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ABSTRACT

This study aimed to improve vegetative growthdyaaid fruit quality of strawberry (Fragaria x anassa Duch.
cv. Camarosa) using different concentrations ofc zsulfate (ZnS¢) and pacloboyrazol (PBZ). Zinc (Zn) is a
necessary element for plants. The growth inhibiRBZ is a triazole and protects plants against saler
environmental stresses. Plants were treated with fievels of ZnS¢X0, 50, 100 and 150 mg1) and four levels of
PBZ (0, 30, 60 and 90 mgt). Signification difference was seen among the fiexels of ZnS@and four levels of
PBZ on the growth, yield and quality of strawberfe results showed that the foliar applicatiorzaSQ prior to
flowering stage was recommended to increase fuutity and yield of strawberry. The highest totaluble solid
(T.S.S.) (8.30%) was obtained from interaction 6fg L* PBZ and 150 mg L ZnSQ. Leaf area can be
maximized (42.20 cm) by the application of 90 MgABZ and 100 mgtZnSQ. The 60 mg t PBZ produced the
maximum leaf number (22.1). Also, 100 migZAnSQ proved longest for length of petiole (8.80 cm)e Tteatment
of 90 mg [ PBZ along with 150 mgLZnSQ had the greatest effect on the fruit set (87.10%gximum yield per
plant (87.80 g), the number of fruit per plant (l@). and the number of flower per plant (12.00) welbéained by
treatment of 90 mgtPBZ without ZnS® Maximum and minimum fruit weight (9.50 and 8.2Qvgs observed in
treatments of 90 mgLPBZ along with 150 mgLZnSQ and control, respectively. All yield and fruit diyatraits

in plants treated with different concentrationsP8Z and ZnSghad higher value than those of the control plants.

Key words: fruit set, flower number, leaf area, T.S.S., ¢iel
Abbreviations. PBZ-pacloboyrazol; ZnS©zinc sulfate

INTRODUCTION

Strawberry Fragaria x ananassaDuch. cv. Camarosa) is the most important cultidaberry in the world, its
annual yield being 12-15 million kilograms and ab80% of the total yield of cultivated berries. Timajor part of
the crop is sold on the fresh fruit market [28]n@&osa is a vigorous, early, short-day cultivaj.[Zamarosa has a
high yielding capacity and high quality of fruit3][ The plants grown one year are never kept fee@nd fruiting
season. On the other hand, strawberry is an ammop| being planted every year after the plantscatired for
some months in the high elevation nurseries.
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Triazole compounds are new synthetic plant growetjulators that act as anti gibberellins and knoavinhibit
shoot growth in plants [12]. Include the increasatoxidant potentials, inhibition of plant growtilecreased inter-
node elongation, increased chlorophyll levels, kbicleaf tissue and increased root to shoot r&fj.[Triazoles
affect the isoprenoid pathway and alter the lewdlgertain plant hormones by inhibiting gibbereliaynthesis,
increasing cytokinin levels and reducing ethylenmlg@ion [15]. Paclobutrazol (PBZ) or (2RS,3RS)4t-(
dichlorophenyl)-4-dimethyl-2-(1,2,4-triazole-1-yBptan-3-ol), is a potent inhibitor of gibberellifBosynthesis
[14]. It has also been reported that PBZ inhibitsbgrellins biosynthesis [12, 23]. PBZ can be agapls an overall
spray, as a soil drench or by way of trunk paintibetter results have been achieved when usedsa# drench,
reportedly effective in inducing flowering in appdéd pear [35] and reducing stem elongation in ejg2] and
citrus [2]. PBZ has been reported to protect plagainst several environmental stresses, i.e. ttplay and high
temperature, etc.[12, 23]. PBZ has biochemicalctdfen plants, such as detoxification of activegexy[17] and
increased levels of proline [21], antioxidants [281 chlorophyll contents [11].

Zinc (Zn) is an important essential micronutrieat plant. Zn is an essential metal for normal plgrawth and
development, since it is a constituent of many eresyand proteins organisms. Elevated concentratibAs exist
in many agricultural soils from management prasticeluding application of sewage sludge or animahure and
from mining activities, and this may representsk tio environmental quality and sustainable foastpction [19].
Zn is the second most abundant transition metal aftn (Fe) and is involved in various biologigabcesses in
organisms [5]. The effects of Zn on plants haventresiewed [6]. Excess of Zn can also affect thieakg of other
nutrient elements [4, 33]. Final production (quan&nd quality) is one of the main characteristtzat should be
evaluated in studies concerning plant crops [28k present study was conducted to determine teeteff PBZ
and ZnSQ on vegetative growth, yield and fruit quality afasvberry Eragaria x ananassduch. cv. Camarosa)

MATERIALSAND METHODS

Plant Materials

The experiment was conducted during 2011 and 201ftrawberry plants at a greenhouse located in &ocgy,
Golestan province, in the northern part of Irarit(ide 36°50°N, longitude 24°44°E). This work weereed out
with strawberry cv. ‘Camarosa’. Camarosa which waelbpted to the Golestan area, is a vigorous, eadyshort-
day cultivar obtained from the Spanish public stvamy breeding program with a high yielding capaeihd high
quality of fruits [3]. This cultivar was prepareain the University of Golestan.

Cultivation M edia Conditions

The plants were fertilized in early spring with Me&y organics general purpose fertilizer (N-P-Khjolv was
formulated to meet the National Organic Programdaads (containing steamed bone meal, feather ree@ghean
meal, and compost). The water management was dprii irrigation. Weed control was performed bynta
weeding and tilling. Wood chips and dried strawgewvapplied as mulch to conserve moisture and hefyral

weeds. The conventionally grown strawberries wertlized with 84 kg of actual nitrogen/hectare, kgfof actual
phosphorus/hectare, and 56 kg of actual potasseatdre in early April. An additional 28 kg of nigren/hectare
were applied later.

Treatments

The interaction effect of PBZ and Zn on vegetatared sexual growth, yield and fruit quality in stizwry
(Fragaria x ananassauch. cv. Camarosa) was evaluated. Plants werett@dth four levels of ZnS£X0, 50, 100
and 150 mg ) and four levels of PBZ (0, 30, 60 and 90 m#) LA complete nutrient solution (Zn and PBZ) was
applied twice each 14 days. Control plants werereat without PBZ and Zn.

M easur ements

At the end of the experiment and after applicataintreatments, five plants were randomly sampled tfee

measurement of growth parameters. The leaf areapumber of leaf and length of petiole were meakureeach
plant treatment. The areas of primary leaves weterthined by an area meter (Crump Scientific PrisdugdK)

[16]. Following flowering, the number of flower wasunted in each plant treatment. Fruits were tsegeearly in
the morning and rapidly transferred to the labasatStrawberries were sorted on the basis of siakyr (70% full

red color) and absence of physical damage, and me&aomly divided into lots of ten fruit. Fruits veeselected
based on module of weight and computation, towheddget yield per plant. The nhumbers and weightrafts per
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plant computation were measured in each of theplger treatment. Total fruit weight of each plewais separately
measured and considered as yield. To evaluate duatity, total soluble solid (T.S.S.) were meadutsing a
refractometer [10]. To obtain total fruit set, medrruit number were divided on flower number péant.

Analytical Procedures

The study was carried out in a factorial experimbased on completely randomized block design imethr
replications. The experiment with 12 treatments viraduded with 5 shrubs allocated to block with etlar
replications. Thus, the 192 shrubs were used.

Statistical Analysis
Data were subjected to analysis of variance in S&t&&tical software and means were compared dyttest at
the 0.05 and 0.01 of probability level.

RESULTS

Effect of PBZ and Zn on Vegetative Growth

ANOVA analysis showed that the leaf number, lengfipetiole and leaf area were significantly affectey PBZ
(p<0.01), Zn (p<0.01) and interaction of PBZ and(gx0.01). The data obtained from the effect of RBd Zn on
leaf number, length of petiole and leaf area isrmanized in Table ZThe largest number of leaf (22.10) was found
when the plantlets were treated with 60 mgRBZ without Zn (Table 2). This result was compiarly better than
the leaf number of control (Table 2). The smallesinber of leaf (16.90) was obtained in control pkta (without
PBZ and Zn) (Table 2). The use of PBZ was morecéffe as compared to Zn. PBZ alone was able todadnore
leaf number. The number of leaf could be increashdn PBZ was used in combination with Zn. In alkiuie
treatments of PBZ and Zn, least number of leavesobaerved in treatments without PBZ (Table 2).

Table 2 shows that incubation of plantlets with 18§ L™ Zn without PBZ resulted in longest petiole (8.88)c
(Table 2). Other concentrations of Zn caused irginggthe length of petiole (8.60 cm for 50 m§ Zn and 8.70 for
150 mg L* Zn) (Table 2). The shortest petiole (7.00 cm) whsained in plantlets treated with 90 mg PBZ
without Zn. The length of petioles incubated witfiedent concentrations of Zn was longer than thggbes formed
on plantlets incubated with different concentrasiafi PBZ (Table 2). Longer length of petiole (8.80/0 and 8.60
cm) was obtained in plantlets grown on media with®BZ. Shortest length of petioles was calculateglantlets
treated with 90 mg £ PBZ, single and in combination to different cortcation of Zn (Table 2). In all treatments of
PBZ, with or without Zn, the length of petioles dersed as the concentration of PBZ increased (PRablehus, the
maximum and minimum length of petioles in eachesedf PBZ concentrations (0, 30, 60 and 90 mpwas seen
in 0 and 90 mg Tt PBZ, respectively.

Data presented in Table 2 shows that the highesti@amest leaf areas (42.20 and 37.80 cm, respégtivwere
obtained from plants grown on medium enriched vithmg L* PBZ along with 100 mg t Zn and control,
respectively. In most treatments, the combinatibRBZ and Zn improved leaf area. The combinatios®ing L*
PBZ along with 150, 100 and 50 mgd IZn with 41.60, 41.60 and 41.20 cm leaf areas Vi@uad to be the most
suitable compounds (Table 2). In most treatment$BEZ, with or without Zn, the leaf area increasexdtlae
concentration of PBZ increased (Table 2).

Effect of PBZ and Zn on Yield and Fruit Quality

ANOVA analysis showed that the number of fruit p&ant, average fruit weight, yield per plant, numbg&flower
per plant, fruit set and T.S.S. were significarffected by PBZ (p<0.01), Zn (p<0.01) and intexactf PBZ and
Zn (p<0.01). Results obtained from the effect oZRBId Zn on the number of fruit per plant, averiigé weight,
yield per plant, number of flower per plant anditfeet is summarized in Table 3. The largest nunubdruit per
plant (10.10) was obtained in treatment of 90 ifdPBZ without Zn (Table 3). This result was compasdy better
than the number of fruit per control plants (TaB)e The use of PBZ was more effective as compavetht PBZ
alone was able to induce most fruit number. Thos |éast number of fruit per plant (6.60) was aigdiin control
plants (without PBZ and Zn) (Table 3). Current stgtowed that in all treatments of PBZ, with orheitit Zn, the
number of fruit per plant increased as the conegintr of PBZ increased (Table 3). The most suitablecentration
of PBZ and Zn are 90 and 50 md,Lrespectively (Table 3). In most treatments, thmlgination of PBZ and Zn
improved the number of fruit per plant. In all mix¢ treatments, minimum number of fruit was showrplants
grown on media without PBZ (Table 3).
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The highest value of fruit weight (9.50 g) was dm¢a by using the 90 mg™LPBZ along with 150 mg t Zn
(maximum levels of PBZ and Zn) (Table 3). The loiveslue of fruit weight (8.20 g) was obtained inntol
plantlets (without PBZ and Zn) (Table 3). Tableh®ws that the 60 mgt.PBZ is also a proper concentration for
increasing fruit weight. Different concentratiorfsZm had least positive effect on enhancing thé fueight (Table
3).

The maximum yield per plant (87.80 g) was obtaiiretteatment of 90 mgt. PBZ without Zn (Table 3). This
result was comparatively better than yield per ainplants (Table 3). The use of PBZ was more ¢iffecas
compared to Zn. PBZ alone was able to induce higfiekl per plant. Thus, the minimum vyield per pl&w.10 g)
was obtained in control plants (without PBZ and Zrgble 3). Current study showed that in all treatits of PBZ,
with or without Zn, plant yield increased as then@entration of PBZ increased (Table 3). The mos#tabkle
concentration of PBZ and Zn are 90 and 150 rigrespectively (Table 3). In most treatments, thelsination of
PBZ and Zn improved the number of fruit per pldntall mixture treatments, minimum number of fraids shown
in plants grown on media without PBZ (Table 3).

The highest number of flower per plant (12.00) wesasured in treatment of 90 mg PBZ without Zn (Table 3).
This result was comparatively better than the nundieflower per plant (Table 3). The use of PBZ wasre
effective as compared to Zn. PBZ alone was abledace highest the number of flower per plant. Towest
number of flower per plant (8.20) was obtainedanteol plants (without PBZ and Zn) (Table 3). Thisady showed
that in most treatments of PBZ, with or without Zme number of flower per plant increased as theeotration of
PBZ increased (Table 3). In most cases, suitableardration of PBZ for increasing the number ofviéo per plant

is 90 mg L, while the lack of Zn in media is more suitableile 3). In most treatments, the combination of PBZ
and Zn improved the number of flower per plant.more mixture treatments, minimum number of floweasw
shown in plants grown on media without PBZ (Table 3

The present investigation demonstrated that altebied concentrations of PBZ and Zn enhancedttiitesét (Table
3). However, the differences between these treasneare not noticeable, but between these treatvaam control
were noticeable. In most cases, PBZ produced nraie det than the control (Table 3). Maximum 87.16%d
minimum 76.20% fruit set were recorded in planeated with 90 mg t PBZ along with 150 mg £ zn and
control, respectively (Table 3).

The 150 mg [* Zn without PBZ and 90 mgLPBZ without Zn was found maximum and minimum tdtioe 8.30
and 6.70% T.S.S. (Table 3). Among different conegtiuns of PBZ, 30 mg T was better than the others
concentrations. In most treatments, T.S.S. wasedsed as PBZ concentration increased. Thus, thameats
without PBZ induced higher T.S.S. than the treatimenntaining PBZ (Table 3). Among different cortcations of
Zn, 150 mg [* was better than the others concentrations. Theabln on increasing T.S.S. was more important
than that of PBZ. Table 3 shows that in most treatisy concentrations of 0 and 30 mg PBZ may not induce
different rate of T.S.S. (Table 3).

DISCUSSION

PBZ is widely applied as a plant retardant in @amirovides quantity and quality controls in seleraps. The
efficacy of PBZ on growth, flowering, fruiting arfduit quality has been reported earlier [30]. Otudy showed
that the application of 60 and 90 mg bf PBZ increased the number and area of leafdbateased petiole length.
Contrary to our findings, Shakeri et al. [31] hagb reported that PBZ reduces the growth and thauof leaf in
strawberry. PBZ also reduced vegetative growthpplex[18]. Vegetative growth components were reduaier
annually application of PBZ in apples [18]. The uekhg effect of PBZ on plant height has been olesgrin
ornamental plants. Studies showed that PBZ coultdbeeused to control the growth Bianthus caryophyllugv.
Mondriaan and improve its commercial quality. Thetalies demonstrated that PBZ reduced plant héigiét 2-
64.3%. PBZ significantly reduced foliage height gared with the control. Studies have shown that BBzeeded
to be applied annually to increase the numberafdr and fruit yields in strawberry [31]. Yield &fency values
were consistent with the fruit yield values. Oundies revealed that PBZ (especially the 90 my &trongly
increased yield and sexual growth of strawberry: fdwdings are in consistent with some other stsdiotal yield
of ‘Golden Delicious’ apples were increased aftpplication of PBZ [34]. Studies of Yadava and Sif@6]
showed that PBZ is needed to use annually to iserd®e yield of mango fruit. PBZ had highly sigeéfint effect on
the number of flowers per plant. Contrary to ondfngs, fruit-size reduction in apples has beeniptesly reported
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by many researchers [13]. PBZ used for growth le@sn lveported to reduce fruit size [27]. Also, tkeavy fruit load
may have depleted carbohydrates reserves necdesding following year's flower initiation, fruitet and/or initial

growth of the tree. PBZ increased achenes perdfistrawberry but decreased its yield [28juit weight increased
as fruit number increased [31].

Current study revealed that the application of &) L* of ZnSQ increased the length of petiole and leaf area.
ZnSQ, did not change the number of leaf, and the maxirmumber of leaf was observed in treatment without
ZnSQ,. Contrary to our finding, some studies showed #r@#$Q, increased the number of leaf in strawberry cv.
Camarosa and Armore [7, 26]. Our study showed tloaite of ZnSQ concentrations increased quality traits of
strawberry, alone except for T.S.S. 150 mydf ZnSQ increases fruit weight and fruit set providing gresence

of PBZ. However, Abdollahi et al. [1] showed thatS0, increased fruit number, size and quality of strexa
Dixi and Gamdagin [8] reported that a foliar speiyznSQ, on March and April increased the size, T.S.S.jae

of oranges. Dobroluybsikii et al. [9] reported thiad application of ZnSg{xan increase T.S.S. in fruit of guava. This
result confirms our finding.

Table 1: The main chemical properties of the growing medium

Type of soil  Potassium (ppm) Phosphorus (ppm) Ném(ppm) EC (x10) pH Sand (%) Clay (%) Lay (%)
Silt-loarr 254 20 0.17 3.C 72 24 60 16

Table 2: Effectsof PBZ and Zinc Sulfate on vegetative growth and quality of fruit ratiosfor strawberry

Treatments (mgt) Leaf number Length of petiole (cm) Leaf area (cm)

Control 16.90ef 8.50ab 37.80f
(PBZ 30 +2Zn0) 18.20d 8.00b 39.20d
(PBZ 60 + Zn 0) 22.10a 7.40cd 41.10b
(PBZ 90 + Zn 0) 20.50bc 7.00d 40.60c
(PBZ 0 + Zn 50) 17.50e 8.60ab 38.60e
(PBZ 30 + Zn 50) 18.30d 8.20b 40.70c
(PBZ 60 + Zn 50) 18.70d 8.10b 41.20b
(PBZ 90 + Zn 50) 19.10c 7.80c 41.30b
(PBZ 0 + Zn 10C 18.70¢ 8.80¢ 38.80¢
(PBZ 30 + Zn 100) 18.80d 8.30b 40.70c
(PBZ 60 + Zn 100) 19.30c 8.50ab 41.60b
(PBZ90 +Zn10C  20.10bx 8.10t 42.20:
(PBZ 0 + Zn 150) 19.60c 8.70a 39.40d
(PBZ 30 + Zn 150) 19.70c 8.50ab 40.20c
(PBZ 60 +Zn 15C  20.70bu 8.20t 41.60t
(PBZ 90 +Zn 150)  21.00b 8.10b 41.30b

In each column, means with the similar letters moesignificantly different at 5% level of probatyilusing F test

Table 3: Effectsof PBZ and Zinc Sulfate on sexual growth and yield of strawberry

Treatments Number of fruit/plant ~ Average fruit wetigg)  Yield/plant Number of flower/plant  Fruit set (%) T.S.S. (%)
(@)
Contro 6.60c¢ 8.20¢ 54.10¢ 8.20c¢ 76.20¢ 7.60c¢
(PBZ 30 +Zn 0) 7.90c 8.40c 68.00d 9.70c 82.40b 0d.3
(PBZ60+2ZnC 8.90t 9.10¢ 80.90t 10.50bx 84.70t 7.10e
(PBZ 90 + Zn 0) 10.10a 8.70b 87.80a 12.00a 84.10b .70f6
(PBZ 0 + Zn 50) 6.80d 8.30c 56.40e 8.30d 82.90b 0lr.8
(PBZ 30 + Zn 5C 8.20b« 8.70t 71.30¢ 9.80¢ 83.60!t 7.90k
(PBZ 60 + Zn 50) 9.00b 9.00b 80.10b 10.80b 84.20b .50
(PBZ 90 + Zn 50) 9.10b 8.90b 81.90b 11.10b 81.00c 10¢
(PBZ 0 + Zn 10C 7.40¢ 8.60t 63.60( 9.70c¢ 79.50¢ 8.10al
(PBZ 30 +2Zn 100) 7.50c 8.90b 66.70d 9.10c 82.40b 108
(PBZ 60 +7Zn 100) 7.80c 9.10b 70.20d 9.50c 83.10b .90y
(PBZ 90 +2Zn 100) 7.90c 9.00b 71.80d 9.30c 83.80b .80y
(PBZ 0 + Zn 150) 7.30c 8.70b 63.50d 8.90cd 82.10b  8.30a
(PBZ 30 +7zn 150) 7.90c 8.80b 69.50d 9.30c 84.90b 208
(PBZ 60 +Zn 150) 8.50b 9.10b 77.30c 10.10bc 83.30b  8.00ab
(PBZ 90 +Zn 150) 8.70b 9.50a 82.60b 10.20bc 87.10a 7.90b

In each column, means with the similar lettersmoesignificantly different at 5% level of probatyilusing F test
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