
Original Research Article 1 

DORMANCY BREAKING OF THE FIG TREE WITH 2 

HYDROGEN CYANAMIDE AND GARLIC EXTRATE 3 

 4 

ABSTRACT 5 

The supply of cold hours needed to the dormancy breaking of shoots is the limiting factor for the 6 
cultivation of temperate climate fruit trees in warmer regions. In subtropical conditions, it is necessary 7 
to use chemical products to promote uniform sprouting. This research aimed at evaluating the effect of 8 
garlic extract and hydrogen cyanamide in sprouting, growth, production and production cycle of the fig 9 
tree. The experiment was conducted during the production cycles of 2011/12 and 2012/13. We used 10 
plants from the cultivar Roxo de Valinhos. Production pruning was made in the months of July/2011 11 
and July/2012, and the following treatments were applied immediately after it: 2% hydrogen 12 
cyanamide and garlic extract in 4%, 8% and 12% doses, and a control treatment. Split plots were used 13 
as the experimental design, with five repetitions in blocks; each plot consisted of five treatments with 14 
hydrogen cyanamide, garlic extract and control; the subplots consisted of two production cycles. The 15 
use of hydrogen cyanamide promoted an anticipation of sprouting and the use of hydrogen cyanamide 16 
and garlic extract promoted a concentration of the productive period, when compared to the control. 17 
The estimated garlic extract dose that promoted the highest production per plant was 3%. 18 
____________________________ 19 
Index terms: Ficus carica L., sprouting, fructification, production. 20 

1. INTRODUCTION 21 

 The fig tree is native to Asia Minor and Syria, in the Mediterranean region, and was first 22 
cultivated and selected by the Arabs and Jews in Southwest Asia. The Mediterranean climate 23 
predominates in the fig tree’s region of origin, and it is characterized as a temperate subtype climate, 24 
with temperature variations in the coldest month ranging from -3 °C to 18 °C, with dry, hot summers 25 
and rainy, cold winters, with improbable occurrence of snow in winter (OUKABLI; MEKAOUI, 2012). 26 

The fig tree is well adapted to different climates and it is cultivated in subtropical and temperate 27 
regions (Souza et al., 2009), because it is a native plant of a region with predominant subtropical 28 
climate. According to Vossen and Silver (2000), the fig tree is undemanding in the cold, and adapts to 29 
regions that have from 0 to 150 hours of ≤ 7,2 °C temperatures, or with continuous exposition time 30 
equivalent to four days/cycle of temperatures below this limit (BOTTI et al., 2003). However, this 31 
temperature values should not be considered a limiting factor for the stagnation of the plant’s 32 
metabolic activities. 33 

The cultivation of the fig tree in warmer climate regions has proved a viable alternative, as there 34 
is good plant growth and good productivity. 35 

The temperature is closely linked to the growth and development of the fig tree, because there 36 
is a minimum, maximum and an optimal temperature range for each cultivar. Thus, dormancy 37 
fructification, ripening and quality of fruits all depend (in their own time) on a certain thermal time 38 
(SOUZA et al., 2009). For the climate conditions of Botucatu (São Paulo state; henceforth SP), in four 39 
sequential production cycles, the authors verified the minimum basal temperature (Tb) and maximum 40 
basal temperature (TB) of 8 °C and 36 °C, respectively. These results corroborate the available 41 
reports, which indicate the planting of fig trees in regions that are warmer than the traditional ones 42 
(CAETANO, 2006; RODRIGUES et al., 2009). 43 

In Brazil, the fig tree is cultivated in a system of annual drastic pruning, which condition the 44 
number of productive branches and the plant growth. Because of that, the cycle is measured 45 
according to the number of days from the pruning to the harvest period. Souza et al. (2009) conducted 46 
a study in the climate conditions of Botucatu (SP), in four evaluation cycles (from 2002 to 2005), and 47 
found that the production cycle varied between 77 and 118 days, depending on the evaluation year. 48 
According to the authors, the thermal need for the fig tree 'Roxo de Valinhos' to develop from the 49 
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pruning, made in July and August, until the harvest period, was, on average from 2.220 to 1.995 50 
degree-days. 51 

The Brazilian production of the ‘Roxo de Valinhos’ fig spreads from regions of colder climate 52 
(subtropical and e altitude tropical), such as Rio Grande do Sul state, Sao Paulo plateau and South of 53 
Minas Gerais state, up to hot regions in the North of Rio de Janeiro state, the South of Espírito Santo 54 
state and Vale do São Francisco. These places are preferred because of the plant’s little or no 55 
demands for cold to complete the rest period, combined with the high amplitude between the limiting 56 
temperature extremes (PEDRO JÚNIOR et al., 2007). 57 

In subtropical climate regions, the accumulated cold hours needed for the dormancy breaking 58 
are commonly not fully satisfied. Under the inadequacy of accumulated cold hours, it is common to 59 
use chemical products that present effects on dormancy breaking and that act as sprouting inducers 60 
(SETTIMI et al., 2005). The hydrogen cyanamide is used in situations of lack of cold hours in the 61 
winter, and when it is needed to standardize and anticipate sprouting, and to stimulate, because of 62 
that, the early harvest. Its mode of action is not entirely clear, and may be related to the effects on the 63 
respiratory system of cells and the interference with some enzymatic processes that control the plant’s 64 
rest, such as the catalase activity (MANI et al., 2013). 65 

Although the hydrogen cyanamide is the most effective compound in dormancy breaking 66 
(SAGREDO et al., 2013), the necessity of increasingly lower the use of synthetic and toxic substances 67 
on trees (in order to prefer sustainable systems of production) makes the chemical dormancy breaking 68 
of fruit trees a limiting factor for the activity in the world (MCARTNEY; WALKER, 2004; VARGAS et al. 69 
2010) and also in Brazil (BOTELHO et al., 2007 a, SEGANTINI et al., 2011). 70 

In the search for new alternatives to break dormancy of fruit plants in temperate climate, Kubota 71 
and Miyamuki (1992) conducted a study on the use of garlic paste on grapevines. The authors 72 
substantiate the hypothesis of using the product due to the presence of active substances – it contains 73 
sulfur and an allyl group (H2CHCH2), mainly the diallyl disulfide, which is the most abundant sulfate in 74 
garlic, and would act by the same mechanism proposed by Pinto et al. (2007), on the dormancy 75 
breaking of temperate climate plants, that is, through oxidative stress via accumulation of H2O2, 76 
consequently enabling promising results in the plants’ growth. Kubota et al. (2000) continued the 77 
research, and found that the application of pure garlic paste or garlic oil promoted dormancy breaking 78 
of shoots and grapevines. In Brazil, Botelho et al. (2007 b) also reported the favorable use of garlic 79 
extract on the sprouting induction in apple trees. 80 

Garlic extract is a natural product that works as an alternative for the dormancy breaking of 81 
temperate climate fruit trees, mainly for alternative production systems, which restrict the use of 82 
agrochemicals. 83 

There are no reports on the use of garlic extract as a sprouting inductor on fig trees under the 84 
growing conditions in subtropical climate of the State of São Paulo. There is a need for studies to 85 
enable the recommendation of this product. In recent years, the popular interest in consuming fresh 86 
fruits has increased, mainly due to the large presence of bioactive compounds (KUSKOSKI et al., 87 
2006; HASSIMOTO et al., 2008). At the same time, there is the interest in organic production systems 88 
or with minimal use of synthetic chemicals. Considering that there are no available reports about the 89 
need of chemical products for dormancy breaking in subtropical climate conditions, this study had the 90 
objective of evaluating the effects of applying garlic extract and hydrogen cyanamide in sprouting, 91 
production and productive cycle of the fig tree cv. Roxo de Valinhos, in Botucatu (SP). 92 
 93 

2. MATERIAL AND METHODS 94 

The study was conducted at the Experimental Farm Lageado, at the School of Agricultural 95 
Sciences of the São Paulo State University – UNESP, situated at 22° 51’ 47” S, 48° 25’ 12” W and at 96 
810 m altitude. The climate in the region is mesothermal, according to Köppen climate classification, 97 
or Cwa, which means it is humid subtropical, dry in the winter and rainy in the summer. The average 98 
annual rainfall is 1,314 mm. The relative humidity is 75% and the average temperature in the coldest 99 
month (July) is 17.1 °C, and 23.3 °C in the hottest month (February); the average annual temperature 100 
is 20 °C (CUNHA; MARTINS, 2009). The area’s soil is classified as Red Alfisol. 101 

We used plants from the cultivar Roxo de Valinhos, which were planted on September 5, 2010; 102 
their seedlings came from the Seedling protection Center of CATI, in the city of Tietê (SP). The 103 
experimental design used was the split pot, with five repetitions in blocks and three useful plants per 104 
experimental plot; the each plot corresponded to the five treatments: 2% hydrogen cyanamide 105 
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(dormex), and Biogarlic (70% garlic extract) in doses of 0%, 4%, 8% and 12%. The subplots were 106 
composed of two evaluation cycles, corresponding to the years of 2011-12 and 2012-13. 107 

We evaluated 75 plants, which were two years old in the production cycle of 2011/2012 and 108 
three years old in the cycle of 2012/2013; they were cultivated in spacings of 3.0 m between rows and 109 
2.0 m between plants. 110 

We carried out cultivation and phytosanitary practices in the experiment, according to cultivation 111 
technical recommendations (DAMATTO JÙNIOR, 2011). Pruning was made in the beginning of July, 112 
in 2011 and 2012, preceding the products that were applied immediately after the fructification 113 
pruning. This application was made with a knapsack sprayer, with 3 liters of solution per plant, with the 114 
aid of a plastic curtain, so that there was no driftage. 115 

In the production cycles of 2011/12 and 2012/13, we evaluated the average number of shoots 116 
per plant, the average diameter of the productive branches (in millimeters), the number of fruits, the 117 
fresh mass of fruits (in grams), the longitudinal diameter (LD) and equatorial diameter (ED) of fruits, in 118 
millimeters (mm), the relation ED/LD, the production (kg per plant-1), the length of the production cycle 119 
(period from the date of pruning to the fructification peak, in days) and the length of the productive 120 
period from the beginning to the peak and end of harvests. These results were defined according to 121 
the dates and number of harvests made and to the obtained production. The fruits were harvested 122 
once (or almost every time) they reached an average weight of 50 to 60 g. 123 

The results were submitted to analysis of variance; the mean values of treatments on each of 124 
the plots (garlic extract and hydrogen cyanamide) and subplots (production cycles) were compared by 125 
the Tukey test at 5% significance level. Data related to garlic extract doses were submitted to 126 
polynomial regression analysis. 127 
 128 

3. RESULTS AND DISCUSSION 129 

There was no significant interaction between the compounds to overcome the dormancy and 130 
the production cycles for any of the evaluated variables; however, the treatments showed isolated 131 
effects. This way, we considered the mean values obtained in the evaluation cycles (2011/12 and 132 
2012/13) for all of the evaluated variables. 133 

We have found that the plants that were subjected to 2% hydrogen cyanamide had their fruit 134 
harvest anticipated, when compared to the control treatment, with a cycle of 98 days. This confirms 135 
the results reported in literature (SAGREDO et al., 2005; SETTIMI et al., 2005; PINTO et al., 2007), 136 
which state the efficiency of this product in the promotion, standardization and anticipation of sprouting 137 
(Table 1). However, the values obtained on the 2% hydrogen cyanamide treatment did not differ from 138 
the use of 4, 8 and 12% garlic extract, which led us to suggest the use of this compound as a 139 
sprouting inducer for fig trees. By the regression analysis, we adjusted the quadratic model to express 140 
the length from the pruning period to flowering, in relation to the doses of garlic extract; we then 141 
obtained the maximum point of the function with the 7% garlic extract dose (Figure 1). We emphasize 142 
the possibility of using the garlic extract, seeking other production systems that do not accept the use 143 
of hydrogen cyanamide, since it is a toxic product (OLIVEIRA et al., 2009; MALDONADO et al., 2010). 144 

 145 
 146 
 147 

Table 1. Mean results of the cycle’s length from pruning to fructification, number of shoots per 148 
plant and diameter of secondary branches of the fig tree submitted to doses of garlic extract 149 
and hydrogen cyanamide in two production cycles. FCA/UNESP/Botucatu, 2011/12 and 150 
2012/13. 151 
 152 

Compound Dose 
(%) 

From pruning to 
fructification 

(days) 

Number of 
shoots per 

plant-1 

Diameter of branches 

(mm) 

Hydrogen cyanamide 2 98 B 9.7 13.3 

Garlic extract 0 119 A 9.1 13.8 

Garlic extract 4 105 AB 10.0 12.1 

Garlic extract 8 109 AB 8.8 12.4 
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Garlic extract 12 113 AB 8.5 12.5 

DMS  17,0 3.2 3.0 

Cycle     

2011/12   107,9 8.6 B 12.1 B 

2012/13   109,4 9.8 A 13.6 A 

DMS  4,0 0.6 1.1 

CV 1 (%)   17,0 37.9  25.0 

CV 2 (%)    10,1  17.3  22.8 

Measurements followed by different letters differ from each other by the Tukey test at 5% probability. 153 

y = -0,0202x2 + 0,162x + 9,2729 R2 = 0,6804 F = 3,9*
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Figure 1. Number of shoots per plant (A), average branch diameter (B) and number of days 154 
from pruning to fructification (C) peak of the fig tree, subjected to doses of garlic extract. 155 
FCA/UNESP/Botucatu. 2011/12 and 2012/13. 156 

 157 
The use of 2% hydrogen cyanamide promoted a 21 days anticipation of sprouting, when 158 

compared to the control treatment. This fact is extremely interesting, as it allows an early harvest in 159 
more economically favorable times, because the production does not coincide with the harvest peak in 160 
production regions of São Paulo state. This result is also interesting when we consider the 161 
phytosanitary aspect, for the concentration of harvests happens in times of lower rainfall. Both the 162 
hydrogen cyanamide and the garlic extract treatments promoted an anticipation and higher 163 
concentration of the production peak, when compared to the control treatment. We found that, in the 164 
production cycles of 2011 and 2012, respectively, the production peak of the control treatment 165 
happened from 12/11 to 14/1 and from 19/11 to 14/1. In the hydrogen cyanamide and garlic extract 166 
treatments, the production peak was anticipated in 15 days in the year of 2011 and in 20 days in the 167 
year 2012 (Table 2). 168 

 169 
Table 2. Period from the beginning, peak and end of harvest of the fig tree subjected to doses 170 
of garlic extract and hydrogen cyanamide in two production cycles. FCA/UNESP/Botucatu, 171 
2011/12 and 2012/13. 172 
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Compound Dose (%) 3/9 10/9 17/9 24/9 1/10 8/10 15/10 22/10 29/10 5/11 12/11 19/11 26/11 3/12 10/12 17/12 24/12 31/12 7/1 14/1 21/1 28/1 4/2 11/2 18/2 25/2 4/3 11/3

Hydrogen cyanamide 2

Galic extract 0

Galic extract 4

Galic extract 8

Galic extract 12

Hydrogen cyanamide 2

Galic extract 0

Galic extract 4

Galic extract 8

Galic extract 12

YEAR 2011

YEAR 2012

 173 

  Harvest beginning   Harvest peak   Harvest end 
 174 
 175 

Norberto et al. (2001) confirmed the beneficial effects of 2% hydrogen cyanamide and the 176 
anticipation of pruning time. Plants treated with hydrogen cyanamide, pruned in May, provided a first 177 
crop of green figs early in the offseason, which allowed the anticipation of the pruning period, 178 
associated to the use of the compound. Ohland et al. (2009) evaluated the application of 5, 10, 15, 20 179 
and 25 mL L-1 hydrogen cyanamide in the sprouting of fig tree cuttings. The researchers attributed the 180 
best response for sprouting to the application of hydrogen cyanamide and favorable hormonal 181 
balance. 182 

In Morocco, a traditional fig producing country, Oukabli and Mekaoui (2012) reported a very 183 
short period for the dormancy breaking of fig trees in cultivars from Morocco, Italy and Spain, and a 184 
longer period for the cultivars from France. The authors observed a gap between the leaf abscission 185 
and the beginning of sprouting that varied from 95 to 115 days, according to the evaluated cultivars. 186 
They have also reported that the number of ≤ 7,2 °C cold hours was 450 hours in the first year of 187 
evaluation and 400 hours in the second year. The results obtained in our study indicate that the fig 188 
tree cv. Roxo de Valinhos had good sprouting, regardless of the use of compounds for breaking the 189 
dormancy (Table 1). 190 

Caetano (2006) had also reported on the dormancy of the fig tree; the researcher compared the 191 
crops in different situations: crops in the northern hemisphere (temperate zone), in subtropical climate 192 
regions of the southern hemisphere and new crops in tropical climate. In regions of intense cold, 193 
environmental signs of the autumn’s end and low temperature would bring the plants to rest, with 194 
shoot dormancy. However, the fig tree is able to resume vegetative growth immediately after the 195 
ceasing of adverse environmental conditions, or to not get into dormancy if there are no environmental 196 
adversities. This suggests that the endodormancy manifests itself very tenuously – or it is absent in 197 
this species – and that the stoppage of growth during the winter would happen, in this case, to provide 198 
the survival of the species in severe cold. 199 

For the variable number of shoots per plant, there was no difference between the hydrogen 200 
cyanamide treatments and the garlic extract treatments. However, considering the garlic extract 201 
treatments, we have adjusted the quadratic regression model to express the rise in the number of 202 
shoots with the doses of garlic extract – and the 4% dose showed the best results (Figure 1). The 203 
beneficial effects of garlic extract on the dormancy breaking of temperate climate and bud breaking 204 
were already reported by other authors, such as Kubota et al. (2000), Botelho et al. (2007 a e b), 205 
Vargas et al. (2010) and Maldonado et al. (2010). 206 

There was no significant difference between the hydrogen cyanamide and garlic extract 207 
compounds for the average diameter of secondary branches, but there was difference between the 208 
production cycles: in 2011/12, the diameter was smaller (12.1 mm), when compared to 2012/13 (13.6 209 
mm) (Table 1). This fact may be explained by the annual growth of the plants that were two years old 210 
(cycle 2011/2012) and three years old (cycle 2012/13). Leonel and Tecchio (2010) also observed 211 
these responses on the fig threes’ growth, according to the progressive production cycles. In plants of 212 
the cultivar Roxo de Valinhos, conducted with six productive branches, they reported an average 213 
diameter of 10.96 mm on secondary branches of plants that were 3 years old, and 16.23 mm on 4 214 
years old plants. 215 

According to Silva et al. (2011), the fig tree branches, as well as the branches of other fruit trees 216 
that usually form the upper canopy layers, are the plants’ storage organs and can show increased 217 
productivity. The authors also emphasize that the adequate supply of water and nutrients are the main 218 
determinants for the growth of branches. The results obtained in this research corroborate the authors’ 219 
affirmation, allowing us to conclude that the effects of compounds for the dormancy breaking happen 220 
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on the induction and standardization of sprouting, and have no effects on the branches’ diameter 221 
growth (MANI et al., 2013). 222 

There was no difference in using hydrogen cyanamide and garlic extract for the production and 223 
number of fruits per plant; we obtained the average values ranging from 4.8 to 6.1 kg plant-1 and from 224 
88 to 104 fruits plant-1 (Table 3), respectively. For the variable fresh mass of fruits, the application of 225 
2% hydrogen cyanamide was superior to the 12% garlic extract dose. There was higher production, 226 
higher number of fruits per plant and fresh mass of fruits in the production cycle of 2011/12. This was 227 
already expected, since these plants are respectively two and three year old plants. For this reason, 228 
we opted for the evaluation of the two cycles’ averages. Leonel and Tecchio (2010), in Botucatu (SP), 229 
reported that fig tree plants pruned in July and sprayed with 2% hydrogen cyanamide presented the 230 
highest average number of fruits and the highest estimate productivity, confirming the product’s 231 
efficiency for the region. 232 

 233 
Table 3. Mean production results, number of fruits per plant and fresh mass of fruits from the 234 
fig tree Roxo de Valinhos, subjected to doses of garlic extract and hydrogen cyanamide in to 235 
production cycles. FCA/UNESP/Botucatu/SP, 2011/12 and 2012/13. 236 

Compound 
Dose 
(%)  Production (kg plant-1) 

Number of fruits 
per plant-1 

Fresh mass of the 
fruit (g) 

Hydrogen cyanamide 2 6.1  104  59.5 A 

Garlic extract 0 5.2  88 58.0 AB 

Garlic extract 4 5.6  102 56.8 AB 

Garlic extract 8 4.9  92 53.1 AB 

Garlic extract 12 4.8  90 52.7 B 

DMS  1.5  24.8 6.8 

Cycles         

2011/12   4.9 B  86.8 B 54.8 B 

2012/13   5.8 A  103.3 A 57.2 A 

DMS  0.4  6.4 1.6 

CV 1 (%)   31.5  28.3 13.2 

CV 2 (%)   21.7   18.7  7.8 

Measurements followed by different letters differ from each other by the Tukey test at 5% probability. 237 

 238 
Considering the isolated effect of garlic extract, we adjusted the quadratic regression model to 239 

express the production rise and the number of fruits per plant, with function’s maximum points of 3% 240 
and 6% garlic extract, respectively (Figure 2). It should be noted that the highest production obtained 241 
with the 3% dose is more favorable to the producer, because it implies lower production costs than the 242 
acquisition and application of the product. 243 

 244 

 245 
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Figure 2. Production (A) and number of fruits per plant (B) of the fig tree Roxo de Valinhos 246 

subjected to doses of garlic extract in two production cycles. FCA/UNESP/Botucatu. 2011/12 247 

and 2012/13. 248 

Plants sprayed with 4% and 8% garlic extract and 2% hydrogen cyanimide produced fruits with 249 
similar equatorial diameter, with higher values than those obtained with the control treatment, which 250 
presented fruits with smaller equatorial diameters (45 mm). For the longitudinal diameter, we obtained 251 
the highest value from the 4% garlic extract treatment (59 mm). The 2011/12 production cycle 252 
presented, on average, fruits with larger equatorial diameter (49 mm) and longitudinal diameter (55 253 
mm). There was no difference between the treatments with hydrogen cyanamide and garlic extract for 254 
the relation equatorial diameter/longitudinal diameter of fruits (Table 4). 255 

 256 
Table 4. Mean results of equatorial diameter, longitudinal diameter and relation equatorial 257 
diameter/longitudinal diameter of fruits from the fig tree Roxo de Valinhos, subjected to doses 258 
of garlic extract and hydrogen cyanamide in two production cycles. FCA/UNESP/Botucatu. 259 
2011/12 and 2012/13. 260 

    Diameter of fruits (mm)   

Compound 
Dose 
(%) Equatorial (ED) Longitudinal (LD) Relation DE/DL 

Hydrogen cyanamide 2 51 A 55 B 0,92 

Garlic extract 0 45 C 53 B 0,86 

Garlic extract 4 50 AB 59 A 0,85 

Garlic extract 8 48 AB 53 B 0,91 

Garlic extract 12 48 B 52 B 0,92 

DMS  2,7 3,4 0,07 

Cycle     

2011/12  49 A 55 A 0,9 

2012/13  48 B 54 B 0,9 

DMS  1,2 1,4 0,02 

CV 1 (%)   6,1 6,8 9,0 

CV 2 (%)    6,8  7,1  7,6 

Measurements followed by different letters differ from each other by the Tukey test at 5% probability. 261 

 262 
 263 
 264 
Concerning the effect of the garlic extract doses on the dimensions of fruits, we adjusted the 265 

quadratic regression model to express the rise in longitudinal and equatorial diameters of fruits, with 266 
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the function’s maximum points of 5% and 7% garlic extract, respectively (Figure 3). There was a linear 267 
increase in the relation ED/LD of fig tree fruits with the increasing doses of garlic extract (Figure 3). 268 
The values for the relation were, for all treatments, lower than 1.0, which indicates the formation of 269 
round-shaped fruits, presenting always the same average 10% smaller equatorial diameter than the 270 
longitudinal diameter (SILVA et al., 2012). This is a positive aspect, since the consumer markets have 271 
higher preference for the rounder fruits of the cv. Roxo de Valinhos. 272 

 273 

y = -0,1124x2 + 1,1211x + 53,916 R2 = 0,5293 F =5,2**
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Figure 3. Logitudinal diameters (A), equatorial diameters (B), relation equatorial/longitudinal 274 

diameters (C) of fruits from the fig tree Roxo de Valinhos subjected to doses of garlic extract in 275 

two production cycles. FCA/UNESP/Botucatu. 2011/12 and 2012/13. 276 

 277 

4. CONCLUSION 278 

There was no difference between the compounds and doses evaluated for the variables 279 
diameter of secondary branches, number of shoots and fruits per plant and production. The 280 
application of hydrogen cyanamide 2% promoted anticipation of sprouting, and in conjunction with the 281 
garlic extract, it also promoted a concentration of the productive period. The estimated garlic extract 282 
dose that provided the highest production per plant was 3%. 283 

 284 

5. REFERENCES 285 
BOTELHO, R.V.; PAVANELLO, A.P.; PIRES, E.J.P.; TERRA, M.M.; MULLER, M.M.L. (2007a).  286 
Effects of chilling and garlic extract on bud dormancy release in Cabernet Sauvignon grapevine 287 
cuttings. American Journal of Enology and Viticulture, Davis, 58: 402-404, 2007 a. 288 
Botelho, R.V. Garlic extract Effect of apple bud break. Journal of Fruits, Jaboticabal, v. 29, no. 2, p. 289 
403-405, 2007 b. 290 
BOTTI, C.; FRANK, L.; PRATT, D.I.; MORALES, B. The effect of climatic conditions on fresh fig fruit 291 
yield, quality and type of crop, Acta Horticulturae, Leuven, v. 605, p. 37-43, 2003 292 
Caetano, L.C.S. The cultivation of the fig tree in a hot climate region. In: POMMER, CV, Caetano, 293 
LCS, PEREIRA, MCT, OAK DAYS, MS, PACHECO, DD Production of temperate fruit trees in tropical 294 
regions. Handout mini-course of the nineteenth BRAZILIAN CONGRESS OF FRUIT - Brazil Fruits: 295 
health to the world. 2006. p. 14-21. 296 
CUNHA, A.R .; MARTINS, D. climate classification for the municipalities of San Manuel and Botucatu, 297 
SP. Irrigation, Botucatu, v. 14, n.1, p. 1-11, 2009. 298 

UNDER PEER REVIEW



 

Damatto JR, ER Planning and installation of the orchard. In: LEONEL, S .; Sampaio, A. C. (Eds). The 299 
fig tree. São Paulo: Editora UNESP, p. 167-176, 2011. 300 
HASSIMOTO, N.M.A.; MORA, R.V.; CORDENUNSI, B.R.; LAJOLO, F.M.  Physico-chemical 301 
characterization and bioactive compounds of blackberry fruits (Rubus sp) grown in Brazil. Ciência e 302 
Tecnologia de Alimentos, Campinas, v.28, p. 702-708, 2008. 303 
KUBOTA, N.; MIYAMUKI, M. Breaking bud dormancy in grapevines with garlic paste. Journal of the 304 
American Society for Horticultural Science, Sheridan,117: 898-901, 1992. 305 
KUBOTA, N.; MATTHEUS, M.A.; TAKAHAGI, T. Effects of garlic preparations and calcium and 306 
hydrogen cyanamides on bud break of grapevines grown in greenhouses. American Journal of 307 
Enology and Viticulture, Davis, v. 51, p. 409-414, 2000. 308 
KUSKOSKI, M.S .; Ahasuerus, A.G .; MORALES, M.T .; FETT, R. wild tropical fruit and frozen fruit 309 
pulps: antioxidant activity, polyphenols and anthocyanins. Rural Science, Santa Maria, v.36, p. 1283-310 
1287, 2006. 311 
LEONEL, S .; TECCHIO, MA Seasons pruning and use of irrigation in fig "Purple Valinhos'. Bragantia, 312 
Campinas, v. 69, n. 3, p. 571-580, 2010. 313 
MALDONADO, C.C.; MARTINEZ-TELLES, M.A.; GARDEA, A.A.; OROZCO- AVITIA, A.; ARISPURO-314 
VARGAS, I. Organic alternative for breaking dormancy in table grapes grown in hot regions. American 315 
Journal of Agricultural and Biological Sciences, Adelaide, v. 5, n. 2, p. 143-147, 2010.  316 
MANI, F.; BETTAIEB, T.; DOUDECH, N.; HANNACHI, C. Effect of hydrogen peroxide and Thiourea on 317 
dormancy breaking of microtubers and field-grown tubers of potato. African Crop Science Journal, 318 
Kampala, v. 21, n. 3, p. 221-234, 2013. 319 
MCARTNEY, S.J.; WALKER, J.T.S. Current situation and future challenges facing the production and 320 
marketing of organic fruit in Oceania. Acta Horticulturae, Leuven, v.638, p. 387-396, 2004.   321 
NORBERTO, PM, CHALFUN, NNJ, PASQUAL, M., VEIGA, RD, MOTA, JH Effect of pruning time, 322 
hydrogenated cyanamide and irrigation in anticipated production of green figs. Brazilian Agricultural 323 
Research, Brasília, v. 36, no. 11, p. 1363-1369, 2001. 324 
OLIVEIRA, O.R .; Biasi, L. A .; SKALITZ, R .; POLTRONIERI, AS Breaking dormancy of pear 'Hosui' 325 
with lime sulfur in two drive systems. Brazilian Journal of Agricultural Sciences, Recife, v. 4, no. 4, p. 326 
383-387, 2009. 327 
Ohland, T .; MORE BAD .; Chagas, E.A .; BARBOSA, W .; Dalastra, i.m .; KOTZ, T.E. Rooting of 328 
hardwood cuttings of apical fig tree 'Roxo de Valinhos' with application of IBA and hydrogen 329 
cyanamide. Journal of Fruit Crops, Jaboticabal, v. 31, n. 1, p. 273-279, 2009. 330 
OUKABLI, A.; MEKAOUI, A. Dormancy of fig cultivated under Moroccan conditions. American Journal 331 
of Plant Sciences, v. 3, p. 473-479, 2012. 332 
PEDRO JR, M. J .; BARBOSA, W .; ROLIM, G.S .; DE CASTRO, JL season of flowering and chilling 333 
hours for peach and nectarine trees. Brazilian Journal of Fruits, Jaboticabal, v.29, n.3, p.425-430, 334 
2007. 335 
PINTO, M .; LIRA, V .; UGALDE, H .; PEREZ, F. de la Physiology latency yolks vid them: actuales 336 
hypotheses. Santiago: Universidad de Chile. 16 p. 2007. Available at: 337 
http://agronomia.uchile.cl/extension/serviciosyproductos/gie/publicaciones. 338 
Accessed: January 17, 2014. 339 
RODRIGUES, M.G.F .; CORREA, L.S .; BOLIANI, AC Evaluation hp fig mutant selections Purple 340 
Valinhos. Journal of Fruits, Jaboticabal, v. 31, no. 3, p. 771-777, 2009. 341 
SAGREDO, K.X.; THERON, K.I.; COOK, N.C. Effect of mineral oil and hydrogen cyanamide 342 
concentration on dormancy breaking in 'Golden Delicious' apple trees. South African Journal of Plant 343 
and Soil, Pretoria, v. 22, n. 4, p. 251-256, 2005. 344 
Segantini, D.M .; LEONEL, S .; RIPARDO, A.C.S .; Auricchio, M.G.R. Use of growth regulators to 345 
break dormancy and its influence on budding, flowering and yield in the black mulberry. Journal of 346 
Fruits, Jaboticabal, v. E. p. 275-280, 2011. 347 
SETTIMI L.; DAVANZO, F.; FARAONI, M.G.; RICHMOND, D.; CALVERT, G.M.  Update: Hidrogen 348 
cyanamide-related Ilnesses Italy, 2002-2004. Morbidity and Mortality weekly report, Atlanta, v54, p. 349 
405-408, 2005. 350 
SILVA, A. C .; LEONEL, S .; SOUZA, A.P .; SOUZA, M.E. .; TANAKA, AA fig tree growth under 351 
different conditions. Journal of Tropical Agriculture, Goiânia, v. 41, no. 4, p. 539-551, 2011. 352 
SOUZA, A. P .; SILVA, A. C .; LEONEL, S .; ESCOBEDO, JF basal temperature and thermal time the 353 
fig tree pruned at different times. Journal of Fruits, Jaboticabal, v. 31, no. 02, p. 314-322, 2009. 354 
SILVA, A. C .; SOUZA, A.P .; LEONEL, S .; SOUZA, M.E. .; TANAKA, AA and physical 355 
characterization and chemical correlation of the fruits of mango cultivars in San Manuel, São Paulo. 356 
Magistra, Cruz das Almas, v. 24, p. 15-26, 2012. 357 

UNDER PEER REVIEW



 

VARGAS, I.; CORRALES, C.; MARTINEZ, M. Compounds derived from garlic as bud induction agent 358 
in organic farming of table grape. Chilean Journal Agricultural Research, Chillán, v. 68, p. 94-101, 359 
2008.  360 
VOSSEN, P.M.; SILVER, D. Growing temperature tree fruit and nut crops in the home garden. 361 
California: university of California Research and Information Center/ The California Backyard Orchard, 362 
2000. 91 p 363 

UNDER PEER REVIEW


