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Abstract: The jacaranda (Jacaranda mimosifolia D. Don.) is a species with a prominent role in urban gardening and 
to which new uses are increasingly being found, such as timber production or the production of antioxidant 
compounds for the medical industry. In this article we study the environmental conditions of the western Med-
iterranean, such as temperature, in order to make a phenological description of the species due to the growing 
interest in its cultivation and to find out how these conditions affect its development. Its phenology has been 
classified based on the extended BBCH, establishing ten stages and assigning them a digit. These describe bud 
dormancy, bud burst and leaf growth, inflorescence emergence, flowering, fruit set, fruit ripening and leaf se-
nescence. Within each of the seven stages, sub-stages are defined with a second digit. All the phenological stages 
observed have been described, assigning photographs to those most representative of the annual cycle of the 
species. In order to know how each phenological stage has developed according to temperature, the thermal 
integral has been calculated from the thermal data obtained. Knowledge of the phenology of the species allows 
us to know its adaptation and the viability of its cultivation in the latitudes studied, as well as its possible re-
sponse to other geoclimatic environments. 
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1. Introduction 

Jacaranda mismosifolia D. Don. is a tree species of tropical and subtropical areas whose uses are 
increasingly numerous. It is mainly used as an ornamental species, very widespread in urban envi-
ronments as a decorative plant in streets and squares, both for its beauty and for the shade it provides. 
However, it is also commonly used to obtain compounds for the treatment of illnesses, for example, 
to help heal ulcers or to obtain antioxidant compounds and glycosides. Even its use as a reforestation 
plant in degraded environments is a new area of research due to its growth and adaptation capabili-
ties (Aguirre-Becerra et al., 2020; Sidjui et al., 2014; Gilman and Watson, 1993; Gachet and Schühly, 
2009; Rana et al., 2012; Torrico et al., 1994). 

Jacaranda mismosifolia D. Don. comes from Central America (Mostafa et al., 2014; Vavilov, 1992) 
and belongs to the Bignonaceae family (Liao et al., 2022). It is a botanical taxon that is widely used in 
gardening in Spain (particularly on the Mediterranean side) and as a timber crop internationally. In 
gardens and nurseries, there are numerous species of this family such as Capsidium valdivianum B., 
Campsis radicans L., etc. (Fabris, 1959; 1965; 1979; 1993) and the use of Handroanthus chrysanthus J. as a 
species for timber production (Aguirre, 2015). 
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Figure 1. Genome family tree of the Bignonaceae family (Liao et al., 2022). 

These trees can reach a height of 12 metres and a crown area of 18 metres wide. Their crown is 
globose and consists of bipinnate, opposite, large leaves (30 to 60 cm long) with a large number of 
small leaflets (Lahitte et al. 1998). 

The flowers are large, bell-shaped, hermaphrodite, arranged in terminal panicles (although in 
some cases they are axial) and 25-30 cm long (Dimitri, 1977). 

The fruit is a woody, disc-shaped, dehiscent capsule. It persists in the crown for long periods of 
time after which it opens, releasing the seeds inside (Macouzet et al., 2013). 

López (2006) describes the seeds as small, brown, circular (with diameters of 7-9 mm) and sur-
rounded by a transparent membrane. 

  
Figure 2. Specimen of Jacaranda mimosifolia D. Don. (left) and detail of flowering (right). 

In order to know in greater depth its adaptation to new environments, it is necessary to carry 
out a phenological monitoring of the species. 

Phenology is the science that studies cyclical biological phenomena, such as budding, flowering, 
fruit growth and ripening, etc., which are influenced by climatic events such as changes in tempera-
ture and photoperiod, among others (Font Quer, 1953; Dubé et al., 1984; Alvarado et al., 2002; 
Schwartz, 2013). 

Knowing these ecobiological changes and their relationship with climate allows us to know what 
the plant’s response to different places will be, thus being able to know if its adaptation is correct and 
adequate (Agustí et al., 1995), which is one of the greatest challenges of the current state of sciences 
such as ecology (Wolkovich et al., 2012). 
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Flowering, for example, is determined by the temperature of the months prior to the appearance 
and evolution of flowers (Fitter and Fitter, 2002) and, according to Smith-Ramírez et al. (1998) the 
flowering period of a species is practically identical and, therefore, extrapolable, to that of another 
species of the same botanical family, so that by knowing one, we can know, with a high level of 
precision, how species of the same family will behave in different environmental conditions. 

One of the first authors to try to classify the phenological stages, such as flowering, for an in-
depth knowledge of them was Zadoks et al. (1974). These researchers designed a decimal code that 
consisted of assigning two digits to the stages of cereals, homogenised for all the species of the fami-
lies that form them. Up to this time, the only projects dealing with phenology had been developed 
by Fleckinger (1946; 1948), who designed tables describing the biological cycle of fruit trees in detail, 
and Baggiolini (1952), who established nine main stages coded by letters from A to I for vines. 

Aubert and Lossois (1972) also developed a system based on categorising the phenological 
stages by grouping them into ten main stages. It should be noted that these researchers were the first 
to establish phenological observation networks for the collection of phenological data over large ar-
eas. 

Using the work of Zadoks et al. (1974) as a basis, other research groups, such as the Federal 
Biological Research Centre for Agriculture and Forestry in Germany developed scales for different 
species in 1979. The scale assigned a first digit for a primary stage and a second digit for the secondary 
stage (Meier et al., 2009). 

This work, although necessary to lay the foundations for the study of phenology, did not resolve 
an obstacle that had to be overcome: obtaining a homogeneous code for all plant species (Meier, 1985). 

Finally, different researchers integrated in a working group developed a new scale to specify 
phenological stages, known as the BBCH scale (Bleiholder et al., 1989). It is based on a decimal code 
incorporating two digits, the first number describing the main stage of the plant and the second one 
defining the secondary stage. Although this scale allowed its use in a large number of species, it was 
German and Italian researchers who developed the extended BBCH scale, which included a third 
number in some phenological stages to specify in greater detail the stage in which the plant was 
found, a fundamental fact for geneticists (Lancashire et al., 1991; Hack et al., 1992; Hack et al., 1993), 
as it allows us to know in greater detail the phenology and, therefore, the adaptation of the different 
species to the environment. 

Stauss (1994) unifies all the codes developed so far for different species in a single publication 
for use in the field. 

Thus, the extended BBCH scale has been applied to a large number of crops to describe their 
biological cycle, highlighting the work carried out by Acosta-Quezada et al. (2016) with Solanum be-
taceum Cav, and other research with Mangifera indica L. (Hernández et al., 2011), with Persea americana 
Mill. (Alcaraz et al., 2013), with Solanum muricatum Aiton (Herraiz et al., 2015), with Olea europaea L. 
(López et al., 2004) and Prunus dulcis Mill. (López et al., 2004). 

Phenological knowledge by species is absolutely necessary if we want to study the adaptation 
and survival of a species to its environment, for this reason the phenological monitoring of Jacaranda 
mimosifolia D. Don. will allow us to know in depth its biological cycle and, therefore, to know how it 
behaves in different environments, to have enough information to know where its cultivation can be 
viable. 

2. Materials and Methods 

In order to know the phenology of Jacaranda mimosifolia D. Don. a phenological monitoring of 
the species was carried out on individuals located in the municipality of Bétera, Valencia, Spain. 

2.1. Study Location 

Bétera is located in the province of Valencia, Spain, at 92 a.m.s.l. (Spindle 30N X:717949.708 
Y:4385462.519). 

The climate is typically Mediterranean, with hot, dry summers and mild, sometimes wet winters. 
Rainfall is mainly concentrated in September and October, with short, intense rainy spells. Average 
annual rainfall is 427 mm (Climate data, 2024). 

Its average temperature is 16.7°C, with average maximum temperatures around 30°C and aver-
age minimum temperatures around 5°C (Climate data, 2024). 
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Figure 3. Climogram of Bétera, Valencia, Spain, source: Climate data, 2024. 

Its agriculture is a fundamental pillar of its economic activity, with citrus and vegetable crops 
standing out (Navarro, 1966). However, the use of Jacaranda mimosifolia D. Don may be of interest in 
areas such as the one in question. 

2.2. Study Description 

Phenological monitoring was carried out on 50 adult individuals, covering two consecutive bi-
ological cycles, corresponding to the years 2022, 2023 and 2024, which allows for the complete crop 
cycles. 

During the monitoring, the individuals were visited weekly and their main phenological stage 
was noted, as well as the phenological stage furthest ahead and furthest behind with respect to the 
cycle. 

Finally, meteorological data were obtained from the nearest reference meteorological station to 
calculate the thermal integral. 

The reference meteorological station is the one in Bétera, belonging to the Instituto Valenciano 
de Investigaciones Agrarias (IVIA), with a Campbell Scientific CR1000 Datalogger, a Vaisala T/HR 
probe, model HMP45C, a Skye pyranometer model SP1110, a R.M. Young anemovelette model 05103 
and a Campbell Scientific plastic cup rain gauge, model ARG100. 

Each phenological stage observed was assigned its description according to the BBCH scale, and 
compared with the classic scale of Aubert and Lossois (1972). 

2.2.1. Principal growth stage: Germination, sprouting, bud development 

During the months of January, February and March the plant remains dormant, its buds do not 
sprout and it does not show any development, although its leaves from the previous season remain 
on the tree. 

00. Winter dormancy or resting period (Aubert and Lossois scale: A) (Table 2). 

01. Swelling of the yolk begins. 

03. End of yolk swelling. 

07. The yolk begins to open or sprout. 

09. The bud shows green shoots. 
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2.2.2. Principal growth stage: Leaf development 

From April onwards, as temperatures rise, the plant begins to sprout and develop leaves. This 
phase lasts until the beginning of May. 

12. Development of the second leaf (Table 2). 

13. Development of the third leaf (Table 2). 

14. Development of the fourth leaf. 

15. Development of the fifth leaf. 

16. Development of the sixth leaf. 

17. Development of the sevent leaf. 

18. Development of the eighth leaf. 

19. Develpoment of nine leaves or more. 

2.2.3. Principal growth stage: Emergence of the flowering organ 

After vegetative growth during the month of April, the flower buds began to appear, which will 
form the flowering of the tree in later stages. 

51. Flower organs or flower buds visible (Aubert and Lossois scale: C) (Table 2). 

55. First individual buds and buds (florets) visible (unopened) (Aubert and Lossois scale: D) 

(Table 2). 

59. First petals (flower leaves) visible. 

2.2.4. Principal growth stage: Flowering 

During the months of June and July the tree flowers, with bell-shaped flowers 3 to 5 centimetres 
in diameter, arranged in clusters, with a purplish colouring characteristic of the species. Occasionally, 
some inflorescences develop during later months of milder weather, such as September and October. 

60. First flowers, open (Aubert and Lossois scale: E) (Table 2). 

61. Beginning of flowering: 10% of flowers open 

62. 20% of open flowers 

63. 30% of flowers open 

64. 40% of flowers open 

65. Full flowering: 50% of flowers open (Aubert and Lossois scale: F) (Table 2). 

67. Flowering coming to an end: most petals fallen or dry. 

69. End of flowering: fruit set visible. 

2.2.5. Principal growth stage: Fruit formation 

The fruit develops during July, August and September. It is a dehiscent capsule containing a 
large number of seeds, which are propagated by wind-pushing. 

70. First visible fruits. 

71. Fruits reach 10% of their final size. 

72. Fruits reach 20% of their final size. 

73. Fruits reach 30% of their final size. 

74. Fruits reach 40% of their final size. 

75. Fruits reach 50% of their final size. 

76. Fruits reach 60% of their final size. 

77. Fruits reach 70% of their final size. 

78. Fruits reach 80% of their final size. 

79. The fruits have reached the size appropriate to their species/variety (Aubert and Lossois 

scale: H) (Table 2). 
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2.2.6. Principal growth stage: Ripening of fruit and seeds or fruit colouring. 

The fruit begins to change colour from green to brown and eventually dries out completely and 
opens to release the seeds it contains. 

81. Beginning of ripening or fruit colouring (Aubert and Lossois scale: I) (Table 2). 

85. Continuation of fruit colouring according to species/variety (Table 2). 

88. Decrease in fruit consistency. 

89. Full or harvest maturity (Aubert and Lossois scale: J) (Table 2). 

2.2.7. Principal growth stage: Beginning of dormancy. 

During the final months of the year and with the arrival of cold temperatures, the tree stops 
growing and remains with old foliage. 

91. End of wood or shoot growth, but foliage remains green (Table 2). 

93. Beginning of leaf discolouration or leaf drop. 

95. 50% of leaves discoloured or fallen off. 

97. End of leaf fall. The plant is in winter dormancy or vegetative rest. 
The expected phenological scale of the species considered covered the following phenological 

stages. 

Table 1. Basic proposal of stages and sub-stages to be observed in the phenological monitoring of Jacaranda 
mimosifolia D. Don. 

Principal Stage BBCH code Description 

Germination, sprouting, bud 
development 

00 Winter dormancy or resting period 
01 Swelling of the yolk begins 
03 End of yolk swelling 
07 The yolk begins to open or sprout 
09 The bud shows green shoots 

Leaf development 

10 First leaves separate from the shoot 
11 Development of the first leaf 
12 Development of the second leaf 
13 Development of the third leaf 

1… Continuation of stages until ... 
19 Develpoment of nine leaves or more 

Side shoot formation 

21 First visible side shoot 
22 Second visible side shoot 
23 Third visible side shoot 

2… Continuation of stages until ... 
29 Nine or more visible side shoots 

Emergence of the flowering 
organ 

51 Flower organs or flower buds visible 
55 First individual buds and buds (florets) visible (unopened) 
59 First petals (flower leaves) visible 

Flowering 

60 First flowers, open 
61 Beginning of flowering: 10% of flowers open 
62 20% of open flowers 
63 30% of flowers open 
64 40% of flowers open 
65 Full flowering: 50% of flowers open 
67 Flowering coming to an end: most petals fallen or dry. 
69 End of flowering: fruit set visible. 

Fruit formation 70 First visible fruits. 
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3. Results and Discussion 

Under our working conditions, the results of the different phenological stages of Jacaranda mi-
mosifolia D. Don are shown in the following table: 

Table 2. Phenological stages of Jacaranda mimosifolia D. Don. Own elaboration with BBCH scale and Aubert 
and Lossois scale (1972). 

BBCH Code Phenological Code Photography 

00 

Winter dormancy or 
resting period. 

A 

 

71 Fruits reach 10% of their final size 
72 Fruits reach 20% of their final size 
73 Fruits reach 30% of their final size 
74 Fruits reach 40% of their final size 
75 Fruits reach 50% of their final size 
76 Fruits reach 60% of their final size 
77 Fruits reach 70% of their final size 
78 Fruits reach 80% of their final size 
79 The fruits have reached the size appropriate to their species/variety 

Ripening of fruit and seeds or 
fruit colouring 

81 Beginning of ripening or fruit colouring 
85 Continuation of fruit colouring according to species/variety 
88 Decrease in fruit consistency 
89 Full or harvest maturity 

Beginning of dormancy 

91 End of wood or shoot growth, but foliage remains green 
93 Beginning of leaf discolouration or leaf drop 
95 50% of leaves discoloured or fallen off 
97 End of leaf fall. The plant is in winter dormancy or vegetative rest 
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12 

Development of the 
second leaf. 

- 

 

13 

Development of the third 
leaf. 

- 

 

16 

Development of the sixth 
leaf. 

- 
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51 

Flower organs or flower 
buds visible. 

C 

 

55 

First individual buds and 
buds (florets) visible 

(unopened). 

D 

 

60 

First flowers, open. 
E 
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65 

Full flowering: 50% of 
flowers open 

F 

 

79 

The fruits have reached the 
size appropriate to their 

species/variety.. 

H 

 

81 

Beginning of ripening or 
fruit colouring. 

I 
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85 

Continuation of fruit 
colouring according to 

species/variety. 

- 

 

89 

Full ripening or 
harvesting. End of the 

typical colouring 
depending on the 

species/variety. Fruit or 
infructescences detach 

relatively easily. 

J 

 

91 

End of growth of wood or 
shoots (sprouts), but 

foliage remains green. 

- 

 

This phenological description provides a more in-depth knowledge of the vegetative cycle of 
Jacaranda mimosifolia D. Don., which is essential for the correct management of the species and for 
determining the most suitable growing areas for timber uses and for the extraction of possible com-
ponents for cosmetic and health purposes. 

Based on the temperatures obtained at the Bétera weather station in 2022, 2023 and 2024 (Figure 
4), the thermal integral of the species is obtained. 
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Figure 4. Temperature and thermal integral graph of the Bétera weather station for 2023 (Source: IVIA, 2024). 

The following results were obtained: 

Table 3. Cumulative degree days for each phenological stage described for Jacarana mimosifolia D. Don. 

Phenological Stage Accumulated Degree Days 
Difference Degrees 

Day 

0 (A) - Winter dormancy or resting period 0 0 
12 - Development of the second leaf 394 394 
13 - Development of the third leaf 463 69 
16 - Development of the sixth leaf 650 581 

51 (C) - Flower organs or flower buds visible 705 124 
55 (D) - First individual buds and flower buds (florets) visible (unopened) 840 716 

60 (E) - First flowers, open 992 276 
65 (F) - Full flowering: 50% of flowers open; first petals fall off or dry up 1186 910 
79 (H) - Fruits have reached the size appropriate to their species/ variety 1771 861 

81 (I) - Beginning of ripening or fruit colouring 3348 2487 
85 - Continuation of fruit colouring according to species/ variety 3534 1047 

89 (J) - Full ripening or harvesting. End of species-typical colouring. 3720 2673 
91 - End of wood or shoot growth (shoots), green foliage 3800 1127 

The column ‘Accumulated degree days’ refers to the total value of accumulated degree days 
since the beginning of the annual cycle, while the column ‘Difference degree days’ refers to the num-
ber of average degree days that have been necessary over the two seasons from the previous pheno-
logical stage to reach the new stage of development. 

As can be seen in Table 3, stage 89 - ‘Full or harvest ripening’ is the phenological stage that has 
required the most degree days, with a total of 2673. Phenological stage 13 - ‘Development of the third 
leaf’ is the stage that required the least number of degree days, which may be usual due to the speed 
with which the plant species of this botanical taxon grow when they reach sufficient temperatures 
for their vegetative development. 

Author Contributions: Methodology, Ignacio Gandia-Ventura, Borja Velazquez Marti and Isabel Lopez-Cortes; 
Validation, Borja Velazquez Marti and Isabel Lopez-Cortes; Formal analysis, Ignacio Gandia-Ventura; Investiga-
tion, Ignacio Gandia-Ventura and Isabel Lopez-Cortes; Writing—original draft, Ignacio Gandia-Ventura and Is-
abel Lopez-Cortes; Writing—review & editing, Borja Velazquez Marti and Isabel Lopez-Cortes; Supervision, Ig-
nacio Gandia-Ventura, Borja Velazquez Marti and Isabel Lopez-Cortes. 
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