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Abstract; High temperature stress is one of the major factors limiting the growth and development of cool-season grasses
during hot summer in warm climatic regions. Changes in the membrane lipid peroxidation, antioxidant content, as well as
ultrastructure of chloroplasts were investigated in leaves of two cool-season turfgrass species, Festuca arundinacea
('moderately heat sensitive) and Lolium perenne (heat sensitive) , exposed to three temperature levels (38, 42, 46°C) for
14 h respectively with a heat acclimation pretreatment at 30°C for 3 d in a growth chamber. Relative water content (RWC) ,
cell membrane thermostability, malondialdehyde ( MDA ) content, accumulation of hydrogen peroxide ( H, O,) and

production rate of superoxide (O, "), ascorbate ( AsA) and glutathione ( GSH) contents were measured in leaves of the two
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turfgrass species. The results showed as follows; (1) Significant accumulation of H, O, and high production rate of O, ~
were observed in leaves of the two turfgrass species at all tested temperature levels regardless of whether heat-acclimated or
not, but the degree of accumulation and the production rate in heat-acclimated turfgrass were lower than in non heat-
acclimated turfgrass. (2) The changes in contents of AsA and GSH in the two turfgrass species showed significantly the
trend of decrease with increase of high temperature. The contents of AsA and GSH in leaves of heat-acclimated turfgrass
were higher than in non heat-acclimated turfgrass at same temperature level. (3) The degree of damage in chloroplasts
increased with increasing of temperature. Ultrastructure of chloroplasts in heat-acclimated leaves was damaged less by high
temperature stress than those plants without heat acclimation. The findings suggested that it might be helpful to protect the
integrality of chloroplasts from the impact of high temperature stress by the heat acclimation pretreatment that induced lower
membrane lipid peroxidation, higher AsA and GSH contents in leaves of two turfgrass species, which might be also one of

the mechanisms for adaptation of cool-season turfgrass to heat stress.
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Fig. 1 Sketch map of experiment treatments
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Fig. 2 Effects of heat acclimation pretreatment on relative water content (RWC) (A) and relative injury rate (RIR) (B) in leaves of Festuca
arundinacea and Lolium perenne under heat stress
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B LHA 2533 #iRn it B B2, B/ NS EER7E0.05 F10.01 JK¥  Ermor bars represent the standard error (S. E. ) of mean (n=4);
FNA, Festuca arundinacea with no heat-acclimated pretreatment; FHA | Festuca arundinacea with heat-acclimated pretreatment; LNA, Lolium perenne
with no heat-acclimated pretreatment; LHA , Lolium perenne with heat acclimation pretreatment. Least significant differences (LSD) were shown at the
0.05 and 0. 01 probability levels
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Fig. 3 Effects of heat acclimation pretreatment on MDA (A), H, 0,
(B), and O, (C) contents in leaves of Festuca arundinacea and
Lolium perenne under heat stress
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pretreatment. Least significant differences (LSD) were shown at the

0.05 and 0. 01 probability levels
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Fig. 4 Effects of heat acclimation pretreatment on AsA (A) and GSH (B) contents in leaves of Festuca arundinacea and Lolium perenne under heat
stress
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B LHA 2533 #iRn it B B2, B/ NS EER7E0.05 F10.01 JK¥  Ermor bars represent the standard error (S. E. ) of mean (n=4);
FNA, Festuca arundinacea with no heat-acclimated pretreatment; FHA | Festuca arundinacea with heat-acclimated pretreatment; LNA, Lolium perenne
with no heat-acclimated pretreatment; LHA , Lolium perenne with heat acclimation pretreatment. Least significant differences (LSD) were shown at the
0.05 and 0. 01 probability levels
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Fig. 5 Effects of heat acclimation pretreatment on ultrastructure of chloroplasts in Festuca arundinacea leaves under high temperature stress
A ~H:REFIHF AERE;AE: EFRETHKHRE;B ~ D RBMHE TRES HBH R HREGT ~ H. FIRWE T2 B Hm &
;B 23 38 CRIBALIE 14h /5 , HHRIKIIZRB AR E S fbik s C: 253 42°C RIRALIE 14h J5 , HHERIK A IOERE 1 ATERL IR BRI D
£33 46°CRIRALIE 14h 5, MHR AR RO A AIERL IR i R R BB Wi F . 220 38°C RRAL T 14h J5 , MHR IR KRB BN K ; G . 258
2CFRALIE 14h 5, HHRIARER F FIZRRR A B RS H. 238 46°C RiRALHE 14h 5, MR SRR 1 ATERRL R BRI
AR 1 um;E FERRE 1. 2um;B— D A F —H PROELAE 1. 5pm
A —H Chloroplasts from mesophyll cell of Festuca arundinacea leaves; A, E. Chloroplast typical for nomorl temperatural plants; B —D. Chloroplast
from heat-stressed leaves without heat acclimation pretreatment; F — H. Chloroplast from temperature-stressed leaves with heat acclimation
pretreatment; B: Leaf chloroplast with mostly swollen granal and intergranal thylakoids at 33°C for 14h; C; Chloroplast with partly ruptured granal and
intergranal thylakoids at 42°C for 14h; D Chloroplast with mostly ruptured granal and intergranal thylakoids at 46°C for 14h; F; Leaf chloroplast with
partly swollen granal and intergranal thylakoids at 33°C for 14h; G Chloroplast with lightly ruptured granal and intergranal thylakoids at 42°C for 14h;
H: Chloroplast with partly ruptured granal and intergranal thylakoids at 46°C for 14h; Scale bar for A 1pym; E1.2pm; B—D, F—H 1.5um

FAL8 AE ) 3 BVR B FE R 43 HIE 5 ~ 20mmol/L Al 1 ~Smmol/L 7, ARSI RE, BRME R T
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AsA FERERBAE TELEHIAR—FHEERR . EREDIRT ,AA FETHTRES S 8 hEEFR
BB R R B BAL B 557 , T BB AsA-GSH JEEMA R i i BRI AL Wl 45 B H ARE BRI GSH
FEHAFERIEG) WEFRER. BAKGT YT A K GSH & 24E R E AL FEARZET

hitp : //www. ecologica. cn



15 W & ABRENREFNMSEERZESRIERE RN 169

6 HBHEIRIEMETREEN - REBME AR
Fig. 6 Effects of heat acclimation pretreatment on ultrastructure of chloroplasts in Lolium perenne leaves under high temperature stress

A~H:BEEH K AMERE;AE: EFRETHKHRE;B ~ D RBMHE TRESHBH R HREGT ~ H FIRWE T2 B Hm &
;B 23 38 CRIBALER 14h 5, MHRIKIIZRB AT K C: 243 42CRIBALTE 14h )5, MR K B A AERE i BB Ar i
D: £33 46°C RiRALTE 14h 5, SR UK AOERR: 1 AIERRIA) i B R - i3 F: &3 38 CRIRAL I 14h J5 , HRE R BEEMMAK G
£33 22°CRIBALIE 14h J5 , HRAE A RER A AR A BRI H: 238 46 CRIRALTE 14h 5, HHR KA BN 1 ATEDRL ) 1 B3R 4
BB ALE 5% 1 um;B —D Bl F — H s ERAE 1. 5pm

A —H. Chloroplasts from mesophyll cell of Lolium perenne leaves; A, E; Chloroplast typical for nomorl temperatural plants; B — D Chloroplast from
under temperature-stressed leaves without heat acclimation pretreatment; F — H. Chloroplast from heat-stressed leaves with heat acclimation
pretreatment; B: Leaf chloroplast with mostly swollen granal and intergranal thylakoids at 33°C for 14h; C; Chloroplast with partly ruptured granal and
intergranal thylakoids at 42°C for 14h; D Chloroplast with mostly ruptured granal and intergranal thylakoids at 46°C for 14h; F; Leaf chloroplast with
partly swollen granal and intergranal thylakoids at 33°C for 14h; G Chloroplast with lightly ruptured granal and intergranal thylakoids at 42°C for 14h;
H: Chloroplast with partly ruptured granal and intergranal thylakoids at 46°C for 14h; Scale bar for A, E 1uym; B—D, F—H 1.5um
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GSH & B THAM—5™ , Fat 5 — SR E 2 M 5, B B IR e TAM kPN GSH 582 FAH#
0 e sz R R B T AR i T SRR 22 BB, B AR M A BHE R — 0 BEALBE T GSH &
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