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ABSTRACT

The present study evaluated the comparative morphological responses and shade adaptability of four
turfgrass species, namely Cynodon dactylon ‘Local’, Cynodon dactylon ‘Selection 1°, Zoysia tenuifolia
(Korean velvet grass), and Stenotaphrum secundatum (St. Augustine grass), under three shade regimes
(0%, 35%, and 50%) across rainy and spring seasons using a split-plot design. Growth performance was
significantly superior under full sunlight (0% shade), characterized by earlier establishment (48.3 days),
reduced leaf length (6.38 cm), shorter internodal length (43.35 mm), and increased internodal diameter
(1.26 mm), along with higher shoot density (216.8 shoots per 100 cm?) and maximum fresh shoot
biomass (11.6 g per 100 cm?). Root development was also optimized under non-shaded conditions, with
the highest root density (179.8 per 100 cm?) and root diameter (0.66 mm). Increasing shade intensity
from 35% to 50% resulted in a marked decline in turf density, as indicated by the minimum number of
shoots under 50% shade. Species-specific responses revealed that Cynodon dactylon ‘Selection 1’ and
‘Local’ (doob grass) exhibited superior performance under full sunlight but showed limited adaptability
under shaded conditions. In contrast, Stenotaphrum secundatum maintained consistent turf quality across
all shade levels (0%, 35%, and 50%), as reflected by relatively uniform shoot density, indicating higher
shade tolerance. Zoysia tenuifolia demonstrated better growth performance under 0% and 35% shade but
declined under higher shade intensity. Overall, Stenotaphrum secundatum emerged as the most suitable
species for shaded environments, whereas Cynodon dactylon genotypes were better adapted to open,
high-light conditions.

Keywords : Growth, landscape, light, shade, warm season, turfgrasses

Introduction

Light availability is a critical environmental factor
governing the growth, development and persistence of
turfgrasses (Gardner et al., 2013). In urban landscapes,
structural elements such as buildings, walls, and tree
canopies significantly reduce both light intensity and
quality, particularly the red to far-red (R:FR) ratio,
creating shaded conditions that adversely affect turf
performance and aesthetic value (Gao et al., 2023). It
has been reported that nearly 20-25% of managed turf
areas experience some degree of shade, posing
challenges for maintaining turf quality as many species
are poorly adapted to low-light environments
(Almodares & Beard, 1978; Winstead & Ward, 1974).

Shade stress induces several morphological and
physiological changes, including increased leaf
elongation, reduced shoot density, limited tillering and
alterations in root-to-shoot balance due to reduced
photosynthetic efficiency (Wherley et al., 2005). Under
prolonged shading, light availability may approach or
fall below the light compensation point, where
photosynthetic carbon gains equal respiratory loss,
leading to depletion of carbohydrate reserves and
decline in turf vigour (Danneberger, 1994). In
response, some turfgrass species exhibit adaptive
mechanisms such as increased chlorophyll content,
improved light-harvesting efficiency and reduced
respiration rates to sustain growth under low light
conditions. However, turfgrasses exhibit varying
degrees of morphological plasticity and adaptive
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responses, which differ significantly among species
(Olsrud & Michelsen, 2009; Huang et al., 2011).

Warm-season turfgrasses, widely used in tropical
and subtropical regions, are inherently adapted to high
light and temperature conditions but often show
reduced performance under shaded environments
(Turgeon, 2012). Although several studies have
reported declines in turf quality under moderate to
heavy shade (Jiang et al., 2004; Tegg & Lane, 2004),
limited information is available on the comparative
shade response of species such as Cynodon dactylon
‘Local’, Cynodon dactylon ‘Selection 1’, Stenotaphrum
secundatum and Zoysia tenuifolia.

Therefore, the present study was undertaken to
systematically evaluate the morphological responses
and adaptive potential of selected warm-season
turfgrass species under varying shade intensities, with
the objective of identifying suitable species for
sustained growth and turf quality in shaded
environments.

Materials and Methods

The present investigation was carried out during
2022-2023 at the experimental area of the Department
of Floriculture and Landscaping, Punjab Agricultural
University, Ludhiana, India (30°54’ N latitude and
75°48" E longitude). The experiment was conducted
under a split-plot design with three shade levels as
main plots and turfgrass species as subplots, replicated
appropriately. Four warm-season turfgrass species,
namely Cynodon dactylon ‘Local’, Cynodon dactylon
‘Selection 1°, Zoysia tenuifolia (Korean velvet grass),
and Stenotaphrum secundatum (St. Augustine grass),
were used as experimental material.

Turfgrasses were established during July 2022
using sprigs/dibbles obtained from a local grower.
Planting was carried out in 1 m? plots at a spacing of
10 cm x 10 cm during the second fortnight of July.
Three shade treatments were imposed, viz., 0% shade
(open field), 35% shade, and 50% shade. The required
shade levels were maintained using shade nets of
appropriate mesh size (4—6 mm for 35% shade and 3—4
mm for 50% shade), while the control plots were
maintained under natural open conditions. Standard
agronomic and cultural practices were followed
uniformly throughout the experimental period. Soil
properties and meteorological parameters, including
temperature and relative humidity, were recorded .

Assessment of various establishment and growth
parameters

This study involved the measurement of various
turfgrass establishment and growth parameter. In each

replication, five random locations from each treatment
were selected to record biometric observations before
each mowing and averages were calculated of each
growth attribute. Days to establishment were recorded
in each plot, starting from the day of planting until
when the grasses uniformly covered the 90% area of
the entire plot. Leaf length was measured with a scale
before each mowing as the distance between the apex
and the base of the leaf. The leaf width, internodal
diameter, internodal length and root diameter were
measured using a digital vernier calliper (Baker Ed 10,
with an accuracy of #0.01 mm). The number of
mowings were estimated at the end of each season
ensuring that the grasses were not allowed to exceed 7
cm height from the ground level. Shoot count and root
count was determined by counting the number of
shoots and roots in a 100 cm” area using a 10x10 cm
metal quadrat. The quadrat was placed on the turf
plots, to extract shoots and roots within its confines by
cutting to ground level. Above ground biomass was cut
and segregated in to separate shoots and below ground
biomass was extracted with weeding hoe and
segregated separately ensuring minimal disturbance to
the roots, thereafter were manually counted and mean
values were computed. Further, the fresh weight of
turfgrass shoots and roots were weighed, averaged and
expressed in grams using an electronic weighing
balance (Wensar Precision Balance (200g / 0.001g)).

Statistical analysis

The experiment was conducted in a split-plot
design comprising 12 treatment combinations (three
shade levels x four turfgrass species) with three
replications. Data recorded during the rainy (2022) and
spring (2023) seasons were pooled after testing for
homogeneity of variance.

Statistical analysis was performed using OPSTAT
software  (http://opstat.pythonanywhere.com/). ~ The
data were subjected to analysis of variance (ANOVA)
appropriate for a split-plot design to evaluate the
effects of shade levels, turfgrass species and their
interactions. Treatment means were compared using
the critical difference (CD) at the 5% level of
significance (P < 0.05), and non-significant differences
were denoted as “NS”.

Results and Discussion

As presented in Table 3, turfgrass establishment
was significantly influenced by shade intensity. The
earliest establishment was recorded under 0% shade
(48.3 days), whereas delayed establishment was
observed under 50% shade (59.1 days). Interaction
effects (Fig. 2a) indicated that Cynodon dactylon
‘Selection 1’ established fastest (36.3 days) under full
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sunlight, while Zoysia tenuifolia exhibited the slowest
establishment (73.3 days) under 50% shade. These
results corroborate earlier findings that reduced light
availability limits photosynthetic activity, thereby
restricting stolon development and lateral spread in
turfgrasses (Jiang et al., 2004; Schnyder & Nelson,
1989).  Interestingly, Zoysia  tenuifolia  and
Stenotaphrum secundatum showed relatively improved
establishment under moderate shade (35%) compared
to full sunlight, which is consistent with observations
in ‘Meyer’ zoysia grass where moderate shading
enhanced turf cover (McBee & Holt, 1966).

Internodal traits were significantly influenced by
shade intensity (Table 3). Internodal length increased
progressively with shade, attaining a maximum under
50% shade (71.32 mm) and a minimum under full
sunlight (43.35 mm). Interaction effects (Fig. 2b)
indicated that Stenotaphrum secundatum exhibited the
greatest internodal elongation (99.05 mm) under 50%
shade, whereas Zoysia tenuifolia recorded the shortest
internodes (13.16 mm) under 0% shade. The observed
elongation under reduced light conditions can be
attributed to shade-induced morphogenic responses,
particularly the elevated far-red to red light ratio,
which promotes stem elongation to enhance light
capture efficiency (Casal, 2013). These findings are
consistent with earlier reports documenting increased
internodal elongation in turfgrasses under low-light
environments (Kephart ef al., 1992; Winstead & Ward,
1974).

In contrast, internodal diameter decreased with
increasing shade levels, with the highest value
recorded under 0% shade (1.26 mm), followed by 35%
shade (1.09 mm), and the lowest under 50% shade
(0.86 mm) (Table 3). Interaction analysis (Fig. 2b)
revealed that Stenotaphrum secundatum attained the
maximum internodal diameter (1.73 mm) under full
sunlight, while Cynodon dactylon ‘Selection 1’
recorded the minimum (0.57 mm) under 50% shade.
The reduction in internodal thickness under shaded
conditions may be associated with decreased
photosynthetic assimilation and limited carbohydrate
availability, resulting in  reduced  structural
development (Winstead & Ward, 1974). Comparable
trends have been reported in various turfgrass species
under reduced light intensity, highlighting species-
specific variability in response to shading (Van
Huylenbroeck & Van Bockstaele, 2001; McBee &
Holt, 1996; Gardner & Goss, 2013).

Leaf morphology was significantly influenced by
shade intensity, with leaf length increasing and leaf
width decreasing under shaded conditions (Table 3).
Maximum leaf length (10.34 cm) was recorded under
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50% shade, whereas the minimum (6.38 cm) occurred
under full sunlight (0% shade). Interaction effects (Fig.
2¢) showed that Cynodon dactylon ‘Local’ attained the
greatest leaf length (12.55 cm) under 50% shade, while
Zoysia tenuifolia exhibited the shortest leaves (3.62
cm) under 0% shade. The increase in leaf length under
shade reflects a typical shade-avoidance response,
wherein plants enhance leaf elongation to improve
light interception under low irradiance (Tegg & Lane,
2004). This response is associated with altered biomass
allocation and reduced root investment under shaded
environments (Semchenko et al, 2012) and is
consistent with earlier reports across turfgrass species
(Allard et al, 1991; Woledge, 1971; Dudeck &
Peacock, 1992; Kephart et al., 1992; Wherley et al.,
2013; Peterson et al., 2014; Jiang et al., 2004).

Conversely, leaf width decreased with increasing
shade levels, with the highest value observed under 0%
shade (3.82 mm), followed by 35% shade (3.56 mm),
and the lowest under 50% shade (3.34 mm) (Table 3).
Interaction analysis (Fig. 2c) indicated that
Stenotaphrum secundatum exhibited the widest leaves
(6.94 mm) under full sunlight, whereas Zoysia
tenuifolia recorded the narrowest leaves (1.31 mm)
under 50% shade. The reduction in leaf width under
shaded conditions is a common adaptive response
associated with leaf elongation and structural
adjustment to optimize light capture (Smith &
Whitelam, 1997). Similar reductions in leaf width
under shade have been reported across turfgrass
species, including Bermuda grass and St. Augustine
grass, highlighting a consistent morphological response
to reduced light availability (Schnyder & Nelson,
1989; Winstead & Ward, 1974; Cai et al, 2011;
Trenholm & Nagata, 2005).

Shade significantly influenced shoots and roots
densities, with both declining as shade increased. The
highest shoot count (216.8/100 cm?) was recorded
under full sun, while the lowest (103.1/100 cm?)
occurred under 50% shade (Table 3). Korean velvet
showed exceptional shoot density (566.7/100 cm?)
under full sun, highlighting its prolific growth, while
local doob had the lowest density (23.7/100 cm?) under
50% shade. St. Augustine maintained a relatively
stable shoot density across shade levels, with
71.33/100 cm? under full sun and 45.67/100 cm? under
50% shade. Similarly, Korean velvet showed minimal
variation between full sun (566.7/100 cm?) and 35%
shade (510.3/100 cm?), demonstrating its adaptability
in Fig. 2(d). This can be attributed as reduction in
shoot density is a key morphological adaptation in
plants undergoing shade avoidance. Huylenbroeck &
Bockstaele (2001) reported similar findings in Lolium
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perenne and Poa pratensis, while Wu et al., (1985)
observed this in Cynodon dactylon and Zoysia
Jjaponica. McBee & Holt (1966) noted that low light
induced a more open, upright growth pattern in
Bermuda grasses. Consistent with earlier studies by
Beard (1965), Schmidt & Blaser (1967), and Wilkinson
& Beard (1974), increasing shade levels consistently
reduced shoot density across various turfgrasses.

The mean maximum root count (179.8 / 100cm?)
was observed in turf exposed under 0% shade and
minimum mean root count (84.7 /100cm®) was
recorded in turf raised under 50% shade (Table 3).
Interaction effect showed that Korean velvet exhibited
the highest root count (351.5/ 100cm?) under 0% shade.
Conversely, the lowest root count (86.7/ 100cm?) was
observed in local doob under the same conditions. This
trend remained consistent when the shade levels were
increased to 35% and 50%, with Korean Velvet
maintaining the maximum root count and local doob
showing the minimum (in Fig. 2 (d)). This can be
attributed by lower light intensity, which limits the
photosynthetic rate necessary to support optimal root
growth (Christians, 2004). Newell et al, (1999)
reported a 30% reduction in root density under high
shade, while Eriksen and Whitney (1981) noted faster
declines in root and rhizome growth compared to
shoots. Shade avoidance responses, including a 20-
50% reduction in tillering, further diminish root
density (Wherley et al., 2005). Consistent with our
findings, Burton et al, (1959) and Schmidt & Baser
(1969) observed a 40% decline in root and rhizome
production in Bermuda grass with increasing shade.

Furthermore, = considering  shoot  biomass
production the highest shoot fresh weight (11.64 g/100
cm?) was observed under 0% shade, while the lowest
(6.43g/100 cm?) occurred under 50% shade,
comparable to 35% shade (7.23g/100 cm?). This
underscores the sensitivity of shoot biomass to
shading, with significant reductions at higher shade
levels. Korean velvet exhibited the highest fresh
weight (16.23g/100 cm?) under full sun, demonstrating
its superior biomass production under optimal light,
while local doob showed the lowest (2.15g/100 cm?)
under 50% shade (In Fig.2(a)). The reduction in shoot
fresh weight correlates with decreased shoot densities
as shading decline the photosynthesis, leads to
decreased biomass allocation to both shoots and roots,
ultimately resulting in reduced shoot fresh weight.
These results align with findings by Wilkinson &
Beard (1974) and Wu et al., (1985) in turfgrasses.

In terms of root parameters, the highest fresh
weight of roots (0.98g /100cm®) was found in turfgrass
exposed to full sunlight (0% shade), while the lowest
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fresh weight of roots (0.62g /100cm”) was recorded
under 50% shade. Additionally, the highest root
diameter (0.66 mm) was recorded in turf exposed
under 0% shade followed by 35% shade (0.35 mm) and
lowest (0.31mm) root diameter was measured in grass
raised under 50% shade. Local doob displayed the
maximum root diameter (0.94 mm) under 0% shade,
while Korean Velvet exhibited the lowest root diameter
(0.24 mm) under 50% shade (in Fig. 2 (a)). Shade
significantly impacts root density, growth, and
morphology in grasses by reducing light availability,
which limits photosynthesis and decreases root density,
as reported by Christians (2004) and Newell et al.,
(1999), who observed a 30% reduction under heavy
shade. Eriksen and Whitney (1981) noted that root and
rhizome growth declines faster than shoot growth in
shaded conditions, while shade avoidance responses,
such as a 20-50% reduction in tillering, further
contribute to reduced root production (Wherley et al.,
2005). Similarly, Burton et al., (1959) and Schmidt &
Baser (1969) observed a 40% reduction in Bermuda
grass root and rhizome production with increasing
shade. Morphological changes, such as auxin-induced
root bending away from the shaded side and resource
allocation toward stem elongation, further reduce root
length and diameter under extreme shade (Givnish,
1998).

The highest number of mowings (5.3) was done in
established turf exposed under 0% shade, suggesting
that more frequent mowing is needed when the
sunlight is not a limiting factor for the shoot biomass to
carry out photosynthesis. On the other hand, the least
number of mowings (4.24) were recorded in turf that
was exposed to 50% shade. Statistical analysis
indicated non-significance in the interaction between
shade levels and grass genotypes concerning the
number of mowing and fresh weight of roots. Grasses
exposed to 50% shade prolonged the interval and
mowing frequency throughout the study. Zoysia grass,
especially, required an extended period under 35% and
50% shade, while Selection 1 reached mowing height
earliest under 0% shade. Lower light conditions
generally led to higher shoot growth rates due to
increased internode elongation. However, it leads to
slower initial growth and reduced shoot density.
Prolonged exposure to reduced light caused delayed
growth and, in some cases, excessive height, leading
that may increase the energy consumption of the
mower or may cause it to malfunction due to winding
of grass over mower blades (author’s personal
observation). These findings align with studies of
Mohanthy, (1991). Shaded environments indicate
insufficient light for effective photosynthesis, reducing
carbohydrate production and creating stressful
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conditions for turfgrass, ultimately prolonging the time
interval for mowing.

Conclusion

Optimal growth and establishment of turfgrasses
were observed under full sunlight conditions (0%
shade), where Cynodon dactylon ‘Selection 1’
exhibited the earliest establishment, along with
superior growth metrics and turf quality. Under
moderate shade (35%), Zoysia tenuifolia (Korean
velvet) and Stenotaphrum secundatum (St. Augustine
grass) demonstrated enhanced adaptability,
characterized by higher shoot density, improved
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canopy coverage and favorable turfgrass attributes.
Conversely, Cynodon dactylon ‘Local’ and ‘Selection
1’ showed reduced shade tolerance, with a marked
decline in growth performance under these conditions.
At higher shade intensity (50%), Stenotaphrum
secundatum emerged as the most shade-tolerant
species, maintaining relatively stable shoot density,
uniform canopy structure, and overall superior
performance. Zoysia tenuifolia exhibited moderate
tolerance, sustaining acceptable growth and turf
quality, although with some reduction compared to
lower shade levels.

Table 1 : Description of the different warm season grasses used in the study

Common Establishment
names of Scientific name Native Growth habits
method
genotypes
, . . Stoloniferous, Seed, Stolon, Sod,
Bermuda grass Cynodon dactylon ‘Local Ludhiana(India) . .
Rhizomatous Sprig, Plug
Cynodon dactylon . Stoloniferous, Seed, Stolon, Sod,
Bermuda grass Y . dacty X East Africa . .
Selection 1 Rhizomatous Sprig, Plug
t. Augustine oastal regions of Mexico . .
S g Stenotaphrum secundatum C grons Stoloniferous Sod, Sprig, Plug
grass and the Mediterranean
Korean velvet or . I Rhizomatous, Seed, Stolon, Sod,
Zoysia tenuifolia Mascarene Islands . .
Mascarene grass Stoloniferous Sprig, Plug
Monthly Mean Temperatures (°C) and Relative
Humidty (%)
mMean temperature (0C)  mRelative humidity (%)
60 ' B3 s
50 ; - 48
0 304 048 niH .. kg B8 08 04
30 | >8 204 e 08 8
2 é é | é é BE g 1O é é é
\.\\\“ \\\\%‘ -\.\\v\ _\\T\ & \F-"\ \\\\‘* \\\_\\". \‘\\u\‘ ~_§\ & &
w & F g g § » <
gn o h*

AV
g

Fig. 1: Monthly mean temperatures (°C) and relative humidity for the experimental site (Floriculture and Landscaping
Department, PAU, Ludhiana, India) during 2022-2023.The data was provided by the Department of Climate Change and
Agro-meteorology Ludhiana, PAU and was recorded at the Ludhiana district of Punjab, India weather office.

Table 2: Soil properties of the experimental site (0-15cm depth) during 2022-2023

Parameter Value Permissible range Remarks
pH 7.2 6.0-7.5 Normal
Electrical conductivity (dS m™) | 0.16 dSm™ 0.8-2.0dSm""

Organic carbon (%) 0.15% <0.40 =Low; 0.40-0.75 =Medium; > 0.75 =High Low

Available N (Kgha™)’ 109.3 (Kg ha') | <271=Low; 271-543=Medium; >543=High Low

Available P (Kg ha™) 18.4(Kgha') | 5=Low; 5-9=Medium High
9-20=High; >20=Very High

Available K(Kg ha™) 89.2 (Kg ha) | <55 =Low; 55 — 135= Medium; >135= High Medium
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Table 3 : Effect of different shade levels on the mean shoot and root characteristics and mowing attributes of
warm season turfgrass species.

Shoot characteristics Root characteristics Mt(;_ :il?g
Fresh Fresh
Days to Internodal |Internodal| Leaf | Leaf f(l:l)::: We(lfht (}({)?l(l)]tt :;?f(l:tts Root | Number
Shade levels |establishment| length diameter |length |width diameter of
(mm) (mm) (cm) |(mm) (no.per |shoots| (no.per | (g per (mm) | mowings
100 cm®) | (g/100 | 100 cm?) | 100
cmz) cmz)
S]. (0% a C a C a a a a a a a
48.3 43.35 1.26 6.38° | 3.82%| 216.83" | 11.64"| 179.81 0.98 0.66 5.3
shade)
Sszhf’(fe;/" 50.6" 57.76° 1.09° | 8.75" |3.56"| 167.67° | 7.23" | 139.54° | 0.72° | 0.35° 47
83 (50% 59.1¢ 7132° | 086 |10.34*[334°| 103.08° | 643" | 8467 | 0.62° | 031° | 42
shade)
CD (p<0.05)
level of 0.91 2.21 0.05 0.37 | 0.06 | 30.08 1.22 16.69 0.19 0.06 0.3
significance

Values represent the mean of three replications. CD = Critical Difference at p < 0.05 as per ANOVA. Data were analysed
using two-way ANOVA in OPSTAT software. Shade treatments: S1 = open field (0% shade), S2 = 35% shade using green
shade net, S3 = 50% shade using green shade net. Means followed by the same letter in a column do not differ significantly
according to CD at p < 0.05. All values are expressed in the units indicated in column headings.

BLocal doob [OSelection 1 BLocal doob OSelection 1
= DSt Augustine B Korean velvet O St Augustine @Korean velvet
= —_
£ 80.0 T 25.00 -
= 3 3 _
Z 60.0 2 3 g 2000
'-E 400 : e - 15.00
L;-s - E E 310'00 B 11
{RIE | 2o E il
;\: 0.0 e . 000 . = B4
- 35% 50%
Shade level Shade level
BLocal doob OSelection 1

- MSt Augustine BKorean velvet

£15

5

2 1.0 -

S 0.5 - EE m

L= o ] %"‘“ == 53!

ir 00 | i’ : SREY q ) .'.:

% 35% 50%
Shade level

Fig. 2 (a) Interaction effect between different shade levels and genotypes for days to establishment, Root diameter and Fresh
weight of shoots. Bars represent mean + SE (n = 3).
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Fig. 2 (b) Interaction effect between different shade levels and genotypes for Internodal length and Internodal diameter.
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(a) Local doob, (b) Selection 1, (c) St. Augustine and(d) Korean velvet. Bars represent mean + SE (n = 3).
INL = Internodal Length; IND = Internodal Diameter.
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Fig.2 (c) Interaction effect between shade levels and genotypes on leaf width and leaf length in (a) Local doob, (b) Selection 1, (c)
St. Augustine and(d) Korean velvet. Bars represent mean + SE (n = 3). LW = Leaf width; LL = Leaf length
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EE=3SD —<—RD

. 800.0 600.0 _
= 600.0 400.0 S
2 400.0 2
5 3 5
2 200.0 2000 3
7% 0.0 0.0 =

0% 35%
Shade level
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Fig.2. (d) Interaction effect between different shade levels and genotypes for Shoot density and Root density in (a) Local
doob, (b) Selection 1, (c) St. Augustine and(d) Korean velvet. Bars represent mean + SE (n = 3). SD = Shoot density;
RD = Root density.
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