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1. INTRODUCTION

Amaranthus (Amaranthus tricolor L.) i1s a leafy vegetable, which belongs
to the family Amaranthaceae, comprising of 70 species, of which 17 produce
edible leaves and three produce food grains. Amaranthus is one of the main
species of the large and taxonomically diverse group of tropical leafy vegetables
(IBPGR, 1981). It is one of the oldest crops cultivated all over the world, which 1s

originated in America.

Amaranthus is unique in its composition, which has a good amount of
lysine and dietary fibre. It is a rich source of minerals like calcium, magnesium,
and copper, good source of zinc, potassium, and phosphorus and contains many
essential vitamins including A, C, E, K, BS, B6, folate, niacin, and riboflavin.
More than that, as a pseudo cereal, amaranthus seeds contribute considerable
amount of antioxidant phytochemicals including phenols, flavonoids,
anthocyanins etc. Amaranthus is a new millennium crop having nutraceutical
values (Rastogi and Shukla, 2013). Its oil is cholesterol free, anti-inflammatory
and prevents the cancer. The fiber and phytonutrients in amaranthus lower blood
pressure and the protein is highly bicavailable. Lysine present in amaranthus
helps the body for absorbing calcium, build muscles and produce energy. Though
it is rich source, of minerals and nutrients the presence of antinutrients like oxalate
and nitrate hinders the large-scale production and consumption of amaranthus.
These antinutrients make many health problems like kidney stone and interfere

with normal functioning of haemoglobin.

High variability exists for morphological characters like leaf colour, size
and yield in edible amaranthus as well as wild species. Characterization and
classification becomes more important in these species for further development

and improvement in amaranthus.

Drought is one of the major limiting factors in crop production, and will
become increasingly important due to the global climate changes. Chronic or

sporadic periods of water deficit leads to the reduced growth and quality in plants,



and high losses in yeld of 50 percent and more (Wang et al., 2003). Water deficit
is one of the most common environmental limitations of crop productivity, and it

is a permanent constraint that farmers face daily (Hyman et al., 2008).

Kerala has been experiencing decline in the annual and monsoon rainfall
and increase in temperature during the past several years. There were significant
changes in South-West monsoon rainfall with 33.7 percent deficit, and 61.7
percent deficit in the North-East monsoon. Number of rainy days has been
reduced from 25 to 17 rainy days till the end of September 2016 (IMD, 2016). It

becomes a major problem in agricultural sector.

The demands of an increasing world population and the threat of global
warming will increase the water scarcity, resulting in a growing demand for
drought tolerant and water use efficient crop plants. Climate changes may have
more effect on small and marginal farmers, particularly who are mainly dependent
on vegetables (FAO, 2009). Water greatly influences the yield and quality of
vegetables, which are more sensitive to water stress as compared to other crops

(Kumar et al., 2014).

Production of water stress tolerant crops becomes more important to
sustain the food security in the world. Rate of photosynthesis will decrease under
water stress condition and thereby affects plant growth. Water stress drastically
reduces the plant productivity due to the reduction in plant tissue water content,
water potential, leaf elongation, rate of photosynthesis and the changes in protein

synthesis and nitrogen metabolism (Saneoka et al., 2004).

In the present scenario, collection and evaluation of amaranthus genotypes
with high yield and low antinutritional contents, which can tolerate water stress,

are important.

Considering these facts, the present investigation is aimed at developing
breeding materials in amaranthus, which can be further utilized for the production

of water stress tolerant amaranthus varieties with good quality and high yield.
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2. REVIEW OF LITERATURE

Amaranthus (Amaranthus tricolor L.) 1s the most popular and widely
grown leafy vegetable in Kerala due to its attractive colour, taste and nutritional
value. Amaranthus is a dicotyledonous herbaceous plant which belongs to the
family Amaranthaceae. 1t includes approximately 70 species, of which 17
produce edible leaves and three produce food grains. Collection, identification
and characterization of different genotypes of amaranthus help in the
improvement of specific characters under desired condition. Present study was
undertaken to evaluate amaranthus genotypes and to identify water stress tolerant
genotypes with high quality. The present investigation reviewed under following

characters,
2.1. EVALUATION OF AMARANTHUS GENOTYPES
2.1.1. Biometric Characters

2.1.1.2. Stem Girth

Hamid er al. (1989) revealed that height and stem girth are positively
correlated with yield in amaranthus, from the study of performance of some local
and exotic germplasm of amaranthus.

Selvaraj (2004) reported that A56 (COS5) had the maximum stem girth
(9.06 cm) from seventy four amaranthus genotypes. Whereas, the highest stem
diameter (11.45cm) was observed in VA14, the lowest diameter (2.68 cm) in
VA32 with an average stem girth of 6.05 cm in amaranthus (Sarker et al., 2015).

Twenty three amaranthus genotypes were evaluated and the variability in
stem diameter was ranged from 0.30 to 0.40 cm with mean of 0.35 cm. The
genotype AMAR-23 recorded highest stem girth of 0.40 cm and AMAR- 04
showed the lowest of 0.30 cm in stem diameter (Jangde, 2016).



2.1.1.2. Length of Leaf Lamina

Amaranthus genotype A56 (COS) had the highest leaf length (14.35 cm)
at harvest stage of 30 DAS (Selvaraj, 2004). Variability in length of leaf lamina
was observed by Celine er al. (2007) in a study of eighty nine accessions of
amaranthus. The accessions Am 67 and Am 24 were had the maximum
(21.1 cm) and the minimum (7.4 cm) length of leaf lamina accordingly .

Diwan (2015) evaluated ten genotypes of amaranthus in which the
maximum leaf length was recorded in Arun (8.98 c¢cm) and the minimum was
recorded in AMAR-1 (4.83 cm) which varied from 4.83 c¢m to 8.98 cm for leaf
length. The genotype AMAR- 07 showed the highest leaf length of 6.10 cm and
the lowest of 3.82 cm in the genotype AMAR-14 which fluctuated from 3.82 to
6.10 cm (Jangde, 2016).

2.1.1.3. Petiole Length

The mean performance for petiole length was recorded as 4.17 ¢cm and
that for stem girth was 3.02 cm in an evaluation of 25 different vegetable
amaranthusgenotypes (Varalakshmi and Reddy, 1994). Varalakshmi (2004)
reported a wide range of variability in amaranthus for petiole length (3 to 9cm).

The genotype COS5 had reported the maximum petiole length (11 cm),
followed by A40 (7.5 cm) and CO4 had minimum (3.38 cm) at 30 DAS
(Selvaraj, 2004).

2.1.1.4 Leaf Width

Leaf width showed variability in different genotypes, Varalakshmi (2004)
reported the range of 3 to 12 cm of leaf width in amaranthus. A variation of 7.91
to 3.51 cm leaf width was observed from seventy four amaranthus genotype
(Selvaraj, 2004). Joshi ef al. (2011) reported a wide range of variability in leaf
width (5.2 to 12.7 cm) indicated the possible exploitation of variation for

amaranthus improvement.



From the study of 23 amaranthus genotypes the genotype AMAR-07
showed the maximum leaf width of 4.82 cm. which was on par with AMAR-13
(4.53 cm), AMAR-08 (4.50 cm) and AMAR-19 (4.42 cm). The lowest leaf width
was observed for AMAR-15 (3.05 cm) (Jangde, 2016).

2.1.1.5 Internodal Length

Diwan (2015) evaluated ten genotypes of amaranthus during rabi season
of 2014-15, reported that the highest internodal length was in Arka Suguna (2.51
cm) followed by 2012/AMVAR-1 (2.21 cm) and the lowest internodal length was
recorded in 2012/AMVAR-1 (1.36 cm) followed by 2012/AMVAR-3 (1.58 cm)

with mean value ranged from 1.36 cm to 2.51 cm.

2.1.1.6. Number of Branches
Eight red amaranthus were studied by Mohideen er al. (1983) and
revealed that types A. 144, A. 145 and local 1 were having tall growth habit and
long duration with a few or no branches. But the types A. 53, A.90 and A.147
were comparatively having dwarf stature and short duration with more branches.
Jangde (2016) conducted a study on diverse 23 amaranthus genotypes in
which the maximum and the minimum number of branches were recorded in

AMAR-06 (3.53) and AMAR-22 (2.67) accordingly, with overall mean of 3.11.

2.1.1.7. Yield Plant’

A study by Kauffman and Gilbert (1981) was reported that RRC 241 was
the top performer among A. tricolor accessions. According to Rajagopal et al.
(1977) Al144 was potential high yielding genotypes from sixty five diverse
genotypes with good edible qualities. Yield plant’ in amaranthus varied from
1.18 to 3.29 kg with an average of 2.25 kg (Shukla and Singh, 2000).

Shukla et al. (2004) reported that the amaranthus strain AV-41 showed
highest foliage yield (5.99 kg plot”) and the heritability estimates were high for

all the traits except number of branches plant” and moisture content. Accession



AS57 showed the highest vield plant' (304.5 g plant’) from the study of sixty
diverse genotypes while the accession A9 reported lowest yield. The significant

difference among all the genotypes for different traits were observed (Priya et al.,

2007).

2.1.1.8. Yield Plot’

Various workers reported the yield of amaranthus ranged from 4.0 to 16.5
t ha' (Campbell and Abbott, 1982) and from 9.90 to 18.30 t ha” (Makus, 1984).
Among the nineteen Amaranthus spp. studied by Vijayakumar et al. (1982)
reported that the optimum stage of harvest was around 25-30 DAS to get the
maximum leaf yield. Type A144 was well performed followed by A. 104 and
A.56.

The highest leaf yield was observed in black seeded amaranthus whereas
white seeded amaranthus gave the highest seed yield (Olufolaji and Dinakin,
1988). Sirohi and Sivakami (1995) reported Pusa Kirti (4. fricolor) and Pusa
Kiran (4 tricolor x A. tristis) recorded high yield of 50 to 55 t ha and 35 t ha’'
respectively.

The broad and purple leaved multicut amaranthus variety Arka Arunima
yielded 27 t ha”' (IIHR, 2000). In a study conducted by Pan et al. (2008), red
leaved line HAAMTH-48 Amaranthus tricolor genotype reported 3.15 kg plot™
or 35.0 t ha yield which was comparatively higher than the performance of two
released varieties like Pusa Lal Chaulai and Pusa Kirti. The green leaved line
HAAMTH-29 recorded a yield of 3.00 kg plot™ or 33.3 t ha™.

Joshi et al. (2011) investigated thirteen accessions of vegetable
amaranthus in which the highest leaf weight (595.0 g) was observed in IC 257792
and the maximum stem weight (4875.0 g) in IC 526828 followed by IC 257791
(3150.0g). Jangde (2016) reported that AMAR- 20 had the maximum yield plot™
(602.87 kg) which ranged from 360.67 to 602.87 kg whereas the minimum yield
was reported in AMAR- 14 (360.67 kg).



2.1.1.9. Leaf to Stem Ratio

Campbell and Abbot (1982) studied on different species of amaranthus
and observed that A. tricolor had the highest leaf to stem ratio with high
marketable potential. Priya (1998) conducted experiment in various genotypes of
amaranthus and obtained the highest yield for Amt 193 (304.5 g plant) and the
genotype A 24 from A. tricolor showed the highest leaf to stem ratio of 1.57.

Selvaraj (2004) studied growth of 74 amaranthus genotypes at five
different stages, in which the maximum leaf to stem ratio (1.42) was reported in

A26 and the minimum (0.23) in genotype A13 at 30 days after sowing,

2.1.1.10. Days to 50% Bolting

An experiment was done by Shukla and Singh (2000) in 66 amaranthus
genotypes, days to flowering ranged from 44.33-75.33 days and the plant height
ranged from 31.67- 12533 cm and number of branches from 4.33 -19.67.
Selvaraj (2004) revealed that optimum stage of harvest for yield and stem yield
was between 30-40 DAS.

2. 1.1.11. Plant Height

Varalakshmi and Reddy (1994) studied 25 different lines of vegetable
amaranthus and obtained mean values of 35.65 cm, 7.35 cm and 10.58 cm for
plant height, leaf breadth and length respectively. The significant variation
among the germplasm was observed in terms of morphological characters.

Jangde (2016) recorded the range of plant height of amaranthus from
12.89 to 17.96 cm with mean of 15.88 cm. AMAR-01 had showed the maximum
plant height (17.96 cm) while the minimum plant height of 12.89 cm was
observed in AMAR-07.

2.1.1.12. Incidence of Leaf Blight
Celine et al. (2007) screened eighty nine diverse accessions of amaranthus
for resistance to leaf blight caused by Rhizoctonia solani. A. dubius and A.

hypochondriacus were found free from incidence of leaf blight, 4. tricolor



showed varied levels of susceptibility. Scoring was done on 0 to 4 scales from
which the highest incidence was obtained in Aml (2.6). Celine et al. (2011)
observed that superior high yielding amaranthus accessions like AD-30, AD-23,
and AD-22 were field resistant to leaf blight.

Accessions of A dubius and A. hypochondriacus were evaluated and
Am78, Am83, Am85, Am 86 and Am 87 accessions of A. dubius were high
yielding with resistance to leaf blight diseases (Celine er al., 2011).

2.1.1.13. Incidence of Leaf Webber
Leaf webber (Hymenia recurvalis) was noticed as major pest in
amaranthus (4. tricolor L.) field whereas red spider mite was found to be the

minor pest (Muralikrishna, 2015).

2.1.2. Morphological Cataloguing

Varalakshmi (2004) described forty six germplasm of amaranthus in
terms of different morphological traits reported that all the germplasm were erect,
tap rooted, with no spines on the leaf axile. All the germplasm were monoecious
with erect terminal inflorescence. Range of leaf colour was from green to purple,
pigmented leaf veins and margins in pinkish green, lanceolate to cuneate and
obovate leaf shape, green to purple and pinkish green petiole pigmentation with
two lines prominent in leaf veins, low to dense and intermediate inflorescence
density with colour range of green to pink, pinkish green, greenish pink and light
pink.

2.2. IDENTIFICATION OF STRESS TOLERANT AMARANTHUS

GENOTYPES WITH HIGH QUALITY

Red amaranthus (Amaranthus tricolor L.) is most widely cultivated
commercial and dietary vegetable in Kerala. Amaranthus contains appreciable

amount of iron, minerals, calcium and phosphorous, excellent source of



vitamin . Red amaranthus is a very important vegetable due to its short length,

quick growing habit and rich source of vitamins and minerals.

Drought is a major abiotic stress which causes crop loss worldwide. The
vegetable requires large amount of water, their yield and quality adversely
affected under drought condition. Water stress during early stage of growth
maturity may delay, yield often reduced. Moisture stress during maturity stage
drastically reduces the quality, even though total yield are not affected. The plant
has some physiological adaptation to cope up with water stress condition as a part
of stress tolerance mechanism. Response of plants towards the water stress
condition, morphological, physiological and nutritional changes have been
studied and reported by different authors. Some of the reviews are presented

below,
2.2.1. Biometric Characters (under stress)

Ayodele (2000) noticed that leaf area was reduced by 20 percent in
amaranthus under drought condition as compared to their respective control. Liu
and Stutzel (2002) suggested that the high rate of soil water extraction in RRC
1027 (Amaranthus spp.) have been due to fast leaf area development in the early
growth stages. Decrease in leaf area per root dry mass was observed in different

amaranthus genotypes under water stress (Liu and Stutzel, 2004).

Shadakshari (2010) studied genetic divergence and drought tolerance in
soybean, reported that morphological characters were reduced under water stress,
soybean accessions IC 18596 and IC 9311 were drought tolerant genotypes.
Difference in shoot and root development was observed by affecting root length,
root to shoot ratio, root dry weight, shoot fresh and dry weight. There by total dry
matter had affected under water stress. Cell division and enlargement was
inhibited under stress condition leads to reduction in leaf area and stem length

(Zlatev and Lidon, 2012).



Mlakar et al. (2012) observed that drought throughout the growing period
of amaranthus resulted in grain and biomass yield reduction for 51 percent and 50
percent respectively and water deficit during inflorescence formation appears to
be critical growing stage influencing grain yield. Chauhan and Abugho (2013)
reported that plant height and growth of rice and 4. spinosus were greatly
affected by soil moisture content. The maximum of 79 cm height was observed in
rice at 100 % field capacity and it was decreased to 68 cm at 50% field capacity.
A. spinosus had 30 cm height at 25 percentage field capacities and the maximum
height (137 cm) at 100% field capacity. Amaranthus spinosus produced
maximum number of branches plant” at 100% field capacity, which was found
decreased in field capacity below 50%. Leaf, stem and total shoot biomass of rice

as well as A. spinosus were drastically reduced under water deficit.
2.2.2. Quality Characters
2.2.2.1. Protein Content

Protein content of A. tricolor ranged from 18.37 to 37.19 percent on dry

matter basis in amaranthus (Mathai ef al., 1980).

Ramanathan and Subbaih (1983) observed that the highest crude protein
was produced 27 days after sowing in amaranthus. Hemalatha er al. (1999)
reported that amaranthus leaves have high content of protein (4.0 g), Ca (340.0
mg) and ascorbic acid (120 mg) per 100 g on fresh weight basis. A study on
fifteen amaranth varieties by Calderon ef al. (1991) revealed that A412 had 12.74
percent protein and that of A622 contains 14.65 percent.

Among seventy four genotypes of amaranthus, Selvaraj (2004) reported
the range of protein varied from 12.12 to 7.13 percent. The maximum was
observed in A56 and the minimum in A74. Celine ef al. (2007) studied nine
amaranthus accessions and observed that the highest vitamin C in accession
am 58 and the highest protein in accession am 91. Malathy ef al. (2012) observed

that Amaranthus tricolor variety DOA red exhibited higher amount of



chlorophyll. anthocyanin and the greatest antioxidant activity, while the variety

DOA green reported the highest percentage of crude protein.

Protein content in amaranthus showed a positive correlation with number
of leaves and negative correlation with leaf thickness (Andini ez al., 2013). Sarker
et al. (2015) studied 43 genotypes of amaranthus for the quality analysis, reported
that VA32 had the highest protein content of 1.88% and a minimum of 1.01% in
VA31. Average protein content obtained was 1.258%.

2.2.2.2 Fibre Content

Rajagopal et al. (1977) reported that amaranthus variety Co-2 contains
1.3 g of crude fibre and 3.5 g of protein. The highest and the lowest fibre content
was observed in VA19 (9.75%) and VA26 (5.97%) respectively with an average
of 7.81 %. Moreover, Selvaraj (2004) studied seventy four amaranthus genotypes
in terms of morphological and nutritional qualities, reported that fibre content
ranged from 8.00 (COS5) to 4.4 (A14) percent.

2.2.2.3 Vitamin A

The quality analysis of amaranthus CO3 done by Mohideen et al. (1985)
reported that 11.04 mg of carotene in 100g of fresh matter. The variation in
carotenoid content in vegetable amaranthus from 90 to 200 mg kg™ was reported
by Prakash and Pal (1991) from 61 accessions.

2.2.2.4. Oxalate Content and Nitrate Content

Vegetable amaranthus had 0.2 to 11.4 percent of oxalate on dry weight
basis (Teutonico and Knorr, 1985). Red pigmented amaranthus lines contained
higher oxalate content when compared to green pigmented amaranthus lines
(Priya and Celine, 2001). Srivatstava et al. (2002) studied ten amaranthus
genotypes (both grain and vegetable type) for different quality and anti-
nutritional factors, reported that the range of oxalate and nitrate were 0.80- 1.90%

and 0.29-0.89% respectively.



The high phytate production in seeds of lupins was noticed under water
stress condition when compared to normal conditions. Selection for low
antinutrients in plants improves mineral bioavailability there by increased
nutritive value (Carvalho, 2005). Celine et al. (2007) observed the minimum and
the maximum oxalate content in amaranthus accessions am 90 and am 76
respectively and the nitrate content varied from 0.04 percent to 1.6 percent. Least
oxalate and nitrate content were reported in amaranthus A-69 (4.80%) and A-34

(0.52%) respectively (Anuja., 2012a).
2.2.3. Physiological Characters
2.2.3.1. Membrane Integrity

In foxtail millet (Setaria italica) seedlings salinity sensitivity was

positively correlated with membrane damage (Sreenivasulu ef al., 2000).

Valentovic et al. (2006) conducted experiment on two maize cultivars,
Zea mays L. cv. Ankora which was drought sensitive and cv. Nova which was
drought tolerant. Water stress was induced by 0.3M sorbitol, lipid peroxidation
was observed in Ankora with damage of cell membrane. Electrolyte leakage was
observed in roots of the both cultivars, but cv. Ankora reported higher electrolyte

leakage in roots than cv. Nova.
2.2.3.2. Relative Water Content

In different water potential parameters, leaf water content is to be
considered as an important indicator of water status under water stressed

condition (Sinclair and Ludlow, 1985).

Liu and Stutzel (2002) evaluated four genotypes of amaranthus under
water stressed condition, relative water content of stressed plants was decreased
nearly 0.60% in all genotypes, while RWC of well watered genotypes was much
higher with a range from 0.80% to 0.90%. Re-irrigation increased RWC in all the

genotypes to normal level.
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Relative water content decreases with drought stress i varieties of crop

plants (Nayyar and Gupta, 2006).

Kumar ef al. (2014) studied on different rice genotypes under water
stressed condition, recorded the highest value of RWC in water stress tolerant

genotypes than the susceptible genotypes at reproductive genotypes.

Slabbert and Kruger (2014) conducted experiment on three species of
amaranthus namely 4. tricolor, A. hypochondriacus and A. hybridus to evaluate
the responds under water stress condition, reported that RWC was decreased in
all species compared to control (87- 97%), in A. tricolor, A. hypochondriacus and
A. hybridus of RWC 77%, 33% and 48% and it was increased to 89%, 65%, and

85% upon rewatering respectively.

Chatti (2016) conducted studies on different genotypes of amaranthus and
observed that the highest dry matter, relative water content with the lowest
stomatal frequency at stress condition was observed in CO-1, which was

significantly higher compared with Arun and Renusree.
2.2.3.3. Canopy Temperature

Jackson et al. (1981) used infrared thermometry to record canopy

temperatures in wheat under water stress to obtain the crop water stress index.

Crop water content was monitored by using infrared thermo detector. It
was observed lower canopy temperature during sufficient water condition, under
water stress condition canopy temperature varied greatly according with stress

tolerance of genotypes (Tanner, 1963).

Under water stress condition latent heat flux at leaf surface was decreased
by increased sensible heat with large temperature difference between foliage and

air (Fuchs, 1990).

Omami and Hammes (2006) observed reduced photosynthetic rate, water

conductance and water loss in amaranthus species under water stress condition.



Arjunkumar (2008) reported that cotton genotype JKC 701 shown lowest
transpiration rate under limited water supply, can be regarded as stress adaptive

mechanism under water limited condition.
2.2.3.4. Proline Content in Leaves

Rudolph et al. (1986) reported the production of osmolytes under stress
condition which protects and stabilizes the membrane and enzymes there by

increases the stress tolerance.

Proline accumulation was observed in water stress tolerant maize cultivar

Ankora when it was subjected to water stress (Valentovic et al., 2006).

Slabbert and Kruger (2014) noticed proline accumulation and protective
role apart from osmoregulation during stress condition in amaranthus. The
enzyme activity, proline production and leaf area were indirectly correlated with
leaf water status (RWC and LWP). Proline accumulation was 152 pmol ™’ g" and
104 pmol'g " for A. hybridus and A. hypochondriacus respectively after 12 days
of water withholding. It was increased to 380 pmol'g ™' (4. hypochondriacus),
443 umol_'g_l (4. hybridus), and 71 pmol 'g” (4. tricolor) after 14 days of
withholding water. Proline production under water stress condition was indirectly

correlated with decrease in RWC.
2.2.3.5. Percentage Leachate

Chaves and Oliveira (2004) found that mechanical strain on the

membrane caused increased electrolyte leakage under severe drought condition.

Valentovic et al. (2006) reported electrolyte leakage of 11-54% in drought

sensitive cultivar of maize.

Almeselmani ef al. (2013) reported that drought tolerance was correlated
with electrolyte leakage which was used to discriminate drought tolerance from
drought susceptible lines. Electrolyte leakage was due to increased damage to the

cell membrane.



2.2.4. Statistical Characters

2.2.4.1. Genetic Parameters viz., PCV, GCV, Heritability and Genetic Advance

and Correlation Analysis

Leaf length and leaf width were positively correlated with yield, but the
number of leaves were negatively correlated with leaf yield, leaf width and leaf
length. Selection based on the leaf size rather than leaf number improved the leaf

yield in amaranthus (Prasad et al., 1980).

Mohideen and Subramanian (1974) studied the coefficient correlation
between yield and other morphological characters. Relationships among all
parameters studied were significant except that between petiole length and leaf
weight. The values of phenotypic correlation were lower than their respective
genotypic correlation. Leaf weight, stem weight, stem diameter and marketable
yield showed significant positive genotypic and phenotypic correlation with yield
per plant.

Shukla et al. (2005) studied 29 strains of vegetable amaranthus
(Amaranthus tricolor) on different characters over different cuttings. The
heritability of characters over cuttings was high with the range of 74.8% to
93.33%. Maximum genetic advance was recorded for foliage yield (42.50%).
Leaf size (31.02%) and stem diameter (21.13%) also recorded high genetic
advance. The study concluded that leaf size and stem diameter indirectly

improved the foliage yield.

An experiment was conducted by Shukla ez al. (2010) to observe genetic
correlation of quality and agronomic traits in 39 distinct cultivars of vegetable
amaranth (4. tricolor) and their direct and indirect effects on foliage yield.
Agronomic traits like plant height and number of inflorescence and quality traits
like chlorophyll a, chlorophyll b, fibre, carotenoid and ascorbic acid exhibited

positive correlation between foliage yield.



Ahammed er al. (2012) studied twenty two diverse genotypes of stem
amaranthus (4. tricolor 1..) where, genetic variability, heritability and correlation
analysis were done for yield and its attributes. Primary branches per plant
observed highest PCV (87.85%) and GCV (81.67%), while lowest PCV (10.28%)
was reported for plant height with lowest GCV (7.51%) for leaf width. Broad
sense heritability was higher for leaf weight per plant (91.10%) with highest
(49.38%) genetic advance. Positive correlation of leaves per plant, stem diameter,
stem weight per plant, leaf weight per plant and plant height were reported with
yield per hectare at phenotypic as well as genotypic level. The results depicted
that selection based on these characters gives better response for the stem

amaranthus improvement.

Anuja (2012) confirmed from hundred genotypes of amaranthus that
green yield was positively correlated with leaf weight, stem weight and plant
height with negative association with leaf to stem ratio, which were highly

significant.

Hasan et al. (2013) evaluated seventeen genotypes of stem amaranth
(Amaranthus tricolor L.) to determine genetic variability, degree of association
between yield and its component traits. Moderate to high range for most of the
traits were reported, vulnerability of leaf length and stem diameter towards
environmental influences were concluded from high difference between PCV and
GCV. High PCV (80.14%) and GCV (77.54%) observed for leaf weight while
low PCV (74.47%) and GCV (74.42%) found for dry weight without rind.
Additive gene effects of the traits like, number of leaf, leaf weight and
marketable yield were recorded from the estimates of high genetic advance. Leaf
weight, stem weight, stem diameter, dry weight with rind, dry weight without
rind shown positive and significant phenotypic and genotypic correlation with

yield per plant.

Moderate PCV and GCV were recorded with traits like petiole length,
plant height, leaf blade length, days to 50% bolting, 1000 seed weight and days to
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physiological maturity. High PCV and GCV were observed in the traits like leaf
blade width, lateral spikelet length and grain yield per plant. Highest (42.73%)
and lowest (11.70%) GCV were recorded with grain yield per plant and 1000
seed weight respectively, with the range of 11.60% to 42.73%. A range of 97.8%
to 99.98% heritability was observed, indicates high heritability of all the traits
under study. High positive significant correlation of seed yield per plant with

days to 80% maturity and plant height were recorded (Yadav er al., 2014).

According to Sarker ef al. (2014), leaves per plant, diameter of stem base,
fibre content and leaf area had significant positive correlation with foliage yield.
Insignificant genotypic correlation was reported in nutrient and antioxidant

content with foliage yield.

Diwan (2015) reported that leaf weight (35.01 and 35.65), leaf length
(19.69 and 24.50) and internodal length (18.46 and 22.99) recorded high
magnitude of genotypic and phenotypic coefficient of variation, which helps in
the selection of traits for further improvement. Petiole length (13.59 and 14.46),
stem weight (13.44 and 14.47) leaf width (13.36 and 15.12), leaf yield per plot
(13.31 and 21.67), number of cutting (12.79 and 20.42) and number of leaves per
plant (11.48 and 13.15) recorded moderate PCV and GCV, which also takes a
part in crop improvement for some extent. Whereas, plant height (9.24 and
17.87), stem girth (9.55 and 15.46), panicle length (9.60 and 15.71), and seed
yield per plant (8.99 and 14.78) recorded low PCV and GCV, which will not
takes part in the crop improvement. High heritability was recorded for the traits
leaf weight (96.65%), stem weight (86.2%), petiole length (86.1%), leaf width
(78.1%), and number of leaves (76.2%) with moderate heritability for leaf length
(64.5%), and internodal length (64.5%). 1000 seed weight (38.5%), leaf yield kg
per plot (37.7%), number of cutting (37.7%), seed yield per plant (37.0%), plant
weight (27.4%), plant height (26.8%) and crop duration (26.2%) recorded low
heritability. Heritability of number of leaves per plant, leaf width and leaf weight
was due to additive gene effect which was confirmed from high genetic advance

of these traits. Significant positive correlation of plant weight and seed yield with



leaf yield kg per plot and leaf length and significant negative correlation with leaf
yield per plot. Direct selection of these traits contributes amaranthus

improvement.

Samuel and Odunayo (2017) conducted field experiment in sixteen
amaranthus to evaluate variability, heritability and genetic advance. High
heritability was observed in stem length of 95.50%, weight of dry leaf, weight of
fresh and dry inflorescent were low heritable with 47.70% heritability. A strong
positive correlation of stem length, stem girth, number of inflorescent,
inflorescent length and width with plant height, and positive correlation number

of leaves, leaf width and number of branches with plant height were recorded.
2.2.4.2. Path Coefficient Analysis

Weight of leaves and stem had highest and direct contribution to the yield
was concluded from the study of diverse traits on six genotypes and thirty hybrids
of amaranthus (Aruna, 2012).

Hasan er al. (2013) worked out the path analysis by using various
morphological characters, observed that leaf number (0.008) and stem weight had
highest direct positive effect on marketable yield. But, plant height and leaf
weight showed negative direct effect on marketable yield with no effect with
days to first flowering. The minimum negative direct effect (-0.024) of days to
first flowering with marketable yield, highest negative indirect effect with
marketable yield (-0.128). Plant height and leaf number showed highest negative
direct (-0.008) and positive direct (0.008) with marketable yield respectively.
Negative direct effect of stem diameter was counter balanced by six positive

indirect effect with marketable yield and became highly significant (0.602).

Sarker et al. (2014) reported that high positive direct effect of foliage
yield with fibre content (0.616), leaf area (0.464), diameter of stem base (0.420)
and beta carotenoid (0.347). Plant height exhibited positive direct effect with

foliage yield and negative direct effect with leaf size.



MATERIALS AND METHODS



3. MATERIALS AND METHODS

The experiment entitled “Identification of water stress tolerant amaranthus
genotypes (Amaranthus tricolor L.) with high yield and quality” was conducted at the
Department of Plant Breeding and Genetics, College of Agriculture, Vellayani during
the year 2016-18. Two field experiments were conducted with an objective to
identify high yielding genotypes of amaranthus with good quality and tolerance to

water stress.

The first experimental material consists of thirty amaranthus genotypes which
were collected from different parts of Kerala and were maintained at Department of
Plant Breeding and Genetics, College of Agriculture, Vellayani. The thirty
Amaranthus tricolor L. genotypes are listed in table 1. High yielding ten genotypes
from experiment No. 1 was selected and were maintained under well irrigated
condition up to 5 days after transplanting and there after irrigation was scheduled at a

depth of 20mm at 20 CPE (Cumulative Pan Evaporation).
3.1. EXPERIMENTAL DETAILS
3.1.1. Location

Field experiment was conducted at College of Agriculture, Vellayani, situated
at 8°5” N latitude and 76°9°E longitude and at an altitude of 29 m above mean sea
level. Predominant soil type of the experimental site was red loam of Vellayani

series, texturally classified as sandy clay loam.
3.1.2. Season

First experiment was conducted from July 2017 to August 2017 with thirty
genotypes of amaranthus and the second experiment conducted from November 2017

to December 2017 with high yielding selected ten genotypes from experiment No.1.

SE
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Table 1. List of amaranthus (4maranthus tricolor L.) genotypes used in the study

Genotypes No. Name of the genotypes Sources

Al Elamad local Kollam district

A2 Palakkadu local Palakkad district

A3 Ayira local Thiruvananthapuram district
A4 Kalliyoor local Thiruvananthapuram district
AS Thrissur local Thrissur district

A6 Anachal local Idukki district

A7 Haripad local Alappuzha district

A8 Manacaud local Thiruvananthapuram district
A9 Kazhakkuttom local Thiruvananthapuram district
Al10 Kannur local Kannur district

All Chettikulangara local Alappuzha district

Al2 Kottembram local Kozhikode district

Al3 Thiruthi local Kozhikode district

Al4 Adoor local Pathanamthitta district

AlS Karnataka local Kasaragode district

Al6 Kollamcode local Kanyakumari district

Al7 Trivandrum local Thiruvananthapuram district
Al8 Kumily local Idukki district

Al9 Nilamel local Kollam district

A20 Poonkulam local Thiruvananthapuram district

W



A21 Aryanaduiioc al _Thiril\};1anthapuram district
A22 Madhur local Kasaragod district

A23 Alathur local Palakkad district

A24 Maranalloor local Thiruvananthapuram district
A25 Nellad local Emakulam district

A26 Aleppy local Alappuzha district

A27 Cherthala local Alappuzha district

A28 Ayyanthole local Thrissur district

A29 Kannara local Thrissur district

A30 Kilimanur local Thiruvananthapuram district

\W
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3.1.3. Planting Material

Amaranthus seedlings were transplanted to the main field after 25 days of

sowing. Each genotype was considered as an individual treatment.
3.1.4. Layout of the Experiment
Experiment No. |

Design : RBD

Treatments : 30

Replications : 3

Spacing :30 cm*20 cm

Plot size 1.2 m?
Experiment No. II

Design :RBD

Treatments : 10
Replications : 3
Planting time : November
Twenty plants were maintained in each plot.
3.2. MORPHOLOGICAL CHARACTERIZATION

Five plants were randomly taken from each plot and tagged for recording
biometric characters. Observations were recorded after 30 days after transplanting

and mean was worked out for further analysis.



Plate 1. Amaranthus seedlings in the nursery 21 DAS



Plate 2. Field view of the first experiment



(A) MADHUR LOCAL (B) KALLIYOOR LOCAL

(C) AYYANTHOLE LOCAL (D) PALAKKADU LOCAL

Plate 3. High yielding selected amaranthus genotypes (A) Madhur local, (B) Kalliyoor
local, (C) Ayyanthole local and (D) Palakkadu local



(E) HARIPAD LOCAL (F) ANACHAL LOCAL

S

(G) ARYANADU LOCAL (H) POONKULAM LOCAL

Plate 4. High yielding selected amaranthus genotypes (E) Haripad local, (F) Anachal
local, (G) Aryanadu local and (H) Poonkulam local



(I) KAZHAKKUTTOM LOCAL

(J) KANNARA LOCAL

Plate 5. High yielding selected amaranthus genotypes (1) Kazhakkuttom
local and (J) Kannara local



Plate 6. Field view of the second experiment



(A) Stage 1 (B) Stage 2

(C) Stage 3

Plate 7. Different stages of water stress in amaranthus (A) Stage 1, (B) Stage 2 and
(C) Stage 3



(D) Stage 4

(E) Stage 5

Plate 8. Different stages of water stress in amaranthus (D) Stage 4 and
(E) Stage 5



3.2.1. Biometric Characters
3.2.1.1. Stem Girth {cm)

The main stem girth at the collar region was taken by using a twine. Mean

girth was measured and expressed in centimetres.
3.2.1.2. Length of Leaf Lamina (cm)

Length was recorded from the fifth leaf from top of the selected plants. Mean

length was measured and expressed in centimetres.
3.2.1.3. Petiole Length (cm)

The petiole length of the same plant which was used for recording length was

measured and the mean expressed in centimetres.
3.2.1.4. Leaf Width (cm)

The width of the same leaf of the plant which was used for recording length

was measured and the mean expressed in centimetres.
3.2.1.5. Internodal Length (cm)

Internodal length of the same leaf of the plant which was used for recording

length was measured and the mean expressed in centimetres.
3.2.1.6. Number of Branches

The total branches of the each observational plant were counted and average

was worked out.

A,/. )



3.2.1.7. Yield Plant’(g)

Three cuttings were taken from each plant. The first cutting was taken at 30
days after transplanting and the subsequent two cuttings were taken at intervals of

two weeks. The yield obtained cutting” was recorded and expressed in grams plant .
3.2.1.8. Yield Plof" (kg)

Yield from the twenty plants were taken for each cuttings, total yield was

expressed in kilogram plot™.
3.2.1.9. Leaf to Stem Ratio

Leaf to stem ratio was taken by dividing the weight of leaves with weight of

stem. The leaf to stem ratio was worked out for the total of three cuttings.
3.2.1.10. Days to 50% Bolting

Days to 50% bolting was recorded from the plants left unharvested.
3.2.1.11. Plant Height (cm)

Plant height was recorded from each observational plant by measuring the
length of main stem from ground level to the top leaf bud of plants. Mean length was

measured and expressed in centimetres.
3.2.1.12. Incidence of Leaf Blight

The genotypes were monitored for the incidence and intensity of leaf blight

and scoring was done on a 0-4 scale (Celine et al., 2013).
0- No incidence
1- Up to 25% leaf area infected

2- Up to 50% leaf area infected
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3- Up to 75% leaf area infected
4- Up to 100% leaf area infected

Scoring was done at biweekly intervals after transplanting and average score

worked out.
3.2.1.13. Incidence of Leaf Webber

Incidence and intensity of leaf webber attack was observed and scored by

using the following score chart (Sathy, 2006)
0- No incidence
1- Mild (25%)
2- Medium (50%)
3- Severe (75%)

4- Very severe (100%)

Scoring was done three times at fortnightly intervals after transplanting and

average score was recorded.
3.2.2. Cataloguing of the Germplasm
3.2.2.1. Morphological Cataloguing

The genotypes were described morphologically by using IBPGR descriptor
for amaranthus by IBPGR (IBPGR, 1981).



3.3. QUALITY CHARACTERS
3.3.1. Protein Content

Estimation of protein was done by using Bradford method (Sadasivam and

Manickam, 1996).
Reagents

1. Dye concentrate: 50 ml of 95 percentage ethanol was used to dissolve 100 mg
coomassive brilliant blue G 250. 100 ml concentrated orthophosphoric acid
was added and made final volume of 200 ml by using distilled water. It was
stored in amber bottles under refrigerated condition Concentrated dye and
distilled water was mixed in 1:4 ratios. This was filtered with Whatman No. 1
filter paper to remove the precipitate.

2. Phosphate- buffer saline (PBS)

3. Protein solution (Stock standards): 50 mg of bovine serum was dissolved in
distilled water and made upto 50 ml in a standard flask.

4. Working standards: 10 ml of stock solution was diluted by adding 50 ml of
distilled water. One ml of this solution contains 200pg of protein.

Procedure

500 mg of fresh leaves were ground well with pestle and mortar in 5-10 ml of

the buffer. This was centrifuged and supernatant was used for protein estimation.

Working standards of 0.2, 0.4, 0.6, 0.8, and 1 ml was pipetted out into a series
of test tubes. 0.1 ml sample was pipetted out in two other test tubes. The volume
was made upto 1 ml in all the test tubes. 1 ml water in a test tube was used as a
blank. 5 ml diluted dye was added to all test tubes and allowed for the colour

formation for 5 minutes, but not more than 30 minutes. A standard curve was plot



using standard protein absorbance vs concentration by taking absorbance at 595 nm.

The protein in the sample was calculated using standard curve.
3.3.2. Fibre Content

Estimation of fibre content of leaves was done by acid alkali method

(Sadasivam and Manickam, 1996).
Reagents

1. Sulphuric acid solution (0.255+0.005 N): 100 ml distilied water was used to
dilute 1.25 ml concentrated Sulphuric acid

2. Sodium hydroxide solution (0.313+0.005 N): 1.25g sodium hydroxide was
dissolved in 100 ml distilled water.

Procedure

Two gram of dried sample and 200 ml of sulphuric acid was boiled in
pumbing chips for 30 minutes. After filtering through muslin cloth it was washed
with boiling water until acidic residue was removed. The residue was again boiled
with 200 ml of sodium hydroxide solution for 30 minutes. Then it was filtered
through muslin cloth and washed with 25 ml of boiling 1.25 percent sulphuric acid,
three 50 ml portions of water and 25 ml of alcohol. Residue was transferred into a
preweighed (W) ashing dish. Dried at 130£2 C for 2 hrs. Cooled the dish in
desiccator and weighed (W,). Then it was ignited at 600+15°C for 30 minutes.

Weight (W5) was taken after cooling in desiccator.

Percent crude fibre in ground sample

_ loss in weight on ignition
weight of the sample




3.3.3. Vitamin A

Estimation was done by the method proposed by Srivatsava and Kumar
(1998). 10-15 ml acetone and few crystals of anhydrous sodium sulphate were used
to crush 5 gram of fresh sample in pestle and mortar. Supernatant was collected in a
beaker, the process was repeated two times and combined supernatant was collected
in a separatory funnel. Petroleum ether of 10-15 ml was added to mixture and the
layer was separated out on standing. Upper iayer was collected by discarding lower
level in a 100 ml volumetric flask. Volume was made into 100 ml by adding
petroleum ether and the optical density at 452 nm was recorded with petroleum ether
as blank.

Optical density x13.9x10%x10C
weight of sample x560x1000

P carotene (ug/100 gram) =

B carotene (ug/100gram)
0.6

Vitamin A (L.U.) =

3.3.4. Oxalate Content
Estimation of oxalate was done by method suggested by A.O.A.C (1984).
Reagents

1. Tungsto phosphoric acid: 2.5g sodium tungstate was added to a mixture of 4
ml phosphoric acid and 50 ml water and made the volume upto 100 ml with
water.

2. Wash liquid: 12.5 ml acid was made upto 250 ml with water. A pinch of
calcium oxalate was added and shaken for few minutes, allowed to stand. The

supernatant was decanted and filtered.
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Acetate buffer (pH 4.5): 2.5¢g of anhydrous calcium chloride and 50 ml acetic
acid was dissolved in 1:1 ratio and added 33g of sodium acetate volume made
to 5 ml.

4. Potassium permanganate: 0.01N

5. Sulphuric acid: 2N

6. Hydrochloric acid: 0.25N

Procedure

Extraction of one gram of dried powder was done twice by 0.25N
hydrochloric acid in a water bath for one hour each. Collected centrifuge in a conical
flask precipitated by adding 5 ml tungsto phosphoric acid kept overnight and
centrifuged. This was neutralized with dilute ammonia solution in 1:1 ratio.
Precipitation was done by using 5 ml acetate buffer with calcium chloride (pH 4.5).
Centrifuged and washed the precipitate two times each with 6 ml wash liquid.
Precipitate was transferred into 100 ml conical flask by dissolving 10-15 ml 2N

Sulphuric acid and titrated against 0.01N potassium permanganate solution at 60°C.

0.063xV
1g

Percentage Oxalate =
3.3.5. Nitrate Content
Estimated by the procedure suggested by Middleton (1958)

Reagents

1. Silver sulphate: 0.35 per cent solution
2. Copper sulphate: 0.50 per cent solution
3. Calcium hydroxide- magnesium carbonate mixture: calcium carbonate and

magnesium carbonate was mixed in 1:2 ratios and triturated in a mortar.
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4. Sodium phosphate: 138g of sodium phosphate was dissolved in 500 ml water
and the pH was maintained to 6.5 by adding strong NaOH and made upto 1
litre.

5. Ammonium hydroxide: 50 v/v per cent

6. Phenol-p-sulphonic acid: 45g of mercuric chloride was added to 225 ml of
diluted Sulphuric acid. After keeping overnight 25 g of phenol and 10 ml of
ethyl alcohol was added. Heated on a water bath for two hours.

7. Potassium nitrate: 0.0505 percent solution.
Procedure

Nine ml silver sulphate was added to 0.1 gram dried sample and swirled
quickly. Immediately added 9 ml of silver sulphate and kept for 2 hours. After
filtration, two ml of filtrate and two ml of copper sulphate were added to 15 ml
centrifuge tube, mixed thoroughly and made 6 ml by the addition of water. 0.5 gram
of calcium hydroxide- magnesium carbonate mixture was added allowed to stand for
I hour and centrifuged for 5 minutes at 3000 rpm. Two ml phenol-p-sulphuric acid
was mixed into a boiling tube, directly to the bottom. Swirling was done by adding 2
ml of supernatant drop by drop from above directly into the reagent. After cooling 25
ml ammonium hydroxide was added with stirring. Cooled mixture was read at 475

nm in a spectrophotometer with instrument set at zero by using water as blank.

Standard: standard solution of potassium nitrate was done by taking one to four ml of
the solution and followed above procedure beginning with the addition of copper

sulphate. Absorbance value of these mixtures was used to draw standard graph.
1 ml of 0.0505% potassium nitrate = 0.01 mg nitrogen
Nitrogen content (mg/100gram) can be found out from standard graph.

Nitrate content (mg/100gram sample) = Nitrogen content (mg/100gram) x 4.428



Estimated nitrate content was converted into percentage.
3.4. PHYSIOLOGICAL CHARACTERS
3.4.1. Membrane Integrity

Fully expanded leaves with their petiole are excised and intact in water to
regain the turgidity by incubating in distilled water for 45 minutes. The leaves kept
to wilt for three hours after taking the weight of turgid leaves. Leaf punches of 1 cm
were taken after 40-60 percent loss of the fresh weight. Leaf punches are washed for
1 to 2 minutes to leach out their solutes from cut ends, blotted on a clean filter paper.
Ten leaf punches were incubated in 20 ml distilled water for three hours. Initial
leakage of the solute was recorded its absorbance at 273 nm. Final absorbance of the
bathing medium was recoded at 273 nm after incubating in hot water bath (100°C) for

15 minutes.

Initial absorbance of bathing medium

X 100

0 =
7 Leakage Final absorbance of bathing medium

Membrane integrity (%) = 100- % leakage
3.4.2. Relative Water Content

Fresh weight, turgid weight and dry weight were measured from known
number of leaf discs from observational plants. Turgid weight was taken by
immersing the leaf disc in water for three hours. The dry weight was recorded by
keeping the leaf discs in oven for three consecutive days at 80°C upto a constant

weight was reached.

. Fresh Weight-Dry Weight .
= X 100
Relative Water Content Turgid Weight —Dry Weight




3.4.3. Canopy Temperature

Canopy temperature was measured by using infra-red thermometer of each

treatment at 12 noon and expressed in degree Celsius.
3.4.4. Proline Content of Leaves

Proline estimation was done by using method suggested by Sadasivam and
Manickam (1996).

Reagents

Acid ninhydrin, Aqueous sulphosalicylic acid (3percent), Glacial acetic acid,

Toluene, Proline.
Procedure

Ten ml of 3 percent aqueous salicylic acid was used to prepare extract by
homogenizing 0.5 gram of plant material. After filtration, 2 ml glacial acetic acid and
2 ml acid ninhydrin were added to 2 ml of filtrate sample. The mixture was heated
for 1 hour in the boiling water bath. Reaction was stopped by placing the tube in ice
bath after an hour of boiling. The mixture was stirred well by adding 4 ml of toluene.
Toluene layer was collected and warmed to room temperature. The red colour of
toluene was read at 520 nm. A series of pure toluene standards was prepared in the
same way and the standard curve was drawn. The proline present in the sample was

recorded by the help of standard curve.

(ug proline/mL toluene) X 5

Proline content (umoles/g tissue) =

k)

115.5 g Sample

where 115.5 is the molecular weight of proline.



3.4.5. Percentage Leachate

Leachate percentage was recorded at 573 nm.
3.5. STATISTICAL ANALYSIS
3.5.1. Analysis of Variance

Per replication mean value of each treatment is used to work out Analysis of

Variance (Panse and Sukhatme, 1967).

Sources  of | d.f Sum of | Mean squares | F ratio
variation squares

Replications | t-1 SSR MSR MSR/MSE
Treatment r-1 SST MST MST/MSE
Error (t-1)(r-1) SSE MSE

Total rt-1

Where r= number of replications

t= number of treatments

SSR= sum of squares for replication
SST= sum of squares for treatments

SSE= sum of squares for error

N _ ,2MSE
Critical Difference, CD=t, .

Where t, students’t table value distribution at error d.f with level of significance a
(5% or 1%).




3.5.2 Estimation of Genetic Parameters
a. Genetic Components of Variance

Phenotypic and genotypic components of variance were estimated for each
character by equating expected value of mean squares (MS) to the respective variance

components (Jain, 1982).

_ MST-MSE

Genotypic Variance (V) Vg .
Environmental Variance (Vg) Vg=MSE
Phenotypic Variance (Vp) Vp= Vgt Vg

b. Coefficient of Variation

Genotypic, Phenotypic and Environmental Coefficient of Variation were

estimated from Vp, Vi and Vg, expressed in percentage for each trait.

VG
i.  Genotypic coefficient of variation, GCV= 5 X 100
. : : . VvP
ii.  Phenotypic coefficient of variation, PCV=""— X 100

VE

. . .. VE
iii.  Environmental coefficient of variation, GCV=T %X 100

Where, X= Grand mean

Sivasubrahmanian and Menon (1973) reported following categories for the range of

variation.
High: >20 percent

Medium: 10-20 percent



N
JJ\

Low: <10 percent
c. Broad Sense Heritability

Ratio of genotypic variance to the total observed variance in the population

and calculation expressed in percentage.

"
H2=£ x 100

Range of Heritability estimation (Johnson ef al., 1955)
High: >60 percent

Medium: 30-60 percent

Low: <30 percent

d. Genetic Advance

The expected genetic gain or improvement in the next generation by selecting
superior genotype under certain amount of selection pressure. Genetic advance

estimated by using Burton (1952) formula.
GA=KH*VVP

Where K= selection differential

At 5% selection intensity K=2.06

H’= Heritability

V,= Phenotypic variance

e. Genetic Advance as Percent of Mean

GAM= GA/X =100



36

GA= Genetic Advance

X= Grand Mean

Ranges of genetic advance by Johnson et al. (1955).
High= >20 percent

Medium= 10-20 percent

Low= 10 percent

3.5.3. Estimation of Correlation

Degree and direction of association between two variables refers the
correlation.  Genotypic and phenotypic correlations were calculated by using
Falconer (1964) formula.

Genotypic coefficient of correlation (rg) = r(x; x;)g= el b

yvixilg.vixjlg

. s s Cov((xixj)p
Ph fficient of lat = R(XiX;)p=
enotypic coefficient of correlation (rp) = r(x; x;), ToGp =G

Error coefficient of correlation (r.) = T(Xi.xj)ez%
vis 5 e

3.5.4. Path Coefficient Analysis

It is a standardized partial regression coefficient which separates the

correlation coefficients into direct and indirect effects (Dewey and Lu, 1959).
Ty = P|y r |+P2yl'12+P3yI'|3 ............................... .,.+Pnyr|,,
Iy = sz r21+P2yr22+P3yr23 ................................. +Pnyl'2n

Tny = Ply Ini +P2yr,,2+P3yr,,3 .............................. as "T'Pnytnn



Where,
1,200, n =independent variables
y = dependent variable
Plyy Dayscswensss ryy =coefficient of correlation between independent variables
1 to n on dependent variable y.
Piys Payecososs P, =direct effect of character 1 to n on character y.

The above equation can be written in matrix form

iy (1 rpy Tyzo- - Ty Py
T2y Ty 1 T3 . . Tpy Py
[Ty Ty Thz Tagz - - 1 L e
Cu Ciz Gy Cin
Car Coz Gy Can

Then B=C"'A where C'=

€y Cp - - G,
Direct effects:

Piy= Thicy Tiy

Pyy=Xis cuTiy

_ Tk .
Ppy = Zi:lcm":'y



s
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Residual effect PRy= V1 —r?

Where,r® = (Py,ny, + Pyyray + Py ory e o

P;y = direct effect of X;on y
ryy = correlation coefficient of Xjon y

i=1,23....n

srevae wvawest Pyt )

29



RESULTS



4. RESULTS
4.1. EVALUATION OF AMARANTHUS GENOTYPES
4.1.1. Variability

Thirty genotypes of amaranthus were evaluated, performance of each
genotype shown significant difference for the characters under study. Ten high

yielding genotypes were selected for the experiment number 2.
4.1.1.1. Biometric Characters
Mean values of the 30 genotypes are described in table 2.

Stem girth was noticed to be the maximum for the genotype A9 (3.745
cm), which was on par with other genotypes like A 23 (3.537 cm), A2 (3.395 cm),
A21 (3.387 cm), A19 (3.347 cm), A13 (3.327 cm), A6 (3.288 cm), A30 (3.262
cm), A4 (3.200 cm), A12 (3.113 cm), AS (3.037 cm), A28 (3.037 ¢m) and A7
(3.033 cm). The minimum stem girth was noticed for the genotype A25 (1.759
cm) which was on par with A14 (1.780 cm) and A 15 (2.075 cm).

Length of leaf lamina varied from 12.780 c¢m to 8.687 cm. The maximum
was observed for A28 genotype (12.870 cm) which was on par with genotypes
A10 (12.767 cm), A9 (12.445 cm), Al (12.291 cm) and A2 (12.098 cm). The
minimum length of leaf lamina was observed for the genotype A26 (8.687 cm),
A29 (9.467 cm), A27 (8.913 cm) and A21 (8.723 cm) genotypes were on par with
it.

The maximum petiole length was observed for the genotype A9 (5.175
cmy), which was on par with Al (4.472 cm), A24 (4.447 cm), A28 (4.373 cm) and
A2 (4.353 cm). The least petiole length was noticed for the genotype A1l (2.873

cm).

The genotype A9 registered highest leaf width (8.268 ¢cm), which was on
par with other four genotypes, like A10 (8.265 c¢cm), Al (7.930 cm), A2 (7.778
cm) and A20 (7.587 cm).
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The internodal length ranged from 4.640 cm (A21) to 1.643 cm (Al14).
The genotype A21 was on par with A13 (4.133 cm), A10 (4.080 cm), A19 (3.947
cm), All (3.927 cm) and A4 (3.850 cm).

The number of branches ranged from 11.467 (genotype A21) to 0.000
(genotype A7 and A153).

The genotype A22 registered high yield plant” (125.926 g) and high yield
plot™ (2.513 kg) and the lowest yield plant” was reported for the genotype A18
(64.163 g) with 1.436 kg (lowest) yield plot”. The genotype A4 (125.229 g), A28
(116.986 g) and A7 (114.426 g) were on par with the genotype A22 and the
genotype A26 (75.090 g), A1l (74.466 g), A15 (74.823 g), A13 (74.387 g), Al4
(71.873 g) and A17 (71.796 g) were on par with genotype A18 for the character
yield plant . The genotypes A26 (1.503 kg), A15 (1.496 kg), A11 (1.486 kg), A13
(1.486 kg) A17 (1.466 kg) and A14 (1.437 kg) were on par with the genotype A18
for the character yield plot™.

Significant variation was observed for the character leaf to stem ratio. It
was ranged from 1.678 (A15) to 0.491 (A7). The highest value was cbserved for
the genotype A15 (1.678) which was on par with the genotypes A2 (1.577), A20
(1.530) and A9 (1.428). The lowest leaf to stem ration was recorded for the
genotype A7 (0.491). The genotypes A8 (0.719), A6 (0.713), A4 (0.707), Al3
(0.691), A11 (0.660) and A28 (0.607) were found to be on par with the genotype
AT.

Days to 50% bolting was found to be highest for the genotype A2l
(49.667) and the lowest for the genotype A16 (30. 667). The genotypes Al5
(48.667), A17 (48.333), A7 (48.333), A1l (48.00) and A18 (47.667) were on par
with the genotype A21. The genotype A16 was on par with A10 (31.667) and A2
(31.333).

The maximum plant height was recorded for the genotype A7 (72.500
cm). The minimum plant height was recorded for the genotype A16 (17.840 cm).



Incidence of leaf blight was scored according to 0-4 scale, the highest
score was reported for the genotype A6 (1 990) and the lowest score 0 were
reported for the genotypes Al, A2, A8, All, Al3, AlS, A21, A22, A24, A26.
A27 and A28.

Scoring for the incidence leat webber were done with 0-4 scale, maximum
score was recorded for the genotype A17 (3.260) which was on par with Al4
(3.080). The score 0 was reported for genotypes A9, A20, A21, A23 and A26.

4.1.1.2. Morphological Cataloguing

All the thirty genotypes were described morphologically by using IBPGR
descriptor for amaranthus (Table 3). All the genotypes were scored for 22
characters with appropriate scoring according with the scale. List descriptor for

amaranthus is given in appendix 1.

All the genotypes had erect growth habit with all branches among the
stem, two genotypes like A7 and A15 had no branches. Thirteen genotypes had
30-45 cm range of plant height remaining seventeen genotypes had 46-60 cm
range of plant height. Fifteen genotypes had low level of stem pubescence and
remaining had no pubescence in the stem. All the thirty genotypes had pink
colour stem pigmentation, no spines on the leaf axil, no leaf pubescence with pink

colour leaf pigmentation.

Eight genotypes had above 11 cm leaf length and 22 genotypes had the
range of 5-10 cm leaf length. Leaf width of all the genotypes had a range of 5-10
cm. All the thirty genotypes had elliptical shaped leaf, seven genotypes had
undulated margin remaining had entire margins on the leaf. Leaf prominence vein
varied from smooth to slightly prominent. The genotypes A4 and A15 had deep
purple colour of petiole pigmentation, other genotypes had purple colour of
petiole pigmentation. The axillary inflorescence was present in all the thirty

genotypes. Inflorescence colour varied from pink to red. Nine genotypes had red

p 2
- O
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colour inflorescence, others had pink colour. All the genotypes had black colour

seed and opaque seed coat type.

Ten genotypes had ovoid seed shape and others with round seed. The
genotype A26 had very slow germination rate, the genotypes A3, AS and A 18
had slow rate of germination, remaining germinated rapidly. All the thirty

genotypes had tap root system.

4.2. IDENTIFICATION OF WATER STRESS TOLERANT AMARANTHUS
GENOTYPES WITH GOOD QUALITY AND HIGH YIELD

4.2.1. Variability

Ten genotypes like Palakkadu local (A2), Kalliyoor local (A4), Anachal local
(A6), Haripad local (A7), Kazhakkuttom local (A9), Poonkulam local (A20),
Aryanadu local (A21), Madhur local (A22), Ayyanthole local (A28) and Kannara
local (A29) recorded highest plant” yield of 109.26 g, 125.229 g, 108.273 g,
114.426 g, 97.993 g,103.095g, 106.713 g, 125926 g, 116986 g and 97.923 g
respectively (Table 4).

The high yielding ten genotypes were evaluated under water stress for
good quality and yield. All the characters under study showed significant

difference for the genotypes.
4.2.1.1. Biometric Characters
Mean values of 10 genotypes for 13 biometric characters shown in Table 5.

The maximum stem girth was recorded for the genotype A22 (2.577 cm)
which was on par with A9 (2.505 cm), A20 (2.477 cm), A6 (2.395 cm), A7 (2.308
cm), A21 (2.237 cm) and A2 (2.218 cm). The minimum stem girth was observed
for the genotype A29 (1.670 cm).

The length of the leaf lamina was recorded the maximum for genotype

A22 (8.663 cm) which was found to be on par with four other genotypes viz, A9



Table 4. List of high yielding 10 genotypes of amaranthus

Genotypes No. Name of genotypes Yield plant"(g)
A22 Madhur local 125.926
A4 Kalliyoor local 125.229
A28 Ayyanthole local 116.986
A7 Haripad local 114.426
A2 Palakkadu local 109.260
A6 Anachal local 108.273
A21 Aryanadu local 106.713
A20 Poonkulam local 103.095
A9 Kazhakkuttom local 97.9930
A29 Kannara local 97.9230
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(8.580 cm), A20 (8455 cm), A6 (8 333 cm), and A7 (8.322 cm). The minimum "

length of leat lamina was recorded in the genotype A28 (6.206 cm).

The genotype A2 showed the maximum petiole length of 3.590 cm which
was on par with A4 (3.527 cm), A6 (3.404 cm) and A28 (3.387 cm). The
minimum petiole length was observed for the genotype A7 (2.403 cm) which was

on par with A29 (2.531 cm) and A22 (2.467 cm).

The highest leaf width was registered for the genotype A9 (5.621 cm) and
the genotype A20 (5.425 cm) was on par with A9. The lowest leaf width was
observed in A21 and A28 (3.441 cm).

The internodal length ranged from 1.518 cm to 3.203 cm. The highest was
observed in A2 (3.203 cm) and the lowest was recorded for A28 (1.518 cm).

The genotype A22 registered highest number of branches (7.527) and the
lowest observed for the genotype A28 (2.257) which was on par with the
genotype A4 (2.333).

The yield plant” and yield plot”’ were highest for the genotype A22 of
54.160 g and 1.083 kg respectively. The lowest yield plant” was recorded for A28
(23.620 g) which was found to be on par with A29 (27.662 g) and A4 (27.415 g).
The minimum yield plot” was reported for A28 (0.440 kg).

The highest leaf to stem ratio was showed for the genotype A22 (1.033)
which was on par with A9 (0.988) and A20 (0.929). The lowest leaf to stem ratio
was recorded for the genotype A28 (0.588) which was on par with A7 (0.697),
A21 (0.681), A2 (0.667), A29 (0.626) and A4 (0.593).

The maximum days to 50% bolting was recorded for the genotypes A21,
A7 and A28 (58.00), which was found to be on par with A4 (57.667), A22
(57.667) and A20 (57.333). The minimum days to 50% bolting was reported for
A9 (52.333) and A2 (52.333) which was on par with A29 (53.000) and A6
(52.667).



The plant height ranged from 28.570 to 43.093 cm. The highest was
observed for the genotype A9 (43.093 c¢m) and the lowest was recorded for A21

(28.570 cm) which was on par with A2 (28.670 c¢cm).

Incidence of leaf webber scored with 0-4 scale, the high score was

recorded for A6 (1.273) and the lowest for A21 (0.087).

The highest score for incidence of leaf webber was observed for A6
(2.623) and the lowest for A22 (0.923). The scoring was ranged from 0.923-
2.623.

4.2.1.2. Quality Characters
Mean performance of 10 genotypes for quality characters were shown in table 6.

The protein content was varied from 3.358 mg g to 1.281 mg g’l. The
genotype A21 reported the highest protein content (3.358 mg g') and the
genotype A9 showed the lowest protein content (1.281 mg g'). The genotypes
A2 (1.363 mg g'l) and A4 (1.289 mg g") were on par with the genotype A9.

The maximum fibre content was reported for the genotype AZ20
(14.370%) and the genotype A28 registered lowest fibre content (7.6570%) which
was on par with A6 (8.4100%).

The vitamin A content ranged from 1052.48 IU (A4) to 3764.66 1U
(A22), which was significantly differed from other genotypes.

The genotype A9 observed highest oxalate content i.e, 2.87% and the
lowest was reported for A22 and A28 i.e, 1.63%. The genotypes A7 (2.44%) and
A21 (2.43%) were on par with A9. The genotypes A4 (2.00%), A20 (1.86%) and
A2 (1.77%) were on par with the genotypes A22 and A28.

The nitrate content varied significantly, the highest was observed for the
genotype A4 (1.030%), followed by A6 (0.305%). The lowest nitrate content was
recorded for A29 (0.027%).
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4.2.1.3. Physiological Characters

Mean performance of 10 genotypes for physiological characters under

water stress were shown in table 7.

All the characters under study were significantly differed for the

genotypes.

The percentage leachate was ranged from 1.5410% (A22) to 26.118%
(A28). The maximum membrane integrity was observed for the genotype A22
(98.459 %) and the minimum was observed for A28 (73.882%)

The maximum relative leaf water content (90.58%) was reported in the
genotypes A20 and A22, which was on par with the genotypes A28 (90.53%), A9
(90.43%), A6 (90.00%), A2 (89.61%), A7 (89.58%) and A21 (89.56%). The

relative water content was minimum for the genotype A4 (82.26%).

Canopy temperature was highest for the genotype A4 (27.523°C ). This
was found to be on par with the genotypes, A28 (26.657°C), A29 (24.960°C),
A7 (23.817°C), A21 (23.647°C) and A6 (23.147°C). The minimum canopy
temperature was for the genotype A9 (17.307°C) and which was on par with A22
(18.307°C).

The highest proline content of the leaves was recorded for the genotype
A22 (39.672 pmol g') and the lowest proline was recorded for the genotype A28
(8.823pmol g).

4.2.2. Genetic Parameters

The phenotypic and genotypic coefficients of variation, heritability and genetic

advarnice were worked out and shown in Table 8.
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4.2.2.1. Coefficient of Variation
4.2.2.1.1 Phenotypic Coefficient of Variation

The phenotypic coefficient of variation (PCV) ranged from 3.435% for
relative water content to 41.254% for Vitamin A. High PCV was observed for
vitamin A(41.254%), protein content (39.231%), number of branches (38.066%),
yield plant ! (25.437%), leaf to stem ratio (24.404%), oxalate content (23.298%)
and internodal length (22.924%). The characters like fibre content (19.768%),
leaf width (18.345%), stem girth (16.998%), canopy temperature (16.81%),
petiole length (16.754%), plant height (13.625%) and length of leaf lamina
(12.37%) showed moderate phenotypic coefficient of variation. Low PCV
recorded for the characters like nitrate content (8.65%), days to 50 % bolting
(5.089%), proline content of leaves (4.232%) and relative water content (3.435%).

4.2.2.1.2. Genotypic Coefficient of Variation

The value of genotypic coefficient of variation (GCV) ranged from
41.219% for vitamin A to 2.984% for relative water content. The characters like
vitamin A (41.219%), protein content (38.766%), number of branches (37.882%),
yield plant”’ (24.479%) internodal length (21.468%) and leaf to stem ratio
(20.691%) showed high value of genotypic coefficient of variation. Moderate
genotypic coefficient of variation observed for the characters like fibre content
(19.154%), oxalate content (17.855%), leaf width (17.534%), petiole length
(14.959%), stem girth (14.073%), canopy temperature (12.381%), plant height
(12.252%) and length of leaf lamina (11.731%). The characters like nitrate
content (6.66%), days to 50% bolting (4.712%), proline content of leaves
(4.157%) and relative water content (2.984%) recorded low values of genotypic

coefficient of variation.



4.2.2.2. Heritability

High heritability was observed for vitamin A (99.834%) followed by
number of branches (99.038%), protein content (97.64%), proline content of
leaves (96.50%), fibre content (93.889%), yield plant'l (92.608%), leaf width
(91.355%) , length of leaf lamina (89.944%)), internodal length (87.694%), days to
50% bolting (85.754%), plant height (80.864%), petiole length (79.725%), nitrate
content (76.99%), relative water content (75.436%), leaf to stem ratio (71.89%)
and stem girth (68.584%). Moderate heritability was recorded for oxalate content
(58.733%) and canopy temperature (54.245%).

4.2.2.3. Genetic Advance (as Percentage of Mean)

The highest estimate of genetic advance recorded was 181.73% (oxalate
content) followed by 86.373% (canopy temperature), 84.842% (fibre content),
77.661% (number of branches), 48.527% (yield plant"), 41.413% (internodal
length), 38.234% (protein content) , 36.14% (leaf to stem ratio), 34.524% (leaf
width), 28.188% (vitamin A), 27.516% (petiole length), 24.002% (stem girth),
22.919% (length of leaf lamina) and 22.696% (plant height). Moderate genetic
advance was observed for relative water content (18.785%) and nitrate content
(13.73%). The lowest value of genetic advance was recorded for days to 50%
bolting (8.989%) and proline content of leaves (8.412%).

4.2.4. Correlation Coefficient Analysis

Genotypic, phenotypic and environmental correlation coefficients were
studied to know the relationship between two characters. The results of correlation

are presented here.
4.2.4.1. Genotypic Correlation Coefficient
The genotypic correlation coefficients are given in Table 9.

The stem girth had positive correlation with length of leaf lamina (0.992),
leaf width (0.850), number of branches (0.950), yield plant"(0.985), yield plot”
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(0.959), ieat to stem ratio (0.900). relative water content (0.837), proline content
of leaves (0.995), vitamin A (0.911). Stem girth was negatively correlated with
incidence of leaf blight (-0.467), canopy temperature (-0.948) and nitrate content
(-0.478).

Positive correlation was recorded for length of leaf lamina with leaf width
(0.740), number of branches (0.923), yield plant'(0.904), yield plot'(0.883), leaf
to stem ratio (0.896), membrane integrity (0.946), relative water content (0.668),
proline content of leaves (0.991), vitamin A (0.771) and oxalate content (0.499).
Significant negative correlation was observed with petiole length (-0.564),
incidence of leaf blight (-0.491), percentage leachate (-0.945), canopy temperature
(-0.939) and nitrate content (-0.485).

Petiole length showed significant positive correlation with incidence of
leaf blight (0.599), incidence of leaf webber (0.556), canopy temperature (0.612)
and nitrate content (0.476). Number of branches (-0.574), yield plant'(-0.462),
yield plot' (-0.464) and proline content of leaves (-0.526) were significant
negatively correlated with petiole length.

The interrelationship of leaf width with number of branches (0.790), yield
plant™ (0.677), yield plot™” (0.673), leaf to stem ratio (0.857), plant height (0.546),
membrane integrity (0.761), relative water content (0.467), proline content of
leaves (0.809) and vitamin A (0.700) were found to be having significant positive
correlation. Days to 50 % bolting (-0.495), percentage leachate (-0.761), canopy
temperature (-0.831) and protein content (-0.643) had significant negative

correlation with leaf width.

Internodal length showed significant positive correlation with fibre content

(0.568) and significant negative correlation with days to 50 % bolting (-0.561).

Correlation of number of branches with yield plant” (0.947), yield plot™
(0.921), membrane integrity (0.956), relative water content (0.611), proline

content of leaves (0.542) and vitamin A (0.907) were positively significant.



&l

Significant negative correlation was recorded for incidence of leaf blight (-0.535).

percentage leachate (-0.955) and nitrate content (-0.519) with number of branches.

Yield plant” had positive correlation with yield plot™ (0.999), membrane
integrity (0.966), relative water content (0.599), proline content of leaves (0.935)
and vitamin A (0.921). Negative correlation was recorded with incidence of leaf

blight (-0.501) and percentage leachate (-0.966).

Yield plot’ was positively correlated with leaf to stem ratio (0.979),
membrane integrity (0.938), relative water content (0.478), proline content of
leaves (0.913) and vitamin A (0.856). Incidence of leaf blight (-0.539),
percentage leachate (-0.398) and canopy temperature (-0.918) showed significant

negative correlation with yield plot.

Leaf to stem ratio showed positive correlation with plant height (0.540),
relative water content (0.579), proline content of leaves (0.955), and vitamin A
(0.943). Significant negative correlation was observed with incidence of leaf

blight (-0.450) and nitrate content (-0.421).

Days to 50 % bolting showed negative correlation with incidence of leaf
blight (-0.644). Plant height had negative correlation with canopy temperature
(-0.399) and protein content (-0.429).

Positive significant correlation was observed with incidence of leaf blight
and incidence of leaf webber (0.718), percentage leachate (0.508) and canopy
temperature (0.446). Negative significant correlation was observed with

membrane integrity (-0.508) and vitamin A (-0.464).

Nitrate content (0.582) showed significant positive correlation with
incidence of leaf webber. Fibre content (-0.563) and incidence of leaf webber

were negatively correlated.

Percentage leachate had significant positive correlation with nitrate

content (0.426). Membrane integrity (-1.000), relative water content (-0.662),



proline content of leaves (-0.947). vitamin A (-0.891) and oxalate content (-0.376)

had negative correlation with percentage leachate.

Relative water content (0.662), proline content of leaves (0.948), vitamin
A (0.891) and oxalate content (0.375) showed significant positive correlation with
membrane integrity. Nitrate content (-0.426) had negative significant correlation

with membrane integrity.

Relative water content showed significant and positive correlation with
proline content of leaves (0.630) and vitamin A (0.643). Canopy temperature
(-0.668) and nitrate content (-0.814) had significant and negative correlation with

relative water content.

Canopy temperature was positively correlated with nitrate content (0.586)
and negatively correlated with proline content of leaves (-0.987). Proline content
of leaves had positive correlation with vitamin A (0.829) and negative correlation
with nitrate content (-0.440). Protein content was showed negative correlation
with nitrate content (-0.448). Fibre content had positive correlation with oxalate
content (0.411). Vitamin A showed significant negative correlation with nitrate

content (-0.501).
4.2.4.2. Phenotypic Correlation Coefficient
The phenotypic correlation coefficients are given in Table 10.

The interrelationship of stem girth was positive with the characters, length
of leaf lamina (0.810), leaf width (0.598), number of branches (0.765), yield
plant” (0.738), yield plot™ (0.742), leaf to stem ratio (0.667), membrane integrity
(0.858), relative water content (0.646), proline content of leaves (0.823) and
vitamin A (0.756). Negative association was observed with percentage leachate

(-0.859) and canopy temperature (-0.684).

Length of leaf lamina showed positive correlation with leaf width (0.673),
number of branches (0.877), yield plant'l (0.802), yield plot'1 (0.825), leaf to stem
ratio (0.715), membrane integrity (0.902), proline content of leaves (0.939) and
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vitamin A (0.734). Petiole length (-0.469), percentage leachate (-0.902), canopy
temperature (-0.636) and nitrate content (-0.430) had negative correlation with

length of leaf lamina.

Petiole length had positive correlation with incidence of leat blight
(0.533), incidence of leaf webber (0.501) and nitrate content (0.367). Negative
correlation was observed with number of branches (-0.529), yield plant™” (-0.415),
yield plot'l (-0.408) and proline content of leaves (-0.471).

Yield plant” (0.636), number of branches (0.752), yield plot™ (0.639), leaf
to stem ratio (0.691) and vitamin A (0.666) were found to be positive significant
correlated with leaf width. Percentage leachate (-0.730), canopy temperature
(-0.577) and protein content (-0.597) had negative significant correlation with leaf
width.

Internodal length showed positive correlation with fibre content (0.504)

and significant negative correlation with days to 50 % bolting (-0.536).

Interrelationship with number of branches and yield plant” (0.909), yield
plot’ (0.906), leaf to stem ratio (0.853), membrane integrity (0.946), relative
water content (0.497), proline content of leaves (0.937) and vitamin A (0.902)
were significantly positive correlated. Negative correlation was observed with
number of branches and incidence of leaf blight (-0.535), percentage leachate
(-0.946), canopy temperature (-0.742) and nitrate content (-0.483).

Yield plant” had significant positive correlation with yield plot™” (0.959),
leaf to stem ratio (0.788), membrane integrity (0.922), proline content of leaves
(0.901) and vitamin A (0.884) Incidence of leaf blight (-0.535), percentage
leachate (-0.946), canopy temperature (-0.742) and nitrate content (-0.483) had

significant negative correlation with yield plant'l.

Positive correlation was recorded for yield plot’ with leaf to stem ratio
(0.829), membrane integrity (0.924), proline content of leaves (0.902) and

vitamin A (0.845). Significant negative correlation was observed with incidence



of leaf blight (-0.530), percentage leachate (-0.924) and canopy temperature
(-0.662).

Leaf to stem ratio was positively correlated with membrane integrity
(0.860), relative water content (0.503), proline content of leaves (0.809) and
vitamin A (0.797). Negative correlation was observed with percentage leachate

(-0.860) and canopy temperature (-0.709).

Days to 50% bolting was significant negative correlated with incidence of
leaf blight (-0.599). Incidence of leaf blight had positive correlation with
incidence of leaf webber (0.710), percentage leachate (0.505) and negatively
correlated with membrane integrity (-0.504).

Incidence of leaf webber showed positive correlation with nitrate content

(0.550) and negative correlation with fibre content (-0.551).

Percentage leachate was positively correlated with canopy temperature
(0.741) and negatively correlated with membrane integrity (-1.000), relative water
content (-0.581), proline content of leaves (-0.945) and vitamin A (-0.888).

Membrane integrity had positive correlation with relative water content
(0.582), proline content of leaves (0.945) and vitamin A (0.888). Negative

association was observed with canopy temperature (-0.742).

Relative water content showed positive correlation with proline content of
leaves (0.547) and vitamin A (0.551) negative correlation with canopy

temperature (-0.492) and nitrate content (-0.644).

Canopy temperature was negatively correlated with proline content of
leaves (-0.726) and vitamin A (-0.787). Proline content of leaves had significant
positive correlation with vitamin A (0.828). Nitrate content (-0.481) was

negatively correlated with vitamin A.



4.2.5. Path Coefficient Analysis

Path coefficient analysis splits correlation coefficient into direct and indirect
effects. The estimate of direct and indirect effects of component characters on

yield was determined by path coefficient analysis.

Highly significant correlated eight characters like petiole length (-0.462),
leaf width (0.667), number of branches (0.947), yield plot'| (0.999), percentage
leachate (-0.966), membrane integrity (0.966), proline content of leaves (0.935)
and vitamin A (0.921).

Genotypic correlation coefficient among eight characters presented in the table
11. The path correlation coefficients representing the direct and indirect effects

are given in Table 12.

Petiole length showed a positive direct effect on yield plant” (0.30). A
negative indirect effect was showed through number of branches (-0.17), proline
content of leaves (-0.16), yield plot'1 (-0.14) membrane integrity (-0.12), vitamin
A (-0.12) and leaf width (-0.06). Positive indirect effect was showed through
percentage leachate (0.12). Petiole length showed negative correlation of -0.462

with yield plant'.

The direct effect of leaf width on yield plant'l was negative (-0.41).
A positive indirect effect was observed through the characters petiole length
(0.08) and percentage leachate (0.32). Indirect negative effect through number of
branches (-0.33), proline content of leaves (-0.33), membrane integrity (-0.32),
vitamin A (-0.29) and yield plot” (-0.28), and it showed a positive genotypic
correlation with yield plant™ (0.677).

Number of branches showed high positive direct effect on yield plant”
(0.66). The indirect effect through membrane integrity (0.63), proline content of
leaves (0.62), yield plot™ (0.60), vitamin A (0.59) and leaf width (0.52) were
positive. Indirect effect through percentage leachate (-0.63) and petiole length
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(-0.38) were negative. Number of branches recorded a positive correlation with

yield plant”' (0.947).

Yield plot” recorded high positive direct effect on yield plant’ (0.53).
Negative indirect effect through percentage leachate (-0.50) and petiole length
(-0.25). Indirect effect through characters such as membrane integrity (0.50),
number of primary branches (0.49), proline content of leaves (0.49) vitamin A
(0.46) and leaf width (0.36) were positive. The genotypic correlation between
Yield plot™” and yield plant” was highly significant and positive (0.999).

Percentage leachate had positive direct effect (0.16) on yield plant™.
Negative indirect was showed through number of branches (-0.16), membrane
integrity {-0.16), proline content of leaves (-0.16), vitamin A (-0.15), yield plot™!
(-0.15) and leaf width (-0.12). A low positive indirect effect was observed
through petiole length (0.07). It had a high negative genotypic correlation with
yield plant™ (-0.966).

Membrane integrity had a negative direct effect on yield (-0.37). Indirect
effect through number of branches (-0.36), yield plot"(-0.35), proline content of
leaves (-0.35), vitamin A (-0.33) and leaf width (-0.28), was found negative.
Positive indirect effect through percentage leachate (0.37) and petiole length
(0.15) on yield plant’. In addition, the character showed a significant high
positive correlation with yield plant™ (0.966).

Proline content of leaves showed high positive direct effect on yield
plant(0.65). The indirect effect of percentage leachate (-0.62) and petiole length
(-0.34) were negative. Positive indirect effect through the characters like
membrane integrity (0.62), number of branches (0.61), yields plot"(0.59), vitamin
A (0.54) and leaf width (0.53). The genotypic correlation between proline content
of leaves and yield plant'1 was positive and significant (0.935).

The direct effect of vitamin A on yield plant” was positive (0.23). The

indirect effect through other characters like percentage leachate (-0.23) and



0

petiole length (-0.09) were negative. Indirect positive effect through vitamin A
(0.23), number of branches (0.21), membrane integrity (0.20), yield plot‘I (0.19)
leaf width (0.16) and proline content of leaves (0.19). Vitamin A showed a

positive significant correlation with yield plant™” (0.921).
The residual effect obtained was 0.027.
4.2.6. Selection Index

The selection index for all the genotypes were calculated based on yield,
quality and the physiological characters contributing to good quality and stress
tolerance. Ranking of all the genotypes were done from the calculated score. The

scores were calculated for each genotype and are given in Table 13.

The genotype A22 (Madhur local) was ranked first with a score 3934.50,
followed by A9 (3383.00), A20 (2757.70) and A2 (2747.60).



Table 13. Selection index for ten amaranthus genotypes under water stress

el

conditions

Genotypes No. Genotypes Name Score

A22 Madhur local 3934.5
A9 Kazhakkuttom local 3383.0
A20 Poonkulam local 2757.7
A2 Palakkadu local 2747.6
A6 Anachal local 2029.7
A7 Haripad local 2104.9
A21 Aryanadu local 1951.5
A29 Kannara local 1471.9
A28 Ayyanthole local 1395.7
A4 Kalliyoor local 1190.0




KAZHAKKUTTOM LOCAL

POONKULAM LOCAL PALAKKADU LOCAL

Plate 9. Selected superior amaranthus genotypes with good quality under water
stress condition



MADHUR LOCAL

Under irrigated condition Under stress condition

Plate 10. Comparison of high yielding water stress tolerant amaranthus genotype
Madhur local (A22) under irrigated and water stressed condition
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5. DISCUSSION

The evaluation, selection and characterization of variability present in the
population are the main steps towards the success of any breeding programme.
The present study was conducted under two experiments for evaluation of
amaranthus genotypes and identification of water stress tolerant amaranthus with
high yield and quality at the Department of Plant Breeding and Genetics, College
of Agriculture, Vellayani.

In the present investigation, thirty diverse Amaranthus tricolor L.
germplasm available in the Department of Plant Breeding and Genetics, College
of Agriculture, Vellayani and from other sources were morphologically described
and evaluated for yield under field condition. Ten high yielding genotypes were
selected for inducing water stress by restricting irrigation in the second
experiment. The promising water stress tolerant genotypes identified in the study
can be utilized for further crop improvement programmes for developing water

stress tolerant varieties.

5.1. EVALUATION OF AMARANTHUS GENOTYPES
5.1.1. Variability

5.1.1.1. Biometric Characters

A wide range of observations were reported for different genotypes in
terms of biometric characters which indicates the extent of variability present in
the germplasm. In the present study, under first experiment thirteen biometric
characters were studied for thirty genotypes and all the characters showed

considerable variation among the genotypes evaluated.

Analysis of variance showed significant differences for all the 13 traits of
30 genotypes indicating the significant variability for all the characters of
amaranthus under study which could be exploited through selection. Similar
results were noticed in amaranthus by Selvaraj (2004), Shukia et al. (2005), Pan et
al. (2008), Diwan (2015) and Jangde (2016).



The greatest variability was recorded for yield plant' which could be used
as sclection criteria for crop improvement in Amaranthus tricolor L. Supporting
evidences were given by Shukla er al (2005) and Celine er al. (2007) in

amaranthus.

The highest range of variation was recorded for number of branches,
length of leaf lamina, yield plant”, days to 50% bolting, plant height, incidence of
leaf webber in amaranthus. Supporting evidences were given by Sathy (2006) and

Celine et al. (2007) in amaranthus.

The genotype A22 (Madhur local) recorded the highest yield plant”
followed by A4 (Klliyoor local), A28 (Ayyanthole local), A7 (Haripad local), A2
(Palakkadu local), A6 (Anachal local), A21 (Aryanadu local), A20 (Poonkulam
local) A9 (Kazhakkuttom local) and A29 (Kannara local). These high yielding ten

genotypes were selected for conducting the second experiment.
5.1.1.2. Morphological Cataloguing

Diversity in the morphological characters were also indicates presence of
variability in the amaranthus genotypes that could be used for the documentation
of different morphological characters present in the existing germplasm. The
thirty genotypes were described using IBPGR descriptor for amaranthus (IBPGR,
1981).

The scoring was done according to different scale prescribed in the IBPGR
descriptor for amaranthus. Twenty two different characters were used for
describing thirty genotypes. The greatest morphologicz‘ﬂ variation was observed
for stem pubescence, leaf length, leaf margin, prominence of leaf vein,
inflorescence colour, days to 50% bolting, germination rate and plant height.
Similar results were reported by Varalakshmi et al. (2004), Sathy (2006) and
Andhini et al. (2013) in amaranthus.
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5.2. IDENTIFICATION OF WATER STRESS TOLERANT AMARANTHUS
GENOTYPES WITH GOOD QUALITY AND HIGH YIELD

5.2.1. Variability
5.2.1.1. Biometric Characters

The each genotype performed differently under water stress condition. The
yield plant’ and yield plot’ reduced by more than 50% under water stress
condition. Reduction in the yield is shown in table 14. Similar result was reported

by Mlakar et al. (2012) in amaranthus.

All the biometric characters were reduced under water stress condition due
to shortage of water. Reduction in plant leaf area, leaf width, petiole length might
be to enhance the mechanism that minimise the transpiration rate, plant height,
internodal length also reduced. Similar results were reported by Ayodele (2000),
Omami and Hammes (2006) and Shadakshari (2010) in amaranthus.

The duration of crop was increased under water stress condition because of
the shortage water for normal development in plants. Similar observation was
reported by Omami and Hammes (2006). Water stress caused increase in days to
50% bolting in amaranthus it might be due to the slow growth of plants under
stress condition, the result were in contrary with Eid (2009) in wheat the days
50% heading was reduced under drought condition.

The maximum yield under water stress was recorded for A22 (Madhur
local) followed by A9 (Kazhakkuttom local), A20 (Poonkulam local), A2
(Palakkadu local).

5.2.1.2. Quality Characters

The quality characters significantly varied in all the genotypes. Protein
content ranged from 1.281 mg g to 3.358 mg g'. Protein content was varied

under water stress condition when compared with normal irrigation. Similar
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results were obtained by Modi (2007) in amaranthus under high temperature

condition.

The fibre content of amaranthus ranged from 7.627% to 14.37% which
showed greatest variability in different genotypes. The results were in accordance

with the results of Rajagopal et a/. (1977) in amaranthus.

The Vitamin A content showed highest variability from 1052.481U to
3764.661U which showed varied quality of leaves. The oxalate and nitrate content
varied from 1.63% to 2.87% and 0.027% to 1.030% under water stress condition
which were higher than the results obtained by Anuja (2012a), Srivatstava et al.
(2002). A high antinutrients production under water stress was reported the results
of Carvalho (2005) in lupins. Increased production of antinutrients might be
depends on the environmental variation but that can be reduced by boiling of

leaves before use (Rastogi and Shukla, 2013).
5.2.1.3. Physiological Characters

Study on different physiological characters helps in understanding the
stress adaptation mechanism in the plants. Low value of percentage leachate was
observed in A22 (Madhur local) which was recorded highest yield and the
membrane integrity was high. It might be due to the less damage of cell
membrane under water stress condition. Similar results were reported by
Ahmadizadeh et al. (2011) and Almeselmani et al. (2015) in wheat. Relative
water content is the main indicator of water status in plants which were reduced
under water stress condition for all the genotypes. These results were in
accordance with results obtained by Sinclair and Ludlow (1985), Sairam et al.

(2000), Siddique et al. (2000) and Almeselmani ef al. (2015) in wheat.

Canopy temperature and proline content of leaves varied greatly under
water stress condition. Accumulation of proline might be considered as a stress
tolerance mechanism in plants. Similar results were reported by Slabbert and

Kruger (2014) in amaranthus, Elizabeth (2017) in tomato,

o>



ed 10d PIOIA et

SOABI| JO JUDIUOD dUI[0L]
amjeradwoy Adoue)) s
JUIIUO)) IOJBAN DATIR[DY] mmmm
AJLIZOIUT QUBIQUUID A s

2)eyord] 938IU0I0 | mm—

6TV

3TV

[890] BIRUURY|

[820] J[OYIUBAAY

e

[B20] INYpPRIA
00| npeUBAIY

[820] WE[NYUOO]

[B00] WO eYZe Y]

[eoo] peduey

[B00] [RYORUY

[B20] J0OAI[[RY
[B20] npexpe[Rd

IV

0Ty

6CV
8TV
(444
[TV
ocy
6V
LV
A
144
A4

6V

LV

A4

144

20URId[0)
$sa11$ J9jem 01 Funnquyuod siajoereyd [ea1dojoisAyd pue ppaik uo paseq snyjuerewe jo sodAjoudad jo sourunioyiad uesw aaneiedwo)) ‘7314

(4%

oY



[e00] BIRUURY 6TV
[820] dJOYIUBARY  Q7V
[eo0] INYpeN  TTV
[eo0] npeURALlY [TV
[BJ0] We[njuood (CV
[e00] WopMeYZeY 6V
[edo] peduey LV
[e00] [BYORUY 9V
[220] J00AT[[EY YV

[e20] npeR[Rd TV

SSOIIS J9jeA IOpUN SI1dj0rIeyd Ajijenb pue plaik uo paseq snyjuerewe jo sadAjouad jo ooueuniojrad ueaw aaneredwo)) "¢ 31

6V LV

6TV 8¢V TV ItV 0TV 9V 144 (44
S— \{4\! S — L A 1 i L ‘v O
_ _ |
| |
-0l

PIOIA —4— -

JUIUOD NENIN] m—

JUDIUOD R[BX() mum—

0€
JUDJUOD 1T ] e ,
JUDIUOD UINOL ]
-0y
0s

- 09




5.2.2. Coefficient of Variation

The vanability plays a vital role in the selection and improvement of crops
in any breeding programme. The exploitation of these variability results in the
success of crop improvement. To understand the nature of variability present in
the germplasm, the genetic parameters like genotypic coefficient of variation
(PCV), phenotypic coefficient of variation (GCV), environmental coefficient of
variation (ECV), heritability in broad sense (H%) and genetic advance as percent

of mean are estimated and the results are discussed here,

The value of genotypic coefficient of variation was smaller than
phenotypic coefficient of variation, but small difference was recorded between
PCV and GCV indicated that environment had less contribution towards the trait
expression. Supporting evidence was given by Revanappa and Madalageri (1998)
in amaranthus, Shukla er al. (2005) in Amaranthus tricolor L. Kaushik et al.
(2011), Rani and Anitha (2011) and Chernet et al. (2013).

The value of genotypic coefficient of variation (GCV) ranged from 2.984
for relative water content to 41.219 for vitamin A. High value of GCV and PCV
were recorded for vitamin A, number of branches, yield plant", leaf to stem ratio,
internodal length and protein content which revealed that total variation present in
genotypes were contributed by genetic component. Therefore, selection could be
done for these characters. These results were in accordance of the results obtained

in amaranthus by Ahammed et al. (2012) and Yadav ef al. (2014).

Moderate GCV and PCV was recorded for stem girth, length of leaf
lamina, petiole length, leaf width, plant height, canopy temperature and fibre
content which indicated that the variation present in the germplasm for these
characters were moderately contributed by genetic constitution of genotypes. So,
there is a greater scope for the selection of those traits for better crop
improvement. Similar results were obtained by Hasan et al. (2013) Sarker et al.

(2014) and Diwan (2015) in amaranthus.
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Moderate GCV and high PCV were observed for oxalate content. Low
value of GCV and PCV observed for days to 50% bolting, relative water content,

proline content of leaves and nitrate content.
5.2.3. Heritability and Genetic Advance as Percentage of Mean.

Heritability is the heritable portion of the phenotypic variance of the
characters. It indicates the degree at which a character is transmitted from the
parent to its offspring. A high value of the heritability indicates the low influence
of environment on the character and selection for the such character will be
effective. Higher broad sense heritability value of the character measures the
greater proportion genotypic variance on the heritable characters rather than

phenotypic effect.

In the study, the heritability estimates ranged from 54.243% for canopy
temperature to 99.834% for vitamin A. High heritability was obtained for stem
girth, length of leaf lamina, petiole length, leaf width, internodal length, number
of branches, yield plant'l, leaf to stem ratio, days to 50% bolting, plant height,
relative water content, proline content of leaves, protein content, fibre content,
vitamin A and nitrate content. Moderate heritability was observed for canopy

temperature and oxalate content.

Plant height, stem diameter, leaf to stem ratio and yield plant'l showed
high heritability in broad sense, in accordance with the results of Uzzman (2013)
in amaranthus. This revealed that these traits were least affected by environmental
interaction and selection based on the phenotypic performance would be reliable.
High heritability of leaf area, leaf to stem ratio and yield plant” observed, similar
results were reported by Hasan et al. (2013) and Jangde (2016) in amaranthus.

High heritability with high estimates of genetic gain was observed for stem
girth, length of leaf lamina, petiole length, leaf width, internodal length, number
of branches, yield plant™, leaf to stem ratio plant height, protein content, fibre

content and vitamin A. High heritability coupled with high genetic advance for



S$SI)S J9JEA JOpUN SNYJUBIBWIE JO SIDJORIBYD A} JOJ dOUBAPY JJAUID) pue ANJIqeILdl ¢ S

>
o >
> D P N
(o) > oo@ 000@ 070@ &4@0 3 Qv«OA/ NN .@0&
SN & > & N & & ¥ > PP 2 O
I AR & ° oJ,.v 0%@ & oe/v %Oov 2 3 ¥ L pF @o/x 50
.ﬁ«oo &«oo Ry ee/x &P X & «0«& ¥ o%v 0@//9 ¥ oa/&/ ov&/x &ovo
N A% % % -3
J/_v& & )wo J/ws ms4 X %o %,o/.co%. oo.@ & oo,%w K F Y
0
0t
(0%
09
08
oot
0zt
(UBAW JO 9/ SB JOOURAPE OIOUA) ovt
Aqeioy m 091
08T

00¢



74

all biometric and quality characters were reported by Sathy (2006) and Pan et al.
(2008) in amaranthus.

In the present study, high heritability and moderate genetic advance were
recorded for relative water content and nitrate content. High heritability with low
genetic advance was observed for the characters days to 50% bolting and proline
content of leaves. Which indicted that even though it is highly heritable traits the
improvement over mean population is less because of the presence of non-additive
effects and it can be exploited through heterosis breeding. Same results were

reported by Eid (2009) in wheat under water stress condition.
5.2.4. Correlation Coefficient Analysis

Correlation analysis gives an idea about interrelationship between two
characters. It may be positive or negative correlation which depends on the nature
of the traits. A number of biometric, quality and physiological characters were
studied in the present investigation. Correlation analysis between the characters
showed that genotypic correlation coefficient were higher than the respective
phenotypic correlation coefficient due to the presence of environmental effect on
two traits. More over the difference between phenotypic and genotypic correlation
were small, which indicated the environment had a little effect on those

characters.

Positive genotypic correlation is mainly occurs due to the coupling phase
of linkage and the negative genotypic correlation occurs due to repulsion phase of

linkage of two genes governing the traits (Salini ez al., 2010).

From the present investigation stem girth, length of leaf lamina, leaf width,
number of branches, yield plot’ membrane integrity, relative water content,
proline content of leaves and vitamin A had highest positive correlation with yield
plant'l. The results were accordance with Mohideen and Subramanian (1974) who
reported positive correlation of leaf length with yield in amaranthus, Mohideen
and Muthukrishnan (1979) reported correlation of leaf width with yield,



Varalakshi and Reddy (1997) recorded positive correlation of number of branches
with yield in amaranthus and Rahman er al. (2005) reported high positive
correlation stem diameter with yield. Comparable results were obtained by
Bayoumi ef al. (2008) for positive correlation (r=0.84) of relative water content
with yield. Similar results were obtained for relative water content and proline

content in tomato by Elizabeth (2017).

Proline content of leaves was significantly and positively correlated with
yield plant'lo These results were also obtained by Saeedipour (2013) in wheat,
Slabbert and Kruger (2014) in amaranthus that proline accumulation was high in
drought tolerant genotypes. Similar results were obtained by Ghiabi et al. (2013)
in chickpea that proline content exhibited positive significant correlation with
yield under water stress condition. Siddique er al. (2015) also quoted that
accumulation of proline content may lead to better osmotic adjustment in heat
tolerant faba bean genotypes. Proline accumulation can be considered as a
selection criteria for stress tolerance in plants (Jaleel et al., 2007). Identical results
were achieved by Jaleel ef al. (2007) in periwinkle, Hassanzadeh ez al. (2009) in

sesame and Farshadfar ef al. (2012) in wheat.

Proline content and vyield plant’ were positively correlated. On
contradiction with the result Parchin e al. (2014) reported that wheat seed yield
and proline content were negatively non-significant under water stress condition.
Accumulation of proline content under water deficit can be considered as drought
tolerance mechanism of genotypes but could not be used as drought tolerance
parameters. But, Amini et al. (2014) and Elizabeth (2017) suggested that proline
accumulation as a trait to select drought tolerant genotypes in safflower and
tomato correspondingly. In plant stress tolerance proline accumulation is found to

have adaptive roles (Verbruggen and Hermans, 2008).

Relative water content showed positive significant correlation with yield
plant”. The comparable results were drawn from study of Schonfeld ez al. (1988)
and Bayoumi et al. (2008).



Relative water content showed significant difference among the genotypes
studied. The difference in ability of absorption of water from soil or ability of
stomata to reduce the loss of water from the plant might be the reason for
difference in RWC of cultivars under drought stress. These results were in
accordance with results of Sinclair and Ludlow (1985). In wheat, increased RWC

was observed in drought tolerant cultivars by Schonfeld ez al. (1988).

A positive significant correlation was observed in membrane integrity and
negative significant correlation in percentage leachate with yield plant”. A similar
result for percentage leachate was reported by Bajji er al. (2001) in wheat. Water
stress modifies the chemical composition and physical structure of the biological
membrane and had direct effect on electrolyte leakage (Knowles e al., 2001). The
decrease in membrane integrity depends on the duration of stress and the species
(Anjum ef al., 2011). Membrane integrity was observed highest in Madhur local
(A22) which yielded maximum under water stress. The membrane integrity and
percentage leachate was negatively correlated. Electrolyte leakage could be used
as a predictive criterion of putative water stress tolerance in plants (Bajji ef al.,
2001). 1t is reciprocal to cell membrane injury, widely used physiological index

for evaluation of stress tolerance in plants (Premachandra et al., 1991).

Canopy temperature was negatively correlated yield plant”. It might be
due to the increase in transpiration by absorbing water from deep layer of soil.
Similar result were obtained by Geundouz et al. (2012) in wheat that canopy
temperature and grain yield had negative correlation (r = -0.32) under stress
condition. Similar results were achieved by Hirayama et al. (2006) and Talebi
(2011) in wheat.

Vitamin A was significantly positive correlated with yield plant”. Increase
in vitamin A content under stress condition might be due to the production of
antioxidants such as beta carotene which confer reduction in damage of cellular
organelles from free radicals. Comparable results were obtained by Randome et

al. (2017).



5.2.5. Path Coefficient Analysis

Genotypic correlation between yield and yield components were
partitioned into direct and indirect effects and measures relative importance of the
causal factor individually. Path coefficient divides the correlation coefficients into
direct and indirect effects. From the genotypic correlation the highly correlated
yield components like petiole length, leaf width, number of branches, yield plot,
percentage leachate, membrane integrity, proline content of leaves and vitamin A
were taken as independent characters for the path coefficient analysis for better
interpretation. This measures the direct and indirect contribution of independent

characters on dependent character (Fig.6).

In the present study, characters like petiole length, number of branches,
yield plot™, percentage leachate, proline content of leaves and vitamin A had high
positive direct effect on yield. Corresponding evidence of direct positive influence
of number of branches on yield plant” was reported earlier by Verma and Sarnaik
(2000) in tomato under water stress. Direct effect of membrane injury on yield
was reported by Rekha and Reddy (2017) in mung bean. Similar results were
obtained by Elizabeth (2017) in case of proline content in tomato under water

stress condition.

Characters like leaf width and membrane integrity showed a negative

1

direct effect on yield plant = and positive genotypic correlation indicated the

indirect effect through the other independent variable.

All the traits included in the study explained almost all variability towards

yield could be concluded from low residual effect.

The study revealed that the accumulation of proline in leaves is an
important mechanism contributing to water stress tolerance in amaranthus. The
promising genotypes identified in the study can be utilized further for crop

improvement programmes to develop water stress tolerant varieties.

1
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The results of the study imply that in order to select high yielding good
quality amaranthus genotypes under water stress conditions, emphasis must be
given on important characters like petiole length, number of branches, yield plot ',
percentage leachate, membrane integrity, relative water content, proline content of

leaves and vitamin A.
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SUMMARY



6. SUMMARY

The present study on identification of water stress tolerant amaranthus
genotypes (Amaranthus tricolor. L) with high yield and quality was conducted at
the Department of Plant Breeding and Genetics, College of Agriculture,
Vellayani, during 2016-18 with an objective to identify the high yielding

genotypes of amaranthus with good quality and tolerance to water stress.

The present investigation was conducted under two experiments. The first
experiment was done with thirty genotypes of amaranthus which were available in
the Department of Plant Breeding and Genetics, College of Agriculture, Vellayani
and collected from other sources were evaluated in the field in a Randomized
Block Design (RBD) with three replications during 2016-17. The amaranthus
seedlings were raised in the nursery in protrays. Twenty five days old seedlings
were transplanted to the main field with a spacing of 30 x 20 cm. A total of 20
plants were maintained in each plot and each genotype was considered as each

freatment.

The thirty genotypes were morphologically described by using IBPGR
descriptors for amaranthus (IBPGR, 1981). Each genotype was scored according
to the scale given in the descriptors. A total of 22 characters were used for
describing 30 genotypes of amaranthus. The greater variability was observed in
case of plant heights, stem pubescence, leaf length, leaf width, leaf pubescence,
leaf margin, prominence of leaf vein, inflorescence colour, 50% bolting, seed

shape and germination rate.

From the first experiment the biometric characters of 30 geneotypes were
observed and all the genotypes showed significant variation. Madhur local (A22)
recorded highest yield of 125926 g plant” followed by Kalliyoor local (A4),
Ayyanthole local (A28), Haripad local (A7), Palakkadu local (A2), Anachal local
(A6), Aryanadu local (A21), Poonkulam local {A20), Kazhakkuttom local (A9)
and Kannara local (A29), were the high yielding 10 genotypes selected from



experiment No. 1 based on yield. These selected 10 genotypes were used as 10

treatments in experiment No. 2.

Second experiment was done with high yielding 10 genotypes selected
from experiment No. 1. Twenty five days old seedlings were transplanted in to
main field during November 2017 in Randomized Block Design (RBD) with three
replication. Twenty plants were maintained in each plot with spacing of 30 x 20
cm. The seedlings were maintained under well irrigated condition up to 5 days
after transplanting. There after irrigation was scheduled at a depth of 20 mm at 20
mm CPE (Cumulative Pan Evaporation). The genotypes were evaluated for
biometric characters, quality characters and physiological characters. Statistical
analysis were also carried out. Analysis of variance showed presence of

significant variation in the germplasm for the characters evaluated.

The mean performance all the characters studied of 10 genotypes revealed
that the genotype A22 (Madhur local) was superior in terms of yield plant™
(54.160 g), yield plot”' (1.083 kg), stem girth (2.577 cm), number of branches
(7.527), length of leaf lamina (8.663 cm), leaf to stem ratio (1.083), membrane
integrity (98.459%), relative water content (90.58%), proline content of leaves
(39.672 umoles/g), vitamin A(3764.66 IU) with lowest oxalate content (1.63%)
and percentage leachate (1.5410%).

The character vitamin A recorded highest GCV (41.22%) and PCV
(41.25%). High GCV and PCV were observed for internodal length, number of
branches, field plant", leaf to stem ratio, protein content and Vitamin A. High
PCV for oxalate content (23.298%). Moderate PCV and GCV observed for stem
girth, length of leaf lamina, petiole length, leaf width, plant height, canopy
temperature, fibre content and oxalate content. Days to 50% bolting, proline
content of leaves, nitrate content were recorded lowest GCV and PCV. The
characters like stem girth, length of leaf lamina, petiole length, leaf width,

internodal length, number of branches, yield plant”, leaf to stem ratio, plant



height, protein content, fibre content and vitamin A had high heritability with high

genetic advance.

Yield plant’ was significantly and positively correlated with leaf width,
number of branches, yield plot”', membrane integrity, proline content of leaves
and vitamin A both at genotypic and phenotypic levels. Petiole length and
percentage leachate were found to be negatively correlated with yield plant"l.
Path analysis revealed that number of branches, yield plot” and proline content of

leaves had maximum positive direct effect on yield plant",

The selection index was calculated by on yield, quality and physiological
characters which were positively correlated with yield plant'. The rank were
given to each genotype according to the score obtained. The first rank was for
A22 (Madhur local) followed by A9 (Kazhakkuttom local), A20 (Poonkulam
local) and A2 (Palakkadu local).

The results of the present study showed that A22 (Madhur local) was
superior in yield performance under water stress condition followed by the
genotype A9 (Kazhakkuttom local), A20 (Poonkulam local), and A2 (Palakkadu
local). The genotype A22 (Madhur local) also recorded the maximum stem girth,
number of branches, length of leaf lamina, leaf to stem ratio, membrane integrity,
relative water content and proline content of leaves with high vitamin A and low
oxalate content. Presence of proline in the leaves might be considered as an
important water stress tolerance mechanism. The genotypes identified from the
study can be used further for the improvement in amaranthus to develop water

stress tolerant genotypes.
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ABSTRACT

The present study entitled “Identification of water stress tolerant
amaranthus genotypes (Amaranthus tricolor L.) with high yield and quality” was
carried out in the Department of Plant Breeding and Genetics, College of
Agriculture, Vellayani during 2016-2018, with an objective to identify high
yielding genotypes of amaranthus with good quality and tolerance to water stress.

The study was conducted under two experiments. In the first experiment
thirty accessions of Amaranthus tricolor L. available in the Department of Plant
Breeding and Genetics and collected from other sources were evaluated for yield
under field condition and morphologically described using IBPGR descriptor for
the amaranthus. Madhur local (A22) recorded highest yield plant"(125.926g)
followed by Kalliyoor local (A4), Ayyanthole local (A28), Haripad local (A7),
Palakkadu local (A2), Anachal local (A6), Aryanadu local (A21), Poonkulam
local (A20), Kazhakkuttom local (A9) and Kannara local (A29). In the second
experiment, these ten genotypes selected based on the yield were evaluated in a
Randomized Block Design (RBD) with three replications during November 2017-
December 2017. Water stress was imposed after 5 days of irrigation to water
holding capacity to the transplanted seedlings by scheduling the irrigation at a
depth of 20mm at 20mm CPE (Cumulative Pan Evaporation). Analysis of
variance was calculated for all the characters under study and was found to be
significant for all the genotypes evaluated.

The mean performance of the genotypes for the characters were studied.
The maximum yield was observed for the genotype A22 (Madhur local) followed
by the genotype A9 (Kazhakkuttom local), genotype A20 (Poonkulam local) and
genotype A2 (Palakkadu local) and the minimum yield was recorded for genotype
A4 (Kalliyoor local). The genotype A22 (Madhur local) showed the highest mean
values for stem girth, number of branches, length of leaf lamina, leaf to stem ratio,
membrane integrity, relative water content, proline content of leaves, vitamin A

and lowest oxalate content.



The character Vitamin A content registered the highest GCV (41.22%) and
PCV (41.25%). High heritability coupled with high genetic advance was observed
for leaf width, number of branches, yield plant”', protein content, fibre content and
vitamin A. The yield plant'was found to be significantly and positively
correlated with leaf width, number of branches, yield plot", membrane integrity,
proline content of leaves and vitamin A both at genotypic and phenotypic levels.
Petiole length and percentage leachate were found to be negatively correlated with
yield plant'. Path analysis revealed that number of branches, yield plot'and

proline content of leaves had the maximum positive direct effect on yield plant™.

The results of the present study showed that genotype A22 (Madhur local)
was superior in yield performance under water stress condition followed by the
genotype A9 (Kazhakkuttom local), genotype A20 (Poonkulam local) and the
genotype A2 (Palakkadu local). The genotype A22 (Madhur local) also recorded
the maximum stem girth, number of branches, length of leaf lamina, leaf to stem
ratio, membrane integrity, relative water content and proline content of leaves
with high Vitamin A and low oxalate content. Presence of proline in the leaves

might be considered as an important water stress tolerance mechanism.
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Appendix 1
Amaranthus Descriptor (IBPGR, 1981)
1. PLANT, STEM, LEAF AND ROOT CHARACTERS

a. Growth habit
1. Erect
2. Prostrate
b. Plant height at flowering, in cm
1. Less than 30
2. 30-45
3. 46-60
4. More than 60
¢. Branching index
1. No branches
2. Few branches, all near the base of the stem
3. Many branches, all near the base of the stem
4. Branches all among the stem
d. Stem pubescence
0. None
3. Low
7. Conspicuous
e. Stem pigmentation
1. Green
2. Purple or pink
f. Spines in the leaf axile
0. Absent
+. Present
g. Leaf length( measured in cm on 6" or 8" leaf)
1. Less than 5
3.5-10



5. 11 and above

. Leaf width( measured in cm on 6™ or 8" leaf)
l. Lessthan 5

3.5-10

6.11-16

Leaf pubescence

0. None

3. Low

5. Conspicuous

Leaf pigmentation

1. Entire lamina purple or pink

Basal area pigmented

Central spot

Two stripes(v- shaped)

One stripe(v- shaped)

Margin and vein pigmented

One pale green or chlorotic stripe on normal green

Normal green

© @ N L s W N

Dark green

10. Other(specify)
. Leaf shape

1. Lanceolate
2. Elliptical

3. Cuneate

4. Obovate

5. Ovatainate
6. Rhombic

7. Oval

8. Other(specify)
Leaf margin

1. Entire



(R

Crenate

Undulated

B

Other(specity)

m. Prominence of leaf veins
1. Smooth
2. Rugose (veins prominent)

n. Petiole pigmentation

1. Green

2. Dark green

3. Purple

4. Dark purple
0. Root type

1. Tap root

2. Fleshy root
2. INFLORESCENCE CHARACTERS

a. Presence of axillary inflorescence
0. Absent
+. Present

b. Inflorescence colour
1. Yellow

Green

Pink

Red

Other(specify)

-

3. SEED CHARACTERS

a. Seed colour
1. Pale colour

2. Pink



3. Red
4. Brown

5. Black

b. Seed coat type
1. Translucent
2. Opaque
¢. Seed shape
1. Round
2. Ellipsoid or Ovoid

4. PRELIMINARY YIELD EVALUATION

a. Germination rate
1. Rapid(less than 2 days)
2. Slow(2-7 days)
3. Very slow(more than 7 days)
4. Irregular
b. Days to 56% beolting
1. 30-45 days
2. 46-60 days
3. 61-75 days
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