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Abstract

Introduction

Many plants grown at low temperature exhibit different adaptation strategies involving
physiological, ecological and morphological processes. Solanum lycopersicum L. is affected by
cold stress at all stages of growth; however, wild tomato species such as S. habrochaites rapidly
improve after exposure to the cold stress through various changes in physiological processes. In
this study, the short-term stress method was used for rapid screening and cold tolerance selection
of tomato lines instead of long-term stress at 4 °C.

Materials and Methods

This study was carried out as a factorial experiment based on completely randomized design with
three replications at Ferdowsi University of Mashhad Iran in 2018. Experimental factors included
two levels of cold stress (0 and 2 °C) and three tomato lines (LA1777, LA3969 and LA4024). In
the study, electrolyte leakage, MDA, anthocyanin, phenol, 1,1-diphenyl-2-picrylhydrazyl DPPH,
total soluble carbohydrate content, the maximum efficiency of photosystem II and the activity of
the three antioxidant enzymes CAT, POD, and APX were measured.

Results and Discussion
According to the results of this experiment, LA1777 line showed the lowest leaf wilting after
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exposure to low temperatures. There was a significant difference between these lines in terms of
electrolyte leakage. Under cold stress conditions, lowest electrolyte leakage and malondialdehyde
(MDA) were obtained from wild line LA1777 that compared to sensitive line LA4024. LA1777
and electrolyte leakage at LA4024 at 0 and 2°C were 14 and 11% higher than LA1777,
respectively. Inhibition of DPPH radical activity of tolerant line LA1777 were higher than
sensitive line LA4024 at 0 and 2 °C (43 and 45% respectively). Anthocyanin content of LA1777
and LA3969 lines were 49% higher than LA4024 at 0 °C. Under cold stress, the activity of the
three antioxidant enzymes CAT, POD, and APX significantly increased in wild line LA1777,
indicating better hydrogen peroxide scavenging system. After cold stress, LA1777 and LA3969
had the highest maximum efficiency of photosystem II, respectively, in light-adapted conditions
(F'v / F'm), which may be due to higher cell membrane stability. The results showed that instead
of long-term cold stress at 4°C, the short-term stress method can be used for rapid screening of
tomato lines for cold tolerance selection. Assessment of physiological parameters such as
chlorophyll fluorescence, electrolyte leakage, MDA level, DPPH radical scavenging, catalase,
peroxidase and ascorbate peroxidase enzymes showed that these indices can be used to detect
cold stress and to quantify the stress in tomato lines.

Conclusion

Based on our data, we conclude that this short-term stress method is a useful method for rapid
assessment of tomato chilling tolerance. The physiological parameters used in this study showed
adequate difference between tomato lines.
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Figure 1. Phenotypic responses of LA1777, LA3969 and LA4024 under cold stress (0°C)
A: three lines immediately after cold stress. B: recovery of LA1777 line after two weeks of cold stress.
C: recovery of LA3969 line after two weeks of cold stress

Table 1. Mean comparison of low temperature effects on some evaluated physiological indices of

LA1777, LA3969 and LA4024
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Table 2. Correlation coefficients of lines traits under different cold temperatures

Trait Anthocyanin DPPH MDA Phenol APX CAT otlsoluble onp o p) - Survival
content (%)

Anthocyanin 1

DPPH -0.25" 1

MDA 0.65™ -0.046™ 1

Phenol 0.26" 072" -0.52™ 1

APX 038 060" 0.36™ -0.33" 1

CAT 0.43" 036" -0.34™ -0.04% -032%5 1

Total soluble content ~ -0.29" 037 -0.019" 0.11" -034™ 0.50™ 1

POD 078"  -016™ -0.67" 0297 032% -0.49" 034 1

EL 020 028" 0.15% -0.20 057" -0.18"  -0.33"  0.23%1

Survival (%) 037 053" 0.15% -0.35" 056 -0.15"  -0.28"  0.34™0.20™ 1

** and *: Significant level at 0.01 and 0.05, respectively.



cﬂh)}é})ﬁﬁsdhupuumjj :O‘)@}&

S 4S Glaadllas j5.(V Jsdz) sl OLii ral s
(S 3 g 0t ol 2155 0651 5 2oy slass S
o Joood 5 J g Salyin gy SOl (Rl o e
Slels ) Liza U i s K par S o & 55 bo
(S. peruvianum 4 S. chilense S. habrochaites) YL
== 5501 51 (Venema et al., 1999) ws 3,158
S.) b el Lae U o s a5 )3 Sl pday S
b3 ol K e S 5 S 5 (pimpinellifolium
i Yo Slels )l Lae b Lty laws S 31 Lo o 25
3ol S 0 Kt g 51 (Sl ' S50 53 S
Ol5e & 5 )3 Sty S pao 015 5 o &0 Jood
ot S 45 adlllon (ol gl | dlie 53 1S s
Sl by 55 5155 Sk s S measd g by 4 Joos
S (Y Jgdr) 51 3 g 5 Lycopersicon .o
Sadon S ot Ol 5 e Jraond (s e
S JE L sl by 25 oL 55 Sy
5Oryza sativa L.) x= — «(Carthamus tinctorius)
Sl o 58 (Triticum  aestivum L) pa 8
Rajabi and Pordad, 2011; Boriboonkaset et al., )
.(2013; Olenichenko et al., 2008

i Ol st O ydn 5 S nes a8 ol s
aS ays e S s )8 e slar S |
S 0 S8 Snim 5 b g3 lid 5 55 S
b 25 5153 0 sl Slpkn g S a5 Sl 3
oliasOLEs (S5 a8 bo s any o (glaass S 5o
Syt g 878 e g i 5 e ol > P
L) iy a5 a8 ey 5y e Ak
Sy st edacas U 5 sl o S o Slelis ) s Lice
OT 53 Al 5 g0 48T IS o Jite aly 4 e s1aS
15,8 Sl ealinal ) ge i b g Ay sl b bl o
Jro b e S (Venema et al., 1999)
omb slles 55 e Jisl Ol s 5 Sajbe w4
4 ol L «(Sowinsky et al., 1998) el s odaline
&Q‘)@ﬁ}@#ﬁ)bdﬂdu&wﬁd}ww)@ﬁ
S 3 b e 205 (o s 5 85 Y
Bl 4ty 4 e S 5 o ST s & lisa

Coul ol i)l S s o 5 ROS SosT g s
S350 ok 313 S MDA (1035 b 5 - o o
o 8 & (Glycine max (L) Merr.) b g 55 &5
Posmyka et al., ) s s YU Jb Ol o5 et MDA
(2005
O ol 55T Ol Dl s 7 (ol T
Jads) 35 b 8T Ol e (ls e Loy L2alS” sl
O e 318 Bl 3 Jis 40 53 3l Les 2l L.(Y
lacn 53 ol T Olime 5 3L Rl 31 il 5T
LA4024 =Y i zéw Loy $4 (LA3969 5 LALT777
o low 5T .00 Jpdo) 39051 5 sl a )3 i (glos 5o
S ool s 555587 5 (s ¢ A2 LS 5 s 5 gDl
DLaLE 53 oS JS050 035 b (ST AT e LS 5
Ay il Cbbles )3 age A4S AL
e sl «(Radyuk et al., 2009; Hatamian et al., 2019)
@Ul5 B laS s bl 5T das 5550
e O gl STy 03 8 Hlge 5 305T Il Lol
5 (Peng and Zhou, 2009) 15,ls |, laaseals ,lis
SFYL Ol bo s Joomte (1Y 55 s alllas ()
Slaazals 5o b 25105 8 ol il 5T
sl 78l > 5s (Arabidopsis thaliana) s sl
adlas L .(Zhang et al., 2010) b plw 5T Ol
ol SLa03 o 48 55 s 3l )T (LA n
SlodiS” S5 dal b il 5T (6 o 50 9 oS a3
ﬁm,,wswtiﬁ Ol 504 ROS & 3,13 35
SBOMS | BT ol 5T 5 Cl il 5T L 5
35250 53 HROS o 5 55 a5 4 48T dzen (5 3
53 OLALE 3l Eliblons (gl cpl ol 5 S oo ok 05
Xuetal., 2017) dzs oge S5 ISt 3l ks il
SBO Ay 7 Slg=iome = loyw i 1
IS Gl solaone Slls 2alS 35 p Jghone
Cp 55 O () Jgr) Ll J s Slal b 57
3 93 slas ;3 LAL024 o N 53 Jy e
Yol ol ys ho glos 53 5 Ao ys #Y 51 8 il
Ses L2alS Ls g LALTT7 Jaswte Y I i desys
Jsloms S litn s S 0l 31 8 il sy oo s 53



.y Ve b o o lad PP U (oS Sl s

203 35y e (S Gy i Olpn s APX
Sy ST 5 ST, GBS lap 3T s (=—r/0V*)
ASLALTTT 2N j3le 25 Ll s 5lauST,
S oS 5 Ko ¥ 55 5V Sl Ly oo
G el an 53 Y ol g s (BBl ot ||
Wl O3 ST

Gl 35 il gld B8 57 Jolge Ol s
45 205 QL& il 5 | IS 7L o g (gl )
aallbe sy s a glacyy s FVFM gFM Fo |l ge
FV e oo 0Lis by 25 ol 3 5 (6 4ls ome ool
(O Jsdar) 510 0l Y aw s (615 me oD
 LALTTT (Y FM (800 31 0L s i oa
Oﬁ‘yj;ﬁLA4024oﬁY;\;_.:ﬁ.\_¢)sc:ﬁo\H
=Y i S 6 i FVIFM dis s ics LALTTT
LA3969 5 LAL777 -Y 55 15 FM O je uils LAG024
Sals g s 2345 35 LA4024 ely; N 5 5V
Cdleb 2alS 4 by e ol o San ba o 25 o F'M
03 st a5 55 5 T oS 4 325 5T oSaS”
=103 o= P FM O350 by AU a3 5
delansl ool 3 3 oY ol 0350wl adiasOlis
05N b > Cund s odinsslias 8 FV .l Jases
LgJL»TJ_EJJIQ_LYM,a):g;W\QAQWﬂ&q
4 S Fv/Fm §amoee 53 AMS DL (61> me D5l
23 il o I i 58 fodley LS iy oiasOls
55 LA4024 .Y 51 YL LA3969 5 LALT77 oY s
VY GRVIFM sl G, Y K8 4 a5 L (P Jsutr)
ﬁ}&ﬁ%l{j‘@}))bM‘:‘&.’JJ&F‘}‘J&&M
S i LAA024 Y 55 (ialS cplcad il 4 )
oY 93 3 FVIFM o ) sbay 55 Sos Y 5o

(CAT) YU 5T Cdld g logw (gid 1
ISy Db 39w Tg (POD) oSy 3 5T
Solssmn BB CAT 03T c b, ol (sles (APX)
o S (ol Slagzaly 5 55 aw ) ) il
Cdlab 31 5l amys 55 2 53 0sls 0L e
oY 3o,V LALTTT Y s VLSS 5 T
LA3969 -V 4 Cos 45 Jls 4535 i LA4024
L?szdusu:u):.sﬁ;_&ﬁuﬁ@u
3331 8 lu a3 93 slas [ET 40 S 31 5 Sl
Sl i Jraomin N 53 VU 05T
s LA4024 5 LA3969 (sl Y )3 Lol s otalie
(A ;3 Y7 5 ¥F (o jan) sl Ol als VLK ‘.J_;T
SV s s 2alS 4Tl ol 5 g
(Anderson et al., 1995) el H202 YL = Lls 5
DLt s o g s e bes 5 i POD 5T b
53 53POD ST o 55T ol Lo 2alS7 L oS 0l
=Y s Ll ils sl 15, LA3969 5 LALTT .Y
oml Sl s el (g )ls ime ok LA4024 il
LAA024 Y a0 S LALTTT Jaoia oY 53 o 5T
33 Ao )3V 551 8 il a3 93 Las 45 o y3 FY
(O Jsd) 35 5V oL T sl o ys Jao (sles
Y 93 53 ST Sy ST ST e b
33 gles 3 LA4024 .Y 4 s LA3969 5 LALTT7
POUNUITS SIPL A VUK i PSP )
1y HO02 48 ol g o 5T K APX 0 5TV st2)
APX ik edas cpl ol 45 oo 3 A5 S5 (sl |
S on ol 2 65 TIPS Clabloa o
Soliman et al., ) 45,8 o 51,5 b 25 S LS
Cdls e 4S5l 0L Ssen Lalyy o) (2018

Table 3. Mean comparison chlorophyll fluorescence components of leaves of three tomato lines
affected by cold stress

Line F'o F'm F'v F'v/F'm
LAL777 4362 14432 1040° 0.7132
LA3969 403° 14312 9902 0.7132
LA4024 377° 1368° 9952 0.675°

In each column, means followed by the same letters are not significantly different based on LSD test at 5% probability level. F'o:
minimum fluorescence light-acclimated leaves, F'm: maximum fluorescence light-acclimated leaves, F'v: variable fluorescence, and
F'v/F'm: maximum quantum yield of PSII photosystems light-acclimated leaves.
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Figure 2. Maximum quantum yield of PSII photosystems light-acclimated leaves (F'v/F'm) of three
line until 144 hours after cold stress
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