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AGRONOMY (AGRONOMIA)

ABSTRACT: In the Serra da Mantiqueira region, of subtropical altitude climate, the cultivation of guava is geared towards 
subsistence farming. In this region, there is still no description of the phenological cycle of the guava tree or the definition of 
the most appropriate fructification pruning times. Therefore, the objective of this study was to characterize the phenology of the 
reproductive development of the guava tree from the cultivar Paluma in two times of fructification pruning (June and August) and 
to determine the degree-days requirements of the cultivar under the conditions of subtropical altitude climate. Through the BBCH 
general scale associated with the traditional Fleckinger’s code, it was possible to observe the duration of the different phenological 
stages. The duration of the phenological cycle from pruning to fruit harvest was 249 days for plants pruned in June and 224 days 
for pruned plants in August. The heat unit accumulation from B1:01 to J:81 did not vary significantly between the pruning times. 
Plant pruning in August allows early flowering and a shorter phenological cycle.
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Estágios fenológicos da goiabeira ‘Paluma’ em região
de clima subtropical de acordo com a escala BBCH

RESUMO: Na região da Serra da Mantiqueira, onde ocorre o clima subtropical de altitude, o cultivo da goiaba é voltado para 
a agricultura de subsistência. Nesta região, ainda não há uma descrição do ciclo fenológico da goiabeira nem a definição das 
épocas de poda de frutificação mais adequadas. Portanto, o objetivo do estudo foi caracterizar a fenologia do desenvolvimento 
reprodutivo da goiabeira da cultivar Paluma em duas épocas de poda de frutificação (junho e agosto) e determinar as exigências 
de graus-dia da cultivar nas condições de clima subtropical de altitude.  Por meio da escala geral BBCH associada ao código 
de Fleckinger tradicional, foi possível observar a duração dos diferentes estágios fenológicos. A duração do ciclo fenológico, da 
poda à colheita dos frutos, foi de 249 dias para as plantas podadas em junho e de 224 dias para as plantas podadas em agosto. 
O acúmulo de unidades de calor de B1:01 a J:81 não variou significativamente entre as épocas de poda. A poda das plantas em 
agosto proporciona floração precoce e ciclo fenológico mais curto. 
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Introduction
The guava tree (Psidium guajava L.) belongs to the 

Myrtaceae family and is native to the central region of the 
American continent (Singh, 2018; Silva et al., 2020). Due to 
its ability to adapt to different edaphoclimatic conditions, 
the guava species is cultivated in different locations around 
the world (Salazar et al., 2006). Brazil is the world’s 7th largest 
guava fruit producer, followed by India, Indonesia, China, 
Mexico, Pakistan, and Malawi (FAO, 2019).

In Brazil, guava is mainly cultivated in the northeast and 
southeast regions, where the tropical climate predominates 
(Alvares et al., 2013). The main guava fruit producing states 
are Pernambuco and São Paulo, with 210,512 and 194,002 
tons produced per year, respectively (IBGE, 2019). Among 
the most cultivated, the cultivar (cv.) Paluma is very popular 
among producers because it is vigorous, highly productive, 
and has fruits with characteristics desired both for processing 
(e.g., sweets, juices, and jams) and fresh consumption.

With this expressive production in the country, commercial 
cultivation also occurs in some areas of subtropical climate, 
such as in the municipality of Valinhos, Taquaritinga, Vista 
Alegre do Alto, and Monte Alto in the interior of São Paulo 
state (Landau et al., 2020), and in the region of Campo das 
Vertentes in Minas Gerais state (IBGE, 2019). In the south of 
the Campo das Vertentes is located the Serra da Mantiqueira, 
which includes parts of southern Minas Gerais and the states 
of São Paulo and Rio de Janeiro, where the subtropical altitude 
climate occurs (Martins et al., 2018). In municipalities located 
in this mountainous chain, the production of guavas is not 
very significant due to the lower minimum air temperatures, 
being cultivated essentially by small producers who work its 
production as a form of subsistence farming. Therefore, there 
is no definition of the pruning times most appropriate to the 
climatic conditions of the region.

In Brazil, the largest volume of guava fruit sold is between 
January and April, due to the normal harvest season of the 
crop (Serrano et al., 2008a). However, it is possible to plan the 
harvest for any month of the year through the management 
of fructification pruning (Ramos et al., 2011; Carballosa De la 
Paz et al., 2019). 

Fructification pruning can be continuous or drastic. 
Continuous pruning is carried out on parts of the plant, focusing 
specifically on the branches that have already produced the 
fruits. This pruning results in several phenological stages 
simultaneously, making it difficult to manage the orchard. In 
drastic pruning, the shortening of the branches is carried out 
simultaneously in the entire plant. In this case, the phenological 
stages are more uniform, resulting in a concentration of the 
harvest in a given period and facilitating management actions 
during the production cycle (Santos et al., 2019).

Therefore, in order to determine the phenological stages 
of P. guajava, one must choose an appropriate phenological 
scale for the specie and evaluate its performance under field 
conditions (Uhlmann et al., 2017). Additionally, it is important 

to quantify the physiological time necessary to reach the 
development stages and, consequently, to determine the 
exact moment of the occurrence of the phenological stages, 
through the concept of degree-days (ºC day), (Ferreira et al., 
2019). The Biologische Bundesanstalt, Bundessortenamt und 
Chemische Industrie (BBCH) scale has been used worldwide 
in several agricultural crops in order to have a standardized 
description of the phenological stages (Mendes et al., 2017) 
and has greater efficiency in quantifying the heat unit 
accumulation necessary to reach each stage of development. 

Several studies have been conducted in different Brazilian 
regions seeking to assess the influences of pruning times on 
the phenological cycle of the guava tree (e.g., Hojo et al., 
2007; Serrano et al., 2008 a, b, c; Ramos et al., 2011). However, 
there is no consistent information for regions with subtropical 
altitude climate, as in Serra da Mantiqueira, neither is there 
a clear definition of the best time for pruning. Furthermore, 
to the best of our knowledge, the BBCH general scale has 
not been used in any of the Brazilian studies. This paper 
approaches these knowledge gaps by using the BBCH scale to 
describe the phenological stages of the guava tree cv. Paluma 
in two pruning times (June and August), and determine the 
degree-days under the conditions of altitude subtropical 
climate in Brazil.

Materials and Methods
The study was carried out in an experimental orchard 

located at the Empresa de Pesquisa Agropecuária de Minas 
Gerais (EPAMIG), Maria da Fé, South of Minas Gerais, Brazil 
(22°19’01’’S and 45°22’31’’W, altitude of 1332 m). The climate 
according to the Köppen classification is Cwb - subtropical 
in altitude, with dry winter and rainy summer with mild 
temperatures (Martins et al., 2018). 

Daily temperature and rainfall data were recorded during 
the experimental period (2017-2018), which corresponded 
to the two times of fructification pruning: June and August 
(Figure 1). 

The ‘Paluma’ guava orchard was implanted in October 
2008 and plants were cultivated at a spacing of 7.0 x 5.0 m, 
without an irrigation system. All cultural practices typically 
recommended for guava tree cultivation were performed.

The experimental design used was randomized blocks, 
with 10 blocks and two treatments: pruning time 1 (24 June 
2017) and pruning time 2 (26 August 2017), evaluating 2 plants 
per block. In each plant, 4 branches were marked, one in each 
quadrant of the canopy (north, south, east and east west) 
to accompany the development of the phenological phases, 
totaling 80 branches. The pruning intensity was medium 
(branches pruned to 1/3 of its length, from the base), and all 
plant growth branches were pruned without considering their 
diameter (Serrano et al., 2008a). 

The phenological stages were evaluated two to four times 
a week, defined according to the traditional nomenclature 
of Fleckinger (1945) associated with the BBCH general 
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stages of reproductive development of the guava tree, we 
used the concept of degree-days (GDD, °C day), given by 
Ferreira et al. (2019) and Martins et al. (2019) (Equation 1).

Figure 1. Monthly values of temperature (TM = maximum air 
temperature, Tm = minimum air temperature, Tmed = medium 
air temperature - °C) and rainfall (mm) recorded during the study 
period at the automatic weather station of the Instituto Nacional 
de Meteorologia (INMET) (22°18’52.44’’S and 45°22’22.97’’W; 
altitude of 1281 m). EPAMIG, Maria da Fé, MG, Brazil.

Table 1. Description BBCH general scale and the traditional Fleckinger’s code of Psidium guajava L., described by Salazar et al. 
(2006).

scale described by Salazar et al. (2006) (Table 1). This scale 
identifies different developmental stages by a two digit code. 
The first digit refers to major stages using values between zero 
and nine; the second digit, also scaled from zero to nine and 
relates to its secondary stages. (Salazar et al., 2006). 

In this study, the duration of stages A:00 and K:89 was 
not evaluated because, after the pruning, plants already had 
shoots in A:00 which were marked for monitoring development 
and fruit harvest was carried out at the transition from stage 
J:81 to K:89.

To quantify the heat unit requirements, and consequently, 
to determine the exact moment of the occurrence of the 

n

i 1

GDD Tmed Tb,  if  Tmed Tb,  Tmed Tb
=

= − < =∑

where: GDD = Growing degree-days (°C day); Tmed = medium 
air temperature (°C), obtained by the arithmetic mean data 
from the automatic weather station (Figure 1); Tb = base 
temperature (12 °C) (Salazar et al. 2006); i = start date of the 
development stage; n = end date of the development stage, 
both considering the dates of occurrence of the BBCH general 
scale (Table 1).

This method of heat unit accumulation considers the 
medium air temperature and the cardinal base temperature 
(Tb), below which development does not occur (Martins et al., 
2019; Silva et al., 2020). 

Data were tested for normality (Shapiro-Wilk test) and 
variance homogeneity (Levene’s test). The duration in days and 
degree-days between pruning times was compared by t-test 
(parametric) and Mann-Whitney U-test (nonparametric). The 
significant difference was established for all cases at p < 0.05. 
Both analyses were performed in SigmaPlot software, version 
11.0 (Systat Software, Inc.).

Results and Discussion
The use of the BBCH general scale associated with the 

traditional Fleckinger’s code (1945) provided a coherent 
visual description of the different stages of development of 
the cv. Paluma from the formation of a new bud (A:00) to 
fruit ripening (K:89), (Figure 2). Using the BBCH scale, it was 
possible to identify the moment of occurrence from B1:01 to 
J:81 of the guava tree in both pruning times (June and August).

(1)
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The beginning of B1:01 varied between the pruning times 
and in the same plant. In guava trees pruned in June (pruning 
time 1), B1:01 appeared between 1 and 40 days after pruning, 
with greater occurrences on the first and 17th days. In plants 
pruned in August (pruning time 2), B1:01 appeared between 2 
and 20 days, with a higher occurrence in 50% of the evaluated 
shoots about 20 days after pruning.

Most of the phenological stages had a significantly different 
duration, in days (p < 0.05), between the two pruning times. 
In general, the stages were more extensive in pruning time 1 
(June), except for F:65 and G:67, which were more extensive in 
pruning time 2 (August). Only B2:02, D2:15, E3:57, and H1:71 
were statistically similar between June and August (Table 2).

Despite the increase in the number of days and the 
increase of B1:01 (~ 14 days) in the plants pruned in June 
(Table 2), the heat unit accumulation was lower (Table 3). 
This is likely explained by the higher frequency (19 days) of 
medium air temperature below 12ºC (Tb) between June and 
in early August. This lower accumulation of degree-days is 
also observed from B2:02 to D4:19 in pruning time 1, which 
also develops in periods with a higher frequency of Tmed < Tb, 
consequently decreasing metabolic processes (Ferreira et al. 
2019). However the duration (in days) did not vary significantly 
(p < 0.05) in B2:02 and D2:15 between the two pruning times 
(Table 2). At pruning time 2, there was no record of Tmed < Tb 
(Figure 1). 

Figure 2. Phenological stages according to the BBCH general 
scale and the traditional Fleckinger’s code observed in Psidium 
guajava L. EPAMIG, Maria da Fé, MG, Brazil.

Table 2. Duration (days) of phenological stages of ‘Paluma’ 
guava tree in two pruning times (1- June pruning, 2- August 
pruning) according to the BBCH general scale and the 
traditional Fleckinger’s code. EPAMIG, Maria da Fé, MG, Brazil.

Values followed by same letter in the same line do not show significant differences 
according to t-test and Mann-Whitney U-test* (p ≥ 0.05). Values are presented as means 
± standard error.

Table 3. Degree-days (GDD, °C day) of phenological stages of 
‘Paluma’ guava tree in two pruning times (1- June pruning, 
2- August pruning) according to the BBCH general scale and 
the traditional Fleckinger’s code. EPAMIG, Maria da Fé, MG, 
Brazil.

Values followed by same letter in the same line do not show significant differences 
according to t-test and Mann-Whitney U-test* (p ≥ 0.05). Values are presented as means 
± standard error.

Regarding the degree-days requirement of each 
phenological stage, we observed that the degree-days were 
lower from B1:01 to E1:51 and from E5:59 to H1:71 in pruned 
guava trees in June (average = 89.2°C day and 113.7ºC day, 
respectively) in relation to guava trees pruned in August 
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(average = 213.1°C day and 136.1ºC day, respectively). The 
contrary was observed from I1:78 to J:81, with greater heat 
unit accumulation in pruning time 1 (mean = 896.0°C day) 
compared to pruning time 2 (mean = 804.0°C day). Stages 
E2:55 and E3:57 did not differ in degree-days accumulation 
between pruning times (Table 3). There was no significant 
difference (p < 0.05) between accumulated degree-days 
(DD) from stage B1:01 to J:81 between plants pruned in June 
(1490.9°C day) and in August (1549.4°C day), (Table 3; Figure 
3AC).

There was a difference between the weather conditions 
(temperature and rainfall) during the two pruning times. 
During the evaluation period of the phenological cycle in 
pruning time 1 (June), the maximum, minimum, and medium 
absolute temperatures of the air ranged between 26.0 to 
30.7°C; -0.8 to 11.7°C; and 12.6 to 19.8°C, respectively (Figure 
3A). In pruning time 2 (August), the maximum temperature 
ranged from 28.0 to 30.7°C; minimum: 4.3 to 10.6°C; and 

medium: 17.2 to 20.0°C (Figure 3C). However, in general we 
observed the existence of an inverse relationship between the 
duration of each stage and the medium air temperature. This 
means that the lower (higher) the air temperature, the higher 
(lower) the average duration of each phenological stage.

In pruned plants in June, stages from B1:01 to E1:51 were 
marked by rainfall index below 100mm, whereas in B1:01 the 
index was only 4.2mm. On the contrary, there was greater 
rainfall during stages I1:78, E3:57, E2:55, and J:81, with 841.0, 
399.4, 297.4 and 225 mm, respectively (Figure 3B). During 
pruning time 2, there was less rainfall (0.2mm) only during 
stages B1:01 and B2:02, while in stages I1:78 there was greater 
accumulated rainfall (635.2 mm), followed by E:55 (322.8 
mm), H1:71 (222.0 mm), and E3:57 (215.8 mm), (Figure 3D).

The lowest accumulation of degree-days in stages 
E1:51, E5:59, F:65, G:67, and H1:71 in pruning time 1 (Table 
3) is not related to Tmed < Tb because this condition did 
not occur during the guava development period (August to 

Figure 3. Cumulative degree-days - GDD (°C day) of phenological stages of ‘Paluma’ guava tree in two pruning times (A: June, 
C: August). The air temperatures (TM = maximum air temperature, Tm = minimum air temperature, Tmed = medium air 
temperature - °C) during the phenological stages and base temperature of guava (Tb - °C) are shown in A and C. The rainfall 
(mm) during the periods is shown in B and D. EPAMIG, Maria da Fé, MG, Brazil.
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November; Figure 1). This response is possibly related to 
the low values of minimum air temperature (ranging from 
2.7°C to 7.8°C) that occurred during the time of the stages 
(Figure 3A). In pruning time 2 (August), these stages took 
place between late September and early January, when 
the minimum air temperature ranged from 9.2°C to 10.6°C 
(Figures 1 and 3C).

In addition to the influence of air temperature, the 
phenological stages need sufficient amounts of water and 
nutrients for optimal development. The consumption of 
water by the guava tree is variable between the phenological 
stages. The lack of water in the soil, especially in times of 
intense vegetative growth, flowering, modification, and fruit 
development can result in a decrease in production (Manica 
et al., 2000). The delay (in days) of E1:51, E2:55, and E3:59 
in pruning time 1 (Table 2) occurred due to the decrease in 
rainfall compared to pruning time 2 (Figure 3BD). On the other 
hand, the total rainfall of 134mm (Figure 3B) was sufficient to 
promote a faster development (in days) of F:65 and G:67 in 
pruning time 1 (Table 2).

The heat unit accumulation, via the degree-day method, 
facilitates comparisons among studies at different times 
and geographic areas. The 63-day interval between the two 
pruning times did not result in a significant difference (p < 
0.05) in the total accumulation of degree-days from B1:01 to 
J:81 (Table 3). The values ​​obtained are close to those found 
by Salazar et al. (2006) for the Ruby guava cultivar in Denia 
(Alicante, Spain). On the other hand, Singh et al. (2015), in 
Lucknow, India, observed that the duration (in days and 
degree-days) of the phenological stages of guava cv. Lalit 
varied in different pruning times and without pruning.

The total cycle (in days) from pruning to concentrated fruit 
harvest was 249 days for guava trees pruned in June, and 224 
days for trees pruned in August. In plants of pruning time 1, 
the pruning cycles to full flowering (F:65), from pruning to 
the end of flowering (G:67) and from full flowering to the 
beginning of fruit ripening (J:81) of most evaluated shoots 
were 121, 144, and 114 days, respectively. In plants of pruning 
time 2, the same cycles were 115 (full flowering), 133 (from 
pruning to the end of flowering), and 87 days (full flowering to 
the beginning of fruit ripening) (Table 4).

In Brazil, where the phenological studies of the guava tree 
are evaluated using the civil calendar, Ramos et al. (2011) 
observed shorter cycles (from pruning to fruit harvest) for cv. 
Paluma when grown without an irrigation system. This study 
occurred in Botucatu, Sao Paulo, which has a Cfa climate 
(humid subtropical climate with hot summer) compared to 

our study (Table 4). These authors observed that the duration 
of this cycle was 154 days for guava trees under no pruning 
treatment, and 234 and 151 days for plants pruned in June 
and August, respectively. In tropical climate conditions, for the 
cultivar Paluma in Pedro Canário, Espirito Santo, Serrano et 
al. (2008c) verified a cycle of 182 days (pruning in November 
and December) to 203 days (pruning in February), also 
observing that the cycle starts earlier in a period of higher air 
temperature.

Phenology is mostly influenced by air temperature 
conditions and not just the days of the civil calendar (Martins 
et al., 2019). Air temperature is important because it influences 
cell physiology. For example, it influences cell enzymatic 
activity, fluidity of membranes and conformation of proteins 
which compromise photosynthesis and respiration, acting 
directly on plant growth, development, and productivity 
(Ruelland & Zachowski, 2010).

Although the use of thermal sum calculation methods is 
essential in phenological studies, their use in studies with 
Psidium guajava is almost non-existent, having been verified 
in few studies, such as Salazar et al. (2006) and Singh et al. 
(2015). Recently, in Brazil, Ferreira et al. (2019) estimated 
the cardinal temperatures for guava in the seedling phase, 
obtaining base temperature of 10.9ºC, optimum of 17.3ºC, and 
maximum temperature of 51.2°C. Although this information 
is scarce for the guava tree, it is important to determine the 
needs of the species under different weather conditions 
and their adaptations to climatic conditions for cultivation 
(Ferreira et al., 2019).

The guava tree has an immediate response to fructification 
pruning, since it is a technique that provides more sunlight 
to the tree canopies, which positively influences vegetative 
growth, photosynthesis efficiency, floral initiation, in addition 
to the quality and production of fruits (Singh & Singh, 2007; 
Carballosa De la Paz et al., 2019). Therefore, the greater the 
accumulation of degree-days, the faster the buds appear 
and the shorter the time for flowering to occur, which was 
observed in pruning time 2, when the plants accumulated 
more degree-days from B1:01 to F:65 (Table 3). Consequently, 
those plants presented a shorter duration (in days) of the 
pruning cycle to full flowering (Table 4).

The cultivation of guava in a non-irrigated management 
system requires the producer to correctly plan fructification 
pruning in order to avoid periods not only of low 
temperatures, but also periods of drought, especially during 
flowering and fruiting. The scarcity of water at these stages 
affects physiological processes, decreasing photosynthetic 

Table 4. Phenological cycle of ‘Paluma’ guava tree in two pruning times (1- June pruning, 2- August pruning). EPAMIG, Maria 
da Fé, MG, Brazil.
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assimilation, which consequently influences in lower 
allocation of photosynthes to fruits.

The development of I1:78 was marked by good water 
availability in the two pruning times (Figure 3BD). In pruning 
time 1 (June), this stage appeared between October to March, 
with greater occurrences of rainfall (Figure 1), which slightly 
delayed the fruit growth process and the transition to J: 81 
(Tables 2 and 3).

Water availability is an important variable in fruit 
growth as already reported by Serrano et al. (2008c), who 
observed fruits of greater length and diameter of ‘Paluma’ 
guava trees in irrigated cultivation. Hojo et al. (2007) also 
found shorter flowering and maturation cycles of cv. Pedro 
Sato in times of higher medium air temperatures and higher 
levels of rainfall.

In areas of subtropical altitude climate, such as Maria da 
Fé – Brazil, rains occur more frequently and intensely from 
October to March. However, choosing the month to prune 
aiming at harvesting fruits must be well planned because 
in these areas the air temperature is very low in autumn 
and winter and present higher frequencies of Tmed < Tb. In 
addition, in high altitude regions in the Serra da Mantiqueira, 
frost is a common climatic risk for the guava culture. Therefore, 
the producer must also analyze the topoclimatic factors of the 
location before starting a guava orchard in these regions.

Once the phenological stages are clearly identified, it gets 
easier to determination the the correct time for the application 
of cultural treatments (Salazar et al. 2006). In addition, the 
phenological characterization provides the fruit producer with 
the basic knowledge for planning likely dates for harvest (Hojo 
et al., 2007).

In this way, the BBCH general scale associated with the 
traditional Fleckinger’s code for guava trees is an important and 
detailed tool for describing the occurrence of a phenological 
stage. The association of both methods allows the adoption 
of fructification pruning in strategic periods to decrease 
production expenses and provide greater fruit production 
and quality (Singh et al., 2015). This study is a pioneer in using 
the BBCH scale in Psidium guajava cv. Paluma in Brazil. It is 
noteworthy that further studies using this scale should be 
expanded to other species because it is a tool that contributes 
to the unification of research systems in agriculture.

Conclusions
The use of the BBCH scale and the determination of the 

degree-days requirement allowed a precise description of the 
phenological stages of ‘Paluma’ guava tree in a pioneering 
study in Brazil.

The higher frequency of Tmed <Tb during winter in the 
study region caused a delay mainly in the initial phenological 
stages of plants pruned in June, which extended the total 
cycle (from pruning to fruit harvest).

The fructification pruning carried out in August provided 
the development of phenological stages in climatic conditions 
more favorable to the species, shortening the total cycle.
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