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Original Research Article  1 

A study of water dynamics and phenology in plant 2 

parts of ‘Eva’ apple trees grown under winter 3 

conditions in southern Brazil 4 
ABSTRACT  5 
 6 
 
Aims: The objective of this study was to evaluate water dynamics in different tissues of apple 'Eva' during 
dormancy stage under mild winter conditions of Pelotas, located in Southern Brazil. 
Study design: Experimental design was completely randomized, with five replications, and the 
experimental unit was composed by a single plant, on 3x3x4 factorial arrangement, obtained from a 
combination of factors: three different tissues (bud, bark, and wood), three plant positions (apical, median 
and basal) and four collection dates each year (during the months of August and September). 
Place and Duration of Study: This research was carried out during two consecutive growing seasons: 
2015/2016 and 2016/2017, in an experimental apple orchard located at Palma Agriculture Center, 
Federal University of Pelotas, Southern Brazil. 
Methodology: The study was conducted in an experimental orchard using young apple plants cultivar 
'Eva'. Phenological data was obtained from four plants, of apical, median, and basal portions. The 
phenological stages adopted were 'C' (green tip), 'D' (half-inch green leafless), and 'F' (beginning of 
flowering). In order to determine water dynamics during dormancy stage and their fresh and dry weight, 
apple branches were collected and separated into three different tissues (bud, bark and wood) to 
evaluate water content.  
Results: During the first growing season, there was a higher percentage of bud bursting in apical and 
median plant portion, while in the second season it was larger in middle and basal portion. Bark showed 
greater water content in most evaluations, while bud had increased water content in middle portion at the 
end of the dormancy stage, coinciding with the larger bud bursting. 
Conclusion: Water content can be an indicator of overcoming endodormancy stage and bud bursting 
potential. 
 7 
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1. INTRODUCTION  10 
 11 
Apple (Malus domestica Borkh.) is a typical fruit of temperate climate that has great economic 12 
importance, being the second fruit in production reaching 80 million tons in 2013 worldwide [1]. Brazil 13 
harvested around 1.2 million tons of apples in 2013, being the 12th biggest producer in the world. Brazilian 14 
apple production is concentrated in the southern states of Brazil (both Santa Catarina and Rio Grande do 15 
Sul states produced 96.5%) [2].  16 

Apple production in Brazil is based mainly on clones of both 'Gala' and 'Fuji' [3], which requires medium to 17 
high chilling accumulation for dormancy release, supposed to be not well adapted to mild winter 18 
conditions of Southern Brazil [4]. Adoption of these cultivars in mild winter areas, can lead to changes in 19 
plant behavior, bringing several anomalies such as erratic bud burst and decrease in production potential 20 
[5,6]. Shift to low chilling requirement cultivars can be an alternative to reduce the possible effects of this 21 
panorama in temperate fruit crop when grown under mild winter conditions [4,7]. 22 

The breeding cultivar named IAPAR 75 ‘Eva’ was obtained by the Agronomic Institute of Paraná (IAPAR), 23 
and it has low chilling requirement (300 to 350 hours below 7.2 °C), allowing its cultivation in regions with 24 
low chilling accumulation during dormancy stage, and have high productivity and precocity [8]. This 25 
cultivar is an important alternative for apple cultivation in mild winter areas. 26 
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Temperature and water availability are important factors for temperate climate fruit species development 27 
[9]. Most of plant tissues is composed of water and it has direct role to resume growth after dormancy, it 28 
promotes reserve substances hydrolysis and enzymes activation [10]. Thus, the water content may be 29 
regarded as an indicator of metabolic activity in buds [11]. It can also be used as a marker to determine 30 
bud bursting potential even before it occurred [12].  31 

Temperature during dormancy stage has great effects on bud burst, where buds which were exposed to 32 
sufficient amount of chilling temperatures tends to have an acropetal bud burst, while plants submitted to 33 
a deficit in chilling accumulation tends to have a bud burst concentrated at the bottom of plant, which 34 
influences negatively in plant architecture [6,13]. 35 

Despite low chilling requirement for ‘Eva’ cultivar, it is necessary to know phenology in this region, and to 36 
infer growth potential of these plants when grown under mild climate situation, and analyzing water 37 
content it can be an important tool in apple crop development.  38 

The objective of this work was to evaluate the water dynamics in different tissues of apple ‘Eva’ during 39 
dormancy stage under mild winter conditions of Pelotas, located in the Southern Brazil.  40 
 41 
2. MATERIAL AND METHODS  42 
 43 
This research was carried out during two consecutive growing seasons: 2015/2016 and 2016/2017, and 44 
an experimental apple orchard located at Palma Agriculture Center (CAP), Federal University of Pelotas 45 
(UFPel), Southern Brazil, was used (latitude 31º52'00" S, longitude 52º21'24" W, 13 m above sea level). 46 
The annual average temperature and precipitation in this region are 17.9 °C and 1500 mm, respectively. 47 
Temperature data during the experiment was obtained from a weather station set at the Embrapa Clima 48 
Temperado – Estação de Terras Baixas.  49 
 50 
It was used young trees of apple ‘Eva’ grafted on ‘Marubakaido’ rootstock and ‘M.9’ interstock. The 51 
orchard was established in September 2012, with trees density of 2522 plants ha-1 (0.9 m between plants 52 
and 5.0 m between lines), and was conducted in tall-spindle system.  53 
 54 
Phenology data was obtained from four plants, of apical, median and basal portions, using the phenology 55 
scale proposed by Flekinger [14]. Evaluations during 2015/2016 season were carried out from August 18th 56 
(with 122 accumulated chilling hours below 7.2 ºC) to September 15th 2015, whereas during 2016/2017 57 
season, the evaluations were performed from August 19th (180 accumulated chilling hours below 7,2 ºC) 58 
to September 14th 2016. The phenological stages adopted were C (green tip), D (half-inch green leafless), 59 
and F (flowering).  60 
 61 
In order to determine the water dynamics in apple shoots, branches were collected from three portions of 62 
each plant (apical, median and basal). These branches were sectioned in three portions of 1.5 cm 63 
containing a single bud and then separated into three different tissues (bud, bark, and wood), before their 64 
fresh weight (FW) determination. Then, this material was packed in paper packets and taken to the oven 65 
during 48 hours for drying and subsequent determination of tissue dry weight (DW). Mass measurements 66 
were performed with a precision analytical balance of 0.1 mg. Water content (WC) in apple tissues was 67 
determined according to the formula: 68 
 69 

WC = (FW-DW)/DW 70 
 71 

Experimental design was completely randomized, with five replications, and the experimental unit was 72 
composed by a single plant, on 3x3x4 factorial arrangement, obtained from a combination of factors: 73 
three different tissues (bud, bark, and wood), three plant positions (apical, median and basal) and four 74 
collection dates each year (during the months of August and September). The results of the experiment 75 
were submitted to analysis of variance and when statistical significance was reached, the means of the 76 
treatments were submitted to the Tukey test (P = 0.05).  77 
 78 
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3. RESULTS AND DISCUSSION 79 
 80 
According to Table 1, water content (WC) during 2015/2016 season had no significant interaction in each 81 
analyzed factor (plant tissue, plant portion and sampling date) and combinations of sampling date x plant 82 
portion and sampling date x plant tissue. During 2016/2017 season, water content showed similar 83 
interaction, but there was no interaction in the combination dates collections x plant tissues. The water 84 
content in bark tissue was superior to other plant tissues in most evaluations. 85 
 86 
Table 1: Analysis of variance, summary for water content of single-node ‘Eva’ apple shoots in 87 
different plant portions (apical, median, and basal portion) during 2015/2016 and 2016/2017 88 
growing seasons. 89 

Source of Variation DF 

Mean Square 

2015/2016 2016/2017 

Tissue (T) 2 0.94* 1.98* 

Plant portion (P) 2 0.27* 3.69* 

Sampling Dates (C) 3 1.09* 0.72* 

T x P 4 0.02ns 0.05ns 

P x C 6 0.31* 1.20* 

C x T 6 0.29* 0.13ns 

T x P x C 12 0.05ns 0.10ns 

Mean   1.10 1.38 

CV (%)   17.19 22.09 
                  ns – not significant. *significant differences (p ≤ 0.05). DF = Degrees of freedom. 90 
 91 
According to Figure 1, during 2015/2016 season, bud burst occurred mainly in apical and median plant 92 
portions, with 30.00% and 24.78% of buds, respectively, reached the phenological stage "D". In basal 93 
portion; however, only 12.30% of buds have reached the phenological stage "D". The percentages of 94 
flower buds in the upper and median shoots portions were 13.7% and 11.9%, respectively. In the basal 95 
part, only 3.7% of the buds differentiated in flower. The bud bursting started approximately on August 15th 96 
and the full bloom occurred on September 1st. In the 2016/2017 growing season, bud bursting was 97 
concentrated in the middle portion of the plant, with 47.5% of buds reaching stage "D", followed by basal 98 
and apical portions, with 39.7% and 34.2% of buds reaching stage "D". Despite the higher percentage of 99 
bud bursting, number of mixed buds at stage "F" was lower than 2015/2016 season, where only 7.3%, 100 
4.4% and 2.4% of buds in median, basal and apical portions, respectively, had flowered.  101 
 102 
Petri and Leite [15] observed low axillary bud break in apple grown in Southern Brazil, which induced a 103 
larger growth of apical bud with greater intensity of apical dominance. Such condition demands more 104 
pruning due to high vegetative vigor. 105 
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 106 

Fig 1. Phenological stages C (green tip), D (half-inch green leafless), and F (flowering) of apple 107 
‘Eva’ in different plant portions (apical, middle, and basal portion) during 2005/2016 season [A, B, 108 
C] and 2016/2017 season [D, E, F].  109 
 110 
According to Figure 2, during 2015/2016 season, WC of both bark and wood tissues from apical portion 111 
had an increase in the second sampling date, and maintained until the last, while WC in buds increased 112 
in the third sampling and had a small reduction in the last sampling. In the middle plant portion, WC bud 113 
increased only in the last sampling, while the WC of both bark and wood increased in the second 114 
sampling, reduced in the third and was the highest in the last sampling. In the basal plant portion, WC 115 
bark increased in the second sampling, and remained until the end. WC of wood remained unchanged in 116 
all evaluations, and WC of buds had an increase in the second sampling, with a reduction in the last 117 
sampling.  118 
 119 
During 2016/2017 season, WC of bud, bark and wood from apical and basal plants portions did not show 120 
significant change during the different samplings, but WC of buds reduced in the third sampling. In the 121 
middle plant portion, WC in bark increased in the second collection, and has remained until the end, while 122 
the WC bud showed an increase only in the last collection and WC wood peaked in the third collect, but 123 
the other three collects did not show differences.  124 
 125 
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 126 
Fig 2. Water content of single-node apple ‘Eva’ shoots in different plant portions (apical, middle, 127 
and basal portion) during 2015/2016 season [A, B, C] and 2016/2017 season [D, E, F].  128 
 129 
Water state of buds is associated with tissues metabolism and consequent potential for bud bursting [12]. 130 
Thus, if we compare WC of different plant portions with their phenology, it is possible to see that during 131 
2015/2016 season both apical and median portions had the highest bud bursting, which coincided with an 132 
increase in bud WC from the third sampling date (bud bursting time).  133 
 134 
During 2016/2017 season, middle portion showed the highest levels of bud bursting, coinciding with an 135 
increase in WC in bud from the third sampling. The increase of WC in buds coinciding with the larger bud 136 
bursting indicating that hydration of these tissues has an important role on increasing metabolic activity to 137 
overcome dormancy. Cronjé et al. [16] presented results that corroborate with this work, where apple tree 138 
buds during dormancy period had 41% humidity, and increased until 59% at the beginning of bud 139 
bursting.  140 
 141 
According to Marafon et al. [11], climate conditions where chilling requirement for dormancy release are 142 
not fully satisfied, may not provide buds rehydration, thus preventing bud bursting. This fact might be 143 
related to results obtained in basal plants portion during 2015/2016 growing season, where most demand 144 
of chilling accumulation in this plant portion prevented resumption of its metabolism, resulting in decrease 145 
of bud bursting rate. Another point, proposed by Yaacoubi  et al. [17], is that low chill cultivars can confer 146 
capacities to tolerate shallow dormancy, with a transition from endo- to ecodormancy without 147 
heterogeneous rehydration, and can tolerate high temperatures during ecodormancy.  148 
 149 
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4. CONCLUSION 150 
 151 
Highest bud burst percentage, which was lower than 60% during 2016/2017 season, coincided with an 152 
increase in water content of apple shoots. Increase in water content of apple tissue is an important factor 153 
for dormancy release and consequent growth resumption. Great increase in water content of apple tissue 154 
indicated a physiological indicator of metabolic activity and seems to be a marker of endodormancy 155 
overcoming. 156 
 157 
REFERENCES 158 
 159 
1. Food and Agriculture Organization of the United Nations Statistical Databases. Production crops. 160 

Accessed: 20 June 2017. Available: http://www.faostat.fao.org. 161 
2. Kist BB. Brazilian Apple Yearbook. Gazeta Santa Cruz: Santa Cruz do Sul; 2005. 162 
3. Fachinello JC, Pasa MS, Schmitz JD, Betemps DL. Situation and prospects of temperate fruit crops in 163 

Brazil. Revista Brasileira de Fruticultura. 2011;33:109-120. Portuguese. 164 
4. Pommer CV, Barbosa W. The impact of breeding on fruit production in warm climates of Brazil. Revista 165 

Brasileira de Fruticultura. 2009;31(2):612-634. 166 
5. Maguylo K, Cook NC, Theron KI. Environment and position of first bud to break on apple shoots affects 167 

lateral outgrowth. Trees. 2012;26(2):663-675. 168 
6. Schmitz JD, Guédon Y, Herter FG, Leite GB, Lauri PÉ. Exploring bud dormancy completion with a 169 

combined architectural and phenological analysis: The case of apple trees in contrasting winter 170 
temperature conditions. American Journal of Botany. 2014;101(3):398-407. 171 

7. Barbosa W, Chagas EA, Pommer CV, Pio R. Advances in low-chilling peach breeding at Instituto 172 
Agronômico, São Paulo State, Brazil. Acta Horticulturae. 2010;872:147-150. 173 

8. Instituto Agronômico do Paraná. Macieira Eva. 2015. Accessed: 20 June 2017. Available: 174 
http://www.iapar.br/arquivos/File/folhetos/maciera/maciera.html. 175 

9. Andreini L, Viti R, Bartolini S, Ruiz D, Egea J, Campoy JA. The relationship between xylem 176 
differentiation and dormancy evolution in apricot flower buds (Prunus armeniaca L.): the influence of 177 
environmental conditions in two Mediterranean areas. Trees. 2012;26(3):919-928. 178 

10. De Fay E, Vacher V, Humbert F. Water-related phenomena in winter buds and twigs of Picea abies L. 179 
(Karst.) until Bud-burst: A biological, histological and NMR study. Annals of Botany. 180 
2000;86(6):1097-1107. 181 

11. Marafon AC, Herter FG, Hawerroth FJ. Water content in pear tree tissues during the dormancy period 182 
under mild winter conditions. Pesquisa Agropecuária Brasileira. 2011;46(9):1006-1012. Portuguese. 183 

12. Leite GB, Bonhomme M, Putti GL, Petel G, Petri JL, Rageau R. Physiological and biochemical 184 
evolution of peach leaf buds during dormancy course under two contrasted temperature patterns. 185 
International Journal of Horticultural Science. 2006;12(4):15-19. 186 

13. Vitasse Y, François C, Delpierre N, Dufrêne E, Kremer A, Chuine I, et al. Assessing the effects of 187 
climate change on the phenology of European temperate trees. Agricultural and Forest Meteorology. 188 
2011;151:969-980. 189 

14. Fleckinger J. Vegetative stages of fruit trees, compared treatments. Pomologie Française. 1948;81-190 
93. French. 191 

15. Petri JL, Leite GB. Consequences of insufficient winter chilling on apple tree bud-break. 192 
Acta Horticulturae. 2003;662:53-60 193 

16. Cronjé PJR, Jacobs G, Sadie A, Cook NC. Quantification of the dormancy progression in terminal 194 
apple buds. Changes in growth rate and water status. Advances in Horticultural Science. 195 
2003;17:105-110. 196 

17. Yaacoubi AE, Malagi G, Oukabli A, Citadin I, Hafidi M, Bonhomme M, et al. Differentiated dynamics of 197 
bud dormancy  and growth in temperate fruit trees relating to bud phenology adaptation, the case of 198 
apple and almond trees. International Journal of Biometeorology. 2016;60(11):1695-1710. 199 

 200 
 201 


