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Phenological study of populations of Cnidoscolus quercifolius 
in the Western Seridó, Paraiba state, Brazil

Érica Caldas S. de Oliveira1,5, Everaldo O. Costa Júnior2, Pedro D. Fernandes3 & Zelma Glebya M. Quirino4

Abstract
The phenological patterns of two populations of Cnidoscolus quercifolius were evaluated in the western 
Seridó region of Paraiba state, Brazil, from March 2009 to February 2011, with data collected monthly. The 
evaluations have addressed the quantitative method of analysis that represents the activity indices for both 
populations growing seasons (fall and sprout) and reproductive (flowering and fruiting), and also studied 
the intensity index Borchert, who evaluated the flow leaves. The stages were evaluated with respect to 
variations in rainfall, water potential of plant and quantum efficiency of photosystem II. The bud in the two 
populations occurred in the late dry season and transition into the rainy season, with peak leafing in January 
and November 2010 and was negatively correlated with rainfall (rs = -0.54 p <0.05). Leaf fall showed the 
peak phase in October 2009 and 2010, showing a direct relationship with water potential and photosynthetic 
quantum efficiency. The flowering and fruiting had greater synchrony in the seasonal rainy period, fruit set was 
positively correlated with precipitation values during the study period (rs = 0.56 p <0.05). The phenological 
events of C. quercifolius show marked seasonality in relation to precipitation, water potential and the quantum 
efficiency of photosystem II.
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Resumo
Padrões fenológicos de duas populações de Cnidoscolus quercifolius foram avaliados em área de caatinga 
no Seridó Ocidental, estado da Paraíba, Brasil, no período de março de 2009 a fevereiro de 2011, com dados 
coletados mensalmente. As avaliações abordaram uma análise quantitativa dos índices de atividade em 
períodos vegetativo (brotamento e queda) e reprodutivo (floração e frutificação), analisou-se também o índice 
de intensidade de Borchert, que avaliou o fluxo foliar. As fenofases foram avaliadas em relação a variações 
de precipitação, potencial de água na planta e fotossistema II. O brotamento ocorreu no fim da estação seca e 
transição para a estação chuvosa, com pico dessa fenofase em janeiro e novembro de 2010, sendo negativamente 
correlacionado com a precipitação (rs = -0,54 p <0,05). A queda apresentou pico em outubro de 2009 e 
2010, mostrando uma relação direta com o potencial hídrico e eficiência quântica fotossintética. A floração 
e frutificação tiveram maior sincronia no período de chuvas, a frutificação foi positivamente correlacionada 
com valores de precipitação durante o período de estudo (rs = 0,56 p <0,05). Os eventos fenológicos de C. 
quercifolius revelaram marcada sazonalidade em relação à precipitação, o potencial da água e da eficiência 
quântica do fotossistema II.
Palavras-chave: Euphorbiaceae, fenologia, semiárido.
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Introduction
Phenological studies are essential to our 

understanding of the dynamics of plant growth 
and response to environmental factors, especially 
precipitation, water stress, solar irradiation, and 
photoperiod in their native ecosystems.

In the caatinga (dry land) and tropical 
semiarid forest, phenological studies are important 
to consolidate our knowledge of this region and to 
developing strategies for the sustainable use of its 
biological resources.

Phenological research projects at the 
community and species levels in the semiarid tropics 
have contributed greatly to our understanding 
of the adaptive aspects of the plants occupying 
these complex biomes, characterized by climatic 
extremes and high degrees of endemism (Pereira 
et al. 1989; Barbosa et al. 1989, 2003; Vogel & 
Machado 1991; Locatelli & Machado 1999a,b; 
Quirino & Machado 2001; Machado et al. 1997, 
2002; Santos et al. 2005; Quirino 2006; Lima 2007; 
Amorim et al. 2009; Guedes et al. 2009; Araújo et 
al. 2011; Sobrinho et al. 2013).

Analyses of the phenological profiles of the 
caatinga species have demonstrated strong seasonal 
characteristics in most species, with their flowering 
and fruiting periods generally preceding leaf flush 
after the start of the rainy season (Machado et al. 
1997)–indicating a direct relationship with seasonal 
variations in the water status of those plants–
which, in turn, reflects the soil-water availability 
in association with biotic factors, including leaf 
structure and longevity, leaf fall, the depth and 
density of their root systems, wood densities, and 
the photochemical efficiencies of photosystem II 
(Borchert 1994; Borchert et al. 2004; Singh & 
Kushwaha 2005; Lima 2007; Trovão et al. 2007).

These analyzed the adaptive strategies 
and phenological behaviors of two populations 
of Cnidoscolus quercifolius Pohl growing in 
caatinga areas in the western Seridó micro-
region of the Paraiba state, Brazil, in relation to 
variations in rainfall and the physiological factors 
of water potential and photosynthetic efficiency in 
individuals of that species.

Material and Methods
The present study was undertaken in the 

municipalities of Santa Luzia (6°52’19”S × 
36°55’08”W) and São Mamede (6°55’19”S × 
37°05’45”W) in the tropical semiarid western 
Seridó micro-region of the Paraíba state, 

Northeastern Brazil. Regional temperatures vary 
between 25 and 30 °C, with the average annual 
rainfall of approximately 550 mm concentrated 
between January and April (although there can 
be many periods of abundant rainfall or extended 
droughts). The western Seridó region of the Paraíba 
State has a hot semiarid climate (classified as 
BSw’h according to the Koppen system) (Oliveira 
et al. 2014). Monthly phenological observations of 
the vegetative phenophases of leaf flushing and leaf 
fall were made, and the reproductive phenophases 
of flowering and fruiting of two populations of C. 
quercifolius located in Santa Luzia (Yayu Farm) 
and São Mamede (Promissão Farm) during both the 
rainy and dry seasons during the period between 
March 2009 and February 2011.

Rainfall measurements were collected 
AESA-PB between 2009 and 2011, these data were 
presented and associated with the phenological 
events. Analysis of the quantum efficiency were 
performed with a fluorescence detector PEA (Plant 
Efficiency Analyzer) determining F0 (minimal or 
initial fluorescence), Fv (increase fluorescence 
from F0 to Fm), Fm (maximum fluorescence), 
and Fv/Fm ratio that allows the quantum yield 
determination of the photochemical phase of 
photosynthesis. Stems with 10 cm were removed 
from plants and placed in a Scholander pressure 
chamber, and the reading being taken after the first 
liquid expulsion from the cut (Oliveira et al. 2014).

The definitions of the phenophases used here 
follow Fournier (1974), Morellato (1991), and 
Morellato et al. (1989), considering the presence 
or absence of a given phenophase (Fournier 1974) 
and indicating activity peaks according to Bencke 
& Morellato (2002) that allows the Borchert 
Intensities to be determined (Borchert et al. 2002).

These analyzed all of the flowering adult 
plants encountered when the fieldwork first 
began, totaling 21 individuals in the population 
on the Promissão Farm and 15 individuals on 
the Yayu Farm. The phenological patterns of 
these populations were examined in relation 
to precipitation, plant water potentials, and 
photosynthetic quantum efficiencies, following 
Oliveira et al. (2014).

We recorded the initial, peak, and final 
phases of the phenophase of both leaf flushing 
and leaf fall. In terms of reproductive stages, we 
evaluated flowering (the formation of floral buds, 
flower opening, until the absence of flowers) and 
fruiting (the initiation of fruiting, young fruits, 
and mature fruits); the durations of the flowering 



Phenological study of Cnidoscolus quercifolius in the Paraiba, Brazil

Rodriguésia 70: e02352016. 2019

3 de 9

and fruiting periods corresponded to the period 
between the emergence of the first flower and fruit 
on any individual until when the last individual 
in the population was observed displaying either 
of these phenophases. Analyses of the flowering 
and fruiting patterns followed the classifications 
proposed by Newstrom et al. (1994).

Statistical analyses of the data were performed 
using the Statistica 6.0 software package. The 
normalities of the phenophase data were verified 
using the Shapiro-Wilk test, and the Spearman 
correlation test was used to determine the existence 
(or not) of correlations between the phenophases and 
climatic factors. We also estimated the intensities of 
each phenophase in the tree crowns of individual 
trees using the methodology proposed by Borchert 
et al. (2002), which is based on assigning scores 
(on a scale of 0 to 3) to the quantities of leaves in 
any tree crown, with 0 = the absence of leaves, 1 = 
few leaves (< 33%), 2 = many leaves (33 to 66%), 
and 3 = abundant leaves (> 66%), and subsequently 
calculating the percentages of leaves using the 
following formula: 100 (∑ scores)/maximum score. 
This technique, therefore, analyzes the proportions 
of leaves by summing the scores (0, 1, 2, and 3) of 
the individuals in a plant population (multiplied by 
100) divided by the maximum value possible for all 
individuals of that population with abundant leaves 
(score = 3), according to the methodology described 
by Lima (2007).

Results
Leaf flushing demonstrated notable synchrony 

in the two populations evaluated during the two 

cycles accompanied between December 2009 
and February 2010, with 80% of the individuals 
of the Yayu Farm population (Santa Luzia) and 
80.95% of the individuals of the Promissão Farm 
population (São Mamede), initiating leaf flushing 
synchronously. During the next cycle of leaf 
flushing, which occurred between the months 
of November and December 2010, 100% of the 
individuals displayed this phenophase. The periods 
of greatest leaf flushing were observed in January 
and November of 2010 (Tabs. 1, 2).

Leaf flushing occurred between the end of 
the dry season and the transition period just before 
the rainy season.

Examinations of the water potentials of 
individual trees in the leaf flushing phase indicated 
that this phenophase was preceded by very negative 
water potential values in the Santa Luzia population 
(-0.82 MPa, Nov/Dec-2009 and -0.97 MPa, Sep/
Oct-2010). During these periods, the average values 
of photosynthetic quantum efficiency were 0.591 
for the Santa Luzia population, leaf fall in this 
population initiated between the months of July-
August/2009 and from June-October/2010 (Fig. 1).

A significant negative correlation was 
observed between the phenophase of leaf flushing 
and rainfall volume for the period just before 
this phenological event (rS= - 0.54 p<0.05) in the 
populations examined.

The activity index indicated that leaf flushing 
peaked in January and November 2010, and 
demonstrated the synchrony of this phenological 
event within the population. The analyses of 
intensity indicated that when this phenological 

Figure 1 – Precipitation and the phenological events of leaf flushing, leaf fall and the Borchert Intensity percentage 
(proportions of leaves) in Cnidoscolus quercifolius between March/2009 and February/2011 in areas of caatinga 
vegetation in the municipality of Santa Luzia, Paraíba state, Brazil.
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Table 1 – Percentages of phenological events and leaves in the crowns of individuals trees in the population of 
Cnidoscolus quercifolius on the Yayu Farm, municipality of Santa Luzia, Paraíba state, Brazil, between March/2009 
and February/2011.

Months/phenological events Average % of leaves Leaf flushing    Leaf fall Flowering Fruiting

March – 2009 100.00 0 0 100.00 100.00

April 100.00 0 0 86.67 100.00

May 93.36 0 0 0 86.67

June 84.80 0 0 0 46.67

July 47.73 0 20.00 0 0

August 32.52 0 26.67 0 0

September 11.01 0 66.67 0 0

October 0 0 100.00 0 0

November 0 0 0 0 0

December 30.60 80.00 0 0 0

January – 2010 56.47 100.00 0 20.00 20.00

February 78.23 100.00 0 40.00 40.00

March 91.35 0 0 80.00 80.00

April 86.64 0 0 40.00 80.00

May 70.17 0 0 0 80.00

June 48.57 0 20.00 0 60.00

July 27.90 0 33.33 0 13.33

August 15.30 0 53.33 0 13.33

September 5.04 0 66.67 0 6.67

October 0 0 100.00 0 0

November 32.02 100.00 0 0 0

December 70.84 100.00 0 100.00 0

January – 2011 94.87 0 0 100.00 73.30

February               98.41 0 0 100.00 100.00

event was intense during the study period (from 
March-June/2009 and February-April/2010) it 
occurred in greater leaf cover individuals studied 
(Fig. 1).

The first complete flowering cycle observed 
during the present study occurred between January/
April 2010, four months; the peak of flowering 
activity occurred in March 2010 with high degrees 
of synchrony within the two populations (Tabs. 1, 2).

Flowering occurred in both populations 
during the rainy season, with the flowering peak 
less negative water potential values (-0.41 MPa) in 
the Santa Luzia population March and April 2010 
(Fig. 2). The recorded values of the photosynthetic 

quantum efficiency of photosystem II during this 
period indicated that the individuals were not 
stressed and demonstrated optimal photochemical 
efficiency (0.751 MPa).

Fruiting occurred in parallel flowering during 
the rainy season and continued for 4 to 5 months 
in 2009, with activity between March and April 
2009 (Fig. 2).

The São Mamede population also initiates 
the leaf flushing phase at the end of the dry 
season and the beginning of the rainy season, with 
indices of very negative water potential between 
the individuals analyzed (-0.74 MPa, Nov/Dec 
2009 and -0.97 MPa, Sep/Oct 2010), confirming 



Phenological study of Cnidoscolus quercifolius in the Paraiba, Brazil

Rodriguésia 70: e02352016. 2019

5 de 9

Table 2 – Percentages of phenological events and leaves in the crowns of individuals trees in the population of 
Cnidoscolus quercifolius on the Promissão Farm, municipality of São Mamede, Paraíba state, Brazil, during the 
period between March/2009 and February/2011.

* Highlight for budding, flowering and fruiting of a single individual in the population

Months/phenological events Average % of leaves Leaf flushing Leaf fall Flowering Fruiting

March – 2009 100.00 0 0 100.00 100.00

April 100.00 0 0 66.67 90.48

May 87.64 0 0 4.76 76.19

June 71.32 0 0 4.76 42.86

July 37.45 0 28.57 4.76 28.57

August 22.00 0 38.10 4.76 4.76

September 10.38 0 61.90 0 4.76

October 1.24 0 90.48 0 0

November 1.24 0 90.48 0 0

December 32.57 80.95 0 0 0

January – 2010 62.55 100.00 0 19.05 19.05

February 84.24 100.00 0 33.33 33.33

March 87.15 0 0 85.71 85.71

April 81.40 0 0 76.19 76.19

May 66.81 0 0 0 47.62

June 49.13 0 19.05 0 47.62

July 31.64 4.76* 33.33 4.76* 42.86

August 18.11 4.76* 52.38 4.76* 23.81

September 5.62 0 80.95 0 4.76

October 0.93 0 95.24 0 4.76

November 36.90 100.00 0 0 0

December 71.01 100.00 0 100.00 4.76

January – 2011 95.18 0 0 100.00 100.00

February               100.00 0 0 100.00 100.00

that these plants initiated leaf flushing while 
demonstrating high water deficits. Leaf fall occurs 
between the months of July-November/2009 and 
June-October/2010 for the São Mamede population 
(Fig. 3), during these periods the average values 
of photosynthetic quantum efficiency were 0.667 
for this population.

This phenophase lasted from 4 to 5 months, 
with peak phases occurring in October 2009 
(Tabs. 1, 2), having initiated at the end of the 
rainy season and beginning of the dry season. 
Leaf fall was observed to be directly related to the 
water status of the plant and with photosynthetic 

quantum efficiency, as leaf fall intensity increased 
with decreasing plant water potentials. No 
significant correlation was observed between 
precipitation and leaf fall at a 5% level of 
probability according to the Spearman correlation 
coefficient.

Flowering and fruiting in the São Mamede 
population occurs in the rainy season (Fig. 4), 
with the peak of phenophase in March 2009 
and 2010, individuals in the population optimal 
photochemical efficiency of the 0.812 MPa.

No significant correlation was observed 
between precipitation values and flowering by the 
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Spearman correlation coefficient, at a 5% level of 
probability.

During the year 2010, fruiting continued 
for approximately 8 months, with a peak between 
March-May of that same year (Fig. 4). The 
phenophase of fruiting demonstrated a significant 
positive correlation with rainfall (rS= 0.56; p= 0.004).

The periods of both flowering and fruiting 
demonstrated variations related to the water 
potentials and photosynthetic quantum efficiencies 
of the plants, as the peaks of these phenophases 
were associated with less negative water potential 
values and higher average values of photosynthetic 
quantum efficiency (between 0.75 and 0.85).

Discussion
Leaf flushing occurred at the end of the dry 

season and during the transition period into the 
rainy season in the present study, corroborating 
other studies of the phenological patterns of 
shrub-arboreal vegetations in arid and semiarid 

regions (Borchert 1994; Chapotin et al. 2006; 
Quirino 2006; Lima 2007). Although leaf flushing 
occurred during the seasonal dry period, the leaves 
of all the individuals of both populations examined 
attained maximum blade expansion only during 
the rainy season. Individuals of the populations 
examined here were at their points of maximum 
deciduousness immediately before leaf flushing–an 
important strategy for water economy, allowing 
the continuity of phenological events that would 
culminate in flowering.

The significant negative correlation of the 
leaf flushing phenophase observed in the present 
work differed from the results in other woody 
caatinga species in the Seridó region of Rio 
Grande do Norte state, Brazil, which presented 
a strong correlation between rainfall indices and 
leaf formation (Amorim et al. 2009). However, 
Souza et al. (2012) in research with the species 
Senna cana (Nees & Mart.) H.S. Irwin & Barnely 
in the Chapada da Diamantina - BA, observed a 

Figure 2 – Precipitation and the phenological events of flowering and fruiting in Cnidoscolus quercifolius between 
March/2009 and February/2011, in an area of caatinga vegetation in the municipality of Santa Luzia, Paraíba state, 
Brazil.

Figure 3 – Precipitation and the phenological events of leaf flushing, leaf fall and the Borchert Intensity percentage 
(proportions of leaves) in Cnidoscolus quercifolius between March/2009 and February/2011 in areas of caatinga 
vegetation in the municipality of São Mamede, Paraíba state, Brazil.
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low correlation between the phenology of budding 
and the rainy season.

The phenological events of plants growing in 
tropical climates are determined by the duration and 
intensity of the dry season (Mooney et al. 1995). 
The study of C. quercifolius indicated that there was 
no large temporal separation of the phenophases of 
leaf flushing and flowering, as the plants flowered 
when leaf flushing terminated, a physiological 
mechanism of resistance to semiarid conditions, 
that usually experiences only a short and often 
irregular rainy period (between January and June). 
Reproductive events in the dry tropics generally 
occur during periods of low photosynthetic activity 
or after periods of high reserve accumulation 
(Fenner 1998).

In a research project examining woody plants 
in caatinga regions in Pernambuco State, noted 
that most of species that replaced their leaves 
during the dry season had low wood densities 
supporting the observation that they can store 
greater quantities of water in their trunks, as 
reported by Lima (2007). However, our studies in 
the Seridó region of Paraiba State demonstrated 
very negative water potential levels in the branches 
of C. quercifolius directly preceding leaf flushing. 
The values of water potential only became less 
negative after the beginning of the rainy season, 
as was expected, during which time the individuals 
of the two populations were in their final phases of 
leaf flushing and beginning of leaf blade expansion.

The maximum leaf fall activity was observed 
during the dry season, in agreement with other 
published results of phenological studies of woody 
caatinga plants (Lima 2007; Amorim et al. 2009).

The leafless period of woody plants generally 
occurs in response to water stress conditions and 

represents that portion of their annual cycle in 
which resources (such as light, water, and nutrients) 
are not being consumed, or only consumed at very 
low intensities (Kushwaha & Singh 2005). These 
authors also noted that the fully deciduous period is 
an available indicator of drought experienced severe 
water stress conditions reflecting the integrated 
effects of seasonal dryness, morpho-functional 
characteristics of the plants, and the levels of 
soil humidity; they also stated that leaf fall has a 
determinate role in initiating flowering.

The species C. quercifolius is typically 
deciduous at the peak of the dry season and 
experiences increasingly intense water limitations 
as the dry season advances–culminating in leaf 
abscission as a strategy for reducing its maintenance 
metabolic levels in preparation for the dynamics of 
upcoming phenological events of leaf flushing at 
the end of the dry season followed by flowering.

Fluorescence studies of the quantum 
efficiency of photosystem II represent an important 
tool for studying plant water stress in plants that 
demonstrated quantum efficiency values between 
0.75 and 0.85. Under non-stress conditions, (Krause 
& Weiss 1991; Maxwell & Johnson 2000), these 
values were seen in C. quercifolius during the 
rainy period. Lower values indicated water stress, 
reductions of the maximum quantum efficiencies 
of photosystem II, and the possibility of damage to 
the plant’s photosynthetic apparatus.

Flowering and fruiting in C. quercifolius 
occurred during the rainy season when plant 
water potentials were less negative and quantum 
efficiency values were between 0.751 and 0.812, 
corresponding to the maximum efficiency of light 
energy in that photochemical process and directly 
reflecting the physiological states of the plants, 

Figure 4- Precipitation and the phenological events of flowering and fruiting in Cnidoscolus quercifolius between 
March/2009 and February/2011, an area of caatinga vegetation in the municipality of São Mamede, Paraíba state, Brazil.
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with high metabolic activity levels and the equally 
high energetic demands of the phenophases of 
flowering and fruit development and maturation. 
The highest peaks of flowering and fruiting in 
these plants were observed during the rainy season, 
with flowering closely following the period of leaf 
flushing and leaf blade expansion. Fruiting, on the 
other hand, continued for a longer period of time, 
extending into the phenophase of leaf fall, similar 
to the results reported by Lima (2007); Amorim et 
al. (2009), and Araújo et al. (2011), in other plant 
communities in the caatinga a determinant factor 
in plant reproduction in tropical regions, especially 
in tropical dry forests (Griz & Machado 2001). 
The phenophases of flowering and fruiting were 
observed to have annual patterns in C. quercifolius 
in this study and for the period in which it developed.

Conclusion
The species Cnidoscolus quercifolius presents 

seasonality in relation to the climatic variations of 
precipitation and the analyzed ecophysiological 
variables, water potential, and photochemical 
quantum efficiency of photosystem II, for the 
phenotypes of budding, falling, flowering, and 
fruiting. Rainfall negatively influences budding, 
which occurs at the end of the dry period and 
early rainy season. Leaf fall was not significantly 
influenced by precipitation; however, it showed 
a direct relationship with the water deficit and 
photochemical efficiency of photosystem II, for 
the dry season. Flowering occurred shortly after the 
outbreak with peak activity in March 2010, during 
the rainy season.
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