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The Effect of Different Concentrations of Salicylic Acid and Prohexadione
Calcium on Freezing Resistance of Blossoms in Apricot Cultivar
"Tabarzeh"
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Fig.1. Intact and damaged pistils in "Tabarzeh" apricot cultivar.
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Fig. 2. The effect of temperature on percentage of intact pistils in apricot cultivar "Tabarzeh". Columns with
different letters are significantly different at the 5% level of Duncan's statistical test.
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Fig. 3. The effect of growth regulators on percentage of intact pistils in apricot cultivar "Tabarzeh". Columns with
different letters are significantly different at the 5% level of Duncan's statistical test.

olo sl Sobo
(/) Safe pistils



http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

VF ) IFE LD sloamio | olass FO ale ol LEL 958 5 pole ale

als Jiaile doye pas )0 K Jleisl mlaw 0wl saisS pdats g Lo (iiSan il jlg 45205 Jou s ulul 5
Ole (2 7S oslitul 0550 (slod dw y2 )0 098 (o0 oS Yoz JSL )3 &S (555 ple 09y Jlo (ime 05,5 08, 40 03,5
A5 00y (6,1 g S Jles (l 10 -V0 g jao slales po 4S5y dali 4y b e ) dilgx a0

80 3 3
= 70 A il g ab
K= b b | b
£ N ) i B
. * p— C C
._3, § 50 | T T de
g o e e L
£ 40 - B
3 g - ~
v, = 30 f =
T 2 T 4
g 20 -
S 10 -
O -
S MO N N N I I ARCANNCANVARV AN
R (G GLA\ S N7 N X \r QA g e a}’ %V'
19 OO NSO > & 0
" R° o S g N
N N %& \& @ Qﬂe Q‘e @ @ \Q \Q &
O MG N RN & & Y & & N
o ¢ POMFONEN S
D ws, b s ™ O

Growth regulators
S Gl sl (g 0355 08, s5llo)5 50 00,5 s (Sialezr woys yrady gl euiiS it 5 Ol ez s iSen y -F S
5l s gme iglas SOl (g lel ygesl duo s i e 4o Wiglite
Fig. 4. The interaction of temperature and growth regulators on percentage of pollen germination in apricot cultivar

"Tabarzeh". Columns with different letters are significantly different at the 5% level of Duncan's statistical
test.
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Fig. 5. The effect of growth regulators on peroxidase enzyme activity in apricot cultivar "Tabarzeh". Columns with
different letters are significantly different at the 5% level of Duncan's statistical test.
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Fig. 6. The effect of growth regulators on superoxide dismutase enzyme activity in apricot cultivar "Tabarzeh".
Columns with different letters are significantly different at the 5% level of Duncan's statistical test.

ACHVILY 50 yans STy 3o 57 odlad

(Unit mg! of peroxidase enzyme
protein)

WYY


http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

VF B IFF 6P sloamio ) o)l 1O als 5l SLEL ;958 5 pole alo

S315,5 50 00,5 ails Siailex e yo LiblS g Solo 4 & jlud el cugadw 4,0 =Y b oo 2alS ol> gy 5o
Sde a4 Foml sbales g anil co 5 las ol bales 4 cos baplal plo b aslie (o o J5 .ol oads 0,5 o3,
Cns (S 5lgm o S il 381 51 b Wilg3 o &l ol (Rodrigo, 2000) oS o o)lg LT a1y (6 5 i & jlas ¢ SYgbo
o2l @ls (Probesting, 1978) wiS' oo & jlus sbm! (Ll 10 5 00l o olge o alilsl el a5 all (glsn i &
el 00l ol &l a1 G0 O jls alS cel Selicdloonl g ppndS (95003809 5 0 0I5 a5 olo L Gaiss
@ 5 Ghls slaazls ;o 5 o SloS )5 Sl Hob & (egras 5 (k) (SoiR il &S Cwload 418
2 peedS 20ty lens (Al B izren (28l alS (i )0 p S (e 00 peedS a0liSg b et e
cely Sihadloaul jlas (Albrecht et al., 2004) cosl ouls svnlic b (S35 £3589 5l o oge L0 slo IS
2SS 5l gl jo .ol ouls (Kang er al., 2003) ;50 9 (Janda ef al., 1999) paiS § &3 10 Lo s 4y Coglan
ol GlagnST T cad b oYL pdas o 4 Sl sl g a5 00 sl clablone 56 a8 ol oals ol
S 3] i yuf b s job a5 wilgy co Solowcdlos ol jlowd i a5 ools Lid jae oLS 5l odel Cws 4y b
56 Ll 005,55 APX g CAT SOD (slaws 31 (g5l Jlad 4y a5 oS Jlad  Sojlepw 25 Jsb jo 1, SlausT 51
@ Coglie el Crizred wins o Gialydl 1) Sl ST slaes 3T cudlad a5 ol s .cuslai POX o 5l cdlad g9,
ol ols pals o wiles )57 5158 (Ve v 0) o, o Wil,Lew (Kang & Saltveit, 2002) o wiale>  So5lo juo
2l byye (ST (5T s S 2 4 Wl oo Sl sl (S )8 s @ (Sajle s 15 2o oS
s 5SS Los 4y Jobo Galizes slacodlad conlus pioran 0S8 oo il golanST s O jlus 1) olS aS
Scusgaze 1 (SO e Sl Jlatl aiS oy 8L g plasl 4 ais a5 Gl digS SO ol Dlaseine )l ey caiiS o>
Js o1 50 cadlig S slae slasd a5 o jls oo odgame & (K ] £3589 slos a5 el bojus (25 5 (5L o
Mirmohammadi Meybodi ) 0¢85 oo iid oloul cely 5 yion o5 Conl ole Oyl > az 0 b awslin 0 & JSi5 s
et al., 2004

ol imaz 5 10 bogwe § byl cans ol Jole ( 2005 0,50 0 b sl lmax o 10 00,8 ails aile pude
036 lopz n 9 oSils ) (518) (3l iz Lo (conie crge Cenl (e (BAIS (b 3 (S0 puiS ol ge 8
(Mirmohammadi Meybodi et al., 2004) 543 oL ;l oo &,

dewl 5155 b 5 (Rajasekaran et al., 2002) 598 oo 0 Siailer SO, dely Shncdl sl Sgpm 08
&lp aS ool HiO2 iol38l 4 yeie CAT @l codlad als 548 CAT o5l codlad jlee cel wilg co Silwcdle
aS 5,10 5925 Sl cpl (Nun et al., 2003) aise sgun |y bayds 51 S Sl Wlgy go Lol ! gous olS slaély
Wl Glyie g S S0 28 Gl ) g sk 5l S (Sailez sl SSg5 (onSTg 0 (60 P g Skl o
Ol B e ge aS e o> 4 pdg  iali8l (Soske e 4 wles LS (s (Shah, 2003) ailes Jes o505 LS
Sl e s sl e I3 4l 55 03538 (15 51 18 g 50l ol Al e 558 Loy Canglis
Loond Hlows o o Jlple <8l jo SlaensT Ol cldled o8l (Chen & Li, 2002) 05 co Loy 45 Canglin
<8l o 1y ol sl JGal) i oS cnl i85 Gale G OI6STHL Ll oals sanlice DlgSTHL blie 10 mudS (93003504 5
St 31 285 | lie 5 oS (101K L o et LS L 3 oS Dyld a5 gn K25 oS
Gee s Jlels ;o Ve o o Solwodl aul (Rademacher, 2000) was oo jlid guilonST 1S ply o 15 oole (4
03,5 Sy 75 CAT 5 APX SOD (slagy il codled ;o (ralidl oyl 51y (Gogemdosaz po iy 9 99 ) (S03lo s &1 Canslis
(Kang et al., 2003) Cawl 425105 POX 3 51 cedlsd g3, (6,56 Lol

VY'Y


http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

OhKan 5 ol>l>

S 5 Ao
Sy S o0 9)ls olael a4 6 p L ol g 4z g Bl le O )lus cand 08 Jalse 5 (S oy (SesR o les
@S b plxil 03,5 08, ol 5 (slaadsSls (Soji 4 Cuaglie (i p by 0aliS @Al 50 15U g jslateds pol>
31055 laadsSs (Sojrn 4 Cuaglin Salidl sl qeendS 09203509 5 Selomdlis sl 9,87 ¢ S5 4y a5 ol s
ol ools las 1y sde s

References T Y

Albrecht, E., Schmitz-Eiberger, M., Barauckmann, M., Rademacher, W. & Noga, G. (2004). Use of prohexadion-
calcium, vitamin E, and Glycerin for the reduction of frost injury in apple (Malus domestica) flowers and
leaves. Journal of Europea. Journal. Horticultural Science, 69(2), 59 — 65

Banin Sogvar, O., Razavi, F., Rabiei, V. & Gohari, G. (2020). Postharvest application of L-cysteine to prevent
enzymatic browning of “Stanley” plum fruit during cold storage. Journal of Food Processing and
Preservation, 44(10), e14788 .

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72, 248 — 254.

Bekheta, M.A., Abdelhamid, M.T. & El-Morsi, A.A. (2009). Physiological response of Vicia faba to Prohexadion-
Calcium under saline conditions. Planta Daninha, 27, 769 - 779.

Chen, P. W. & Li, P. H. (2002). Membrane stabilization by abscisic acid under cold aids proline in alleviating
chilling injury in maiz. Plant Cell and Environment, 25, 955 — 962.

Gunes, N. T. (2006). Frost hardiness of some Turkish apricot cultivars during the bloom period. Horticultural
Science, 41,310 —312.

Ghamsari, Li., Keyhani, E. & Golkhoo, Sh. (2007). Kinetics properties of guaiacol peroxidase activity in crocus
sativus L. corn during rooting . [ranian Biomedical Journal, 11(3), 137 — 146.

Giannopolities C.N.& Ries, S.K. (1997). Superoxide dismutase. I. Occurence in higher plants. Plant Physiology,
59,309-314.

Hormaza, J. 1., Yamane, H. & Rodrigo, J. (2007). Apricot. In: Ch. Kole (ed.). Genome mapping and molecular
breeding in plants. Springer. pp: 171-187.

Horvath, E., Szalai, G. & Janda, T. (2007). Induction of abiotic stress tolerance by salicylic acid signaling. Plant
Growth Regulation. 26, 290 — 300.

He, Y., Liu, Y., Cao, W., Huai, M., Xu, B. & Huang, B. (2005). Effect of salicylic acid on heat tolerance associated
with antioxidant metabolism in kentuky bluegrass. Crop Science, 45, 988 —995.

Hayat, Q., Hayat, Sh., Irfan, M. & Ahmad, A. (2010). Effect of exogenous salicylic acid under changing
environment: A review. Environmental and Experimental Botany, 68, 14 - 25.

Hajilou, J., Grigorian, V., Natamieh, A. and Valizadeh, M. (2000). The effect of different temperatures on the
germination of pollen grains of three varieties of apricot (short article). Iranian Journal of Horticultural
Sciences and Techniques, 1, 83-90. (In Persian)

Janda, T., Szalai, G., Tari, [. & Paldi, E. (1999). Hydroponic treatment with salicylic acid decreases the effects of
chilling injury in maize (Zea mays L.) plants. Planta, 208, 175 — 180.

Kang, S., Motosug, H., Yonemori, K. & Sugiuria, A. (1998). Freezing injury to persimmon (Diospyros kaki Thunb)
and four other diospyros species deacclimation in the spring as related to bud development. Scientia

Horticulturae, 77, 33 — 43.

‘Y


http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

(VFF) IPF 61T slodmio | o)lais 1O alo 5l (el 955 5 psle alxo

Kang, H. M. & Saltveit, M. E. (2002). Chilling tolerance of maize, cucumber and rice seedling leaves and roots
are differentially affected by salicylic acid . Physiologia Plantarum, 115,571 — 576.

Kang, G., Wang, Ch., Sun, G. & Wang, Zh. (2003). Salicylic acid changes activities of H>O,-metabolizing
enzymes and increase the chilling tolerance of banana seedlings. Environmental and Experimental Botany,
50,9 —15.

Knight, H. & Knight, M. R. (2001). Abiotic stress signaling pathways: specificity and cross-talk. Trends Plant
Science, 6, 262-267.

Mirmohammadi Meybodi, S. A. M. and Turkesh Esfahani, S. (2004). Physiological and racial aspects of cold and
freezing stresses of agricultural plants. First edition. Golban Publishing. 223 pages. (In Persian).

Nun, N. B., Plakhine, D., Joel, D. M. Mayer, A. M. (2003). Changes in the activity of the alternative oxidase in
Orobanche seeds during conditioning and their possible physiological function. Phytochemistry, 64,235 —
241.

Probesting, E. L. (1978). Adapting cold hardiness concepts to decidious fruit culture. In: P. H. Li and A. Sakai
(eds). Plant cold hardiness and freezing stress. Macmillan Publishing Company. pp: 267 — 281.

Poirier, M., Lacointe, A. & Ameglio, T. (2010). A semi-physiological model of cold hardening and dehardening
in walnut stem. Tree Physiology, 30, 1555-1569.

Rodrigo, G. (2000). Spring frost in deciduous fruit trees-morphological damage and flower hardiness. Scientia
Horticulturae, 85, 155 — 173.

Rajasekaran, L. R., Stiles, A., Surette, M. A., Sturz, A. V., Blake, T. J., Cahdwell, C. & Nowak, J. (2002). Stand
establishment technologies for processing carrots: Effects of various temperatures regimes on germination
and the role of Salicylates in promoting germination at low temperatures. Canadian Jornal of Plant Science,
82,443 — 450.

Rademacher, W. (2000). Growth retardants: effects on gibberellins biosynthesis and other metabolic pathways.
Annual Review of Plant Physiology and Plant Molecular Biology, 51, 501 — 531.

Roosens, N.H., Al Bitar, F., Loenders, K., Angenon, G. & Jacobs, M. (2002). Overexpression of ornithine-o-
aminotransferase increases proline biosynthesis and confers osmotolerance in transgenic plants. Molecular
Breeding, 9, 73-80.

Shah, J. (2003). The salicylic acid loop in plant defense. Current Opinion Plant Biology, 6, 365 — 371.

Senaratna, T., Touchell, D., Bunn, E. & Dixon, K. (2000). Acetyl salicylic acid (aspirin) and salicylic acid induce
multiple stress tolerance in bean and tomato plants. Plant Growth Regulation, 30, 157 — 161.

Sahragard, N. 2. .v. Frostbite and ice nucleating bacteria in plants. Publications of the Educational Technology
Service Office of the Agricultural Research, Education and Extension Organization. 116 pages. (In Persian)

Schreiber, S.G., Hamann, A., Hacke, U.G. & Thomas, B.R. (2013). Sixteen years of winter stress: an assessment
of cold hardiness, growth performance and survival of hybrid poplar clones at a boreal planting site. Plant,
Cell and Environment, 36, 419-429

Tayfi-Nasrabadi, H. (2008). Catalytic properties of catalases from kohlrabi (Brassica oleracea gongylodes).
African Journal of Biotechnology, 7(4), 472 — 475.

Tadjvar, Y., Fotouhi Ghazvini, R., Hamidoghli, Y., & Sajedi, R. H. (2011). Physiological and biochemical
responses of page mandarin on citrange rootstock to low temperature stress. [ranian Journal of Plant

Biology, 3(9), 1- 12.

YO


http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

OhKan 5 ol>l>

Viti, R., Bartolin, S. & Andreini, L. (2010). Flower bud frost tolerance of several Italian apricot genotypes.
European Journal of Horticultural Science,75(5), 185 -192.

Wang, L.H., Li, X.X., Su, Z.K. & Ren, H.X. (2009). The role of salicylic acid in response of two rice cultivars to
chilling stress. Biologia Plantarum, 53(3), 545 — 552.

\Y#


http://journal-irshs.ir/article-1-689-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

Iranian Journal of Horticultural Science and Technology 26 (2): 125-136 (2025)
Research article

The Effect of Different Concentrations of Salicylic Acid and Prohexadione
Calcium on Freezing Resistance of Blossoms in Apricot Cultivar
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This research was conducted to investigate the effect of two growth regulators on freezing
resistance of apricot blossoms in cultivar Tabarzeh. The experiment was carried out as a
factorial experiment with three temperature treatments (0, -1.5, and -3°C) and two kinds of
growth regulators [prohexadione calcium (40 and 60 mg/L) and salicylic acid (0.5 and 1 mM)]
with a control, based on a completely randomized design with three replications. Some traits,
such as, intact pistil, pollen germination, electrolyte leakage percentage, and also, the
concentration of free proline and antioxidant enzymes activities (catalase, peroxidase,
superoxide dismutase) were evaluated. Regarding the damaged pistils, the results showed a
significant difference between temperatures and growth regulators in studied cultivar. The
percentage of intact pistils at the temperature of -3°C has decreased threefold compared to 0
°C. Pollen germination percentage was decreased by low temperatures and increased by growth
regulators. The applied treatments had no effect on the rate of electrolyte leakage and proline
concentration. In general, the positive effects of salicylic acid and prohexadione calcium
applications in freezing resistance of apricot blossoms have been shown by the results.
Keywords: Antioxidant, Freezing, Germination, Resistance, Treatment.
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