. and

C.D. values.
Standard error of mean (SEMMEMS/r

Critical difference (C.D.) = V2EMS/r x t value at error d.f. at 5% and 1%
levels of significance

Where,
r = number of replications
EMS = Error mean sum of square
3.9.3 Co-efficient of variation
Co-efficient of variation was calculated for compgrthe variability of two or
more than traits by using the following formula:
C.V.=S.D./ X x100 =/EMS/ X x100
Where,

S.D.= Standard deviation which is the square rootean square due to error (EMS)

X = Experimental mean
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From the structure of the analysis of variance

Error variance ©€* = Mg
Genotypic variance s%g = Mg — Me/ 1
Phenotypic variance 6% = Mg / r =6%5 + 6%/ r

The genotypic co-efficient of variation (GCV) arftetphenotypic co-efficient
of variation (PCV) were calculated by the formuiaeg by Burton (1953).

GCV = Genotypic standard deviation / Grand mea@& 1
PCV = Phenotypic standard deviation / Grand meaf0<
3.9.4 Heritability (broad sense)

To measure the degree of correspondence, heliyal@itimates between
phenotypic value and breeding value were usedithisrthe formula given by Lush
(1949) and Burton and Devance (1953) is used aprkesged in percentage according
to Weber and Moorty (1952).

h? (broad sense) = Genotypic variance / Phenotypianee
h? (broad sense in percentage) = Genotypic varifienbtypic variance x 100
3.9.5 Expected genetic advance

Estimation of genetic advance was carried out ashegeformula suggested by
Johnson et al. (1995).

GA = K.hZGp
Where,

K = Selection differential in standard units (whist2.06 per 5% selection intensity).
h? = Heritability in broad sense
op = Phenotypic standard deviation

GA expressed as percentage of mean = GA/ Mear®x 10
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3.9.6 Estimation of correlation co-efficient

Simple correlation coefficients between pairs of 1Bportant traits
contributing to green yield plaritwere calculated at phenotypic and genotypic levels

using the formula given below.

Genotypic correlation g = og(xy) / og(X) % og (Y)
Phenotypic correlation {y = op(xy) / op(X) % op (Y)

Where,
og(Xy) = Genotypic co-variance between the two traigsd .
op(Xxy) = Phenotypic co-variance between the twograiaind y.
og(X) andayg (y) = Genotypic standard deviation for x and ypesgively.

op(X) andoyp (y) = Phenotypic standard deviation for x and gpextively.

The estimated values were compared with the taddigevat (n - 2) and at 5%
and 1% levels of significance in order to test thignificance of correlation
coefficients at phenotypic and genotypic level.

3.9.7 Path co-efficient analysis

The path coefficient analysis is used to determine cause and effect
relationships among the various traits that areretaied. Path coefficients are
standardized partial regression coefficients whndkvidually provide a measure of direct
effect of the causal factors on the effect variafileese permit partitioning of the
correlation between causal factors and the effeetigables, into components of direct
and indirect effect and thus give a closure idga@fissociation of the causal factors with
the effect variable.

The path coefficients were obtained by solving tbiowing simultaneous
eguations which give the basic relationship betwaerelations and path coefficients

in a system of correlated causes. (Dewey and Lb9)19

112 = niP112 + roPri2+ raPrizt oo, + 1101112
212 = aP112 + 2P112+ R3P112F oo + B11P1112
r312 = 3aP112 + r3gPr12 + raaPriet oo + B11P1112
Mi112=nPri2+ P2+ rn1gPsizt coveen i + Q112
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Where,

ri is the coefficient of correlation betweéhand " characters andgpis the

path coefficient {direct effect oficharacter on fruit yield per plant (1, 2)}.

The solutions for path coefficients, direct andined effects of the causal
factors were estimated as the values of the indaliterms of the above equations in
R.H.S.

The coefficient of determination fRand the residual effect R were
calculated as follows:

| = pP12r + Y Piyliy

R? = Y pyry

= P12+ 1212t PR1A312F v + Q1141112
P2r=VI - R?

The path analysis at the phenotypic level with sane cause and effect

relationship was computed using the phenotypicetations as stated earlier.

3.9.8 Genetic divergence

Genetic divergence was computed using Mahaland®28) generalized
distance, D statistic as suggested by Rao (1952). The origimssurements were
transformed to standardized uncorrelated variablescrucial condensation (Rao,
1952). The divergence between any two varietiesatdgined as the sum of squares

of the difference in the values of the correspogdiansformed values (Y
D2k =3"=1Yij - Yik

It gives the B betweenf and K' genotypes for ‘n’ characters. The genotypes
were grouped into clusters following Tocher's mettas suggested by Rao (1952).
The grouping was done on the basis of the crithaf any two genotypes belonging
to the same cluster should have a smalléwv&lue than those between genotypes
belonging to different clusters. Inter and intrastér distances were determined and
represented.

¢ ED3
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RESULTS

The present investigation entitletiCharacterization and evaluation of
Amaranthus (Amaranthus spp. L.) genotypes for leaf yield” was carried out at
research plot of Central Horticultural Experimerat®n, ICAR-Indian Institute of
Horticultural Research, Bhubaneswar, Odisha, Indiajng rabi, 2020-2021. The
objectives of the present investigation were charaation and evaluation of
germplasm of vegetable amaranthus fler se performance. The other objectives
were estimation of nature and extent of geneti@abdity, character association, path
analysis of leaf yield and leaf yield attributingits as well as divergence studies for
future crop improvement programme of vegetable anthus.

In the present chapter “Results”, salient findinggorded on various
aspects of morphological characterization, meafop@iances, genetic variability,
character associations, path analysis and divesgshadies among the 30 tested
genotypes of vegetable amaranthus were analysedtifically and presented with
suitable tables, as per the requirements. Fortefeemterpretation of salient findings

of the present investigation, results are presentéue following sub-headingse.,

4.1  Morphological characterization
4.2 Mean performance of 30 genotypes of vegetail@ranthus
4.3 Genetic variability
4.4  Correlation coefficient
4.5 Path analysis
4.6 Genetic divergence
4.1 Morphological characterization

A perusal of Table 6 revealed wide variations fdffedent morphological

traits among the 30 evaluated genotypes of vegetahbranthus.

Characterisation of plant growth of genotypes @getable amaranthus
showed dominance of short plant (100.00 cm) withigigp growth habit of 90.00%,
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while only 10.00% genotypes showed semi-spreadiogvifp habit. In the study no
genotype has spreading growth habit.

Regarding characterization of stem colour of veglet amaranthus showed
dominance of pink (43.33%) closely followed by p&lish green colour (33.33%).
On the other hand, the evaluated genotype shov&dd%each as stem colour in the
form of purplish pink, greenish red and reddishworoThe result showed only 3.33%
having yellowish pink stem colour. Purplish red iplet colour was dominant
(43.33%) in the present study, followed by yelldwgreen (33.33%) then purplish
pink, greenish red and reddish brown (6.67%) eaoth gellowish pink petiole
(3.33%). Similarly, the results revealed dominarafeshort petiole (<14.00cm)
(200.00%) than medium (14.00-17.00cm) and longopeetength (>17.00cm) (0.00%
each), respectively.

Characterisation of leaf colour varied widely dnak different leaf colours
were observed. However, green leaf colour was dat@ith among the tested
genotypes (53.33%) followed by green with purpletd (16.67%), purplish green
(13.33%), purple (10.00%) and greenish purple @)p7The results also revealed
dominance of absence of blotch in leaves (83.33%) presence of blotch in leaves
(16.67%).

Characterisation of leaf shape of vegetable antfamarshowed dominance of
ovate leaf shape (66.67%) and rhombate-ovate le@@90%). The result also
showed presence of 6.67% obovate leaf shape falldwelanceolate and elliptical
(3.33%) shape each. The results showed promineénseaoth leaf veins among all

the tested genotypes. Rugose type was absentsantretudy.

Regarding characterization of inflorescence cqlotre germplasm was
dominated by green colour (53.33%) followed by fislp green (20.00%), pink
(16.67%) and purplish pink (3.33%) only. The resstiowed presence of 100%

axillary inflorescence among the tested genotypes.
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Table 6. Morphological characterisation of 30 gengpes of vegetable

amaranthus
Distribution
I\?(I) The traits/descriptor |Class or scale of descriptor gel\rlfc))'t;;es bé'ecslgrsi:f;m
(%)
I. According to DUS guidelines

1 |Plant height 1. Short (<150 cm) 30 100.00

2. |Medium (150-200 cm) 0 0.00

3. | Tall (>200 cm) 0 0.00

2 |Stem colour 1. |Pink Red-Purple 67A) 13 43.33
2. ;](reel(la(r)]viggcgreen Yellowish 10 33.33

3. |Red Red group 54A) 2 6.67

Others

Greenish red 2 6.67

Purplish pink 2 6.67

Yellowish pink 1 3.33
3 |Petiole length 1. Short (<14 cm) 30 100.00

Medium (14 -17 cm) 0 0.00

Long (>17 cm) 0 0.00

4 |Leaf colour 1.| Green 16 53.33
2. | Purple Red purple group 67 A) 3 10.00

Others

Green with purple blotch 5 16.67

Greenish purple 2 6.67

Purplish green 4 13.33

5 r:]r?e;ae]cnce of blotch 1. |Absent 25 83.33
2. |Present 5 16.67

6 ::r:)fllglrjerscence 1. |Green 16 53.33
2 :rilljs\{\gsg greerYellow green 5 6.67

3 g;r;\l; (Red-Purple61B, N66A, 5 16.67

Light yellow 0 0.00

Yellow (Yellow group 2C, 10 0 0.00
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Distribution
I\?cl) The traits/descriptor |Class or scale of descriptor gel\rlfc))'t;;es bé'ecslgrsi:f;m
(%)
A)
6. gdti;‘ge (Orange group 23A, 0 0.00
7. | Pinkish green 0 0.00
8. |Purple 0 0.00
9. |Red (Red group51B) 0 0.00
10. | Reddish green 0 0.00
Others
Purplish green 6 20.00
Purplish pink 1 3.33
Il. Others
1 |Plant growth 1.| Upright 27 90.00
Semi- spreading 3 10.00
Spreading 0 0.00
2 |Petiole colour 1.| Purplish red 13 43.33
2. | Yellowish green 10 33.33
3. | Purplish pink 2 6.67
4. | Greenish red 2 6.67
5. |Reddish brown 2 6.67
6. | Yellowish pink 1 3.33
3 |Leaf shape 1. |ovate 20 66.67
2. |Obovate 2 6.67
3. |Rhombate-ovate 6 20.00
4. |Lanceolate 1 3.33
5. | Elliptical 1 3.33
6. |Cuneate 0 0.00
4 \F/’é?nrginence of leaf 1. |Smooth 30 100.00
2. |Rugose 0 0.00
5 _Presence of axilla 1. |Present 30 100.00
inflorescence
2. |Absent 0 0.00
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Table 7. Qualitative parameters of 30 vegetable amanthus germplasm.

,\?(I)'_ Genotypes Plant growth rz?gnhtt Stem colour Petiole colour ';;t;f Leaf shape Leaf colour b'T(;te;eir:]CE 2{ Efr?e?:fn\?;ﬁg Infl(ér;i(sjﬁfnce Prﬁf};gfgsgfeﬁﬂary
1 |ACCESSION-2  [Semi- spreading| Shojt Pink Purplish red Short ovate |Green Absent Smooth| Green Present
2 |ACCESSION-6  |Upright Short| Pink Purplish red Shart ovate Gneith purple blotch Present Smooth  Green Present
3 |ACCESSION-8 |Semi- spreading| Shoft Yellowish green  Yellowishegre Short Obovate Green Absent Smooth  YellowishrgregPresent
4 |ACCESSION-13 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green Absent Smooth  Green Present
5 |ACCESSION-19 |Upright Short| Pink Purplish red Shart ovate Grelepurple Absent Smooth|  Purplish green |Present
6 |ACCESSION-26 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green Absent Smooth  Green Present
7 |ACCESSION-32 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green with purple blotch Present Smooth| Green Present
8 |ACCESSION-37 |Upright Short| Pink Purplish red Shart  Rhombatet@yé@urplish green Absent Smooth  Pink Present
9 |ACCESSION-38 |Upright Short| Yellowish green| Yellowish green  ShpiRhombate-ovate Green Absent Smooth  Green Present
10 [ACCESSION-39 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green Absent Smooth  Green Present
11 |ACCESSION-40 |Upright Short| Pink Purplish red Shart ovate Gneith purple blotch ~ Present Smooth | Pink Present
12 |ACCESSION-41 |Upright Short| Pink Purplish red Shart ovate Greéh purple blotch ~ Present Smooth | Purplish green |Present
13 |ACCESSION-43  |Upright Short| Pink Purplish red Shart ovate Green Absent Smooth | Green Present
14 |ACCESSION-45 |Upright Short| Pink Purplish red Shart ovate Gneth purple blotch ~ Present Smooth | Pink Present
15 |ACCESSION-48 |Upright Short| Pink Purplish red Shart ovate Green Absent Smooth | Green Present
Contd......
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’\?(I)" Genotypes Plant growth ﬁ;%nr:t Stem colour Petiole colour Eentg;lr? Leaf shape Leaf colour bllacgsjme;clz gff zfr?emz;fnve;: Infl?:rct)aks)ﬁ(rance Pre;(;(r;(rzgsggiﬁilelary
16 |ACCESSION-65 | Upright Shoft Purplish pink Pugiplpink Short ovate Purplish green Absen Smoathurpligh pink Present
17 |ACCESSION-202 |Upright Short| Yellowish green| Yellowish green  ShpiRhombate-ovate Green Absent Smooth  Green Present
18 |ACCESSION-204 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green Absent Smooth  Green Present
19 |ACCESSION-205 |Upright Short| Greenish red Greenish red Short ovate |Green Absent Smooth| Purplish green |Present
20 [ACCESSION-231 |Upright Short| Red Reddish brown|  Shprt  RhombatgeovPurplish green Absent Smooth  Purplish greenPresent
21 |ACCESSION-237 |Upright Short| Pink Purplish red Shart ovate Giglepurple Absent Smooth| Green Present
22 |ACCESSION-247 |Upright Short| Yellowish green| Yellowish green  Shpr  ovate Green Absent Smooth  Green Present
23 |ACCESSION-248 |Upright Short| Pink Purplish red Shart ovate Purple Absent Smooth | Pink Present
24 |ACCESSION-250 |Upright Short| Greenish red Greenish red Short eovat |Green Absent Smooth| Green Present
25 |[ACCESSION-258 |Semi- spreading| Shoft Yellowish pink|  Yellowish pink Short Obovate Green Absent Smooth  Yellowish gregPresent
26 |ACCESSION-263 |Upright Short| Red Reddish brown|  Short LanceolatdPurplish green Absent Smooth  Purplish green|Present
27 |ACCESSION-268 |Upright Short| Purplish pink Purplish pink Short ate/ Green Absent Smooth  Green Present
28 | ACCESSION-276 |Upright Short| Pink Purplish red Shart  Rhombatet@y@urple Absent Smooth| Pink Present
29 |ACCESSION-287| Upright Short Yellowish gregn  I¥ieish green | Shorf  Rhombate-ovate Green Absent o8mg Green Present
30 |[ACCESSION-288 | Upright Short Pink Purplishred | ho® Elliptical Purple Absent Smooth|  Purplish green [Present
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4.2 Mean performance of 30 vegetable amaranthus matypes
4.2.1 Analysis of variance

Table 8. Analysis of variance for 18 characters gtlied in vegetable amaranthus

germplasm.

sl Mean Sum of Square
No. Characters Replication (1) | Genotypes (29)| Error (29)
1 |Plant height (cm) 0.294 14543.39** 1024.09
2 |Nodes plant! 8.067 526.93** 100.93
3 |Leaves plant 25.938 2868.82** 302.08
4 |Leaf length (cm) 0.171 310.21** 15.97
5 |Leaf breadth (cm) 0.020 233.21** 8.90

6 |Leaf thickness (mm) 0.003 0.24** 0.02

7 |Stem girth (mm) 3.725 768.78** 33.69
8 |Petiole length (cm) 0.542 125.41** 7.67

9 [Stem weight () 0.082 142.53** 8.70
10 |Leaf weight (g) 0.333 68.33** 3.31
11 |Leaf Area (cm) 17.227 21788.39** 204.59
12 |Leaf: Stem ratio 0.002 1.44** 0.11
13 [TSS (%) 0.000 14.13** 1.20
14 |Ascorbic acid (mg 1009 2.904 13276.87** 1276.74
15 |Total sugar (%) 0.134 0.27 0.26
16 |Green yield plant (g) 215.083 90978.76** 1733.36
17 |Green yield plot (kg) 2.147 910.48** 17.36
18 |Green yield (g hd) 3481.426 1028766.10** | 17630.71

4.2.2. Mean performance of 30 vegetable amaranthgenotypes

Results on plant height of vegetable amaranthusated significant variations
among the 30 genotypes evaluated ranging from 34rBO(ACCESSION-38) to
112.25 cm (ACCESSION-204) with a mean plant hewht?4.07 cm. Significantly
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longest plants were observed in genotype, ACCESSIONthan rest of the tested
genotypes. However, the results also revealed feigntly higher plant height of

93.55 cm by the genotype, ACCESSION-287 closellp¥etd by ACCESSION-250

(91.30 cm), ACCESSION-8 (90.40 cm), ACCESSION-48.98 cm), ACCESSION-

65 (88.55 cm), ACCESSION-19 (84.50 cm), ACCESSI(38-283.00 cm) and

ACCESSION-248 (82.70 cm) whestatistical parity were observed.

Results on number of nodes ptansignificantly varied from 10.00
(ACCESSION-263) to 25.50 (ACCESSION-41 &ACCESSIO0B42 with a mean
value of 19.97. Significantly highest number of esdplantwas recorded by
ACCESSION-41 and ACCESSION-204 (25.50) than resthef tested genotypes
except ACCESSION-8 &ACCESSION-237 (23.00) and ACGE3N-40 and
ACCESSION-45 (22.50) whestatistical parity were observed.

Regarding number of leaves planin vegetable amaranthus, the results
showed significant differences among the testedtypes which varied from 31.46
(ACCESSION-39) to 57.55 (ACCESSION-43) with an aggr value of 41.11. The
genotype, ACCESSION-43 recorded significantly higtheumber of leaves plaht
(57.55) than rest of the tested genotypes, excEEESSION-45 (51.19) which was
statistically at par.

The result showed significant variation among3Qdested genotypes for leaf
length which varied from 3.30 cm (ACCESSION-258)1®.25 cm (ACCESSION-
65) with a mean leaf length of 8.07cm. The genot@&CESSION-65 produced
significantly longest leaf (13.25 cm) followed byCEESSION-204 (12.75 cm) than

rest of the other genotypes.

Similarly, results on leaf breadth of vegetableaganthus varied significantly
from 2.20 cm (ACCESSION-258) to 9.65 cm (ACCESSI@DR) with a mean leaf
breadth of 5.97. The genotype ACCESSION-202 reabmsignificantly maximum
leaf breadth of 9.65 cm than rest of the testedbtype except ACCESSION-250
(8.75cm), ACCESSION-65 (8.70cm) and ACCESSION-284% cm) which were
statistically at par with each other.
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Table 9. Mean performance of 30 vegetable amarantisugermplasm for 18 characters.

Name of hPl_ant Nodes! Leaves Leaf | Leaf thl;glilr:e S_tem Petiole St_em Le_af Leaf | Leaf: TSS ,ib(\:sg(;irdb Total 3{;3” 3{;3” G_reen
germplasms ((e:'r?]?t plant! | plant® I?Qr?]t)h bzgf:;tr ss (?:;:1) l?:r?];h W?g'ght W?;Sht érrﬁz? ?;E(T (%) | (mg S(légf ' plant! | plot? (élehlgl)
(mm) 100g") @ | (g
ACCESSION-2 71.7Q 20.00| 38.21| 850 | 485 | 0.30 | 11.35| 530 | 5.63 | 4.34 | 33.44| 0.78 | 490 | 91.05| 1.99 | 123.34| 12.34 | 411.12
ACCESSION-6 51.7Q 19.00| 41.73| 7.25 | 4.75 | 0.20 | 11.17| 5.75 | 8.76 | 3.54 | 1895| 0.40 | 4.70 | 71.43| 1.89 | 114.06 | 11.41 | 380.19
ACCESSION-8 90.4Q 23.00| 33.28| 7.75 | 5,50 | 0.30 | 10.45| 550 | 5.41 | 2.65 | 16.98| 0.49 | 3.30 | 96.95| 1.87 | 55.26 553 | 184.21
ACCESSION-13 81.20 20.00| 39.63| 7.05 | 525 | 0.30 | 854 | 6.10 | 532 | 2.76 | 33.74| 052 | 3.55 | 5453 | 1.87 | 106.15| 10.62 | 353.84
ACCESSION-19 84.50 20.00| 42.82| 6.65 | 6.80 | 0.35| 9.31 | 5.10 | 7.51 | 452 | 52.05| 0.61 | 455 | 47.17| 1.96 | 149.80| 14.98 | 499.34
ACCESSION-26 43.95 21.00| 38.84| 7.25 | 6.60 | 0.35 | 9.12 | 430 | 6.49 | 354 | 4428 | 055 | 4.05 | 67.70| 1.96 | 104.80| 10.48 | 349.33
ACCESSION-32 74.70 20.00| 41.08| 7.90 | 520 | 0.35 | 9.60 | 5.70 | 6.22 | 435 | 38.46| 0.71 | 475 | 68.58| 1.96 | 126.65| 12.67 | 424.17
ACCESSION-37 56.80 20.50| 50.90| 6.80 | 6.40 | 0.35 | 10.19| 6.05 | 551 | 3.17 | 33.88| 0.58 | 4.40 | 58.69| 1.89 | 120.06 | 12.01 | 400.21
ACCESSION-38 34.80 20.00| 35.15| 4.20 | 2.25 | 0.40 | 12.51| 4.65 | 995 | 3.06 | 20.25| 0.31 | 4.10 | 53.76| 1.98 | 106.54 | 10.66 | 355.14
ACCESSION-39 55.80 14.00| 31.46| 7.30 | 5.35 | 0.20 | 10.05| 3.75 | 8.36 | 2.03 | 21.92| 0.24 | 4.00 | 70.41| 1.93 | 69.50 6.95 231.67
ACCESSION-40 67.50 22.50| 32.61| 480 | 3.00 | 0.20 | 7.96 | 6.40 | 7.22 | 2.08 | 16.97| 0.29 | 465 | 69.16| 1.99 | 60.88 6.09 | 202.93
ACCESSION-41 69.00 25.50| 32.16| 7.40 | 470 | 0.30 | 13.82| 7.30 | 8.59 | 255 | 27.88| 0.30 | 5.00 | 82.20| 1.98 | 89.45 8.95 298.17
ACCESSION-43 77.85 20.00| 57.55| 830 | 6.80 | 0.30 | 11.64| 6.75 | 7.07 | 3.31 | 16.85| 0.48 | 470 | 91.70| 2.00 | 151.15| 15.12 | 503.84
ACCESSION-45 88.95 22.50| 51.19| 8.35 | 8.05 | 0.25 | 15.68| 6.30 | 7.80 | 4.72 | 33.35| 0.61 | 4.90 | 76.13| 1.97 | 179.48| 17.95 | 598.25
ACCESSION-48 69.30 21.00| 49.69| 6.45 | 8.30 | 0.35 | 19.02| 6.60 | 9.85 | 4.94 | 37.16| 050 | 3.80 | 68.03| 1.89 | 183.31| 18.33 | 611.02
ACCESSION-65 88.55 19.0p 47.69 1325 8.f0 0J40 6€2.&.25| 6.47| 5.01 91.79| 0.78 | 4.10 | 51.98| 2.23 | 177.38| 17.74 | 591.25
ACCESSION-202 | 81.10 20.00| 49.81| 10.40| 9.65 | 0.30 | 10.71| 6.50 | 5.82 | 4.44 | 68.33| 0.77 | 4.40 | 57.95| 1.96 | 163.10| 16.31 | 579.15
ACCESSION-204 | 112.2525.50| 46.38| 12.75| 8.65 | 0.35 | 19.56| 8.20 | 9.06 | 4.97 | 73.00| 0.55 | 4.65 | 54.60| 1.92 | 172.12| 17.21 | 575.40
Contd......
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Name of hPIgnt Nodes| Leaved Leaf | Leaf thl}cel?rfle SFem Petiole Stgm Lgaf Leaf | Leaf: TSS ﬁ:s;girg) Total iireelzn iireelzn Green
germplasms (ilr?];]t plant® | plant! I((ecnrgr:]]t)h bzgsgtr ss (?]'qrrt]:]) l?:r%h wc(eég);ht W?ég)’ht é:ﬁg ?;Eg] (%) | (mg 5(132;1 ' plant! | plot? (é'ilgl)
(mm) 100g") (@) (kg)
ACCESSION-205 59.65 16.00| 34.44| 9.20 | 4.75 | 0.35 | 9.63 | 510 | 4.76 | 3.52 | 28.25| 0.74 | 3.65 | 64.13| 1.85 | 91.80 9.18 306.00
ACCESSION-231 | 74.55%17.50| 31.90| 5.85 | 3.80 | 0.30 | 12.13| 2.70 | 9.31 | 3.74 | 11.94| 040 | 4.00 | 69.46| 1.96 | 101.25| 10.13 | 337.50
ACCESSION-237 73.2% 23.00| 49.38| 11.10| 8.10 | 0.40 | 22.37| 8.20 | 9.41 | 453 | 5240 | 0.49 | 5.05 | 79.73| 1.98 | 167.70| 16.81 | 558.98
ACCESSION-247 | 64.60 18.00| 34.52| 530 | 3.20 | 0.20 | 7.72 | 3.95 | 8.63 | 2.12 | 14.04| 0.25 | 4.40 | 67.09| 198 | 70.91 7.09 | 236.37
ACCESSION-248 | 82.70 18.50| 39.18| 885 | 6.40 | 0.35 | 11.89| 6.05 | 8.69 | 5.68 | 25.86| 0.66 | 4.00 | 58.83 | 2.04 | 171.95| 17.20 | 573.17
ACCESSION-250 91.30 21.00| 46.02| 9.40 | 8.75 | 0.35 | 12.80| 565 | 7.80 | 491 | 29.07| 0.63 | 450 | 47.68| 1.89 | 166.15| 16.62 | 553.84
ACCESSION-258 77.0% 19.50| 33.32| 3.30 | 220 | 0.25| 529 | 235 | 552 | 412 | 6.62 | 0.75 | 3.40 | 98.46| 1.94 | 136.50| 13.65 | 455.00
ACCESSION-263 | 68.65| 10.00| 4296 | 7.25 | 400 | 0.25 | 14.15| 235 | 899 | 481 | 1557 | 054 | 4.00 | 48.83| 2.01 | 156.89 | 15.69 | 522.95
ACCESSION-268 | 83.00| 20.00| 43.16| 9.25 | 6.20 | 0.35 | 13.99| 595 | 840 | 521 | 21.86| 0.62 | 4.70 | 85.69| 1.99 | 168.45| 16.85 | 561.50
ACCESSION-276 | 80.75| 20.50| 39.11| 11.35| 6.65 | 0.20 | 1549 | 6.85 | 9.53 | 5.66 | 37.68| 0.60 | 430 | 54.35| 1.94 | 178.63 | 17.87 | 595.43
ACCESSION-287 | 93.55| 21.50| 44.1Q 9.85 7.65 0.27 1141 5p5 8(81 17 5. 51.49| 0.59 5.00f 4986 196 170.65 17.07 568
ACCESSION-288 | 72.85| 20.00, 35.21 9.05 6.4% 0.40 1183 6.45 8(49 74 4. 28.92| 0.56 480 8228 19F 126.%52 12.65 421
General Mean 74.07| 19.97| 41.11| 8.07 | 597 | 0.31 | 12.07| 556 | 7.64 | 4.00 | 33.43| 054 | 434 | 67.94| 1.96 | 132.01| 13.20 | 441.35
C.D. 12.15| 382 | 6.60 | 1.52 | 1.13 | 0.06 | 220 | 1.05 | 1.12 | 0.69 | 543 | 0.13 | 0.42 | 13.57 15.81 1.58 50.43
SE(m) 413 | 1.30| 224 | 052 | 039 | 002 | 0.75| 0.36 | 0.38| 0.23 | 1.85| 0.04 | 0.14 | 461 | 0.07 | 5.37 0.54 17.14
SE(d) 594 | 187 | 323 | 0.74| 055 | 003 | 1.08 | 051 | 055 | 0.34 | 266 | 0.06 | 0.20 | 6.64 | 0.09 | 7.73 0.77 24.66
C.V. 802 | 934 | 785 | 920 | 929 | 878 | 893 | 9.26 | 7.17 | 8.44 | 7.95 | 1158 | 4.68 | 9.77 | 4.82 5.86 5.86 5.57
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Regarding leaf thickness of vegetable amaranthnes results indicated
significant variation which varied from 0.20mm (AESSION-6, ACCESSION-39,
ACCESSION-40, ACCESSION-247, ACCESSION-276) to tn4® (ACCESSION-
38, ACCESSION-65, ACCESSION-237, and ACCESSION-288)th mean
thickness of 0.31 mm. Significantly thickest leaswecorded in ACCESSION-38,
ACCESSION-65, ACCESSION-237, ACCESSION-288 (0.40mrapd were
statistically at par with ACCESSION-19, ACCESSION-26, ACCESSION-32,
ACCESSION-37, ACCESSION-48, ACCESSION-204, ACCESSigD5,
ACCESSION-248, ACCESSION-250, ACCESSION-268 (0.39mm

Regarding stem girth of vegetable amaranthusigbidts showed significantly
highest stem girth of 22.37mm by the genotype ACSIEBI-237 while that of
lowest recorded in genotype, ACCESSION-258 (5.29 mm

Similarly, petiole length of vegetable amaranthimslicated significant
variations among the tested genotypes which vdrad 2.35 cm (ACCESSION-258
and ACCESSION-263) to 8.20 cm (ACCESSION-204 andCESSION-237) with a
mean value of 5.56 cm. Both the genotypes, ACCESS2X and ACCESSION-237
recorded longest petiole of 8.20 cm than the résthe tested genotypes except
ACCESSION-41 (7.30 cm) which wasatistically at par with the highest value.

Results on stem weight of vegetable amaranthus r&gealed significant
variations among the tested genotypes which vafriech 4.76 g (ACCESSION-
205) to 9.95 g (ACCESSION-38) with a mean stem Wweigf 7.64 g. The
genotype, ACCESSION-38 recorded significantly heavstem of 9.95 g than rest
of the tested genotypes. Howevetatistical parity was observed among the
genotypes ACCESSION-48 (9.85g), ACCESSION-276 (§ 53CCESSION-237
(9.41g), ACCESSION-231 (9.31g), ACCESSION-204 (¢)0&nd ACCESSION-
263 (8.99 g).

Similarly, the results also showed significantigaons among the genotypes
for leaf weight which varied from 2.03 g (ACCESSIEN) to 5.68 g (ACCESSION-
248) with a mean leaf weight of 4.00 g. Signifidpriteaviest leaves were produced
by the genotypes ACCESSION-248 (5.689) closelyofedld by ACCESSION-276
(5.66 g), ACCESSION-268 (5.21g), ACCESSION-287 Tg)land ACCESSION-65
(5.01g) which weretatistically at par with each other
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Results on leaf area of vegetable amaranthus gee®tvaried significantly
ranging from 6.62 ct(ACCESSION-258) to 91.79 n(ACCESSION-65) with a
mean value of 33.43 dnThe results also showed leaf area above 40 ware
ACCESSION-204 (73.00), ACCESSION-202 (68.33), ACCHE3N-19 (52.05),
ACCESSION-237 (52.40), ACCESSION-287 (51.49) andoASSION-26 (44.28).

The ratio of leaf: stem in vegetable amaranthus ahowed significant
variation among the tested genotypes ranging frazd QACCESSION-39) to 0.78
(ACCESSION-2 &ACCESSION-65) with a mean ratio 054. Significant highest
leaf: stem ratio was recorded in ACCESSION-2 andCEGSION-65 (0.78) and was
statistically at par with ACCESSION-202 (0.77), ACCESSION-258 (0.75),
ACCESSION-205 (0.74), ACCESSION-32 (0.71) and ACSE3N-248 (0.66).

Results on TSS of vegetable amaranthus leavesaiedi significant variations
among the tested genotypes ranging from 3.30 (ACIBN-8) to 5.05
(ACCESSION-237) with a mean value of 4.34. The ¢ggm® ACCESSION-237
recorded significantly highest TSS of 5.05 thart oéshe tested genotypes. However,
statistical parity were observed among genotypesz, ACCESSION-41 &
ACCESSION-287 (5.00), ACCESSION-2 & ACCESSION-4®0), ACCESSION-288
(4.80), ACCESSION-32 (4.75), ACCESSION-6 & ACCESSH3 &
ACCESSION-268 (4.70) and ACCESSION-40 & ACCESSION-24.65).

Results data on ascorbic acid content of vegetal@ranthus leaves showed
significant variations ranging from 47.17 mg1G0§CCESSION-19) to 98.46 mg
100g*(ACCESSION-258) with a mean value of 67.94mg Ib0ghe genotype
ACCESSION-258 recorded significantly highest asworicid in leaves (98.46mg
100g') and wasstatistically at par with ACCESSION-8 (96.95), ACCESSION-43
(91.70), ACCESSION-2(91.05) and ACCESSION-268 (8%.6

Regarding total sugar content of vegetable amlawnantleaves varied
significantly ranging from 1.85 % (ACCESSION-209)2.23 % (ACCESSION-65)

with a mean value of 1.96%.

Green yield plantshowed significant variations among the tested types
ranging from 55.26g (ACCESSION-8) to 183.31g (ACGHES3N-48) with a mean
yield of 132.01g. Significantly highest green yighdant' was produced by the
genotype, ACCESSION-48 (183.31g) than the resheftésted genotypes. However,
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statistical parity were observed among the other genotypes with highalsie
viz,ACCESSION-45(179.48g), ACCESSION-276 (178.63g), ASSION-65
(177.38g), ACCESSION-204(172.12g), ACCESSION-248(239g), ACCESSION-
287 (170.65g), ACCESSION-268 (168.45g) and ACCES&R37 (167.709).

Regarding green vyield ptétof 3 n? area, the result showed significant
variation ranging from 5.53 kgpl&tACCESSION-8) to 18.33 kgpld(ACCESSION-
48) with a mean value of 13.20 kgptotSignificantly highest per plot green vyield
were recorded by genotypes ACCESSION-48 (18.33waasdtatistically at par with
genotypes, ACCESSION-45 (17.95), ACCESSION-276 §Z);. ACCESSION-
65(17.74), ACCESSION-204(17.21), ACCESSION-248 %0y, ACCESSION-287
(17.07), ACCESSION-268 (16.85) and ACCESSION-2%.41).

A persual of table 9 on total green yield hectaoé vegetable amaranthus
showed significant variations ranging from 184.2ACCESSION-8) to 611.02
(ACCESSION-48) with a mean vyield of 441.35. Sigrfitly highest green yield fia
was recorded in genotype, ACCESSION-48 (611.02)n thast of the tested
genotypes. Howevetatistical parity were observed among the tested genotypes with
the highest valueviz, ACCESSION-276 (595.43), ACCESSION-268 (591.50),
ACCESSION-45 (598.25), ACCESSION-65 (591.25), ACCGE3N-202 (579.15),
ACCESSION-204 (575.40), ACCESSION-248 (573.17) aA@CESSION-287
(568.82).

4.3 Genetic variability

Results data presented in table no. 10 showed wéd@tions among the
tested 30 genotypes of amaranthus for 18 traits. réSult showed wide variations
among the 18 traits which varied from 0.20mm tdth (leaf thickness) to 184.21
q halto 611.02 g ha (green yield). Results on range of 18 traits alsowed that the
difference between minimum to maximum value vafiesn 1.21 times (total sugar
%) to maximum 13.87 times (leaf area). The traiteving more than three times
differences between minimum to maximum weiz, leaf area (13.87 times), length
(4.57 times), leaf breadth (4.39 times), stem g{#l23 times), petiole length (3.49
times), green vyield plari& green yield hectaré (3.32 times), green yield pt&3.31

times), leaf: stem ratio (3.25 times), plant heighR2 times).
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Regarding general mean of 18 characters studiedethdt also showed wide

variations among the traits ranging from 0.31 (thakness) to 441.35 (green yieldha

Results presented in table 10 revealed wide vansitamong the traits for
both PCV and GCV. Invariably, estimates of PCV wkigher than corresponding
GCV for all the 18 traits under study. Higher PCMlaGCV (>20%) were recorded
for the traits viz. plant height 22.18 and 20.64afllength 29.39 and 27.91, leaf
breadth 34.25 and 32.97, leaf thickness 22.00 @nti72 stem girth 30.81 and 29.49,
petiole length 27.27 and 25.65, leaf weight 27."@8 26.44, leaf area 58.25 and
57.71, leaf: stem ratio 30.30 and 28.00, ascorbit eontent 23.32 and 21.17, green
yield plant!30.29 and 29.71, green yield pto80.29 and 29.72 and green yield
hectare 30.43 and 29.92, respectively. On the other haowled PCV and GCV were
observed (<20%) in traits number of nodes pta6t48 and 13.57, number of leaves
plant!17.98 and 16.18, TSS 11.84 and 10.87, total su§@ and 0.85, respectively.
The data also showed the closeness between PC&@xdor the trait (within 10%)
viz,, plant height, leaf length, leaf breadth, stemhgipetiole length, stem weight, leaf
weight, leaf area, leaf: stem ratio, TSS, greemdymant®, green vyield plot, green
yield hectarg.

Regarding heritability among the 18 traits of amé#nas revealed wide
variations ranging from 3.00% (total sugar) to 984 (green vyield hectar®: The
result also showed that most of the traits excephber of nodes plartand total
sugar content showed more than 80.00% heritability.

Regarding genetic advance as % of mean, the redsdt showed wide
variations ranging from 0.30 (total sugar) to 167(leaf area). The traits showing
higher genetic advance as % of mean (>30%) weffealem (117.76), leaf breadth
(65.37), green yield hectat€¢60.58), green yield pldt(60.07) , green yield plaht
(60.06), stem girth (58.14), leaf length (54.6€gfl stem ratio (53.31), leaf weight
(51.89), petiole length (49.70), ascorbic acid eant(39.60), plant height (39.57),
stem weight (38.51) and leaf thickness (38.10). fEselts also showed the travig.,
leaf length (90.20% and 54.61%), leaf breadth @A.&nd 65.37%), stem girth (91.60% and
58.14%), petiole length (88.50% and 49.70%), leahg98.10% and 117.76%), leaf : stem
ratio (85.40% and 53.31%), leaf weight (90.80% &&dB9%), green yield plahi(96.30%
and 60.06 %), green yield pt(96.30% and 60.07%) and green yield (@6.60% and
60.58 %)of high heritability coupled with genetic advaregressed in % of mean.
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Table 10. Range, General mean, phenotypic co-efeat of variation (PCV), genotypic co-efficient ofvariation (GCV), heritability (in
broad sense), genetic advance (GA) and GA expressad of Mean for 18 characters in vegetable amaratius germplasm.

Phenotypic co-

Genotypic co-

Heritability (in

Genetic

GA expressed in

Characters Range General mean Varei;ftlgﬁn(tp (gv) Var?;ftli((:)lre]rgg Oc];V) broad sense) (%)| advance % of Mean

Plant height (cm) 34.80-112.25 74.07 22.12 20.61 86.80 29.31 39.57
Nodes plant 10.00 - 25.50 19.97 16.48 13.57 68.10 4.60 23.03
Leaves plant 31.46 - 57.55 41.11 17.98 16.18 80.90 12.33 29.99
Leaf length (cm) 3.30-13.25 8.07 29.39 27.91 90.20 4.41 54.61
Leaf breadth (cm) 2.20-9.65 5.97 34.25 32.97 92.60 3.90 65.37
Leaf thickness (mm) 0.20 - 0.40 0.31 22.00 20.17 84.10 0.12 38.10
Stem girth (mm) 5.29 - 22.37 12.07 30.81 29.49 91.60 7.02 58.14
Petiole length (cm) 2.35-8.20 5.56 27.27 25.65 88.50 2.76 49.70
Stem weight (g) 4.76 - 9.95 7.64 21.13 19.87 88.50 2.94 38.51
Leaf weight (g) 2.03-5.68 4.00 27.76 26.44 90.80 2.08 51.89
Leaf Area (crf) 6.62 - 91.79 33.43 58.25 57.71 98.10 39.37 117.76
Leaf: Stem ratio 0.24-0.78 0.54 30.30 28.00 85.40 0.29 53.31
TSS (%) 3.30-5.05 4.34 11.84 10.87 84.30 0.89 20.56
Ascorbic acid (mg 1008 47.17 - 98.46 67.94 23.32 21.17 82.50 26.91 39.60
Total sugar (%) 1.85-2.23 1.96 4.89 0.85 03.00 0.01 0.30

Green yield plant (g) 55.26 - 183.31 132.01 30.29 29.71 96.30 79.28 60.06
Green yield plot (kg) 5.53-18.33 13.20 30.29 29.72 96.30 7.93 60.07
Green yield (g hd) 184.21 - 611.02 441.35 30.43 29.92 96.60 267.37 60.58
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4.4 Correlation coefficient

Results on characters association between alé @dil8 traits in vegetable

amaranthus showed significant to highly significafféct for most of the traits.

The results revealed highly significant positiverelation of green yield plaht
with plant height (0.490 and 0.533), number of &splant (0.693 and 0.765), leaf
length (0.553 and 0.583), leaf breadth (0.660 ai@&), stem girth (0.553 and 0.610),
leaf weight (0.894 and 0.914), leaf area (0.505@hd8) and leaf: stem ratio (0.570
and 0.573) both at phenotypic and genotypic lenesipectively. Similarly, significant
positive correlation with green yield plantas recorded with stem weight (0.275 and
0.313) and TSS (0.265 and 0.292). However, theswes, leaf thickness (0.283) and
petiole length (0.304) showed significant posi@ssociation with yield at phenotypic
level only while highly significant positive coreglon at genotypic level (0.355 and
0.338), respectively. The trait ascorbic acid contef leaf showed significantly
negative correlation with green yield plant0.269) at phenotypic level and highly
negative significant at genotypic level (-0.332).

Total sugar content of vegetable amaranthus lestvewed highly significant
association with number of leaves plar{0.862), leaf length (0.971), leaf breadth
(0.464), leaf thickness (0.519), stem weight (0)84&af weight (0.910), leaf area
(0.903), leaf: stem ratio (0.727), TSS (0.948) enagypic level only. The total sugar
was also highly significant and negatively correthtwith ascorbic acid content
(-0.507) and number of nodes plar{t0.665) at genotypic level only. Similarly, the
total sugar content of the leaves showed signifigasitive association with stem
girth (0.296) while negative association with pletieength (-0.276).

Results on character association of ascorbic acdteat of vegetable
amaranthus leaves showed significant and negabielation at genotypic level with
leaf length (-0.259), stem weight (-0.261) and leafght (-0.307). However, the trait
was highly significant and negatively correlatedhnieaf area (-0.424 and -0.476)
whereas, significant and negatively correlated eddd breadth (-0.274 and -0.280)
both at phenotypic and genotypic level.
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Table 11. Phenotypic correlation co-efficient andgenotypic correlation co-efficient (in parenthesis)between all pairs of 18
characters in vegetable amaranthus germplasm.

Traits | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 | 1000] 0306* [ 0.322* [ 0531 | 0520 [ 0.038 | 0.282* | 0.324* | -0.031 [ 0483 [ 0.392~ | 0385 [ 0.129 -0.067 0.123 | 0.490*
(1.000| (0.416*) | (0.339*%) | (0.608**) | (0.577**) | (0.102) | (0.294%) | (0.374*) | (-0.038) | (0.557**) | (0.440**) | (0.456**) | (0.157) | (-0.063) | (0.243) |(0.533*)

5 1.000 0.133 0.177 | 0.282* 0.224 | 0.270* | 0.670* | -0.003 0.029 | 0.295* | -0.010 | 0.378* | 0.200 -0.036 | 0.086
(1.000 | (0.229) | (0.243) | (0.399*%) | (0.241) | (0.326%) | (0.790**) | (0.020) | (0.021) | (0.344*%) | (-0.039) | (0.397**) | (0.250) |(-0.665**)| (0.110)
3 1.000 | 0.423* | 0.705* | 0.241 | 0.441* | 0.421** | 0.017 | 0.427* | 0.462* | 0.334* | 0.306* | -0.196 0.055 | 0.693*
(1.000 | (0.506*) | (0.761**) | (0.332**) | (0.500**) | (0.499*%) | (0.011) | (0.489**) | (0.502**) | (0.399**) | (0.389*%) | (-0.177) | (0.862**) | (0.765**)
4 1.000 | 0.749* | 0.298* | 0.515* | 0.535* | 0.034 | 0.558* | 0.718* | 0.434* | 0.301* | -0.224 0.217 | 0.553*
(1.000 | (0.802**) | (0.337*%) | (0.597**) | (0.589*%) | (0.062) | (0.611**) | (0.774*%) | (0.481**) | (0.346**) | (-0.259%) | (0.971**) | (0.583*%)
5 1.000 | 0.352** | 0.518* | 0.549** | 0.046 | 0.538** | 0.730* | 0.389** | 0.282* | -0.274* | 0.063 | 0.660**
(1.000 | (0.398*) | (0.561**) | (0.629**) | (0.038) | (0.608**) | (0.763**) | (0.469*%) | (0.310%) | (-0.280%) | (0.464**) | (0.706**)
5 1.000 | 0.304* | 0.282* | -0.041 | 0.328* | 0.424** | 0.336* | 0.016 -0.093 0.176 | 0.283*
(1.000 | (0.345") | (0.276%) | (-0.076) | (0.382*%) | (0.452*%) | (0.426*%) | (0.049) | (-0.129) | (0.519**) | (0.355**)
7 1.000 | 0.546* | 0.572** | 0.461* | 0.359* | -0.025 | 0.319* | -0.098 0.058 | 0.553*
(1.000 | (0.584*%) | (0.640*) | (0.523**) | (0.385*%) | (-0.017) | (0.380**) | (-0.082) | (0.296*) |(0.610**)
8 1.000 0.107 0.196 | 0.441* | 0.040 | 0.478* | 0.015 -0.058 | 0.304*
(1.000 | (0.136) | (0.212) | (0.457**) | (0.040) | (0.565*%) | (0.014) | (-0.276%) | (0.338**)
9 1.000 | 0.259* | -0.067 | -0.511* | 0.311* | -0.200 0.067 | 0.275*
(1.000 | (0.270%) | (-0.079) |(-0.512*%)| (0.344**) | (-0.261%) | (0.848*%) | (0.313%)
10 1.000 | 0.430* | 0.681** | 0.193 -0.225 0.147 | 0.894*
(1.000 | (0.450*) | (0.677*%) | (0.218) | (-0.307*) | (0.910**) | (0.914**)
11 1.000 | 0.429** | 0.230 | -0.424** | 0.250 | 0.505**
(1.000 | (0.469*%) | (0.254) |(-0.476*%)| (0.903**) | (0.518**)
1.000 -0.067 | -0.036 0.094 | 0.570*
12 (1.000 | (-0.068) | (-0.078) | (0.727**) | (0.573*%)
13 1.000 0.024 0.176 | 0.265*
(1.000 | (0.014) | (0.948*) | (0.292%)
14 1.000 -0.040 | -0.269*
(1.000 | (-0.507**) |(-0.332*%)

15 1.000 0.198
(1.000 | (1.343*)

*&** Significant at 5% & 1% respectively

1. Plant height (cm)2.Nodes plant, 3.Leaves/plant4d.Leaf length (cm)5.Leaf breadth (cm)6.Leaf thickness (mm)7.Stem girth (mm)8.Petiole length (cm)9.Stem
weight (g),10Leaf weight (g)11Leaf areal2Leaf: stem ratiol3.TSS (%),14 Ascorbic acid (mg 100, 15.Total sugar (%)16.Green yield plant (g)

57




Regarding TSS of vegetable amaranthus leaves yhgjghificant positive
correlation were observed with number of nodestpl#.378 and 0.397) and petiole
length (0.478 and 0.565) both at phenotypic andtygic level, respectively. On the
other hand, significant positive correlations wetiserved at phenotypic level with
number of leaves plaht0.306), leaf length (0.301), leaf breadth (0.282¢m girth
(0.319), stem weight (0.311) while, highly sign#it positive correlation at genotypic
level (0.389, 0.346, 0.310 and 0.344), respectively

Leaf: stem ratio of vegetable amaranthus showeghlyisignificant and
positive correlation with plant height (0.385 anddB), number of leaves plaht
(0.334 and 0.399), leaf length (0.434 and 0.4k@Hf,breadth (0.389 and 0.469), leaf
thickness (0.336 and 0.426), leaf weight (0.684 @n677), and leaf area (0.429 and
0.469). Similarly, negative correlation with steneight (-0.511 and -0.512), both at

phenotypic and genotypic level respectively.

In vegetable amaranthus leaf area play very drum& towards crop
improvement. The present study revealed highlyisogmt and positive correlation
of leaf area with important leaf yield attributitigits viz., plant height (0.392 and
0.440), number of leaves plant0.462 and 0.502), leaf length (0.718 and 0.784Y,
breadth (0.730 and 0.763), leaf thickness (0.4 8.452), stem girth (0.359 and
0.385), petiole length (0.441 and 0.457) and \eaight (0.430 and 0.450) both at
phenotypic and genotypic level, respectively. Hogreveaf area was significantly
and positively correlated with number of nodes ptaat phenotypic level (0.295)
while highly significant at genotypic level (0.344)

Character association of leaf weight of vegetatearanthus showed highly
significant and positive effect with plant heigbht483 and 0.557), number of leaves
plant! (0.427 and 0.489), leaf length (0.558 and 0.619f breadth (0.538 and
0.608) and stem girth (0.461 and 0.523) at phemotymd genotypic level,
respectively. However, leaf weight was significgrgind positively correlated with
stem weight both at phenotypic and genotypic |€0259 and 0.270) whereas, with
leaf thickness at phenotypic level (0.328). Ondbieer hand, leaf weight was highly

significant and positively correlated with leafdkiness at genotypic level (0.382).

Similarly, stem weight was highly significant apdsitively correlated with

stem girth only (0.572 and 0.640) at phenotypic gebotypic level, respectively.

58



Results on character association between petetgth with other traits
showed highly significant and positive correlatiom, number of nodes plaht(0.670
and 0.790), number of leaves plaf®.421 and 0.499), leaf length (0.535 and 0.,589)
leaf breadth (0.549 and 0.629) and stem girth @& 0.584) at both phenotypic and
genotypic level, respectively. On the other haretjofe length was significant and
positively correlated with leaf thickness at bottepotypic (0.282) and genotypic (0.276)
level. Whereas, significant and positive corretatiath plant height at phenotypic level
(0.324) and highly significant at genotypic lev@374) was observed.

Regarding correlation of stem girth of vegetabhleasnthus showed highly
significant correlation with number of leaves pta(@.441 and 0.500), leaf length (0.515
and 0.597), and leaf breadth (0.518 and 0.561pit shenotypic and genotypic level,
respectively. However, stem girth was significantl gositively correlated with both
plant height (0.282& 0.294), and number of nodesl(0.270 and 0.326) at both
phenotypic and genotypic level, respectively. Sanyl stem girth was significant and
positively correlated at phenotypic level (0.304)iles highly significant at genotypic
level (0.345).

Character association between leaf thicknesstraitlsviz., number of leaves plant
1(0.332), leaf length (0.337) and leaf breadth9®)3howed highly significant correlation
at genotypic level only. However, leaf thicknessvetd at phenotypic level significant
effect with leaf length (0.298) and highly sigreiit effect with leaf breadth (0.352).

The study also showed highly significant and pasitorrelation of leaf breadth
with plant height (0.520 and 0.577), number of ésaplant (0.705 and 0.761), and leaf
length (0.749 and 0.802) at both phenotypic anatgpit level, respectively. However,
leaf breadth showed significant positive associatih number of nodesplah(0.282) at
phenotypic level and highly significant at genotylevel (0.399).

Leaf length of vegetable amaranthus showed higidyificant association
with plant height (0.531 and 0.608) as well as ésaplant (0.423 and 0.506) both at
phenotypic and genotypic level, respectively. Samyl, results on character
association between number of leaves plamith plant height showed significant
positive effect at phenotypic level (0.322) andhiygsignificant positive effect at
genotypic level (0.339). On the other hand, nuniferodesplant the result showed
similar effect of significantly positive correlatiovith plant height at phenotypic level
(0.306) and highly significant at genotypic level416).
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4.5 Path analysis
Result data on phenotypic path analysis presemeddhble 12 showed wide
variations among the 15 traits towards green yiddat®.

Plant height had direct positive effect (0.018) awdirect effectvia nodes plant
(0.008), number of leaves plani0.119), leaf breadth (0.020), stem girth (0.0p4Yjole
length (0.011), leaf weight (0.257), leaf area18)Qleaf: stem ratio (0.085), ascorbic acid
(0.002) and total sugar (0.012). However, plangtiteihad negatively indirect effeata
leaf length (-0.055), leaf thickness (-0.004), steaight (-0.007) and TSS (-0.007).

Number of nodes plahtshowed direct positive effect with yield (0.026)dan
indirect effectvia number of leaves plaht(0.049), leaf breadth (0.011), stem girth
(0.013), petiole length (0.024), leaf weight (0.pa6d leaf area (0.013), while negatively
indirect effectvia leaf length (-0.018), leaf thickness (-0.022), steemght (-0.001), leaf:
stem ratio (-0.002), TSS (-0.020), ascorbic a€id@4) and total sugar (-0.004).

Regarding number of leaves plarhe result showed direct positive effect with
yield (0.369) and indirect positive effedta leaf breadth (0.027), stem girth (0.022),
petiole length (0.015), stem weight (0.004), le&ighit (0.227), leaf area (0.021), leaf:
stem ratio (0.074), ascorbic acid (0.004) and tetgjar (0.005) while negative indirect
effectvialeaf length (-0.044), leaf thickness (-0.024) a&65T-0.016).

Leaf thickness of vegetable amaranthus showed inegditect effect (-0.097)
and indirect effectvia stem weight (-0.009) and TSS (-0.001). Similargaf
thickness showed positive indirect effect througgms girth (0.015), petiole length
(0.010), leaf weight (0.175), leaf area (0.019aflestem ratio (0.074), ascorbic acid
(0.002) and total sugar (0.017).

Results on stem girth showed direct positive eft@d49) and indirect effect
via petiole length (0.019), stem weight (0.126), leaight (0.245), leaf area (0.016),
ascorbic acid (0.002) and total sugar (0.006). aiyi negative indirect effectia
leaf: stem ratio (-0.006) and TSS (-0.017).

Path analysis of petiole length with green yietd viegetable amaranthus
showed direct positive effect (0.035) and indireffectvia stem weight (0.023), leaf
weight (0.104), leaf area (0.020) and leaf: stetioréd.009). on the other hand,
negative indirect effeatia TSS (-0.026) and total sugar (-0.006).
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Table 12. Phenotypic estimate of direct (diagonain bold) and indirect effect of component charactes on yield in vegetable
amaranthus germplasm.

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.018 | 0.008 | 0.119| -0.055 0.020 -0.004 0.014 0.011 -0.000.257 | 0.018| 0.085 -0.00f 0.002 0.012  0.49Q*
2 0.026 | 0.049 | -0.018| 0.011| -0.022 0.018 0.024 -0.001 0.01®.013 | -0.002| -0.020 -0.004 -0.004  0.086
3 0.369 | -0.044 | 0.027| -0.024 0.022 0.015 0.004 0.227 0.021.074| -0.016| 0.004| 0.00§ 0.693*
4 -0.104 | 0.029 | -0.029| 0.025/ 0.019 0.008 0.297 0.082  0.096 .016| 0.005| 0.021| 0.553*4
5 0.039 | -0.034 | 0.026| 0.019| 0.01Q 028 0.033 0.086 -0.015.008| 0.006| 0.660**

6 -0.097 | 0.015 | 0.010| -0.009 0.173 0.01p 0.074 -0.001 0.002.010| 0.283*

7 0.049 | 0.019 | 0.126| 0.245 0.016 -0.006 -0.017 0.0p2  0.006.553*

8 0.035 | 0.023 | 0.104| 0.020| 0.009 -0.026 0.0Q0 -0.006  0.304*
9 0.220 | 0.138 | -0.003| -0.113 -0.017 0.004 0.007  0.275%*
10 0.532 | 0.019 | 0.150| -0.010 0.00§ 0.014  0.894%
11 0.045 | 0.095 | -0.012| 0.009| 0.024  0.505%
12 0.221 | 0.004 | 0.001| 0.009| 0.570*
13 -0.054 | -0.001 | 0.017| 0.265*
14 -0.022 | -0.004 | -0.269*

15 0.096 | 0.198

*&**Significant at 5% & 1% respectively (RESIDUAL EFFECT = 0.2439)

1.Plant height (cm)2.Nodes plant, 3.Leaves/plant4.Leaf length (cm)5.Leaf breadth (cm).Leaf thickness (mm){.Stem girth (mm)8.Petiole length (cm)9.Stem weight
(9), 10Leaf weight (g)11.Leaf areal2Leaf: stem ratiol3.TSS (%),14 Ascorbic acid (mg 108, 15Total sugar (%)16 Green yield plant (g)
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Leaf weight showed positive direct effect withlgi€0.532) and indirect effect
via leaf area (0.019), leaf: stem ratio (0.150), ascodeid (0.005) and total sugar
(0.014), while negative indirect effeata TSS (-0.010).

Regarding leaf area the result showed positivecteffect with green yield plant
1(0.045) and indirect effesia leaf: stem ratio (0.095), ascorbic acid (0.009) tutdl
sugar (0.024) while, negative effeata TSS (-0.012). Similarly, leaf: stem ratio of
vegetable amaranthus showed direct positive effigbt green yield plant(0.221) and
indirect effecvia TSS (0.004), ascorbic acid (0.001) and total s(@a09).

On the other hand, TSS of vegetable amaranthuseedeahowed negative
direct effect with yield (-0.054) and indirect effevia ascorbic acid (-0.001), while
positive indirect effectia total sugar (0.017). Similarly, ascorbic acid comtef
vegetable amaranthus leaves showed negative difect (-0.022) and indirect effect
via total sugar (-0.004). The total sugar content ofetable amaranthus leaves
showed positive direct effect (0.096) with yield.

4.6 Genetic divergence

The results presented in Table 13 showed grouir8) wegetable amaranthus
genotypes into seven clusters by adopting Mahalaribstatistics. Among the seven
clusters both cluster | and cluster Il consisted 2fumbers of genotypes followed by

cluster VI with two genotypes while rest of thestkrs have single genotype.

Table 13. Clustering Pattern of 30 vegetable amarahus germplasm.

Cluster | Number of

No. | Amaranthus Name of Germplasm (member)

ACCESSION-2, ACCESSION-6, ACCESSION-13,
ACCESSION-26, ACCESSION-32, ACCESSION-37,
ACCESSION-39, ACCESSION-41, ACCESSION-205,
ACCESSION-231, ACCESSION-247, ACCESSION-288

12

ACCESSION-19, ACCESSION-43, ACCESSION-45,

ACCESSION-48, ACCESSION-202, ACCESSION-237,
ACCESSION-248, ACCESSION-250, ACCESSION-263,
ACCESSION-268, ACCESSION-276, ACCESSION-287

ACCESSION-40

ACCESSION-258

ACCESSION-38

ACCESSION-65, ACCESSION-204

<
RPIN|R|R|R

VIi ACCESSION-8
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Regarding inter and intra cluster distance amaoemgers clusters, the result
showed wide variations with inter cluster distamg¢ech varied from 174.45 between
cluster VII and cluster 1l to 1622.85 between ¢thusVIl and cluster VI with
maximum inter-cluster distance of 1622.85 betwekrster VI with cluster VII,
followed by cluster VI with cluster Ill (1591.22luster VI with cluster IV (1542.94),
cluster VI with cluster V (1153.30), cluster VI Wwitluster | (929.93). The result also
showed the cluster VI having two genotypes namelCESSION-65 and

ACCESSION-204 showing higher inter cluster distawdé rest of the clusters.

Table 14. Inter and intra cluster distance of 30 vgetable amaranthus germplasm.

Cluster I Il 1] v \% Vi Vi

I 120.33 | 346.77 | 204.47 | 228.91 | 307.41| 929.93 | 327.92
I 198.37 | 730.20 | 572.76 | 354.92 | 562.22 | 907.75
11 0.00 217.33 | 516.25 | 1591.22| 174.45
IV 0.00 | 366.98 | 1542.94| 297.41
\% 0.00 | 1150.30| 912.98
Vi 160.42 | 1622.85
VIi 0.00

Similarly, the results also showed intra clustestahce ranging from 0.00
(cluster IIlI, IV, V & VII) to 198.37 (cluster I)Maximum intra cluster distance was
observed in cluster Il (198.37) closely followed dyster VI (160.42) and cluster |
(120.33).

Results on cluster mean showed wide variationsngnibe clusters for 16
traits. Invariably, the result showed cluster Viealed highest green vyield plant
(174.75 g), plant height (100.40 cm), leaf area38Znt), number of leaves plaht
(47.03), stem girth (16.21 mm), leaf length (13c@f), leaf breadth (8.67 cm), petiole
length (6.73 cm), leaf weight (4.99 g) and totajau(2.07 %) while, second highest
for leaf: stem ratio (0.66) and leaf thickness 3m) and third rank for number of
nodes plant (22.25), stem weight (7.76 g) and TSS (4.38%) ([@ab).
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On the other hand, cluster VII showed first rank fmdes plant (23.00),
second rank for ascorbic acid (96.95 mg 1Hand plant height (90.40 cm), whereas,
third rank for the traits of leaf length (7.75 camyd leaf breadth (5.50 cm).

Table 15. Mean of 18 characters in different clusts of amaranthus germplasm.

S|, Clusters
No. | (12) [ (@2)[11 @)1V @)| V Q) | VI )|Vl (1)
Characters

1 [Plant height (cm) 64.7181.24| 67.50| 77.05| 34.80|100.40 90.40

2 |Nodes plant 19.29| 19.83| 22.50| 19.50| 20.00| 22.25| 23.00

3 |Leaves plant 37.50| 46.25| 32.61| 33.32| 35.15| 47.03| 33.28

4 |Leaf length (cm) 740 893 480 3.30 420 13.00.75

5 |Leaf breadth (cm) 511 7.28 3.00 220 225 867.505

6 |Leaf thickness (mm) 030 031 0.20 0.5 0440 0.38.30

7 |Stem girth (mm) 10.4814.04| 7.96 | 5.29| 12.5116.21| 10.45

8 |Petiole length (cm) 520 599 640 285 465 6.75.50

9 |Stem weight (g) 717 830 7.22 55%2 995 7|76 154
10 |Leaf weight (g) 3.36] 4.87 208 412 3.06 499 265
11 |Leaf Area (cm) 27.97| 36.80| 16.97| 6.62 | 20.25 82.39| 16.98
12 |Leaf: Stem ratio 050 059 029 0./5 0.31 0J66 0449
13 [TSS (%) 435 449 465 340 410 438 3.30
14 |Ascorbic acid (mg 1003 | 70.62| 63.83| 69.16| 98.46| 53.76| 53.29| 96.95
15 |Total sugar (%) 193 19 199 194 198 2,07 1|87
16 |Green yield plant (g) 103.71167.27 60.88|136.50106.54174.75 55.26

Regarding mean data of cluster V showed higharegafor the traitsiz., stem
weight (9.95 @), leaf thickness (0.04 mm) and thiadk for stem girth (12.51 mm)
with total sugar (1.98 %). On the other hand, €us$li showed highest values for
TSS (4.65%) while second rank for the traitz, number of nodesplant(22.50),
petiole length (6.40cm) and total sugar (1.99%)e Thuster means of cluster | rank
third for the traitsviz., ascorbic acid (70.62 mg 108 number of leaves plaht
(37.50) and leaf area (27.97 ®m
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Regarding relative contribution of different teito genetic divergence in
vegetable amaranthus showed that green yield pleontributed to maximum extent
towards genetic divergence (51.03%) followed by &aa (36.09%). Similarly, stem
weight contributed (3.22%), while, leaf weight aascorbic acid content (1.84%)
each, TSS (1.15%) and stem girth, leaf: stem &attotal sugar contributed (0.69%)
each. Similarly, both plant height and leaf thickheontributed 0.23% each while
leaf breadth 0.46% towards genetic divergence getable amaranthus (Table 16).

Table 16. Relative contribution of different charaters to genetic divergence in

vegetable amaranthus germplasm.

SlI. No. | Character No. of First Rank % Contribution
1 Plant height (cm) 1 0.23 %
2 Nodes plant 0 0.00 %
3 Leaves plant 0 0.00 %
4 Leaf length (cm) 0 0.00 %
5 Leaf breadth (cm) 2 0.46 %
6 Leaf thickness (mm) 1 0.23 %
7 Stem girth (mm) 3 0.69 %
8 Petiole length (cm) 8 1.84 %
9 Stem weight (g) 14 3.22%
10 Leaf weight (g) 8 1.84 %
11 | Leaf Area (crf) 157 36.09 %
12 Leaf: Stem ratio 3 0.69 %
13 | TSS (%) 5 1.15%
14 | Ascorbic acid (mg 1009 8 1.84 %
15 Total sugar (%) 3 0.69 %
16 | Green yield plarit(g) 222 51.03 %

Total 435 100 %
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DISCUSSION

The present investigation entitledCharacterization and evaluation of
Amaranthus (Amaranthus spp. L.) genotypes for leaf yield” was carried out at
research plot of Central Horticultural Experimernat®n, ICAR-Indian Institute of
Horticultural Research, Aiginia, Bhubaneswar, Odjdndia, duringabi, 2020-2021.
The objectives of the present investigation weraratterization and evaluation of
germplasm of vegetable amaranthus ffer se performance. The other objectives
were estimation of nature and extent of geneti@bdity, character association, path
analysis of leaf yield and yielding attributes aslivas divergence study for future

crop improvement programme of vegetable amaranthus.

In the present chapter entitled, “Discussion”, iptetation of salient
significant findings with respect to different obsations recorded at various
stages of vegetable amaranthus was analysed &cedhti with the other earlier
established scientific views available at regionatjonal and international levels. For
the effective interpretation of salient significdimdings, discussions are presented in

the following sub-headingse.,

5.1 Morphological characterization
5.2 Mean performance of 30 genotypes of vegetabl@ranthus
5.3 Genetic variability
5.4  Correlation coefficient
5.5 Path analysis
5.6 Genetic divergence
5.1 Morphological characterization

In general, morphological characterization is &dats one of the most useful
techniques for estimation of genetic diversity amothe different genotypes
(Dhattet al., 2017). For the development of new variety astipeibreeding objectives
of any crop species, there is urgency in propelectbn, evaluation, conservation
and utilization of germplasm. In the present inigegion, several morphological
characters were studied at different stages of tabtge amaranthus crop for proper
identification which are discussed below.
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The results on morphological characterization presge in table 6 of
vegetative growth\yfz.,, plant height and plant growth habit) in vegetablgeanthus
showed dominance of short plant height (100.00%bh wipright growth habit
(90.00%) while semi-spreading as 10.00%. Similgrores of wide variations in
different growth habit of amaranthus germplasm was® suggested by Shahal.
(2018). Gerrancet al. (2017) also observed dominance of erect growthithab
vegetable amaranthus population.

Results on stem colour of collected vegetable antlans also showed wide
variations. The results showed dominance of pin&33%) closely followed by
yellowish green colour (33.33%). On the other hdahd,evaluated genotype showed
6.67% each as stem colour in the form of purplisik,pgreenish red and reddish
brown. The result showed only 3.33% having yelltwsnk stem colour. Purplish
red petiole colour was dominant (43.33%) followsdykllowish green (33.33%) then
purplish pink, greenish red and reddish brown (Gp#ach and yellowish pink
petiole (3.33%). Similarly, the results revealednéltance of short petiole (<14.00cm)
(200.00%) than medium (14.00-17.00cm) and longopeetength (>17.00cm) (0.00%
each), respectively. Similar reports of variationsstem colouration in amaranthus
have also been reported by Shehal. (2018) and Ray (2019) in vegetable

amaranthus.

Results on characterization of leaf colour of vabgkt amaranthus showed
wide variations among the tested genotypes. Theeptestudy showed five different
colours of leavesiz., green (53.33%), green with purple blotch (16.67&b&enish
purple (6.67%), purplish green (13.33%) and pu(p@00%). Regarding presence of
blotch in leaves, the results revealed dominanceaisfence of blotch in leaves
(83.33%) over presence of blotch in leaves (16.6Bi6hilar reports of dominance of
green coloured leaves in vegetable amaranthus alaeebeen reported by several
scientists (Gerranet al., 2017; Shalet al., 2018 and Ray, 2019). The population also
showed prominence of smooth leaf veins (100.00%is Tfesult is in agreement with
the findings of Gerranet al. (2017).

Characterisation of leaf shape of vegetable amlamardhowed dominance of
ovate leaf shape (66.67%), followed by rhombata@vweaves (20.00%). The result
also showed presence of 6.67% obovate leaf shdpmvéol by lanceolate and
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elliptical (3.33%) shape each. Gerraapal. (2017) also observed dominance of

elliptical leaf shape in vegetable amaranthus paipan.

Regarding inflorescence colour of vegetable amhatemtthe results showed
wide variations in colour, dominated by green col@3.33%) followed by yellowish
green (6.67%), purplish green (20.00%), pink (18pand purplish pink (3.33%).
The results of present study corroborate the figsliof Shahet al. (2018) and
Gheraset al. (2020) in vegetable amaranthus.

Presence of axillary inflorescence is treated asngortant trait related to
seed production of vegetable amaranthus. In theepteinvestigation, all the
evaluated genotypes showed the presence of axilidiyrescence. None of the

genotype showed absence of axillary inflorescence.

The overall results on characterization of 30 eatd genotypes of vegetable
amaranthus showed the dominance of short plant@2@) with upright growth habit
(90.00%), short petiole length (100.00%) havingptish red petiole (43.33%) and
stem colour (43.33%) pigmentation, ovate leaf shgg&67%) with smooth leaf
surface (100.00%), green leaf colour (53.33%) withamy blotch in leaves (83.33%),
green inflorescence colour (53.33%) with presende agillary inflorescence
(100.00%). These distinct variations in morpholagitaits of vegetable amaranthus,
observed in the present study might be due to gemehkeup of the concerned
genotypes and their interaction effects with otkewironmental factors. Similar
reports on morphological variations in vegetablexeanthus have also been reported
earlier by several scientists in different propmis in vegetable amaranthus
(Shahet al., 2018; Ray, 2019 and Gherageal., 2020).

5.2  Mean performance of 30 vegetable amaranthus getypes
5.2.1 Analysis of variance for 30 vegetable amaramis genotypes

Theper se performances of 30 genotypes of vegetable amaranthas carried
out by Analysis of Variance for 18 different traitfhe degree of experimental
precision during the investigation was around 1@ 0d0r all the traits under study
which varied from 4.68% (TSS) to 11.58% (leaf: steatio) indicating the least
influence of environmental factors during the fielperimentation (Table 8). Similar
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observations have also been reported by sevemahtsts in vegetable amaranthus
(Tejaswiniet al., 2017; Shahibat. al., 2020 and Agadit al., 2021).

5.2.2 Vegetative growth parameters

Significant variations were recorded for vegetativewth parametergz, plant
height and number of nodes plaim all the genotypes of vegetable amaranthus mangi
from 34.80 cm (ACCESSION-38) to 112.25 cm (ACCES$iZD4) and 10.00 cm
(ACCESSION-63) to 25.50 cm (ACCESSION-41 and ACCE®&204), respectively.

The genotype, ACCESSION-204 (112.25 cm) recordedifscantly tallest
plants than rest of the genotypes. However, theotgpe viz, ACCESSION- 287
(93.55 cm), ACCESSION-255 (91.30 cm), ACCESSION- (80.40 cm),
ACCESSION-45 (88.95 cm), ACCESSION-65 (88.50 crAlCCESSION- 19
(84.50 cm), ACCESSION-268 (83.00 cm) and ACCESSIZNS-(82.70 cm) where
statistical parity were observed. Significantly highest number of esoglant was
recorded by ACCESSION-41 and ACCESSION-204 and stadistically at par with
ACCESSION-8 (23.00), ACCESSION-237 (23.00), ACCE38{40 (22.50) and
ACCESSION-45 (22.50).

Results on overall performance of 30 vegetable anthAus genotypes
revealed that, ACCESSION-8, ACCESSION-45 and ACOB®5204 recorded
significantly higher values for both plant heigitdanumber of nodes plahtunder
study. The variations on growth parameters of antats as observed in the present
study might be due to genetic makeup of the gemoaym their interaction effects of
a given set of environmental condition. Similarogp of significant differences in
plant height have also been reported by Tejasetiral. (2017) and Rashad al.

(2020) in vegetable amaranthus.

5.2.3 Leaf yield attributing parameters

In general, among the green leaf yield attributiagfs, viz., number of leaves
plant, leaf length, leaf breadth, leaf thickness, steimthgpetiole length, stem
weight, leaf area and leaf. stem ratio play vitallertowards the productivity of
vegetable amaranthus crop. Consequently, thesa tgakyield attributing traits must
be considered carefully for selection of superiengype(s) under a specific set of

environmental conditions.  Results revealed sigaiit differences in number of
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leaves plant, ranging from 31.46 (ACCESSION-39) to 57.55 (ACGHIN-43).
Significantly highest number of leaves ptanvas recorded in ACCESSION-43
(57.55) and wastatistically at par with ACCESSION-45 (51.19). Similar reports of
significant variations among the genotypes of valglet amaranthus have also been
reported by several workers (Mobiré al., 2014, Tejaswiniet al., 2017 and
Rashactt al., 2020).

Results on leaf length, leaf breadth, leaf thicknasd leaf area of vegetable
amaranthus revealed significantly higher valuethengenotypesiz., ACCESSION-
65 (13.25 cm, 8.70 cm, 0.40 mm, 91.79°cand ACCESSION-204 (12.75 cm, 8.65
cm, 0.35 mm, 73.00 cf)) respectively. However, significantly highestflekength
leaf thickness and leaf area were recorded in ACEIG8S-65 (13.25 crf) 0.04 mm
and 91.79 crf) while leaf breadth (9.65 cm) by ACCESSION-202. tBa other hand,
the genotype, ACCESSION-258 showed lowest leaftteri8.30 cm), leaf breadth
(2.20 cm) and leaf area (6.62 Ynwhile, ACCESSION-247 recorded lowest leaf
thickness (0.20 mm). Similar observations of sigaifit variations were reported in
leaf length and breadth among the genotypes oftabbe amaranthus have been
reported by Tejaswirgt al. (2017) and Shabhiket al. (2020).

Regarding results on stem girth and petiole lergjthregetable amaranthus,
the results showed significantly highest valuesAIBCESSION-237 (22.37 mm and
8.20 cm) while minimum by ACCESSION-258 (5.29 mnd &35 cm), respectively.
However, ACCESSION-204 also recorded longest pet{8l20 cm). These results
are in agreement with the findings of Raskial. (2020) and Shahibet al. (2020).

In vegetable amaranthus, traits like stem weighdf Wweight and leaf: stem
ratio play very crucial role towards the improvemehgreen leaf yield. The result of
the present study revealed significantly highestmstweight of 9.95 g by
ACCESSION-38 and wagstatistically at par with ACCESSION-48 (9.85 @),
ACCESSION-276 (9.53 g), ACCESSION-237 (9.41 g), ASSION-231 (9.31 g),
ACCESSION-204 (9.06 g), and ACCESSION-263 (8.99 @n the other hand,
significantly highest leaf weight (5.68 g) was retexd by ACCESSION-248, closely
followed by ACCESSION-276 (5.66 g), ACCESSION-2682(), ACCESSION-287
(5.17 g) and ACCESSION-65 (5.01 g). Similarly, testem ratio, the result revealed
significantly highest values of 0.78 by ACCESSIOS-#hd ACCESSION-2 and was
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statistically at par with ACCESSION-32 ACCESSION-202, ACCESSION-205,
ACCESSION-248 and ACCESSION-258. The findings asgnt investigation are in
agreement with Hasaet al. (2013) and Dhangraht al. (2015) for leaf weight in
vegetable amaranthus. Similar reports significamtations among the genotypes for
leaf: stem ratio was also observed by Tejasetial. (2017) and Shahiba et §020)

in vegetable amaranthus.

It may be concluded that vegetable amaranthus geemtiz, ACCESSION-65,
ACCESSION-204, ACCESSION-268 and ACCESSION-276 watentified as
relatively superior type with respect to variougeayr leaf yield attributing traits.
These results of present study are in agreemeit fiidings of Selvaraj (2004),
Panet al. (2008), Jangde (2016), Tejaswatial. (2017) and Shahibat al. (2020).

5.2.4 Leaf quality parameters

Results on leaf quality parametengz., TSS, ascorbic acid and total sugar
revealed significant differences among the tesestbtypes except total sugar content

in leaves.

Significantly highest TSS of 5.05% was recordedAfyCESSION-237 and
was statistically at par with ACCESSION-41 (5.00%), ACCESSION-287 (5.00%),
ACCESSION-2 (4.90%), ACCESSION-45 (4.90%), ACCESS{Z88 (4.80%),
ACCESSION-32 (4.75%), ACCESSION-43 (4.70%), ACCEJS1268 (4.70%),
ACCESSION-40 (4.65%) and ACCESSION-204 (4.65%). tBa other hand, the
leaves of genotype, ACCESSION-258 recorded sigmitiy highest ascorbic acid
content of leaves (mg 108p as 98.46 and werestatistically at par with
ACCESSION-8 (96.95), ACCESSION-43 (91.70), ACCESSID (91.05) and
ACCESSION-268 (85.69). The results on total sugartent of amaranthus leaves
were non-significant among the tested genotypesveier, highest value of 2.23%
was observed by ACCESSION-65 while lowest of 1.868%CCESSION-205.

The overall findings on leaf quality of vegetal@maranthus revealed that,
genotypesviz, ACCESSION-2, ACCESSION-43 and ACCESSION-268 prediuc
significantly better leaf quality. The findings @resent study corroborated with

reports of Tejaswingt al. (2017).
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5.2.5 Leaf yield parameters

Results of green yield plahtgreen yield plot and green yield hapresented
in table 10, revealed significant variations amdagted genotypes ranging from
55.26 g, 5.53 kg and 184.21 q in ACCESSION-8 t0.388, 18.33 kg and 611.02 q
in ACCESSION-48. However, the genotypeis., ACCESSION-45 (179.48 g,
17.95 kg and 598.25 q), ACCESSION-65 (177.38 g,747kg and 591.25 q),
ACCESSION-204 (172.12g, 17.21 kg and 575.40 q), ESSION-248 (171.95 g,
17.20 kg and 573.17 q), ACCESSION-268 (168.45 g8d6&g and 561.50 q),
ACCESSION-276 (178.63 g, 17.87 kg and 595.43 ) #@CESSION-287
(170.65 g, 17.07 kg, 568.82 q) wesstistically at par with the highest values,

respectively.

Thus, on the basis gkr se performance, it may be concluded that the better
performing genotypes of vegetable amaranthus ifiedti germplasm viz,
ACCESSION-48, ACCESSION-45, ACCESSION-276, ACCESSI6b,
ACCESSION-204, ACCESSION-248, ACCESSION-287 and ASSION-268.
Significantly better performances of these idesdifigenotypes might be due to
inheritance of major green leaf yield contributtregjts with high heritability coupled with
high GA as % meaxz, leaf length (90.20% and 54.61%), leaf breadth (@& @nd
65.37%), stem girth (91.60% and 58.14%), petiotgytle (88.50% and 49.70%), leaf
area (98.10% and 117.76%), leaf : stem ratio (86.40hd 53.31%), leaf weight
(90.80% and 51.89%), green vyield pta®6.30% and 60.06 %), green yield plot
(96.30% and 60.07%) and green yield'(86.60% and 60.58 %)as observed in the
present investigation (Table 10). Further, thegarestudy also revealed highly significant
and positive correlation of plant height (0.490 &3B), number of leaves plan{0.693
& 0.765), leaf length (0.553 & 0.583), leaf bread®660 &0.706), stem girth (0.553
& 0.610), leaf weight (0.894 & 0.914), leaf area5@b& 0.518) and leaf: stem
ratio (0.570 &0.573) both at phenotypic and genatypvel, respectively, as well
as direct path by leaf weight (0.532), number aivies plant (0.186) and leaf:
stem ratio (0.221) on total green leaf yield pfamthich was observed to be
higher, as evidenced in the present investigat®imilar observations of higher
green leaf yield plant by different genotypes of vegetable amaranthus unde
different agro-climatic conditions have also beeparted by Chattopadhyay al.
(2013); Hailuet al. (2015) and Tejaswirst al. (2017).
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5.3 Genetic variability

In crop improvement programme, the presence ofreand extent of genetic
variability will play crucial role for subsequerglsction or isolation of superior types.
In general, wider will be the genetic variabilitgffective will be the selection.
Therefore, it is very essential to study the gengtriability for subsequent crop
improvement programme. As a whole, the study ofegenvariability includes the
range, general mean, PCV, GCV, heritability and&A&6 of mean of different traits of a
particular crop population. The range value of diq@dar trait simply indicates the extent
of genetic variability present in the populationeras general mean will indicate the
guantification of that particular trait, which wibbe useful for subsequent selection
programme. On the other hand, both PCV and GCYhasts will provide a firm base to
assess various components of particular traits hiketable as well as non-heritable
portion (Burton and Devenace, 1953). Estimates evitdbility of a trait indicate the
heritable portion to be transmitted to progeny @A indicates the % of gain of a
particular trait in the future progeny.

Results of present investigation (Table 10) showate genetic variability in
ranges for 18 quantitative traits under study. Témege of different traits between
minimum and maximum values varied from 0.20 to O in leaf thickness to
maximum of 184.21 to 611.02 ghaotal green yield. Similarly, the % of difference
between minimum and maximum of a particular tratied minimum from 2.00
times (leaf thickness) to maximum of 13.87 times{larea). The traits showing wide
differences between maximum and minimum (> 3 tinves) plant height (3.23), leaf
length (4.02), leaf breadth (4.39), stem girth 84,.2etiole length (3.49), leaf area
(13.87), leaf: stem ratio (3.25), green yield pfatlot and hectaré (3.32, 3.31 and
3.32, respectively) etc., there by suggesting enasrscope for selection of these
traits in future vegetable amaranthus improvemengmamme. Similar reports of
wide ranges of different traits in vegetable amtras have also been reported by
several scientists (Vyad al., 2006; Oboh, 2007; Paat al., 2008; Joshet al., 2011,
Akaneme and Ani, 2015, Shahiéizal., 2020 and Agadit al., 2021).

Results also showed wide range of variations feregdd mean values of 18
traits studied in vegetable amaranthus ranging fB1 mm (leaf thickness) to
441.35 gha (green leaf yield hectaf® The traitsviz, leaf thickness (0.31), leaf:
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stem ratio (0.54), total sugar content of leave8q}l leaf weight (4.00), TSS (4.34),
petiole length (5.56), leaf breadth (5.97), stenigive(7.64), leaf length (8.07), stem
girth (12.07), green vyield pld¢13.20), number of nodes plan{19.97), leaf area
(33.43) and number of leaves pfaf#1.11) showed less than 50 values. On the other
hand, traitsviz., ascorbic acid content of leaves (67.94), planglme{(74.07), green
yield plant! (132.01) and green yield hectargt41.35) showed more than 50 values
in the present investigation. Hence, it may be hkaled from the present
investigation that, due to presence of wide valiigbamong the traits, there will be
enormous scope for selection in vegetable amararnithprovement. The results of
present investigation are similar to the observatiof Varalakshmet al. (2004),
Vyas et al. (2006), Oboh (2007), Joski al. (2011) and Dhangra& al. (2015) in
vegetable amaranthus.

The study also revealed that difference between RGY GCV was less (<
10.00%) in traitsiz., plant height, leaf length, leaf breadth, leaf khiess, stem girth,
petiole length, stem weight, leaf weight, leaf adeaf: stem ratio, TSS, green yield
plant!, green yield plot and green yield hawhich suggested more prevalence of
genetic governance of these traits with least erfaed by the concerned environment
towards phenotypic expression of such traits. Toe¥e simple phenotypic selection
would be very effective in improvement of vegetadubearanthus. The results of present
investigations are in agreement with findings ofs&teet al. (2013), Dhangralet al.
(2015) Diwanet al. (2017) and Agadet al. (2021) in vegetable amaranthus.

Similarly, relatively wide variations were observedtween PCV and GCV
for the traitsviz., number of node plaif number of leaves plahtand ascorbic acid
content of the leaves, indicating the influencew¥ironmental factors for expression
of these traits. Hence, phenotypic selection of¢hiaits may not be effective for
development of superior types in vegetable amawmsnimprovement programme.
Similar reports have also been reported by Rani\Ge®taragavathatham (2003) and
Anuja and Mohideen (2007).

The results of present investigation also showdatively higher estimates
(>20.00 %) for both PCV and GCV for trait., plant height (22.12 and 20.61), leaf
length (29.39 and 27.91), leaf breadth (34.25 ah®73, leaf thickness (22.00 and
20.17), stem girth (30.81 and 29.49), petiole Ien@7.27 and 25.65), leaf weight
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(27.76 and 26.44), leaf area (58.25 and 57.71) lestem ratio (30.30 and
28.00), ascorbic acid content of leaves (23.32 amndl7), green yield plant
(30.29 and 29.71), green yield pf§80.29 and 29.72) and green yield%®0.43
and 29.92), respectively, there by suggesting bestope of improvement
through selection. The results of present studyiragreement with the findings
of Ahammedet al. (2012), Hasanet al. (2013), Dhangrahet al. (2015)
Diwanet al. (2017) and Agadet al. (2021).

It has been reported that estimates of both PCV&@OY does not portioned
the extent of heritable and non-heritable companaritany particular character.
Hence, for proper estimation of heritable comporana particular trait, it is also
essential to estimate heritability in broad semdgch includes both additive and non-
additive gene effects. As a general rule, highemedes of heritability of a particular
trait simply indicate the transfer of more herimalgortion of that character, hence
more stable under various environmental conditidghsreby, creating better
opportunity for effective selection of a desiralsleperior genotype. On the other
hand, high GA /GG indicate the additive gene actidrerefore, it has been suggested
that consideration of both high heritability alowgh high GA as % mean would be
more effective tool for selecting superior genofgperather consideration of
heritability of the character alone. The resultpdsent investigation revealed wide
range of heritability varying from merely 3.00 %tél sugar content of leaves) to
98.10% (leaf area). The result also showed verly higritability (>80.00%) for traits
viz., number of leaves plahi80.90%), ascorbic acid content (82.50%), leafkihéss
(84.10%), TSS (84.30%), leaf : stem ratio (85.40%8ant height (86.80%), leaf
length (90.20%), petiole length (88.50%), stem Wweig88.50%), leaf weight
(90.80%), leaf breadth (92.60), stem girth (91.608sken yield plant (96.30%),
green yield plot (96.30%), green vyield h§96.60%) and leaf area (98.10%).
Therefore, selection of genotypes on basis of aboter traits would be more
beneficial. The results of present study are ineagrent with the findings of
Shuklaet al. (2006) and Pasat al. (2008) for leaf breadth, leaf length, leaf: stetia,
stem girth and green yield pfgtDiwan et al. (2017) for leaf weight, stem weight,
petiole length and number of leaves pfaahd Adeniji (2018) leaf breadth and plant
height in vegetable amaranthus.
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Johnsoret al. (1955) suggested that to increase the effectsseimephenotypic
selection, both heritability and GA as % of meaawti be considered simultaneously
in crop improvement programme. The results of pregevestigation showed high
heritability with high GA as % of mean (>40%) foaitsviz, leaf length (90.20% and
54.61%), leaf breadth (92.60% and 65.37%), steth (&1.60% and 58.14%), petiole
length (88.50% and 49.70%), leaf area (98.10% ahd76%), leaf : stem ratio
(85.40% and 53.31%), leaf weight (90.80% and 51)8%¥een yield plant(96.30%
and 60.06 %), green yield pf§96.30% and 60.07%) and green yield (26.60%
and 60.58 %). These results imply additive genescedf in expression of the
abovementioned traits. Therefore, simple phenotgplection would improve these
traits in subsequent generations of vegetable artrarsa improvement programme.
Similarly, the results of present study also reedairaits having high heritability
coupled with low GA for number of nodes pla(G7.80% and 23.03%), TSS (84.50%
and 20.56% and total sugar content (3.00% and (.08@dies that some improvement
through selection can also be possible in futureeggion. However, low or high GA is
indicative of non-additive gene action (dominanid apistasis). Similar observations in
amaranthus breeding programme have also beeneégnytseveral scientists earlier in
vegetable amaranthus (Anuja and Mohideen, 2007 gPal 2008; Hasaret al., 2013;
Patial et al., 2014; Dhangralet al., 2015; Sarker e#l.,2015; Diwanet al., 2017 and
Jangdest al., 2018).

5.4 Correlation coefficient of green leaf yield andgield attributing traits

Green leaf yield of vegetable amaranthus beingraptex trait is controlled
by polygene and hence subjected to various envieomah factors for full
expressions. Therefore, selection of a superiootype (s) on the basis of phenotypic
selection may not be always true to type in cropromement programme. Hence, as
suggested by Robinscat al. (1966), the effectiveness of the phenotypic selact
may further improve with the study of characteroasstions between yields with
other yield attributing traits. Therefore, it isggested that along with genetic
variability study of various traits of a given padation, it is also essential to study the
character association both at genotypic and phpiotievel for an effective
phenotypic selection programme.
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In the present investigation, results of correlastudy presented in Table 11
revealed significant associations among 18 trabere both phenotypic and
genotypic correlations exhibited almost similamtie. The results also showed that
invariably the estimates of genotypic correlatiorese higher than the corresponding
phenotypic correlations, thereby suggesting theeritdd association between these
trait pairs in vegetable amaranthus. Similarly, tieeults also revealed the close
association between both genotypic and phenotgwels, thus suggesting that there
was least influence of environmental factors towaedtimating the association of
these leaf yield attributing traits with green lgafld plant® in vegetable amaranthus.
This might be due to a strong genetic makeup ofuaetad genotypes of amaranthus.
The results of present investigation are well doorated with the findings of
Pan ¢al. (2008) and Hasagt al. (2013) in vegetable amaranthus.

The results present study revealed significaninptypic correlation which
varied from (-) 0.003 (between stem weight with i@mof nodes plai) to 0.894
(between green leaf yield planwith leaf weight) while that of genotypic corretat
varied from (-) 0.017 (between leaf: stem ratiohwstem girth) to 0.914 (between
green yield plant with leaf weight). Results also indicated that 01120 estimates
of phenotypic correlations with green leaf yieldupt!, only 70 estimates were found
significant including 66 positive and four in neigatdirection, whereas 88 estimates
were significant including 78 positive and ten waraegative direction at genotypic
level. The results also revealed that out of 7@ifigant, 23 were significant at 5%
while 47 at 1% level at phenotypic level whereasdll 75 at 5% and 1% at
genotypic level, respectively. Similar significartrrelations of green leaf yield with
other traits in vegetable amaranthus have also bemrted by several scientists in
vegetable amaranthus (Aruna, 2009; Varalak<irai., 2010; Ahammedt al., 2012;
Yadavet al., 2014; Abeet al., 2015, Sarkaet al., 2015, Tejaswinkit al., 2017 and
Sagaret al., 2018).

Results on character association with green yipldnt! in vegetable
amaranthus revealed highly significant positiveoasgion with plant height (0.490
and 0.533), number of leaves ptari0.693 and 0.765), leaf length (0.553 and 0.583),
leaf breadth (0.660 and 0.706), stem girth (0.553 @610), leaf weight (0.894 and
0.914), leaf area (0.505 and 0.518) and leaf: stato (0.570 and 0.573) both at
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phenotypic and genotypic level, respectively. Samyl, significant positive
association with green yield plahwith traits like leaf thickness (0.283). Petiole
length (0.304) and stem weight (0.275) at phenctygvel while highly significant
positive association with leaf thickness (0.355]) petiole length (0.338) at genotypic
level. However, stem weight showed significant pesiassociation with green yield
plant! (0.275 and 0.313) and TSS (0.265 and 0.292) at fifedinotypic and genotypic
level, respectively. This investigation was in cdiamre with Varalakshmi and Reddy
(1994) who reported that leaf yield ptdiad strong positive association with leaf width,
stem girth and leaf stem ratio. The results ofgemvestigations are well in agreement
with the findings of several scientists in vegetadainaranthus (Sarkeral., 2014; Hailu

et al.,, 2015; Sarkeet al., 2015; Tejaswinet al., 2017 and Sagat al., 2018).

Plant height of vegetable amaranthus showed highgynificant positive
association with number of leaf length (0.531 an@08) leaf breadth (0.520 and
0.577), leaf weight (0.483 and 0.557), leaf are89® and 0.440), leaf: stem ratio
(0.385 and 0.456) at both phenotypic and genotiguel while significant positive
association number nodes pi&it322), stem girth (0.282) and petiole length 2@)3
at phenotypic level whereas highly significant pigsi association with leaf length
(0.339) and petiole length (0.374) at genotypiceleWhus, the results showed that
simultaneous improvement of these traits will beyveffective in development of
new genotype(s) in vegetable amaranthus. Similporte are in conformity with

Sagaret al. (2018) for leaf area in amaranthus.

Results also showed highly significant associabbmumber of leaves plaht
with leaf length (0.423 and 0.506), leaf breadtiy@6 and 0.761), stem girth (0.441
and 0.500), petiole length (0.421 and 0.499), Veaight (0.427 and 0.489), leaf area
(0.462 and 0.502) and leaf stem ratio (0.334 ar399). at both phenotypic and
genotypic level . Similar observation with characssociations were also reported
by Sagaet al. (2018) and Adeniji (2018).

Overall results on character association of pitesemstigation indicated that
direct selection of the traitgz., plant height, number of leaves planteaf length,
leaf breadth, leaf thickness, stem girth, petielegth, stem weight, leaf weight, leaf
area, leaf: stem ratio, TSS and total sugar contemnt lead to the development of
high yielding genotypes in vegetable amaranthumil& reports suggesting that
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positive increase in the traits will accelerateyitedd potential of vegetable amaranthus are
in agreement by the findings of Shuldaal. (2010); Hasart al. (2013); Khuranat al.
(2013); Dhangralet al. (2015); and Sagat al. (2018). Therefore, it may be concluded
from correlation study that simultaneous improvenoéhese traits will be highly useful

in green leaf yield improvement in vegetable aniiwas

5.5 Path analysis of green leaf yield and yield t@ibuting traits

Yield of any crop is treated as a complex traidl aontrolled by polygene,
therefore, usually influenced significantly by \ars environmental factors including
different stresses. Thus, in order to increaseyibll of a crop, it is essential to
estimate the relative contribution of all other ortpnt yield attributing traits which may
contribute either directly or indirectly alone ardombination with other traits. Therefore,
it is highly essential to study direct and indireffects of various traits towards

expression of yield plantthrough path analysis.

Results on path analysis of green leaf yield plaoit vegetable amaranthus
with other 16 important traits were studied at pigpic level. The results revealed
that maximum direct effect on green leaf yield pfawas observed with leaf weight
(0.532) closely followed by number of leaves pldt369), leaf: stem ratio (0.221) and
stem weight (0.220). The results of present ingaSbn are in agreement with the
findings of Hasanet al. (2013) and Khuranat al. (2013) for leaf weight whereas
Shuklaet al. (2010) for number of leaves planSimilar reports of direct positive effects
on green leaf yield plantby leaf: ratio (Aktheruzzamast al., 2013, and Tejaswirg al.,
2017); leaf length and leaf width (Hasaral., 2013 and Chattopadhyaial., 2013) as
well as leaf width (Hailt al., 2015 and Tejaswiret al., 2017).

On the other hand, leaf length (-0.104) and Ib&tkhess (-0.097) showed
negative direct effect with green leaf yield piaim vegetable amaranthus. Similar
reports were also reported by Shudtlal. (2010) and Hasaet al. (2013).

Some other traitgiz., plant height (0.018), number of node plaft.369), leaf
breadth (0.039), stem girth (0.049), petiole len{fitD35), leaf area (0.045), TSS
(-0.054), ascorbic acid (-0.022) and total sugartexat of leaves (0.096) exhibited low
positive or negative direct effect of green leaflgiplantlin vegetable amaranthus.
Similarly, Shuklaet al. (2010) reported negative direct effect by leaf sizth foliage

yield and in amaranthus.
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Maximum positive indirect effects on green leaélgi plant'in vegetable
amaranthus exhibited by leaf weigh# plant height (0.257), number of leaves plant
(0.227), leaf length (0.297), leaf breadth (0.28GEm girth (0.245), petiole length
(0.104), stem weight (0.138) and leaf: stem rait#leaf weight (0.150). On the other
hand, maximum negative indirect effects on greeaf Meld plantin vegetable
amaranthus exhibited by leaf: stem ratia stem weight (-0.138). Interestingly those
traits which recorded direct positive effect onegrdeaf yield plant in vegetable
amaranthus had indirect positive efféeteach other. Hence, they don'’t affect each other
adversely. Therefore, proper selection would bestigal for improving for green leaf
yield plantlin vegetable amaranthus. Similar findings were adgorted by Aruna (2009)
for indirect effect in leaf weightia stem weight in vegetable amaranthus.

The residual value of 0.2439 recorded in the piteserly demonstrated that

the effect of the remaining traits other than thetselied had relatively less effects.

Thus, from the present investigation (Table 12)cah be inferred that the
traits viz., leaf weight, number of leaves pldntleaf: stem ratio and stem weight
showed direct positive effect on green leaf yidlhp'. Hence, these traits should be
considered for selection to improve green leafdyjant! in vegetable amaranthus.
This was the main cause of desirable positive aatoa of leaf weight, number
of leaves plant, leaf: stem ratio and stem weight with total griser yield plant. If the
direct effects of traits are positive and high,tdreselection is possible for future
improvements of vegetable amaranthus in the naxrgaon. Hence, these traits should
be considered for selection to improvement of gteahyield in vegetable amaranthus.
The observations of the present stuay positive direct effects were similar to the
findings of Aktheruzzamast al. (2013); Chattopadhyagt al. (2013); Khuranat al.
(2013); Hailuet al. (2015) and Tejaswirgt al. (2017) in vegetable amaranthus.

5.6 Genetic divergence

Study of genetic diversity is one of the importéotls for suitably isolating
the genotypes based on their genetic makeup bytiagodahalanobis P Statistics.
The study of B analysis will be very helpful of identification afistinct diverse
parents for either development af iybrid (s) or desirable genotype(s) in subsequent
segregating population. The results oA dhalysis of 30 genotypes of vegetable

amaranthus for 16 traits are presented in Table 18.
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5.6.1 [Fclustering

The cluster derived using Tocher’'s method was gedunto seven different
clusters. Both cluster | and Il were found to be Bwrgest groups with 12 genotypes
each. The next cluster was cluster VI having twooggpes namely, ACCESSION-65
and ACCESSION-204. On the other hand, cluster-llCCESSION-40), IV
(ACCESSION-258), V (ACCESSION-38) and VII (ACCESEB).

Results of the present investigation on clustetepas of tested genotypes
clearly stipulated that there was no distinct retethip between geographical
diversity with genetical diversity. These clusterk present study were grouped
regardless of geographic divergence, thus spegfymon-parallelism between
geographical and genetic diversifganaet al., 2005; Anuja, 2011; Aktheret al.,
2013; Ahammedt al., 2013 and Kujuet al., 2017.This might be due to presence of
other forces such as genetic stock, genetic dyibntaneous mutation or variations,
selection either by natural or artificial means. efBhattacharjeeet al., 2019).
Therefore the parental selection should be made on the basieir genetic distance
in any specific population not with their geogragatidiversity. Siddique (2010) and

Kumaret al. (2019) also reported similar observations in vegletamaranthus.

Similarly, out of 30 genotypes, both cluster-1 dhbdave 12 genotypes in each
as evidenced from the study indicating the lesgrdience among the genotypes of
the clusters. Similar results were also reportedvhgious workers in vegetable
amaranthus (Anuja, 2011; Aktheral., 2013; Akaneme and Ani, 2013; Kujeral.,
2017 and Kumaet al., 2019).

5.6.2 Intra and inter cluster divergence

Both intra and inter cluster distance is treatethdex of genetic diversity among
the clusters of different genotypes (Aktleeal., 2013). Results of present study revealed
that invariably, inter cluster distance showin@treély higher values as compared to intra
cluster distance, thereby suggesting presencensidaryable amount of genetic diversity
among 30 tested genotypes of vegetable amara@magarly, out of seven intra cluster
distance, cluster Il recorded highest averagealde (198.37) closely followed by cluster
VI (160.42) and cluster | (120.33). The resultsvata that genotypes in cluster Il and VI

were relatively more diverse than genotypes ofrathesters. Thus, genotypes from these

81



clusters could be used as parental line for dewgjolpybrid through heterosis breeding
programme due to their higher mean performancenvltie group. On the other hand, least
intra cluster distance was observed for cluste(Od0), cluster V (0.00) and cluster VI
(0.00) due to the single genotype present in ttleseers (Table 14).

Results on inter cluster distance ranging from404{cluster | and Il) to 1622.85
(cluster VI and VII). Results also showed highagtr-cluster distance of 1622.85 (cluster
VI and VII) closely followed by 1591.22 (cluster ¥hd IIl), 1542.94 (cluster VI and V),
1150.30 (cluster VI and V), 929.93 (cluster VI dipdand 912.98 (cluster VII and V).
Invariably, cluster VI showed higher inter clustatues with all the other clusters ranging
from 562.22 (cluster Il) to 1622.85 (cluster VIIYhus, it may be concluded that crosses
involving any genotype of cluster VI (ACCESSION-@5d ACCESSION-204) with
cluster VII (ACCESSION-8), cluster Il (ACCESSION3yor cluster IV (ACCESSION-
258) may produce desirable gene recombinants wotie exploitation of hybrid vigour in
future vegetable amaranthus improvement prograrhimeever, green leaf yield potential
of the parents should also be considered. Similsemations were also reported by Anuja
(2011), Aktheret al. (2013), Ahammedet al. (2013) and Kujuret al. (2017) in
vegetable amaranthus. It has also been establisla¢dselection of diverged parent
material likely to produce either higher hybrid eig or having a more desirable
genetic recombination (Siddique, 2010; Ahamreaed ., 2013; Kujuret al., 2017 and
Kumaret al., 2019).

5.6.3 Relative contribution of different traits towards genetic diversity

The results on relative % of contribution of 1G@n leaf yield attributing
parameters towards diversity (Table 16) indicateat but of 16 traits, three major
traits were contributing towards genetic divergenaenely green leaf yield plaht
leaf area and stem weight. The traits, green leaf yield plart(51.03%), leaf area
(36.09%), stem weight (3.22%), petiole length, Maight and ascorbic acid content
of leaves (1.84% each). Similar results on contiloutowards genetic divergence
were also reported in vegetable amaranthus by a&eserentists (Ahammest al.,
2013, Kujuret al., 2017 and Aktheet al., 2013).

Thus, traits contributing more towards geneticedsity such as green leaf
yield plant, leaf area and stem weight etc. in vegetable amttawa should be

considered as critical selection parameters foravgment.
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5.6.4 Characterization of 3 based on clusters

The results on cluster means of 30 genotypes adtabte amaranthus grouped
into seven clusters (Table 15) revealed that adlugtdnas the highest mean value for
green yield plant (174.75 g), plant height (100.40 cm), leaf aréa38 cnf), number
of leaves plant (47.03), stem girth (16.21 mm), leaf length (13cd0), leaf breadth
(8.67 cm), petiole length (6.73 cm), leaf weight9@tg) and total sugar (2.07 %)
while, second highest for leaf: stem ratio (0.66Y deaf thickness (0.38 mm) and
third rank for nodesplart (22.25), stem weight (7.76 g) and TSS (4.38%).e Th
second best cluster Il has higher value for greeld yplant! (167.279), leaves plaht
(46.25), leaf area (36.80 émnstem girth (14.04 mm), leaf length (8.93 cmgnst
weight (8.30 g), leaf breadth (7.28 cm), leaf weigh82 g), TSS (4.49%), third in
rank for the traitssiz, plant height (81.24 cm), petiole length (5.99 ctegaf: stem
ratio (0.59) and leaf thickness (0.31 mm). The lissof present investigation are in
agreement with the findings of Ahammetcal. (2013).

Thus, from the results of present investigatiomnéty be concluded that the
selection of suitable genotype from cluster VI npagduce new genotype(s) having
more green vyield plart plant height, leaf area, number of leaves plastem girth,
leaf length, leaf breadth, petiole length, leafgixj total sugar with relatively higher
leaf: stem ratio, leaf thickness, number of nodestp, stem weight and TSS. Inter-
crossing among genotypes with outstanding mearomeaince for their characters
would prove to be effective for further crop impeowent programme in vegetable
amaranthus. Similar results on contribution towagasetic divergence were also
reported in vegetable amaranthus by several ssien(Ehukla and Singh, 2002;
Anuja, 2011; Ahammest al., 2013 and Kujuet al., 2017).
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SUMMARY AND CONCLUSION

The present investigation entitletiCharacterization and evaluation of
Amaranthus (Amaranthus spp. L.) genotypes for leaf yield” was undertaken at
research plot of Central Horticultural Experimerat®n, ICAR-Indian Institute of
Horticultural Research, Aiginia Bhubaneswar, Odjdhdia duringrabi, 2020-2021.
The objective of present investigation were charation and evaluation of
vegetable amaranthus germplasm per se performance along with estimation of
nature and extent of genetic variability, charaetesociation, path analysis of green
leaf yield and yield attributing traits as well ds/ergence study for future crop
improvement programme of vegetable amaranthus.tylrgermplasm of vegetable
amaranthus were studied by adopting RBD replicat@de. Important traits on
vegetative growth, green leaf yield and yield htiting traits as well as leaf quality
attributes were carefully accessed during the imya&son. The details of significant
findings of the present study are summarized below.

K/

+ Results on morphological characterization of vetiytagrowth {iz., plant height
and plant growth habit) showed dominance of shiamtpheight (100.00%) with
upright growth habit (90.00%) while semi-spreadasgl0.00%.

+ Characterization of stem and petiole colour shodechinance of pink in stem
(43.33%) while purplish red in petiole pigmentati@3.33%) with dominance of
short petiole (<14.00cm) (100.00%).

« Characterization of leaf shape of vegetable amhusnshowed wide variations
varying from elliptical / lanceolate shape (3.33%) ovate shape (66.67%).
Similarly, five different colours of leaves were sgloved in the germplasm,
dominated by green (53.33%) followed by green wthiple blotch (16.67%).
The germplasm showed dominance of absence afhbiatleaves (83.33%).
Similarly, inflorescence colour of vegetable am#nas showed dominance of

green colour (53.33%) with the presence of axillafiporescence (100.00%).

s Plant height of vegetable amaranthus varied fgignily ranging from 34.80 cm
(ACCESSION-38) to 112.25 cm (ACCESSION-204) wittmaan plant height of
74.07cm.
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K/
£ %4

Significantly highest nodes plalwas recorded by ACCESSION-41 and
ACCESSION-204 (25.50) except ACCESSION-8 (23.005CCESSION-40
(22.50), ACCESSION-45 (22.50) and ACCESSION-237.@2B which were
statistically at par. On the other hand, ACCESSION-43 recorded sigmifiga
highest number of leaves plan{(57.55) and wasstatistically at par with
ACCESSION-45 (51.19).

Significantly longest leaf was recorded in ACCE3S-65 (13.25 cm) closely
followed by ACCESSION-204 (12.75 cm) than rest lué bther genotypes. On
the other hand, ACCESSION-202 recorded signifigantbximum leaf breadth
(9.65 cm) than rest of the tested genotype exc&pCRBRSSION-65 (8.70 cm),
ACCESSION-204 (8.65 cm) and ACCESSION-250 (8.75awl)ich were
statistically at par with each other. Similarly, significantly thickelsiaves were
produced by ACCESSION-38, ACCESSION-65, ACCESSI(¥Y;2 and
ACCESSION-288 (0.40 mm).

The genotype, ACCESSION-237 revealed signifigantbximum stem girth of
22.37mm than rest of the tested genotypes. Similaignificantly longest petiole
was recorded by ACCESSION-204 and ACCESSION-2320(&m) and was
datistically at par with ACCESSION-41(7.30 cm). On the other handylesa stem
was recorded in ACCESSION-38 (9.95 g) with a méam sveight of 7.64 g.

The genotype, ACCESSION-548 (5.68 g) showed Baamtly heaviest leaves
and wasdtatigtically at par with  ACCESSION-65 (5.01g). The genotype,
ACCESSION-65 also produced significantly highesf erea (91.79 cf

The leaf: stem ratio in vegetable amaranthus wigsificantly highest in
ACCESSION-2 and ACCESSION-65 (0.78) among the degenotypes and was
datigtically at par with ACCESSION-32 (0.71), ACCESSION-202 (0.77),
ACCESSION-205 (0.74), ACCESSION-248 (0.66) and AGSEON-258 (0.75).

Significantly highest TSS of 5.05% was recordedAGCESSION-237 and was
statistically at par with ACCESSION-41, ACCESSION-287, ACCESSION-2,
ACCESSION-45, ACCESSION-288, ACCESSION-32, ACCESSIC3,
ACCESSION-268, ACCESSION-40, ACCESSION-204 (4.65965t00%). On
the other hand, the leaves of genotype, ACCESSI&®f2corded significantly
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highest ascorbic acid content of leaves (mg 10@g 98.46 and westatistically

at par with ACCESSION-8, ACCESSION-43, ACCESSION-2 and
ACCESSION-268 (85.69 to 96.95). The results on |tatagar content of
amaranthus leaves were non-significant among #tedeyenotypes.

Significant highest green leaf yield (plantplot® and ha) was recorded by
genotype, ACCESSION-65 (183.31g, 18.33 kg and @LhP andstatistical
parity were observed with other genotypes ACCESSION-45 (179.48 g, 17.95
kg and 598.25 q), ACCESSION-65 (177.38 g, 17.74 auyl 591.25 q),
ACCESSION-204 (172.12g, 17.21 kg and 575.40 q), ESSION-248 (171.95
g, 17.20 kg and 573.17 ), ACCESSION-268 (168.456¢85 kg and 561.50 q),
ACCESSION-276 (178.63 g, 17.87 kg and 595.43 q) AQLCESSION-287
(170.65 g, 17.07 kg, 568.82 q).

Results on ranges of different traits betweenimmiimn and maximum values
varied from 0.20 to 0.40 mm in leaf thickness toximaim of 184.21 to 611.02 gha
total green yield. On the other hand, general meba@8 traits varied widely ranging
from 0.31 mm (leaf thickness) to 441.35 gltgreen leaf yield Y.

Similarly, results revealed estimates of PCV whkigher than corresponding
GCV for all the 18 traits under study. Higher PCxdaGCV (>20%) were
recorded for the traitgiz., plant height, leaf length, leaf breadth, leaf khiess,
stem girth, petiole length, leaf weight leaf arklmf: stem ratio, ascorbic acid
content, green vyield plaht green vyield plot and green yieldhectat ,

respectively.

Results on heritability showed that most of trats except nodes plahtand
total sugar content showed more than 80% heritgbilith green yield hectare
being highest (97%) while maximum GA as % meareaf hrea (117.76)

High heritability coupled with high GA as % of arewere observed in vegetable
amaranthus for the traitéz, leaf length (90.20% and 54.61%), leaf breadth (@6
and 65.37%), stem girth (91.60% and 58.14%), petength (88.50% and 49.70%), leaf
area (98.10% and 117.76%), leaf : stem ratio (86.40d 53.31%), leaf weight (90.80%
and 51.89%), green yield plant96.30% and 60.06 %), green yield pl¢86.30% and
60.07%) and green yield hé06.60% and 60.58 Yyespectively.
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Results on characters association between afts pdi 18 traits in vegetable

amaranthus showed significant to highly significafféct for most of the traits.

The results revealed highly significant positiv@relation of green leaf yield
plant! with plant height (0.490 and 0.533), leavesplait693 and 0.765), leaf
length (0.553 and 0.583), leaf breadth (0.660 a@@@), stem girth (0.553 and
0.610), leaf weight (0.894 and 0.914), leaf af@&(d5 and 0.518) and leaf: stem
ratio (0.570 and 0.573), respectively. Similagignificant positive correlation
with green yield plant! was recorded with stem weight (0.275 and 0.313) and
TSS (0.265 and 0.292). However, the traits, leaf thickness (0.283), petiole
length (0.304), showed significant positive assommawith yield at phenotypic
level only while, highly significant positive cofation at genotypic level (0.355,
0.338), respectively.

Results on path analysis towards green yieldtplaevealed maximum direct
positive effect with green leaf yield planvia leaf weight (0.532) closely
followed by number of leaves plahi0.369) and leaf: stem ratio (0.221) whereas,
maximum indirect positive effect was observed foeem yield plant by leaf
breadthvia leaf weight (0.286).

The residual value of 0.2439 recorded in the piesternly demonstrated that the

effect of the remaining traits other than thoseligt had relatively less effects.

The results regarding@nalysis showed grouping of 30 vegetable amaranthus
genotypes into seven clusters by adopting Mahalarbstatistics. Among the
seven clusters both cluster | and cluster Il caedisf 12 numbers of genotypes
followed by cluster VI with two genotypes while ted the clusters have single
genotype.

The results showed maximum inter-cluster distandebited between cluster VI
and cluster VI (1622.85) and maximum intra-clustistance in cluster Il

(198.37) in the present study of vegetable amausnth

The result also revealed that the cluster VI hgviwo genotypes namely,
ACCESSION-65 and ACCESSION-204 showing higher Hetaster distance

with rest of the clusters.
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+ Results on cluster mean showed that clusternvhriably revealed highest plant
height (100.40 cm), leaves pldn(47.03), leaf length (13.00 cm), leaf breadth
(8.67 cm), stem girth (16.21 mm), petiole lengtl¥y8cm), leaf weight (4.99 g),
leaf area (82.39 cfjy total sugar (2.07 %) and green yield pfat74.75 g).
Similarly, cluster Il proved to be the second baaster of higher mean values
with second highest, leaves plan®6.25), leaf length (8.93 cm), leaf breadth
(7.28 cm), stem girth (14.04 mm), stem weight (&B0deaf weight (4.82 g), leaf
area (36.80 cR), TSS (4.49%) with green yield plantl67.279).

% Regarding relative contribution of different traite genetic divergence in
vegetable amaranthus showed that green yield blemtributed to maximum
extent towards genetic divergence (51.03%) followgdeaf area (36.09%).

CONCLUSION

In crop improvement programme, characterizatibgesmplasm followed by
effective selection for green leaf yield in vegé¢abmaranthus, a location specific
research is very much essential due impact of niyt the genetic constitution of the
genotypes but also their interactions with a paldicset of environmental factors. In the
present investigation, all possible efforts haveoabeen made for an effective
morphological characterization of collected gerraplaf vegetable amaranthus followed
by isolation of superior genotype(s) on the bas$ipep se performance. Emphasis has
also been made for estimation of genetic varigbitiharacter association, path analysis
and clustering of genotypes for future crop improgat in vegetable amaranthus. The

following conclusions are made from the presengstigation:

« Morphological characterization of vegetable amdrast germplasm showed
dominance of short plant height (100.00%) with gbtrigrowth habit (90.00%)
having pink (43.33%) stem and purplish red petméour pigmentation, ovate
leaf shape (66.67%), green leaf colours (53.33%homt any blotch in leaves
(83.33%). Germplasm showed 100.00% presence dhaxihflorescence with

dominance of green colour (53.33%).

« On the basis ofper se performance, ACCESSION-48, ACCESSION-45,
ACCESSION-276, ACCESSION-65, ACCESSION-204, ACCE3I${248,
ACCESSION-287 and ACCESSION-268 were identifiedsaperior genotypes
for cultivation under Bhubaneswar, Odisha condgion
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Direct selection through traitgiz.,, plant height, number of leaves plant
leaf length, leaf breadth, leaf weight, stem gigtem weight, leaf weight,
leaf: stem ratio and green leaf plantill be very effective for improvement

of vegetable amaranthus.

Green leaf yield plarit leaf area and stem weight are important pararseter
contributing more towards green leaf yield hectarén vegetable
amaranthus. Therefore, simultaneous improvementhese traits will be

highly helpful in improvement of vegetable amarargh

Direct selection will be very effectivda the important traitsiz, leaf weight,
number of leaves plaht leaf: stem ratio in crop improvement of vegetable

amaranthus.

Being most divergent, cluster VI (ACCESSION-65 ah@CESSION-204)
and cluster VII (ACCESSION-8), hence, expected idikation between
these parent(s) might result in producing desiraldeombinants with
maximum exploitation of heterosis either at $tage or new segregants in
segregating generation in future vegetable amausntimprovement

programme.
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