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I. INTRODUCTION

Desmanthus virgatus commonly known as hedge lucerne is a perennial
shrub legume belonging to the family Fabaceae and subfamily Mimosoideae. It is
a native of tropics and subtropics of new world. The fodder can be safely fed to
ruminants and non-ruminants as it is palatable, aggressive, persistent and tolerant
to grazing. It contains high condensed tannins and is devoid of toxicants like

mimosine.

Hedge lucerne is a forage legume which is preferred by cattle for its
palatable green fodder and adequate amount of crude protein (Deepthi et al.,
2013). Comparative evaluation of chemical composition (dry matier percentage,
crude protein, calcium and phosphorous) of hedge lucerne with other tropical and
sub-tropical forage legumes reveal it to be a nutritious feed (Johri et al., 1987).
The pithy stem of the fodder makes it easier to harvest and frequent cuts can be
taken. Hedge lucerne is observed as potential fodder legume that can substitute

leucaena for ruminant feed due to its versatile nature.

In Kerala, only 40 per cent of green and dry fodder requirement is roughly
met from the available feed resources (NDDB, 2016). To narrow the demand
supply gap in feed and fodder, genetic improvement of fodder crops with regard
to high yield and quality is essential. Many fodder crops are under-utilized and
their cultivation is reduced due to the fluctuant performance of diverse varieties.
Being a promising fodder legume with ample advantages, hedge lucerne demands
genetic improvement in terms of productivity. Information on adaptability and
stability with regard to performance of genotypes can be drawn from the analysis

of interaction of genotypes with locations and other agro-ecological conditions.

The phenotypic expression of a character is influenced by the genotype
and environmental factors. The correlation between genotype and phenotype get
reduced in the presence of G x E interaction which makes it difficult to assess the
genetic potential of a particular genotype whose relative ranking will be altered in

different environments. This forges the need to determine G x E magnitude in



varying environments to identify the stable genotypes. Several methods were
proposed to analyze GXE interaction and to determine the stability in performance
of genotypes (Becker and Leon, 1988). The linear regression model proposed by
Eberhart and Russell (1966) is the most commonly used method for analysis of
genotype x environment interaction. Development of improved varieties showing
stable performance across wide environmental conditions is a necessity to
increase the productivity. Currently, there is a need to develop and identify hedge
lucerne genotypes with higher yield potential.

In this perspective, the present investigation was conducted across four
locations in Kerala to study the genotype x environment interaction in hedge

lucerne for yield and quality.

The main objective of this study was
< To identify stable genotypes of Desmanthus virgatus in varied

environments with respect to yield and quality.
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2. REVIEW OF LITERATURE

Hedge lucerne (Desmanthus virgatus (L.) Willd) 1s a tropical forage legume
native of tropics and sub tropics of new world. The word ‘Desmanthus’
originates from the Greek terms ‘desme’ meaning bundle and ‘anthos’ meaning

flower.

Hedge Ilucerne belongs to the family Fabaceae, subfamily Mimosoideae.
It’s a small shrub, 2-3 m tall and roughly resembles Leucaena. No poisonous
principle is observed in the foliage (KAU, 2016).

Being a palatable, aggressive, persistent, grazing tolerant perennial browse
shrub free from anti-nutritional factors and from which frequent cuts can be
taken, it’s a potential forage legume. However the genetic improvement achieved
in terms of its productivity is very low. Hence this investigation aims at the study
of genotype-environment interaction in hedge lucerne genotypes under varied

climatic conditions to identify stable genotypes with respect to yield and quality.

The plant is a herbaceous perennial, branched and suffruticose at the base
with a height upto 0.5 to 2.5 m. It posses deep woody tap root. The stems are
slender, pithy in center, angular, green turning brown. The leaves are 2-8 cm
long, compound, bipinnate, bearing 10-25 pairs of linear-oblong leaflets. The
leaves posses nyctinastic leaf movements. The inflorescence bears 9-11 whitish
mimosoid flowers. The fruits are linear, dehiscent, 5.5-8.5 cm long pods which
contain 11-26 reddish brown or golden brown U-shaped seeds (Gutteridge and
Shelton, 1994).

2.1. GROWTH, YIELD AND QUALITY ATTRIBUTES OF HEDGE
LUCERNE

The comparison between the lucerne and hedge lucerne revealed that
optimum biomass, dry matter and crude protein were obtained at 45 days cutting
interval for hedge luceme. Thus hedge lucerne can be considered as a better

substitute for lucerne due to its versatile nature (Khan and Bose, 1994).

\'1



Shanthi (1995) studied the genetic variability in forty types of hedge
lucerne (Desmanthus virgatus (L) Willd) and observed the maximum plant
height of genotypes in first cutting followed by a reduction in the second cutting.
A linear increase in number of branches, leaf to stem ratio, crude protein and
crude fibre was observed from first cutting to second cutting. A general
reduction in green fodder yield from first cutting to the second cutting was also

observed.

The effect of height and frequency of cutting on yield, quality and
persistence of hedge lucerne (Desmanthus virgatus (L.) Willd) accession IRFL
1857 over two years. Plants harvested every two weeks at a stubble height of
100 cm gave the highest leaf yield and total dry matter (Trujillo ez al., 1996)

Suksombat and Buakeeree (2006) conducted an experiment to determine
the effects of cutting interval and cutting height on the yield and nutrient
composition of hedge lucerne (Desmanthus virgatus (L.) Willd). They found that
significant increase in dry matter and nutrient yield were observed with increased
cutting of hedge lucerne stand every 40 to 50 days. The cutting height during

harvest had no effect on dry matter or nutrient content.

The biomass yield, palatability, chemical composition and nutritive value
of hedge lucerne (Desmanthus virgatus (L.) Willd) in sheep was studied and
obtained a biomass yield of 39.81 t ha”. The mean crude fibre and crude protein
content were 19.77% and 15.20% respectively. The experiment revealed that
hedge lucerne can be used as a potential leguminous fodder for small ruminants
(Radhakrishnan et al., 2007)

The plant height of hybrid napier exhibited significant differences between
the varieties. Growth was slow during the initial stages as evidenced by low
plant height. The maximum plant height was observed during the fourth harvest
and a gradual decrease in further harvests. Crude fibre content did not show any
significant differences among different cultivars. With respect to leaf area index,

green fodder yield, dry matter yield, crude protein content, relative growth rate
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and net assimilation rate significant differences were observed between the
cultivars. Green fodder yield was comparatively less during the initial harvests

and highest yield was observed during the third harvest (Soumya, 2011).

Deepthi et al. (2013) conducted a study on genetic divergence and
association analysis in hedge lucerne (Desmanthus virgatus (L.) Willd) in which
twenty mutants along with control of variety TNDV-1 were evaluated for twelve
traits. The simple correlation estimates revealed that green fodder yield plant'l
was significant and positively correlated with number of branches plant™, leaf to
stem ratio and dry matter yield plant”. The path analysis results showed the high
positive direct effect of dry matter yield on green fodder yield plant” followed by

number of branches plant”, plant height, leaf to stem ratio and pods cluster™.

An effect of date of sowing and cutting intervals on growth attributes and
yield in lucerne (Medicago sativa L.) was evaluated under North Gujarat agro-
climatic conditions. Significantly higher plant height, mean number of leaves
plant”’, mean leaf area plant” and higher dry forage yield was observed by 30

days cutting interval after common cut (Kumar and Patel, 2013).

Shashikanth er al. (2013) evaluated the performance of eight guinea grass
varieties in Southern dry zone of Karnataka during kharif season over three years.
From the pooled data, significantly higher green fodder yield
(1007.04 q hayear™), dry matter yield (147.72 q ha"'year™), crude protein yield
(12.99 q ha"year") along with growth parameters like plant height (78.47 cm)
and leaf to stem ratio (0.71) were recorded in the variety JHGG-08-1.

Jindal et al. (2015) conducted a varietal evaluation trial on three entries of
lucerne (Medicago sativa) namely, BAIF Lucerne, Anand-21 and Anand 22
along with two national checks viz., RL-88 and Anand-2 under three different
agro-ecological zones for assessing quality parameters and forage yield potential.
The green fodder yield, dry fodder yield and crude protein content pooled over

three years recorded highest at Coimbatore in South zone.
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Ishrath (2016) conducted a study on cutting intervals and additives for
quality silage production using hybrid Bajra Napier variety Suguna. The cutting
interval 75 days recorded highest green fodder yield. The highest crude protein
(10.56%) and the lowest crude fibre content (26.81%) were observed from 45

days cutting interval.

Green fodder yield, chemical and nutrient composition and nutrient uptake
potential of fifteen sorghum varieties belonging to sweet sorghum, dual purpose
and forage types under double cut system with 75 days interval were studied.
Green fodder yield showed significant difference among the sorghum varieties.
The highest green fodder yield (71.28 t ha™) was obtained from sweet sorghum
variety CSH 22 SS which was on par with forage varieties HC 308 and CSV 21F.
Forage variety HJ 513 was observed with high green fodder yield (69.48 t ha™).
For dry matter yield and crude protein content, non-significant differences were
observed among the sorghum varieties. For crude protein, significant differences
were obtained among the varieties. SPV 462 recorded the highest crude protein
percentage (7.08 %) which was on par with varieties Phule Revati, CSV 19 SS,
Pant Chari 5 and CSV 15. Crude fibre percentage recorded the highest in HJ 513
(33.11%) and the lowest in CSV 27 (22.71%). Forage varieties showed
significantly higher values in dry matter percentage. Dry matter percentage was
observed higher in SSG 898 (33.11 %) and the lowest in CSH 22 SS (25.91 %)
(Singh and Chauhan, 2017).

Forage nutritional quality of ten Bajra x Napier hybrids (B x N hybrids)
along with their eleven parents and four checks were assessed. Hybrids GB x
FD-444 and GB x FD-436 recorded the highest dry matter per cent. Highest
crude protein per cent (9.63 %) was recorded from male parent TNCN-011 and
check CO -3 (Gate et al., 2018).



2.2. GENOTYPE X ENVIRONMENT INTERACTION AND STABILITY
ANALYSIS

Plant breeders aim at developing new varieties with high yield stability
over wide range of environments. Genotype-environment interaction is one of
the basic reasons for the difference in high performance in genotype for the yield

and other essential agronomic traits.

Genotype of an individual is its genetic constitution while phenotype is the
observable characteristics and phenotypic value is the observed value of
a particular characteristic. Phenotypic value of an individual is affected partly by
the genotype and partly by the environment which it grows.

An environment is referred as all the external agencies which determine the
performance at the phenotypic level. According to Comstock and Moll (1963),
the environment can be micro and macro. A potential environmeni which
changes over locations or time is referred as a macro-environment while micro-
environment is the special environment circumstances confined to an individual
which have very small contribution to the genotypic expression. Environmental
variation can be divided as predictable and unpredictable (Allard and Bradshaw,
1964). All the permanent characters of an environment such as climate, soil type
along with characters which show fluctuation in a systematic manner can be
referred as predicable environment. Unpredictable environment includes changes
that are uncontrollable such as the amount and distribution of rainfall in a given
area, temperature and atmosphere. Only the macro-environment and its
interaction with genotype can be studied since it has major contribution to the

final expression of a genotype.

The performance of a genotype with respect to changing environmental
factors over time within a given location is referred to as stability of a genotype
whereas adaptability refers to the stability in performance of genotypes with
respect to changes across locations. Thus a stable variety is less sensitive to the

environmental changes taking place.

S
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Genotype-environment inieraction is the interplay of genetic and non-
genetic effects causing differential relative genotypic responses in different
environments. The presence of genotype-environment interaction can be
confirmed from the analysis of variance developed by Sprague and Federer
(1951). Other approach makes use of regression technique in which G x E
interaction is partitioned into linear and non-linear components. Ecovalence
measure is the contribution of a genotype to the interaction sum of squares

(Wricke, 1962). The genotype with least ecovalence is considered most stable.

Differential responses of improved genotypes to change in environments
were initially interpreted by Finlay and Wilkinson (1963). In this approach the
components of a genotype and environment interaction were linearly related to
environmental effects when measured on small scale as the genotypic effects. An
improvement in Finlay and Wilkinson model was done by Eberhart and Russell
(1966) by adding a stability parameter, which shows the deviation from
regression. According to Eberhart and Russell (1966), a stable genotype exhibits
high mean yield, regression coefficient around unity and deviation from
regression near zero. Shukla (1972) used the term °stability variance’ an estimate
of variance in terms of the residuals in a two-way classification for indentifying

the stability of a particular genotype.

Mini (1989) conducted a comparative study of genotype environment
interaction in sesame grown over three different locations. Stability analysis
methods of Eberhart and Russell (1966), Perkins and Jinks (1968), Freeman and
Perkins (1971), Wricke (1962) and Shukla (1972) were used. By examining the
stability parameters, variety IS 284 was found to be more stable for most of the

characters.

Moneim et al. (1990) evaluated twenty-five types of forage peas (Pisum
sativum L.) across four locations for two years to study the genotype-

environment interaction for herbage and seed yield under rainfed conditions. The

&-H



accession 88/335 was identified for wide adaptation and stability for high herbage
yield and seed yield.

Jyothi (2002) evaluated eight Kunjukunju rice cultures across three
locations of Palghat for identifying the stable culture. For many of the yield and
yield related traits, Kunjukunju rice culture K-6 was identified as stable in
different environments. For many yield traits, variety Kanchana was found
specifically adapted only to favourable environments. Nine rice cultures from Fg
generation of wide crosses were evaluated across three locations to study the
stability for characters. For most of the yield contributing traits, Culture C 26T
(b) was stable over three locations (Palathingal, 2003).

Fourteen mutants of coleus were evaluated across four locations of Kerala
for analysing the stability. Significant differences in most of the economic traits
were observed among the selected mutants. Mutants ‘641 and ‘352° were
identified as high yielding and well adapted over locations for many of the

economic traits (Shinoj, 2003).

Seven commercial rice hybrids and two check varieties were used for
genotype x environment interaction study across three farming situations of
Kerala during kharif season. Based on the stability analysis, the hybrid KRH-2
was well suited under poor management conditions as it recorded highest mean
value and regression coefficient less than unity. Hybrid NSD-2 was identified
well suited for better management conditions (Chandrashekhar, 2004).

Sastry (2005) studied sixteen isabgol genotypes across three environments
for analysing the stability using Eberhart and Russell (1966) method.
Significance for linear component of G x E interaction was observed in number
of effective spikes, seed yield and disease index. For the non-linear components,
days to 50 per cent flowering and husk content was found to be significant.
Genotypes RI-9809, EC-124345 and DM-4 were identified stable for all
environments. Genotypes DM-2 and Niharika were stable for seed yield.



Genotype GI-2 was found to be unstable but having more husk than other
genotypes.

To determine genotype-environment interaction and stability, fourteen
cotton genotypes were evaluated across four locations. Significant differences in
mean yield over the environments were observed. Significance in deviation from
regression was found only for four genotypes and regression coefficients ranged
between 0.23 to 1.46. Genotypes SG-1001, SG-125 and DLP-5409 which are
high yielding were identified as stable genotypes (Killi and Harem, 2006).

Ten varieties of cowpea were raised in four environments to assess the
selection techniques in genotype-environment interaction. Based on the
environment index best and poorest environment was selected. Significant
difference in effects of genotype and environment were obtained. Presence of
genotype-environment interaction was confirmed from the joint regression
analysis. Regression coefficient, non-parametric statistic, superiority measure
can be used together to select genotypes based on yield and environmental

response (Aremu et al., 2007).

Marimuthu (2007) studied the genotype x environment interaction in eight
selected New Plant Type (NPT) lines of rice along with Jyothi as check variety
across three low land rice ecosystems. NPT-7 been had identified with better
performance based on performance for yield, agronomic characters, grain

characteristics and stability.

For analysing the stability in Black gram, twenty genotypes were evaluated
over three environments. Eberhart and Russell (1966) method and genotype
grouping technique by Francis and Kannenberg model (1978) were used to
analyse the data. Higher mean seed yield, average responsiveness to season and
stability was recorded in the genotypes VBG 89, VBG (Bg) 4 and VBG 62
(Shanthi et al., 2007).

f



Seventeen genotypes of brinjal were evaluated over four environments for
stability analysis. =~ Mean squares due to genotypes and environments were
significant for all the characters studied. Non-significance in genotype x
environment (linear) mean sum of squares for most of the characters showed that
variation in performance of genotypes is entirely unpredictable. The genotypes
PB-66, PbS, PB-67, PB-60 and PB-4 were found to be stable for number of fruits
per plant and yield per hectare (Bora, 2010).

Jagjivan (2010) compared different methods for stability analysis in rice
(Oryza sativa L.) and observed that Eberhart and Russell model (1966) was on
par with latest AMMI model. For predicting the stability in performance of a
genotype, Eberhart and Russell model (1966) was found preferable than other

methods.

Haridas (2011) evaluated stability of fifty ground nut genotypes having
bunch type growth habit over three environments for pod yield per plant and its
related characters. Pooled analysis showed significance in mean square values
due to genotypes. Mean squares due to G x E interaction were significant for all
the characters except oil content. Mean squares due to environments were
significant for all the characters in the pooled analysis over environments.

Environment E3 was observed with high performance for most of the characters.

Singh (2011) evaluated thirty chilli genotypes along with three checks
across three different environmental conditions to study the genotype x
environment interaction. Around seventeen genotypes were found stable for
yield. Genotype PC-2507 showed the highest yield and identified as the most
stable genotype. Indo sem, PC-10 and AC-150 were the genotypes found to be

specifically adapted to favourable environment.

The Genotype x Environment study in aromatic rice to analyse the stability
over three environments depicted that genotype GT 6 had more adaptable
characters over the three environments. More stable grain characters were

observed in genotype GT 1 over the two locations (Ram, 2012).



Bikash er al. (2013) evaluated 30 hybrids of pearl millet during kharif
season across four locations for dry fodder yield stability. High significance in
mean squares due to genotypes and environments together with G x E interaction
from the analysis of variance for stability indicated significant differences among
genotypes. The mean squares due to G x E interaction was partitioned into linear
and non-linear components and G x E (linear) was predominant for characters
like days to 50 percent flowering, plant height and dry fodder yield and the
performance of which could be predicted across the environments. The
estimation of environmental index helped in selection of the most favourable
environment for all the characters as E; (irrigated condition). The hybrids found
to be stable over the environments are 94111A x 1250 and 96111A x (G73-107 x
bsectap 1). For the poor environment, hybrid ICMA97444 x ICMR0/035 was the
best suited. The hybrids studied did not exhibit uniform pattern of environment
response (linear). For identifying stable hybrid by selection, genotypes with
average response for different characters and phenotypic stability of characters
should be given importance.

Singh and Arya (2014) evaluated thirty-six genotypes of Vigna radiata (L.)
to analyse the stability under three environments using methodology of Eberhart
and Russell model (1966). The genotype-environment interaction effect was
analysed using the additive mean effect and multiplicative interaction effects
(AMMI) model. Two genotypes G2 and G36 with high mean seed yield showed
non-significant deviation from regression. The genotype G33 with average mean
seed yield showed non-significant deviation from regression. Environment A
(early sown) and B (timely sown) were favourable for most of the yield
component traits, environment C (late sown) was unfavourable for almost all the
yield and yield related traits. For seed yield, genotypes G1, G2, G3, G4, G18,
G22, G24 and G25 were found to be stable based on AMMI 1. Based on AMMI
2, genotypes G14, G22 and G25 were found to be stable for seed yield. Based on

analysis, genotypes and environments were grouped into nine sectors.
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Anarase e al. (2015) conducted an experiment with five male sterile lines,
fourteen testers, resultant seventy hybrids and two checks of rabi sorghum across
three different locations for examining the genotype-environment interaction for
yield and yield related traits. The study on stability parameters depicted that eight

parenis were found to be average stable for grain yield.

Ten black gram cultures along with four check varieties were raised during
kharif, rabi and summer seasons under open and shaded conditions for analyzing
the stability by using Eberhart and Rusell’s model. The data analysed as pooled
over open condition as well as shaded condition did not show any variation
between genotypes under three seasons for number of seeds pod'l and none of the
genotypes showed stability in protein content. The data pooled over six
environments depicted that all the traits showed variation between genotypes
under the environments studied. Ranking of genotypes were done based on
stability, yield and yield contributing characters and the least ranked genotypes
Teé, Ts and T3 were recommended for cultivation under open and shaded
conditions (Bhagwat, 2015).

Stability analysis study in ten F; hybrids and two check varieties of okra
over four locations obtained significant differences among genotypes and
environments for all the characters in the pooled analysis of variance for
evaluation of F; hybrids over locations and seasons. The hybrids
Thirumala local x Mallapalli local, Thirumala local x Kattakada and Thirumala
local x Punjab Phalgani local were stable over different locations and seasons
(Gogineni, 2015).

To identify stability for green fodder yield in forage maize (Zea mays L.)
forty five hybrids and fourteen parents were evaluated during kharif (E,), rabi
(E») and summer (Es). For fresh green stem weight plant” and green forage yield
plant” significance was observed in G x E (linear) and G x E (non-linear). The
hybrids with average stability such as IC-170121 x GWC-0511 and African Tall

x GWC-0401 would be well adapted over a range of environments. Hybrids such



as 1C-130726 x GWC-0512, GM-6 x 1C-130693 with below average stability
were specifically adapted to favourable environment. The hybrid 1C-130726 x
GWC-9603 with above average stability was specifically adapted to poor

environment (Nanavati, 2016).

Preeti e al. (2016) conducted a study on effects of changing environments
on wheat dry matter yield. Forty-two genotypes were grown across four different
locations during rabi season to identify the stable genotypes. Non-linear
component accounted a major portion of G x E for dry fodder yield plant.
Environment E; was identified as the most favourable environment for all
characters from the estimates of environment additive effects. The genotypes
WH 1098, WH1126, PBW 343, WH 1081, WH 542 and HD 2851 were identified

as stable for dry matter yield in all environments and were more adaptive.

Pangti (2016) examined the stability parameters in thirty bread wheat
(Triticum aestivum L. em Thell) genotypes to for yield and quality attributes in
two environments. More than eleven genotypes were found to be stable for grain
yield. For both the environments viz., El (timely sown) and E2 (late sown), all
the characters exhibited significant differences.

Saranya (2016) studied stability analysis in nine neelamari mutants over
four locations for yield and indigotin content. In the pooled analysis of variance,
significant differences for all the characters were observed among the genotypes
studied. This indicated that the genotypes interacted significantly with
environments. Mutants It-1, It-2 and It-8 were identified as stable mutants for
favourable environments. The stable mutanis identified over different locations
during the summer season are It-3, [t-6 and [i-9. Mutant [i-10 was the mutant

suitable for unfavourable environment.

Baranda (2017) evaluated thirty genotypes of cowpea (Vigna unguiculata
(L.) Walp) under three environments for analyzing stability using Eberhart and
Russell model (1966). Environment-2 was found to be the most suitable for

many of the characters based on the mean performance. High consistent



expression for yield character in all environments was observed in genotype
CPD-197. Poor yielding genotypes were CPD-115 (Environment E; E; and on
pooled basis) and CPD-127 (Environement-E;). Wide adaptability under desired
environments was shown by the genotype CPD-201. Genotypes CPD-17, CPD-
196, CPD-78 and CPD-200 were observed with desired response moisture stress

condition.

The existence of genotype x environment interactions and stability were
assessed for yield and quality in four Pineapple varieties over seven locations.
From the pooled analysis of variance all the characters showed significant
difference in genotypic variances over the seven locations. Varieties Amritha and
Mauritius were stable for all quantitative and qualitative traits. The stability type
was determined based on regression coefficient and mean values
(Manivannan et al., 2017).

Mehraj et al. (2017) studied genotype-environment interaction in twelve
different genotypes of oats (Avena sativa L.) for forage yield and its related traits.
The genotypes SKO-90, SKO-96 and Sabzaar were identified as stable across the
environments. For favourable environments, genotypes SKO-148, SKO-160,
SKO-166 and SKO-167 were the most suited while genotype SKO-20 was found

to be suited for poor environments for forage yield.

Patil ef al. (2017) evaluated thirty-seven entries of okra viz,, eight parents,
twenty eight F,’s and one standard check over four season for developing stable
hybrids for fruit yield plant'l and its related traits. From the pooled analysis of
variance, high significance for the mean squares for genotypes was obtained
which indicated the variability for all the characters among the genotypes.
Highly significant differences obtained for environments and genotype x
environment except for ascorbic acid indicated the divergence among growing
environments and differential response of genotypes to various environments.
Environment E2 was found to be most favourable whereas E3 most unfavourable.

Eight hybrids were identified as stable for fruit yield plant" and its components.



AMMI analysis was used to study the stability of twenty genotypes of
bio-fortified red kernel rice (Oryza sativa L.) across three environments and three
locations.  First interaction principle axis was favourable for all characters
whereas second interaction principle axis are favourable for characters such as
spikelet fertility, grain yield plot™(kg), iron content (ppm), protein and amylose
content (%) and grain yield plant”’. For grain yield plot™, grain yield plant” and
protein content, the genotype RTN-1211-4-2-1-1 was found to be stable. For all
the characters across three environments, the genotype RTN-1201-13-2-2-1-32
was found to be most favourable (Rajatam, 2017).

Assessment of stability for forage yield in ten genotypes of Cenchrus
ciliaris was carried under rainfed conditions for four years. Except green fodder
yield at first cut, all other characters were significant for gxe interaction which
depicted the differential behaviour of genotype over the time. For green fodder
production, genotypes CAZRI 231 and CAZRI 2177 were found to be stable,
whereas for higher dry matter production over wide environmental conditions
genotypes CAZRI 231 and CAZRI 2177 were found stable (Rajora ef al., 2017).

Ramesh et al. (2017) investigated twenty genotypes of Pigeon pea (Cajanus
cajan (L.) Mill sp.) for analysing stability for yield and its components during
kharif season over three years. Among the varieties high significant differences
were obtained for all the characters except pod bearing length, number of pods
plant”’ and seed yield. Except 100 seed weight, all other characters showed
significant differences in different environment. For seed yield, the genotypes
ICP-9691 and ICP-12654 were on par with check and the genotvpe ICP-13270

was stable for pod length across the environments.

For analysing the yield and micronutrient stability in Mung bean (Vigna
radiata L.), thirty genotypes were raised across six artificial environments.
Majority of the genotypes exhibited high significant difference in deviation from
regression which depicted the suitability of these genotypes for better
environment and their unpredictable response. Genotypes ML-1108, SMH-99-2,

-
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MH-124, PDM-9-249 and ML-759 were recommended for better environment
with high seed yield and iron content (Singh er al, 2018).

Ten hybrids along with one check variety in Brinjal (Solanum melongena
L.) was raised across four locations in Kerala for analyzing the stability and
adaptability of yield and yield attributing characters using Eberhart and Russell
model.  Significant differences among genotypes, environments and
genotype x environment interaction for all the characters were obtained from the
pooled analysis of variance. Stability parameters like overall mean, regression
coefficient (b)) and deviation from regression (S%;) were used to identify the
promising  hybrids. The significance i mean squares due io
Environments + (Genotype x Environment) revealed the existence of
genotype x environment interaction. In kharif season, the stable hybrid identified
was Wardha local x Palakurthi local (SMV1 x SMV2), widely adapted to all
environments for days to first flowering, number of fruits plant”, fruit weight,
fruit length, calyx length, yield plant™, yield plot™and plant height. The hybrid
with regression coefficient lower than unity and non-significant deviation from
regression for days to first flowering, Surya x Vellayani local (SMV3 x SMV6)
was found to be suited for poor environments. The hybrid NBR-38 x Vellayani
local (SMV4 x SMV6) had high mean values, regression coefficient greater than
unity and non-significant deviation from regression for days to first harvest and
found stable for favourable environments (Vishwanath, 2018).



MATERIALS AND METHODS



3. MATERIALS AND METHODS

The present investigation on “GenotypexEnvironment interaction in Hedge
lucerne (Desmanthus virgatus (L.) Willd.) for yield and quality” was conducted
in the Department of Plant Breeding and Genetics, College of Agriculture,
Vellayani, Thiruvananthapuram during 2016-2018. The field experiment was
conducted at four locations of Kerala to determine the stability of eight genotypes

of Desmanthus virgatus for yield and quality.

The details of materials used and methodologies adopted in the present
study are described below.

3.1. EXPERIMENTAL SITE

The present work was carried out in four locations of Kerala.
Location I: College of Agriculture, Vellayani.
Location II: Krishi Vigyan Kendra, Kottarakkara.
Location III: College of Horticulture, Thrissur.
Location IV: Regional Agricultural Research Station, Ambalavayal.
3.2. EXPERIMENTAL DESIGN

The experiment was laid out in Randomized Block Design (RBD) with
eight treatments and four replications. The spacing of 50 cm x continuous line

sowing with a plot size of 3 m x 1 m was followed in the field experiment.
3.3. CULTURAL OPERATIONS

The land was prepared thoroughly by digging and leveling. The seeds
collected were treated with hot water for 3 minutes followed by water soaking
over night, shade dried and sown in the field in continuous line with 50 cm

spacing between the lines.

.,
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3.4. RECORDING OF OBSERVATIONS

The list of hedge lucerne genotypes used as treatments in the study are
described in Table 1. From each replication five competitive plants per treatment
were randomly selected and tagged. From these plants observations with respect
to different characters were recorded and the mean values of five plants were
considered for statistical analysis. Observations were recorded on the following
characters during 90 (first cut), 140 (second cut), 190 (third cut) and 240 (fourth
cut) DAS (Days After Sowing).

3.4.1. Growth Characters

3.4.1.1. Plant Height (cm)

The height of the plant was measured from the base of the plant to the tip
of the tallest branch at the time of each harvest using measuring scale and their
mean values was expressed in centimeter.
3.4.1.2. Number of Branches Plant’

The total number of branches in a plant was counted at each harvest.
3.4.1.3. Length of Branches (cm)

The length of the branches was measured from the main stem to the tip of
the branch at the time of each harvest using measuring scale and their mean value
‘was expressed in centimeter.
3.4.1.4. Number of Leaves Plant’

The total number of leaves produced in a plant was counted at each
harvest.
3.4.1.5. Leaf to Stem Ratio

The sample plants were cut at the base. The leaves and the siem were
separated and oven dried for 5 days till constant weight was obtained. The dry
weight of leaves and stem of individual plants were recorded. The ratio was

computed by dividing leaf dry weight by the stem dry weight

Sead



]

[290] TyZNuuNquIng

i #

yznuunquing . ‘wiiej Surpaalg omed '8
ANsIaATu() [RIM[NOLISY npeN [rue ] I AONL tL 73
1SUBY( ‘THADIL 66112 OI 'L ‘9

suey[ ‘TYIOI1 #€£606 DI 5L, "

suey( ‘NI 6£819C JI YL b

ISuey( ‘TYIOI1 01668 DI A o

suey( ‘TYI0I1 01LEVE DI i A T

Isuey( "RIADI 9LTSYE Ol L5 1

90In0g oweu adAjouen sad£jouon MM

Apnys oyy w1 pasn sadA10ua3 ((PIIA\) T SuwSaa snyjupwisa(T) duIeon] 93pay Jo 1S | 9[qeL




Plate 1. General field view




Plate 2. General field view
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3.4.1.6. Number of Pods Cluster”
The number of pods in each cluster was counted in a plant at harvest and

mean values were measured.,
3.4.2. Yield Attributes

3.4.2.1. Green Fodder Yield (g plant™)

At regular cutting intervals the crop was harvested and fresh weight of the
plants in the net plot was recorded and expressed in g plant™.
3.4.2.2. Dry Fodder Yield (g plant”)

From each harvest crop samples were collected and dried in a hot air oven

at 70°C to a constant weight and expressed in g plant™.
3.4.3. Quality Aspects
3.4.3.1. Crude Protein Content (%)

The crude protein content was calculated by multiplying the nitrogen
content of the plant by the factor 6.25 (Simpson et ul., 1965) and expressed in
percentage (%).

3.4.3.2. Crude Fibre Content (%)

The crude fibre content was determined by AOAC method (AOAC, 1975)
and expressed in percentage (%).

3.4.4. Physiological Characters

3.4.4.1. Dry Matter Production (g plant )

During the seed maturation stage five observational plants from each
replication were uprooted. Shoot, leaves and roots were separated and dried to a
constant weight at 70°C in a hot air oven. The sum of these individual

components gave total dry matter production.



3.4.4.2. Leaf Area Index

Leaf area of observational plants was measured using Leaf area meter
LI-COR 3100 available at Department of Crop Physiology, Tamil Nadu
Agricultural University, Coimbatore. The leaf area index was obtained from the

formula according to Watson (1952).

_ Leaf area of the plant (cm?)

LAL= Ground area occupied (cm?)

3.4.4.3. Crop Growth Rate (g m™ day™)
CGR was computed using the formula of Watson (1958) and expressed as

g m> day'l.
Wo-W,
CGR=—"———=
P(t;-t,)
Where,

W; and W, = Plant dry weights at times t; and t;
t; and t; - time interval in days
P = ground area on which W, and W; have been estimated.

3.4.4.4. Net Assimilation Rate (g dm™ day™)

Net Assimilation Rate (NAR) refers to the change in dry weight of the plant
per unit leaf area per unit time. The procedure given by Gregory (1917) and
modified by Williams (1946) was followed for calculating NAR.

Wz=w;  logel; ~logeLy

NAR =
2t La-L4

Where, W;- dry weight of plant (g) at time t;, Li- leaf area (dm?) at t;
W,- dry weight of plant (g) at time t5, L,- leaf area (dm?) at t

t3- 1) :- time interval in days



3.5 STATISTICAL ANALYSIS

The data recorded on different traits were subjected to the following

statistical analysis.

1. Analysis of Variance
2. Stability Analysis

3.5.1 Analysis of Variance
3.5.1.1 Analysis in Randomized Block Design (RBD)

The Randomized Block Design (RBD) was adopted with four
replications. As per the method outlined by Panse and Sukhatme (1985) the

analysis of variance was carried out.

Yi=m+gitr+e;

Where, Y5 = Phenotypic observation of i genotype in j replication
M = General mean

g =  True effect of i" genotype

r; =  True effect of j" replication

& = Random error associated with i genotype and jth replication

For each character Analysis of Variance (ANOVA) was carried out as indicated

below:

Source of variation d.f. SS MSS F-ratio
Replications r-1 RSS M M/M.
Genotypes g-1 TSS M, My/M,
Error (r-1) (g-1) ESS M.

Total rg-1

I Na
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Where,
r = Number of replications
t = Number of treatments (genotypes)
M; = Mean sum of squares of replications
M, = Mean sum of squares of treatments
M. = Mean sum of squares of error
d.f = Degrees of freedom

The significance of mean sum of squares for each character was tested
against the corresponding error degrees of freedom using ‘F’ test (Fisher and
Yates, 1967).

Standard Error Mean (SE(m)) = (M¢/r)"”

Where,

M. = Error mean of squares

r = Number of replications

CD =SE(d)xt
Where,

S.E (d) = (2 MJ/n)'?

‘v = t Table value at error degrees of freedom

CV =(S.D/X)x100

Where, S.D = Standard deviation of ithe population

X = Population mean



3.5.2 Stability Analysis
3.5.2.1 Methods to Measure Stable Performance of Genotypes

Analysis of variance of genotypic mean was computed for each
agronomic variable in each environment. The data were pooled over
environments as the coefficient of variation values in each environment was

generally low.
3.5.2.2 Eberhart and Russell’s model (1966)

To study the stability of genotypes under different environments the
methodology of Eberhart and Rusell’s model is used. The parameters estimated
are the following (i) overall mean genotype over a range of environments, (ii) the
regression of each genotype on the environmental index and (iii) a function of

squared deviation from the regression.
Y= m+ Bilj+ §; (i=12,..,gandj=12,.....€)
Wlere, Y;=mean of i genotype in j" environment
m = mean of all genotypes over all the environments
B; = regression coefficient of the i genotype on the environmental index which
measures the response of this genotype to varying environments
I; = environmental index which is defined as the deviation of the mean of all the

genotypes at a given location from overall mean

I C2iYi  Zi2Yij
! t ge

With Z" I]' =0

3ij = The deviation from regression of the i" genotype at j"™ environment
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3.5.2.3 Analysis of Variance for Stability

The analysis of variance proposed by Eberhart and Russell (1966) is given
below.

ANOVA to estimate stability parameters (Eberhart and Russell, 1966)

Source df Sum of squares Mean sum of squares
Total (ge-1) ¥ ¥Y,%-CF
.2
Genotype (g-1) 3l CF MS,
e
Environment +
2 2Yi°
(Genotype x g(e-1) PO P
Environment)
Environment i Z(Yij Ij)z
Genotype + , )
: ) @Yy En)
Environment (g-) | X [ 50 T MS,
(Linear)
Pooled deviation | g(e-2) Z Z 8% MS;
Deviation due to
Genotype 1 )
2
Genoype2 | (e2) | [£7g - L] [Erel]
e z 1 j
Genotype g
Pooled error ge(r-1) S

g = No. of genotypes = 8, r = No. of replications = 4

e = No. of environments = 4



v

3.5.2.4 Estimation of stability parameters

The two stability parameters, regression coefficient (b;) and deviation

from regression (S4°) were estimated as follows :

3.5.2.5 Computation of regression coefficient (b) for each genotype

_ ZiYil
%t}

b;
Where,
b; = regression coefficient of i genotype
b l,-2 = The sum of squares of environmental indices (I;) which are common to
each value of b;

2 Yjjlj= (for each genotype) = The sum of products of environmental index (1;)

and the corresponding means of that genotypes t for each environment
(Y3).
3.5.2.6 Computation of Mean Square Deviation S’ 4 from Linear Regression

In regression analysis, the variance of dependent variable (Y) is partitioned
into two parts, the one which explains the linearity between dependent and
independent variables (variance due to regression) and the other which explains

the variance due to deviations from linearity symbolically.
02Y = o?(regression) + o (deviation from regression)

For estimating S% values, the variance due to deviation from regression
can be obtained by subtracting the variance due to regression from o?Y.
The variance of means of individual genotypes over different locations can be
obtained by,



e
e,
.

b &)
(0.5 ]

ot =3,%3 - (%)

Where, Yj;and Y; are the mean values of genotypes in each location and

total value of a variety in all the locations respectively.

The variance due to deviations from regression (Z,- 6‘12}) for a genotype

being:

Z} ij [Zj Yz - -"] (zgi,’zlj)

Where,

2
[Zi Y§ - Xg‘-] = The variance due to dependent variable

2
il . :
(2'2"12’ ) _ The variance due to regression
i

From which it can be obtained as
SZ d i si)] Se

3.5.2.7 Test of Significance

The mean sum of squares due to genotypes and environments were tested
against pooled deviation. Whereas, mean sum of squares due to G x E interaction
was tested against pooled error. Environment (linear) and G x E (linear) were
tested against pooled deviation. If pooled deviation is non-significant both these
linear componenis were iested against pooled error. Mean sum of squares due to

pooled deviations were tested against pooled error.
The following tests of significance were carried out:

1. To test the significance of difference among genotypes means i.¢.,

Ho=p1= t = 3...= iy



MS,
F=—2
MS,

2. To test that the genotypes did not differ for iheir regression on environmental
index, i.e., H,=b,= b, = b;...=B,

MS,
F=—22
MS,

3. Individual deviation from linear regression was tested as follows:
F=[(Z; 6,-21-)/(e —2)|/pooled error
Against F table value at (e-2), ge (i-1), at 5% or 1% probability level.
3.5.2.8 Stable Genotype

A stable genotype with unit response was the genotype with unit regression

coefficient (b= 1) and deviation not significantly different from zero (S3;= 0).

Mean and standard error of “b’

Meanofb=l—)=2i—t;i

Mean Sum of square due to pooled deviation
S.E.(b)= J S
17

S.E. b= ﬁ; 8 /(e —2)/5;1}

3.5.2.9 Population mean
Population mean () and standard error was calculated as

Population mean (j1) = Grand total/Number of observation s

Mean sum of square due to pooled deviation

S.E. (mean) = J

Number of environments—1
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4. RESULTS

The present study was conducted to evaluate the performance of eight hedge
lucerne genotypes (Desmanthus virgatus (L.) Willd.) over four locations viz.,
College of Agriculture, Vellayani, College of Horticulture, Thrissur, Krishi
Vigyan Kendra, Kottarakkara and Regional Agricultural Research Station,
Ambalavayal, Wayanad in Kerala with an objective to identify stable genotypes of
Desmanthus virgatus in varied environments with respect to yield and quality.

The results obtained from the study are presented below under the following titles.

1. Analysis of variance
2. Mean performance

3. Stability parameters (Eberhart and Russell, 1966 )
4.1 ANALYSIS OF VARIANCE

The analysis of variance showed significant differences among the eight
hedge lucerne genotypes for all the characters studied across four environments
(Table 2.1 —-2.4).

4.2 MEAN PERFORMANCE

4.2.1 Mean performance of hedge lucerne at College of Agriculture (COA),
Vellayani

The mean performances of eight hedge lucerne genotypes for different
parameters of growth, yield, quality and physiological characters at COA,

Vellayani were recorded and presented below.
4.2.1.1. Growth characters

The mean performance of growth characters of hedge lucerne for different

cuttings at COA, Vellayani are given in the Table 3.
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4.2.1.1.1. Plant height (cm)

The plant height showed significant difference in all the genotypes. The
genotype T, recorded the maximum (104.3cm) plant height, which was on par
with Tg (102.9 cm) and T (101.9 cm) during first cut of hedge lucerne. The plant
height of genotypes increased in successive cuttings with the highest plant height
recorded for the genotype Tg during second, third and fourth cuttings (111.1 cm,
114.3 cm and 118.3 cm). The genotype Tg was on par with the genotype T; for
plant height at second (110.9 cm) and third (113.7 cm) cuttings of hedge lucerne.
The genotype T; showed the minimum plant height at four successive cuttings
(60.35 cm, 66.34 cm, 70.95 cm and 75.31 cm).

4.2.1.1.2 Number of branches plant”

The highest number of branches plant” was observed in genotype Tg for
the successive three cuttings (9.100, 9.610 and 10.94) and the genotype T3
showed maximum number of branches plant” during third (10.94) and fourth
(12.26) cut of hedge lucerne. The genotype T4 recorded the minimum number of
branches plant” during first (3.684) and second cut (4.120) of hedge lucerne. The
genotype T; showed the lowest number of branches plant” during third cut and
the genotype Tg during fourth cut (5.395).

4.2.1.1.3 Length of branches (cm)

The highest length of branches was observed for the genotype Tg during
first (64.55 cm), second (67.62 cm), third (70.92 cm) and fourth (75.32 cm)
cuttings. The genotype T3 showed the minimum length of branches during all the
four cuttings (15.38 cm, 19.64 cm, 20.39 cm and 23.66 cm) of hedge lucerne.

4.2.1.1.4 Number of leaves plant’

The highest number of leaves plant” was observed for the genotype T
during first (112.3) and fourth (146.2) cut of hedge lucerne. During second
(125.9) and third (139.6) cutting, the genotype T showed the maximum number
of leaves plant”. The genotype T; was on par with Ts during second (124.6) and
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third (139.5) cut and Ty (146.1) and T4 (142.7) were on par with the genotype T
during fourth cut of hedge lucerne in number of leaves plant '. The lowest number
of leaves plant” was observed for the genotype T4 during first (72.51) and second
(85.62) cut and the genotype T3 (75.61) was on par with T4 during first cut. The
minimum number of leaves plant” was observed for the genotype T3 during third
(98.62) and fourth (107.9) cut and this was on par with T7 (101.6) and T, (100.9)
during third cut and with T7(111.0) during fourth cut of hedge lucerne.

4.2.1.1.5 Leaf to stem ratio

The genotype T, recorded highest leaf to stem ratio (0.910, 0.914, 0.924
and 0.948) for all the cuttings. The genotype Ts (0.900) was on par with the
genotype T during third cut and T3 (0.898), Te (0.890) and T (0.885) were on par
with Ty during fourth cut. The minimum leaf to stem ratio was observed for the
genotype Ts (0.630, 0.650, 0.690 and 0.685) during all the four cuttings. The
genotype T (0.650) was on par with the genotype Ts during first cut.

4.2.1.1.6 Number of pods cluster”

The genotype T, showed the maximum number of pods cluster” during
first (2.150) and second (2.338) cut whereas, the genotype T4 recorded the highest
number of pods cluster” during third (2.640) and fourth (3.083) cut. The genotype
T7 (2.590) was on par with T4 at the third cut for the character number of pods

cluster”.
4.2.1.2 Yield attributes

The mean performances of yield attributes of hedge lucerne for different

cuttings at COA, Vellayani are given in the Table 4.
4.2.1.2.1 Green fodder yield (g plant”)

Green fodder yield showed significant variation among the genotypes for
different cut in hedge lucerne. Superior yield was reported in the genotype Te
during first (96.39 g) and second (100.69 g) cut. The genotype T was on par with
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Te (98.61 g) for green fodder yield at the second cut. During the third cut, the
genotype Ty recorded the maximum (109.75 g) yield which was on par with T¢
(108.89 g) and T, (108.94 g). The highest green fodder yield was recorded for the
genotype Ty during fourth cut which was on par with T, (116.55 g). The lowest
yield was recorded for the genotype T3 during first (76.34 g), second (81.29 g) and
third (90.283 g) cut whereas, the minimum yield during fourth cut was observed
for the genotype Ts (93.928 g) which was on par with T3 (96.785 g).

4.2.1.2.2 Dry fodder yield (g plant™)

The highest dry fodder yield was observed for the genotype Ty at all the
four cuttings (27.768 g, 30.820 g, 33.520 g and 35.905 g). The lowest dry fodder
yield was observed for the genotype T, (18.625 g) during first cut which was on
par with T3 (18.553 g). The genotype T3 showed the minimum dry fodder yield
during second (20.818 g), third (23.080 g) and fourth (26.005 g) cut. The
genotype T, was on par with the genotype T3 (21.368 g) during the second cut of
harvest.

4.2.1.3 Quality aspects

The mean performances of quality aspects of hedge luceme for different

cuttings at COA, Vellayani are given in Table S.
4.2.1.3.1 Crude protein content (%)

Crude protein content was the highest for the genotype Ty for all the four
cuttings i.e., 25.00%, 25.02%, 25.29% and 25.46%. The genotype T; was on par
with the genotype Tg (24.58%) during first cut. The lowest crude protein content
was observed for the genotype T4 during first, second, third and fourth cut with
13.95%, 14.00%, 14.02% and 14.16% respectively.

4.2.1.3.2 Crude fibre content (%)

The crude fibre content was the highest for the genotype T for all the four
cuttings in hedge lucerne (30.24%, 30.25%, 30.75% and 30.99%) while the

67'
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Fig.1 Mean performance of yield attributes of hedge lucerne at COA, Vellayani
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genotype Ts (29.55%) was on par with the genotype T for the crude fibre content
during fourth of cut. During the first cut, the lowest crude protein content was
observed for the genotype T; (23.12%) which was on par with the genotype Ts
(23.19%). The lowest crude protein content was observed for the genotype T4
during second (24.11%), third (24.19%) and fourth (24.25%) stage of cuttings
which was on par with Ts (24.99%, 25.03% and 25.06%), T, (24.13%, 24.50%
and 24.52%) and T; (24.25%, 24.59% and 24.64%) during second, third and
fourth cuttings.

4.2.1.4 Physiological characters

The mean performances of physiological characters of hedge lucerne for

different cuttings at COA, Vellayani are given in Table 6.
4.2.1.4.1 Dry matter production (g plant”)

Tg genotype recorded highest dry matter production (35.64 g, 38.69 g,
41.29 g) during the first, second and third cuitings of hedge lucerne'. The
genotype T (34.82 g) and T7(34.62 g) was on par with the genotype Ts in the first
cutting and the genotype Ts (37.88 g) was on par with the genotype Tg in the
second cutting. During the third and fourth cutting, the maximum dry matter
production (41.29 g and 43.08 g) was recorded from T genotype. The lowest dry
matter production was recorded from the genotype Ts (25.64 g), T, (28.55 g),
T, (30.89 g) and T3 (32.65 g) during first, second, third and fourth cutting
respectively. The genotype T3 (31.19 g) was on par with the genotype T during
the third cutting.

4.2.1.4.2 Leaf Area Index

The leaf area index showed significant variation in each genotype. The
highest leaf area index was observed for the genotype T, (7.418, 8.028, 8.058 and
8.168) and the lowest for the genotype T3 (2.740, 3.410, 3.430 and 3.453) in all

the four cuts of hedge lucerne.

(5’0
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4.2.1.4.3 Crop Growth Rate (g cm’™ day'l)

Crop growth rate was highest in the genotype Tg (3.67 g m” day') in first,
second, third and fourth cutting. The genotype Ty was on par (2.97 g m” day’
and 2.69 g m” day’) with the genotype Ty in the first and fourth cutting. The
lowest crop growth rate was recorded from the genotype T4 (0.58 g m™ day™) in
the first and second cutting followed by the genotypes Ts (0.94 g m” day'l) and
Ts (0.85 g m™ day™) in the third and fourth cutting respectively. The genotypes
T3 (0.80 g m™ day™), Te (1.44 g m” day”) and T; (1.54 g m™ day™') were on par
with the genotype Ty in the first cutting. During the third cutting the genotypes
T, (1.76 g m” day"), T: (1.51 g m” day'), T (1.80 g m? day™),
Ts (1.79 g m” day™) and T; (1.07 g m” day'I ) was on par with the genotype Ts.
The genotypes T (1.59 g m” day™), T4 (1.01 g m™ day), T (1.10 g m™ day™)
and T; (0.95 g m” day”) were on par with the genotype Ts during the fourth

cutting.
4.2.1.4.4 Net Assimilation Rate (g dm™ day™)

The maximum net assimilation rate was recorded in the genotype
Tg(0.03 g dm? day", 063¢g dm™ day™ and 1.21 g dm? day'l) for first, second and
third cutting. The genotype T4 (0.57 g dm? day™) was on par with the genotype
Ts. The lowest net assimilation rate was recorded in the genotype
T3 (0.01 g dm™ day”, -0.92 g dm™ day”' and -0.05 g dm™ day™) during first,
second and third cutting.

4.2.2 Mean performance of hedge lucerne at KVK, Kottarakkara

The mean performances of eight hedge lucerne genotypes for different
parameters of growth, yield, quality and physiological characters at KVK,
Kottarakkara were studied.

4.2.2.1 Growth characters

The mean performances of growth characters of hedge lucerne genotypes

for different cuttings at KVK, Kottarakkara are given in Table 7.
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4.2.2.1.1 Plant height (cm)

The maximum plant height for hedge lucerne was recorded from genotype
T3(104.4 cm, 110.8 cm, 115.9 cm and 117.5 cm) and the lowest plant height was
recorded from the genotype T3 during all the four cuttings. The genotype T,

(108.6 cm) was on par with Ty during the second cutting.
4.2.2.1.2 Number of branches plant”

The highest number of branches plant”' was obtained in the genotype Ty
(8.61, 9.43, 10.94 and 11.26) in all the four cuttings. The lowest number of
branches was observed in the genotype T (2.19 and 3.16) during first and third
cutting. The genotype T4 (2.19 and 3.12) was on par with T for the first and third
cutting. The genotype T4 showed the lowest number of branches (2.84 and 3.68)
during second and fourth cutting. The genotype T7 was on par with T4 (2.94 and
3.84) for the second and fourth cutting.

4.2.2.1.3 Length of branches (cm)

For length of branches, the highest and lowest value was observed in the
genotype Tg (65.29 cm, 68.66 cm, 70.28 cm and 74.7 cm) and the genotype T
(15.3 cm, 18.34 cm, 20.53 cm and 22.73 cm) respectively for the four cuttings in

hedge lucerne.
4.2.2.1.4 Number of leaves plant g

The number of leaves was highest in the genotype T, (109.6, 125.9, 140.9
and 147.5) in four cuttings. During the fourth cutting genotypes T, Ts, T and Tg
were on par with T; Lowest number of leaves was recorded in the genotype T3 for
the four cuttings which was on par with T7 (90.26 and 96.34) during second and

fourth cutting and also with T4 during the second cut.
4.2.2.1.5 Leaf to stem ratio

Among the genotypes evaluated, highest (0.88, 0.99, 0.93 and 0.91) and
lowest (0.59, 0.61, 0.65 and 0.67) leaf to stem ratio was observed in the genotype



Ty and Tsrespectively for all cuttings. T, and T were on par with T3 and T> was on

par with Ts during the fourth cutting.
4.2.2.1.6 Number of pods cluster”

The maximum number of pods per cluster was obtained from the genotype
T7(1.52 and 1.96) for the first and second cutting and the genotype T4 (2.49 and
2.88) during the third and fourth cutting. The genotype T¢ did not produce any

pods at the time of four cuttings.
4.2.2.2 Yield attributes

The mean performance of yield aitributes of hedge lucerne genotypes for

different cuttings at KVK, Kottarakkara are given in Table 8.
4.2.2.2.1 Green fodder yield (g plant”)

The green fodder yield plant’ varied from 70.58 g to 88.89 g in the
genotype T3 The highest green fodder yield was obtained for the genotype Tg
(112.99 g) during the fourth cutting and 110.89 g, 102.97 g and 98.61 g for the
third, second and first cutting respectively.

4.2.2.2.2 Dry fodder yield (g plant”)

For the four cuttings, the highest dry fodder yield was obtained from the
genotype T3 (28.51 g, 30.95 g, 32.09 g and 33.13 g) and lowest from the genotype
T3(18.62 g, 19.63 g, 20.95 g and 22.85 g).

4.2.2.3 Quality aspecis

The mean performances of quality aspects of hedge lucerne genotypes for
different cuttings at KVK, Kottarakkara are given in Table 9.

4.2.2.3.1 Crude protein content (%)

Among the genotypes, the highest crude protein content was recorded from
the genotype Ts (24.20 %, 24.21 %, 24.35 % and 24.46 %) and the genotype T4
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Fig 3. Mean performance of yield attributes of hedge lucerne at KVK,
Kottarakkara
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Fig 4. Mean performance of quality characters of hedge lucerne at KVK,
Kottarakkara
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recorded the lowest crude protein content (12.94 %, 13.01%, 13.06 % and 13.14
%) during the four cuttings. The genotype Ts was on par with T4 during the first
cutting (13 %).

4.2.2.3.2 Crude fibre content (%)

The highest crude fibre content was obtained from the genotype Ty
(29.45 %, 29.46 %, 29.58% and 29.58%) and lowest crude fibre content was
recorded in the genotype T2 (22%, 22.09%, 22.15% and 22.25%) which was on
par with the genotype T; (22.14%, 22.54%, 22.67% and 22.71%) during all the

four cuttings.
4.2.2.4 Physiological characters

The mean performances of physiologica! characters of hedge lucerne

genotypes for different cuttings at KVK, Kottarakkara are given in Table 10
4.2.2.4.1 Dry matter production (g plant”)

The genotype T recorded the highest dry matter production plant” in four
cuttings (34.29 g, 37.24 g, 40.27 g and 42.69 g). The lowest dry matter
production was obtained from the genotype T3 (21.02 g, 23.95 g, 25.94 g and
27.25 g) in all the four cuttings of hedge lucerne.

4.2.2.4.2 Leaf Area Index

Leaf area index measured the highest values (7.42, 7.54, 7.61 and 7.71) in
the genotype T and the lowest values (2.74, 2.75, 2.81 and 2.89) in the genotype
T for all four harvest.

4.2.2.4.3 Crop Growth Rate (g m™ day™)

Crop growth rate in the genotype Tg(6.07 g m’ day"), Ts(1.76 g m? day™),
Ts (224 g m? day’ and 2.43 g m” day') recorded the highest among the
genotypes first, second, third and fourth cut respectively. The genotypes T, (1.47
gm” day’', Te(1.45 g m™ day™), Ty (1.25 g m” day") and Ts (1.63 g m” day’')
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was on par wiih the genotype Ts during second cut. The genotype Ts(2.09 g m”
day™) was on par with the genotype Tg during the fourth cutting. The lowest crop
growth rate was observed in the genotype Ts (1.9 g m™ day™) in the first cutting
which was on par with the genotypes T, (2.9 g m” day") , T3 (2.71 g m” day™)
and T; (3.12 g m” day'). During the second cufting, the genotype
T3 (0.67 g m™ day™") recorded the lowest crop growth rate and was on par with the
genotypes T (1.05 g m™ day™) and T (0.95 g m” day™). In the third cutting, the
genofype T3 (0.31 g m” day™) was recorded lowest CGR and was on par with the
genotype T7 (0.76 g m? day"). The genotype T3 (0.69 g m? day") recorded the
lowest crop growth rate which was on par with the genotypes T;(0.77 g m™ day™),
Te (1.07 g m? day") and T (1.1 g m> day").

4.2.2.4.4 Net Assimilation Rate (g dm™ day™)

The highest net assimilation rate was observed in the genotype
Ts (0.039 g dm? day”, 0.019 g dm™ day” and 1.512 g dm? day") during the
second third and fourth cutting which was on par with the genotypes
Te (0.035 g dm™ day™ and 2.9 g dm™ day™) in the second and third cutting. The
lowest net assimilation rate was recorded from the genotypes
T3 (0.017 g dm™ day” and 0.010 g dm™ day”) and T4 (-5.651 g m? day™) during
the second, third and fourth cuttings. The genotypes Ts (0.018 g dm™ day” and
0.011 g m™ day™) and T; (0.011 g m? day") was on par with the genotype T3 in
the second and third cutting

4.2.3 Mean performance of hedge lucerne at College of Horticulture (COH),

Thrissur

The mean performances of eight hedge lucerne genotypes for different
parameters of growth, yield, quality and physiological characters at COH,
Thrissur were studied.



4.2.3.1 Growth characters

The mean performances of growth characters of hedge lucerne genotypes

for different cuttings at COH, Thrissur are presented in Table 11.
4.2.3.1.1 Plant height (cm)

The genotype Ty showed the maximum plant height during all the four
cuttings (99.46 cm, 104.8 cm, 110.7 cm and 114.1 cm). The minimum plant
height was observed for the genotypes T3 for the first (55.12 cm), second (59.16
cm), third (63.59 cm) and fourth (66.13 cm) cuttings.

4.2.3.1.2 Number of branches plant”

The number of branches plant” showed significant difference in all the
eight genotypes of hedge lucerne. The maximum branches were observed for the
genotype Tg at all the four cuttings (7.910, 8.610, 9.468 and 10.38). The lowest
branches were obtained for the genotype T during first (1.878), second (2.104),
third (2.760) and fourth (3.200) cut and it was on par with T4 during first (1.943)
and second (2.188) cut of hedge lucerne.

4.2.3.1.3 Length of branches (cm)

The length of branches varied significantly in all the genotypes. The
longest branch was observed for the genotype Tg (61.09 cm, 64.86 cm, 69.37 cm
and 73.49 cm) while the genotype T; showed the shortest branch (14.26 cm, 15.62
cm, 19.64 cm and 22.44 cm) for all the four cuttings.

4.2.3.1.4 Number of leaves plant J

For the number of leaves plant", the genotype T (108.9) showed
maximum number of leaves at first cut, T} (115.2 and 125.6) showed more
number of leaves during second and third cut, while Ts (143.3) recorded
maximum number of leaves during fourth cut of hedge lucerne. The genotype Ts
was on par with T during second (113.2) and third (123.9) cut, while Tg (124.6)
was on par with T during third cut of hedge lucerne. The genotypes T; (142.2)
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and Tg (139.2) were on par with the genotype Ts at fourth cut of hedge lucerne.
The genotype T; recorded the minimum number of leaves during first (69.56),
second (75.12), third (82.39) and fourth (91.70) cuts.

4.2.3.1.5 Leaf io stem ratio

During all the four cuts the genotype T3 recorded the highest (0.840, 0.872,
0.915 and 0.930) leaf to stem ratio compared to other genotypes. The lowest leaf
to stem ratio was observed for the genotype Ts at first (0.570), second (0.600) and
third (0.630) cut, whereas, T, showed the lowest (0.630) ratio during fourth cut.
The genotype Ts (0.653) was on par with T> during fourth cut.

4.2.3.1.6 Number of pods cluster”

The highest pods cluster”’ was noticed in the genotype T in all the four
cuttings (1.890, 2.010, 2.130 and 2.553). The genotype T4 was on par with T7
during third (2.102) and fourth cut (2.370) while the genotype Ts was on par with
the genotype T7 during fourth cut. No pods were noticed in the genotype Tg
during all the different stage of cuttings.

4.2.3.2. Yield attributes

The mean performances of yield attributes of hedge lucerne genotypes for
different cuttings at COH, Thrissur are given in Table 12.

4.2.3.2.1 Green fodder yield (g plant”)

The variation in green fodder yield was noticed during each cut in hedge
lucerne. During first cut, the highest yield was observed in case of the genotype T
(90.480 g) which was on par with the genotype Ts. For the rest three cuttings, the
genotype Tg showed the maximum green fodder yield of 96.367 g, 100.89 g and
110.54 g respectively, which was on par with the genotype T, (95.308 g, 100.58 g
and 108.58 g). The lowest yield was performed by the genotype T1 during all the

four cuttings.
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4.2.3.2.2 Dry fodder yield (g plant™)

The highest dry fodder yield was obtained for the genotype T (22.43 g)
during first cut of crop while, the genotype Tg showed the maximum yield during
remaining three cuttings. The lowest dry fodder yield was recorded for the

genotype T3 for all the four cuttings.
4.2.3.3 Quality aspects

The mean performances of quality aspects of hedge lucerne genotypes for

different cuttings at COH, Thrissur are presented in Table 13.
4.2.3.3.1 Crude protein content (%)

The crude protein content was highest for the genotype Tg during first
(22.41%), second (22.43%), third (22.58%) and fourth (22.67%) -cuttings.
Whereas the lowest protein content was observed for the genotype T4 in all the

stages of cuttings (11.00%, 11.00%, 11.19% and 11.26%).
4.2.3.3.2 Crude fibre content (%)

During the four cuttings of hedge luceme, the highest crude fibre content
was observed for the genotype Tg (27.31%, 27.34%, 27.65% and 28.37%
respectively). The lowest crude fibre content was recorded for the genotype T3 for
all the four cuttings (20.42%, 20.45%, 20.69% and 20.76% respectively).

4.2.3.4 Physiological characters

The mean performances of physiological characters of hedge lucerne

genotypes for different cuttings at COH, Thrissur was listed in Table 14.
4.2.3.4.1 Dry matter production (g plant”)

The genotype Tz recorded maximum dry matter production
(31.25 g, 33.62 g, 36.52 g and 38.65 g) during first, second, third and fourth

cuttings. The lowest dry matter production was obtained from the genotype
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Fig 5. Mean performance of yield attributes of hedge lucerne at COH, Thrissur
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Fig 6. Mean performance of quality attributes of hedge lucerne at COH, Thrissur
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Ty (31.25 g, 33.62 g, 36.52 g, 38.65g) during first, second, third and fourth

cuitings.
4.2.3.4.2 Leaf Area Index

The genotypes showed significant variation for the character leaf area
index. The genotype T showed the maximum leaf area index at all the four
cuttings (6.418, 6.530, 6.620 and 6.950 respectively). The genotype T3 recorded
the minimum leaf area index of 2.013, 2.123, 2.750 and 2.858 during first, second,
third and fourth cut respectively.

4.2.3.4.3 Crop Growth Rate (g m” day™)

Among the hedge lucerne genotypes, the maximum crop growth rate was
observed in the genotype Ts (3.89 g m™ day”, 2.94 g m™ day”, 2.89 g m” day’
and 3.11 g m” day") during the first, second, third and fourth cuttings. The
genotypes T4 (3.83 g m” day™) and Ts (2.67 g m? day") were on par with the
genotype Ty during first and second cuttings. The lowest crop growth rate was
observed in the genotypes Ts (2.84 g m” day), T3 (1.13 g m” day”, 0.15 g m™
day” and 0.19 g m” day™) during the first, second, third and fourth cuttings which
was on par with T (2.91 g m” day™) in the first cutting, T; (1.27 g m” day™),
T, (1.55 g m™ day™), Ts (1.66 g m™ day") and Ty (1.39 g m” day"') during the

second cutting.
4.2.3.4.4 Net Assimilation Rate (g dm™ day™)

The maximum net assimilation rate was recorded in the genotype
Tg (0.121 g dm? day', 0.064 g dm” day', 1411 g dm” day') and
T; (0.819 g dm™ day”) during the first, second, third and fourth cuttings. The
genotypes Ts (0.06 g dm? day") and T3 (0.793 g dm? day") was on par with the
genotypes Tg and T; during the second and fourth cuttings respectively. The
lowest net assimilation rate was observed in the genotypes
T7 (0.039 g dm™ day”), T (0.012 g dm? day™), Ts (0.061 g dm” day”) and



Te (0.059 g dm® day') during the first, second, third and fourth cuttings

respectively.
4.2.4 Mean performance of hedge lucerne at RARS, Ambalavayal

The mean performances of eight hedge lucerne genotypes for different
parameters of growth, yield, quality and physiological characters at Ambalavayal
were studied.

4.2.4.1 Growth characters

The mean performances of growth characters of hedge lucerne genotypes

for different cuttings at RARS, Ambalavayal are presented in Table 15.
4.2.4.1.1 Plant height (cm)

The highest plant height was observed for the genotype Ty during first
(100.9 cm) and second (105.3 cm) cut, T during third cut (111.0 cm) and Ty at
fourth cut in hedge lucerne. The genotype Ts (110.9 cm) was on par with T,
during third cut, whereas T3 recorded the lowest plant height during all the
cuttings (60.22 cm, 64.12 cm, 70.95 cm and 74.63 cm).

4.2.4.1.2 Number of branches plant”

During first and second cut, the number of branches was more for the
genotype Tg (8.070 and 8.638), but during third and fourth cut the genotype T3
(9.845 and 11.35) reported the maximum branches plant”. The lowest number of
branches was recorded for the genotype T4 at first (2.933) and third (4.573) cut,
whereas, during second and fourth cut the minimum branches were reported for
the genotype T7(3.310 and 5.783).

4.2.4.1.3 Length of branches (cm)

The length of branches showed significant difference among the genotypes.
The genotype Tg reported the maximum length of branches during all the four cut
(60.28 cm, 64.25 cm, 70.91 cm and 75.09 cm), while, the genotype T; reported

[

15\
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the minimum length of branches at all the four cut (13.59 cm, 16.52 cm, 19.34 cm
and 23.02 cm).

4.2.4.1.4 Number of leaves plant”

The number of leaves was highest for the genotype T; at first (112.6),
second (124.3) and fourth (144.3) cut and during third cut the genotype Ts (139.6)
recorded the maximum number of leaves. The genotypes Tg (143.0) and Ts
(142.5) was on par with T; during fourth cut of hedge lucerne. The lowest number
of leaves was observed in the genotype T, (72.61) during first cut, T (86.31)
during second cut, and T3 during third (94.26) and fourth cut (102.8).

4.2.4.1.5 Leaf to stem ratio

The leaf to stem ratioc was highest for the genotype T; (0.850) and T;
(0.850) during first cut and T, at second (0.900) cut, T at third (0.910) and T at
fourth (0.943) cut. The lowest leaf to stem ratio was observed for the genotype Ts
for all the four cuttings in hedge lucerne (0.600, 0.630, 0.650 and 0.675).

4.2.4.1.6 Number of pods cluster”

The number of pods was highest in the genotype Ty (1.948) of first cut, in
the genotype T4 (2.090, 2.190 and 2.733) of second, third and fourth cut
respectively. No pods were observed in case of the genotype T¢ during all the four
cuts and in T during first cut.

4.2.4.2 Yield atiributes

The mean performances of yield attributes of hedge lucerne genotypes for
different cuttings at RARS, Ambalavayal are given in Table 16.

4.2.4.2.1 Green fodder yield (g plant )

- The green fodder yield was highest for the genotype Ty at first (95.120 g),
second (97.690 g), third (104.81 g) and fourth (118.56 g) cuts, T; and Ts were on
par during second (96.340g and 69.373 g) and third (102.85 g and 100.27 g) cut.
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The lowest green fodder yield was reported for the genotype T; at all the four

cuttings (75.930 g, 80.910 g, 85.910 g and 94 368 g).
4.2.4.2.1 Dry fodder yield (g plant”)

The highest and lowest dry fodder yield was recorded for the genotype Ty
(30.890 g, 31.850 g, 34.223 g and 36.753 g) and T3 (18.638 g, 21.580 g, 22.610 g
and 25.628 g) during all the cuts in hedge lucerne.

4.2.4.3 Quality aspects

The mean performances of quality aspects of hedge lucerne genotypes for

different cuttings at RARS, Ambalavayal are given in Table 17.
4.2.4.3.1 Crude proiecin content (%)

The highest crude protein content was reported for the genotype T during
first three cuttings (24.00%, 24.10% and 24.28% respectively) which was on par
with the genotype Tg (23.94%, 24.00% and 24.16% respectively). During fourth
cut the genotypeTs showed the maximum crude protein content of 24.98 %. The
lowest crude protein content was reported for the genotype Ts during all the cuts
(13.00%, 13.49%, 13.15% and 13.88% accordingly) which was on par with the
genotype T4 (13.40%, 13.49%, 13.58% and 13.95% accordingly) during all the

four cuttings in hedge lucerne.
4.2.4.3.2 Crude fibre content (%)

For all the four cuts, the genotype Ts showed the maximum crude fibre
content (30.00%, 30.02%, 30.19% and 31.52% respectively). The lowest crude
fibre content was reported by the genotype T, for all the four cuts (23.00%,
23.00%, 23.01% and 23.23% respectively), which was on par with the genotype
T4 (23.45%, 23.54%, 23.69% and 23.79% respectively).
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Fig 7. Mean performance of yield characters of hedge lucerne at RARS,
Ambalavayal
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Fig 8. Mean performance of quality characters of hedge lucerne at RARS,
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4.3.4.4 Physiological characters

The mean performances of physiological characters of hedge lucerne

genotypes for different cuttings at RARS, Ambalavayal are given in Table 18.
4.2.4.4.1 Dry matter production (g plant”)

Dry matter production recorded maximum in the genotypes T (34.93 g),
T3 (37.26 g and 40.12 g) and T6 (41.99 g). The genotype T (41.53 g) was on par
with the genotype T¢ during the fourth cutting. The lowest dry matter production
was obtained in the genotypes Ts (20.67 g), T3 (24.92 g), Ts (28.33 g) and
T3(30.64 g).

4.2.4.4.2 Leaf Area Index

The leaf area index was highest for the genotype T (7.250, 7.440, 7.540
and 7.660) during all the four cuts whereas, the genotype T3 showed the minimum
leaf area index for first (3.240), second (3.358), third (3.490) and fourth (3.585)

cuts.
4.2.4.4.3 Crop Growth Rate (g m” day™”)

The highest crop growth rate was obtained from the genotypes
T, (4.52 g m™ day™), Tg (3.80 g m™ day”, 2.51 g m” day” and 2.22 g m” day™)
during first, second, third and fourth cuttings respectively. The genotypes
Ts(3.54 g m? day"), Te(3.87g m? day") and T3 (3.96 g m” day'l) were on par
with the genotype T, during the first cutting. The genotype T> (1.58g m™ day™)
and the genotype Ts (1.6 g m™ day™) were on par with the genotype Ts. During the
fourth cut, the genotypes T; (1.9 g m? day'), T, (201 g m? day?),
T4 (192 g m” day']), Te (1.7 g m” day"') and T7 (1.69 g m” day") Were on par
with the genotype Ts.

4.2.4.4.4 Net Assimilation Rate (g dm™ day™)

The highest net assimilation rate was recorded in the genotype

Ty (0.059 g dm™” day” and 0.021 g dm? day™) during first and second cutting
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whereas the genotypes T, (0.067 g dm™ day') and T (0.013 g dm* day") recorded
highest during the third and fourth cuiting respectively. The genotypes
T7 (0.059 g dm™ day") during the first cutting and T; (0.012 g dm™ day"),
T5(0.012 g dm™ day”) and T (0.012 g dm? day™) during the fourth cutting was
on par with the genotype Tg The lowest net assimilation rate was recorded in the
genotypes Tg (0.024 g dm? day) in the first cutting, followed by the genotypes
T4 (0.011 g dm™ day”), Te (0.011 g dm™ day'), T, (0.011 g dm? day™) in the
second cuiting. The genotypes T3 (0.013 g dm? day™) and Ts (0.010 g dm™ day™)
during third and fourth cutting respectively. The genotypes T4(0.026 g dm? day™)
and T5 (0.026 g dm"2 day') were on par with the genotype Ts during the first
cutting. The genotypes T (0.014 g dm™ day”), T; (0.015 g dm? day’') and
Ts (0.015 g dm™ day™”) were on par with the genotype T4 in the second cutting.
The genotypes T> (0.011 g dm™ day") and T4 (0.011 g dm? day'l) were on par
with the genotype T¢ during the fourth cutting.

4.3 STABILITY ANALYSIS
4.3.1 Pooled Analysis of Variance

Eight genotypes of hedge lucerne were subjected to pooled analysis of
variance for different characters viz., plant height, number of branches plant™”,
length of branches plant", number of leaves plant", leaf to stem ratio, number of
pods cluster”, green fodder yield, dry fodder yield, dry matter production, crude
protein and crude fibre content over four locations. The analysis revealed that for
the genotypes, G x E interactions were significant for all the characters studied.
As the G x E interactions were significant for all the characters, further analysis

were done for estimating the stability parameters (Table 19).

The total sum of squares is partitioned into genotypes, Environments +
(Genotype x Environment) and pooled error in the ANOVA.  The mean squares
due to E+ (G x E) were significant for the characters like plant height, number of
branches plant”, number of leaves plant”, green fodder yield, dry fodder yield,

dry matter production, crude protein and crude fibre content prioritizing the
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presence of G x E interaction for these traits. The mean sum of squares due to
genotype was significant for the eleven characters under study (Table 20). The
sum of squares due to E+ (G x E) was further partitioned into that of Environment
(Linear), Genotype x Environment linear and pooled deviation (Table 20). The
linear component of Environment were significant for the characters like plant
height, number of branches plant”, length of branches plant”, number of leaves
plant”, leaf to stem ratio, number of pods cluster”, green fodder yield, dry fodder
yield, dry matter production, crude protein and crude fibre content. The variation
due to G x E (linear ) were significant for the characters like plant height, number
of branches plant™”, number of leaves plant™, leaf to stem ratio, green fodder yield
and dry fodder yield. The non linear component, pooled deviation were
significant for the characters like length of branches plant”, number of leaves
plant”, dry fodder yield and dry matter production indicating the importance of

both linear and non linear components,
4.3.2 Environmental indices

The environmental indices of eleven characters is described in the Table 21.
It was found that Vellayani was favourable for all of the characters whereas
Thrissur was unfavourable for all the characters. Kottarakkara was highly
favourable for number of leaves and number of pods while, Ambalavayal was
favourable for number of branches and dry fodder yield.

4.3.3 Stability parameters

The estimation of stability parameters i.e., mean(p), regression coefficient
(b;) and deviation from regression (Szdi) for eleven characters are furnished below
(Table 22).

4.3.3.1 Plant height

The maximum plant height was observed for the genotype Ty (116.75 cm)
followed by T; (112.87 cm) and the lowest was observed for the genotype T
(71.03 cm).
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Among the genotypes, T genotype (p= 112.87, b; = 1.07, S?= 0.30) and
the genotype Ts (u= 110.31, b; = 0.89, S%4= -0.32) were identified as stable ones
with regression coefficient near unity and non-significant deviation from
regression. The genotypes T, T3 and T4 recorded b; value more than one (1.41,
1.46, 1.75 respectively) with non-significant minimum deviation from the
regression (0.56, 3.11, 2.11 respectively). The genotypes Ts and Tg recorded b;
value of 0.75 and 0.58 with non-significant deviation from regression -0.21 and

1.44 respectively.
4.3.3.2 Number of branches plant’

The number of branches ranged from 4.29 (T4) to 10.34 (Tg). The genotype
Ty (p= 5.10, by = 1.10, S%= -0.09), Ts (p= 4.29, b; = 1.05, S’s= -0.03) and
genotype Ts (p= 6.29, b; = 0.92, S’s= -0.10) recorded near unit regression with
minimum non-significant deviation from regression These genotypes were stable
for different environments. The genotypes T, T3 and T showed b; value more
than one (1.58, 1.30 and 1.42 respectively) and minimum deviation from
regression (0.11, -0.04 and -0.02 respectively) hence are stable and adaptable for
rich environment. Regression coefficient less than one with minimum deviation

from linearity was observed for the genotype T7 (u=3.98, b; = 0.78, S?4=0.08).
4.3.3.3 Lengih of branches

Length of the branches ranged from 74.65 cm (Tg) to 22.96 cm (T). T3
(b=1.05) was the genotype with near unit regression and non-significant deviation
from regression, so T3 was the stable genotype. Ty was the genotype with more
than unit regression and non-significant deviation from regression indicating high
responsiveness towards the rich environment. The genotypes T (b=0.62) and T,
(b=0.29) showed less than unit regression with minimum non- significant
deviation from regression. They were highly responsive in unfavourable

environment.

'~
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4.3.3.4 Number of leaves plant’

The number of leaves varied from 145.03 (T)) to T3(99.69). The genotype
T was identified as stable genotype with near unit regression (b;=0.82) and non-
significant deviation from regression. The genotype T, (b=0.58, S%4= -2.56) and
T7 (b=0.46, S%s= -2.03) were suitable for poor environment. They were performs

under unfavourable environment.
4.3.3.5 Leaf to stem ratio

The leaf to stem ratic was highest for the genotype T3 (0.92) and the
lowest for Ts (0.67). The genotype T4 (bi=1.09, S%= 0.0004) and T7 (b=1.18,
S%¢= 0.0007) showed near unit regression with non-significant deviation from
regression, which were considered as stable genotypes across the environment.
The genotype T¢ was identified as the genotype favourable for rich environment,
with regression of more than one and non-significant deviation from regression.
The genotype T; was identified as stable genotype under unfavourable

environment.
4.3.3.6 Number of pods

The number of pods ranged from 0.00 (Ts) to 2.77 (T4). The genotypes T
(b=1.23, %= -0.003) and T7 (b=0.89, S’s= 0.015) identified as stable genotypes
with near unit regression and minimum non-significant deviation from regression.
The genotypes T; and T3 were showed high mean, more than one regression
coefficient and minimum non- significant deviation indicates high responsiveness
towards environmental factors and performs well under rich environments. The

genotype Tg was stable for unfavourable environment with b=0.42 and
$%4=0.031.

4.3.3.7 Green fodder yield

The green fodder yield varied from 90.45g (T3) to 115.42g (Tg). The
genotype T had regression coefficient near unity with minimum non-significant

deviation from regression, which specifies that the genotype was stable across the



T6

environment. The genotypes T2, T4 and Ts showed more than one regression
coefficient with non-significant deviation from regression, which indicates the

high responsiveness of these genotypes for rich environment.
4.3.3.8 Dry fodder yicld

The dry fodder yield ranged from 23.52g (T3) to 34.25g (Ts). The
genotype T (u=32.45, b=1.11, S%4= 0.22) was stable genotype with near unity
regression coefficient and non-significant deviation from regression. The
genotypes Ty (1=27.46, b=1.28, S%= 0.05) Tq (p=31.23, b=1.27, S’ = -0.03)
and Tg (p=34.25, b=1.93, S%4 = 0.55) were identified as stable genotypes under
favourable environment as they had more than one regression coefficient and
non-significant deviation from regression. The genotype T¢ was identified as
stable genotype under unfavourable environment due to the less than one

regression coefficient and non-significant minimum deviation from regression.
4.3.3.9 Dry maiter production

The dry matter production ranged from 40.62g (T¢) to 28.89g (T3). The
genotype T (p=39.93, bi=0.97, S%4 = 0.09) was identified as stable genotype with
unit regression coefficient and minimum non-significant regression from
deviation. The genotype T¢ (p=40.62, bi=1.34, S%s = 0.47) and Tg (1=40.04,
b=1.25, Szdi = 0.49) were stable for rich environment. They had more than one

regression coefficient and non- significant deviation from regression.
4.3.3.9 Crude protein content

The crude protein content varied from 24.39% (Tsg) to 13.12% (T4) in the
present study. The genotypes T4 (u=13.12, b=0.97, $% = 0.01) and Tg (n=24.39,
b=0.91, S%s = -0.06) recoded high mean, near unit regression coefficient and non-
significant deviation from regression for this trait. The genotype T showed more
than one regression coefficient and non-significant deviation from regression and
was identified for rich environment. The genotype Ts (u=13.91, b=0.69,

%y = 0.02) exhibited less than unit value of regression and non-significant



Fig 9. Comparison of green fodder yield with population mean of the eight

hedge lucerne genotypes
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Fig 10. Comparison of dry fodder yield with population mean of the eight hedge
lucerne genotypes
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Fig 11. Comparison of dry matter production with population mean of the eight
hedge lucerne genotypes
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Figl2.Comparison of crude protein content with population mean of the eight
hedge lucerne genotypes
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Fig 13. Comparison of crude fibre content with population mean of the eight

hedge lucerne genotypes
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deviation from regression and hence the genotype was suitable for poor

environment.
4.3.3.10 Crude fibre content

The highest crude fibre content was recorded for the genotype Tg (29.95%)
and the lowest for the genotype T» (22.71%). The genotypes T (n=23.35, b=0.97,
S% = 0.098), Ts (u=28.21, b=0.96, S’ = 0.054) and T; (u=27.44, b=1.09,
S’y

significant deviation from regression. These genotypes hence identified as stable

-0.027) showed high mean, near unit regression and minimum non-

across environment. The genotype T, (u=22.71, b=1.26, S% = 0.004) was
identified for rich environment based on stability parameters. The genotype
T4 showed regression coefficient less than one with non-significant deviation from

regression, which was stable for unfavourable environments.
4.3.4 Identification of best genotypes for each location

Based on the ranking method, the best genotypes for each location were
identified. The genotypes which had a score with mean value above
mean + SE (m) was assigned Rank 1. Those genotypes with score between
mean + SE (m) were assigned Rank 2 and the genotypes with score less than
mean + SE (m) were assigned Rank 3. The ranks of each genotype over four
locations are described in Table 23. Based on the rank given to each genotype for
the characters number of leaves plant'l, green fodder yield, dry fodder yield, dry
matter production, crude protein and crude fibre, the genotypes T, Te and Ts were
best suited for all locations (Table 23).

4.3.5 identification of character imparting stability

Based on the regression coefficient, deviation from regression and
environmental indices, the characters plant height, green fodder yield, dry fodder
yield, dry matter production and crude protein content can be accounted as the

stability imparting characters.
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Plate 3. Stable genotypes of Hedge lucerne over all locations

Te (IC 421199) T, (TNDV 1)




Plate 4. Hedge lucerne suitable for favourable environments
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Plate 5. Hedge lucerne genotypes suitable for unfavourable environment
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5. DISCUSSION

Hedge lucerne is a herbaceous perennial legume belonging to the family
Fabaceae. No poisonous principle is observed in foliage. Hedge lucerne is
preferred by cattle for its palatable green fodder and adequate amount of crude
protein. The alarming gap between demand and supply in availability of fodder in
Kerala necessities the production of high quality herbage devoid of anti-
nutritional factors. However the genetic improvement achieved in hedge lucerne

in terms of its productivity is very low.

The identification of superior genotypes remarks the success of crop
improvement activities. Phenotypic stability and potential for high yield under
favourable environment considered most in selecting superior genotypes. To
analyze G x E interaction a number of parametric statistical procedures have been
developed in which Eberhart and Russell model (1966) is the most widely used
method. The nature of adaptation of genotypes can be studied from two main
factors namely, regression coefficient (linear sensitivity) and the deviation from

mean squares due to regression (non-linear sensitivity).

Based on the stability parameters the extent of deviation of yield and yield
related characters over environments is studied to identify the best genotypes
which are widely adapted. Multilocation testing of genotypes provides an
opportunity for plant breeders to study the adaptability of genotypes to a particular
environment and also to understand the stability of the genotypes over different
environments. Thus information on Genotype x Environment interaction is of
major importance to the plant breeders in identifying an improved stable
genotype.

Realizing the importance of the stability analysis in performance of
genotypes, in the present study eight genotypes of hedge lucerne were evaluated
across four environments. The salient findings from this present study entitled

“GenotypexEnvironment interaction in Hedge lucerne (Desmanthus virgatus (L.)

\\\
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Willd.) for yield and quality” have been critically analyzed and discussed in light

of available literature under the following subheads.

1. Pooled analysis of variance

2. Stability analysis for yield and its attributing traits
5.1. POOLED ANALYSIS OF VARIANCE

From the pooled analysis of variance, the genotypes showed significant
differences for all the characters studied, which revealed the presence of genetic
variability among the genotypes. Significant differences among the genotypes
gave greater opportunity for selecting suitable genotypes with high mean value for
all the characters of interest. Environments were highly significant for the
characters viz., plant height (cm), number of branches plant™, length of branches
plant”’(cm), number of leaves plant™, leaf to stem ratio, number of pods cluster™,
green fodder yield (g), dry fodder yield (g), dry matter production (g), crude
protein content (%) and crude fibre content (%/) suggesting the divergence among
growing environments. The effect of genotype x environment were significant for
all the characters studied, which indicated the differential response of genotypes
to varying environment. Therefore, these genotypes must be evaluated over a wide
range of environments where they are ultimately cultivated for commercial
purposes. Similar findings were also reported by Palathingal (2003) in rice,
Bikash ef al. (2013) in pearl millet, Preeti et al. (2016) in wheat, Mehraj et al.
(2017) in oats and Patil e al. (2017) in okra.

The joint regression analysis by stability analysis revealed that G x E
interaction (linear) was highly significant for all the characters studied viz., plant
height (cm), number of branches plant”, length of branches plant”, number of
leaves plant™, leaf to stem ratio, number of pods cluster”, green fodder yield , dry
fodder yield, dry matter production , crude protein content and crude fibre content
indicating that the genotypes had divergent linear response to the environmental
changes for these characters. Comparable findings were reported by Saranya
(2016) for the characters plant height, number of branches, number of leaves
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plant” and total fresh weight in Neelamari, Preeti er al. (2016) for the characters
plant height and dry matter yield in wheat, Mehraj (2017) for the traits plant
height, fodder yield ha”', green fodder yield and leaf to stem ratio in oats.

5.2. STABILITY ANALYSIS FOR YIELD AND ITS ATTRIBUTING TRAITS

Several workers proposed different models for identifying stable
genotypes which exhibit least interaction with environments. Finlay and
Wilkinson (1963) developed a dynamic approach for interpretation of varying
environments. They considered mean value of the genotype and their regression
coefficient. But Eberhart and Russell improved this model by adding another
stability parameter, i.e, the deviation from regression and provided fresh
approach to G x E interaction analysis. Eberhart and Russell model (1966)
considered three stability parameters like (i) mean performance (1), (ii) regression
coefficient (b;) and (iii) deviation from regression (S%4). Linear component of
G x E interaction is measured by using b; value and also gives an idea about
response of genotype. G x E interaction of unpredictable type (i.e., predictable or
unpredictable type) is measured from S%4 value.

The result interpretation of present study was done by using the parameters
like regression coefficient, mean value and deviation from regression for stability.
Once the genotypes were found to be stable based on non-significant deviation
from regression (S’4=0), then the type of stability was based on regression
coefficient and mean value. If b; is equal to unity, a genotype is considered as
stable or has the same performance in all the environment, if b; is more than unity,
it is considered to have less than average stability or good performance in
favourable environments and if b; is less than unity, it is suggested to have above
average stability or good performance under poor environments (Eberhart and
Rusell, 1966).

5.2.1. Plant height (cm)

Two genotypes, T and Te have recorded the highest mean value than

population mean for the character plant height with The regression coefficient



near unity with non-significant deviation from regression, suggested that these
two genotypes were stable for this character. The genotype T, had more than unity
regression (1.41) and non-significant deviation from regression (0.56) and was
found to be stable for favourable environments. The genotype Ts was found to be
stable for unfavourable environments with less than unity regression and non-
significant deviation from regression. Similar results were observed by Sunil
(2004) in turmeric, Panwar ef al. (2011) in ocimum, Javia (2014) in okra, Saranya
(2016) in neelamari, Preeti ef a/. (2016) in wheat, Patil et al. (2017) in oats also
observed stability for the character plant height.

5.2.2. Number of branches plant'l

Among the genotypes evaluated T, (5.10), T4 (4.29) and Ts (6.29) with
regression near to unity and minimum deviation from regression was widely
adapted with average stability. The genotypes T3 (10.31) and T¢ (4.56) had
regression coefficient greater than unity and non- significant deviation from
regression, indicated that these genotypes were stable under favourable
environments with predictable performance. Less than unity regression and non-
significant deviation from regression was recorded for the genotype T7 (3.98),
which indicated the adaptability of the genotype under unfavourable environment.
Similar findings were recorded by Ottai e al. (2006) in roselle, Abou et al. (2006)
in white mustard, Saranya (2016) in neelamari and Patil ef al. (2017) in okra.

5.2.3. Length of branches plant™

The genotype T¢ was considered as stable for the character length of
branches plant™ because of a regression coefficient near unity. The genotypes Ts
(b=1.21) recorded more than unit regression and non-significant deviation from
regression, indicated that the genotype was suitable for favourable environment.
The genotypes T; and T7 reported less than unity regression for the character
length of branches plant” with minimum non-significant deviation from
regression, which suggested that these genotypes were suitable for unfavourable

environments. Similar results for variation in stability parameters for the character
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length of branches plant’' were observed by Singh and Arya (2014) in Vigna
radiata and Ramesh ef al. (2017) in pigeon pea.

5.2.4. Number of leaves plant™

The genotype T which had the highest mean value (141.04), near unity
regression (0.82) and minimum non- significant deviation from regression (1.41),
was considered as a stable genotype. The genotypes T; and T; were stable under
unfavourable environments. Similar results for variability in stability parameters
for the trait number of leaves plant™ was reported by Saranya (2016) in neelamari,
Nanavati (2016) in maize and Mehraj ef a/. (2017) in oats.

5.2.5. Leaf to stem ratio

Among the genotypes T4 (u=0.76, b=1.09, $%4=0.0004) and T; (u=0.84,
b=1.18, §’3=0.0007) were considered as the stable genotypes because of the
desirable mean, near unity regression and mean deviation from linearity, which
can be suggested for wider environments. Whereas, the genotype Ts (u=0.88,
b=1.56, Szdr—-0.000) was suitable for favourable environments due to greater than
unit regression and non- significant deviation from linearity, while T; (u=0.89,
b=0.75, $’4=0.0005) genotype was suitable for  unfavourable environments.
These results were in accordance with the results of Nanavati (2016) in maize, and
Mehraj et al. (2017) in oats.

5.2.6. Number of pods cluster”

The genotypes Ts and T recorded near unit regression (1.23 and 0.89)
with non-significant S% value (-0.003 and 0.015), indicated that the genotypes
were stable across the environment. The genotypes Ty and T3 had higher than
unity and minimum non-significant deviation from regression, which indicated
that these genotypes were adaptable for favourable environments. The genotype
Tg was suitable for unfavourable environment and had regression coefficient of
less than unity and non-significant deviation from regression. These findings are

agreement with Ramesh et a/. (2017) in pigeon pea.
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5.2.7. Green fodder yield

The genotype had the high mean yield (112.35 g) than the population yield
(104.93 g), near unit regression (1.12) and non-significant minimum deviation
from regression (-0.62) was considered as stable genotype for the character green
fodder yield. The genotype T4 and Tg genotypes performed well under favourable
environment with regression coefficient of 1.74 and 1.52 respectively. The
variable stability parameters were reported in green fodder yield by Nanavati
(2016) in forage maize and Mehraj ¢ al. (2017) in oats.

5.2.8. Dry fodder yield

The genotype T, (n=32.45, b=1.11, S%4=0.22) possessed higher dry
fodder yield than the population mean and were considered as highly adaptable
genotypes having average stability and was expected to perform well in all the
environment. The genotypes T,, T4 and Ty had higher mean than population mean,
more than unity regression with non-significant deviation from linearity, which
suggested that these genotypes were stable under favourable environment and
perform better under rich environment. The genotype Te (u=31.77, b=0.77,
S?4=0.42) were stable for unfavourable environment with high mean, less than
unity regression and minimum deviation from regression. Similar findings for the
variable stability parameters in dry fodder yield was noticed by Bikash ef al.
(2013) in pearl millet and Mehraj et al. (2017) in oats.

5.2.9. Dry matter production

The genotypes T, T¢ and Ts had higher mean performance for dry matter
production than the population mean. The genotype T, was stable with regression
coefficient near unity (b=0.97) and non-significant deviation from regression
(8%3=0.09). The genotypes T (bi=1.34) and Ts (b=1.25) had regression coefficient
greater than unity and minimum deviation from regression, which indicated that
these genotypes were stable for favourable environment. The same findings for

variation in stability parameters was observed by Preeti et al. (2016) in wheat.



5.2.10. Crude protein content

Two genotypes, T4 and Ts were stable for the character crude protein
content in all the environment with regression coefficient of 0.97 and 0.91, with
minimum deviation from regression of 0.01 and -0.06 respectively. The genotype
T, (b=1.42) was stable under favourable environment. The genotype Ts (b;=0.69)
had less than unity regression and non-significant deviation from regression (0.02)
and was stable under unfavourable environment and poor environment.
Comparable findings for the variable stability parameters for protein content was
reported by Saeed et al. (1985) in sorghum, Peterson et al. (1992) in wheat,
Shi et al. (1999) in rice, Gurmu ef al. (2009) in soybean.

5,2.11. Crude fibre content

Among the genotypes, Ty, Ts and T7 had near unity regression coefficient
(0.97, 0.96 and 1.09) and minimum deviation from regression (0.098, 0.054 and
-0.027) and their performances for the character crude fibre content can be
predicted. They were well adapted for all the environments. The genotype
T, (b=1.26, $%4=0.004) was found to be suitable for unfavourable environment.
The genotype Ty (b=0.45, S’s= -0.143) was suitable for poor environment for the

trait crude fibre content.
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SUMMARY



6. SUMMARY

The present study on “GenotypexEnvironment interaction in hedge
lucerne (Desmanthus virgatus (L.) Willd.) for yield and quality” was carried out
to identify stable genotypes of eight Desmanthus virgatus in varied environments
with respect to yield and quality in four locations of Kerala viz., College of
Agriculture, Vellayani, College of Horticulture, Thrissur, Krishi Vigyan Kendra,
Kottarakkara, Kollam and Regional Agricultural Research Station, Ambalavayal,
Wayanad.

The eight genotypes of hedge lucerne viz., Ty (IC 345276), T, (IC 343710),
T; (IC 89910), T4 (IC 261839), Ts (IC 90934), Ts (IC 421199), T; (TNDV 1) and
Tg (Thumburmuzhi local) were evaluated in a Randomized Block Design (RBD)
with four replications over four locations during 2017-2018. Eberhart and Russell
model (1966) was used to analyze the stability and adaptability of yield and yield
related characters of these genotypes. The present study showed significant mean
squares due to genotypes for yield, quality and other component characters and
this revealed the existence of high variability among the genotype studied. The
mean squares due to Genotype x Environment interaction were significant for all
the characters indicating the varying response of genotypes towards changing

environment. Hence further analysis was done to assess the stability of genotypes.

In the stability analysis, the mean squares due to Environments +
(Genotype x Environment) were significant for the characters viz., plant height,
number of branches plant”, number of leaves plant”, green fodder yield, dry
fodder yield, dry matter production, dry matter production, crude protein content
and crude fibre content strengthening the presence of G x E interaction for these
characters. The sum of squares due to E + (G x E) was further partitioned into
Environment (linear), Genotype x Environment (linear) and pooled deviation.
Environment (linear) was significant for the characters such as, plant height,
number of branches plant”, length of branches plant”, number of leaves plant™,

leaf to stem ratio, number of pods plant”, green fodder yield, dry fodder yield,
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dry matter production, crude protein content and crude fibre content. The mean
squares due to Genotype x Environment (linear) was significant for the traits like,
plant height, number of branches plant”, number of leaves plant”, leaf to stem
ratio, green fodder yield and dry fodder yield. This indicated that the major
component for differences in stability was due to both linear and non linear

components.

The estimation of environmental indices for all the characters in all the
four locations (Vellayani, Kottarakkara, Thrissur and Ambalavayal) revealed that
Vellayani and Ambalavayal were most favourable or suitable environment for
cultivation of hedge lucerne and Thrissur was the unfavourable environment for

hedge lucerne cultivation.

The stability of the genotype was measured from the mean performance of
a genotype along with two stability parameters viz., regression coefficient (b;) and

deviation from regression coefficient (8%).

The genotypes T (IC 345276), T4 (IC 261839), Ts (IC 421199) and T,
(TNDV 1) were identified as stable genotypes having regression coefficient near
unity and non-significant deviation from regression with wider adaptability over
environment for most of the characters. The genotype T (IC 345276) was stable
over all locations for different characters such as plant height, number of
branches, green fodder yield, dry fodder yield, dry matter production and crude
fibre. The genotype T4 (IC 261839) was stable for the characters number of
branches, leaf to stem ratio and crude protein across the locations. The genotype
Ts (IC 421199) was stable over locations for the characters viz.,, plant height,
length of branches and number of leaves, while the genotype T; (TNDV 1) was
stable for leaf to stem ratio, number of pods and crude fibre.

The genotypes T (IC 343710) and Ty (Thumburmuzhi local) were stable
genotypes for favourable environment. The genotype Ty (IC 343710) showed
stable performance for the characters such as leaf to stem ratio, green fodder yield,

dry fodder yield and crude fibre. The genotype Tg (Thumburmuzhi local) was

a\



stable in favourable environment for length of branches, green fodder yield, dry
fodder yield and dry matter production. The genotype T's (IC 90934) was found to
be stable for the characters plant height and crude fibre in unfavourable
environments.

The present study revealed that the genotypes T, (IC 345276) T4
(IC 261839), Ts (IC 421199) and T, (TNDV 1) were stable over the four different
locations viz., College of Agriculture, Vellayani, College of Horticulture, Thrissur,
Krishi Vigyan Kendra, Kottarakkara and Regional Agricultural Research Station,
Ambalavayal, Wayanad. The genotypes T, (IC 343710) and Tg (Thumburmuzhi
local) showed stable performance under favourable environments viz., College of
Agriculture, Vellayani and Regional Agricultural Research Station, Ambalavayal,
Wayanad, while the genotype Ts (IC 90934) was suitable for unfavourable
environment i.e., College of Horticulture, Thrissur. The superior genotypes
identified in the present study can be further promoted to farm trials before

releasing them as a variety.
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ABSTRACT

The present work on “GenotypexEnvironment interaction in hedge lucerne
(Desmanthus virgatus (L.) Willd.) for yield and quality” was carried out across four
locations in Kerala viz., College of Agriculture, Vellayani, College of Horticulture,
Thrissur, Krishi Vigyan Kendra, Kottarakkara and Regional Agricultural Research
Station, Ambalavayal, Wayanad, during 2016-2018 with an objective to identify stable
genotypes of Desmanthus virgatus in varied environments with respect to yield and
quality.

The eight genotypes of hedge lucerne viz., T (IC 345276), T, (IC 343710),
T; (IC 89910), T4 (IC 261839), Ts (IC 90934), Ts (IC 421199), T; (TNDV 1) and
Ts (Thumburmuzhi local) were evaluated in a Randomized Block Design (RBD) with
four replications over four locations during 2017-2018. Eberhart and Russell model
(1966) was used to analyze the stability and adaptability of yield and yield related
characters of these genotypes. Based on the environmental indices, COA, Vellayani
and RARS, Ambalavayal was found most favourable for all of the characters, while
COH, Thrissur was unfavourable for all the characters studied.

In the pooled analysis of variance for evaluation of hedge lucerne over locations,
significant differences among the genotypes and environments were noticed for all the
characters studied, suggesting that genotypes interacted significantly ~with
environments.

Stability analysis revealed that the genotype T (IC 345276) was stable over all
locations for different characters such as plant height, number of branches, green
fodder yield, dry fodder yield, dry matter production and crude fibre. The genotype
Ts (IC 261839) was stable for the characters number of branches, leaf to stem ratio
and crude protein across the locations. The genotype Te (IC 421199) was stable over

locations for the characters viz., plant height, length of branches and number of leaves,
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while the genotype T7 (TNDV 1) was stable for leaf to stem ratio, number of pods and

crude fibre.

The genotypes T, (IC 343710) and Ts (Thumburmuzhi local) were identified as
stable genotypes for favourable environments. The genotype T, (IC 343710) showed
stable performance for the characters such as leaf to stem ratio, green fodder yield, dry
fodder yield and crude fibre. The genotype Ty (Thumburmuzhi local) was stable in
favourable environment for length of branches, green fodder yield, dry fodder yield
and dry matter production. The genotype Ts(IC 90934) was found to be stable for the

characters plant height and crude fibre in unfavourable environments.

The present study revealed that the genotypes T (IC 345276) T, (IC 261839),
Ts (IC 421199) and T; (TNDV 1) were stable over the four different locations viz.,
College of Agriculture, Vellayani, College of Horticulture, Thrissur, Krishi Vigyan
Kendra, Kottarakkara and Regional Agricultural Research Station, Ambalavayal,
Wayanad. The genotypes T> (IC 343710) and Tg (Thumburmuzhi local) showed stable
performance under favourable environments viz.,, College of Agriculture, Vellayani
and Regional Agricultural Research Station, Ambalavayal, Wayanad, while the
genotype Ts (IC 90934) was suitable for unfavourable environment i.e., College of
Horticulture, Thrissur.




