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w9 18 & % (common, Tifdwarf, Tif419, U3) ~ #81& ¥ (Eremochloa ophiuroides
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Survey of growth rate and influence of herbicides on
warm season turfgrasses

Ling-Ming Hsu, and Mou-Yen Chiang

Department of Plant Toxicology
Taiwan Agricultural Chemicals and Toxic Substances Research
Institute, Council of Agriculture, Taichung, Taiwan, R. O. C.

Abstract

Survey of crop growth rate (CGR) and morphological characteristics on
warm season turfgrasses, including Axonopus compressus, Axonopus affinis ~
Chrytsopogon aciculatus, bermudagrass cultivars common, Tifdwarf, Tif419, and
U3, Eremochloa opiuroides, Paspalum conjugatum, Paspalum distichum,
Paspalum notatum, Stenotaphrum secundatum, Zoysia tenuifolia and Zoysia
Jjaponica. Data showed bermudagrass cultivars Tifdwart ~ Tif419 and Zoysia
tenuifolia have small size leaves and dense tillers. Crop growth rate at winter
was reduced 1.5-4 times than summer, the rate of stolon growth was also reduced
2-9 times. At the summer, crop growth rate was greatest in Cynodon dactylon
cultivars common, Eremochloa opiurcides and Paspalum conjugatum; but at
winter the greatest was Paspalum notatum. Stolon growth of Paspalum
distichum was higher than any other tested grasses at both seasons. Warm season
turfgrass was treated with 15 preemergence and 18 postemergence herbicides in
separate test to assess their phytotoxicity. Axonopus affinis, Cynodon dactylon
cultivars common, U3, Paspalum conjugatum, and P. distichum was not injured
by treatments with all 15 preemergence herbicides. These herbicides caused light
foliage injury of other turfgrasses, but they were recovered after 2-3 weeks.
Severe foliage injury occurred with treatment of glufosinate, glyphosate or other
graminicides; Slight injury occurred with application of 2,4-D, fluroxypyr and
bentazon; No injury was observed on bermudagrass cultivars common, Tifdwarf,
Tif419, and U3, Zoysia tenuifolia and Zoysia japonica with asulum, MSMA,
pyrazosulfruon, flazasulfuron, image, and quinclorac.

Key words : warm season turfgrass ~ crop growth rate ~ herbicide
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FRE ARREAFROASVIEMSL W4 BELNMBRBE MILEH
BHARAEZGEMH2 A Rik% > UEAEERIPEHE2ZSE -

B TR EHERAMERAGBE  REBRFAGEY > 324
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FHEeY > THRESIFHERITS LB ERBEEBAFET - B85 B
SRS REXEHBERIOT AU MGG E  AEAGHESEY
BB GLLNEARARY KRBHR 14 B EFEENRE B2 R
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— ~ A

SR 6 ¥4 6,3% w8 ¥ (Axonopus compressus P. Beauv.) ~ #ii ¥
(Axonopus affinis Chase) ~ 41 & ¥ (Chrytsopogon aciculatus (Retz.) Trin.) ~ B %
HH 45 mwES A common, U3(Cynodon dactylon L.), Tifdwarf, Tif419(C.
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dactylon. x C. transvaalensis) ~ {8 f& ¥ (Eremochloa ophiuroides (Munro)
Hack.) ~ & F ¥ (Paspalum conjugatum Berg.) ~ % #& % #% (Paspalum distichum
L) ~ B & # (Paspalum notatum Flugge) ~ ¥ B & 87 T # (Stenotaphrum
secundarum (Walt.) Kuntze.) ~ & B ¥ (Zoysia tenuifolia Willd.) ~ 4 8 ¥ (Zoysia
japonica Steud.) - 1996 4 = Ain e ¥ - @B AEY - BHREE U3
BEERMEEEHT 6N HAENI0 x S8 A0 FHEM  AAFAUE
¥ MBEEHERT NEAELRALL])-199 F = A EBHES
PMBEME SRR e BREGBMA 15 x 8 2R BERALF
FHEF kA ALAEAL - E I v o R0 > RIFRT  RRE(S e 47 AR
SREINAEREE  BEUATLGR 199 SAAMMEERNFER
¥ 80% LA Lk o

BN RERES

FE S A L1996 £ 11 A~1997 41 A) L (1997 £ 7~9 A)dh F 4T
1996 5 11 A~1997 % 1 A ¢5-F 3 AR (T3 HE~-FHEER) A 17.3(24.5~12.6)
C ~ 16.3(23.5~11.9)°C ~ 16.5(21.3~13.6)°C » 1997 % 7~9 B &y-F3H A8 A
27.7(32.8~23.9)°C ~ 27.6(31.7~24.7)°C ~ 27.4(322~24.1)°C » tbix 14 # ¥ 3%
RAREHHALRGEFEELREE - MRBERAE REFTRYE > &
AR LERATHY  BHMF _AEe Rk R(ERTRIHZIREAR
-FmBzHMEE  BRAEZ0ME FE A EREEFT - HEZX
Ak ARATNRERAMNEAERA MG EE AL ERBHNR
B b3 Rig R0 8L B & Xk 7 K B £ (Lawn Master SP21) » 7%
¥HMR 1S RAAATHERTHEL Y sAEEAKREETHE »
S0°C ~ 48 INEFA S A E 0 U BRI B @Rk L R Y S HEN A
£ 1% % (crop growth rate, CGR) » CGR=dW/dT (W:g49 & > T:&Ff D -

- ERBRERH 1455 0 F I E aEE MR

BR A EFONEFMALERANER LB B2 KWEREL SRE
TEMGLER ZRBEEMHBMAS 100 x 100 249 > # A = fAs B g E
% » & Teejet8002 *§=54 2.1 kg/em® B /) T - 3 BERAE LT E AR
GRS LRSS 0~10 0 BEFiEM%E  BREBEMK 10 AT
RERFHZHE -

15 #6 L3856 F A ¥ B 2 B &) B 4E & 2 4 2R (active ingredient) § &
¥ g7 i$ (atrazine) S0%WP 0.5 kg/ha ~ 3% & R (aziprotryne) 50%WP 1.5
kg/ha ~ 5 3+ 3£ (bifenox) 21%EC  0.82 kg/ha ~ i 54 /% (metribuzin) 70%WP 0.7
kg/ha ~ 48 #% 3 (oxyfluorfen) 23.5%EC 0.24 kg/ha ~ & % AL (napropamide)
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50%WG 1.5 kg/ha ~ 4z ¥ (alachlor) 45.1%EC 0.9 kg/ha ~ T 44 ¥ (butachlor)
S8.8%EC 1.18 kg/ha ~ i ¥ B¢ (metazachlor) 43.1%FP 0.65 kg/ha ~ %43 @
(pendimethalin) 34%EC 0.68 kg/ha ~ tbi% % (butralin) 47.4%EC 1.9 kg/ha ~
k£ 73 %2(dinitramine) 25%EC 0.75 kg/ha ~ = 4&#k(trifluralin) 44.5%EC  0.89
kg/ha ~ ¥2 4 #E(liuron)50%WP  0.75 kg/ha ~ #% o ¥ (oxadiazon) 12%EC 0.6
kgtha> A L 4R F M2 BEER T - BRREMN 1997 £ 10 A 1 B #47>
BEMA 14 REAE -

18 46 3 @ 2t M B 3 B 2 B R 45 A & 2 2 A (active ingredient) & %
= m@-3(2,4-D)80%SP 1.6 kg/ha + = £tk (triclopyr) 61.6%EC  1.85 kg/ha ~
#, # kb (fluroxypyr) 29.64%EC  0.44 kg/ha ~ 2= 3% #f (asulum) 37%SL  1.85
kg/ha ~ B ik % (pyrazosulfruon) 10%WP 0.15 kg/ha - 4K i& [% (flazasulfuron)
10%WP 0.1 kg/ha ~ image 17.3%SL 0.7 kg/ha - ##% ¥ (sethoxydim) 20%EC
0.4 kg/ha ~ 3 # ¥ (cycloxydim) 21%EC  0.11 kg/ha ~ 44k # (quizalofop-ethyl)
10%EC 0.1 kg/ha ~ 4k % % (fluazifop-butyl) 17.5%EC 0.18 kg/ha ~ F &4 £
#.(haloxyfop-methyl) 10.6%EC 0.05 kg/ha ~ &3 X](paraquat) 24%SL  0.72
kg/ha ~ £ &% (glyphosate) 41%SL  1.64 kg/ha ~ B # % (glufosinate) 13.5%SL
0.68 kg/ha - A i & (bentazon) 44.1%SL  2.21 kg/ha ~ # % # (quinclorac)
50%WP 1 kg/ha ~ ¥ 3 & & 45 (monosodium methanearsonate) 45%SL 0.9
kg/ha A 4R F Mz A E A F - BAEREMN 1998 £ 11 A 5 B #47T
BEGER RN T KA 21 RAE -

BRI

— BNk EAERAS

MRS AR —  EREAATHMREARBRZER  SREZHAT
¥ ¥ Tifdwarf ~ Tif419 ZEML > SNBSS MBEUE SLREEHE > sbHfE
Y@M B TRALHZEZAAARSHEMAS Y AREEX
Tifdwarf 89 L% B Bism > HRE > B2 E4 > k5 Tif419; U3 ey454
1% F E LM o Tifdwarf fo Tifwayd19 A 2R E R ¥4 0 U L4 §
ERMTAEEA  BAELRAANSAAKEY U3 RE@afudy
UHETYH BREEALRARHEM — TARET /T8 - K&k
BT B EREE T RAAR LN AL AR EER A RREY
A E R E RS Tifdwarf 12 REH L KRB RULAFR23IB(RD)-

SREBNEGEER  AERZYIPEME - M HBRE - S4LE -
NEBMAZRY  pANRBROWE 410 AL ES A EHRENT
EiE¥  Fatidk a¥ReTAYEEA®Y sy nmEEeRy ¥
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Table 1. Morphological characteristics of 14 warm season turfgrasses

turfgrass blade internode  shape of ligule

length(cm) width(cm) (cm) vernation
HAMEL 108+5.16  0.740.14 214044 B BEEN 0 04mm
WAy 49429 1.440.72 24+0.58 &Y BEHEEEE  035mm
rran ¥ 3.1£12 0.540.1 134027 #BA BEEH  02mm

B HEEE Tifdwarf 084027 0.140.00 0.8403 HEN BEHAHEME 0 0.5mm
BEEEE T 158053 0.140.01 1.640.34 #EM —HBisasE o 02mm

BREEU3 294062 0241004 1.840.52 #EY —BEmsi  02mm
LTEFHREY 3.9+1.44 041062 194067 #HE¥M —HEuEst 0 03mm
By 4.7+1.62 041007 1.240.25 &Y BEAERSE  08mm
HEE 8.342.8 1.040.16 534061 BERH Y 05mm > Bf4E 10mm
HiREAS 62418 0.640.14 3.940.61 BEM BY 12mm

BEY 21.644.8 0.540.05 0940.15 HEA MR AL 0 04mm
PALEMTE 4,0+126 0.840.17 274077 s, —Bsgd > 04mm

ey 48422 0.410.07 194039 HEM MEO02mm  B&M#E Smm
BRY 2.840.67 0.140.02 134051 #HEM —Erast  02mm

WEERBWB Y B AN GPERLA T EN S F YT EMARE
D SRR LSO EEY BB E R RELE(R—) EEE
R 2Rk bhBEaH - &% FAaMRE  HEWESZH T
M BHENAEHE  FARTHOAY ¥R BELREHMETHAR
FEOHEREE USTFREZYAD Y ma i BB INEI LK
o EAESHENYER(AS) AL TFHERZEAMEYTERBLER
RMEEAFRE  ATPHERGERNEEARFHRAR EAHG .

BAREBNBnE B KEA & —ABud VA 7 —FRERK
BEY BERKE - H - THELAFEEHRLEYY BB 0nY £ 14
HETERLLBREEERER kB ¥/ N(&k—) BARFAE ¢ &
251 Fat A AlRA LRz EAF RF EARE P @eng
WRARRZ B R B RSB G RERAR BRTORFHES
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BaE A A RAT2MERABM(RD) REWM LN ELELARER  §
BEEBT o ARG HEEENET AREHBTEZIT MK -

Ao 4MESAIARE WAL ISEMEARALEWRESE
Table 2. Crop growth rate (CGR) and runner extension rate (RER) of 14 turfgrass on
warm and cool season in central Taiwan..

turfgrass CGR (g /2 weeks) RER (cm / day)
warm season cool season warm season C001 season
(July~Sept.) (Nov.~Jan.) (July~Sept.) (Nov.~Jan.)
bR 32.7£1.67 10.742.22 0.9340.14 0.2340.06
RS 32.612.18 10.7+1.09 1.0540.17 0.3010.07
g 23.3+4.19 13.0£1.25 1.06+0.36 0.30+0.11
B #:3 ¥ Tifdwarf 20.7+1.80 11.0£0.92 0.67+0.07 0.3610.05
B HEEFE Tif419 23.0+1.66 12.7+1.51 1.43+0.35 0.73+0.05
BREE W 38.0+1.67 15.340.58 1.3140.12 0.3340.16
tRaEREy 43.2+1.79 16.7+1.34 1.86:0.41 0.94+0.29
mE 49.2+6.71 13.0+£0.97 1.7340.38 0.1940.05
HEY 43.116.66 14.3%1.23 1.56+0.29 0.71+0.21
kK AR 39.3+3.58 13.1£1.56 1.99+0.12 1.02+0.17
BEHE 30.742.67 22.0%1.77 1.5440.43 0.26+0.06
FREMTE 40.2+4.34 12.3+0.87 1.18+0.36 0.4310.14
ey 24.342.18 11.241.09 0.79+0.31 0.15+0.05
= 53 27.0+1.46 9.3+1.11 0.6010.07 0.21+0.07

1996 % 11 B~1997 4 1 B #4734 fB(-F3 &8~ F K8 5 17.3(24.5~12.6)C
16.3(23.5~11.9)°C ~ 16.5(21.3~13.6)°C » 1997 % 7~9 B 6434 .8 % 27.7(32.8~23.9)C -
27.6(31.7~24.7)°C ~ 27.4(32.2~24.1)C

FALHTERANBOERE  BRALEY - AuERLHRHE &
Bz Ea?  al iy EARERBLM 2HMARGE )
REOETHAREG - & HIRETE a8 - AaA > ARE
B ax? V. rALHTAEARLALZMERAR(AD)  NASTHHE
W R prakRLAENE -

BEEBRANSHEMEIN > At LMEE I EMAKERKEZSA
¥oRAERAEzE4%Y ERwE o HE ERAAGEREERGRY
wm (k) EEEBTNTEERSETOMR - & F - /A - A HERME
BEARSHNERATEFERAAETS Y AL N8 > HRBELE
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RBRHBRTRRLR MAHE—SMANBREEZS  RERRHEA
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DR BE LGN OEAREERME  BAMES  SREBNERK
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A AR B ERAEE o A Rk o EREMS
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RrA LA ERZ I (RD)  BANKEMPREECEFER -
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THMAERAREBEREL W RAASHEE GHEMS FRTREE
BEEY U3 RIS E HRRM 15 # 206 A rk ¥ 8 & MR L ey 80K B
B AR Y Tif419 AR F R R EAE R RIS BIRE e
B RASMTEHAASPLREARMUMBERE  FEABRLAS
BEEHRL ShoEEG AL BESCRE  HSES B EARAE
B btk S A AR R ARG RALRERAF E R FILOEGKS
B R ¥ Tifdwarf Ridbi$ ~ $BF - RARMERFERLELE R ®IL
M MR BAR e B B~ ERBUE  RARR 05 R
B g Y e AR ENRE - ISHIBEAREBRALHERES
AAWMBEHRAER B Bl e Eoeit "ASATEARLENE
BRAREA L/ - BLeRE -  ERMTLARYLIBEARERSFMHES
HHSAA MY RAN TR AGETEEp PR &I A2RBN S
BEMEE REFAAMERGET  ARSAVEEEHRE - B RE S
§ % 45 + 346 B P B B koo 5 B ~ kB 3 (dithiopyr) ~ 343 E - £ FEHF &
BETEEY - BAEINEIGEL TP mRwRBHEA > #
KRB ESEE P LS LURE HIRE > B EFRE RZTIH
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Table 3. Foliage injury ratings of established turfgrass to preemergence herbicide

AZ - BATLEEARERHERE R HE -

Herbicide Rate TG1" TG2 TG3 TG4 TGS TG6 TG7 TG8 TG9 TGI10 TGLL TGI2 TGI3 TG4
(kg aitha)

................................................ Rating scale 2 ... oo

Euaca 0.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
alachlor

B 0.5 0 0 1 0 0 1 0 0 0 0 0 0 0 0
atrazine

R R, 1.5 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0
aziprotryn

P S 0.82 0 0 1 0 0 0 0 0 0 0 0 0 0 0
bifenox

THhi® 1.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0
butachlor

thif B 1.9 0 0 0 0 0 o 0 0 0 0 0 0 0 0
butralin

Hoe 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dinitramine

EER 0.75 0 0 0 0 0 0 0 0 0 0 0 0 1 1
liuron

B 0.65 0 0 0 0 0 0 0 4] 0 0 0 0 0 0
metazachlor

ksl i 0.75 0 0 1 0 1 1 0 0 0 0 3 0 0 2
metribuzin

W E L 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
napropamide

A E 0.6 0 1 1 0 0 0 0 05 0 0 0 1 05 0
oxadiazon

AR 0.24 0 | 2 0 0 1 0 1 0 0 2 1 | 0
oxyfluorfen

SE4T @ 0.68 0 0 0 0 0 0 0 0 0 0 0 0 0 0
pendimethalin

Z &R 0.89 0 0 0 0 0 0 0 0 ] 0 0 0 0 0
trifluralin

1) TGL: 8 ¥ (Axonopus compressus) » TG2: #8348 ¥ (Axonopus affinis ) » TG3: #1 # #(Chrytsopogon aciculatus ) » TG4: ES
i@ F # i ¥ (Bermudagrass cultivars 'common’) * TGS: & % i¥ # Tifdwarf (Bermudagrass cultivars *Tifdwarf’) » TG6: ER %3
# Tif419 (Bermudagrass cultivars 'Tif419%) » TG7: § %i& ¥ U3 (Bermudagrass cultivars * U3’} » TG8: {4 ¥(Eremochloa
ophiuroides)» TGY: & § ¥ (Paspalum conjugatum) TG10: 4 #& 3 #% (Paspalum distichum) TG11:8 & ¥ (Paspalum notatum) »
TG12: % B+ ¥ T ¥ (Stenotaphrum secundatum.) » TG13: % B ¥ (Zoysia tenuifolia.y » TG14: # 4 ¥ (Zoysia japonica)

2) Turfgrass foliage injury ratings were based in 0 to 10 scale, where 0= no injury, 10= complete kill.

3) Preemergence herbicides were applied Otc.1.1997 and rated at 14 days after treatment.

4) Chlorosis and spotted browning of leaves were the typical symptom of turfgrass te soil applied herbicide, those symptoms were

not noticed on new leaves developed after mowing, at 21 days after treatment.
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Table 4. Foliage injury ratings of established turfgrass to postemergence herbicide.

Am - FHEERABREBHEFEAZRYE -

Herbicide Rate Rating time TGI"TG2 TG3 TG4 TGS TG6 TG7 TG8 TGY TGO TGl TGI2 TG13 TG14
(kg ai/ha) (DAT)“

............................... Rating scale”™ oo

=, -4 1.6 7 1 2 0 1 1 1 0 0 2 1 0 0 0 0
24-D 21 0 1 0 0 0 0 0 0 0 0 0 0 0 0
AL 044 7 0 0 0 1 2 2 1 0 0 0 0 0 1 0
fluroxypyr 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z R 1.85 7 2 | 1 1 2 1 1 0 2 1 1 ] 0 0
triclopyr 21 3 3 1 4 4 1 4 0 4 5 1 6 0 0
ik M 1.85 7 0 1 1 0 0 0 0 1 1 1 0 0 0 0
asulum 21 7 9 7 0 0 0 0 8 5 8 5 4 0 0
A 221 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0
bentazon 21 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Ak B4 09 7 1 1 1 0 0 0 ¢ 1 2 2 1 1 0 0
MSMA 21 2 2 6 0 0 0 0 4 5 2 3 2 0 0
image 0.7 7 \ 1 1 0 0 0 0 0 1 1 1 1 0 0
21 3 2 2 0 0 0 0 0 1 3 3 1 0 0
BiRE 0.15 7 0 1 0 0 0 0 0 1 0 1 1 0 0 0
pyrazosulfruon 21 0 0 1 0 0 0 0 2 0 0 1 0 0 0
Rk 0.1 7 1 1 1 0 0 0 0 1 2 1 1 1 0 0
flazasulfuron 21 3 3 6 0 0 0 0 2 4 3 3 5 0 0
BmEYE 1 7 1 2 7 0 0 0 0 1 7 2 2 2 0 0
quinclorac 21 3 3 9 0 0 0 0 3 9 0 4 4 0 0
EE 164 7 5 3 5 5 6 6 6 5 5 5 3 3 3 3
glyphosate 21 8 7 8 7 8 9 9 7 8 8 7 8 6 5
B &% 0.68 7 8 5 7 9 9 9 9 7 7 5 7 7 8 8
glufosinate 21 9 9 10 7 5 8 8 10 9 8 8 10 8 9
4 A 072 7 8 8 8 9 9 9 9 8 8 9 7 8 8 9
paraquat 21 2 1 3 5 5 5 4 4 1 4 0 4 3 4
ik E 0.1 7 4 3 2 5 3 2 4 3 1 3 3 1 1 1
quizalofop-ethyl 21 5 4 5 8 6 5 7 6 1 5 6 6 4 3
Bay 0.11 T 2 2 2 2 2 1 2 1 3 3 2 1 1 1
cycloxydim 21 4 4 5 3 5 1 4 0 6 6 5 3 0 0
FRESA 005 7 3 3 1 3 2 2 3 2 2 2 3 1 1 1
haloxyfop-methyl 21 8 7 1 6 5 5 7 6 7 g 7 5 2 1
BRY 0.4 7 2 2 3 3 2 1 2 0 4 2 2 1 1 1
sethoxydim 21 8 7 5 5 5 5 6 0 7 4 6 5 2 2
1R 0.18 7 3 2 1 2 3 3 4 2 3 3 1 2 1 1
fluazifop-butyl 21 7 6 3 6 6 7 7 6 7 8 3 4 3 1

1)TGL: Mk % (Avonopus compressus) » TG2: #3643 (Axonopus affinis ) » TG3: 41 i ¥.(Chrytsopogon aciculatus ) » TG4: %
i § ¥ it ¥ (Bermudagrass cultivars ‘common’) » TGS: & #:i ¥ Tifdwarf (Bermudagrass cultivars *Tifdwarf’) » TG6: & %t
% Tif419 (Bermudagrass cultivars "Tif419’) » TG7: & #it ¥ U3 (Bermudagrass cultivars U3y » TGS: {4 ¥ (Eremochloa
ophiuroides) » TGY: & B ¥ (Paspalum conjugatum) * TG10: 4 4 £ 4% (Paspalum distichum) > TG11: & & ¥ (Paspalum
notatum) + TG12: % % & %7 T ¥ (Stenotaphrum secundatum.) » TG13: & # 2 (Zovsia tenuifolia.) » TG14: & 4 ¥ (Zoysia
Japonica)

2) DAT: Days after treatment

3) Turfgrass foliage injury ratings were based in 0 to 10 scale, where 0= no injury, 10= complete kill.

4) Postemergence herbicides were applied Nov.5.1998, rated at 7 and 21 days after treatment.
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