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Using Digital Image Analysis to Quantify
Turfgrass Growth and Disease

Seog-Won Chang’
Dept. of Golf Course Management, Korea Golf University, Hoengseong 25249, Korea

Abstract

Turfgrass researchers and golf course superintendents often rely on visual assessments to
assess turfgrass growth and disease. Visual evaluation can make a unexpected subjective
bias in the outcome of the assessment, depending on the experience of the evaluator or the
degree of training. In this study, green up rate, coverage rate and percent diseased area were
evaluated by applying image analysis program to photographed turfgrass for more accurate
and reproducible investigation. The same photographic evaluation was presented to turfgrass
experts who had experienced turfgrass evaluation for many years, and the results were
compared with those obtained from the image analysis program. Experts evaluated the green
up rate, coverage rate, and percent diseased area of turfgrass significantly different from the
results of image analysis. There were also variations in the evaluated values among experts'
evaluations, and the more difficult the photographic images are to calculate the acquired
area, the greater the variation among individuals. The relationship between turfgrass research
experience and image analysis values was not statistically correlated. However, the image
analysis of turfgrass growth and disease was more accurate and reproducible than expert
evaluation. Therefore, if turfgrass researchers or field managers use image analysis programs,
even unskilled researchers expected be of great help in making evaluation.

Key words: Digital image analysis, Turfgarss disease, Turfgrass growth, Visual
evaluation
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O

o1 I 7}of| 2]l o] Fo] FtHChang et al., 2019; Choi et al., 2012; Morris and Shearman, 2000; Sung et al., 2016; Tae et al., 2010).
AdbA o 2 Q-2jitatof|A] 2] o] 94 Q1 I 7}= NTEP (National Turfgrass Evaluation Procedure)Oll A A A|Sh= Al i
S F2 WETHKim et al., 2018; Sung et al., 2016).

o] FEiE Aot Brkohs A2 AAs 8 ket v AelA| & ol F 29k 4= Qi 7o A
He]of| A 1, AJ7H H|-g2] F1d A|Ztol| A 2 2tol & Y 4= 17| wiio|tH(Choi et al.,, 2001). 2] HQ] 732w WA
Al 2= oA 2 Aol ofA w523 4 U TH(Smith etal., 2018).

X}q = A5 Aoy ol F mshE AR wl 7] B7P7L ol & SAIE Zheth 1Y 2ol A Ho] ' gshd 2t

x5 7HA| ot} ohE B7HE 4= 9l7] whitoll ZHF-E(diseased plant)©] O B RFHA A E(diseased plants area)Lt
1] 2(index)°l] &J3l 7 Foh= 7= 22{$t o] wF0|thChang et al., 2006; Chang et al., 2013; Findanza et al., 2016; Sung et
al, 2016). o] 2|3k Ztj o] £4-2 Zht] o] A7 E/d 1} - RSy, 77t shuke] ZiAl =5 7171 A7ehH w4
A ZLE A1) 2717} AR & 9= 517] mhizolth(Turgeon, 1991). AlG7E £8 A7 she 2] Zolut
FEE YEES =017 9ol & U2 uEoy| wlZol AR Hert &2 koA 7iA) sk shE st
+ 22 me- of k. T3t T = 22 EFolet strjekE A 7HA| Ateloll e A S0l Jloj A &bol 7t LT, A wRE
T B3| wEol A1 E otk A—S— 1] 2¥tHCurley et al., 2005; Larsen and Bibby, 2004; Turgeon, 1991).

Chefot A EQof7} 7ik AJukE|H A o] 0] 2] EA] (image analysis) ' = 2HT] 2] AJ&3} v i 7tol] &85t = Al
7} 21o] 2rthKarcher and Richardson, 2003; Richardson et al., 2001). Z|2oll+= 2] A8- A4&-2] aheh-S 2|8l =2 (drone)©|
EAE]7] A|2FoFA th(Caturegli et al., 2016; Zhang et al., 2019). ©] 2]t ¥iSh= B} Aelst &t ujetat YHE Aol &2
AR S UfE]7] f1st Ao 2w ofm] 2] 4] Wy o] Ataht @ e Ake] ARl 7S st =Y
4 Q0 M QN A2+ 0 2 AFehS wksh=t| =2-0] E 4 §17] w&o]thRichardson et al., 2001; Caturegli et al., 2016).
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AL B4 2 17 H0] oK 5 AIS olol) £418 ool 242t Slg sl MRS Y S, 8 E 2 P
HAE)= AlLtslnt. A E Alitoll 228t o|ujx] EAofl= F&8 ThE 7} 7Hs3t Image] &2 158 (version 1.52a,
National Institutes of Health, Bethesda, USA)= AFE-5HITH 2412 ol AFKI(JPEG) & 21810 & B2 5 T
202 HAA3e Aokl Mgy S Ax AigtE EE5HIthFig. 1). 7HaohA AW, ojn| 2] 24 =2 7 =io)
A color thresholdS- 27531 11 (image—>adjust—>color threshold), Hue®?} Brightness+= 7| 241 © 2 & TH2-0]] saturation¥+ 0
t0 100 AtO] 2 ZHe 27 & H3tel AR S A A5Ich 219 & A Aek AFI-S T2 120 & ThA] 2812 3 image type
2 RGB stack 2.2 |75} 2™, threshold Z}(image—adjust—threshold)yS YEAFA T} 8-0F0 2 T %35}0] 0 to 150 AFO]

of| A %] A}tk (analyze>measure)= EZSFATE. 00| x| gAY F )7L LEotA A A=A e AR 12} ¥
2k 212} @lo] HFZ image type2 RGB stack -2 A3+ 50| threshold 72 245+, 89k0 & AEAR 1} o 25}
2|5 LS =E0k3T

1

Fig. 1. Digital image analysis of calibration photos. (A) Original and (B) digital image treated photos for green-
up rate evaluation of Z. matrella plants. Red area indicates dormant leaves. (C) Original and (D) digital image
treated photos for coverage rate evaluation of Z. matrella plants. Red area in photo D indicates soil surface. (E)
Original and (F) digital image treated photos for percent diseased area evaluation of pink snow mold on creeping
bentgrass (Agrostis stolonifera) putting green. Red indicates no diseased area. (G) Original and (H) digital image
treated photos for percent diseased area evaluation of fairy ring on creeping bentgrass putting green. Red in photo

H indicates area where turfgrass plants do not die.
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EARA F ot} T2 A GH A (Microsoft Office Professional Plus 2010, Microsoft Corporation, Redmond, USA)2]
A 228 S8l om, 3] At A1} o|m| | 24 Zhake] Thr/dEA]2 SAS 2 T8 (version 9.4, SAS
institute, Cary, USA)S ©]-8511TE AE7H52] A A2 W (yeanS B4 2 Y25t Th2 #4291 24 7k 7]i9]
HE Griet 4712 A1F(A-AE, H 55, A2 Yty e E 9 2 ek v A E) grollA] Z-2ke] o]z &

T O uw . O uw
4 zhg Wl sae) T8 st

140

>|

HE7 50| 2] (ZoySIa Japonica)9} FAYCNZ manella) AF S S5 B7HeH RIS G o] ml ] B4 Zhak ol 2
R ITHFig. 2 Table 1), HE7HS0] H71eh 125 W GHS 970 AFollA] o]n]x] 5] gt B wok 1 3ol
0| 7} e & A4 71T 8 H7} GES BET} AfolollE 2 2ol 2 B, ol w7} -2 ARIo) A T
2 AP BYlct ol 7} ol T 27 Yefol7) el 34 1] Hob| ko AL
#lo] 24 HA Qe 4] Hie] male gale 7o) 417 ekl Aoz wealth

Fig. 2. Photos for green-up rate evaluation pf turfgrass. A, B, D, E, F, G, and H are Z. matrella plants. C and | are Z.
Jjaponica plants.

Table 1. Comparison of expert evaluation and digital image analysis values for green-up rate of turfgrass.

Photo?
B A B C D E F G H I
Expert evaluation (EE)
Mean (%) 78.6 86.1 67.9 68.1 71.6 50.7 15.1 21.9 22.3
Standard deviation 10.8 11.0 14.1 189 18.4 23.7 13.0 15.5 18.0
Digital image analysis (DIA) ~ 84.8 93.6 89.6 80.8 88.7 81.4 46.8 45.7 32.4
EE-DIA -6.2 -7.5 -21.7 -12.7 -17.1 -30.7 -31.7 -23.8 -10.1

z Capital letters indicate photos of Fig. 2. As the author described in Materials and Methods, the photos (A to I) are
a difficult order to evaluate area ratio. A is the easiest for the author to judge, and I is the hardest.
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S7k)oh 3] APIo| HETHS) 15 HF Fhe o|n|x] £4] 2t 2ol S BYTkFig 3; Table 2). HE7HE)
T 2he 97H APRIeIA o]l %) $4] gkt tha|2 Wl W79, 1 Aol s ol E7h e AR U4 E 2 %ol
oich HETH Afolol| = 7} ATk 2 Aol S Bt ol =7t Ao thA|2 B} A7) ARolirt W
o7} 2 APl E o] B9y mhgol HETLS ol WAE Ak ofe 8.2 e 7o s

Fig. 3. Photos for coverage rate evaluation pf turfgrass. A, C and G are Z. japonica plants. B, D, E, F, H, and | are Z.
matrella plants.

Table 2. Comparison of expert evaluation and digital image analysis values for coverage rate of turfgrass.

Evaluator Fhoto*
A B © D E F G H I
Expert evaluation (EE)
Mean (%) 57.5 49.6 52.5 50.0 56.4 49.5 55.4 56.9 32.1
Standard deviation 10.7 13.2 11.7 14.3 15.7 15.2 134 18.5 17.3

Digital image analysis (DIA) ~ 61.7 48.2 55.4 55.2 57.8 58.3 62.4 54.3 379

EE-DIA -4.2 14 29 -5.2 -1.4 -8.8 -7.0 2.6 -5.8

z Capital letters indicate photos of Fig. 3. As the author described in Materials and Methods, the photos (A to 1) are
a difficult order to evaluate area ratio. A is the easiest for the author to judge, and I is the hardest.

2h-2- el (spot) FEN] FHT] B 74 ARRIoA ZE7HE0] 7ot RHA E ot k2 o|u]x] 24 ghf 2lo] & B
A Ch(Fig. 4; Table 3). E7HE2] 87} g2 97) ARRlof|A] o]m| 2] 4] ZhE T} cix| 2 A B7H= 91, T 2fol=
O|E7} =2 AP 42 Zith 37} 3h HE7t Abolol = 2 2to] 5 B, o] =7} &2 ARRlojlA] thAl| 2 Halt
AR = ZFolAct. W] FHuFEEAE 2h2 37]9] Biyto] 2ol QA| HH Algre] o2 WuhE §Hx HAER
S5k A2 gA gt et S WY Brke BE WRE 2 S Th(Vineelli et al, 1997). SFATE 0]
Al 7Hap7E ok AU WEb7| 2] S-A]A] E]H 7R ZAFSH Zlo] of§7] whiel HAE R S50k SHok(Chang
etal., 2012; Chang et al.,, 2013; Smith et al., 2018). i2tA] BjHIo] To AU S thido 2 HE7HSo| HHFH A EZ ALt
£ oA HapF AR E A o= s Hrt.
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Fig. 4. Photos for percent diseased area evaluation of spot type turfgrass disease. A, B, C, D, G and H are dollar
spot on creeping bentgrass putting green. E is spring dead spot on Z. japonica plants. | is typhula snow mold on
creeping bentgrass putting green.

Table 3. Comparison of expert evaluation and digital image analysis values for percent diseased area of spot

type turfgrass disease.
Photo?

. A B C D E F G H I
Expert evaluation (EE)

Mean (%) 10.9 60.0 27.9 33.9 27.9 27.1 37.9 40.7 40.1

Standard deviation 6.9 15.2 16.7 13.2 10.7 12.4 15.2 16.7 19.8
Digital image analysis (DIA) 46 232 145 240 283 7.5 141 16.9 13.9
EE-DIA 6.3 36.8 13.4 9.9 -0.4 19.6 23.8 23.8 26.2

z Capital letters indicate photos of Fig. 4. As the author described in Materials and Methods, the photos (A to 1) are
a difficult order to evaluate area ratio. A is the easiest for the author to judge, and I is the hardest.

2 " 1k(patch) FENS] 4] W A ARRlolA H27HE0] W71t HRtE A E gt g2 ofw] A B4 Gt Aol 5 B
ATH(Fig. 5; Table 4). F27152] H7F Bt gt 971 AFIol| M o] m|A] £ grE T R | 5g7H 9141, T 2pol= o)
E7b 2 ARRIOIA Zith B7E g2 27 Abololl = 2 Apol & ERl=t, ol et 52 Aol HiA| = A7} 7]
= 3ol

) W27he 0] 285 37 K(Table 1; Table 2)e1l A ©m] 2] 24 ZECHSEA| 387159141, B 37 K(Table 3; Table 4)°1 41 ©]
A 24 R =2 B7RE A2 o Al H7E 2 2oz ikt AR E S w4 Bt e A
AJA Rl A Af o= ojojd 4= itk A o] AR, 7ol wbA = oAl 382 2217t A 4= 317] whEelth
AE7H22] ¥ g7t oWl Al A FhEth 9 ol 13 33t #AP A2 4= Tk 71l old 27t &
e v ALRHAAL BHIAL 27, WIAFEHRI A} 3y 51, TRE Ad30] AR ool let. ATE EAsl HH, v E
7F=o| |2 ou]x] B4 ZHEtt of =7 7S 519 thdata not shown). 212 BEH} 2 Biwk geljo] Zht] v 74 A
A Hrlol e ¥ WE WErte] 7} 7t} o]u] ] A Zhzte] 2po) 7} 24z} 107.6H62.13F 127.6+764%1, T AT
O HZ7HE2 1882412273 171249872 7|51tk 2] B AErke ot b HaAkse] ¥ 7Pt oln|A] &
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A o2 =k, ZHRIZke] HAbE o] Alskglek. whebA ofw]z] 24 wiRo] B A7} obd thE 3o oAt
At @ HR|2E A B 2ARE o] ekt 7t o =3 & 4 912 210 & WA T Richardson etal. (2001) %=
SigmaScan Pro 2 134 (v. 5.0, SPSS, Inc., Chicago, USA) 0|85+ 2] A3-8-2] o|n|z] £4] ¥ o] v]HE7IL} AJS- 7
7ol A= A] b RS0l ARG 4 QIS W= 1 el agAoletal Barshul Qlrk.

Fig. 5. Photos for percent diseased area evaluation of patch type turfgrass disease. A, B, E and H are brown patch
on creeping bentgrass putting green. C is yellow spot on creeping bentgrass putting green. D and F are summer
patch and brown patch on Kentucky bluegrass (Poa pratensis L.) fairway, respectively. G and | are pink snow mold
and fairy ring on creeping bentgrass putting green, respectively.

Table 4. Comparison of expert evaluation and digital image analysis values for percent diseased area of
patch type turfgrass disease.

Photo?
Bl A B C D E F G H I
Expert evaluation (EE)
Mean (%) 82.9 65.7 51.8 36.8 44.3 37.5 84.9 81.1 52.5
Standard deviation 6.6 12.5 14.6 15.9 8.1 8.5 10.8 11.5 24.0
Digital image analysis (DIA)  77.6 47.8 35.1 16.3 28.9 17.3 72.4 66.3 20.3
EE-DIA 5.3 17.9 16.7 20.5 15.4 20.2 12.5 14.8 32.2

* Capital letters indicate photos of Fig. 5. As the author described in Materials and Methods, the photos (A to I) are
a difficult order to evaluate area ratio. A is the easiest for the author to judge, and I is the hardest.

2] Q1772 kgt o] %) 24 ghate] il B 0 2 AR BolX) SlokthTable ). 2, HT] Q17

23} SN E, T EE U FeA 50| o]o|x] HAjgt ohu] HES wlelsi stk ofefat At
7] A8} Hlol M o) ol 17 eint pelche ojulaict. ek Aol Ak AL A %A,
g 7tukct 33} 7o) ch7] w2el Bzt ZhelA] Aol QI9lH Ao ekt ol Bk A3 HnE o
7 el T B HETL 152 BE A2 Bt olojxw $2 Ao Bod
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Table 5. Comparison of expert evaluation and digital image analysis values for green-up rate of turfgrass.

Green-up rate ~ Coverage rate Percent diseased area Percent diseased area
Character

(%) (%) (spot type) (%) (patch type) (%)
Research experience -0.25 -0.01 -0.21 -0.45
(year) (0.3959) (0.9622) (0.4626) (0.1031)

z Correlation coefficients (P-value).

2 oA ofn|x] B4 me e 2hee B ARjololE At AR B ATE A4Ho R EEY 4
9191THdata not shown), & 9HE7Hol] B3] AIZHS: B 2R E|91A% B 2 olof AAl 3 o] HBkeh EAlo] FH55igla
UG AMIS uHE s RAIGS o) 4% 3ol 2 2ol 7} girkel ATk AT Richardson etal. (20017 ﬂﬂ
55 7)o o]u|x] LA o] A2k4 bt o AFekan Aj@Ao] etk Bnst u} olck mreba ofm|x] £
S QA Ml 2] 1219 EAfe} ol ARIzte] WA ZA Riekol 24 SR HSlol A el AN o
Y2 £go] 2 Ao Heker)

SPAIg 1 Q1o ARg St ofm| A X2 I3e -5k 92 o] 23 Rl 2 QAR AL, B Eoolit 17
A2 S40) O 2 Q1457 = S, ofefet 9ol B A TAlolA) Ui AT} ciEsRA Zchet AA) W
#3}0] 2}o| £ Fol= jo] B 20 R Holr wek 2 AolA AEE AmESo} ARloA Ale] zjo]
2.2 Ak} ] 2ol A-g k) HEFFAR S0l We gt gict oS S, wofelzo) e A
7} Q= 22 71 5912k T 78 o} W Findanza et al, 2016), T2 1L AAE AR AR} Qs
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