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Abstract

Modern agriculture values the most sustainable and dynamic means of production, which can be promoted through the association
between coffee and tree components, aiming at the best use of the land. However, within our understanding of the physiological
and biochemical behaviors of the coffee tree, the irradiance limiting conditions are crucial to maximize the potential gains
generated in these systems. In this sense, the objective of this study was to evaluate the effects of different levels of irradiance
restriction on the physiological and biochemical characteristics of two genotypes of Conilon coffee. The experiment was conducted
in a 2 x 3 factorial scheme, corresponding to two Conilon coffee clones and three levels of light intensity restriction (0, 30 and 50%),
in a randomized block design with four replications. The synthesis of total chlorophyll b and the leaf N content of the genotypes CL6
and CL12 increased with the reduction of light. On the other hand, there was a reduction in the levels of carbohydrates, amino
acids and phenols with the reduction of light intensity. Restricted levels of irradiance caused different changes in the physiological
and biochemical characteristics of the studied genotypes, showing genetic divergences between them.

Keywords: Secondary metabolism; Shaded cultivation; Climate change.

Introduction

Coffee farming represents a significant portion of the Although luminosity is an important environmental
Brazilian economy, being important in socioeconomic resource, responsible for the Iluminous reactions of
development, generating jobs both directly and indirectly photosynthesis and directly impacting plant growth and
(Quartezani et al., 2018; Quartezani et al., 2019, Ferreira et development, excessive luminous intensity can be harmful
al., 2021). With widespread planting (mainly in the Brazilian to culture (DaMatta et al., 2018). Consortium crops or
states of Minas Gerais, Espirito Santo, Bahia, Sdo Paulo and agroforestry systems (SAFs), by allowing moderate shading,
Rondodnia), in an area of 1,812,800 hectares it provided a minimize problems related to high irradiance. These
production of approximately 49 million bags of coffee in consortia are defined in phytotechnical practices that are
2019 (ICO, 2018; CONAB, 2019). important in mitigating potential adverse effects on coffee
Espirito Santo is the second largest coffee producing state in arising from ongoing climate change, and may contribute to
Brazil and produces the largest volume of Conilon coffee maintaining the sustainability of coffee production
(Coffea canephora Pierre ex A. Froehner) in the country, (Pezzopane et al., 2007; Charbonnier et al., 2017).

exerting significant influence on the socioeconomic and The shading emission by these systems not only affects the
agro-industrial aspects of the region (CONAB, 2019; Vitéria distribution of solar radiation in the canopy of the plant, but
et al.,, 2019). Although this culture is originally from tropical also helps in maintaining a favorable microclimate,
regions of Africa and is typical of understory (DaMatta et al., maintaining greater soil moisture and the harmful effects
2007), cultivation in the state of Espirito Santo is caused by wind and temperature (DaMatta et al., 2001).
predominantly in full sun. Thus, as the main commercial coffee species (C. arabica L.
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and C. canephora Pierre and A. Froehner) evolved in shaded
environments, as ongoing rapid climate changes will be
intensified by high levels of irradiance (DaMatta, 2018),
which can lead to physiological and biochemical disorders,
ultimately impacting crop yield.

In this context, physiological and biochemical changes can
occur in response to different irradiances. Among these
changes, we can mention changes in the level of
chlorophylls, cellular respiration, nitrogen allocation and
synthesis of secondary metabolites (Evans and Poorter,
2001; Lu et al., 2015; Slot et al., 2019). In addition, changes
in the specific leaf area and leaf thickness can contribute to
changes in the carbon balance, making it important to assess
the magnitude of these responses in different genotypes,
seeking better acclimatization capacity.

Although the study of luminous intensity is something widely
disseminated in the literature in different cultures, little is
known about the physiological and biochemical effects in
Conilon coffee genotypes, making it important to elucidate
the behavior. Thus, the objective of the present study is to
evaluate the effects of different light intensities on the
physiological and biochemical characteristics of two Conilon
coffee genotypes.

Results

There were significant interactions (p <0.05) between the
different luminosities and clones for photosynthetic
pigments and levels of amino acids in the leaves of Conilon
coffee (Tables 1). As no interactions were observed between
genotypes and shading factors, the levels of N,
carbohydrates, phenols and proteins (Tables 1) were
assessed separately.

For Clone Vitéria 6 (CL6), no differences were identified
between the levels of luminosity in relation to the
chlorophyll a index (Table 2). On the other hand, Clone
Vitéria 12 (CL12) showed a difference with 50% of shading,
in which the chlorophyll index a was reduced by 23% in
relation to CL12 at full sun.

When evaluating the levels of chlorophyll, a of the
genotypes (Table 2), it was observed that the shading levels
of 0 and 30% did not promote statistical differences.
However, a difference in the response of chlorophyll to the
50% level of shading was observed, since the response of
CL6 was greater than that of CL12. For the chlorophyll b
index, CL12 showed lower values than CL6 when grown in
full sun. However, the 30% level of shading caused the rapid
response of CL12, with an increase in the synthesis of
chlorophyll b, which caused the chlorophyll b index to
exceed that of CL6.

Total chlorophyll (Table 3) in CL12 leaves increased with the
highest level of shading, while the highest total chlorophyll
index in CL6 was displayed under 30% shading. For the
chlorophyll a / b ratio, the reduction was observed with the
increase in shading, regardless of the genotype. When
grown in full sun, the chlorophyll a / b ratio was higher in
CL12 than in CL6. However, in the shading levels of 30 and
50%, the opposite occurred, with a greater relationship in
CL6. There is also a significant difference between
treatments for total chlorophyll, however for chlorophyll a
for the level of irradiance restriction of 0%, CL6 was greater
than CL12, while for the levels of 30% and 50%, CL12 was
greater. greater than CL6.
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Under 50% of shading, the leaf N content (Table 4) increased
23% when compared to plants under full sun. Carbohydrates
and phenols showed a similar response pattern, opposite to
that of N, with their levels reduced under shading (20.14%
and 14.38% respectively).

CL12 had a higher N content, while phenols and
carbohydrates were higher in CL6 (Table 5). In comparison
with CL12, the levels of carbohydrates and phenols
produced by CL6 were higher in 25 and 33% of the samples,
respectively. The proteins did not differ according to the
levels of shading or genotypes.

For luminosity levels (Table 6), the amino acid contents of
CL6 and CL12 were higher for plants grown in full sun. There
was a difference between genotypes when subjected to
shading of 30%, in which the amino acid content of CL12 was
higher than that of CL6. However, this difference was no
longer observed under 50% shading.

Discussion

Shading effects

The luminosity restriction considerably increased the
chlorophyll b and total indices (Tables 2 and 3) for both
genotypes studied, which was consistent with most studies
found in the literature (Dai et al.,, 2009; Baldi et al.,
2012; Zhou et al., 2017; Santos Junior et al., 2019). Plants
that developed in shaded environments tend to invest more
in pigments capable of increasing light absorption. Although
the number of chloroplasts per unit of leaf area reduces in
leaves submitted to low irradiance, their chloroplasts have a
higher chlorophyll content (Fu et al., 2012).

The reduction observed in the chlorophyll a/b ratio (Table 3)
in shaded leaves is mainly due to an increase in
chlorophyll b, which has been proven to have a greater
capacity to absorb scattered light under shading conditions
and improve the absorption efficiency of blue light (Huang et
al., 2016; Liu et al., 2018). Therefore, this reduction may be
linked to the acclimatization of the photosynthetic system of
the plant, which maximizes the absorption of light.

Coffee plants submitted to shading had increased leaf N
contents (Table 4). This suggests that the N content exceeds
the physiological requirements in low-light environments,
which may result in luxury consumption (Singh and Singh,
2001; Tripathi and Raghubanshi, 2014; Liu et al.,
2018). Therefore, due to lower energy expenditures in the
cellular maintenance of shaded plants, the greater
accumulation of N may occur (Tripathi and Raghubanshi,
2014).

In addition, it was observed inZostera marina that
reductions in energy and available carbohydrates coincide
with a decline in nitrate reductase activity, which could
reduce the nitrate assimilation capacity, favoring its storage
in cell compartments (Touchette and Burkholder,
2000; Peralta et al., 2002). Similar results were found by
Bote and Struik (2011), in which they verified higher leaf N
contents in coffee trees grown in the shade.

As observed in an experiment conducted by Moraes et al.
(2010), Arabica coffee plants grown in the open can exhibit a
better growth, with a higher net assimilation rate, which is
associated with a higher photosynthetic rate. Therefore,
these conditions contribute to a greater amount of leaf
carbohydrates (Table 4), especially in Conilon coffee, since
these plants survive in higher temperatures and irradiances
than Arabica coffee. Plants under a higher light intensity



Table 1. Summary of the analysis of variance of two conilon coffee genotypes (CV6 and CV12) grown at three different irradiance
restriction levels (0%, 30% and 50%).
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Figure 1. Experimental scheme of treatments.
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Table 2. Chlorophyll a and b indices in the leaves of Conilon coffee genotypes submitted to different shading levels.

Genotype

C

6

CL12 43.9 aA

chlorophyll a
30% 50%
40.5 aA 40.4 aA
41.9 aA 34.1 bB

0%
17.4 bA
12.0bB

30%
19.8 abB
23.4 aA

chlorophyll b

50%
22.3aA
23.9aA

Means followed by the same letter do not statistically differ from each other (uppercase in columns and lowercase in rows)

according to Tukey's 5% (p < 0.05) probability test.
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Figure 2. Precipitation, average monthly air temperature (A), and solar radiation balance (B) from August 2013 to July 2014 in the
municipality of Alegre - ES
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Table 3. Total chlorophyll index and chlorophyll a/b ratio in the leaves of Conilon coffee genotypes submitted to different shading
levels
Genotype

Total chlorophyll Chlorophyll a/b ratio

0% 30% 50% 0% 30% 50%
CL6 56.4 bA 60.3 abA 62.7 aA 2.3cB 2.1 abA 1.8 bA

53.5 bA 64.1aA 58.1 bA 3.8aA 1.7 bB 1.4cB
Means followed by the same letter do not statistically differ from each other (uppercase in columns and lowercase in rows)
according to Tukey's 5% (p < 0.05) probability test.

Table 4. N content, carbohydrates, phenols, and proteins in the leaves of Conilon coffee genotypes submitted to different shading
levels

\ Shading (%) N (g/kg) Carbohydrates (g/kg) Phenols (g/kg) Proteins (g/kg)
0 20.5¢ 67.1a 23.0a 26.3a
30 23.2b 60.3 b 21.3b 25.1a
50 253a 60.1b 20.1b 39.0a

Averages followed by the same letter do not statistically differ from each other at the 5% probability level (p < 0.05) according to
the Tukey test.

Table 5. N content, carbohydrates, phenols, and proteins in the leaves of Conilon coffee genotypes submitted to different shading
levels

Genotype N (g/kg) Carbohydrates (mg/g) Phenols (mg/g) Proteins (mg/g)
CL6 22.1b 69.0 a 24.2 a 26.3a
CL12 239a 55.1b 183 b 29.0a

Averages followed by the same letter do not statistically differ from each other at the 5% probability level (p < 0.05) according to
the Tukey test.

Table 6. Amino acid contents in the leaves of Conilon coffee genotypes submitted to different shading levels

Genotype Amino acids (g/kg)

0% 30% 50%
CL6 7.77 aA 4.22 cB 5.42 bA
CL12 7.39 aA 6.51 bA 4,98 cA

Means followed by the same letter do not statistically differ from each other (uppercase in columns and lowercase in rows)
according to Tukey's 5% (p < 0.05) probability test.

Table 7. Average photosynthetically active radiation, available at each level of shading and standard deviation measured with the

aid of the light meter model LI-250
Irradiance Restriction

Photosynthetically active radiation

Actual irradiance restriction (%)

(%) (umol photons m2s-1)
0 1188.56 + 10,43

30 786.89 £ 39,55

50 622.22 £ 23,68

generally produce more carbohydrates, which is a
fundamental characteristic that reflects the differences in
species concerning growth and survival under different
environmental stresses (Farhadi et al., 2013; Hosseini et
al., 2014). The increase in the carbohydrate production of
plants in full sun (Table 4) may indicate a higher carbon
accumulation for amino acid synthesis (Table 6), thus the
leaf N stock is used for amino acid production, which is
corroborated by the lower leaf N content (Table
4). According to Deng et al. (2013), from the carbohydrates
synthesized by the plant and nitrogen assimilated from the
soil, amino acids can be synthesized. Moreover, although no
statistical differences were observed concerning the protein
levels, the plants in full sun presented lower values than
those in 50% shade. This suggests the possible degradation
of proteins by these plants, contributing to the much higher
increases in amino acids of plants in full sun (Table 6).

The phenol levels were higher in coffee plants in full sun,
which is an expected response, since plants in full sun are
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33.8
47.3

more susceptible to oxidative processes and require greater
protection. According to lli¢ and Fallik (2017), vegetables
accumulate a number of phenolic compounds and other
antioxidants as a protective measure against high irradiance
and ultraviolet light. Therefore, the different levels of
irradiance promote distinct physiological and biochemical
changes. This  response was also observed by
Rodriguez-Lépez et al. (2013), who observed better
responses concerning the physiological performance of
coffee bushes shaded in the morning, when grown in a
severe tropical environment.

Effects of genotypes

Under 50% shading, CL12 had a lower chlorophyll a index
compared to that of CL6 (Table 2). However, this did not
affect the total chlorophyll of the genotypes, as both
genotypes were equal at all shading levels, which reveals
that there was a greater investment by CL12 in
chlorophyll b. This can be observed in the
chlorophyll a/b ratio (Table 3), in which CL12 presented a



lower ratio than CL6. As observed by Rodriguez-Lépez et al.
(2013), photosynthetic acclimatization in response to
variations in luminosity depends upon the genotype and
nature of the luminous environment.

In full sun, a higher chlorophyll b index was observed for CL6
compared to CL12. However, under 30% shading, CL12
presented a rapid response, with an increased
chlorophyll b index that surpassed that of CL6 (Table
2). Therefore, the physiological plasticity of CL12 is greater,
and small environmental changes are sufficient to modify its
physiological characteristics. This higher acclimatization in
response to the environment can be observed in the
chlorophyll a/b ratios, in which shading caused CL12 to have
lower results. At the leaf level, acclimatization can be
expressed through morpho-anatomical and physiological
adjustments in response to changes in the Iuminous
environment (Evans and Poorter, 2001; Lusk et al., 2008).
The carbohydrate and phenol contents of CL12 were lower
than those of CL6, while the leaf N content (CL12) was
higher (Table 5). This shows that the accumulation capacity
of these compounds is different and strongly influenced by
species or cultivar. Genetic divergences among the
genotypes of the clonal variety 'Vitdria Incaper 8142' have
been observed by several authors in studies related to
nutritional efficiency (Covre et al., 2013; Machado et al.,
2016; Berilli et al., 2020). However, for the leaf N content,
Covre et al. (2013) and Machado et al. (2016) found no
difference between genotypes 6 and 12.

Regarding the phenol contents in Table 4, the results allow
deductions regarding the ability of CL6 to present a higher
chance of survival in the field in stressful situations. This is
due to the fact that phenolic compounds are secondary
metabolites, containing numerous varieties of compounds,
such as simple flavonoids, phenolic acids, and complex
flavonoids, which usually perform a protective function in
plants (Babbar et al.,, 2014; Lin et al., 2016; Sales et al.,
2018). In addition, the carbohydrate content can also
contribute to the greater survival of these plants in the
field. According to Myers and Kitajima (2007), plants that
present a higher carbohydrate content under shading
conditions can be considered more susceptible to survival in
this system.

Materials and Methods

Study location description

The experiment was conducted in a Conilon coffee crop with
5 years of cultivation, in the Experimental Area of the Center
for Sciences and Agronomic Engineering of the Federal
University of Espirito Santo (CCAE-UFES), located 113 meters
above sea level in Alegre - ES, Brazil (20245 '48"S,
41931'57"W and 250 m of altitude). The climatic data were
obtained at the INMET meteorological station located in the
vicinity of the experiment, and the predominant climate was
characterized as hot / humid summer and dry winter.
Precipitation during winter was 1299.6 mm. Between July
2016 and September 2017, the average temperature was
24.16 °C (Figure 1A) and the minimum and maximum global
radiation values were 1060.16 KJ m-2 month-1 (Figure 1B) in
July 2016 and 1916.50 KJ m-?2 d-1 in January 2017,
respectively.

Description of treatments and experimental designer

The experiment was conducted in a 2 x 3 factorial scheme,
which represented two genotypes of Conilon coffee (Clone
Vitéria 06 and Clone Vitéria 12) and three levels of shading
(0 (full sun), 30 and 50% irradiance restriction), in a
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randomized block design with four repetitions. Each
experimental plot was represented by a plant. The
genotypes were selected from the cultivar "Vitdria Incaper
8142" according to their agronomic characteristics. The
availability of light was altered during the experiment with
the use of polyolefin screens with different radiation
retention capacities, which were installed in the form of a
tunnel to cover the entire plant (Figure 2). The
photosynthetically active radiation in the canopy of the
plants was determined at each level of shading with the use
of the model LI-250 photometer. (Table 7). The
measurements were made in clear sky at 12 o'clock on
October 21, 2019, thus determining the actual percentage of
shading used for each treatment. Throughout the crop cycle,
nutritional and phytosanitary management was carried out
in accordance with the technical recommendations for
Conilon coffee in the state of Espirito Santo (Ferrdo et al.,
2007).

Determination of chlorophyll

For the biochemical and physiological analyses, eight leaves
of previously marked plagiotropic branches from each plant
were used. The leaves were collected at the beginning of the
fruit maturation phase. A portable chlorophyll meter
(ChlorofilogCFL 1030 (Falker)) was used to determine the
chlorophyll index. Subsequently, the leaves were collected,
stored in liquid nitrogen, and taken to the laboratory. Here,
they were macerated and sieved through a 2.0 mm mesh.
The leaf nitrogen was analyzed using the micro-Kjeldahl
method.

Determination of biochemical variables

The free amino acids were extracted using hot ethanol (98,
80, and 50%) and submitted to centrifugation. The
supernatants were collected and separated according to the
protein contents. The amino acid determination followed
the methodology of Yemm and Cocking (1955). The protein
fraction was determined from the precipitate obtained after
extraction. Protein dosage was performed according to the
method of Goa (1953). The total carbohydrates were
determined using the sum of the starch and total soluble
sugars (non-structural carbohydrates) contents according to
the methodology proposed by Fales (1951).

The determination of the total soluble phenols was
performed based on the modified methods of Poorter and
Villar (1997). A dilution of the sample was determined from
a linearity test, in which 100 pL of the hydrophilic phase,
resulting from the extraction procedure of the compounds,
was diluted in a ratio of 1:20 (v/v) with 80% ethanol
solution. Increments of 50 pL of the diluted extract, 450 pL
of distilled water, 250 pL of folin reagent, and 1250 pL of
10% sodium carbonate solution composed the 2 mL of the
reaction. Within 20 minutes, the samples that consisted of
phenolic compounds acquired a bluish gray coloration, and
the color intensity was directly proportional to the amount
of phenol present in the sample.

Statistical analysis

The samples were submitted to spectrophotometry at a
wavelength of 725 nm. From the absorbance, the results
were calculated using the standard tannic acid curve as a
function of the initial 250 mg mass used in the extraction of
the compounds, expressed as a percentage.

Before the analysis of variance, the Shapiro-Wilk and Bartlett
tests were used to verify that the assumptions of normality



of errors and homogeneity of variances were meet,
respectively. Then, the data were submitted to the analysis
of variance (p < 0.05). When the F test was significant, the
Tukey test was performed at the 5% probability level (p <
0.05). The entire statistical procedure was performed using
the open source program R.

Conclusion

The shading levels prompted different responses between
the genotypes concerning the physiological and biochemical
characteristics, thus providing evidence for the existence of
possible genetic divergence.

The chlorophyll b synthesis and leaf N content of genotypes
CL6 and CL12 increased with reduced luminosity.

There was a decrease in the levels of carbohydrates, amino
acids, and phenols with the reduction in the light intensity of
the coffee genotypes studied. Genotype CL6 showed a
higher accumulation of carbohydrates and phenols, and may
present a higher chance of survival in the field in situations
unfavorable to its development.
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