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ABSTRACT

Now a day, hydroponics production of strawberry in greenhouse is common and the control of vegetative
growth for proper fruit production is necessary. Therefore the effect of paclobutrazol and manganese sulfate
on vegetative and reproductive growth of strawberry for high yield was investigated. For this purpose, rooted
runners of strawberry cv. Paros were taken from Sadra greenhouse. Daughter plants were potted in pots
containing peat moss and perlite (1:1v/v). When daughter plants produced 5 or 6 completely expanded leaves,
foliar application of paclobutrazol (0, 20, 40 mg/l) and manganese sulfate (0, 1.5, 3 g/l) were sprayed to the
point of run off. Short day conditions were imposed for flower induction for 21 days from 4 PM to 8 AM
the next day. The criteria measured at this project were leaf area, number of leaves, petiole length and dry
weights of shoot and root, inflorescence length, number of inflorescence, number of flower per inflorescence,
number of ripe fruit, vitamin C, and soluble solid. Results indicated that paclobutrazol decreased number of
petiole length. Leaf area and dry weight of shoot were also decreased with paclobutrazol (40 mg/l). Leaf area
was increased and petiole length was decreased due to foliar application of manganese sulfate. Application
of manganese sulfate at 1.5 g/l decreased number of leaves and increased dry weight of shoot at 3 g/l.
Number of flowers and inflorescence length were decreased at 40 mg/l of paclobutrazol. Paclobutrazol caused
a reduction in the number of fruits. Lower number of flower was obtained at higher concentration of
manganese sulfate. Number of fruit was greater in manganese sulfate (1.5 g/l) treatment. Paclobutrazol
treatments increased chlorophyll contents. Paclobutrazol at 20 mg/l concentration decreased vitamin C content.
Manganese sulfate at 1.5 g/l increased vitamin C and decreased acidity of fruit considerably. Manganese
sulfate (1.5 g/l) has a positive effect on vitamin C and total soluble solids.
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Introduction

Strawberry (Fragaria × ananassa Duch.) belongs to Rosaceae family. The expansion of strawberry
culture in the world for its considerable income and nutrient value has drawn the attention of most growers
(Hancock, 1999). Based on FAO statistical data, the area under strawberry culture in Iran equals 3000 ha
(FAO, 2005). Among strawberry cultivars, ‘Paros’ produces high yield during February and March (Ozuygur
et al., 2006).
It is necessary to control the vegetative growth of strawberry in protected cultivation to proper fruit
production. The application of some plant growth regulators (retardants) is the suitable option. Triazoles group
as plant growth retardant is used in research and to some extent commercial scale.
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The growth- retarding properties of the triazoles, like many other growth retardants, are likely attributed
to interference with gibberellins biosynthesis, hence these compounds are often referred to as
‘‘antigibberellins’’ (Davis et al., 1988).

Braun and Garth (1986) found that soil application of paclobutrazol at concentrations of 0.1, 0.2, 0.4,
0.7, and 1.0 mg a.i./pot in strawberry cv. Hood reduced petiole and inflorescence length and leaf area. Also
in another research reduced petiole length and leaf area of strawberry cv. Nyoho was reported. Soil
application of paclobutrazol affected strawberry cv. Olympus and Tillikum. Paclobutrazol decreased number
of leaf in strawberry (Nishizawa, 1993). Deyton et al. (1991) reported the reduction of dry weight of shoot
and total dry weight of strawberry cv. Cardinal due to foliar application of paclobutrazol.

Manganese is a catalyst of many enzyme systems. It plays an essential role in the photosystem II reaction
(Marschner, 1986) and in the oxidation by activating IAA oxidase (Hewitt, 1983). 

Gabal et al. (1985) reported the reduction of number of leaf in common bean due to foliar application
of manganese sulfate at concentration of 25, 50 and 100 mg/l. The application of manganese in higher
concentration in nutrient solution resulted in reduction of shoot length and dry weight of root of blueberry
(Korcak, 1988). 

Tradescantia virginiana cultivars were treated with paclobutrazol over a 6-week period. Paclobutrazol did
not affect the percentage of plants flowering. Flowering was affected by cultivar, with all cultivars differing
from each other when compared with contrasts (White, 2003).

McArthur and Eaton (1988) found that number of inflorescence in strawberry cv. Totem was increased
but  not  so  much at high concentration of paclobutrazol although paclobutrazol at lower dosage was
resulted to increased number of inflorescence. Paclobutrazol increased number of flower in strawberry cv.
Totem although paclobutrazol at different cultivars had different effect on number of flowers.

Foliar application of paclobutrazol at dosages of 0.1-0.8 mg/plant  decreased inflorescence length in
strawberry cv. Hood, Olympus and Tillikum (Braun and Garth, 1986).

Paclobutrazol reduced number of ripe fruits due to effect of paclobutrazol on ripening of fruit which can
cause delay in fruit ripening (McArthur and Eaton, 1988).

Application of Mn-EDDHA at nutrient solution was found to increase flower induction and number of
flower in Lemna minor (Krajncic and Nemec, 2003).Number of ripe fruit was increased by application of
manganese sulfate (Lieten, 2004).

Archbold and Houtz (1988) and Nazar poor (2005) reported that vitamin C in strawberry cv. Camarosa
decreased by increasing in concentration of paclobutrazol. Application of manganese sulfate on common bean
increased chlorophyll content of leaves (Gabal et al., 1985). Stanchev (1974) reported that manganese chloride
increased vitamin C and soluble solid in strawberry cv. Madam Mounteau.

In this study, reduction of vegetative growth via paclobutrazol and manganese sulfate application in order
to improve reproductive growth and fruit quality in strawberry plants was pursued. 

Materials and methods

In order to investigate the effects of paclobutrazol and manganese sulfate on strawberry cv. Paros, rooted
daughter plants were obtained from mother plants. Experiment was carried out in Sadra’s Educational
Greenhouse. Plants were potted in pots which volumes are 2 liter and containing peat moss and perlite
(1:1v/v).Nutrition solution is Melspray which is applied daily. Before transmission of rooted daughter plants
to the pots, Melsparys applied at a concentration of 0.5 mg/l but after that 1 mg/l of Melspary used. During
this time protection of plants was done by application of yellow paper and insecticide for insect controlling.
When plants produced 5 or 6 completely developed leaves, foliar application of paclobutrazol at dosage of
20 and 40 mg/l and manganese sulfate at dosage of 1500 and 3000 mg/l were sprayed to the point of run
off. Short day condition was imposed for flower induction for 21 days from 4 PM to 8 AM.

The criteria measured at this project were number of leaves, petiole length, leaf area, and dry weight of
shoot and root, inflorescence length, number of inflorescence, number of flower per inflorescence, number
of ripe fruit, vitamin C, soluble solid. Plants were pulled out from pots and completely washed after that
transfer to lab and shoot and root was separated to put in oven for 72 h at 70 degree centigrade then
weighted by balance. Leaf area was measured by Delta-T devices made in England and Vitamin C by method
of titration with Indophenole (Ting and Russeff, 1981).  Total soluble solid was measured by Refractometer.
All treatments were repeated six times and arranged in a completely randomized design. Data were analyzed
using MSTATC software. Means were compared using Duncan multiple range test.
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Results and discussion

Results

Leaf number, petiole length and leaf area

Interaction of paclobutrazol and manganese sulfate was significant on number of leaves. Lower number
of leaves was indicated at dosage of paclobutrazol 40 mg/l plus manganese sulfate at 1500 mg/l and had
significant effect when compared with control (Table 2). Application of paclobutrazol and manganese sulfate
caused reduction in vegetative growth hence decreased number of leaves. Treatment of paclobutrazol at
dosage  of  20  mg/l  and  manganese  sulfate  3000  mg/l  resulted in decreasing petiole length (Table 3).
The average Leaf area in treatment of manganese sulfate 3000 mg/l was 55.19 cm2 and decreased to 34.65
cm2 with paclobutrazol 40 mg/l (Table 4).

Table 1: Effect of paclobutrazol and manganese sulfate on measured criteria
Criteria

Treatment NL PL LA D S DR IL NI NF NRF VC TS
PBZ * * * * * * * * * * *
Mn * * * NS * * * * NS * *
PBZ×Mn * * NS NS * * * * * * NS
NL: Number of leaves, PL: Petiole length, LA: Leaf area, DS: Dry weight of shoot, DR: Dry weight of root, IL: Inflorescence length,
NI: Number of inflorescence, NF: Number of flower, NRF: Number of ripen fruit, VC: Vitamin C, TS: Total soluble solid 
*Significant at P<0.05
NS: Not significant

Table 2: Effect of paclobutrazol and manganese sulfate on number of leaves
   Manganese sulfate (mg/l)

Paclobutrazol (mg/l) Control 1500 3000 Mean
Control 33.25 a† 31 ab 29.7  bc 31.33 A
20 25.26 d 23 e 26.25 cd 25.5  B
40 21 e 16.25 f 21.5  e 19.59 C
Mean 26.83 A 23.42 B 26.17 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 3: Effect of paclobutrazol and manganese sulfate on petiole length (cm)
     Manganese sulfate (mg/l)

Paclobutrazol (mg/l) Control 1500 3000 Mean
Control 7.635 a† 6.497 c 7.192 b 7.108 A
20 5.590 ef 5.970 d 5.303 f 5.621 B
40 5.865 de 5.718 de 5.323 f 5.636 B
Mean 6.363 A 6.062 B 5.939 B
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Shoot and root dry weights

The  interaction  of  paclobutrazol  and  manganese sulfate was not significant on shoot dry weight
(Table 6).Higher dry weight of root was found in treatment of manganese sulfate with dosage of 1500 mg/l
but lower dry weight was in paclobutrazol at concentration of 40 mg/l (Table 5).

Number of inflorescence and flower and inflorescence length

The inflorescence length was reduced as a result of interaction of paclobutrazol with manganese sulfate.
Treatment of manganese sulfate 1500 mg/l and paclobutrazol 40 mg/l caused lowest length of inflorescence
(Table 7). Manganese sulfate caused higher number of inflorescence at 3000 mg/l but manganese sulfate at
1500 mg/l resulted lower number of inflorescence (Table 9). 
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Table 4: Effect of paclobutrazol and manganese sulfate on leaf area (cm2)
    Manganese sulfate (mg/l)

Paclobutrazol(mg/l)  Control 1500 3000 Mean 
Control 44.27 bcd† 48.14 abc 55.19 a 49.20 A
20 37.12 d 42.08 cd 53.72 ab 44.31 AB
40 34.65 d 49.21 abc 42.43 cd 42.10 B
Mean 38.68 B 46.48 A 50.45 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 5: Effect of paclobutrazol and manganese sulfate on dry weight of root (g)
    Manganese sulfate (mg/l)

Paclobutrazol (mg/l) Control 1500 3000 Mean
Control 6.198 ab† 8.695 a 6.765 ab 7.219 A
20 4.030 b 3.825 b 4.640 b 4.165 B
40 3.295 b 4.523 b 4.710 b 4.176 B
Mean 4.508 A 5.681 A 5.372 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 6: Effect of paclobutrazol and manganese sulfate on dry weight of shoot (g)
    Manganese sulfate (mg/l)

Paclobutrazol (mg/l) Control 1500 3000 Mean
Control 24.06 a† 24.56 a 25.63 a 24.75 A
20 15.75 bc 12.80 cd 18.13 b 15.56 B
40 8.842 d 12.91 cd 13.10 cd 11.62 C
Mean 16.22 B 16.75 AB 18.95 a
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 7: Effect of paclobutrazol and manganese sulfate on inflorescence length (cm) 
     Manganese sulfate(mg/l)

Paclobutrazol(mg/l) control 1500 3000 Mean
0 3.217 a† 3.227 a 2.667 b 3.037 A
20 1.722 c 1.094 d 1.983 c 1.6 B
40 1.227 d 0.7767 e 1.017 de 1.007 C
Mean 2.055 A 1.699 B 1.889 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 8: Effect of paclobutrazol and manganese sulfate on number of inflorescence
     Manganese sulfate(mg/l)

Paclobutrazol(mg/l) control 1500 3000 Mean
Control 12.83 ab† 9.833 d 13.33 a 12. A
20 12 b 12.50 ab 12.67 ab 12.39 A
40 12 b 11 c 10.33 cd 11.11 A
Mean 12.28 A 11.11 B 12.11 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 9: Effect of paclobutrazol and manganese sulfate on number of flower
    Manganese sulfate(mg/l)

Paclobutrazol (mg/l) control 1500 3000 Mean
Control 50/58 b† 57 c 33/67 a 94/60 A
20 67/56 c 56 c 33/45 d 67/52 B
40 83/43 e 17/37 f 33/34 g 44/38 C
Mean 53 A 06/50 B 49 C
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 10: Effect of paclobutrazol and manganese sulfate on number of ripen fruit
     Manganese sulfate(mg/l)

Paclobutrazol(mg/l) control 1500 3000 Mean
Control 52 a† 17/47 ab 67/50 a 94/49 A
20 50/33 bc 17/21 c 17/31 c 61/28 B
40 33/21 c 17/24 c 17/30 c 22/25 B
Mean 61/35 A 83/30 A 33/37 A
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.
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Table 11: Effect of paclobutrazol and manganese sulfate on vitamin C (mg/100g)
    Manganese sulfate (mg/l)

Paclobutrazol(mg/l) control 1500 3000 Mean
control 112.3 c† 146.8 a 117 b 125.3 A
20 111.8 c 101.3 e 102.8 e 105.3 C
40 104 de 106.8 d 114.8 bc 108.5 B
Mean 109.3 C 118.3 A 111.5 B
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Table 12: Effect of paclobutrazol and manganese sulfate on soluble solid 
     Manganese sulfate(mg/l)

Paclobutrazol(mg/l) control 1500 3000 Mean
Control 8.25 bc† 9.25 a 8.375 b 8.625 A
20 7.75 cd 7.625 cd 7.625 cd 7.667 B
40 7.375 d 7.75 cd 7.625 cd 7.583 B
Mean 7.792 B 8.208 A 7.875 AB
† Means followed by the same letter (small letters for means and capital letters for means of rows and columns)  are not significantly
different at 5% level of probability using DMRT.

Higher concentration of paclobutrazol and manganese sulfate resulted lower number of flowers.
Manganese sulfate at 3000 mg/l caused higher number of flower. 

Number of ripe fruit, vitamin C content and total soluble solid
 

Higher number of ripen fruit was observed at treatment of manganese sulfate  3000  mg/l  whereas
number  of  ripen  fruit  was  decreased  by  treatment  of paclobutrazol 20 mg/l and manganese sulfate
1500 mg/l (Table 10). 

Manganese sulfate at 1500 mg/l increased vitamin C content whereas lower vitamin C was resulted from
paclobutrazol 20 mg/l and manganese sulfate 1500 mg/l (Table 11). 

Highest total soluble solid was observed at 1500 mg/l manganese sulfate while the lowest was resulted
in paclobutrazol at the concentration of 40 mg/l (Table 12). 

Discussion

Braun and Garth (1986) found that number of leaves in strawberries cv. Olympus and Tillikum was
reduced by soil application of paclobutrazol. Foliar application of manganese sulfate reduced number of leaves
in common bean due to reduction in endogenous auxin and vegetative growth (Korcak, 1988). Paclobutrazol
affects  on  petiole  length  via inhibiting gibberellin biosynthesis so reduction in cell elongation occurs
(Braun and Garth, 1986).Reduction of petiole length in strawberries cvs. Nyoho, Gardian and Camarosa were
reported (Nishizawa, 1993; Stang and Weis, 1984; Nazar poor, 2004). Paclobutrazol caused differential
partitioning at photosynthetic assimilates so reduction of transmission of photosynthetic assimilates to leaf
cause limitation growth of leaf (Yelenosky et al., 1995). Foliar application of paclobutrazol at dosages of
200-1000mg/l resulted in decreased of leaf area of strawberries cv. Tribute and Honeoye (Hasse et al., 1989).

Reduced shoot and root dry weight was a result of a diversion of assimilate to the reproductive organs
(Deyton et al., 1991). McArthur and Eaton (1989) found that foliar application of paclobutrazol at dosages
of 75-1200 mg/l decreased dry weight of shoot and root in Cranberries cv. Mcfarlin and Benlear. Dry weight
of root in Blueberry was increased by application of manganese. Application of manganese in nutrient
solution increased dry weight of leaves at Blueberries cv. ME-4101 and Tifblue (Korack, 1988).

Paclobutrazol reduced inflorescence length at strawberry cvs. Tribute and Honeoge (Hasse et al., 1989).
Foliar  application  of  manganese  sulfate  decreased  vegetative growth of common bean (Gabal, 1985).
Similar results in reduction of inflorescence length in strawberries and common bean have been previously
reported. McArthur and Eaton (1988) found that in lower concentration, paclobutrazol increased the number
of inflorescence in strawberry cv. Shuksan whereas at higher concentration increased in the number of
inflorescence in strawberry cv. Totem. Adding Mn-EDDHA in the nutrient solution was found to increase
flower induction and flowering at Lemna minor (Krajncic and Nemec, 2003).The effect of paclobutrazol on
flowering in controversial while in some varieties has increased and in other has decreased. 

Reduction of ripen fruit by application of paclobutrazol was because of delay in fruit ripening (McArthur
and Eaton, 1988). Manganese increased number of fruits of strawberry cv. Elsanta although it was not
significant (Lieten, 2004).Nazar poor (2005) found that paclobutrazol decreased vitamin C in strawberry cv.
Camarosa. Application of manganese chloride has increased vitamin C in strawberry cv. Madame Mounteau
as reported by Stanchev (Stanchev, 1974).Application of manganese chloride increased total soluble solid in
strawberry cv. Madame Mounteau (Stanchev, 1974).



26Adv. in Nat. Appl. Sci., 2(1): 21-26, 2008

References

Archbold, D.D. and R.L. Houtz, 1988. Photosynthetic characteristics of strawberry plants treated with
paclobutrazol or flurprimidol. HortScience, 23: 200-202.   

Braun, W.J. and K.L.J. Garth, 1986. Strawberry vegetative and fruit growth response to paclobutrazol. J.
Amer. Soc. Hort. Sci., 111(3): 364-367.

Davis, T.D., G.L. Steffens and N. Sankhala, 1988. Triazole plant growth regulators. Hort. Rev. 10: 63-96.
Deyton, D.E., C.E. Sams and J.C. Cummins, 1991. Strawberry growth and photosynthetic responses to

paclobutrazol. HortScience, 26: 1178-1180.
FAO, 2005. FAOSTAT Agricultural statistics Database. Retrieved from http://www.fao.org.
Gabal, M..R.., I.M. Abdellah, I.A. Abed and F.M. El-Assiouty, 1985. Effect of Cu, Mn and Zn foliar

application on common bean growth, flowering and seed yield. Acta Hort, 158: 307-319.
Hancock, J.F., 1999. Strawberries. Walinford: CAB international., pp: 237.
Hasse, L., M. Pritts  and M. Eames-sheavly, 1989 Growth regulators effect vegetative and reproductive

growth in day neutral and June-bearing strawberry cultivar. Adv. Strawberry Pro., 8: 45-50.
Hewitt, E.J., 1983 A perspective of mineral nutrition: essential and functional metals in plants. 
In: D.A. Robb and W.S. Pierpoint, (eds.) Metals and Micronutrients: Uptake and Utilization by Plants.

Academic Press. New York.
Korcak,  R.F., 1988. Response of Blueberry species to excessive manganese. J. Amer. Sci. Hort. Sci., 113(2):

189-193.
Lieten, P., 2004. Manganese nutrition of strawberries grown on peat. Acta Hort, 649: 227-230.
Marschner, H., 1990. Mineral Nutrition of Higher Plants. Academic press, London., pp: 351-355.
McArthur, D.A.J. andG. W. Eaton, 1988. Strawberry Yield Response to Fertilizer, paclobutrazol and

chlormequat. Sci. Hort., 34: 33-45.
McArthur, D.A.J. and G. W. Eaton, 1989. Cranberry growth and yield response to fertilizer and

paclobutrazol. Sci. Hort., 38: 131-146.
Nazar poor, M., 2004. Effect of soil and foliar application of paclobutrazol on vegetative and reproductive

growth of strawberry cv. Camarosa. MSc Thesis, Shiraz University., pp: 56.
Nishizawa, T., 1993. The effect of paclobutrazol on growth and yield during first year greenhouse strawberry

production. Sci. Hort., 54: 267-274.
Ozuygur, M, S. Paydaskargi and E.  Kafkas,  2006. Investigation on yield, Fruit quality and plant

characteristic of some local, European and American strawberry varieties and their Hybrids. Agriculturae
Conspectus Scientificus, 71(4): 175-180.

Stanchev, L.B., 1974. Effect of manganese and zinc on the quality of strawberries. Pochvoznanie I
Agrokhimiya, 9(5): 62-67.

Stang, E..J. and G.G. Weis, 1984. Influence of paclobutrazol plant growth regulator on strawberry plant
growth, fruiting and runner suppression. HorScience, 19: 643-645.

White, S.A., 2003. Plant growth regulator rates for height suppression of Tradesccantia virgininana L. In:
Nutrition and plant growth regulator rates for high quality growth of containerized spider wort
(Tradescantia virgininana  L.). VA Polytechnic Inst. and State Uni. Blacksburg, M.S. thesis.

Yelenosky, G..J., C.V. Vu and H.K. Wutscher, 1995. Influence of paclobutrazol in the soil on growth,
nutrient elements  in the leaves, and flood/freeze tolerance of citrus rootstock seedlings. J. Plant Growth
Regul, 14: 129-134.

Ting, S.U. and L. Russeff, 1981. Citrus fruits and their products analysis technology. Marcel Dekker, Inc.
New York. Basel, 124-125.


