Journal of Horticultural Science
Vol. 31, No. 4, Winter 2018, P. 739-750
ISSN: 2008 - 4730

i

(8329188 @alio 5 pole) Sl pole &y pls
YYA-YBe . ITAF lime; oF o ko F) il
YeoA - FYY.:LLS

e 53 I 4l Gacd 5 (F p lerdisn 5 5P Lo sas 2 oal b S

295

Fib oow T ool del =T o155 L e =) (ihasus c\Lﬁ
VAN Y Bl s b

2SS

55 9 (m=2Y O ) ool o8) (V-7 oyled) JWp dud (o2 Guigi) b )3 (o 4293 =F 5 =T 0 F) (lod Jlowd ggbaw & G 048
Looals uilaly a0 1 ol gl plos 3Lias SlS 5o B 13 oy oy &2 inlajl () 8,5 518 e 3,90 (53] pglic
(S e s o a1 5T Syl oy i gmlieSly slocdio 5 93 ol Mlite Bl 5 cigs ded slaless 4 5 ] Sy
Slino oy ab o tae i) ool Sl b oo ol Jslowe Clpmg S a8 Canl Jlo )3l el 0351yl stne S Jido)lS 5@ g 1S
ot s iy AUNY) S ST e oy iy bl I3 stne 5 005 Jlacl slaylass ) Sy b 3 Mgt )lS 5 D Libg,lS clasiliSs)
42> F sl 3 oY e el 2l 3 (S 5 (39 p)5 50 £ 05955 YIVY (5650ke L) dd (pgmslinSTyy STy g (303 VYY)
Jeztio anli )3 33 (AVYIYS) GlaS| 81 byl o (S 5039 £)5 00 S koo YYI2N) g e (i ¢ o )3 03,8 &b ol
5 omle sy i llyd cou gy (nl )3 s 3p90 JWn 4nd (og S O 53 4355 S g 4203 =Y slod 5 5]
il g )l led (il Bl 1> G o)led By dnd (cagr i gl oot dald e (bl cpl 8 dalitie Solite (sla 2T
ol 35 olad JBy b oy 555 0 6yeSell (o35 lis 2T 5 allnn 3,90 Sy i sl om0 4 332 Jbo 3
sl (65 gllo Gl Loy (A5 (0 pm0 5 Wiy 4L pu (85 118 bl )8 Y by ol Al & S35 L 5 sl ()]
9 My 95 gIS Bgand AT g sl Sl 51 Gl 5 ga28 gl slocdled (38l s & bl ol 5o el Jlos

28l Sl YLl

JbslS LSy iy ST Sy codsn e CogmeliSly 1S S0l

Pailigy odlgls a4y 3laie g (6 pmane)S dow blie Y guazes < j>
aduon > 4 odlgls pl 40 39350 (o)l lalS el aS 60y
(V) Lt ol glod i 4y (oluss ¢)3) s
byl 5l as ol g e b i s ol gled (i
e Sl (S (VA) 5,8 o)l S35l 98 (sladl 9 (LS
I S Y s L iy | J.J)s 2 M) ol sled i
S 01 50T ] 5o JIS3,) o &0 e o 039 O
S prhizuslyy 5 (LS sl Lo lS a5 5o

5- Rutacea

.

LV RY-T

aS (V) ol lS ye Wid Sleb OY gae (o Sinte | (S

O 0 ..))l) ‘_gloj_.{ﬁ bl.igj? ‘u‘ uf))a)_; 9 RN )_u L)‘)”‘ 0
VM 5y Sloe U yi55ke )9S 53 Ol ye 00iiS” W)gs (glo oyl

OlS o (V) canl odly olaidl 08 & 1) wdgs Jol ay ey (yaaleo

=3 OLalS (G938 09)5 il 5 (68 (smtils i p 4 =T ¥
Spudio (owgdyd oISl ¢(g )5l 0aSuily
(Email: saleh.mohammadi92@yah00.com : Jsiues siu s -)
5 OLS o 23S gy (Sl pode Cliiod due (—dagh Jholwl -F
yosly (85398 @95 9 Ghisel «lasid (lojls «(g e Sdo sloogie
DOI: 10.22067/jhorts4.v31i4.59361


mailto:saleh.mohammadi92@yahoo.com
http://dx.doi.org/10.22067/jhorts4.v31i4.59361

WWAF (lwo oF o)lods VY ol (559l guluo g pole) Ll pole @ s \AK

©)9 s seleizl g (oobadl Glglhd il Sor g )9S Jled
o ) (o0l 4 el plad ol S dinej 5 cllad
@ 055 cnl (099 0F (k) omb slod G5 4 Joou (S cunle
g Loy do Conglio (ol o (oo pB)) 68y dus) (o0 i
S nlio pB| Bl Ban b ol )3 155 (sl g5l el
3 C;L:S),o u_cl))’d\_g 9 d)]}'_;d\_g dl.am\.ob’).g 30 e dl!b&gjjgl )‘1
5 S oo pL5) 51 00lital ] (5 pr a4 3blia
ol aate po 3 5l Mg (gl auseeS s ilate slad Sal,
E55 292y 4 a2 b3S aly oo ol ol s 50 Wl e
gt ol sl 1 Bas )9S 3 ClSpe (g sy
OB Jlie )3 Sy (oo o e Ol plolis

]yl o 53 b (glod

g, 9 3190

ook oKl 3 YA = AF ela Jlo b Jlo Liolesl o)
X l_) )_AMA‘) ).Q(w JW;W Lgl.mos.uo 9 uL\f)A DMB))
P JEy b og gl (b (b slod 4 JooS (e (e
9 9—AAA3‘ J-A?h.a ..\.mLa.;: L: ML’Q&: ).) ;(_; ‘_Yl I ‘Yl) LS'?-lA') ("EJQ»A \c
sobate ol ad Lol (oml slod 35 ) Y (b oles
Sl po wodly £)) JD (9SS 5l 25 slo S b (LS Slge
039 4l o (1,38 o un]) plSD oyl ol jd &S jauiS” Jloid
Padegedw b oo le Ve Job 4 l8y dlucsS sasls
090 (SIS oMo I Gy 5 45 olo ok 9 63 3 pgd de
b a5 )Y ldl S ge )5 558 ol
o St b o0l 1Sy g sl w5100 slaesls | (50,8 2b
Job 9 £S5 YYNY 050 985 ol sloogee il oo 0428
soka a8 009y dx VY (gl o Lo AV/AY Jad g o Lo VY/SF
Alise (2950 ey loj ) CudsS STy 9 85 )1 VY (ke

gl JSS 0058 g iy () oole i ggd 4l LY Gl
iny Sy 5 03l LS s Canl Lagie 655 o515 b (59,8
Al SlpdsS en 5 Sk g Blo Sigg andls (S
Foisks YA/0R ogse Jsbo 9 p)5 YAMNY Cuiif ol sloogee ()9
090 )2 1> 3y g V) bl o e DF/0F (] 5l
el 038 = (2550 (e loj > CudsS S5 9315 3929

JSb oo g iy by ole i JWy 4l LY cg

1- Thermo gradient freezer
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Table 2- Interaction effect of temperature x getotype on water soaking percentage of semi-orange genotypes leaves

9
ol Genotype
‘;i;;‘ vl b Josio sl >
1 2 3 4 5 6 Sensitive Control  Resistant Control Tem?oeé‘)"‘ture
0.00D 0 o] 0 0l 0 0l (o] 0 3
2.60C 0 5.27h 0 0l 5.27h 5.27h 5hi 0 0
14.20B  5.270 20.27f 5.27h 5.27h 12.279 15.27% 500 0 -3
42.62A 2827 4227 46.27¢ 32.27¢  38.27¢ 48.27° 99.332 6" -6
8.39D 16.95B 12.89C 9.39D 13.95C 17.20B 38.58A 1.5E ﬁj;:

(oobes I3l (gl S5 By g it Sl (el SorsS Bg2) )15 o sine BMEN (S5 (pg0i] 203 B s )3 S o By o (Sl Slo ik i) g s 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 3- Interaction effect of temperature x getotype on electrolyte leakage (percent) of of semi-orange genotypes

W)
Genotype
o ol s0LS b:’wtm L: T o t
. esistan emperature
Mean 1 2 3 4 5 6 Sensitive Control Control =C)
8.13D 8.39im 8.601™ 8.074Im 7.94Km 7.63Km 8.60i™ 8.8gim 6.97™ 3
950C 872" 1062 90U™ g™  10.95™  11.58" 9.75" 7.42" 0
17.12B 11.74Mi 39.80¢ 12.72N 11.50Mi 17.79 18.52f 16.331 8.56I™m -3
57.66A 41.50¢ 68.52¢ 71.83¢ 45,294 47.85¢ 81.11° 91.63° 13.55%" -6
ke
17.58E 31.88A 25.40C 18.18E 21.05D 29.95B 31.65A 9.12F ;\;ﬁ
ean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 4- Interaction effect of temperature x getotype on lipid peroxidation of semi-orange genotypes
c )
Genotype
lo ool sl Joxio sl ")
Mean 1 2 3 4 5 6 Sensitive Control ~ Resistant Control  Temprature(°C)
0.81C  0.83" 0.82 0.6 0.877  0.88" 0.86" 0.81¢91 0.59' 3
0.89C  0.82F 0.87%  0.91% 0.89%  0.89F = 1.12¢h 0.98¢ 0.69' 0
1.36B 0.93¢ 1.20¢f9 1.23¢f 1.33¢ 1.22¢f 1.87¢ 2.340¢ 0.78N -3
2.11A 1.12¢h 2.41Pc 2450 2114 2 15bd 2.56° 3.33? 0.78N -6
092D 132C 1.36C 1.3C 1.28C 1.60B 1.86A 0.71E '\‘;I’Z:;
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test
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Table 5- Interaction effect of temperature x getotype on proline of semi-orange genotypes

c 9
Genotype b
— N b
oSbe . Josxio sl
1 2 3 4 5 ol sl . Temperature
Mean o resistant o
Sensitive Control Control (°C)
7.33D 6.40P4 5.294 7.27™9 7.17°P0 7.29m4  7.62"P 8.73"0 8.89k0 3
9.83C 7.29™4 6.43rd 9.44i 9.93im 8.25mp 9.17i0 10.76"! 17.37¢ 0
18.01A  19.62°  14.84°" 1373f" 17.40¢% 16.27%  12.73" 17.49¢% 32.018 -3
16.11B  17.40% 1295  11.21i 15.51%F  1511¢f6 1110k 16.40¢% 29.17° -6
1268B  9.88D 1041D 1250CB 11.73C 10.16D 13.34B 21.86 A ;\‘)/Itijlfo
ean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 6- Interaction effect of temperature x getotype on antioxidant capacity of semi-orange genotypes

L]
Genotype

o 1 2 3 4 5 6 ol 22l o e o
Mean Sensitive Control Rg;'nsttf(;t Temperature(“C)
33.92D 36.13%" 3338 3140  36.34%" 340200  30.80" 33,9710 35.35¢ 3
36.68C 39.80°" 35.73°" 337500 38790  36.47%"  33.15W 35,51 40.29¢ 0
4897A  6751°  40.80°T  38.82°9  44.77° 42457 3822 45.82¢ 73.36° 3
4509B 5581° 38.20°" 36311  4179%%  3947°1 3571 43.71% 69.63° 6

49818 5% 3507FE  4042C  38.ADCE  34.47F 39.75DC 54.66A ok

Mean Mean
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Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 7- Interaction effect of temperature x getotype on chlorophyll a of semi-orange genotypes

G
Genotype s
ol . Joscie aalis
Mean 1 2 3 4 5 . ol (-:“"'*'t | resistant Temperature
ensitive Contro Control (°C)
1.97A 2.03%¢ 1.98%¢ 1.96%¢ 1.70%f 1.78f 2.01>¢ 1.89%f 2.45° 3
1.86BA  1.89% 1.91%¢ 1.88%f 1.550%f 1.630%f 2% 1.66%f 2.33%c 0
1.74B 1.73°f 1.76"f 1.74°f 1.40° 1.48%f 1.99% 1.520€f 2.34® -3
1.75B 2.14%4 1.57%f 1.55%f 1.81°f 1.88%f 1.47¢ 1.27f 2.32%¢ -6
195B 1.81CBD 1.78CBD 161D 169CD 1.87CB 1.58D 2.36A L;Af:;

(o3b I3 (gl S)i By 5 Blito B3l (e S8 B9 2) 5,85 )l stme M (S5 03] )3 D s 53 S e By (gl (sloeSilio i) 5 g 2 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test.
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Table 8- Interaction effect of temperature x getotype on total chlorophyll of semi-orange genotypes

w9
Genotype

P 2 3 4 5 6 ol 2L —— -
Mean Sensitive Control rézlﬁﬁglt Temperature(“C)
251A 2.63*¢ 2.47%F 2.44%f 2.26%f 2.32%f 2.47%f 2.55%¢ 2.93® 3

243A 2.54%¢ 2.38*f 2.34%f 2.17°f 2.23*f 2.44%f 2.41%f 297 0

2.32B 2.32¢F  2.11¢f  2,08%  1.95% 21 2.31%f 2.17°F 2.89%c -3

2.19B 2.65%¢ 1.92¢%F  1.89df 2.27%f 2.34%f 1.79¢f 1.69f 2.94% -6

253B 222C 219C 216C 222C  2.25CB 2.20C 2.93A Orls

Mean

(o3l il sl S5 By o g Jlite Il (el SosS Bgyn) )15 o ine BMBN (S5 (19051 2103 B s )3 S o By (sl (sl s Sile i) 5 s 5
Means in each column followed by the same letters are not significantly different at 5% level using Tukey test
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Figure 1- Effect of semi-orange genotype on fruit solution carbohydrate
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Introduction: Among citrus producing provinces in the country, Mazandaran province ranks first with 1.88
million tons yields. Orange is one of the horticulture crop which is sensitive to low temperature stress. Low temperature
stress is one of the abiotic stresses that its negative effects is the disruption of the electron transfer process through the
thylacoid membrane. Actived oxygen radicals can be reacted with methyl unsaturated fatty acid groups and produce
active fatty acid radicals. Very reactive formed radicals are capable of initiating lipid peroxidation chain reactions,
which leads to the accumulation of free oxygen radicals that can lead to degradation of plant chlorophylls and
membrane peroxidation and disruption of photosynthesis, accumulation of ROS, damage to cell membranes, destruction
of plant pigments and nucleic acids. Plants can resist against low temperature stress by water saving and utilization of
antioxidant system. The amount of free proline in many plants increases in response to environmental stresses such as
cold and drought stress, and this physiological response can affect the resistance of the herbal substance under stress.
Due to the diversity of citrus native genotypes in the country, the aim of this study was to determine the tolerance of
native genotypes against low temperature stress in north of the country.

Materials and Methods: This experiment was conducted during the years 2015 2016 at the Citrus and Semi-
Traditional Fruit Research Center in Ramsar with the aim of determining the low temperature tolerance of six native
pseudo orange genotypes at 4 temperature levels (3, 0,- 3,- 6), compared to The test was carried out by Unsho and
Sensitive Persian Lime (low temperature stress). Therefore, in this study, the vulnerability to low-stress conditions in
controlled environmental conditions was compared with that of temperature treatments (3, 0, _3 and -6 degrees Celsius)
in six genotypes of native pseudo-orange (number 1-6) sensitive cultivar (Persian lime) and resistant cultivars (Unsho)
were investigated. This experiment was conducted as a factorial in a completely randomized design. The results of
analysis of variance showed that temperature, genotype and interaction of these two treatments were significant in lipid
peroxidation, proline, antioxidant capacity, ion leakage, hydroxylation, chlorophyll a and chlorophyll content. The
temperature of the device began to decrease at a temperature of 6 © C. The temperature of the device was 1 ° C / hour,
after which the samples were kept at the specified temperatures for 3 hours and at the end of this period (3 Clock)
sampling was performed to measure the traits. Accordingly, the leaf aquaculture was calculated by calculating the leaf
area using a leaf surface gauge device. lonic leakage measurements were also investigated using the method of the
conversation and Meg Donald method. The presence of genotypes under cold stress led to an increase in
malondialdehyde. In these conditions, due to increased oxidative activity, the accumulation of antioxidant compounds
such as superoxide dismutase, glutathione peroxidase and catalase increased. The data obtained from this research were
based on factorial experiment in a completely randomized design with three replications of analysis of variance and
then averages were compared by Tukey test at 5% level using SAS software.

Results: Orange is a low temperature stress sensitive horticultural plant. Therefore, in this study, the vulnerability
to low temperature stress in controlled environment (3, 0, 3- and -6 degrees Celsius) in six native poderotal genotypes
(No.1-6) sensitive cultivars (Persian Liam) and resistant cultivars (Unsho) were studied. This experiment was conducted
as a factorial in a completely randomized design. The results of analysis of variance showed that temperature, genotype
and interaction of these two treatments were significant in lipid peroxidation, proline, antioxidant capacity, ion leakage,
hydroxylation, chlorophyll a and chlorophyll content. Meanwhile, soluble carbohydrate was only affected by the simple
factor of genotype. No effects on chlorophyll b and carotenoid pigments were significant. The highest incidences
(99.33%), ion leakage (91.63%) and lipid peroxidation reaction (with a mean of 3.33 pg / kg of fresh leaf weight) were
recorded in sensitive lambspeed control at 6 °C. In contrast, the highest amount of proline (32.01 mg / g leaf weight)
and antioxidant capacity (73.36%) was recorded in the control group at 3 °C. Among the native pseudo-orange
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genotypes, in this study, different reactions were also observed under low-temperature stress conditions. Accordingly,
after the control of the bird, the native pseudo-orange genotype number one was better than the one under temperature
decrease. However, in most of the studied orange genotypes, in most of the destructive traits, the native pseudo-orange
genotype number 6 was in the same statistical position or close to the sensitive Peninsula. The presence of genotypes
under cold stress led to an increase in malondialdehyde. In these conditions, due to increased oxidative activity, the
accumulation of antioxidant compounds such as superoxide dismutase, glutathione peroxidase and catalase increased.

Keywords: Citrus genotype, Chlorophyll, Free radical, Lipid peroxidation



