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Effect of Paclobutrazole and Calcium Prohexadione on Some Physiological
and Qualitative Characteristics of (Fragaria Xananassa Duch. cv. Paros)
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Tablel. Physical and chemical properties of the soil used.

S sl S
Soil properties
Zn s, N i Sand % &
0.72 mg kg'! 0.03% 30% Gypsum
13.5 meq 100g™!
Mn 5. P,a.d Siltedew S S colas
4.1 mg kg! 6.2 mg kg'! 42% Electrical conductivity
0.9dS m’!
Fe al Kol o pit
8.44 mg kg'! 120 mg kg Clay 77
28%
CU e S el
0.54 mg kg! Soil texture
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Table 2. Interaction effects of paclobutrazole and calcium prohexadione on some physiological traits of
strawberry cv. Paros.

O3 OSkes
o ,Slas . Yield
wsid By &‘:} (g plant S Jde,ls aw ety lS
Pro- ppz . I s okS  month™) Chlorophyll Carotenoid
Ca Photosynthesis  Transpiration Photosynthetic ~ pj 0 ]
(umol m?s!)  (mmol m?s?) efficienc ant (mg g (mg g
y dry F.W) F.W)
(wmol mmol™) weight
(8

0 0 5.52¢ 2.01° 2.764 5.25° 15.814 1.67° 0.46°

0 60 7.92b¢ 1.96° 4.10bed 4.63®  24.95%® 2.75%% 0.582be

0 90 7.67b° 1.76° 4.38b¢ 420"  24.57% 2.48bcd 0.582be

0 120 7.56% 2.07% 4.01bd 3.98>  18.32¢ 2.61% 0.64*
100 0 8.46° 2.47° 3.41« 3.98>  21.71%e 3.02° 0.622
100 60 7.55b¢ 1.29¢ 6.09? 4.12% 2474 2.74% 0.632
100 90 9.56* 1.88° 5.382 3.93b 25.522 2.3]cde 0.53¢
100 120 6.139% 1.15¢ 5.35% 2224 24.69% 2.13¢ 0.622
150 0 6.98¢d 1.85P 3.92bcd 2194 20.62% 2.26% 0.53¢
150 60 7.72b¢ 2.04% 3.78¢ 3.71%  17.43¢ 2.24de 0.55¢
150 90 5.90° 1.84° 3.23% 1.87¢  18.05% 2.35¢de 0.57b
150 120 6.084% 2.08® 2914 2.74%  20.89% 2.15° 0.51de

In each column, the averages that have the same letter are not significantly different from the LSD test at the 5%
probability level.
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Table 3. Interaction effects of paclobutrazole and calcium prohexadione on some qualitative traits of strawberry
fruit cv. Paros.

T & S
Pro-Ca PBZ Anthocyanin o Joloe QI Vitamin C (mg
Fruit firmness i
(mg 100ml Titratable 100g fresh
g (g em?) Soluble it g
juice) solids (°Brix) ac(ﬁ,/l)y weight)
o

0 0 0.04f 0.45¢ 7.4020 2.05° 34.37%
0 60 0.12b¢d 0.46¢ 6.95% 1.89b¢d 36.54%
0 90 0.133b¢ 0.5020cd 6.75% 1.92abe 33.94°
0 120 0.074f 0.46¢ 7.15% 2.034® 36.08%
100 0 0.17* 0.54* 6.90% 1.79¢d 38.05%
100 60 0.16® 0.5320¢ 7.45% 2.04% 40.27*
100 90 0.06°f 0.48¢ 8.007 1.84¢ 38.01%
100 120 0.074ct 0.49b¢d 7.15% 1.73% 35.89%
150 0 0.05¢f 0.54* 5.62° 1.83¢ 40.45*
150 60 0.06° 0.49b¢d 5.35° 1.76¢5¢ 40.36*
150 90 0.05¢°f 0.49b<4 6.902° 1.61¢ 40.40°
150 120 0.09¢d¢ 0.53%® 7.80% 1.77¢4 34.92%
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In each column, the averages that have the same letters are not significantly different from the LSD test at the 5%
probability level.

Py Sl g sy 3 Jg)lS iy Sl y 5y gl 0I5 Jdoer Sl Jeba)lS ke o il
S ooliiul ibdS laowyp olol 2 adlige Jdg)lS i Sl b g kS 058 5l 6ol (S snle
5lS el oS 90003805 1 0 )5 (YY) Conl oals oM 5 o 50 89,05 i Lial38l Cely ppndS 9000804 5
b Gl cels Joilinslsly (V) 0l (K805 0 whw ooy )0 855 ol Gl azeis o 5 S o
Ot gl e (il sl ada ) 5o (e ghle S lacn ;) (ol e (57 9 Sl 0l DLS o ay ) )3 S gl
a ol (las pole gl (sleazs (YY) Coslolyom obS 89 )15 (e (al3dl el )0 5 b 15 e gilie S 25
s oo Gl gl g jsb 1y wdeg S e 9)lse i jo el o) (A o leeaiS sl eolil
Wy g0 a5 Cesl oals (5,8 axgS 0 35yl Gl Eely o3l inslSTy 5l eoliiul a5 wlesls plis aridS sla ags
(V) il aems) 5 amis o 9 cdlyg IS ol eopiaS glo Gliee o (Raldl Jodoay

o)k 08y (KR0E 0 1) bl Gliee atlgi oo oaiiSasS pl Jol> g 5l ol slbans 4 4> L
Oliee 5 0500 S5 d5ete Sl 5 (1) olS S a4 55 95a5 (Laug; al; el L beoaS wiS cnl @l jo wias (il
Slp 5l 800 slampl (b Jd cel ;g 35i5 Gl g adls ah) 2al5 b S 500309 50 g go (il
5 090 Ky Az ) g 09 ga il i 39SV Y aSgigMs 5 SV L Ligal (VT Lt aloz 1 crailawgiil JuSias
@S a5 (V) b (ilewgl Ralidl el [5Sl jo medS 500l iRg 0 5l ooliinl rizren (V) wlige Sgate Gl s]
Lol gunod Gty sloadl b (SSA05 Gus)k o8, $9) » pol GiRok

SAOP 5 s Gl el pendS 0200889 Sl s Bl I Gy jes 2 5e Jelse 5l ogee CBL (ta
Slse Fr o oS Bl Gl Sl (S Gliee meedS 0520100 0 9 J93l sl Sen  rizes b Gug)l o)


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.3.7
https://journal-irshs.ir/article-1-250-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.3.7 ]

o Sipla o8 Sla g (P el 30955050 5 sl il

iz sl B3| 55 oo plSoxiasl b 45wl S e 53l oty Wl so _sios ial33l s Jlosime boy] iiSo 5
oolaiwl ol iogh sladsns 4 azgi b (V) 0gd g0 izl (1o (698 Mg g ISl o)lgs0 plSouiul Cely punlS a5
J33l59alS jleslinnl b ogee atsml lime AalS 0l (2alS 1) (gl s BB il (liee (8L 02 slaoaiisass |
Oy a8l b pol> gl mlid a5 ol oad (055 (VF) Slid 50 el 9013509 13 00,15 9 (VA) 4l o0 5o
5 el (sl T 2t Solled 55515 g At Juloar (gl 2 M el 2818 Sl 0 5135 ol et
5% Ogel s B sl AlE1 Cesl oud Glo iz e 5800 Woge () 0 @ Sacl oS Al oo jlanaST
loadl b (K305 gyl 035 69y 2 r2l> Gagh @l (VA) abb ogae JulS Esb pae e ) Wl o dall (slaoges
55 € el Olme 05 € aelig (e Gl carge roasS” wiS' 5l oslitul suel Cowsay lvazst ulul
Gl 1) € cmaling (e mandS 92305509 2 505 s Slmogen 50 (V) 2,50 )13 el g00liSng 3l 5 s
Sy Sl 5 Wadige DdgT ogee (e, ple jo a5 gl oLl sla ol Hlee b peandS ga0liSRg 5 (YY) 0l
Sl lagarms ;5 C oy Gl Gl o> gy o a5 wmo o Gl 1) C sy e (SlapeT 3 slaa 31
asle obag o plp jo Gladl cds a4 C ol g aiile SlawnST 1 laize ol 38l b gl 90 003K0 9 5 (TA) el
(YR) &S oSS o s

S 4o

itagth dlar 51 (Saeled o Ty A (slosaiSuiS  ooliinl o ols Lt il gty (sloemts IS sbo ¢
J39,AS Gl G i &5 (5o 4 om0 2By (35 Ol 5 I S w359, 9 B9 1S k(s gt 3 Shee
LoouiiS iS5l 0oLl iz b sunlicn JojlieslSTy oolital 5 menlS is0liSmg 0 ) o sken Voo ot 5o
15 emm Sl i 5 sl o osen A8 (sl Sy imde Sl | 3 Shae 5 8lS |, oS S5
39 Ogeml s BB Aol e 9 28,55 118 lecaiS s ) )...>Ls 2 Jokzme sl slbosle a8l iol58l ool g0 Jilaze
el 0 S 91003509 1 9 o5l 5aralSh iiSan  colaznl 31 30 C fpuliyg il rals oauSass opl oolaiw!

2,8 o ol o Jlae

&3 il
GogliS oSl SLel psle 05,5 anitill ole Slid (oold Logyem 155 BT Clix 5 Bty (bl 4
woles oo Sid 055wl 5l Colem g (b Jdods (bl cxis oKl

References &bw

1. Altintas, S. 2011. Effects of prohexadione-calcium with three rates of phosphorus and chlormequat chloride on
vegetative and generative growth of tomato. Afric. J. Biotechnol. 10: 17142-17151.

2. Avizcuri-Inac, J. M., A. Gonzalo-Diago, J. S. Sanz-Asensio, M. T. Martinez-Soria, M. Lopez-Alonso, M. Dizy-
Soto, J. F. Echavarri-Granado, L. Vaquero-Fernandez and P. N. Fernandez-Zurbano. 2013. Effect of cluster
thinning and prohexadione calcium applications on phenolic composition and sensory properties of red wines. J.
Agr. Food Chem. 61: 1124-1137.

3. Berova, M. and Z. Zlatev. 2000. Physiological response and yield of paclobutrazol treated tomato plants
(Lycopersicon esculentum Mill.). Plant Growth Regul. 30: 117-123.

4. Bill, M., K. Theron, S. Ungerer and W. Steyn. 2012. Effect of paclobutrazol on harvest maturity, fruit storability
and vegetative growth of' Triumph persimmon (Diospyros Kaki Thunb.). Acta Hort. 1007: 849-856.


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.3.7
https://journal-irshs.ir/article-1-250-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.3.7 ]

Ohlas 5 3 b

5. Blanke, M. M. and D. T. Cooke. 2004. Effects of flooding and drought on stomatal activity, transpiration,
photosynthesis, water potential and water channel activity in strawberry stolons and leaves. Plant Growth Regul.
42: 153-160.

6. Cares, J., K. Sagredo, T. Cooper and J. Retamales. 2012. Effect of prohexadione calcium on vegetative and
reproductive development in sweet cherry trees. Acta Hort. 1058: 357-363.

7. Chang, P. T. 2016. Influence of prohexadione-calcium on the growth and quality of summer ‘Jen-Ju Bar’guava
fruit. J. Plant Growth Regul. 35: 980-986.

8. Davis, T. D., E. A. Curry and G. L. Steffens. 1991. Chemical regulation of vegetative growth. Rev. Plant Sci.
10: 151-188.

9. Davis, T. D., G. L. Steffens and N. Sankhla. 1988. Triazole plant growth regulators. Hortic. Rev. 10: 63-105.

10. Demchak, K., T. Elkner, C. Esslinger, M. Frazier, S. Guiser, J. Halbrendt, J. Harper, G. Krawczyk, K. Richards
and J. Heckman. 2013. The Mid-Atlantic Berry Guide for Commercial Growers, Pennsylvania State University.
13p.

11. Djioua, T., F. Charles, F. Lopez-Lauri, H. Filgueiras, A. Coudret, M. FreireJr, M. N. Ducamp-Collin and H.
Sallanon. 2009. Improving the storage of minimally processed mangoes (Mangifera indica L.) by hot water
treatments. Postharvest Biol. Technol. 52: 221-226.

12. Fagherazzi, A., F. Grimaldi, A. Kretzschmar, L. Rufato, P. Lucchi, M. Maltoni, W. Faedi and G. Baruzzi.

2016. Effects of GA3 on vegetative growth in strawberry. Acta Hort. 1156: 497-500.
13. FAO. 2014. FAO. Fao state-agricuture statistic database. Retrieved from

http://www.fao.org/faostat/en/#data/QC

14. Harms, C. L. and E. S. Oplinger. 1988. Plant Growth Regulators: Their Use in Crop Production. Purdue
University, Cooperative Extension Service. 6p.

15. Harmut, A. and K. Lichtenthaler. 1987. Chlorophylls and carotenoids: pigments of photosynthetic membranes.
Method. Enzymol. 148: 350-383.

16. Jamalian, S., A. Tehranifar, E. Tafazoli, S. Eshghi and G. Davarynejad. 2008. Paclobutrazol can reduce the
negative effects of salinity on reproductive growth, yield and fruit quality of strawberry plant. Acta Hort. 842:
825-828.

17. Kampfenkel, K., M. Vanmontagu and D. Inze, 1995. Extraction and determination of ascorbate and
dehydroascorbate from plant tissue. Analytic. Biochem. 225: 165-167.

18. Khader, S. 1990. Orchard application of paclobutrazol on ripening, quality and storage of mango fruits. Sci.

Hort. 41: 329-335.

19. Kumar, A. and N. Sharma. 2016. Effect of growth retardants on growth, flowering and physiological
characteristics of olive cultivar Leccino under rain-fed conditions of Himachal Pradesh, India. Indian J. Agr.
Res. 50.487-490.

20. Lindoo, S. J.and M. M. Caldwell. 1978. Ultraviolet radiation induced inhibition of leaf expansion and

promotion of anthocyanin production. Plant Physiol. 61:278—282.


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.3.7
https://journal-irshs.ir/article-1-250-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.3.7 ]

Sl 8 Slo Tg (P oS 32050 5 il aes Bl I

21. Lolaei, A., M. Rezaei, M. Khorrami Raad and B. Kaviani. 2012. Effect of paclobutrazol and sulfate zinc on
vegetative growth, yield and fruit quality of strawberry (Fragariax ananassa Duch. cv. Camarosa). Ann. Biol.
Res. 3: 4657-4662.

22. Meagy, M. J. 2009. Effect of Prohexadione-Calcium on Spearmint (Mentha spicata L.). University of
Massachusetts Amherst. 132p.

23. Pasquariello, M. S., P. Rega, T. Migliozzi, L. R. Capuano, M. Scortichini and M. Petriccione. 2013. Effect of
cold storage and shelf life on physiological and quality traits of early ripening pear cultivars. Sci. Hort. 162: 341-
350.

24. Poledica, M. M., J. M. Milivojevic, D. D. Radivojevic and J. J. D. Maksimovic. 2012. Prohexadione-Ca and
young cane removal treatments control growth, productivity, and fruit quality of the Willamette raspberry. Turk.
J. Agr. For. 36: 680-687.

25. Porra, R. J. 2002. The chequered history of the development and use of simultaneous equations for the accurate
determination of chlorophylls a and b. Photos. Res. 73: 149-156.

26. Qin, Y., J. A. T. da Silva, L. Zhang and S. Zhang. 2008. Transgenic strawberry: state of the art for improved
traits. Biotechnol. Adv. 26: 219-232.

27. Ramirez, H., P. Leza-Hernandez, A. Benavides, C. Amado-Ramirez, A. Martinez-Osorio and C. Rivera-Cruz.
2009. Prohexadione-Ca modifies content of gibberellins and vitamin C, antioxidant capacity and enzymatic
activity in apple. Acta Hort. 884. 139-144.

28. Ramirez, H., P. Leza, C. Rivera, C. Amado, A. Benavides, B. Herrera, A. Martinez and O. Méndez. 2010.
Prohexadione-CA reduces plant height, improves yield and fruit quality on solanaceous crops. Acta Hort. 936:
457-461.

29. Ramirez, H., L. Ramirez-Pérez and J. Rancano-Arrioja. 2015. Prohexadione-Ca modifies canopy, antioxidant
levels and enzymatic activity on jalapefio pepper grown in greenhouse. Int. J. Plant Soil Sci. 7: 319-328.

30. Reekie, J., P. Hicklenton and P. Struik. 2005. Prohexadione-calcium modifies growth and increases
photosynthesis in strawberry nursery plants. Can. J. Plant Sci. 85: 671-677.

31. Sabatini, E., M. Noferini, G. Fiori, L. C. Grappadelli and G. Costa. 2003. Prohexadione-Ca positively affects
gas exchanges and chlorophyll content of apple and pear trees. Eur. J. Hort. Sci. 68: 123-128.

32. Sharma, D. K., A. Dubey, M. Srivastav, A. Singh, R. Sairam, R. Pandey, A. Dahuja and C. Kaur. 2011. Effect
of putrescine and paclobutrazol on growth, physiochemical parameters, and nutrient acquisition of salt-sensitive
citrus rootstock Karna khatta (Citrus karna Raf.) under NaCl stress. J. Plant Growth Regul. 30: 301-311.

33. Smit, M., J. Meintjes, G. Jacobs, P. Stassen and K. Theron. 2005. Shoot growth control of pear trees (Pyrus
communis L.) with prohexadione-calcium. Sci. Hort. 106: 515-529.

34. Solar, A., J. Jakopi¢, R. Veberi¢ and F. gtampar. 2008. Prohexadione-Ca affects vegetative growth of the
rejuvenated shoots in walnut trees. HortScence 43: 558-561.

35. Somasundaram, R., C. A. Jaleel, S. S. Abraham, M. Azooz and R. Panneerselvam. 2009. Role of paclobutrazol
and ABA in drought stress amelioration in Sesamum indicum L. Global J. Mol. Sci. 4: 56-62.

36. Tuna, A. L. 2014. Influence of foliarly applied different triazole compounds on growth, nutrition, and

antioxidant enzyme activities in tomato (Solanum lycopersicum) under salt stress. Aust. J. Crop Sci. 8: 71-79.


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.3.7
https://journal-irshs.ir/article-1-250-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.3.7 ]

Ohen 5,8 LD

37. Wan Zaliha, W. and Z. Singh. 2012. Exogenous application of prohexadione-calcium promotes fruit colour

development of' Cripps Pink apple. Acta Hort. 1012: 219-221.


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.3.7
https://journal-irshs.ir/article-1-250-fa.html

[ Downloaded from journal-irshs.ir on 2026-02-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.3.7 ]

Iranian Journal of Horticultural Science and Technology 21 (1): 1 - 10 (2020)

Effect of Paclobutrazole and Calcium Prohexadione on Some physiological
traits and fruit qualitative factors of Strawberry (Fragaria x ananassa Duch.
Cv. Paros)

A. Danaei Far, M. Gholami®, M. Mobli and B. Baninasab'

In order to reduce vegetative growth and increase the quality of strawberry fruits a research was
carried out using paclobutrazole and calcium prohexadione on cultivar Paros. In this study calcium
prohexadione at three concentrations (0, 100 and 150 mg L) and paclobutrazole at four
concentrations (0, 60, 90 and 120 mg L) in two stages (four and seven weeks after planting) were
sprayed. The results showed that the effects of paclobutrazole, calcium-prohexadione, and their
interaction significantly increased the photosynthesis rate, chlorophyll content, leaf carotenoids,
yield, and fruit anthocyanins. The effect of paclobutrazole at 5% probability level and calcium
prohexadione at 1% probability level increased significant in the photosynthetic efficiency.
Calcium prohexadione and its interaction with paclobutrazole at 1% probability level increased
significant in the firmness of the fruit tissue and significantly decreased in the titratable acidity.
Soluble solids were not affected by these retardants. Using from calcium prohexadione alone at
5% probability level increased significantly in the vitamin C. Generally, the physiological
characteristics of the plant were increased by the use of both growth retardants, while the
qualitative factors were more affected by calcium prohexadione.

Keywords: Anthocyanin, Organic Acid, Photosynthesis, Spray, Vitamin C.
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