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Abstract were decreased by 29-36% and 65-82%, respectively, and
those of 0.0025PC were not significantly different. N up-
take of Z. matrella after applying PC was decreased by
28.9-77.8% than that of non-treatment. Inhibition effects
of PC treatment in Z. matrella were not significantly dif-

BACKGROUND: Prohexadione-calcium (PC) is a plant
growth regulator of cyclohexanedione family acting on
inhibiting gibberellin biosynthesis and has been used to

regulate shoot elongation of turfgrass in the golf course ferent from those of control

CONCLUSION(S): These results indicated that the appli-
cation of prohexadione calcium-inhibited shoot elonga-
tion, clipping yield and N uptake amount in Z. matrella,

during the summer season. This study was conducted to
investigate the effects of PC on the inhibition of shoot
elongation, growth, and nitrogen uptake in Zoysia
matrella.

METHODS AND RESULTS: Treatments were as fol-
lows; non-treatment, control (TE 0.01 a.i. g/mz/ 100 mL),

0.0025PC (PC 0.0025 a.i. g/m%100 mL), 0.005PC (PC Key words: Clipping yield, Nitrogen uptake, Prohexadione-

0.005 a.i. g/m%100 mL), 0.01PC (PC 0.01 a.i. g/m*/100 calcium (PC), Shoot elongation, Zoysia matrella
mL) and 0.02PC (PC 0.02 a.i. g/m*/100 mL). Visual qual-

ity and chlorophyll content were not significantly diffe-
rent. As compared to non-treatment, shoot length and
clipping yield in 0.005PC, 0.01PC and 0.02PC treatments

and trinexapac-ethyl could be replaced with prohex-
adione-calcium in turfgrass management.
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o] & e3eH5].

=32 2] Aol S 28-S flal AREshe tiaEE
Q1 AGZAI= trinexapac-ethyl (TE)|t}h. TEx= AW

AINE Ak ATGAZA 2o A% JAE
ol a7lel A Ak WAska dre] 4
Aak7] 8l ARgEll $heH2, 5-8]. #<telli= prohexadione-
calcium (PC)°| ] #E|¢ AIAAZ 55531, TES}
iR AujE S-S 9AISR= cyclohexanedione ]
Az Ao Th9].

AR PC= AollzE Auells F=2 o]&atar ek Ak
(Malus domestica)*|Xi= PC A& Al A1x9] A7t A4S
ojAlsta, Aol FuiE, A FHe HAARITH10].
w3t A2l(Prunus domestica)olA+= 24
719[11], EEW(Trifolium repens)ﬂ]HL A A4 w3t
= yepiim[12], 9k A 2 SR 5 oherd A=
A 28E A8l ARgskaL QlH13-15]. ]ﬂ*’ﬂc R !
ARl PCE ] Auljel] o] &sld & A% o] HAlth

S35 3 (Zoysia japonica)oll PCE A 2]aH3l
< o, 99 8%, 9% U dEF Fol st A oA
29 veRiola, Fedolrt Sukslelth1e, 17]. A28
H*E:LEH*(Agrosﬁs palustris)°] PCE AHzlslqls o z+
o #49] Wgh 9 ofsf= WA ko, 2o Aol
AR EF 5ol AAEHAI[18], Hielot TX(Paspalu
notatum)= AFF-9 A1 oA 9 A oA 5IE e
ym[19], oli= TES fAksE 548 R Ic18-19]. =] #
2 Al PCE AHEE 9 AREF7] 5 ] Fipell whet xjo]
= HERATH9, 17].

w3 (Zoysia matrella)w 7kt ol &b ] EA
=4el] nlal] Al WAL Ao} YfFo] Fa1, Jr] Wt
Fom, ©gel &gt gkl A, 5H FH3prt wEn, i

FA4o] 93t 20, 21]. R WA R o549
Ago] FuE7] wiie] ] s 2T % AN 2-&
A dlfof she MAZEO] 011%1 T EY 7 dHSH
EZE FAdste] Wl H‘*M Al 1 54 ld_ st A%
ZAAE o] &3t I AS 4 AFvF asi1]. =3
Az A L] Al Al A ”‘g*—fﬂr F4 fFAE S8 A
7} o]Fo] 1Ei ﬂﬁ A 55 Bk fEiME 3
A Ul ok el digk APt Faste18]. ukehA] &

e = JE](Z matrella)"ﬂ’ﬂ AEGA PCO| Ao m
A% oA 53k 9l R FE ARG

ERTET

1A| M=

BT drdign feldela 2021 39HE 57
4 et FAHA, A )= 2018\ HE oF 213 %
2 24 NN FHUNZ matrella; 55 ‘M45)
HAFZRE] Frofito} ALg8tolet. Aol ARg-sh EQF
& X 3| (United State Golf Association; USGA)

o] A Age 47 %E b= RIS AER o] 83}
AL, ] B 8 S E(N-P0s-K,0=21-17-17,
Namhae Chemical Co., Ltd., Yeosu, Korea)E ©] £33
ot FAl oHAlE ElUAlgeld  w|EA|(trinexapac-ethyl
26.6%; TE, Syngenta Co. Ltd., Seoul, Korea)$} =3
A2+ A3 3kAl(prohexadione-calcium 20.0%; PC,
Jahngryu Industries Co., Ltd., Cheongju, Korea)E ©]&
&t

= 2|

NEE EPIZAE £ @2 ¥4 ZAE AlY
JE(diameter 18 cm, depth 15 cm)°ll Z%Igt &
& o]&3ato] 4zt B EH - ARESRITh HAFENH
Sk 3T ““Z‘}(—H/ﬂ 3 cm)E E7E(diameter 10.8
em)E o]gsto] Adt & AJdE EEe] 2021 3¢E 259

of o]2j&f3itt. o2€ )= Eoﬂ/ﬂ S Q=S ¢
ZlaiglaL, Al Al 348 279, o4 F 339 ) 30

mm £°|Z A5, —.ULH]E 14.3 g/mZ(SNalg/mZ)
£ 1L xgel 3Aso] olzds AN ¥ 13] 85 A

HJsklth

AT PC Az 9 34 o] wel AARGAE
A eHA] 22 A8 7HNon-treatment), tZTcontrol;
TE 0.01 ai. g/m?/100mL), PCH& 1 (0.0025PC; PC
0.0025 ai. g/m?/100mL), PCHe]7 2 (0.005PC; PC
0.005 ai. g/m*/100mL), PCA&]5" 3 (0.01PC; PC 0.01
ai. g/m?/100mL) ¥ PC H2]7* 4 (0.02PC; PC 0.02 a.i.
g/m*/100mL)= Agstict. A= shddoiAy 3
RHT o 7 wiA|sklt) g9l PCE TESY Aele %
EZ A3kl g4 100 mL/m*E Fild 45 7]
(Trigger sprayer 700, Apollo Industrial Co., Ltd.,
Siheung, Korea)E ©|-83to] o]4 $ 34 A} (4¢
) A sigivh Ald 713k 9k mOHT’C 8] ‘3%
o]. /\szﬂ ul /\L_‘,—le-]]__ X}E]o]—l] oLoLq_

ZAHLHE T AEH 24

) A AR AT A S, 24, A58 3%
gl oA E2 ZARSIITE 7HAA] 542 National Turfgrass
Evaluation Program (NTEP)eIA #|AJgt ®e] Fafo]
ZAFSFITH1=worst, 9=best, 12|l 6=acceptable). 7|
o 2L AE olgst] B HHoRFE A1 HolE
2gekick WA B 9 2R APRAA AEad
49) 33}, AR 2E 0] 79)
W02 53 ZARSI,

Aol FE¥ 59 18%0] 30 mm #O|E 70% ol
25 71915 olgste] AT ¥ Gua R A oA
gl ofgfje} o] 7} ] AEA| BAS AAESih &
o] g4 g I E(EET 0.1 g)E 95% ethanol
(10 mL)& F% S7E YA(-4°C)olA 48717+ FE3to]
UV-spectrophotometer (Genesys 2PC, Spectronic Unicam,

282, °14 % 3

ﬂl{ﬂl—
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oot 0 0% G5E s B 954 f:a%% A
AegeH22].

Chlorophyll a=13.36 A(,64 - 5-19A648
Chlor Ophyll b= 27-45A648 - 8.12A664
Total Chlorophyll (a+b) =5.24A4us +22.24Aces

ZH] AR B2 AHE A RS 70°C A Z7](VS-1203P)-
300, Vision Scientific Co., Ltd., Daejeon, Korea)oll*] 24
AP Az $ AEFS S dEsE 5 @ §
AR Bt AT oo 68 DA ol W AES B
Aqaiginh Ar) ABA BAE ks AN Fajo
ANEAT[23], daE Kjeldahl THHCE, & UV-
spectrophotometer& ©]-8sto] vhp-iejHdlibios 7
2 9%357(flame photometer; PFP7, JENWAY,
Staffordshire, UK)Z o]g3lo] dxZFEYH o7 HAs}
Atk FEe Fre dueed A B4 A3E olgste] of

o) 433} o] ZAksteITH24].

r_{

T/ m) = AEFHg/ ) x T] F P HU%)

M

EAEN

EAA 8= SPSS (ver. 12.1, IBM, New York, USA)Z
o] &3te] Tukey A4S &3l A7 3t Bats, Sl
sAEAS Bl FEG WS AAssith

491 49 289 7H1E A 24PN 4 A FES
FAAOE F1291 Aol LIEhRA o} Al AT
tHTable 1). #4279 #lwd 1), )7 27AH64 1

)¢l 3TAH5E 18Y)ell 7HA1A F4o] st ot 1574
o} 45 aboll = FAACE FZQI 2polE YERYA] 9ttt
PC A TS ZolA 0.0025PC, 0.005PC 2 0.01PC A2+
AL 713 B BAF R 4] AolE YERhA] &

1, 002PC A2l T 3574 A5 18%)elA A4
Aol Fastglont B A7l SARE felHel Aol
2 vhehiA) shsieh AIE 71 B9k 24k A R
A9 BRGOE B W, BAZCE o152 HolF 1}

ﬁ

A ok PCO| A2 w9k A A7 Aol glovt
AR RA Al uke 2] 49 A vvsigic A
E7] 5518 (Poa pratensis)°ll TE (0.01 ai. g/m?/100
mL)xirﬂ Al 2710l F4o] sk Ol?f— 3155 %1a125],
CE Ag A8 WEIH R oFAAE F5=(PC
0.005-0.02 ai. g/m?/100mL)°] e} %‘Magi ) #
o] zhasto[18] & A7) Ao} Ak AES VERY
th Cho et alf6] #E7] BFTei20l TES A2sislS
w, AgAL] A A7) 9 ] A Aol whet 1w
3P} o2 Yehge, dad oz Fo] fhas|k kx|t
A7) Zstel whet ) EEvka Hagh vp glok
AFZAA Aol whs 53T 454 9 WEE £
AFsISItTable 2). H54 a, U454 b 4 T4 TF
& 747} 1,552-1,771 uglg, 767-1,097 uglg, 2,319-2,730
ug/gel WS Uepilla, AFAA S5 9 Aol wet
AR FoAQl Aol 5 vEhfA] ASiTh TES] A2 &
A7) EFEelA 329 o) AHEUE o TE AP
H SA o] ale7h vebdtha delA glont 2 A
T 28%0l A AAES FASGY] witel AaE gt
7] ol it vtk 329 A ojdells Akl whe AolE
LFERA] ok} 2 -] 54 g Wskel Ak 5A4E
Heh)7] % SHSIeH8]. # A+ A¥ Aol PC 0.02 ai. g/m?*/
100mL ‘558 PCSF 22 AeiAlAl Aeje] Aol 21t
tle] 7pA F43 54 Fls FAAQ 9] sl

A0 2 YERSIT

Table 1. Visual quality of Z. matrella in the pot after application of prohexadione-calcium

Investigated date

Treatment *

Apr 28 May 4 May 11 May 18 May 25 Mean

(Before ) (IWAT") (2WAT) (3WAT) (4WAT)
Non-treatment 7.07a% 7.10ab 7.13a 7.23a 7.33a 7.17a
Control 7.07a 7.13ab 6.90b 6.97b 7.23a 7.06a
0.0025PC 7.10a 7.17a 7.03ab 7.23a 7.50a 7.21a
0.005PC 7.07a 7.00b 7.10ab 7.27a 7.40a 7.17a
0.01PC 7.10a 7.07ab 7.03ab 7.20ab 7.37a 7.15a
0.02PC 7.10a 7.07ab 6.93ab 6.97b 7.23a 7.06a

a) Treatments were as follows; Non-treatment, Control [trinexapac-ethyl (TE) 0.01 a.i. g/m?/100mL], 0.0025PC
[prohexadione-calcium (PC) 0.0025 a.i. g/m?*/100mL], 0.005PC (PC 0.005 a.i. g/m*/100mL], 0.01PC (PC 0.01 a.i.
g/m?/100mL) and 0.02PC (PC 0.02 ai. g/m*/100mL). TE and PCs were applied on April 28 in 2021.

b, ¢) 'before’ and ‘WAT’ mean before treatment and week after treatment of prohexadione-calcium, respectively.

d) Means with the same letters within the column are not significantly different by Tukey’s test at p < 0.05 level.
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Table 2. Chlorophyll content of Z matrella in the pot after application of prohexadione-calcium

Chlorophyll content (ug/g in the fresh weight)

Treatment
Chlorophyll a

Chlorophyll b Chlorophyll a+b

Non-treatment 1,552a”
Control 1,771a
0.0025PC 1,712a
0.005PC 1,850a
0.01PC 1,711a
0.02PC 1,696a

767a 2,319a
959a 2,730a
925a 2,637a
1,097a 2,947a
929a 2,640a
984a 2,680a

a) Treatments were as follows; Non-treatment, Control [trinexapac-ethyl (TE) 0.01 a.i. g/m?/100mL], 0.0025PC
[prohexadione-calcium (PC) 0.0025 ai. g/m?*/100mL], 0.005PC (PC 0.005 a.i. g/m?/100mL], 0.01PC (PC 0.01 a.i.
g/m?/100mL) and 0.02PC (PC 0.02 a.i. g/m?/100mL). TE and PCs were applied on April 28 in 2021.

b) Means with the same letters within the column are not significantly different by Tukey’s test at p < 0.05 level.
The chlorophyll content of turfgrass leaves for each treatment in triplicates was analyzed.

Z) 249 Migts 2Aketo] YA A A5 o
Al AEE AT Table 3). A3 & T]o] 27442 40.5-
42.0 em® FAREO] TAACE FoARl ApolE HERYA]
o} PC Az & =49 Wgs Akeb]el 238tk A
AZAA A F 252} ZARIA thETF, 0.005PC, 0.01 PC
2 0.02PC A9 242 FAETE 9.6-158% A%
Fadtdan, 3FAke} 4 el e AR AA A el A
V2t 12.7-28.7% %} 20.7-40.7% A% AE ek ol2igk 4
v 5/ (Zoysia japonica)o|lXl PC 2] $ 46-50% 7
T ZAastafi16], I8 WETH A 34-56% FE A
SeH18]= A3 A AR fARE s UERlth o]
= PC7} TES} 22 cyclohexandionel] 727 Al |4
A AT T GApolH GA 07 A= 3gS oA
slo] Ak AQ NS oAl wiEo R deA ITHIl.

A8 F5 AZIETRDel BdgA S5 S e] A
A AEE vlad d¥, izt 2 ATt BT TR

oY Y

N

=)

o} diulato] oA ow A oA avkE veRich 0.0025
PC He]elr 29 242 tz Rt do] PC A2
of ogt A oAl &¥rt weront, 0.005PC, 0.01PC ¥
0.02PC A= 79 SAFoZ Fo49l zpolE v
ERpA] gdghe) Rt el PC A Al T2 Tek Ak A
§ oA 535 vehy] S8k PC 0.005 ad. g/m?/
100mL ©]%, vFAE= PC 0.01 ad. g/m?/100mL ©]
e Aglstolof 3 & ASITh A oA Az
A Aol W A A ayhs 13 2|7} ofde
2-33] A% AHAE Al gt SR E[19] 5 2
ATE Bl AT AR W ARETY] ARl digk AP
F Q3FITHIL.

AE T8 3 A AEFS UEFTOE A o, 16.6-
89.6 g/m*2] WIZ AN AUTHFig. 1). FAel7-¢h vl et
o, BAZGA A 47 A F AP NETHAG] oA
52 YE, 0.005PC, 0.01PC 9 0.02PC A&]olA 21z}

Table 3. Plant length of creeping bentgrass in the pot after application prohexadione-calcium

Plant length (mm)

Treatment * Apr 28 May 4 May 11 May 18 May 25
(Before ) (IWAT") (2WAT) (BWAT) (4WAT)
Control 40.5a 43.5a 47.5a 60.2a 72.9a
TE 41.2a 39.8a 40.0c 43.3¢c 43.2¢
0.0025PC 41.3a 41.2a 45.8ab 52.5b 57.8b
0.005PC 41.8a 41.3a 42 .9bc 46.6bc 51.2bc
0.01PC 42.0a 41.4a 42 .6bc 44.7c 51.7bc
0.02PC 41.9a 41.0a 42.1c 42.9c 44.9¢c

a) Treatments were as follows; Non-treatment, Control [trinexapac-ethyl (TE) 0.01 ai. g/m?/100mL], 0.0025PC
[prohexadione-calcium (PC) 0.0025 a.i. g/m?/100mL], 0.005PC (PC 0.005 a.i. g/m?/100mL], 0.01PC (PC 0.01 a.i.
g/m?/100mL) and 0.02PC (PC 0.02 a.i. g/m?/100mL). TE and PCs were applied on April 28 in 2021.

b, ¢) ‘before’ and “‘WAT" mean before treatment and week after treatment of prohexadione-calcium, respectively.

d) Means with the same letters within the column are not significantly different by Tukey’s test at p < 0.05 level.
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Fig 1. Clipping yield of Z. matrella in the pot after appli-
cation prohexadione-calcium.
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Treatment

Treatments were as follows; Non-treatment, Control
[trinexapac-ethyl (TE) 0.01 a.i. g/m?/100 mL], 0.0025PC
[prohexadione-calcium (PC) 0.0025 a.i. g/ m?/100 mL],
0.005PC (PC 0.005 a.i. g/m?/100 mL], 0.01PC (PC 0.01 a.i.
g/m?/100 mL) and 0.02PC (PC 0.02 ai. g/m?/100 mL).
TE and PCs were applied on April 28 in 2021 and the
clipping yield of PC treatments was sampled on May 25
in the same year. Error bars indicate standard deviation
and different letters indicating significant differenceat p <
0.05 level according to Tukey’s test.

75.8%, 65.4%, 47.4%, 81.5%% 7FAs8k%111, 0.0025PC A2
T FARCE ARl AfolE YERiA] gtk AlE F
B 3 AzAAE Y AgRAE vlmeld diZzTek 0.005
PC, 0.01PC ¥ 0.02PC AH|7= SAIASE o)Al Ao
E YRR estth PCe] Al x| EZe] A el
A H9) 2 (r=-0.5892"*, p< 0.01)= ERACE A% o
AA PCE Al Al Extrel A2 WME T % A
g Fo] ABTAE vehdthy A Qlef & Ao 4
e} AR A FelsiGith1e, 18]. ol TEE A2e
A8 HETHAS 7] EFIUANE FARE A3

= s 7SS4, 25].
A A Al ] Aol AlEE Zlo] A5
AE onleh=s A ohdH, Al A7]7F ZopAlE Ao
gl glom, ol aedh AHd o wErh asiis,
26-28]. o5 ldiM A AAA M7 F At e
o e ©e WAY Fede ARt
(Table 4). 2] ol 24 & A2, Q1 ¥l ZFe] 2 747}
1.26-2.18%, 0.09- 0.21%, 0.06-0.78% % e
F el FA Ry Sk, PC A2 54
27k SAA o Fo4l AolE vEhiA sttt 1
w, PC A9 it 3 ZHg e A S8
2 FoARl Aol S WERIA] St A1E 713E E)t 53
o Az, ]l Bl 2Ee A Y SR 27 049-1.41
g/m?, 0.02-0.19 g/m? 0.11-0.66 g/m?2] H$E YERIT
ATl v o, tiz=7, 0.005PC 2 0.02PC A2l
oA Ax FFE 217 56.2%, 56.7%, 77.8%4, A F5
F 717} 88.9%, 77.3%, 88.0%%, 1B\ TEH SR
79.0%, 65%, 83% Faxet3itt. olx= A A Aol <
g o] BAgge] AlEe] Sedd A Eo] A
7] Wio® FethFig. 1). 3294 A
AT R FF Has

2

Az g

[e]
= oL =
7 GlonE FF B F5Y 9 o145 neld A4 AN
goll thet A77F Bogh 207 et W) ANEE F
B W, PCY A A ] A oA L 2] o
A8 a SO AT R FrYol PaHE 2 3
Ql & 4= SM9laL TES thilste] R de) Al gzl =

Note

The authors declare no conflict of interest.

Table 4. Nutrient content and uptake in leaves and stems of Z matrella in the pot after application of prohexadione-

calcium

Nutrient content (%)

Nutrient uptake (g/m?)

Treatment

N P K N P K

Control 1.26b" 0.21a 0.73a 1.12ab 0.19a 0.66a
TE 2.18a 0.09a 0.60a 0.49¢ 0.02b 0.14b
0.0025PC 1.80ab 0.22a 0.71a 1.41a 0.17a 0.56a
0.005PC 1.58ab 0.14a 0.78a 0.48¢ 0.04b 0.23b
0.01PC 1.73ab 0.18a 0.70a 0.79bc 0.09ab 0.29b
0.02PC 1.56ab 0.10a 0.71a 0.25¢ 0.02b 0.11b

a) Treatments were as follows; Non-treatment, Control [trinexapac-ethyl (TE) 0.01 a.i. g/m?/100mL], 0.0025PC
[prohexadione-calcium (PC) 0.0025 a.i. g/m?*/100mL], 0.005PC (PC 0.005 a.i. g/m*/100mL], 0.01PC (PC 0.01 a.i.
g/m?/100mL) and 0.02PC (PC 0.02 ai. g/m*/100mL). TE and PCs were applied on April 28 in 2021.

b) Means with the same letters within the column are not significantly different by Tukey’s test at p < 0.05 level.
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