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Abstract

This study was conducted to establish a scientific and systematic maintenance strategy for Kentucky bluegrass (Poa
pratensis L.), a cool-season turfgrass widely used in sports fields and golf courses. For this purpose, a drone equipped with
a multispectral sensor was employed to analyze vegetation indices under different growth conditions. The primary study site
was Guduk Stadium, where turf replacement was scheduled due to aging. Vegetation indices were obtained at four time points,
including before and after turf replacement and after 11 months of use, and temporal variations were analyzed to derive
vegetation index ranges corresponding to growth conditions. To verify the validity of the derived indices, additional analyses
were conducted at the Asiad Main Stadium, Asiad Auxiliary Stadium, and a Kentucky bluegrass farm in Uiseong, Korea. As a
result, vegetation index ranges that distinguished healthy turf conditions from poor conditions requiring management were
identified. Furthermore, the correlation between vegetation indices and actual turfgrass conditions was confirmed through
field sampling and comparative analysis. These findings demonstrate that vegetation indices derived from drones with
multispectral sensors can serve as reliable scientific indicators for the maintenance and management of sports fields and golf
courses.
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Fig. 3. UAV-based orthomosaic of the primary study site, Gudok Stadium.

Fig. 4. UAV-based orthomosaic of the comparison site, ~ Fig. 5. UAV-based orthomosaic of the comparison site, Asiad
Asiad Main Stadium. Auxiliary Stadium.

¢

0

= ™, i Meters

Fig. 6. UAV-based orthomosaic of the comparison site at the Uiseong Turf Farm.
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Table 1. Vegetation index of Gudeok Stadium in July 2022

Category NDVI GNDVI NDRE LCl
Mean 0.72 0.61 0.13 0.20
spY 0.13 0.09 0.04 0.07

s U Standard deviation

Table 2. Vegetation indices by mowing condition

Category NDVI GNDVI NDRE LCI
Unmowed grass 0.80 0.75 0.18 0.29
Mowed grass 0.55 0.51 0.09 0.18
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Fig. 7. Vegetation index distribution graph of Gudeok Stadium in July 2022.
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Fig. 8. Vegetation index image of Gudeok Stadium in July 2022.
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Table 3. Vegetation indices of Gudeok Stadium in October 2022
Category NDVI GNDVI NDRE LCI
Mean 0.72 0.64 0.16 0.25
SD 0.07 0.04 0.03 0.04
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Fig. 9. Vegetation index distribution graph of Gudeok Stadium in October 2022.
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Fig. 10. Vegetation index image of Gudeok Stadium in October 2022.
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Table 4. Vegetation index of Gudeok Stadium in November 2022
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Category NDVI GNDVI NDRE LCI
Mean 0.91 0.81 0.30 0.44
SD 0.02 0.03 0.03 0.03
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Fig. 11. Vegetation index distribution graph of Gudeok Stadium in November 2022.
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Table 5. Vegetation index of Gudeok Stadium in September 2023
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Category NDVI GNDVI NDRE

LCI

Mean
SD

0.75
0.05

0.65
0.04

0.19
0.03
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Fig. 13. Vegetation index distribution graph of Gudeok Stadium in September 2023.
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Table 6. Changes in vegetation indices at Gudeok Stadium from July 2022 to September 2023

Category NDVI GNDVI NDRE LCI
2022.07.01 0.72 0.13 0.2
2022.10.27 0.72 0.16 0.25
2022.11.16 0.91 0.3 0.44
2023.09.05 0.74 0.19 0.28
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o
o
1
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o
N
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DATE

T T
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Fig. 15. Changes in vegetation indices at Gudeok Stadium from July 2022 to September 2023.
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Fig. 16. Vegetation index distribution graph of the Asiad Main Stadium in October 2023.

Table 7. Vegetation index of the Asiad Main Stadium in October 2023

Category NDVI GNDVI NDRE LCI
Mean 0.72 0.59 0.16 0.23
SD 0.08 0.06 0.03 0.04

NDRE LCI

ESiEn

Fig. 17. Vegetation index image of the Asiad Main Stadium in October 2023.
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Table 8. Vegetation indices at Asiad Auxiliary Stadium in October 2023

Category NDVI GNDVI NDRE LCI
Mean 0.72 0.59 0.16 0.23
SD 0.08 0.06 0.03 0.04

NDVI GNDVI

5,500,000
5,000,000 4,500,000
2,500,000 4,000,000
4,000,000 3,600,000
3,500,000 -
£ E 300000
S 3000000 3
S O 250,000
T 2s5m00m —Mean : 0.76418 El -
o StdDev ! 0.04325 T 2000000
= zomom = =
1,500,000 1,500 0o
1,000,000 100,000
500,000 500,000
% 2y © > Y x 2 ey © © o
R v > L >
PRI QDQ@Q\QWQQ@Q S’{’ﬁ@a“éa@ »*;xame.aac”aa “c‘g’a‘“a@““@
MO GMNDVI
4,500,000
4,000,000
4,000,000
3,500,000
3,500,000
3,000,000
3,000,000
£ zsmom £
a 3 2500000
o o
T 200000 —Mean: 018588 T zooom -
a StdDev : 0.02459 &
1,500,000 | 500,000
1,000,000 1 000,000
500,000 500,000
Yo hgr, o & °,~ 8 o R P > 5 !
¥ rv & > X P A N
PR P FFF PSS FIPINESES PP I FF S P

MDRE LCl

Fig. 18. Vegetation index distribution graph of the Asiad Auxiliary Stadium in October 2023.
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Fig. 19. Vegetation index image of the Asiad Auxiliary Stadium in October 2023.
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Table 9. Vegetation index analysis of the Uiseong Turf Farm in October 2023

Category NDVI GNDVI NDRE LCI
Mean 0.81 0.73 0.26 0.38
SD 0.07 0.05 0.04 0.06
1,100,000
200,000
1,000,000
sonoe 200,000
700,000 500,000
L 80000 = 7m0
£ £
3 3 emon
5 soom 8 g
2 o — Mean ! 070861 ER: ] — Mean: 0.65357
o StdDev ! 0.13718 a 400,000 StdDev: 0.08432
300,000
300,000
20,00 200,000
100,000 100,000
0 ' o o i o P 0 i T e N
}}TJ\»& Q& > Q\‘ } ® @‘v K3 o ® <& Q,\L) \;‘9 Q“\ /-Q“"" Q@, \;s» R : nv‘V) N Qé“- Q’\\ \;p -5‘\
1,000,000 500,000
500,000 800,000
800,000 700,000
700,000
§ *g E00,000
§ o S sonom
o 500,000 — Mean: 0.21941 ki — Mean : 0,3088
& StdDev: 004509 F o StdDev: 0.07407
400,000
300,000
300,000
200,000 200,000
100,000 100,000
N e P o TP o oD RS B S S L A A S A
ANV g T P N Y o P P o o7 £27gP BV T P N oY P o o e o oM

NDRE

LCl

Fig. 20. Vegetation index distribution graph of the Uiseong Turf Farm in October 2023.
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Fig. 21. Vegetation index image of the Uiseong Turf Farm in October 2023.
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Table 10. Vegetation indices of Gudeok Stadium by growth condition from July 2022 to September 2023

Category Turf growth status NDVI GNDVI NDRE LCI
2022.07.01 Aged turf 0.72 0.61 0.13 0.2
2022.10.27 Prior to the establishment of new turf 0.72 0.64 0.16 0.25
2022.11.16 One-month post-replacement management 0.91 0.81 0.3 0.44
2023.09.05 11 months post-replacement 0.74 0.65 0.19 0.28

Table 11. Comparative analysis of vegetation indices across study sites

Category

Vegetative condition

NDVI GNDVI ~ NDRE LCI

Asiad Main Stadium High usage frequency and shaded environments 0.72 0.60 0.16 0.23

Asiad Auxiliary

Stadium sunlight and ventilation

Rapid recovery despite high usage frequency due to adequate

0.76 0.64 0.19 0.28

Uiseong Turf Farm
heat stress

High-quality management for commercial products: localized

0.81 0.73 0.26 0.38
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Table 12. Gudeok Stadium vegetation index and growth comparison

Site: Gudeok Stadium

Sampling location Growth condition

Low-vigor High-vigor

@ : Sample collection from visually healthy areas
@ : Sample collection from visually poor areas

NDVI Area sample Area samp
Value b
P oss1
. -0.026

Table 13. Uiseong Turf Farm vegetation index and growth comparison

Site : Uiseong Turf Farm

Sampling location Growth condition
NDVI Low-vigor High-vigor

Area sample Area samp

@ : Sample collection from visually healthy areas
@ : Sample collection from visually poor areas

Table 14. Asiad Main Stadium vegetation index and growth comparison

Site : Asiad Main Stadium

Sampling location Growth condition
Low-vigor High-vigor

Area sample Area samp

— P

@ : Sample collection from visually healthy areas
@ : Sample collection from visually poor areas
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Table 15. Asiad Auxiliary Stadium vegetation index and growth comparison

Site : Asiad Auxiliary Stadium

Sampling location Growth condition

Low-vigor
Area sample

High-vigor
Area samp

@ : Sample collection from visually healthy areas
@ : sample collection from visually poor areas

Table 16. Comparison between site-specific vegetation indices and observed growth performance

Site Leaf length  Number Leaf growth condition Root length Root growth condition
(cm) of leaves (cm)
Among the 20 leaves, about 5 The roots were white in color,
Gudok Stadium - 23 20 showed poor coloration, but 34 with moderate thickness and
Healthy zone overall the leaves exhibited a elasticity, and showed abundant
clear shape and vivid color. branching.
Gudok Stadium - Leaf length and number were The roots were thin, with
Poor zone 0.5~1.2 12 only about half compared to 2~3 unclear coloration and
(near goalpost) the healthy area. indistinct morphology.
The number of healthy leaves Approximately 5-6 months after
) B at Gudeok Stadium was seeding, no thatch layer was
Uiseong Turf Farm . .
Healthy zone 3~3.5 18 similar, and the proportion of 3~4 formed, and the roots were
unhealthy leaves was also clearly distinguishable with
comparable. well-developed fine roots
. Due to heat stress, the number
Uiseong Turf Farm — .
of leaves was reduced, and Low root number and thin roots
Poor zone 2~2.5 8 . 1.5~2
overall yellowing was due to heat stress
(heat-stress area)
observed.
Asiad Main Stadium — 14 .poorly grO@ leaves Thin, few roots entangled with
1.5~2 2 soil-supported; only 2 2 .
Healthy zone . ; old soil
remained after soil removal
Asiad Main Stadium -
8 poorly grown leaves Low root number, shorter root
Poor zone X . .
1.5~2 2 soil-supported; only 2 1.5 length, and thin roots due to
(Center of the soccer . .
field) remained after soil removal poor growth
Asiad Auxiliary Vivid leaves; thinner than Root number similar to Gudeok
Stadium - 1.5 12 Gudeok Stadium; overall good 3.5 Stadium (healthy zone); much
Healthy zone growth thinner roots
A§1ad Auxiliary Vivid leaves; thinner than Root number and thickness
Stadium - Poor zone o L .
1.0 10 Gudeok Stadium; overall good 2.5 similar to Gudeok Stadium(poor

(Center of the soccer

field)

growth

zone)
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