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ABSTRACT

Optimizing fertilizer inputs through the integration of plant growth-promoting rhizobacteria (PGPR) offers a
viable approach to enhance bermudagrass growth, quality and resource use efficiency. This study was aimed to
evaluate the effects of various fertilizer regimes on growth and quality attributes of Cynodon dactylon (L.) Pers.
‘Fine Dacca’ under agro-ecological conditions of Faisalabad, Pakistan. Six fertilizer treatments, viz. no
fertilization (control), N, NPK, NPK + Fe, NPK + Fe + PGPR (MN-54, Bacillus spp.) and polymer coated DAP
were applied. Experiment was laid out in a randomized complete block design (RCBD) with three replications.
Among tested fertilizer regimes, NPK + Fe + PGPR produced superior results for various growth and quality
attributes were recorded, as highest tiller length (11.5 cm), number of tillers (27.8), leaves per tiller (13.8), leaf
area (0.67 cm?), and leaf blade length (18.8 cm), along with higher fresh and dry weight of tillers (4.1 g and 1.7
g, respectively), chlorophyll contents (0.26 mg g'!) and stolon diameter (0.94 mm). In contrast, grass fertilized
with polymer coated DAP resulted in the highest moisture percentage (60.8%). Turf quality attributes including
uniformity, density, texture, smoothness and color were also significantly improved under NPK + Fe + PGPR
application. Leaf nitrogen content was highest (3.9%) with NPK + Fe + PGPR and NPK + Fe applications, whereas
phosphorus (0.9%) and potassium (1.8%) were recorded highest under polymer-coated DAP and NPK treatments,
respectively. It was concluded that integrating macronutrients with Fe and PGPR enhanced bermudagrass growth
and aesthetic quality, indicating its potential as an effective alternative to conventional fertilization practices.
KEYWORDS: Beneficial microbes, Controlled release fertilizers, Micronutrients, Polymer-coated DAP, Turfgrass
management, Eco-friendly enzymes, Sustainable production

INTRODUCTION chlorophyll and plays a vital role in regulating enzymes

Turfgrass culture is the main natural asset and a  associated with stress tolerance (Tantray et al., 2020).
pivotal component in horticulture, which characterizes ~ Sufficient nitrogen (N) dose is required to facilitate
a key unit in the global landscape ecological systems  proper tiller growth during grass establishment.
(Walker and Branham, 2020). Bermudagrasses, a Moreover, being a vegetative cover, more nitrogenous
widely distributed warm-season turf grass species fertilizer is required to keep turfgrasses lush green.
worldwide, are mainly used in sports fields, golf Adequate nitrogen fertilization enhances
courses, parks, lawns and prairies due to their high  photosynthetic activity, biomass accumulation, and
recuperative ability and exceptional tolerance to high  plant tolerance to stress (Toor et al, 2021).
temperatures (Fan et al., 2024) and have variability in ~ Furthermore, nitrogen fertilization has been shown to
surface, shading, thickness, and ecological enhance nitrogen use efficiency (NUE) in turfgrass,
modification (Cui et al., 2021). particularly during periods of active growth.

Managing soil and plant nutrition is becoming a  Phosphorous is also an essential macronutrient
serious concern to achieve sustainable and quality involved in energy transfer, cellular division, and
production. Plant growth is mainly affected by tissues development in plants including turfgrasses
availability of water, temperature, nutrition and light  (Fahad ef al., 2016; Ihtisham et al., 2018). Application
duration (Rehman ef al., 2020). Essential nutrients, of phosphorous enhanced cold tolerance in Poa
particularly nitrogen (N), phosphorus (P) and paratensis and drought resistance in Cynodon dactylon
potassium (K) are fundamental to plant growth and (Heydari and Balestra, 2008). Recent studies have
productivity due to their involvement in numerous shown that exogenous application of nutrients such as
physiological processes (Hussain et al., 2026). Among  phosphorous (P) and potassium (K) can effectively
the primary macronutrients, nitrogen (N) is considered  alleviate the adverse effects of heat stress in plants
the most vital macronutrient for turfgrass growth and  (Hasanuzzaman et al., 2013). Phosphorus deficiency in
development (Saud ef al., 2020). It is a key component  soil imposes considerable stress on plants and is often
of proteins, amino compounds, rubisco, and associated with elevated ethylene production
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(Nagarajan and Smith, 2012; Song and Liu, 2015).
Ethylene is a key phytohormone involved in regulating
the senescence of plant tissues (Lim et al., 2007).
Although plants growing under phosphorus-deficient
conditions can develop several adaptive responses
(Parra-Almuna et al., 2018; Richardson et al., 2009),
these mechanisms are often inadequate to sustain
optimum crop productivity (Hocking, 2001; Vance et
al., 2003; Balemi and Negisho, 2012). Consequently,
the application of inorganic phosphorus fertilizers
remains a common practice for improving forage and
crop production in phosphorus-deficit soils (Menezes-
Blackburn et al., 2017). In bermudagrasses, potassium
has vital role in regulating plant water status and affects
water potential of leaves and drought damage
avoidance. It is essential for maintaining cellular
homeostasis, activating enzymes, and regulating
osmotic balance in plants (Johnson ef al., 2022; Zaman
et al., 2022). Potassium (K) fertilization plays a key
role in turfgrass quality, root growth, disease, stress
resistance, cold and heat hardiness (Ihtisham et al.,
2018).

Fertilization doses enriched with micronutrients
are beneficial for minimizing cold stress and color
development. Iron (Fe), a vital micronutrient, assists in
color retrieval and photosynthesis (Taylor et al., 2025).
Application of iron assists bermudagrass cold-sensitive
and cold-tolerant cultivars to sustain their aesthetic
quality and CER (carbon dioxide exchange ratio)
recovery. Foliar application of iron enhanced turf
quality in winter and fall seasons but had no evidence
of turf response in subsequent year (Radkowski ef al.,
2023).

Polymer coated fertilizers enhance shelf life and
efficiency of nutrients. Polymer coating have been
found to be more beneficial than other fertilizers
incapsulating technologies (Zywocinski et al., 2011).
Amount of commercial DAP fertilizer in wheat was
lowered to half by using polymer coated DAP, which
also enhanced plants growth and yield (Ali et al,
2017).

PGPR contribute to plant growth by increasing
nutrient availability particularly nitrogen, synthesizing
phytohormones such as indole-3-acetic acid (IAA), and
modulating stress related hormones like ethylene via
ACC deaminase activity (Olenska et al., 2020; Gouda
et al., 2018). Species of Bacillus and Pseudomonas,
widely applied in agriculture systems, are primarily
valued for their antagonistic activity against plant
pathogens and their capacity to improve nutrient
uptake (He ef al., 2019). Plant growth-promoting
rhizobacteria (PGPR) contribute significantly to
improving both abiotic and biotic stress tolerance in
cool and warm season grasses (Coy et al., 2014).
Similarly, the combined application of PGPR and
nitrogen fertilizer in hybrid bermudagrass and tall
fescue resulted in greater root biomass and improved
resistance to white grub infestation (Coy ef al., 2019).
Perennial ryegrass (Lolium perenne), treated with
combined inoculation with Bacillus sp. EhSs and EhS;
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significantly increased biomass production and copper
uptake (Ke et al., 2021). Application of bio-fertilizers
(Bacillus megaterium (M3) and Bacillus subtilis (OSU-
142) along with nitrogenous fertilizers significantly
improved clippings yield and turf color in perennial
ryegrass (Acikgoz et al., 2016). PGPRs application and
soil microorganism inoculants have potential to
improve soil microbial activity and supplements uptake
by plants (Velez, 2013).

Among all turfgrasses, bermudagrass is widely
grown throughout the world due to its fast growth,
smoothness, fine look and greenish color. But its
quality and development are influenced by salinity,
poor fertilization and drought (Huang et al., 2019).
Bermudagrass is one of the most widely cultivated
turfgrass species worldwide because of its rapid
establishment, fine texture, smoothness and attractive
green color. However, its growth and turf quality are
often adversely affected by salinity, inadequate
nutrient supply and drought stress (Huang et al., 2019).

Despite the increasing interest in sustainable
nutrient management, information on the integrated
use of conventional fertilizers, iron and PGPR for
bermudagrass production remains limited. Therefore,
this study was conducted to improve growth and
quality of Cynodon dactylon (L.) Pers. ‘Fine Dacca’
using nitrogen only, compound fertilizer containing
NPK applied alone or along with iron, polymer coated
DAP (a smart fertilizer) and a PGPR (Bacillus spp.
MN-54). It was hypothesized that use of efficient
modern fertilizer approach would improve turf growth
and quality as well as will produce ecofriendly and
more sustainable turf. The findings are expected to
provide a sustainable nutrient management strategy for
turfgrass managers and sod producers by improving
turf performance.

MATERIALS AND METHODS

Field experiment was conducted during 2023-
2024 at Floriculture Research Area, Institute of
Horticultural Sciences, University of Agriculture,
Faisalabad, Pakistan (Latitude = 31° - 26' N, Longitude
= 73° - 06' E, Altitude = 184.4m). Grass plugs were
collected from a local sod production farm at Alipur
Chattha, Gujranwala, Punjab, Pakistan. Plugs were
harvested during morning hours in early spring
(March) and transported to experimental site within 24
h of harvest. On arrival, pieces of sod were placed
under shade till transplanting next day. Next morning,
soil was prepared thoroughly to a good tilth and
levelled. Then, transplanting was done followed by
light rolling, basal NPK (20:20:20) application @ 40
kg ha! and surface irrigation. All cultural practices,
viz. mowing, irrigation, weeding, IPM, etc. were same
for all treatments (Nawaz et al., 2025). Treatments
included; control (no fertilizer except basal dose), N
(450 g), NPK (20:20:20) (2.29 kg), NPK + Fe (2.29 kg
NPK + 84.4 g Fe), NPK + Fe + PGPR (2.29 kg NPK +
84.4 g Fe + 666.7 mL PGPR) and polymer coated DAP
(a smart fertilizer) (112.5 g P) per 1000 ft>. Urea



J. Appl. Res Plant Sci. Vol. 7(1), 70-78. 2026, Tanveer et al.,
www.Joarps.org

fertilizer was used as nitrogen source, NPK (20:20:20),  consistency and reliability of results. Meteorological
Iron sulphate for iron, Bacillus spp. MN-54 as PGPR  data, including minimum and maximum temperature,
and polymer coated DAP as smart fertilizer for the relative humidity, and precipitation were recorded
study. Iron sulphate and PGPR were sprayed, while throughout the experimental period to account for the
urea, NPK and polymer coated DAP were applied in  influence of prevailing weather conditions on
granular form followed by irrigation. Polymer coated  bermudagrass (Table 1). Measuring rod was used to
DAP was prepared according to Ali et al. (2017). measure tillers height. Number of tillers were measured
Experiment was set in a Randomized Complete  quantitatively by counting tillers under a ring (Beard,
Block Design (RCBD) with three replications and each ~ 1973). For measuring length of leaf blades, length of
experimental unit had 272 ft*> area. The grass was top three leaf blades on a tiller was measured, and
allowed to properly establish for two months with  diameter of 3™, 4" and 5" internode from top was
weekly surface irrigation and manual weeds removal.  measured using digital caliper for recording stolon
Once, more than 90% green cover was achieved, the  diameter. Leaf arca was calculated according to
turf mowed, and treatments were applied 48 h after  Carleton and Foote (1965), while fresh weight of tillers
mowing. Fertilizer treatments were applied monthly = was recorded using electric weighing balance,
during July, August and September, and data were followed by oven drying at 65°C for 72 h to record dry
recorded seven days following treatments application. ~ weight of tillers. Moisture percentage of grass was
The same experimental procedure was repeated during  calculated using formula:
the subsequent growing season in 2024 to ensure

] Fresh weight — Dry weight
Moisture percentage (%) = Fresh welght x 100

Canopy total chlorophyll content was measured by ~ Absorbance of extracted solutions was recorded using
chopping fresh grass leaves into small pieces, taking 1~ spectrophotometer at 645 and 663 nm and using
gram chopped leaves, which were extracted in 10 mL  following formula, total chlorophyll content was
of 80% acetone at room temperature overnight. calculated:

Total chlorophyll content (mg g!) = [20.7 (OD 645) + 8.02 (OD 663)] X V/1000 X W

Turfgrass quality was measured according to  Analysis of Variance (ANOVA) using the General
Cooper and Spokas (1991) and leaf NPK contents were ~ Linear Model (GLM) procedure in Statistix 8.1
analyzed according to Chapman and Parker (1961) and  (Analytical Software, Tallahassee, FL, USA).
Yoshida et al. (1971). Treatment means were compared using Fisher’s least
Statistical Analysis: The experiment was conducted significant difference (LSD) test at the 5% probability
using a Randomized Complete Block Design (RCBD)  level (P<0.05), and P-values were generated from the
with three replications. Data were analyzed by GLM analysis (Steel et al., 1997).

Table 1. Monthly average of maximum, minimum, mean temperatures, average relative humidity and average precipitation
during 2023-2024 from on-site weather station.
Monthly Mean Temperature, Relative Humidity and Precipitation
2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
Jan. Jan. Feb. Feb. Mar. Mar. Apr. Apr. May May June June

Avg. Max. (°C) 172 133 260 246 288 281 349 358  37.6 436 403 432
Avg. Min. (°C) 52 53 105 75 155 114 18.5 15.8 232 230 27.0 271
Mean (°C) 113 93 18.3 16.0 222 198 26.7 258 304 333 342 352
Avg. RH (%) 85.0 823 72.0 581 824 555 689 495 557 365 592 410

Avg. Precip. (mm) 31.2 0.0 143 7.5 72.5 5.8 357 212 207 156 32.0 19.6
2023 2024 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
July July Aug. Aug. Sept. Sept. Oct. Oct. Nov. Nov. Dec. Dec.

Avg. Max. (°C) 36.7 397 392 390 372 374 327 326 272 255 230 207
Avg. Min. (°C) 272 280 292 295 261 28.0 18.1 187 138 157 72 28.0
Mean (°C) 320 332 342 319 316 323 254 256 205 21.1 151 13.5
Avg. RH (%) 762 694 663 73.1 68.5 737 734 644 686 581 700 584

Avg. Precip. (mm) 664 2019 123 116.2 95.0 191.6  30.7 0.0 3.8 0.0 0.0 0.0
(https://web.uaf.edu.pk/Main/AgrometBuletin?iYear=2023 https://web.uaf.edu.pk/Main/A grometBuletin?iY ear=2024)

RESULTS AND DISCUSSION and quality attributes. Grass produced highest
Results revealed significant differences of various tiller length (11.5 cm), number of tillers (27.8), number
fertilizer regimes compared to control for all growth of leaves per tiller (13.8) and length of leaf blade (18.8

mm) when fertilized with NPK + Fe + PGPR, but

72


https://web.uaf.edu.pk/Main/AgrometBuletin?iYear=2023
https://web.uaf.edu.pk/Main/AgrometBuletin?iYear=2024

J. Appl. Res Plant Sci. Vol. 7(1), 70-78. 2026,
www.Joarps.org

results of leaf blade length and number of leaves were
statistically at par with NPK + Fe and poly-coated DAP
(Table 2). Similarly, application of NPK + Fe + PGPR
resulted in the greatest leaf area (0.67 cm?), internodal
distance (12.8 mm) and stolon diameter (0.94 mm),
with internodal distance and stolon diameter remained
statistically similar to NPK + Fe. Canopy, total
chlorophyll content was also found highest (0.26 mg g
1) when fertilized with applications of NPK + Fe +
PGPR (Table 3). It also produced greatest fresh and dry
weights of tillers (4.1 g and 1.7 g, respectively).
However, the moisture percentage of grass was
recorded highest (60.8%) when grass was fertilized
with smart fertilizer (polymer-coated DAP) which may
be associated with its controlled nutrient release

pattern.
Combined application of primary macro nutrients
(NPK) along with essential micronutrient for

chlorophyll, i.e. Fe, and a PGPR performed best
compared to other fertilizer treatments and control (no
fertilizer). Optimal doses of these fertilizers not only
contributed towards better performance of grasses but
also reduced the use of commercial fertilizers. Nitrogen
has been recognized as a pivotal nutrient for the
vegetative growth of plants because of its role in
initiating meristematic activity, resulting in greater
tiller height, leaf blade length, and the number of tillers
and leaves. Previous studies have also reported that
nitrogen enhances leaf cell division and enlargement,
resulting in increased leaf production and improved
turf performance (Li et al., 2024). In addition, nitrogen
deficiency is often associated with reduced growth and
chlorosis (Hussain et al., 2025), highlighting its
importance in turfgrass management.

Highest tiller length (11.5 cm), number of tillers
(27.8), number of leaves per tiller (13.8) and length of
leaf blade (18.8 mm) were produced, when grass was
fertilized with NPK + Fe + PGPR. The synthesis of
phytohormones  like auxins, cytokinins, and
gibberellins, which directly promote root and shoot
growth, is one of the significant approaches used by
PGPRs to boost growth. (Ahmad et al., 2023).
Additionally, these microorganisms can assist in
solubilizing phosphates and mobilizing other nutrients,
making them readily available to plants. The
production of phytohormones and the nutrient
solubilization ability of the PGPR strains might be the
possible reason for the observed increases in growth
parameters. The synergistic effect of PGPR with NPK
and micronutrients suggests that the bacteria may
enhance the nutrient use efficiencies of NPK fertilizers
and reduce their fixation in the soil and assist in
improving the soil structure (Igbal ef al., 2022). Using
various  mechanisms, plant growth-promoting
rhizobacteria (PGPR) participate in geochemical
nutrient cycles and influence their access to plants and
the microbial community of the soil. Using these
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bacteria as bio-inoculants also increases the availability
of nutrient elements in soil, helps to minimize chemical
fertilizer application, reduce environmental pollution,
and promote sustainable agriculture (Etesami and Adl,
2020).

Application of NPK + Fe + PGPR resulted in the
greatest leaf area (0.67 cm?), internodal distance (12.8
mm) and stolon diameter (0.94 mm). Applications of
NPK along with micronutrient and PGPR might have
improved protein synthesis, photosynthesis and
respiration rates (Garg et al., 2026). The inclusion of
PGPR further contributed to enhanced plant growth
because they contain microorganisms, which improve
nutrient cycling processes and their availability.
PGPRs assist in boosting vegetative plant growth by
variety of mechanisms as solubilization (P, K, and Zn-
solubilizing bacteria), production of siderophores (low-
molecular-weight proteins that chelates ferric ions
from the environment), hormones like Indole acetic
acid (IAA) (both in the presence and absence of
Tryptophan), GA, etc. that help in the growth of the
plant. These organisms can degrade chemical fertilizer
residues like urea by producing urease enzyme. Apart
from that many agriculturally significant enzymes
like catalase, phosphatase, sulphate etc. These findings
support the current study that NPK + Fe + PGPR-
treated grass plants have greater chlorophyll contents
and highest moisture percentage, which may be due to
controlled nutrient release (Roy et al., 2022).

Moreover, beneficial microorganisms such as
Bacillus spp. are known to facilitate biological nitrogen
fixation and enhance nutrient uptake, thereby reducing
dependence on synthetic fertilizers (Farrar et al., 2014).
Similar findings in tiller height and density with PGPR
inoculated with Paenibacillus polymyxa bacteria, have
been reported in switchgrass and other turf species (Ker
et al., 2012). Similarly, nitrogen @ 30 g m™ applied to
turfgrass throughout the year enhanced number of
tillers (Oral and Acikgoz, 2001). Moreover, N
application in ryegrass enhanced growth by increasing
dry matter production and leaves per stolon (Acero-
Camelo et al, 2020), which supports the present
findings. Proper application of N and water to
switchgrass enhanced the leaf blade area than the plants
grown under water and N deficit conditions (Sanderson
and Reed, 2000). Greater leaf area provides an
expanded photosynthetic surface, enhancing assimilate
production and overall turf health. N is a constituent of
chlorophyll, promotes rapid growth and improves leaf
quality. It was observed that an optimum dose of N
improved cell numbers and sizes in leaves by
enhancing leaf production and biomass yields along
with more internodal distance among four to five upper
internodes. PGPRs have significant influence on leaf
elongation in turfgrass species. Increased leaf length in
turfgrass is evidence of higher leaf area (Arredondo
and Schnyder, 2003).
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Table 2. Effect of various fertilization regimes on growth attributes of Cynodon dactylon (L.) Pers. ‘Fine Dacca’. (n =9)

Treatments Height of Number Number of Length of Stolon Internodal
tiller (cm) of tillers leaves per leaf blade diameter distance
tiller (mm) (mm) (mm)

Control 5.8 ¢ 12.0d 93¢ 9.6 ¢ 0.62d 8.5

N application 7.0 be 17.7 ¢ 10.9 be 11.4 bc 0.71 ¢d 9.4

NPK application 7.8 bc 159¢ 11.4 abe 12.8 be 0.76 bed 9.7

NPK + Fe application 9.0b 219b 11.9 ab 15.9 ab 0.91 ab 10.5

NPK + Fe + PGPR 115a 278 a 13.8a 18.8 a 0.94 a 12.8
Polymer coated DAP 9.0b 224b 11.8 ab 16.4 ab 0.88 abc 9.7
Significance¥ 0.0022 0.0000 0.0408 0.0226 0.0122 NS

“Means sharing different letters in the column are statistically different at P<0.05.
YP values were obtained using general linear models (GLM) of Statistix (version 8.1).

Table 3. Effect of various fertilization regimes on physiological attributes of Cynodon dactylon (L.) Pers. ‘Fine Dacca’. (n =

9)
Treatments Leaf area” Canopy total Fresh weight Dry weight of Moisture
(cm?) chlorophyll contents of tillers¥ (g) tillers¥ (g) percentage
(mgg™) (%)
Control 0.28 d* 0.09d 1.7d 0.8d 51.7d
N application 0.35cd 0.15¢ 2.8¢ 1.2¢ 542 ¢
NPK application 0.42 ¢ 0.15¢ 2.8¢ 1.2¢ 55.8 bc
NPK + Fe application 0.54 b 0.19b 34D 1.5b 55.6 be
NPK + Fe + PGPR 0.67 a 0.26 a 4.1a 1.7a 5750
Polymer coated DAP 0.55b 0.15¢ 33D 1.3 be 60.8 a
Significance" 0.0001 < 0.0001 < 0.0001 0.0001 0.0001

“Leaf area was recorded for individual leaf for three (basal, central and upper) leaves per tiller and averaged.
YFresh and dry weight of tillers were recorded for tillers from the ring used in the study for data collection.
*Means sharing different letters in the columns are statistically different at P<0.05.

VP values were obtained using general linear models (GLM) of Statistix (version 8.1).

Turf quality was also significantly enhanced under
the integrated application of primary macronutrients
and PGPR. Applications of NPK + Fe + PGPR resulted
in more uniformity (7.5), high density (8.2), fine
texture (8.1), smoothness (8.3) and dark green colored
(7.8) grass as compared to applications of only primary
macronutrients (Table 4). Improved turf color and
appearance can be linked to enhanced chlorophyll
content and nutrient status. In particular, iron plays a
critical role in chlorophyll synthesis and chloroplast
function, which directly influences turf color. Previous
studies have reported that foliar iron application
enhances and prolong turfgrass color and quality
(Schmidt, 2003), while late-season nitrogen
application contributes to sustained greenness and
improved seasonal color retention (Schmidt and
Chalmers, 1993). Similarly, application of late-season
nitrogen improved fall color and spring green-up in
‘Tifway’ bermudagrass (Richardson, 2002) which also
supports these results.

Nutrient analysis revealed that leaf nitrogen
content was highest (3.9%) under both NPK + Fe +
PGPR and NPK + Fe treatments, whereas total leaf
phosphorous contents were recorded highest (0.9%)
when smart fertilizer (polymer coated DAP) was
applied (Table 5). Although, total leaf potassium
contents were observed highest (1.8%) when grass was
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fertilized with NPK applications but were statistically
not different from NPK + Fe and NPK + Fe + PGPR.
Increased  nutrients rates  maximized  their
concentrations in plants because of more accessibility
of nutrients and well uptakes by plants. Zhang et al.
(2012) also reported similar trends and demonstrated
the impact of nitrogen, phosphorous and potassium
application on their contents, distributions and
accumulation characteristics in Petunia hybrida.
Similarly, N, P and K applications in Matthiola incana
enhanced nitrogen, phosphorous and potassium
contents in the leaves of stock (Sarwar et al., 2013).
Moreover, increasing N, P and K levels in Polianthes
tuberosa (tuberose) exhibited significant impacts on N,
P and K in leaves (Khalaj et al., 2012). NPK applied
either as foliar spray or in combination with
micronutrients or biostimulants enhanced nutrient
uptake in cut flowers (Hussain et al., 2026; Ahmad et
al., 2025). Overall, the combined application of
macronutrients, iron, and PGPR proved to be the most
effective strategy for improving growth and quality of
bermudagrass. This integrated approach not only
enhanced plant performance but also demonstrated
potential for reducing reliance on conventional
fertilizers through improved nutrient use efficiency,
microbial activity environment friendly sustainable
production.
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Table 4. Effect of various fertilization regimes on quality attributes of Cynodon dactylon (L.) Pers. ‘Fine Dacca’. (n =9)

Treatments Uniformity Density Texture Smoothness Color
Control 3.0¢* 29d 32f 29e¢ 33e
N application 45d S51c 44e 44d 4.6d
NPK application 53¢ 48¢c 5.5d 59c¢ 55¢
NPK + Fe application 6.1b 6.4b 6.6b 7.1b 6.6b
NPK + Fe + PGPR 75a 8.2a 8.1a 83a 7.8 a
Polymer coated DAP 6.2b 6.4b 6.0c 6.4c 6.2b
Significance? <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

“Means sharing different letters in the columns are statistically different at P<0.05.
YP values were obtained using general linear models (GLM) of Statistix (version 8.1).

Table 5. Effect of various fertilization regimes on leaf nutrient contents of Cynodon dactylon (L.) Pers. ‘Fine Dacca’. (n = 3)

Treatments Total nitrogen Total phosphorous contents Total potassium
contents (%) (%) contents (%)

Control 2.9c? 03¢ 08¢

N application 3.7 ab 04c 1.0 be

NPK application 3.6 ab 0.7b 1.8a

NPK + Fe application 39a 0.6b 1.7a

NPK + Fe + PGPR 39a 0.7b 1.7a

Polymer coated DAP 3.2bc 09a 1.1b
Significance¥ 0.0271 < 0.0001 0.0001

“Means sharing different letters in the columns are statistically different at P<0.05.
YP values were obtained using general linear models (GLM) of Statistix (version 8.1).

CONCLUSION

Application of macronutrients, NPK along with
Fe, and PGPR is an effective strategy for improving
turf growth, quality, and nutrient status of
bermudagrass. Integrated fertilizer approach enhanced
key morphological and physiological attributes,
including tillering, biomass production, chlorophyll
contents, and overall turf appearance. Compared to
conventional fertilization, the inclusion of PGPR and
micronutrients improved nutrient uptake efficiency and
contributed to superior plant performance. Although
polymer-coated DAP improved moisture retention and
phosphorus availability, it was less effective in
enhancing overall growth and quality traits. Therefore,
integrating macronutrients with iron (Fe) and PGPR
can be considered a sustainable and effective nutrient
management strategy for maintaining lush green
healthy bermudagrass.
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