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Abstract

In South Korea, zoysiagrass is dormant from late fall to early spring, potentially reducing user
satisfaction due to turfgrass fields with brown leaves. Spraying colorants before and after
dormancy can increase user satisfaction by keeping the turfgrass green. This study studied

'.) colorant and surfactant concentration and spray timing with Zoysia japonica and Z. matrella
Clenkin fields. Colorant with surfactant yielded a richer green value when applied to green or low
updates

angled leaves than to brown or high angled leaves. Colorant treated plants showed a high
initial green color value when natural leaf color of Z. japonica and Z. matrella was darker

6 OPENACCESS green at the time of spraying or when the spraying number was high. The green color value

*Corresponding Author: then continuously decreases until the spring of the following year. In both Z. japonica and
122)1%22'_3%%11%}1%%61 Z. matrella fields in Yangju and Hoengseong, colorant- treated plots’green color returned
E-mail) changsw802@hanmail.net faster than that of untreated-plots. Z. japonica plants greened faster than Z. matrella plants

in untreated plots. When surfactant was added at a 500-fold dilution, the colorant treatments
yields higher green color values for both species in the early stage after spraying than 1,000~
fold diluted surfactant. However, the difference in green color values between 500 and 1,000~
fold diluted surfactant-treated plots tended to decrease over time. In conclusion, our findings
indicate that to maintain the vibrant green color of colorant-treated Z. japonica and Z.
(© 2024 The Korean Society of Weed matrella fields, spraying in September, when the leaves are darker, produces superior results
Science and The Turfgrass Society of compared to October. Additionally, two applications are more effective than a single spray.
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Table 1. Green color value and degree of uniform distribution of the colorant liquid according to the leaf angle
and degree of aging of Z. japonica leaves after spraying the colorant.

Leaf angle (°) " Green color value Degree of uniform
gl Leaf color Treatment Green color value increase rate distribu E{) 1 of colorant (1~3)"
0 Brown No colorant 3.1 - -
Colorant with 26.8 8.6 2.3
no surfactant
Colorant with 52.3 16.9 3.0
surfactant
Green No colorant 20.6 - -
Colorant with 34.1 1.7 1.7
no surfactant
Colorant with 44.8 2.2 2.3
surfactant
25 Brown No colorant 2.3 - -
Colorant with 10.2 4.4 2.7
no surfactant
Colorant with 13.7 6.0 3.0
surfactant
Green No colorant 21.0 - -
Colorant with 23.7 11 1.7
no surfactant
Colorant with 28.0 1.3 3.0
surfactant
LSD-0.05-* 2.5 - 0.6

W Green color value was measured with Chlorophyll Meter (SPAD-502 Plus, Konica Minolta Inc., Osaka, Japan). x Green color
value increase rate was calculated by dividing the green color value of the leaves treated with colorant by the green color value
of the leaves untreated. y It was determined by the number of more than 3 mm size dot visible on the entire leaf treated with
the colorant excluding 1 cm each from the top and bottom. 1: more than 5 dot, 2 : 1 or more but 4 dot or less, 3: The colorant
spreads well, leaving no 3 mm size dot. z LSDO0.05 = least significant difference.
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Fig. 1. Colorant untreated brown (A) and green (B) leaves of Zoysia japonica plants. Colorant treated brown
(C) and green (D) leaves of Z. japonica plants. Colorant that were not evenly spread on a green leaf (d). Z.
japonica (E) and Z. matrella (F) fields for colorant and surfactant studies.
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Table 2. Analysis of variance for green color value and degree of uniform distribution of the colorant liquid

according to the leaf angle and degree of aging of Z. japonica leaves after spraying the colorant.

Source of variation df Mean square F-value P-value
Green color value

Replication 2 1.6 0.8 0.4791
Leaf angle (LA) 1 1,715.3 800.9 <0.0001
Leaf color (LC) 1 1,018.7 475.6 <0.0001
Treatment (TR) 2 1,579.9 737.7 <0.0001
LAXxLC 1 214.6 100.2 <0.0001
LAxTR 2 569.5 265.9 <0.0001
LCxTR 2 163.3 76.2 <0.0001
LAxLCxTR 2 86.7 40.5 <0.0001
Error 22 471 - -
Degree of uniform distribution of colorant liquid

Replication 2 04 3.0 0.0681
Leaf angle (LA) 1 0.3 21 0.1608
Leaf color (LC) 1 14 11.5 0.0027
Treatment (TR) 2 25.9 217.9 <.0001
LAXLC 1 0.03 0.2 0.6333
LAxTR 2 0.08 0.7 0.5063
LCxTR 2 0.5 4.5 0.0239
LAxLCxTR 2 0.2 1.6 0.2171
Error 22 0.1 - -

xdf: Degree of freedom.

Table 3. Monthly green color value in Z. japonica and Z. matrella fields according to the colorant spraying

concentration and timing at Yangju.

2021 2022

Colorant spray time (dilution ratio)

Oct. 30 Nov. 27 Dec. 31 Jan. 28 Feb. 28 Mar. 26

Z. japonica field

Sept.20 (100 x) 239.3bx,y 111.7b 81.7b 76.7b 71.7¢ 70.7b
Oct. 16 100 x) 194.7¢ 81.7¢c 68.7¢c 67.0bc 61.3d 60.3c
Sept.20 (100 x) + Oct. 16(125 x) 253.0a 114.0ab 92.3a 92.0a 83.3b 82.7a
Sept.20 (125 x) + Oct. 16(100 x) 251.0a 122.7a 97.3a 92.0a 87.3a 86.7a
No colorant 201.0c 91.0c 76.0bc 62.3C 61.7d 58.7¢
7. matrella field

Sept.20 (100 x) 229.0ax,y 98.7b 82.3b 80.3b 74.3b 71.3b
Oct. 16 100 x) 193.7b 80.7¢ 73.0bc 68.7c 65.0c 63.0c
Sept.20 (100 x) + Oct. 16(125 x) 250.7a 110.3a 101.0a 92.0a 90.0a 86.3a
Sept.20 (125 x) + Oct. 16(100 x) 229.3a 111.7a 101.0a 90.7a 90.3a 89.0a
No colorant 180.0b 81.7¢c 70.0c 67.0c 65.0c 63.3c

* Green color value was measured with Chlorophyll Meter (CM 1000 Item #2950, Spectrum™ Technologies, Inc., Plainfield,
USA) according to Lee et al. (2020). ¥ Different letters in each row indicate significant difference by Duncan’s multiple range

test (a=0.05).
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Table 4. Weather condition from fall 2021 to spring 2022 at Hoengseong and Yangju

. 2021 2022
Location Weather factor Sep. Oct. Nov. Dec. Jan. Feb. Mar.  Aprii  May
Hoengseong* Min. Temp. (°C)Y 17.0 10.0 2.7 4.2 74 6.3 22 7.8 11.9
Rainfall days (days) 8 1 6 4 3 3 7 5 4
Precipitation (mm) 183.5 45.6 55.9 4.9 0.8 6.8 71.6 51.7 11.0
Yangju Min. Temp. (°C) 16.2 8.5 1.0 -6.1 -9.7 -8.5 0.6 6.9 10.4
Rainfall days (days) 8 14 7 8 6 4 10 5 5
Precipitation (mm) 100.6 71.2 51.6 8.3 6.5 7.1 91.0 17.8 16.4
* Hoengseong and Yangju weather data are from Wonju weather Station Dongducheon weather station, respectively.
¥ Min. Temp.: Minimum temperature.
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Table 5. Green up rate in Z. japonica and Z. matrella fields according to the colorant spraying concentration and

timing in 2022 at Yangju.

. - . Z. japonica field Z. matrella field
Colorant spray time (dilution ratio) Apr. 23 Moy 6 Apr. 23 Ny 6
Sept.20 (100 x) 65.0b%Y 91.7b 16.7ab 33.3b
Oct. 16 (100 x) 53.3¢ 90.0b 11.0bc 33.3b
Sept.20 (100 x) + Oct. 16(125 x) 80.0a 100.0a 21.7a 51.7ass
Sept.20 (125 x) + Oct. 16(100 x) 80.0a 100.0a 20.0ab 50.0a
No colorant 56.7¢ 81.7¢ 3.7¢c 23.3b

* Green up rate was measured with Image ] program (version 1.52a, National Institutes of Health, Bethesda, USA) according to

Chang (2020). ¥ Different letters in each row indicate significant difference by Duncan’s multiple range test (a=0.05).
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A7) A 12 ZALZE O] 27k ZAH ) 2 E0 8 ol = %S Tt o]2] Aite] 191 Tuble 4014 Lt
Epch vk} 2ro] Alglo] WaiE 4 X|olA] 9-119 B2k 7] 2% 714k 21712 3 ot L= 119 132)0]

Sh2 Wiz 1 7)7F 2o ZHe 71 2 olg &2 A skt 9
A 18] 2]2] BEh= 28] 227, 28] M2l Loflals A

E AR BHYo] IS 03] GhEoE Bl
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Table 6. Monthly green color value in Z. japonica and Z. matrella fields according to the spraying time and
frequency of colorant at two different concentrations in Hoengseong.

Colorant spray time 2021 2022

(surfactant dilution ratio) Oct. 28 Nov. 24 Dec. 24 Jan. 23 Feb. 21 Mar. 28
Z. japonica field

Sep. 14 (1,000 x) 173.7b%¥ 96.3b 84.3b 83.0b 82.0b 70.0b
Sep. 14 (500 x) 173.7b 101.3ab 85.7b 84.7b 82.3b 72.0b
Sep. 14 + Oct. 12 (1,000 x) 185.0b 114.0a 97.7a 92.3a 91.7a 82.0a
Sep. 14 + Oct. 12 (500 x) 212.3a 113.3a 100.7a 94.3a 93.7a 85.3a
No colorant 133.0c 78.0c 69.3c 66.3¢ 65.7¢ 55.3c
Z. matrella field

Sep. 14 (1,000 x) 155.3¢*Y 98.7b 80.0b 80.0c 77.7b 62.3b
Sep. 14 (500 x) 167.7b 99.7b 81.7b 79.3¢c 77.7b 61.3b
Sep. 14 + Oct. 12 (1,000 x) 182.7a 123.7a 100.3a 92.0b 91.3a 76.7a
Sep. 14 + Oct. 12 (500 x) 191.0a 118.3a 99.3a 98.0a 94.0a 75.0a
No colorant 136.0d 838.0c 68.3¢C 67.7d 65.3¢ 53.3¢c

* Green color value was measured with Chlorophyll Meter (CM 1000 Item #2950, Spectrum™ Technologies, Inc.,
Plainfield, USA) according to Lee et al. (2020). ¥ Different letters in each row indicate significant difference by Duncan’s
multiple range test (¢=0.05).
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7H SR R FA = 33 ZAMA 7] Q) 128 SRERE] 2|F ZAF A7IA] 1F 2AFgEO] oF 50% FEOE A E
7 B A2 ez Yokl of=igh Auke 53t Bl S7t Aol M2 A7 FES vl A 26l ez ST
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olf= 712 stto R QIet AE4 vh, A2 A 22 0] &4, 9 o€ Soll sl o EHat 22 & 2 of A&
ARl sjolut g2t 5ol A-85H] W2 & A HTHLim etal,, 2007).
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© 2R S] S 2] F Sl ol weh thEA R, 2AAIE A 2Rt I SAZIRE F AdRe] nA &4 =
G ol Y] 2= 45 Gtz QoA 2 o] WekA] 7] whgol =47]7ko] ZojA] a7} Ik Hal(Long, 2006;
Reynolds et al., 2013; Taiz and Zeiger, 2010)2} 222 74 &Fo| lth. T AE-2 24| 13] A 2| B} 23] 2], A 2A| visFe
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Table 7. Green up rate in Z. japonica and Z. matrella fields according to the spraying time and frequency of
colorant at two different concentrations in Hoengseong.

Colorant spray time (surfactant dilution ratio) Z. japonica field Z. matrella field

Apr. 20 Apr. 27 Apr. 20 Apr. 27
Sep. 14 (1,000 x) 68.3b*¥ 83.3b 45.0c 58.3d
Sep. 14 (500 x) 73.3b 85.0b 53.3b 68.3¢
Sep. 14 + Oct. 12 (1,000 x) 8l.7a 91.7a 56.7ab 76.7b
Sep. 14 + Oct. 12 (500 x) 83.3a 93.3a 6l.7a 85.0a
No colorant 50.0c 65.0c 38.3c 43.3e

* Green up rate was measured with Image J program (version 1.52a, National Institutes of Health, Bethesda, USA) according to
Chang. (2020). ¥ Different letters in each row indicate significant difference by Duncan’s multiple range test (a=0.05).
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