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ABSTRACT

The present experiment was conducted at Horticulture Research Farm, Department of Horticulture,
Institute of Agricultural Sciences, Banaras Hindu University, Varanasi. This study was carried out to
evaluate performance of eleven turfgrass genotypes for qualitative traits, quantitative traits and their
genetic variability under same climatic condition. The experimental design was a Randomized
Block Design (RBD) with three replications. Eleven genotypes consist of Bermuda grass, Centipede
grass, Panama grass, Bargusto grass, Tiftdwarf 419 grass, Local grass, Palma grass, Bahia grass,
Manila grass, Crow Foot grass and Tanu Variant grass. These were assessed for their suitability to
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be used as turfgrass under Varanasi region. All the grasses exhibited semi prostrate growth habit
except local grass having upright growth habit. Panama and Local grass showed fine leaf texture
whereas, Manila grass exhibited coarse texture. Dark green colour was observed in Local, Crow
Foot and Panama grass whereas, Centipede grass showed light green colour. Local grass
exhibited maximum canopy height, leaf length, leaf width, chlorophyll content, stolen internode
diameter, culm length, shoot length and shoot diameter. The maximum genotypic (187.22) and
phenotypic variance (197.80) was observed for parameters like fresh weight. Canopy height
showed maximum phenotypic coefficient of variation (47.04) and genotypic coefficient of variation
(46.16) over all the parameters. Genetic advance maximum (27.49) for parameter fresh weight and
genetic advance as a percentage of mean was maximum also for fresh weight (93.30). The
maximum heritability at broad sense was observed for the parameter dry weight (98.25).

Keywords: Turfgrass; genotypes; qualitative parameters; quantitative parameters; genetic variability.

1. INTRODUCTION

Turfgrasses are the members of family
Gramineae or Poaceae, which is the most
biologically rich family in India. Poaceae family
have 261 genera and more than 1334 species
[1]. Turfgrasses are the key component of
landscaping which beautifying the all over world
[2]. Turfgrasses are plants that form regular
ground covering like carpet and they also resist
continuous mowing and heavy foot traffic [3].
There has been a close relationship between
people and grass for millions of years. The
Oligocene epoch, where the earliest well-defined
grass fossils were discovered, is 25 million years
old, demonstrating the long-standing association
between humans and the grass family
(Thomasson, 1987). There are three key
advantages of turfgrass for people's lives i.e.,
ornamental, functional and recreational (Beard
[4], Christians [5], Wiecko 2006, Turgeon 2008,
Bell [6], Jankairam et al. 2015). Bermuda grass
(Cynodon dactylon L.) is frequently used species
and it can be grown easily in salt and drought
condition [7]. In order to maintain nutrients and
improve the level of chlorophyll of turfgrass,
optimum irrigation need should be considered
[8]. In the modern parts of the world, turfgrass is
a common and frequent element of urban
landscape. Turfgrasses are mainly used for
enhancing the beauty of residential areas, lawn
and all over the world [9]. Turf quality of the
grasses is significantly reduced by the heat and
drought [10]. The excellence of a sports field
surface and its level of playability depend on the
types of turfgrass and their respective cultivars.
The different turfgrass species and varieties
determine the quality of playground and athletic
fields. Different environmental factors like
temperature, humidity and sun light affects the
growth and various qualitative and quantitative
parameters of turfgrasses. Therefore, growth and

quality of turfgrass vary from season to season
and also vary with places [9]. The majority of
research on turf grasses has taken place in other
countries, including the USA, Australia, Japan,
Singapore and others. However, these grass
species and varieties have not proven suitable
for Indian agro-climatic conditions because a
variety that has been bred for one climate zone
may not necessarily thrive in another [11].

To alleviate this issue, the research study
conducted in Varanasi evaluated 11 types of
turfgrasses to understand their qualitative and
guantitative characteristics to prove their climatic
suitability in Indian region.

2. MATERIALS AND METHODS

The materials used for the research study
consisted of eleven genotypes of turfgrasses
namely Bermuda grass, Centipede grass,
Panama grass, Bargusto grass, Tiftdwarf 419
grass, Local grass, Palma grass, Bahia grass,
Manila grass, Crow Foot grass and Tanu Variant
grass. All the genotypes were collected from

Rajmata Vijayaraje Scindia Krishi Vishwa
Vidyalaya, K.N.K. College of Horticulture,
Mandsaur, Madhya Pradesh. The current

research was carried out at Horticulture
Research Farm, Department of Horticulture,
Institute of Agricultural Sciences, Banaras Hindu
University, Varanasi (U.P.), India during 2022 —
2023 in a Randomized Block Design (RBD) with
three replications. The Varanasi is situated in the
west part of Uttar Pradesh at an elevation of
80.71 m and a latitude of 25°31' north and a
longitude of 82°97' east. Planting was done on
12t February 2022 by dibbling method on beds
of size 3m x 2m. Mixed well rotten farmyard
manure (FYM) at the rate 5 kg/ha and
recommended dose of NPK before planting.
Irrigation and weeding were done manually as
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and when required. The observation recorded on
various grass traits viz. leaf colour, leaf texture,
growth habit, canopy height (cm), leaf length
(cm), leaf width (mm), shoot length (cm), shoot
width (mm), root depth (cm), shoot density (25
cm?), leaf chlorophyll content (SPAD value),
Stolon internodal length (cm), stolon internodal
diameter (mm), culm length (cm), Fresh weight
(kg), dry weight (kg). The leaf texture and colour
was assessed by visual multiple rating system
from 1-9, where 9 denoted highest quality.
Growth habit was assessed based on the
orientation of its tillers (<30° = prostrate, 30°-59°
= semi-prostrate and >60° = upright). Canopy
height was measured by putting the straight
geometric scale at lowest point (ground level) to
highest point of grass. Leaf length, shoot length
and root length were assessed by using
geometric scale from base to the tip portion of
five random selected grass plants. Then, those
values were averaged to get accurate value and
represents in centimeter (cm). Leaf width, shoot
width and stolon internode diameter was
measured by using the digital vernier caliper.
Leaf chlorophyll content was assessed by using
the SPAD meter (PLUS 502) to measure the
SPAD value. The shoot density was calculated
by placing a randomly positioned quadrant
measuring 5cm x 5¢cm in the designated area of
25cm? at five positions within the plot. The fresh
weight was estimated by collecting the sample of
20cm x 20cm area from each plot. For
estimating the dry weight these samples were
dried in hot air over for 48 hours. Stolon
internode length was the distance between two
mature nodes of the stolon from the third
internode from the top. Culm length was
measured the distance from the tip of the shoot
to the first internode of a mature shoot. The
analysis of variance for each parameter were
analyzed by the procedure outlined by Panse
and Sukhatme (1967). The genotypic and
phenotypic co-efficient variances were calculated
using the formula given by Burton [12]. The
heritability was calculated using the formula
given by Lush [13]. The genetic advance was
calculated using the formula proposed by
Johnson et al. [14].

3. RESULTS AND DISCUSSION

3.1 Qualitative Traits

The various qualitative traits are depicted from
Table 1. Various turfgrass species have their

unique texture and colour and is the most
desirable characteristic from a landscaping

standpoint [11]. The colour intensity, texture and
habit of growing depends on the different
agroclimatic zones. In a specific location one
species show better colour hue but at another
location it will be worse. Turgeon [3] reported that
the quality of various warm season turfgrasses
are affect by variation in season. The functional
quality of a turfgrass is exclusively defined by its
vegetative plant part and its growth and
development, and functional qualities are actually
the foundation of aesthetic qualities [15]. The
turfgrass genotypes like Bermuda grass, Bahia
grass, Bargusto grass, Tifdwarf 419 grass, Crow
Foot grass, Panama grass, Centipede grass,
Palma grass, Manila grass and Tanu Variant
grass all showed semi prostrate growth habit.
Whereas, genotype Local grass displayed an
upright growth habit. Janakiram and Namita [16]
also observed similar findings i.e., spreading
habit of similar grass species. The turfgrass
species, viz. Crow Foot grass, Panama grass
and Local grass showed dark green colour.
However, Bermuda grass and Manila grass
exhibited medium green colour. The green colour
was observed in Bahia grass, Bargusto grass,
Tifdwarf 419 grass, Palma grass and Tanu
Variant grass, whereas, Centipede grass showed
poor light green colour. These many species,
which come in a variety of hues, can be utilized
to create varied shades of green on a lawn for
enhancing the beautification. The turfgrass
Panama grass and Local grass exhibited fine
texture, whereas, most of the other grasses
showed medium fine texture except Bermuda
grass, Bahia grass and Centipede grass having
medium coarse texture. While, Manila grass
have coarse texture. Janakiram and Namita [16]
also observed fine texture in Panama grass. The
guality characteristics like leaf texture, leaf colour
and growth habit of various grass species
changes during the seasons (Malik et al., 2014).

3.2 Quantitative Traits

The genotypes were analyzed, and significant
variations were recorded in their mean
performance due to agroclimatic factors. The
maximum average canopy height (11.25 cm) was
observed in genotype Local grass followed by
Tanu variant grass (9.91 cm). Whereas, minimum
average canopy height was recorded in genotype
Centipede grass (4.13 cm) followed by Palma
grass (4.61 cm). Agnihotri et al. [9] confirmed that
the growth habits of several genotypes can be
utilized to clarify the variation in canopy height.
Harivandi et al. [17] discovered that grasses from
the same genus can display slight variations in
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same traits. The leaf length was found to be
significantly maximum in Local grass (2.98 cm)
followed by Tanu variant grass (2.21 cm) and
minimum in Tifdwarf 419 grass (1.39 cm)
followed by Centipede grass (1.44 cm). The
length of the leaves depended on the frequency
of mowing or cuttings that maximized vegetative
yield [18,19].

The Palma grass (12.70 cm) was significantly
recorded maximum root depth followed by
Centipede grass (12.05 cm) whereas, Bargusto
grass (9.22 cm) was significantly observed
minimum root depth followed by Tifdwarf 419
grass (10.03 cm). Agnihotri et al. [9] was also
observed similar root depth values in Palma
grass. The response of lawn grasses to abiotic
stresses is significantly influenced by their
rooting characteristics and it was supported by
previous observation of Wadekar et al. [11].
Bonos et al. [20] and Crush et al. [21] studied
how tall fescue and perennial ryegrass differ in
the distribution of their inherited root depth.

The highest shoot density was observed in
Bargusto grass (29.28) followed by Tifdwarf 419
grass (28.33) whereas, minimum was recorded
in Local grass (15.00) followed by Tanu Variant
grass (21.72). Both genetic and environmental
factors contribute to the variance in shoot density
between genotypes. These findings are also
confirmed by Janakiram and Namita [16] and
Agnihotri et al. [9]. The leaf width was found to
be significantly maximum in Local grass (2.14
mm) followed by Centipede grass (1.76 mm) and
minimum in Bargusto grass (1.40 mm). These
results are consistent with the findings of Kumar
[22]. Agnihotri et al. [9] reported that the range of
leaf widths observed among various turfgrass
species is significantly affected by genetic
variables.

A combination of genetic traits and environmental
stress factors affect the chlorophyll content of
various grass species (Leto et al. 2008). Here, in
present study Local grass (14.34) was recorded
with maximum chlorophyll content followed by
Tanu Variant grass (9.05) whereas, Bargusto
grass (4.07) was significantly observed minimum
chlorophyll content followed by Palma grass
(5.44). The green colour associated with
chlorophyll denotes its concentration and shows
the condition of the grass [9]. The maximum
stolon internodal length was exhibited in Tanu
Variant grass (2.56 cm) and minimum was
observed in Bargusto grass (1.46 cm). A shorter
stolon internodal length is preferred because it

encourages the growth of denser turf, which
enhances visual quality [9]. Similar findings were
also observed by Kumar [22]. The maximum
stolon internodal diameter was observed in Local
grass diameter (0.91 mm) followed by Bargusto
grass (0.87 mm) and minimum stolon internodal
diameter was showed in Bermuda grass and
Tanu Variant grass (0.79 mm) each. Similar
results were also noted by Agnihotri et al. [9].
The Local grass (14.14 cm) was significantly
noted maximum culm length followed by Tanu
Variant grass (11.29 cm), and Centipede grass
(5.04 cm) was showed minimum culm length
followed by Bargusto grass (5.68 cm). Specific
development habits of genotypes can be
explained by the increase in culm length that has
been seen among these genotypes.

The maximum fresh weight was observed in
genotype Tanu Variant grass (86.50 kg) followed
by Palma grass (81.45 kg) and minimum fresh
weight was exhibited in Panama grass (45.90
kg). The similar findings were also noted by
Kumar [22], Jankiram and Namita (2014). The
Tanu Variant grass (34.42 kg) was significantly
noted maximum dry weight and Bargusto grass
(14.85 kg) exhibited minimum dry weight. Kumar
(2021); Jankiram and Namita [16] also found the
same result in their research. Shoot length is one
of the key variables used to evaluate changes in
environmental quality. It offers useful details
about the way plants respond to diverse
environmental factors. (Mahmood et al. [23], Ling
et al. [24], Gvozdenac et al. [25]. In present study
the shoot length was found to be significantly
maximum in Local grass (14.70 cm) whereas,
minimum shoot length was observed in
Centipede grass (5.83 cm). Similarly shoot
diameter is an important character of grass which
showed the level of quality of turf. Present
investigation reported maximum shoot diameter
exhibited by Local grass (1.41 mm) and minimum
in Bargusto grass (1.02 mm).

3.3 Genetic Variability

The genotypic variance was found to be lower
than the phenotypic variance for all the
characters under study. Pandey and Anurag [26]
also found the same result in their research.
Sahu et al. (2017) recorded that higher values for
GV (genotypic variance) and PV (phenotypic
variance) suggest that these qualities are limited
influenced by the environment. The parameters
fresh weight, dry weight and growth habit
showed high variance. Whereas, canopy height
and shoot density displayed moderate variance.
On the other hand, parameters such as leaf
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length, root length, leaf width, leaf chlorophyll
content, stolen internode length, stolen internode
diameter and culm length exhibited low variance.
Particularly, shoot length exhibited low genetic
variance but moderate phenotypic variance. The
analysis of the data revealed that all traits had
higher phenotypic variance than genotypic
variance, indicating the significant impact of the
environment on these traits [27].

Phenotypic coefficient of variation (PCV) values
were consistently higher than genotypic
coefficient of variation (GCV) for all the
guantitative traits assessed. The PCV for the
traits showed a similar tendency to the GCV, but
it had a greater value, demonstrating that
environmental influences had a considerable
impact on the expression of the trait. It means
that selection based only on genotypic
characteristics may be misleading and that
environmental variables may have an impact on
genotypic expression [28]. Namita et al. [29] and
Singh and Singh [30] also reported similar
findings in marigold. Low phenotypic coefficient
of variation (PCV) and genotypic coefficient of
variation (GCV) were recorded for stolen
internode  diameter and shoot diameter.
Moderate values were exhibited for leaf width,
shoot density and stolen internode length.
However, canopy height, leaf length, leaf
chlorophyll content, culm length, fresh weight,
dry weight, shoot length and growth habit
showed high PCV and GCV. In addition, root
depth showed low GCV, it showed moderate
PCV. Janakiram and Namita [16] reported that
higher value of PCV compared to GCV
suggesting that significant genotype-environment
interaction on the traits.

The parameters such as canopy height, leaf
length, leaf chlorophyll content, culm length,
fresh weight, dry weight, shoot length, growth
habit, shoot density, leaf width, stolen internode

length, stolen internode diameter and shoot
diameter showed high heritability. However,
moderate heritability was observed for root
depth. A high heritability suggests that the traits
are less influenced by the environment [31].
Browning et al. [32] also reported high heritability
for different turf-type characteristics in Buffalo
grass. Janakiram and Namita [29] also reported
high heritability ~ for  various turf-type
characteristics across different turf grasses. Low
genetic advance was observed in canopy height,
leaf length, root depth, leaf chlorophyll content,
culm length, shoot length, shoot density, leaf
width, stolen internode length, stolen internode
diameter, and shoot diameter. Whereas, it was
moderate for growth habit and dry weight.
However, fresh weight was showed high genetic
advance. Janakiram and Namita [16] also
reported similar genetic advance for character
root depth. Heritability and genetic advance
provide valuable insights for predicting individual
selection [14]. The genetic advance as a
percentage of mean was high for canopy height,
leaf length, leaf chlorophyll content, culm length,
shoot length, shoot density, leaf width, growth
habit, stolen internode length, fresh weight and
dry weight. Whereas, it was low for stolen
internode diameter and medium for shoot
diameter and root depth. Heritability alone does
not provide a clear indication of the expected
genetic improvement resulting from individual
genotype selection in a population. However,
high genetic advance as a percentage of mean
suggests a predominance of additive gene
action. Therefore, combining knowledge of
genetic advance as a percentage of mean along
with heritability is more valuable in formulating
selection procedures [31]. The traits which
showed high PCV, heritability, and genetic
advance as a percentage of mean, suggesting a
significant role of additive gene effects in trait
inheritance [33-35].

Table 1. Performance of various turfgrasses for qualitative attributes

Genotype

Texture

Colour

Growth habit

G1 (Bermuda grass)

Gz (Bahia grass)

Gs (Bargusto grass)
Ga (Tifdwarf 419 grass)
Gs (Crow Foot grass)
Gs (Panama grass)

G~ (Centipede grass)
Gs (Palma grass)

Go (Manila grass)

Guo (Tanu Variant grass)
Gu (Local grass)

Medium coarse
Medium coarse
Medium fine
Medium fine
Medium fine
Fine

Medium coarse
Medium fine
Coarse
Medium fine
Fine

Medium green
Green

Green

Green

Dark green
Dark green
Light green
Green
Medium green
Green

Dark green

Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Semi prostrate
Upright
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Table 2. Performance of various turfgrasses for canopy height, leaf length, root depth, shoot density, leaf width and leaf chlorophyll content

Genotype Canopy Height (cm) Leaf Length (cm) Root Depth (cm) Shoot Density Leaf Width (mm) Leaf Chlorophyll Content
G: (Bermuda grass) 5.34 1.50 10.73 23.94 1.66 7.06
G2 (Bahia grass) 8.07 2.08 10.86 26.17 1.58 6.36
Gs (Bargusto grass) 5.53 1.64 9.22 29.28 1.40 4.07
G4 (Tifdwarf 419 grass) 4.66 1.39 10.03 28.33 1.65 6.23
Gs (Crow Foot grass) 7.44 2.10 11.43 23.56 1.74 7.42
Gs (Panama grass) 5.27 1.50 11.90 24.61 1.69 7.09
G7 (Centipede grass) 413 1.44 12.05 26.17 1.76 6.13
Gs (Palma grass) 452 1.57 12.70 26.17 1.71 5.44
Go (Manila grass) 5.35 1.70 10.68 25.72 1.55 5.67
Gio (Tanu Variant grass) 9.91 2.21 10.22 21.72 1.72 9.05
Gu (Local grass) 11.02 2.98 11.50 15.00 2.14 14.34
Mean 6.51 1.83 11.03 24.61 1.69 6.45
SE(m) (3) 0.33 0.05 0.57 0.58 0.02 1.02
CD (1%) 1.34 0.19 NS 2.34 0.10 4.09
CD (5%) 0.99 0.14 1.69 1.72 0.07 3.02

Table 3. Performance of various turfgrasses for stolon internodal length, stolon internodal width, culm length, fresh weight, dry weight, shoot
length and shoot diameter

Genotype Stolon Stolen Internode Culm Length  Fresh Weight Dry Weight Shoot Length  Shoot Diameter
Internodal Width (mm) (cm) (k) (kg) (cm) (mm)
Length (cm)
G1 (Bermuda grass) 1.88 0.79 5.86 49.50 15.07 6.75 1.29
G2 (Bahia grass) 1.91 0.84 8.60 70.65 29.47 9.52 1.19
Gs (Bargusto grass) 1.46 0.87 5.68 48.15 14.85 6.83 1.02
G4 (Tifdwarf 419 grass) 1.77 0.82 5.82 65.02 19.57 6.89 1.29
Gs (Crow Foot grass) 1.83 0.80 9.72 51.75 20.70 9.30 1.12
Ge (Panama grass) 1.83 0.81 5.80 45.90 16.67 6.66 1.14
G~ (Centipede grass) 1.75 0.84 5.04 72.00 20.25 5.83 1.26
Gs (Palma grass) 1.61 0.83 5.89 81.45 30.82 6.93 1.19
Go (Manila grass) 1.96 0.80 9.62 58.50 20.70 10.68 1.31
Gaio (Tanu Variant grass)  2.18 0.79 11.29 86.50 34.42 12.35 1.23
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Genotype Stolon Stolen Internode Culm Length  Fresh Weight Dry Weight Shoot Length  Shoot Diameter
Internodal Width (mm) (cm) (kg) (kg) (cm) (mm)
Length (cm)

Gu (Local grass) 2.17 0.91 14.14 57.60 22.50 14.70 141

Mean 1.82 0.82 7.33 62.94 22.25 8.17 121

SE(m) (1) 0.08 0.02 0.50 1.79 0.46 0.49 0.03

CD (1%) 0.31 0.06 1.99 7.19 2.02 1.96 0.12

CD (5%) 0.23 0.05 1.47 5.31 1.37 1.45 0.09

Table 4. Performance of various turfgrass genotypes for variability, heritability and genetic advance

Parameters GV PV GCV PCV GA 5% GAM 5% h2(b)
Canopy height (cm) 11.08 11.51 46.16 47.04 6.73 93.30 96.29
Leaf length (cm) 0.26 0.27 28.11 28.53 1.04 56.85 97.07
Root depth (cm) 0.81 1.82 8.17 12.28 1.23 11.20 44.28
Shoot density (25 cm?) 14.29 15.26 15.37 15.88 7.54 30.64 93.66
Leaf width (mm) 0.03 0.04 10.76 11.24 0.36 21.26 91.59
Leaf chlorophyll content 4.76 7.65 30.72 38.95 3.54 49.91 62.18
Stolon internode length (cm) 0.08 0.10 14.68 16.48 0.51 26.94 79.38
Stolon internode diameter (mm) 0.002 0.003 4.92 6.22 0.07 8.40 62.50
Culm length (cm) 8.77 9.51 37.16 38.69 5.86 73.49 92.25
Fresh weight (kg) 187.22 197.80 21.91 22.46 27.49 44.02 95.13
Dry weight (kg) 42.47 43.23 29.26 29.52 13.31 59.74 98.25
Shoot length (cm) 9.70 10.51 34.87 36.31 6.16 69.00 92.25
Shoot diameter (mm) 0.01 0.01 8.06 9.23 0.18 14.58 76.32
Growth habit 88.89 93.96 22.12 22.74 18.89 44.32 94.60

157



Shakywal et al.; Asian J. Env. Ecol., vol. 23, no. 8, pp. 151-160, 2024; Article no.AJEE.121453

4. CONCLUSIONS

For any sports field the choicest turfgrass must
be a fine textured cool grass that spreads by
rhizomes, a character that gives the ability to
form dense sod, crowd out weeds, to withstand
traffic (wear and tear) and stress (drought and
heat tolerant). A grass that fills the void space,
repair the ground by itself whereas, a desirable
turfgrass for hotels, public gardens, recreational
places must have dark green colour (high
chlorophyll content), withstand heavy traffic, that
lower down the glare of bright sunlight and gives
an aesthetic view to the surroundings. In present
research work, Local grass was found to hold all
these characters. Hence, Local grass can be
exploited to enhance the beauty of various
places as compared to other species of
turfgrasses like Tanu Variant grass, Centipede
grass and Manila grass.
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