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Abstract : The present investigation was carried out at College of Horticulture, V.R. Gudem, West Godavari district of Andhra
Pradesh during the year 2014-15. Aim of the experiment was to find out physiological responses of turfgrass species to different
methods of planting under humid tropical coastal conditions of Andhra Pradesh. The experiment was laid out in a factorial
randomized block design with 4 turf grass species viz., Bermuda grass (Cynodon dactylon), Korean grass (Zoysia japonica), St.
Augustine grass (Senotaphrum secundatum) and Centipede grass (Erimochloa ophiuroides) planted with dibbling and turf
plastering methods. Based on the results obtained it was concluded that dibbling method of planting and Bermuda grass species
individually recorded significantly highest amounts of chlorophyll pigments, but their interacti on effect was found non-significant.
St. Augustine grass planted with dibbling method recorded significantly highest stolon fresh and dry weights (65.27 and 13.97 g,
respectively). Bermuda grass planted with dibbling method of establishment recorded significantly highest valuesfor root fresh
and dry weights (10.14 and 5.09 g, respectively), root length density (12.99 cm/g3) and root mass density (6.45 ¢/ g). Korean
grass planted with turf plastering method recorded significantly lowest stolon fresh and dry weights (26.53 and 6.34 g, respectively),
root fresh and dry weights (4.48 and 1.94 g, respectively), root length density (6.04 cm/g®) and root mass density (1.93 g/g3).
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INTRODUCTION environment causing difficultiesin different formsto the
living organisms with particular reference to the
humanity. Conversion of millionsof acresof productive
agricultural land into real estate or industrial purposes
causing downfall intheagricultura production apart from
the dwindling natural resources. Maintenance of
equilibriumin the ecosystem versus modern devel opment

A change in the life style brought a change in the
environment posing a challenge. Deforestation,
proliferation of industrial development, urbanisation,
increased vehicle trafficking, indiscriminate usage of
electronic gadgets, all have led to a change in the
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should go hand in hand without causing harm to the
environment and ecological systems. Upon realizing
alarming situation with regard to challenging changesin
the climate, the governments started enacting several
Acts related to protection of environment. The gravity
of thisissue in India has urged from common man to
policy makers to develop and establish gardens as per
the law established i.e., mandatory for the corporate
sectors to maintain at least 33% greenery around their
establishments. Millions of acresof turfgrassestablished
inthe home gardens, commercial landscapes, road sides,
parks, athletic fieldsand golf coursesimproved the quality
of lifeby providing open space, recreational facilitiesand
busi ness opportunities apart from reducing the pollutants
thereby enhanced the property value and finally led to
the conservation of natural resources.

Lawn grasses reduce the problem of mud and
reduce the problem of pollutants viz., dust, absorb the
noise, control the soil erosion, protect the ground water,
filter the water, produce lot of oxygen and the
comprehensiveness of all these environmental benefits
improve the quality of life. Lawn is not only enhances
the value and beauty of our lives but also contribute
towards the improvement in our physical and mental
health because of its great therapeutic value.

Grasses are considered as mono-cotyledonous
weeds belonging to the family poaceae. Domestication
of these weed grasses has becomethe dollar businessin
the recent times. Value of grasses has long been
recognized from pre-historic times, but within the past
100 years the aesthetic value of grasses has gained lot
of importance for pleasure purposes as well as
establishment of sportsgrounds. A lawnisan areawhere
grass is grown as a green carpet for landscapes. Lawn
is considered as ‘heart of landscape’ and it is the basic
feature for any type of garden. Having a garden with
beautiful lawns at home is considered as an aesthetic
prestige and it isthe dream of many people. A community
with a high percentage of attractive home lawns and
with a ready access to maintain healthy turf in parks
and play grounds enhanced the quality of living for its
inhabitants (Sprague, 1982). Lawn apart from the
functional value has an excellent play surface and the
quality of the play has adirect correlation with the turf
established in the playing area. The contemporary living
concepts in urban agglomeration has witnhessed the
apartments, individual villas, townships, gated
communities, urban extension, etc., and on the other side

Multi-National Companies, Corporate companiesdemand
for uniform development of open green spaces with
ornamental plants and lawns to balance the global
warming phenomenon.

Proper establishment and maintenance are essentia
for any lawn to be healthy and to look at its best. A lawn
laid out inascientific way will remain good enough for a
reasonably longer period with lower maintenance. When
wetry to understand the scientific attemptsand research
issues related to the establishment of turfgrass species
in India, the answer is deprived. There is a significant
demand of turfgrass species for their aesthetic display
in the landscape designs as well as for a prompt
functional usage in the sports domain, have set a tone
for devel oping futuristic research modulesin turfgrass
breeding, production, establishment and maintenance. For
initiating asound turf research and devel opment program
will beginwith theidentification of genetic resourcesin
turfgrass species and cultivars should be given prime
importance apart from the method of establishment.
Keeping all thesethingsin view, the present investigation
was planned to generate research evidence on the
establishment of turfgrass specieswith different methods
of planting and evaluating their performance based on
certain physiological implications.

MATERIAL AND METHODS

The present experiment was carried out at College
of Horticulture, Venkataramanna Gudem, West Godavari
district of Andhra Pradesh during the year 2014-2015.
The experimental field was laid out in a Factorial
Randomized Block Design (FRBD) with three
replications. Thenet plot sizewasof 3mx 3mby leaving
aspacing of 1 mbetween the plotsand replications. The
plots were dug out in a manner to bring the down layer
of soil to up and moving the top layer of soil to down to
adepth of about 60 cm. Then the plots were uniformly
levelled with a mixture of sand, red earth, tank silt and
compostin2:1:1:1 ratio. Later the soil wasdrenched with
chlorpyriphos @ 2.5 ml I to control white ants before
turfgrass planting. Rooted slips of four turfgrass species
viz., Bermuda grass (Cynodon dactylon), Korean grass
(Zoysia japonica), St. Augustine grass (Senotaphrum
secundatum) and Centipede grass (Erimochloa
ophiuroides) were collected from Hortus Consultants
(1) Pvt. Ltd., Pune, Maharashtraand planted with dibbling
(small pieces of grassroots are dibbled at 10 cm apart
on alevelled ground in zig-zag manner when the soil

Internat. J. agric. Sci. | June, 2018 | Vol. 14 | Issue 2 |354—3615 Hind Agricultural Research and Training Institute




Influence of physiological responses on the establishment of turfgrass species under different methods of planting

was wet after irrigation) and turf plastering (turf grass
dlips were chopped into small bits of 5-7 cm long. Two
baskets of chopped grass pieces were mixed well with
one basket each of garden soil and fresh cow dung and
also added ashovel full of wood ash along with adequate
amount of water to form a thick paste like substance.
This mixture was then spread uniformly on the surface
of apreviously levelled and perfectly wetted ground to a
thicknessof at least 2.5 cm and watering was done gently
with a rose can). The treatment details were: T.:
Bermuda grass with dibbling method; T,: Korean grass
withdibbling method; T,: St. Augustine grasswith dibbling
method; T,: Centipede grass with dibbling method; T:
Bermudagrasswith plastering/slurry method; T,: Korean
grass with plastering/slurry method; T.: St. Augustine
grasswith plastering/slurry method; T,: Centipede grass
with plastering/slurry method. After planting, the turf
grass species were provided sufficient moisture by
applying water every day through rose can at regular
interval to promote germination asearly aspossible. Hand
weeding was carried out regularly at fortnight interval
commencing from 30 days after planting to control both
annual and perennial weeds during the course of
establishment of turfgrass species.

Data were collected on various physiological
parametersat 120 daysafter planting from fiverandomly
selected plants and the average values were worked out
for scientific interpretation of the results. Chlorophyll-
a,b and total contents were estimated as per the
procedure explained by Arnon (1949). Stolon fresh and
dry weights were measured by collecting 5 plants
randomly in each plot. An upright shoot producing
adventitiousroot was considered asan individual plant.
Fiverandomly selected plantsin each plot were uprooted
from the soil and washed thoroughly under tap water to
removethe soil particlesadhered to the roots and shoots.
Later the roots and shoots of individual plants were
separated and recorded the stolon fresh weight by
removing the excess moisture from the stolon by using
blotting paper. Then stolon was placed in to a brown
paper bag and dried in sun light for two days. Later the
brown paper bag was placed in a hot air oven at 70°C
for 48 hours. Remove the brown paper bag from oven
and record the dry weight of stolonsof individual plant.
The average fresh and dry weights of stolon was
recorded and expressed in grams. Root fresh and dry
weightsof turfgrass specieswere measured by uprooting
fiverandomly selected plantsfrom the plot and washed

thoroughly under tap water to remove the soil particles
adhered to the root system. Separated roots of the
individual plant and recorded fresh weight of roots after
removing excess moisturefromtherootsby usingblotting
paper. The average root fresh weight was calculated
and expressed in grams. Then roots of individual plants
were separated and kept in a brown paper bag after
thorough dryingin sunlight. Thebrown paper bagswere
placed in hot air oven at 70°C for 48 hours and then
recorded dry weight of roots. The average root dry
weight was calculated and expressed in grams.

Root length density (RLD) was calcul ated asratio
of total root length to volume of soil and the averages
are expressed in cm/gm as described by Baldwin et al.
(2009) through the formulagiven bel ow.

RLD = Total root length (cm)

Volume of soil(gs)

Root mass density (RMD) was calculated by
analysing the total root length (cm) and then root mass
andfinally ratio of total root massto volume of soil and
the averages are expressed in g/gm= (Baldwin et al.,
2009).

RMD = Total root mass (g)

Yolume nfsoil(g"]

The data arrived was analysed statistically by
following standard statistical methods outlined by Panse
and Sukhatme (1985).

RESULTS AND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Chlorophyll pigments :

Significant differences were observed in the data
pertaining to chlorophyll pigments of turfgrass species
planted with different methods (Table 1). Dibbling
method of planting recorded significantly highest a, band
total chlorophyll pigments (1.80, 0.84 and 2.34 mg/g,
respectively) in comparison to turf plastering (1.50, 0.70
and 1.97 mg/g, respectively) method at 120 days after
planting. Apparently quantity of all the chlorophyll
pigments were observed more in dibbling method of
planting than in turf plastering method which could be
attributed to early establishment of turfgrass speciesin
dibbling method might have helped to better supply of
water and nutrients essential for the formation of
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chlorophyll in leaves. Significant differences were
observed among turf grass species for different
constituents of chlorophyll pigments. Bermuda grass
recorded significantly highest content of chlorophyll
pigments a, b and total chlorophyll (2.34, 1.00 and 3.24
mg/g, respectively) at 120 days after planting, whereas,
St. Augustine grass recorded significantly lowest
guantities of chlorophyll pigments (1.05, 0.50 and 1.23
mg/g of chlorophyll a, b and total, respectively). The
interaction effect between methods of planting and
turfgrass specieswasfound non-significant with regard
to different pigments of chlorophyll. Based on theresults
obtained it could be concluded that Bermuda grass
recorded significantly highest amount of chlorophyll
pigmentsa, b and total chlorophyll when compared with
other turf grass species. Bermudagrassand Korean grass
species used in the present study were considered as
dark green coloured turf grass species. &t. Augustine
grasshasbeen considered aslight green col oured species,
hence, might have recorded significantly lowest
chlorophyll pigments. Johnson (1973) reported that darker

theleaf colour, moreisthe chlorophyllscontent. Bermuda
grassrecorded significantly highest quantity of chlorophyll
pigmentswhich indicated its potentiality to tolerate high
temperatures prevailing inthetropical regions. Liuand
Huang (2000) reported that possession of higher
quantitiesof chlorophyll pigmentsin leaves might have
been considered as an indicator of heat tolerance under
warm season conditions. Variation in chlorophyll-a,
chlorophyll-b and total chlorophyll contents among
different turf grass species could be attributed to their
genetic nature. Verhoeven et al. (2005) reported that
photosynthetic activities of evergreen plants declinewhen
temperaturesdrop down. However, chlorophyll continues
its light-absorbing properties even under lowered
temperature conditionsthereby growth and devel opment
continues.

Solon fresh weight and dry weight :

Significant differences were observed in the data
pertaining to stolon fresh and dry weightsinfluenced by
turfgrass species planted under different methods (Table

Table 1: Influence of physiological parameters on the establishment of turfgrass species planted under different methods

120 Days after planting

Treatments Chl-a Chl-b  Total Chl  Stolon Fresh  Stolon Dry Root Fresh Root RLD RMD

(mgg) (mg/g)  (mg/g) Wt. () Wt. () Wt. (g) DryWt.(g)  (cm/g®)  (9/g?)
Methods of planting
Dibbling (M1) 1.80 0.84 234 46.30 12.49 7.95 3.62 10.26 4.43
Turf plastering (M2) 1.50 0.70 1.97 40.70 10.16 7.17 2.62 8.45 393
SE+ 0.03 0.02 0.05 0.36 0.09 0.01 0.03 0.02 0.05
C.D. (P=0.05) 0.08 0.07 0.14 1.10 0.26 0.03 0.09 0.06 0.15
Turf grass species
Bermuda grass (G;) 2.34 1.00 3.24 40.54 9.60 9.74 432 11.94 6.12
Korean grass (G,) 1.80 0.82 2.32 27.72 711 4.93 224 6.72 2.06
St. Augustine grass (Gs) 1.05 0.50 1.23 60.62 16.13 8.54 3.40 10.21 4.92
Centipede grass (Gs) 1.40 0.75 1.84 45.10 12.45 7.01 257 8.54 362
SEx+ 0.04 0.03 0.07 051 0.12 0.01 0.04 0.03 0.07
C.D. (P=0.05) 0.15 0.10 0.21 1.56 0.37 0.04 0.13 0.08 0.22
Methods of planting x Turf grass species
M1xGy 247 1.08 3.32 42.63 10.29 10.14 5.09 12.99 6.45
M1xG, 1.94 0.93 257 28.91 7.88 5.39 253 741 2.20
M1xGg 117 0.53 141 65.27 18.30 8.82 3.86 11.23 5.05
M1xGy 1.56 0.84 2.08 48.34 13.48 7.44 3.01 9.42 4.04
M2xGy 221 0.88 3.16 38.44 8.91 9.35 4.29 10.90 5.79
M2xG, 161 0.71 2.07 26.53 6.34 4.48 1.94 6.04 1.93
M2xGs 0.92 0.41 1.04 55.97 13.97 8.27 291 9.20 4.79
MoX Gy 1.22 0.65 159 41.83 11.43 6.59 214 7.67 3.20
SE+ 0.05 0.05 0.10 0.73 0.17 0.02 0.06 0.04 0.10
C.D. (P=0.05) NS NS NS 2.20 0.53 0.05 0.19 0.12 0.30

NS=Non-significant

Internat. J. agric. Sci. | June, 2018 | Vol. 14 | Issue 2 |354-3617 Hind Agricultural Research and Training Institute




Influence of physiological responses on the establishment of turfgrass species under different methods of planting

1). Dibbling method of planting recorded significantly
highest stolon fresh and dry weights (46.30 and 12.49 g,
respectively) in comparisonto turf plastering (40.70 and
10.16 g, respectively) method. Significant increaseinthe
stolon fresh and dry wei ghts planted with dibbling method
could be attributed to early establishment of turfgrass
species thus helped to increase the stolon length,
thickness, number of leaves per stolon, leaf length, |eaf
width, leaf areaand photosynthetic activity which might
have hel ped to accumul ate more dry matter in the stolons.
Significant differences were observed among different
turfgrass species for stolon fresh and dry weights. St.
Augustinegrassrecorded significantly highest stolonfresh
and dry weights (60.62 and 16.13 g, respectively),
whereas, Korean grass recorded significantly lowest
stolon fresh and dry weights (27.72 and 7.11 g,
respectively) at 120 days after planting. Significant
differences were observed in the interaction effect
between methods of planting and turfgrass specieswith
regard to stolon fresh and dry weights. St. Augustine
grass planted with dibbling method of establishment
recorded significantly highest stolon fresh and dry
weights (65.27 and 18.30 g, respectively) followed by
St. Augustine grass planted with turf plastering (55.97
and 13.97 g, respectively) method. Korean grass planted
with turf plastering method recorded significantly lowest
stolon fresh and dry weights (26.53 and 6.34 g,
respectively) at 120 days after planting. Based on the
results obtained it could be concluded that St. Augustine
grassrecorded significantly highest stolon fresh and dry
weights which could be attributed to an increasein the
stolon length, thickness, |eaf length, leaf width and |eaf
area per stolon which might have contributed to an
increasein theleaf photosynthetic activity. Korean grass
recorded significantly the lowest stolon fresh and dry
wei ghtswhich could be attributed to formation of lowest
number of leaves, leaf length, leaf width, leaf area, stolon
length, stolon thicknessthusleadingto lower activity of
photosynthesis recorded in leaves. Further, variation in
stolon fresh and dry weights could also be attributed to
their inherent genetic constitution of turfgrass species.
Zhenping et al. (2008); Venugopal (2012) and Ubendra
(2014) reported similar kind of observationintheir earlier
studies with different turfgrass species.

Root fresh weight and dry weight :
Significant differences were observed in the data
pertaining to root fresh and dry weights influenced by

turfgrass species planted under different methods (Table
1). Dibbling method of planting recorded significantly
highest root fresh and dry weights (7.95 and 3.62 g,
respectively) in comparison with turf plastering (7.17 and
2.62 g, respectively) method. Significantly highest root
fresh and dry weights of turfgrass species planted with
dibbling method might be attributed to increased soil pore
space due to lower soil compaction and availability of
optimum soil moisture content and proper gaseous
exchange helped to early establishment of root system
of turfgrass dlips thereby an increase in the uptake of
water and nutrient from the soil observed thusleading to
an increase in the stolon length, number of leaves per
stolon and leaf area which has contributed to increased
photosynthetic activity of leaves. Availability of more
photo-assimilates were translocated towards the
development of root system which helped to record an
increaseintheroot length and formation of more number
of newer roots. Further accumulation of more photo-
assimilates in the roots led to an increase in the root
thickness there by increased the root fresh and dry
weights. Significant differences were observed among
different turfgrass speciesfor root fresh and dry weights.
Bermudagrass recorded significantly highest root fresh
and dry weights (9.74 and 4.32 g, respectively) followed
by St. Augustine grass (8.54 and 3.40 g, respectively).
Korean grass recorded significantly lowest root fresh
and dry weights (4.93 and 2.24 g, respectively).
Interaction effect between methods of planting and
turfgrass species with regard to root fresh and dry
wei ghtswasfound significant variation. Bermudagrass
planted with dibbling method recorded significantly
highest root fresh and dry weights (10.14 and 5.09 g,
respectively) followed by Bermuda grass planted with
turf plastering (9.35 and 4.29 g, respectively) method.
Korean grass planted with turf plastering method
recorded significantly lowest root fresh and dry weights
(4.48 and 1.94 g, respectively). Based on the results
obtained it could be concluded that Bermuda grass
recorded significantly highest root fresh and dry weights
whereas, Korean grass recorded significantly lowest root
fresh and dry weights. Maximum per cent sprouting of
grass dlips i.e., 80.17% (data not shown) in Bermuda
grass species might have hel ped for early establishment
of turfgrass species. Early establishment further hel ped
in better root penetration and absorption of more water
and nutrients from the soil thereby increased formation
of more number of newer shoots and number of leaves
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per stolon (1089.50 — data not shown) there by increased
the ground cover percentage (96.03 — data not shown).
Increased photosynthetic activity in leaves might have
helped in thetransl ocation of carbohydratestowardsthe
root system thereby increased root growth bothinterms
of root length as well as formation of more number of
newer roots thus increased root fresh and dry weights.
Thedifferencesin root fresh and dry weightsamong the
turfgrass species might be due to inherent genetic
constitution of plant species (Junker and Madison, 1967).
Macolino et al. (2012) and Ubendra (2014) reported
similar kind of observationintheir earlier investigation
while studying different turfgrass species.

Root length density (RLD) :

Significant differences were observed in the root
length density of turfgrass speciesplanted under different
methodsof planting (Table 1). Dibbling method of planting
recorded significantly highest root length density (10.26
cm/g®) when compared with turf plastering (8.45 cm/g
%) method. The reason could be attributed to early
establishment and easy penetration of root system of
turfgrassdipsduetolower soil compaction and availability

of more pore space with optimum soil moisture content
aswell as proper gaseous exchange in the soil horizon.
Early establishment of grass slips with well developed
root systemwas found responsiblefor absorption of more
water and nutrients from the soil there by improved the
grass coverage on the ground by development of more
number of rootsin length wise hasled to increased root
length density with dibbling method of planting than turf
plastering. Turfgrass species have expressed significant
differences in the root length density. Bermuda grass
recorded significantly highest root length density (11.94
cm/g®) followed by St. Augustine grass (10.21 cn/g®).
Korean grass recorded significantly lowest root length
density (6.72 cm/g?). Interaction effect between
methods of planting and turfgrass specieswith regard to
root length density wasfound significant. Bermudagrass
planted with dibbling method recorded significantly
highest root length density (12.99 cm/g®) followed by
S. Augustine grass planted with dibbling (11.23 cm/g®)
method. K orean grass planted with turf plastering method
recorded significantly lowest root length density (6.04
cm/g®). Based on the results obtained it could be
concluded that Bermuda grass recorded significantly

Fig. 1:

Establishment of Bermuda, Korean, St. Augustine and Centipede grass species (left to right) planted with Turf plastering

(top row) and Dibbling method (bottom row) of planting at 120 days after planting
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highest root length density when compared with other
grass species. Thereason might beduetorelatively lower
root exploration capacity of other grass species when
compared to Bermudagrass species. Huang et al. (1997)
opined that increased root length density might be dueto
the inherent genetic character of a particular species.
Root length density of turfgrass species was found
positively correlated with root exploration capacity.
Further, increased root length density was also found
correlated with Bermudagrass species which had darker
greenleaves. Macolino et al. (2012) observed variations
in the root length density of turfgrass species of darker
and lighter greenin colour.

Root mass density (RMD) :

Significant variation was observed in the root mass
density of turfgrass species planted under different
methods (Table 1). Dibbling method recorded
significantly highest root mass density (4.43g/g) when
compared with turf plastering (3.939/g®) method. Early
establishment of turfgrass species planted with dibbling
method increased the ground cover percentage through
easy penetration of root system thusincreased the uptake
of water and nutrients from the soil which might have
hel ped to record anincrease in the stolon length, number
of leaves per stolon and leaf area. Increased
photosynthetic activity of leaves led to an increase in
the production of photo-assimilates which were
translocated to the root system. Further, it led to
development of rootseither intermsof length or interms
of an increase in the number of roots per stolon and an
increasein theroot diameter dueto accumul ation of more
photo-assimilates which led to increased root mass
density planted with dibbling method thanin turf plastering
method. Significant variation was observed in the root
mass density of different turfgrass species. Among the
turfgrass species, Bermudagrassrecorded significantly
highest root mass density (6.12 g/g®) followed by St.
Augustine grass (4.92 g/g®), whereas, Korean grass
recorded significantly lowest root mass density (2.06 g/
g?). Interaction effect between methods of planting and
turfgrass species has created significant variation with
regard to root mass density. Bermudagrass planted with
dibbling method of planting recorded significantly highest
root massdensity (6.45 g/g?) followed by Bermudagrass
planted with turf plastering (5.79 g/g®). Korean grass
planted with turf plastering method recorded significantly
lowest root massdensity (1.939/g?). Based on theresults

obtained it could be concluded that Bermuda grass
planted with dibbling method of planting recorded
significantly highest root mass density dueto higher root
exploration capacity under lower soil compaction.
Further, inherent genetic character of the speciestowards
the root development might have led to increased root
mass density. Huang et al. (1997) reported similar
observation while working with different turfgrass
species. McCauley (2009) and Rimi et al. (2012) reported
similar kind of observation whileworking with different
turfgrass species.
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