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The use of integrated turfgrass management for environmental enhancement in
golf course

[ Abstract] The number of golf courses in the world is growing and now exceeds

25,000. There are at least 82 golf courses running in Taiwan. This involves a
considerable amount of open space and potential habitat due to the average of 18-hole
golf course in Taiwan covers more than 50 hectares of land. Potential environmental
problems associated with golf course construction and turfgrass management include
loss of habitat and wildlife species, water conservation, chemical contamination of
soil and water resources, etc. The goal of integrated turfgrass management (ITM)
program is to keep pest populations or damage at a tolerable level. The keystone of a
turfgrass ITM program is frequent, careful monitoring of pest activity, including
suitable turfgrass seclection, cultural practices, scouting and monitoring, pesticide use,
and record keeping, etc.. In this paper, we presented design principals for applying
landscape ecological design to retain and restore biodiversity in golf course, and
introduced ITM system to decrease the possible contamination of soil and water
sources from the usage of pesticides and fertilizers. However, we hope this research
will be of value in guiding advisors in government and planners of superintendent in
golf course at the science of landscape ecology and how it can help them.

[Keywords] golf courses, biodiversity, and sustainable landscape, ITM
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Acclaim --* 15-45 2 @** | 0.34-1 2 & Fenoxaprop  |AgrEvo
I-EC

Daconate |7 zimhfpg4n | 44-88 2 7 122 ¢ MSMA ISK-Bi

6-L otech

Illoxan - 32.6-43.5 # | 0.75-1 2 # | Diclofop-methyl |AgrEvo
3-EC

Methar 30 -- 1.1-3.6 4r i5 [3.2-10.7 2 & DSMA Cleary's
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MSMA 6-L| 7 Ampep | 2.5-5 %% 1227 MSMA Turfgo
MSMA |7 L fg4p 44 2 & 127 MSMA Lesco,
6.6-L Turfgo
Prograss -- 0.66-133 e i&| 2-43% 7 Ethofumesate |AgrEvo
1.5-EC
Trimec - 1-1.67 4 i5 352 & MSMA, 2,4-D, PBI
Plus MCPP, Dicamba |Gordon
2.9-EC
FoEN AT
HRERA Y 2R E
23X THAMESE R E- T
Ambfp| P2t | Foawesr | Ao T3 w e dd L EAD: 3N
g o35 * g
4 8427 F |8.7-174 57(64-12.8 2 & Mancozeb Lesco
Flowable
Mancozeb
4-F
3336 7 %% | 275275 % | 1-10 2 @ |Thiophanate-methyl| Cleary's
4.5-F 4 3%,
3336 v SR 2.75-22 FF 1-8 2 ¥ | Thiophanate-methyl| Cleary's
50-WP/W 4
SP
Accost -~ 33-260 #5 0.75-6 3 Triadmefon Turfgo
-G
Aliette wEE 1092188 | 483 7 Fosetyl Chipco
Banner 54 [1.4-109 Z5%| 054 2 @ Propiconazole Ciba
14.3%-EC
Banner I s 1=12 # Propiconazole Ciba
42%-GL
Bane) 6-L| ¥ # 5 |3.6-109 %% | 1.3-4 2 @ Propamocarb AgrEvo
Hydrochloride
Bayleton | = % % | 2.7-10.7 & 1-4 3 & Triadimefon Miles
25-DF
|Captan -- 9-30 & [3.3-113 2 @ Captan Zeneca
50-~5rp
|Chipco s 1-2.7 4 i 3-8 2 & Iprodione Chipco
26019 Flo
2-F
|Chipco & | 2.7-109 B 1-4 27 Iprodione Chipco
26019
50-WP
[Consyst -- 8-21.8 & 4-8 % @ Chlorothalonil + Regal
67-WP Thiophanate-methyl
|Curulan -- 2.7-109 &% | 143 @ Vinclozolin BASL
4.17-F
[Curalan -- 2.7-11.0 # 1-4 3 & Vinclozolin BASL
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50-DF
Daconil T % 2 F | 430 %% 1.5-11 2 & Chlorothalonil ISK-Biotec
2787 P h
4.17-F
Danonil |= % 8 ¥ | 2.2-17.7 & |0.8-16.5 2 #| Chlorothalonil |ISK-Biotec
2787 P h
90-WDG
Defend T EMFE| 1122 415 1-2 5% PCNB Cleary’s
2-F
Dithane | 4487 i 2-4 4vifs 164-128 2 7 Mancozeb Rohm &
4-WF Haas
Dithane | 44272 i | 11-22 & 4-8 % & Mancozeb Rohm &
75-T/O Haas
Duosan -- 8-16 7r 3-6 2 @ | Thiophanate-methyl | O.M Scott
75-WP +
Mancozeb
Duosan -- 8-16 #r 3-6 2 @ | Thiophanate-methyl | O.M Scott
78-WSB +
Mancozeb
FAXZBAMESE Y E- Ti
Aa [P v b Fowsr | E- 1o E | Eefid g | 2ASF
%;_ + Rph §
1% Dursban - [110-200 &  |2.5-4.6 Chlorpyrifos Lesco
-G
2.32 Granular] -- |43.5-174 & |1-4 & Chlorpyrifos Lesco
Insecticide
6.3% Sevin - |95-130 ® 2.2-3.0 & Carbaryl Lesco
Battle 10-WP] -- [4.6-92 2% @ [3-6 5 Lambda- Lesco
Cyhalothrin

Crusade 5-G - 160-80 FF 1.5-1.8 & Fonofos Lesco

Zeneca
Diazinon 500] < 4> |5.4-16.3 5% [2-6 & ¢ Diazonon Lesco
4-EC
Diazinon 5-G| = f1+> |87-130 & 2-3 B Diazonon Lesco

Turfgo
Diazinon < fl4> 3.4-8.2 &5 1.25-3 2 @ |Diazonon Turfgo
50-W
Dursban Turf] & 274 |1-4 % 5%t 0.75-3 # @ |Chlorpyrifos DowElanco
4-EC
Dursban I-G | # #7 4 |70-435 & 1.6-10 7 Chlorpyrifos Turfgo
Dursban 2 & ¥4 |50-200 F 1.25-5 7 Chlorpyrifos Turfgo
Coated
Granules
Dursban #F 21k (43.5-174 7% |14 &% Chlorpyrifos Turfgo
2.32-G
Dursban F ¥k 2-8 % 0.75-3 2 @ |Chlorpyrifos DowEianco
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50-WSP
Dursban Pro | & #7 4 |2-8 % 1.5-6 2 & Chlorpyrifos DowElanco
2-EC
Dylox 6.2-G - |87-130 # 2-3 & Trichlorfon Miles
Dylox 80-SP - 16.8-10.2 & |2.5-3.75 % & |Trichlorfon Miles
Mainstay 2-G]  --  |100-200 &  |2.3-4.6 F¥ Fonofos Lesco
Mavrik 2-F - 5102 @ 0.11-0.23 2 |(ARS, 2R)- Sandoz

2 Fluvalinate
Merit 75-WP - 6427 0.152 @ Imidacloprid Miles
Merit - |47 Imidacloprid Miles
75-WSP
Merit 0.5G - |60 & 1.4 % Imidacloprid Miles
Mocap 10-G - |50 B 1.1 & Ethoprop Chipco
Oftanol 2-F - R4zwm 1.5-3 2 @  |Isofenphos Miles
Oftanol - |65-130 & 1.5-3 % Isofenphos Turfgo
1.5-G
ftanol 5-G T |40 B 0.9 & Isofenphos Miles
Professional..| 14 274> 220 & 5 & Chlorpyrifos MlleS
. Dursban
10.5G
Proxol 80-SP| = # > |4-10.2 7 1.5-3.75 2 @ Trichlorfon Lesco
Scimitar - 146922 7 |3-6 i Lambda- AgrEvo
9.5-WP Cyhalothrin
Scotts Fluid | 4 %41 [2-8 % 5t 1.5-6 2 & Carbaryl Zeneca
Insecticide
3.8-
EC
Scotts M & 56-112 B 2.5-5 & Chlorpyrifos Scotts
Insecticide
111 1.34-
G
Scotts & |75 B 1.7 % Isofenphos Scottss
Insecticide
IV 2-G
Scotts SviFF1 196-130 7 2.2-3.0 & Carbaryl Scotts
Insecticide V
6.3-G
Scotts SviFA1 |87-130 # 2-3 & Trichlorfon Chipco
Insecticide Lesco
V1 6.2-G
Sevin Brand | 4v %41 [2-8 % 5t 1.5-6 2 & Carbaryl Turfgo
SL 4-EC
Sevin 5-G S i |175 B 4 7x Carbarvl Chipco
Sevin 10-G | 4v %41 |87 & 2 B Carbaryl Chipco
Sevin dv %41 2.5-10 BF 1-3.7% & Carbaryl Miles
80-WSP
Tempo 2-EC | 4% % [5.9-8.75 & # |4-6 23k Cyfluthrin Miles
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Tempo Fi® [17-1075 2 [57 Cyfluthrin Ciba

20-WP o

Triumph 4-E - |12 % 0.75-1.5 2 @ Isazofos AgrEvo
Trurcam fFcs [40-120 B2 [0.9-2.8 B Bendiocarb Turfgo
2.5-G

Turcam e (14-548 0523 7 Bendiocarb AgrEvo
76-WP

Turplex - 2127 052 ¢ Azadirachtin Scotts

0.265-EC

White Grub | = # + |87-130 & 2-3 F Trichlorfon Lesco

Insect. 6.2-G

Fo 5.PE {8 A A FLBE A
A5 LR L HEOopEr | H - T3k I R 4 Ao
2 5§ 7
Acclaim [-EC -- 15452 @ | 34-12 7 Fenoxaprop | AgrEvo
Daconate 6-L -- 44-88 & & 122 ¢ MSMA ISK-Biot
ech
Illoxan 3-EC -- 32.6-43.5 2 10.75-1.0 # @ |Diclofop-methyl| AgrEvo
=2
¥
Methar 30 -- 1.1-3.6 *c 5 |3.2-10.7 2 @ DSMA Cleary's
MSMA 6-L | ® Rm i | 2.5-5 5% 1-22 & MSMA Turfgo
MSMA 6.6-L| 7 Aripssp| 442 7 127 MSMA Lesco,
Turfgo
Prograss -- 0.66-1.33 4« 24 % & Ethofumesate | AgrEvo
1.5-EC i~
Trimec Plus - 1-1.67 4v iG 352 @ MSMA, 2,4-D, | PBI
2.9-EC MCPP, Dicamba| Gordon
Fo 5.p0 (8 FEE MR A
Aol P2l |Eowmat| &I g w2 fd £ NS
f 2 -
Three- -- 3-4 & 1.1-1.5 2 & 2,4-D + MCPP + Lesco
Way Dicamba
53%-D
G
Triamin -- 22-4% |08-1.5% @ |2,4-DP + MCPA + MCPP | Riverdale
e II
SO%W
SB
Trimec -- 3 &% 1.1 2 & 2,4-D + MCPP + PBI
922 4-L Dicamba Gordon
Trimec -- 3-4 &% | 1.1-1.52 @ 2,4-D + MCPP + PBI
Bentgra Dicamba Gordon
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SS

Form.

2.1-L

Trimec -- 1.8-4 %% |0.67-1.5 % & 2,4-D + MCPP + PBI
Classic Dicamba Gordon
3.3-L

Trimec - 1.8-4.25 5 (0.67-1.6 2 & MCPA + MCPP + PBI
Encore % Dicamba Gordon
4.6-L

Trimec -- 1-1.67 #c iG5| 3-52 & 2,4-D + MCPP + PBI
Plus Dicamba + Gordon
2.9-EC MSMA

Trimec -- 2-3 &% |0.75-1.1 2 @ 2,4-D + MCPP PBI
Souther Gordon
n 3.6-L

Triplet -- 1.8-4 %% | 0.7-1.5 2 @ 2,4-D + MCPP + Riverdale
4-L Dicamba

Triplet -- 0.5-1 % 2,4-D + MCPP + Riverdale
Water Dicamba

Soluble

75-WS

B

Tri-Pow -- 2-3.5 %% |0.7-1.25 % @ MCPA + MCPP + Riverdale
er4.7-L Dicamba

Turf D -- 2-3 2% |1.5-2252 @ 2,4-D + 2,4-DP Riverdale
+ D

3.7-EC

Turflon - 253 &% | 1-13 2 7 2,4-D + Triclopyr DowElanc
II 0
Amine

3.8-L

Turflon -- 2-4 m%10.75-1.5 2 @ 2,4-D + Triclopyr DowElanc
D 3-EC 0
Turflon -- 1-2 &% |0.37-0.75 2 Triclopyr DowElanc
Ester a 0
4-EC

Vanquis -- 0.5-2 &% | 0.37-0.75 2 Dicamba Sandoz
h 4-L B

Weedest -- 254 F% | 1-1.5 3 @ MCPP Riverdale
roy

MCPP-

4

Amine

4-L

Weedest -- 2-4 7% | 0.7-1.5 2 @ | 2,4-D + 2,4-DP + MCPP | Riverdale
roy

Triamin

e4-L

Weedest] - 2-4 7% | 0.7-1.5 3 @ |2,4-DP + MCPA + MCPP | Riverdale
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roy
Triamin
ell 4-L

Weedest
roy
Tri-Este
r

4.8-EC

1.5-3 &%

0.5-1.12 ¢

2,4-D + MCPP + 2,4-DP

Riverdale

Weedest
roy
Tri-Este
r 1I
4.2-EC

2-4 B

=Y

0.75-1.4 &

2,4-DP + MCPA + MCPP

Riverdale

Weedon
e Amine
3.7-L

1.1-15 2

)

2,4-D + 2,4-DP

Chipco

Weedon
e DPC
Ester
3.7-L

T4

1.1-1.5 3

2,4-D + 2,4-DP

Lesco
Chipco
W.A.
Cleary

A& L

#

EEE T

Bl B

Ao

Ronstar
50-WP

Oxadiazon

Chipco

Scotts
Goosegr
ass/
Crabgras
s Control
0.56-G

Bensulide/Oxadi
zon

O.M. Scott

Scotts
Southern
Weedgra
SS

Control
2.86-G

5 18

57-113

1.3-2.6 5

Pendimethalin

O.M. Scott

Scotts
Turf
Weedgra
SS
Control

88 — 177 &

24 R

Pendimethalin

O.M. Scott

Scotts
Weedgra
Ss
Control
60-WP

25-5%

09-18 2% ¢

Pendimethalin

0O.M. Scott
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Scotts -- 148 & 3.4 & Bensulide O.M. Scott

Weedgra

ss

Prevente

r

Surflan -- 1.5-3 %% 1-22 ¢ Oryzalin DowElanco

40-AS

Team -- 100 - 150 & 2.25-3.5%| Benefin+ DowElanco
2-G Trifluralin ~ |'Lesco

Turfgo

Tupersan| -- 16-24 & 6-9 2 & Sidron PBI Gordon

50-WP

XL 1-G -- 100-150 ## 2.5-3.5 % Benefint+Oryza|DowElanco

lin

Atrazine | 7 % /% 2-4 -5 0.75-1.5 2 @ |Atrazine Turfgo

4-L

Atrazine -- 1.1-2.2 7 04-0.8 2 & Atrazine Turfgo

90-WDG

Balan - 80-120 ## 1.8-2.75 ¥+  |Benefin DowElanco

2.5-G Turfgo

Barricad | - 0.8-2.3 7 0.3-.83 & Prodiamine Sandoz

€ 65-WG

Bene~C - 80-120 ## 1.8-2.75 ¥+  |Benefin Lesco

~in

2.5-G

Bensume| -- 1.9-3.1 4 i5 5.6-9.4 2 7  |Bensulide PBI Gordon

c 4-LF

Betasan -- 1.9-3.1 4v i5 5.6-9.4 2 @  |Bensulide Turfgo

4-E

Betasan -- 80-100 ¢ 1.9-2.4 % Bensulide Turfgo

12.5-G

Dacthal |+ s % | 7-10 %% 5-8 2 & DCPA PBI Biotech

6-F

Dacthal |+ s.% |  14-20 & 582 7 DCPA PBI Biotech

75-W

Devrinol | {7 & % 4-6 k3 1.5-2.25 2 @ |Napropamide Zeneca

50-WP

Dimensi | -- 1-2 % % 0.75-1.50 # # |Dithiopyr Rehm &

on 1-EC Haas

Gallery -- 11-21.25 2 & | 0.25-0.50 2 & |Isoxaben Dow-Elanco

75-DF

Kerb -- 1-2 7 0.37-0.75 # ¥ |Pronamide Rohm &

50-W Haas

Pennant -- 40-80 7 0.9-1.8 & Metalochlor Ciba

5-G

Pennant -- 2-4 5% 0.8-1.6 2 ¥  [Metalochlor Ciba

7.8-L

Pounds3.|*s ¥ F1| 3.6-7.2 ¢ 1.3-2.6 2 #  |Pendimethalin Lesco

3EC
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Pre-M |5 (% 2.9-5.5 ¥ 123 @ Pendimethalin Lesco
60-DG

Pre-M -- 2.9-5.5 ® 123 7 Bensulide Lesco
60-WP

Pre-San -- 107-180 & 2.4-4 &5 Bensulide PBI Gordon
7-G

Pre-San -- 80-100 ¢ 1.9-2.4 % Simazine PBI Gordon
12.5-G

Princep -- 1-2 5% 0.75-1.5 2 @ |Simazine Ciba
4L

Princep -- 1.1-2.2 & 0.4-0.8 2 @  |Ethofumesate Ciba
40-WDG

Prograss | - 0.66-1.3 4t 4 2-4 2 & Oxadiazon AgrEvo
1.5-EC

Ronstar | ;2 % | 100-200 7 2.25-4.5 &% Chipco
2-G

W2 o YRR g
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