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ABSTRACT

Average global temperatures are expected continually to increase every year.
It is well known that temperature is one of the most important factors for the growth of economic
crops as well as strawberry plants. For strawberries, temperatures above 30 °C can directly affect
the size and weight until growth is reduced. In this present study, the ability of heat tolerance in
cultivated strawberry plants was examined using five varieties with some physiological indices
including percentage of electrolyte leakage and others indices related to photosynthesis such as
efficiency of photochemistry (Phi PSII), maximal efficiency of PSII photochemistry (F /F_), net
CO, assimilation rate {A), stomata conductance (gs), transpiration rate (E) and leaf temperature
(T by comparing strawberries cultivated under high temperature (35 + 2 °C) and in control
temperature (25 + 2 °C) for 7 days. Results showed that under high temperature, Prarajchatan 60
cultivar had markedly the lowest leaf temperature (33.9 °C) and percentage of electrolyte
leakages (13.86%) than the other remaining cultivars. Sachinoka cultivar had highest leaf
temperature (35.4 °C) and Driscoll’s had highest percentage of electrolyte leakages (43.3%).
However, this study revealed that there was a significant relationship between percentage of
electrolyte leakage with F /F . gs and E. Hence, percentage of clectrolyte leakage together with
other indices related to the process of photosynthesis could be highly used as an index in the
selection of heat tolerant strawberries because percentage of electrolyte leakage showed more
positive relationship with photosynthesis.

Besides, the study also investigated the use of glycine betaine (GB) to induce
strawberries to heat tolerance. Results of this study indicated that application of 1-5 mM GB was
able to slightly reduce Phi PSII and F /F_ much lower than the contro} (39 + 2 °C} and applying

5 mM GB led to lowest percentage of electrolyte leakage under high temperature. Results of this
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study were then used to combine with other results from the use of glycine betaine together with
CaCl, to induce strawberries to become increasingly heat tolerant. Results indicated that use of
GB and CaCl, was able to alleviate heat stress, showing that percentage of electrolyte leakage
was reduced but Phi PSII, A, gs and E values were found higher than the control at 39 + 2 °C.
In addition, application of 1 mM CaCl, and 1 mM GB + 1 mM CaCl, resulted to an increase in
the number of runners, length of runners and number of daughter plants more than control at
39+2°C.

From this study, it was found that the use of percentage of electrolyte leakage
together with other various indices related to photosynthesis as an index for the selection of heat
tolerant strawberries and the use of chemicals to induce strawberries to increase their heat

tolerance, could be highly feasible.
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P oo A = =Y [}
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AATOIUD3I0Y 1URATZNA Rosaceae BA)A Fragaria H3171 15 TuTsunugiu
¥
o = o 1 o [
n =7 $1wulns InTsnvesiyanaiiduwg 2n = 14 51 2n = 70 anseweiiniiulidugnowy
¥
163 (Perennial plant) taziimsnszarwaauanilylsi wivy siwsnumileuazewsnila
e & e Y aM a o1 &

(M DlssRugaasawesilgniiumsfriiveinnmnaas i Fragaria x ananassa Duch. 3
= o & 1 ar o
NAVINNITHAUANEIZN I F. chiloensis TU F. virginiana (Darrow, 1966) 1311471 1ns T Tasy

»
2n = 56 (octaploids) (YWY, 2531; Hancock, 1999) aziianyaznangnusnaniaans luil

o_ = A ] o o ¥ 3 = o . ¥ ¥ 4
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ariansoniylihiluedoazaieg 18un sfinsaliduly §18uuaus (branch  crown)

mman wazansn Ty lna












10

AU INIIDIHITYBITAIOIILT

F ¥
%

as A = = 1 dw = = 1 e
HOURdTATRLUDIUNAUH O mmmmumﬂsmwmmm FTTIANAIU
d? L) =Y o o & - 3/ = -]
VUDYNUTSUAUDSTIGNUTYBITATBLIUDS Hﬁﬂ'ﬂﬂjﬂﬂ’dﬂiﬂl.‘Uﬂ'iQﬂil]l‘]Jﬂ')ﬂ')ﬂ’lllucﬁ Hax
- = = 3 or 9 ar = =L =] y o A
IWLLTI’CTE“HEJ?Ji‘I—&‘lJﬁlI']ﬂ!‘JJ'Iﬂ aﬂmuﬂwwawmm 50 Lkﬂﬂﬂ'jﬂ’ﬂﬁﬂ‘iﬂmﬂiﬂﬂﬂu 250 yaaansg

Taolufi luiusanisie 1

' £l Y = 2 o £l o ]
AT1a1 ﬂmﬂ']ﬂ'IQﬂ']H‘]‘jmﬂ\i”ﬁﬁﬂiﬂlﬂﬂﬁﬁﬂﬂulﬂiﬂutﬂﬂ“ﬂu51ﬁluaﬁuﬂ3Uﬂn.|a‘j (1““”3

fa8v1a 250 aaans)

Nutrient Units Strawberry Raspberry Blueberry
Energy Kcal 48 64 36
Protein G 1.0 1.2 1.0
Fat G 0.6 0.8 0.6
carbohydrates £ 11.0 11.0 21.6
Fibre g 3.6 9.6 7.0
Iron mg 0.6 0.8 0.2
Sodium mg 2 0 10
Calcium mg 22 28 10
phosphate mg 30 i6 16
vitamin A u 42 168 154
Thiamine mg 0.04 0.00 0.08
riboflavin mg 0.10 0.10 0.08
vitamin C mg 90 32 20
Potassium mg 262 198 136
Zinc mg 0.20 0.58 0.16
Niacin mg 0.4 1.0 0.4
vitamin B6 HE 92 74 128
Folacin Hg 28 ?? 22

11n: Nutrition Guide (2013)
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o M o 2 4 A aa & &
lsauazusaadagAsALA NN TULS IRLUINTNIT09910 2995 B Inveude Tsauazuuasduad
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AR (Zinn et al., 2010)
a a ¥ oA 2 a ~ ] '
gaunives lanfuwd Tuwugsumie 0.2 ssmwadoasensssnlusia
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& -; 1 Q 4 o T i 9 &
wilsiuegimadosnmveatiofuiman (Tba, 2002) AIAIITDYTVOUTORWITAR (Cell
Ed
Membrane thermostability 138 cMT) 3egnliififludsiisSadsznounsdsnfivanumy
Y A 1 o o A Y=t = Q 9t o 9 Y] 1 o
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¥
o 5 o = ~q ¥ ¢ =1 ¥
I# (Electrical conductivity %38 EC) ¥9sa13azats 35msil 19 lwwaauud lunisszyeae
w o o 1 a e . 9
WugnuiouluNyvswiia 15y 919918 (Bajji et al., 2001) LU (Liv et al., 2014) wazd1)

(Lei et al., 2013)
a o o r a o s ¢ )
ﬂ'ﬂ‘fi'ﬂﬁl‘llﬂﬂqmﬂﬂuq&ﬂﬂ‘l.]i$ﬂ‘ﬂﬁ.ﬂ‘l‘ﬂ’llﬂ~3ﬂ?le']‘l-lﬂ'liﬂﬂlﬂ'ﬂ#ﬂllﬂﬂ’llﬂﬂﬂﬁ
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31: Maxwell and Johnson (2000)
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AMUTBU (non- photochemical quenching; NPQ) weilniloandsuauiuasiennudoie
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t = Y 1) 1 ar = 1 - = é 1 o aan
dufiuligndsasIdnueendunaMiieeyyadaszFisznsynuasgudnasyealfise
P 1 Wt = I3 v e
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uas (1 31) sasimstir Inavesthnly (nw 32) wazdasinsmeszmovenii (1w 33) g9
1 A ¥ ar o
AIIANINATUAN 39 + 2 BIABAKBYA ¥4 CaCl, Brvlicdulunisaivqudasinisitlvaves
= o a

thnluuasnanssuveaeu el Rubisco 19AN15MARBIYDA Liang et al. (2009) 1419 cacl, 1
¥ ¥ kd ° - g § ] a o a

aupawaInNMelannudunasiazgungidmuims i cacl, HromudszdnEan

Y

o o R ] Voo ar o 4
mMaviuveuau ol Rubisco 9danaliimsasimsdunsizgeiumulldie anms
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k4 ¥ 1 4:;. '
naaeenssiins1i cacl, dadawaldiin Phi PSII (0¥ 29) wagF /F (N 30) IMAgand
= 4 = = 9 1 =
annzauvigan 39+2 ssmrmaiFoa Hanwiull187ns 1% cact, ansaduasy
= { a' w oo = :'x 43’ T
Anssuvesen laiffaafuszuunshiaeyyadassiiugadiy 19u SOD POD uag CAT
» [l
i@ (Wang et al, 2008) 1ou lmlimarilszimihnussmianuanuuss ety add T2
] - H o
1% Superoxide (0,) vegMalfoilu Hydrogen peroxide (F,0,) Taatou lanf SOD uay H,0,
¥
o o o =5 ] _
gnfia Taaeulani POD az cATIAiussndiounazei1 (Mittler et al., 2002)
] ¥
1AM3 I GB damudnnansasadimiminaaldiuaasewe’ (M 34)
¥ .
ez ludiwvesiminud Liianuuansanadadloouduaninaiugy 39 +2 pasm
= a1 a ' ' o o 3
waFoa (0w 35) ol 18Hns 19 6B fidwaeliisiinnuamisalumsindui
- ! y [ = @ a o :
Puludumndudioagnalaaniizgungiiqs Taens 18 6B envih IdAndinlive niianas
| ' o =t - V- | o Y a § 1 w o :
H3oann10m e Inmdsanwlumaadstadwaiilvimannuaieszn Nedndveeii
oo T o9 o 8 o 3 :J 3y o d’{ =
mulwsaddinnwwenadiviilimanisunivesiudignelumadimuan (n1egi,
2550) adwalianimidnaavesanioesninis 1% GB genhanmnAIunu 39 £ 2 aam
ey o ¥ W [} Ve o o o : blwﬁl 1
wABOA i aeIUNAaINuTING 19 GB Fwldisiianuawiselunmssnnui 13 uly
B i NS 2 , n .
wnvuwiloagnielanniiznsoafiifianindauindon 19U 67 (Weibing and Rajashekar, 1999)
$12013 (He et al., 2011)
#9151M35 1% GB 398U CaCL Wu1101519% 1 mM GB + 1 mM CacLyi1d
= A Y I'd o 9 1 o o o @ a ; T
ANudsmsvoutousadanaslaomyldnnaulesiguanisiiveveslassunfind
= ' T = ar
ANTHATVAN 39 + 2 DIAUBAIBUMANT 1H 5 mM GB + 1 mM CaCl, finndlesiduanissalvua
¥ ) b ¥
voy loopugengailoouiuniugy 30 £ 2 ssru@aifoa (01w 28) Matownavinns 1
5mM GB + 1 mMCaCl, finnududugainlihihlmfamseanmeluluiudiuaumn dewa
MWluanseweiuansermsioununziinge (1 36) Sadanwaliia A gs uoz E anding
VINNNANHAILAY 39+ 2 BIAUBABUAHazMs I | mM GB + 1 mM CaClL wuiiiian
Phi PSII F/F, A gsuaz E geananimaiugu 39 + 2 sssnadoa danuiuld1dns
Y ' ' o 0 a ot A {
19 6B Hidwawlunisgasunsomldiiansazauunadon lusadmviumelfaniz
=) -2 9/ o 3 = M 3 r [l 9
wiealumsanuinisIi 6B Aueiguameldannzmivandeiunun 6B danaldiins
o - < 4 4 - ¥ 4
agaunnaeuislulunazn vnndudeiianududnveunfoiugadiu Faaas
@ w e w &£« = ]
anuduAusAAduNIsuanIvenvestn HSPs Fadawaliorguinnuansonuniuaa
= 4 4 A as o a
annznseandomuinuandeiini Idaudenmsiauveunai@oy (Calcium channel

blocker) 194 LaCl, a2 EGTA $IAUNT 1% GB WuNiinsiaaioonyaidy HSPs aandadig
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& ar g Qs R 9t dy o 5 o @ o =3 é L]

Uiludinny (Li et al, 2014) Aremail GB orwhimshalunisdSuus sdueoa tudnmelviny
. 4 1 . ] .

musageFuuazazauuaarsumuniuunaouse i mihinlunsnszdumshaves

& [] @ = = o [ - A = ¥ oas 9t
HSPs 43924905 ny wades ninsa llsauuasiinisseuusy hilsaundoanmivndudig
= 97 A ] -~ ¥ =1 v c; 9 wagg
anmilnadanaldRyemnsoagseanionumudoanimaseaaiennduadon 1adan
4

=1 o T =Y

nnasnaaasiuaasldivudinsi 6B uay cacl, maldaninguwgiiqs
[ [] = r=% Py o 3 [ o o o &
WUIMLIs0FIVUs SIMANuAIsapendand Taouanalvrulusalesisuanis i lvaves
4 & ' & o >
Tooaumuiudsonnanmaiugu 39+ 2 ssraded snndaussmanuasealiny
o) W Py o & ¥ o ' o oa o
Uit lsnmaazilgnsenis ueusuaasldmueinalszansammsdauvesssunual
i Y s & s o ar : ' A
Nd83 daIMsFuATIEANas dasImsih lnavesihnlunazdasimsniwszmeveniiiaf
»

FINNANNAILAY 39 + 2 BaruTarFuauaznms1i 1 mM GB + 1 mM CaCl, uonviniin1s 18
1 mM GB + 1 mM CaCl, @ 1sagemus 1w lna anwen Iva uazduaugn lvawnnm
o ' = J ¥
ANNAUAY 39 + 2 DI uFRFod (1519 3) uaaeliduiiinnudu )18 e sivadl

o o ¥ ¥, ' =3 = =
fmihldaasawes nianunumusrsguugiigaluszozmsisopania (Vegetative growth)
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> ] @ o q 14 a [ o9 )
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] n’: & ¥ o ]
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YOITTUVUAINTDI (R® = 0.885) A19a31n1311 Ivaveathnly (R® = 0.495) uazansinisaie
: 2 4:'!.N ;w 9 @ B 9 s
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o A Y Ya
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s d & & A d 0 a A o
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d =& a A ar = EN o ¥
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2 0 ¢ d o ) A 4w ‘ a
Wiunnaulesiguanissy Inaves lesoumudiuioon Nanwaugu 39 £ 2 BeAUIRITO
= N o 4 a o o Qs &
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ar : a J A ] F = ¥
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