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Studies on the chilling toler ance of war m-season turfgrasses and
the screening criterion for chilling tolerance
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Abstract

Warm-season turfgrasses is the common
groundcovers of the parks in Tawan. Low
temperatures in winter usualy have harmful
effects on physiologica and morphological
growth of warm-season turfgrasses. The
objectives of this study were to investigate
the chilling tolerance and the screening
criterion  for  chilling tolerance  of
warm-season turfgrasses. When comparing
the relative growth rate  ( growth rate in low
temperature 15/13°C /growth rate in high
temperature 30/25°C ) of tested grasses,
zoysiagrass and bahiagrass ‘A33 were more
tolerant to low temperatures, and tropica
carpetgrass was the most sensitive one. In
addition, the values of chlorophyll
fluorescence, €lectrolyte leakage, and
chlorophyll meter reading (CMR) were
measured for evaluating the index of chilling
tolerance. On the measurements of
chlorophyll fluorescence (Fv/Fm), the results
indicated that centipedegrass under low
temperatures decreased least and recovered
faster than other tested grasses, followed by
zoysiagrass, carpetgrass, and bahiagrass. The
Fv/Fm values of tropical carpetgrass under
low temperatures decreased gradualy and
went down to the lowest level. The
electrolyte leakage (%) of tropical carpetgrass
under low temperatures was the highest,
followed by that of carpetgrass, common
bermudagrass, improved bermudagrass,
zoysiagrass and centipedegrass, and that of



bahiagrass was the lowest. In genera, the
CMR vaues of tested turfgrasses except
centipedegrass under low temperature
decreased in the beginning and then
increased later. There was a significant
positive correlations between the relative
growth rate and the relative Fv/Fm ratio
which measured at the 8th day after chilling
treatment, and the r was 0.92***, There were
significant correlations between the relative
growth rate with the relative electrolyte
leakage (%)and the relative CMR values(%),
the r were -0.86*** and 0.80***
respectively. The results showed that
chlorophyll fluorescence (Fv/Fm), eectrolyte
leakage, and CMR can be reliable tool to
predict the growth rate of warm-season
turfgrasses under low temperature.

Key words : chilling injury, chlorophyll
fluorescence, electrolyte leakage, screening
criterion for chilling tolerance, warm-season
turfgrass

-\ d g p e

PRI - AR ERT Y 2 E ?}t’fs
o B2 WEG FNERBEOH N T LT
AT o~k R A S BT R T

T HRE- B RF SRR
AL RN OFEE S E@REE L
B %Ak (Turgeon, 1991; Emmons, 1995 ; 3%
F:22,1995) o ARm P A s AP
B 3 e e ((wam-season
turfgrasses » * #i rrri?;.vpféj & e %A
frhﬂJTJ)?»i.’ BEL - Kad £
R B 28-35C (Turgeon, 1991; Emmons,
1995; 7522 -1995) » @ * E R R
Bo¥RARER T SO A1V A
10C T eniR (gEk L 1981) » & &
EEAZAL TG o EHRH X)L T 48
PP AT AR IR T R
mED Yo kn B AR
B HE TR FR G bl R
YR AE

—=\

g
[

P

I
S\ \“i

v 14..

P

3 sk B

( Karnok and Beard 1983 White and

Schmidt,1989; Dipaola and Beard. 1992; +x
“Hh > 1999) o F o deiv & I §F i
FRRB TS (S 5fE) ey 5 &
F e § ARk R E Y H g g chad R4
AR L f R L
R w7 Pei\i»u SRR R
- T AEHRERRDF BT e ? -
R o R R rﬁpiﬁrﬁﬁ
SEIE LIRS e L ?r i o Rm HES T
PEipk o 3G 4py LR (Bead:
1973 ; +k 3 %8 > 1988 ; Turgeon » 1991 ; %
% ¥~ R A0 1995) o AT A FEERER
A L2 S o iR R
N 3 fgfgf\ﬁguﬁr‘ﬁ‘gii
WERETE > A4 ,"7 iz £ (phytotron)
2 {Ed 4 £ §8 (growth chamber) &7 7
mﬁaﬂ TR RAERL T E
FobEmBILE P - RETOFRT

vE P ERE i‘ﬁm J_rmmj‘;i}'} Lb‘ﬁ?{o 7R
ﬁ’tﬁéﬁ%d%“AJfr SRR

FRIE G DR AN S B W B

e@rmm%@r’%ﬂrﬁmﬂﬁ i
67F4ﬁ*%ﬁﬁ L S A R
¥ g ?%—fﬁ ’ L_TE*%KQI'&Ef:‘;
(chilling temperature) T TG P i
FRAHEAEMASS R B RER

Fo AT RSN AT DA e

i dgd R dp fRafles Y

m
3

i R LR
FoHp o TR QR RE P N2 A
=tk fv#*& ) ﬁ%—ﬁ”ﬁ EaLE rﬂ/éi‘}f#
ﬁm#m%fo

HEENCE RN LR
TATAAN PRSP EEROESZ
YhiE FRFABUEES LSRR E
Rt oA R ERIOTP HATHAL
AR ETEF I RZ Bz g A v
= mﬁﬁ;‘i.}@}_;}ﬁ T4 IR R o
=~ BEREHG

Hm

P}

AR R EESRE 0 0 TE
?ﬁﬁur,wiﬁiM%Jﬂ,kgﬁ
2EEESREEH A RE LT
RS A T A AR AR AR



iz Frav
}%ﬁ%’# 0

B AR T AR T (1513C) &
fﬁ@iiﬁﬁ\ﬁﬁﬁaag&b@&
¥R (3025C) (#Fargd- ) » %
wﬁ*lﬁﬁﬂﬂBCT;;n&ﬂW%
l Ii)’f-lp’ﬂluﬂﬂx 3B 7
=50 4% p 324 s @B

et B e 1

‘¥
bad

1w £,

)‘]‘;\ O
+ R A
Wa R
kg

AR

e %E o

\

~
~
P
—

-
R
_\W
boLA Th

(w,

i
>

B

S
ki

E\‘V—ﬁ‘f}ii’&}’ » b 2
< PR E ERE (HE
By By R i |

%ﬁiﬁa LApE o

o F RS e A FREy

Sahara P ATE CRGE A ET

TREE BB B o T A S o

'*B*f%ﬁmhﬁ4 A GE T PuFm s

m ¥ Rﬁ*?ﬁ—ﬁtzﬁi [ —.\mff}‘gr}_gl,fé,

Mk S E AR RL o METHRBEREY &

48 CMR 7 "% F 2 ¢k ("Bl = g H A E

AW G TE A (S 2 b s KR A X

ﬁéﬁ‘”ﬁﬁﬁé ERLELS > om BEiGER

EI L2k

wt A G0 GRS 658 % 4

P12 ¥ FVIFM (%) & 4p 42 £33 (%)

EEFLAM (4 z) o SAPM AT

2 Ap M Gelic( r ) A WG 0.69%% ~0.92%**

RaE G B HTEH B

(%) 22dpt2 R (%) T FF AP

(“i‘f%\»l‘) v r 2 0.86%** B o hE AT

B2 4P ¥ CMR (%) 2 ip¥t2 L 5 (%)

R DARBEE (AT ) AR Ko

12 0.80%** B F o #TIL AR IS % Bon L E

BRFETEEIE i%ﬁ?#ﬁ4ﬁa

FoH=G ﬁ,ﬁ*’?—/%/% ~CMR ¥ 2 v & &

® 2w Rt e

+
~=y
%l
S
Es?s

)
N

s
T S
T

—

B =%

Y
;.E
. 5

’

P EAEpE

(=) *FFRFERFH AR E
(=) A Figt » up AT 57
mﬁ?& —,—‘—k;'l‘ﬁ-'ﬁ%f;’

C L -

4

=
3

51

¥ et g i o
*Frﬁf%ﬁ FIEGR B R
Q%iw%ﬁ’*mvzaaﬁ
it F 14 o

o wt R g i o R
MR A Hp > TR WP AR R 2 N
ﬁ%%’ﬁﬁﬁaw%%ﬁ,%a
ookt A T HE T e g
Mg B el 2 SR e

==
]

whmg # o T3

CRE

ﬁm’i;‘iﬁ 1999 % T 44 é "'#7’
32 ﬁ 410 g 4 E
ist SEFREFEFSY HLr/EﬁJ
PxEze (L%).1995. &8,
FAUEAE
A # R 4.1996. S F O FlEE 3
At R gRELPE o RER
M3 ar+4 36 (3) :151-163.
ﬁ&Jl%léﬁi%% FRE¥ZE
M 7(2):2334-
Beard, J. B. 1973. Turfgrass: science and
culture. p. 209-260. Prentice-Hall,
Englewood Cliffs, New Jersey.
Dipaola, J. M., and J. B. Beard. 1992.
Physiological effects of temperature stress.
p. 231-267. In: D. V. Waddington, R. N.
Carrow, and R. C. Shearman ( eds.)
Turfgrass. American Society of Agronomy,
Madison, Wisconsin, USA.
Emmons, R. D. 1995. Turfgrass Science
and Management. 2nd ed. Delmar Pub.
Inc., New Y ork.
Karnok, K.J.,, and J. B. Beard. 1983.
Effect of gibberellic acid on the CO,
exchange rates of bermudagrass and
augustinegrass when exposed to chilling
temperatures. Crop Science 23:514-516.

2 B

A (v
B

—
A
=
<

*
LY
el

= ﬁ“)\ﬂt

2

Turgeon, A. J. 1991. Turfgrass
Management. Third Edition. Regents/
Prentice Hall.



10. White, R.H., and R.E. Schmidt. 1989. 773.
Bermudagrass response to  chilling
temperatures as influenced by iron and
benzyladenine. Crop Science. 29:768-

- FRERRIIHEHE IS R R 2 B
Table 1. Effect of different temperature treatments on plant characteristics of turfgrasses.

Species Increased shoot length ~ Increased no. of  Average internode
leaves length
(cm/ plant) (no./ plant) (cm/ plant)

Zoysiagrass

30/250 0.48° & 133a 0.40a

15/130 0.27b 0.33b 0.27b
Tropical
Carpetgrass

30/250 1090 a 414 a 3.13a

15/130 0.29b 156 b 0.21b
Bahiagrass

30/250 3.07a 3.33a 0%a

15/130 0.63b 256b 0.26b
Centipedegrass

30/250 334a 4.44 a 0.74a

15/130 041b 1.33b 0.47b

? Each value is the mean of nine replicates.
Y Mean separation in columns by T test at P< 0.05.

o MEBAREHTEEFAHLEES (%) 2P -
Table 2. Effect of low temperature treatment on relative growth rate of turfgrasses.

Shoot length (cm)  Shoot length (cm)  Relative growth

Species (15/130) (30/250) rate (%)
Zoysiagrass 0.27+0.11° 0.48+0.28 56.3
Tropical Carpetgrass 0.29+0.07 10.90+2.22 2.7
Bahiagrass 0.63+0.31 3.07+1.34 20.5
Centipedegrass 0.41+0.18 3.34+2.03 12.3
Carpetgrass 0.54+0.17 4.14+2 .47 13.0

? Datawere the mean 1SE of nine replicates.
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Table 3. Correlation coefficients(r) between relative growth rate and relative Fv/Fm

on turfgrasses.
Relative growthrate (%) Correlation coefficients (r) (n=15)
Versus : Linear Quadratic
2d relative Fv/IFm (%) 0.67** 0.68**
4d relative Fv/IFm (%) 0.12 0.12
6d relative Fv/Fm (%) 0.68** 0.69**
8d relative Fv/IFm (%) 0.65** 0.92%**
10d relative Fv/Fm (%) 0.22 0.31
12d relative Fv/IFm (%) 0.52* 0.52*
l4d relative Fv/Fm (%) 0.67** 0.77***
16d relative Fv/Fm (%) 0.45 0.46
18d relative Fv/Fm (%) 0.41 0.74**
20d relative Fv/Fm (%) 0.26 0.49

* xx ke Significantly different at £< 0.05, 0.01, and 0.001, respectively.

w FEpEHAAEHALEFIOETRTSRELpM G-
Table 4. Correlation coefficients (r) between growth rate and relative
electrolyte leakage ( REL.) on turfgrasses.

Relative growthrate (%) Correlation coefficients ( r ) n=21
Versus : Linear Quadratic

1wk REL. -0.23 -0.54**

2wk REL. -0.64** -0.65**

3wk REL. -0.17 -0.79%**

4wk REL. -0.46* -0.86***

* *% xxx Ggnificantly different at £< 0.05, 0.01, and 0.001, respectively.

21 FTEEFPELEESFEPE CMR 24 k-
Table 5. Correlation coefficients(r) between growth rate and relative CMR

on turfgrasses.
Relative growthrate (%) Correlation coefficients ( r ) n=21
Versus : Linear Quadratic
1wk relative CMR 0.42 0.52*
2wk relative CMR 0.25 0.80***
3wk relative CMR 0.49* 0.66***
4wk relative CMR 0.39 Q.72+ **

* R xxx Gignificantly different at £ < 0.05, 0.01, and 0.001, respectively.
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Fig. 1. Effect of low temperature treatment on changes of Fv/Fm on turfgrasses.
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Fig. 2. Effect of low temperature treatment on changes of electrolyte

leakage on turfgrasses.
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Fig. 3. Effect of low temperature treatment on changes of

turfgrasses.
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