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ABSTRACT. We examined the effect of water availability on the
nutritional balance of 15 genotypes of the clonal cultivar “Conilon BRS
Ouro Preto” of Coffea canephora grown in two contrasting environments
in terms of water availability. Biomass production and nutritional
balance parameters, based on the deviance from the standard ratio among
nutrients for the species, were estimated after 170 days of cultivation in
these contrasting environments. The variability of responses among
genotypes indicated a favorable for identifying diversity among these
genotypes and for selection aiming to explore their nutritional
parameters, especially for the concentration of phosphorus and
magnesium in green tissues. Cultivation in the environments with low
water supply caused losses up to 29% in the biomass production of the
young plants (with most severe losses observed for the aerial part); the
magnitude of these losses varied among genotypes. Genotypes 125 and
155 accumulated significantly higher amounts of biomass when
compared to the others, regardless of the water supply. Overall, the
nutritional indexes of the tested genotypes showed greater metabolic
inflexibility towards water stress than what is reported for other cultivars
of Robusta coffee.
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INTRODUCTION

Agriculture is constantly challenged by abiotic and biotic stresses that often
negatively influence crops, generally causing unwanted modifications in plant growth,
metabolism and crop yield (Pinto, et al., 2008). Among these stresses, the losses caused to
water deficit have been the main challenge, since water is one of the most limiting inputs
for plant growth and development worldwide (Cavatte et al., 2011).

The magnitude of the changes caused by water deficit in plant metabolism and
growth is a result of complex interactions between several factors, including genotype, the
duration and severity of the deficit, and the phenological stage of the plant (Santos and
Carlesso, 1998).

Among the several improved genotypes of Coffea canephora that are currently
recommended and cultivated, there are some genetic materials that are able to survive and
yield satisfactorily even under moderate water stress conditions (Ferrdo et al., 2000;
DaMatta, 2004). Tolerance to water stress naturally occurs in almost all species, but its
extent varies from species to species and even within species (Markesteijn, 2010). This
tolerance usually results from integrated factors at all organizational levels: anatomical,
morphological, cellular, biochemical and molecular, such as inhibition of leaf expansion,
foliar abscission, enhanced root growth and stomatal regulation (Taiz and Zeiger, 2013).

Global climate change and the increased rate of events of climatic extremes such as
prolongated droughts(Assad et al., 2004; Bunn et al., 2015),has increased the importance of
efforts to find genotypes that are more likely to tolerate water stress. The development of
improved cultivars with tolerance to water deficit should be a priority for coffee breeding
and research (Marraccini et al., 2012).

Availability of water is a major factor in the nutritional balance in plants. Water is
required for the normal course of all metabolic processes in plants and regulates the
absorption of mineral nutrients from the soil, translocation among the organs, gas exchange
and metabolic activity (Martins et al., 2014). Therefore, changes in the water supply can
modulate the acquisition and use of nutrients, having potential effects on the overall
nutritional balance of the plant.

In the coming years, studies aimed at optimizing water use will be of utmost
importance for the maintenance of cultivation sustainability. Along this line, this
experiment aimed to examine how water supply affects nutritional balance in various
genotypes of C. canephora.

MATERIAL AND METHODS
Local setup and experimental design

The experiment was developed in a greenhouse installed in the municipality of
Ouro Preto do Oeste, Rondonia State, in northern Brazil. This site has an elevation of 256 m
above sea level; the average air temperature of the region ranges from 24°C minimum to
32°C maximum; the average air humidity is 85% and the annual accumulated rainfall is
2,250 mm. The climate is classified as equatorial tropical (warm and humid), being mostly
rainy, with a dry season from June to September.
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Plastic pots of 18 liters volume were prepared to receive the plants in the
greenhouse and were filled with 10 kg of soil. The soil was collected from a field covered
by native vegetation, at a depth of 10-20 cm, dried in the shade, homogenized with a 4.0
mm mesh sieve and separated in samples of 10 kg to fill each pot. A representative sample
of this soil was analyzed to determine its physical-chemical attributes (Embrapa, 1997),
which was classified as an Oxisol (red-yellow latosol) and medium texture (33% clay, 15%
silt and 52% sand). The soil presented 1.21 g cm™ of density (graduated cylinder method),
pH 5.9 (water, 1:2.5 ratio), 4.00 mg dm™ phosphorus (extracted by Mehlich-1), 120.90mg
dmpotassium (extracted by Mehlich-1), 4.25 cmol. dm™ calcium (extracted by potassium
chloride at 1 mol L™), 1.33 cmol, dm™ f magnesium (extracted by potassium chloride at 1.0
mol L™) and 3.30cmol. dm™ potential acidity (extracted by calcium acetate at 0.5 mol L™,
ph 7.0).

The experiment followed a factorial scheme 15x2, studying 15 improved genotypes
of C. canephora and two modified environments for water supply levels. It followed a
completely randomized design, with four repetitions and one plant per pot as the
experimental parcel. The two modified environments were prepared to configure different
levels of water availability for the plants.

Selected genotypes

The 15 genotypes used in the experiment (referred to as 56, 57, 61, 73, 88, 89, 120,
125, 130, 155, 160, 184, 189, 199 and 203) compose the entire group of genotypes from the
clonal cultivar “Conilon BRS Ouro Preto” (SNPC Certification number: 20130061), which
is recommended for planting in Ronddnia State.

The genotypes were asexually multiplied using cuttings from matrix plants, which
were cultivated in a multiplication field, being similar in age, growth, nutritional and
phytosanitary status. The cuttings were prepared and cultivated in a nursery until the stage
of four fully developed pairs of leaves. The grown plantlets were then moved to the
prepared pots to compose the experimental plots.

Water supply

A hydro-physical analysis was made of the soil, according to the methodology
proposed by Embrapa (1997), which established the soil moisture at the field capacity
(tension of 10 kPa) as 23.73% and at permanent wilting point (tension of 1,500 kPa) as
15.74%. These results were used to determine the total available water in the soil and to
manage the irrigation, following the methodology described by Bernardo et al. (2008).

The two levels of water supply used in the experiment were established aiming to
allow the plants to have access to contrasting conditions of water availability. The level of
100% of available water in the soil was used as the standard reference. The depletion of
water in each pot was monitored daily by weighing the pots with an analytical scale (BPW
Platform, precision: 1 g), allowing this depletion to reach different levels in accordance with
the level established for the treatments. The plants selected to be kept in conditions of
higher water supply were irrigated daily to return the water availability in the soil to 100%
constantly. The soil from the parcels selected to be cultivated with low water supply was
allowed to deplete down to the level of 25% of water availability before the irrigation
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returned it to the reference level of 100%.These conditions for irrigation started at the 50"
day after transplanting the coffee plantlets to the pots and were maintained until the 170"
day.

Cultivation and nutritional management

The physical-chemical analyses were used to establish fertilization
management. The fertility of the soil was previously adjusted according to adequate
levels of each nutrient for the early growth of coffee plants; nitrogen was supplied in
four parcels (every 25 days after the first month); phosphorus and potassium were
supplied in a single application before transplanting the plantlets to the pots. The
nutritional levels of the fertilization were established based on the recommendation for
controlled environments (Novais et al., 1991).

The surface of the soil of each pot was protected and covered with an expanded
polystyrene layer in order to avoid water losses by evaporation. The plants were
cultivated using the common practices established in accordance with their eventual
need and following current recommendations for the cultivation of Conilon coffee in
Brazil (Ferréo et al., 2017).

Biomass and nutritional parameters

After 170 days of cultivation, the plant organs (leaves, stems and roots) were cut
and separated in paper bags, which were then dried in a laboratory oven (STF SP-102/2000
CIR, with forced air circulation at 65°C), until their masses achieved a constant weight,
monitored using a laboratory scale (SHIMADZU AUW-220D; precision: 0.00001 g). The
final weight was used to determine the biomass of each organ, expressed as dry matter of
roots, leaves, aerial part (steam + leaves) and total (aerial part + roots).

After drying, the dry matter of leaves was triturated (CIENLAB EC-430, 8 blades,
1,725 rpm, 20 mesh) to obtain a homogeneous powder. Triplicate samples of the powder
were used to determine the concentration of each nutrient in the leaf tissues.

To quantify the N content, 0.5 g (+/-0.001g) of the powder were transferred to
Taylor tubes (25 mm x 200 mm) and submitted to the stages of sulfuric digestion (H,SO,),
distillation (NaOH 40%) and titration (NaOH 0.02 mol L™) of nitrogen in a distiller
(Marconi MA-036), according to the Kjeldahl method (Ma and Zuazaga, 1942).

To quantify P, K, Ca, Mg and S contents, 0.5 g (+/-0.001g) of the powder was
transferred to Taylor tubes (25 mm x 200 mm) and submitted to the stages of nitric-
percloric acid digestion (HNOj3, 65%and HCIO,4, 70%) in a digestion block (Tecnal, TE-
007D) at 180-190°C for 3 hours; then, 3 mL of ascorbic acid (CgHgOg, 0.87M) was added
and the determination was made by spectrophotometry (Femto, 700 Plus) (Embrapa, 1997).

The results of biomass and nutritional contents were used to establish nutritional
indexes, calculated based on the methods proposed by Martins et al. (2014). The ratios
among nutrients were compared with standards to examine the nutritional balance
(Malavolta, 1996; Braganga et al., 2007).
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Data analyses

The data were subjected to analysis of variance, using the F-test to identify the
interactions and differences among levels of each factor. The genetic parameters for each
variable were estimated according to the methodology described by Cruz and Carneiro
(2003). The model used was:

Yik=H+Gi+E+GEjjteik (Equation 1)

where Y represents the phenotyplc value of the ukth observation, u is the general
mean, G; is the fixed effect of the i"" genotype, E; is the random effect of the j' j " environment
(avallable water in the soil), GE;j is the effect of the mteractlon between the i genotype and
the ' j environment, and g;; is the random error related to the i ijt " observation.

The means of genotypes were analyzed using the Scott-Knott criterium and the
means of water supplies were studied using the Tukey criterium (both at 5% probability).
The genetic parameters for each variable were estimated using the methods described by
Cruz and Carneiro (2003), whereby the values for quadratic component associated with the
expressed phenotype as a result of the interaction genotype-environment (G7.), the

environmental variance component (6Z), the genotypic variance component (q)g), the

genotypic determination coefficient (H?), the genetic variation coefficient (CVy), and the
variation index (CV¢/CV) were estimated. The analyses were performed using the statistical
software GENES (Cruz, 2013).

RESULTS
Genetic parameters
Significance of interactions between the effects of genotypes and water supply were

examined by the F test for all traits. The estimated genetic parameters are presented in Table
1.

Table 1. Genetic parameter estimates for nutritional indexes of genotypes of Coffea canephora grown with
different levels of water supply.

Parameter N P K Ca Mg S TDM
@g 4.36 0.14 5.37 1.66 0.59 0.18 52.47
629 0.43 0.03 2.86 0.49 0.22 3.54 86.59
82 15.18 0.19 11.54 3.78 0.82 4.33 283.40
H? 67.16 78.26 64.33 69.33 72.76 7.04 39.07
CcVv, 7.61 16.66 7.39 9.73 12.90 2.75 5.40
CV,/CV 0.54 0. 85 0.68 0.66 0.85 0.21 0.43

d4: genotypic quadratlc component; G2,: variance component associated to interaction between genotype
and environment; G2: environmental variance component; H%coefficient of genotypic determination (%);
CVy: coefficient of genetic variation; CV/CV: variation index TDM: total dry matter.

The estimated values of genotypic quadratic components (E]SQ) surpassed the
estimated values of the component associated with the interaction between genotype and
environment (6Z,) for most variables, which only was not observed for sulfur content and
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the accumulation of dry matter. The higher environmental effect in the determination of
these variables can also be seen in the lower values of coefficient of genotypic
determination (H?). For N, P, K, Ca and Mg, the coefficients of genotypic determination
were higher than 64%, which combined with the estimated values of variation indexes
(ranging from 0.54 to 0.85), indicate a favorable condition for identifying diversity
among these genotypes and for a possible selection aiming to explore their nutritional
status, especially for phosphorus and magnesium.

Biomass production

Different means for both accumulation and allocation of biomass among the
plant organs were observed for the genotypes, as well as significant differences caused
by the changes in the water supply (Table 2).

Table 2. Dry matter accumulated in roots (RDM), leaves (LDM), aerial part (ADM) and total (TDM) of 15
genotypes of Coffea canephora (cultivar “Conilon — BRS Ouro Preto”), after 170 days of cultivation with
different levels of water supply (100% and 25% of the available water in the soil, referred to as AWigoe and
AWy, respectively).

Genotype RDM (g) LDM (g) ADM (g) TDM (g)
AW 00 AWoso AW 00 AWoso, AW 00 AWoso, AW g0 AW,so

56 37.93dA 38.47 cA 53.70 bA 40.63 bB 90.95 bA 73.77 bB 12891 cA  112.23cB
57 46.38 cA 42.81cA 62.92 aA 50.40 aB 104.53 aA 79.30 bB 148.06 bA  125.06 bB
61 51.08 bA 58.76 aA 48.33 cA 45.17 bA 99.86 aA 86.10 aB 13406 cA 14144 aA
73 64.73 aA 40.95¢cB 48.27 cA 43.25bB 100.57 aA 79.45bB 166.96 aA  117.67cB
88 36.70 dA 30.32dA 55.80 bA 48.24 aB 98.90 aA 85.30 aB 134.03cA  115.79cB
89 50.63 bA 46.08 bA 51.57 cA 51.93 aA 92.23 bA 93.75aA 138.46 cA 14582 aA
120 53.33 bA 47.74 bA 57.65 bA 48.03 aB 108.78 aA 90.43 aB 158.24bA  138.18 aB
125 60.95 aA 56.23 aA 55.83 bA 45.73 bB 104.03 aA 88.51aB 167.54aA  144.74aB
130 54.37 bA 48.90 bA 55.65 bA 48.00 aB 95.95aA 87.33aB 151.53bA  140.53 aA
155 62.55 aA 48.69 bB 49.07 cA 49.27 aA 86.83 bA 81.67 bA 164.49aA  132.35aB
160 62.59 aA 53.11aA 54.10 bA 42.30 bB 100.70 aA 80.45bB 160.62aA  126.48 bB
184 58.43 aA 45.22 bB 3455 dA 39.62 bA 70.65 cA 71.43bA 131.30cA  119.79cB
189 49.74 bA 45.80 bA 49.63 cA 48.30 aA 82.48 bA 84.03 aA 136.23cA  128.61 bA
199 41.05dA 42.01cA 51.43cA 43.37bB 89.05 bA 78.02 bB 131.09cA  118.61¢cB
203 54.36 bA 46.68 bB 60.05 aA 50.17 aB 96.18 aA 87.84 aA 154.85bA  136.78 aB

Means followed by the same uppercase letter in the row or lowercase in the column do not differ by Tukey
or Scott-Knott tests, respectively, at 5% probability.

For most genotypes, the plants from the environment with decreased water
supply (AW,se,) presented lower growth rates and therefore lower means of
accumulation of biomass. However, this limitation in growth was less pronounced for
root biomass, for which only genotypes 73, 155, 184 and 203 differed from the
environment with high water supply (AWqs), presenting losses of approximately 37%,
22%, 23% and 14%, respectively.

Regarding the differences in the accumulation of biomass in the root system, it
was possible to identify four homogeneous groups of genotypes for both conditions of
water supply. Genotypes 125 and 160 presented higher means of root biomass
regardless of the level of available water in the soil, while genotype 88 presented the
lowest means for root dry matter under both conditions (Table 2).

For leaf dry matter, a negative influence of restriction in the water supply was
observed in most genotypes, resulting in smaller leaves for treatments with depletion of
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water to 25% of available water in the soil, with losses of between 10% and 24%. Only
genotypes 61, 89, 155, 184 and 189 maintained similar leafiness regardless of the water
supply.

The limitation of water supply decreased differentiation among genotypes;
while it was possible to identify four different groups of homogeneous genotypes under
the condition of higher supply, it was possible to observe only two groups when the soil
was allowed to deplete to 25% of available water. Genotypes 57 and 203 stood out for
developing the highest leaf biomass regardless of the availability of water, while
genotype 184 presented lower means under both conditions (Table 2).

Accumulation of biomass in the aerial part of genotypes 89, 155, 184, 189 and
203 did not differ with the change in water supply. For the others, the lower water
supply caused losses between 9 and 24% in the accumulation of biomass in the aerial
part. Similar to leaf biomass, the lower water supply also caused a decrease in the
observable differences among genotypes for ADM. While three different groups were
observed under the condition of higher water supply, only two were differentiable with
low water supply. Genotype 184 also presented the lowest accumulation of biomass in
the aerial part under both conditions of water supply; while genotypes 61, 88, 120, 125,
130 and 203 grouped together with higher shoot biomass regardless of the level of
water supply (Table 2). Overall, the limitation caused by the restriction in water supply
caused losses between 8% and 29%in total dry matter; this negative effect was only not
observed for genotypes 61, 89, 130 and 189.

Three homogeneous groups of genotypes were observed in both environments.
Genotypes 125 and 155 stood out in terms of accumulation of high total biomass under
both conditions of water supply, while genotypes 56, 88, 184 and 199 presented lower
overall biomass production regardless of the level of available water in the soil (Table
2). Genotype 73 was highly responsive to water supply, since although it belongs to the
group with the lowest biomass accumulation when cultivated with low water supply,
this genotype responded to the higher water supple with a gain of 42% in its total
biomass.

Nutritional status

There were significant differences in the concentration of primary
macronutrients in the green tissues among genotypes and between conditions of water
supply. The interaction between the effects of these factors was unfolded and is
presented in Table 3.

Nitrogen concentration in leaf tissues was not influenced by alteration of the
water supply for most genotypes; however, a higher concentration was observed for the
conditions of lower water supply for genotypes 73 and 203, which presented gains of 26
and 34% of their nitrogen content, respectively. Limitation of the water supply
decreased the differentiation among genotypes; while it was possible to identify two
homogeneous groups in the environment with high supply, there was no differentiation
among genotypes in the environment with low supply. Genotypes 56, 61, 88, 155, 184,
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189 and 199 stood out for having the highest concentrations of nitrogen in their green
tissues when the available water was near 100% (Table 3).

For phosphorus, limitation in the water supply only caused a negative
effect in the concentration of this nutrient in the leaves of genotypes 88 and 160,
with losses ranging from 30 to 35%. It was possible to differentiate two
homogeneous groups of genotypes in each environment for phosphorus content.
Genotypes 120, 160 and 199 presented the highest concentrations of phosphorus
in their tissues under both conditions of water supply (Table 3).

Table 3. Concentration of primary macronutrients in leaf tissues of 15 genotypes of Coffea canephora (cultivar
“Conilon — BRS Ouro Preto”), after 170 days of cultivation with different levels of water supply (depletion to
100% and 25% of the available water in the soil, referred to as AWiqg9% and AWoq, respectively).

N (g kg™) P (g kg™ K (gkg?)

Genotype AW oo AW AW o AWosss AW AWoss
56 28.57 aA 31.35aA 1.54 bA 2.14 bA 25.05cB 30.67 aA
57 24.70 bA 29.39 aA 1.94 bA 1.65 bA 29.91 cA 27.04 bA
61 30.85aA 27.66 aA 2.01 bA 2.10 bA 32.25 bA 25.76 bB
73 25.15bB 31.81aA 2.45 bA 2.58 aA 29.47 cA 26.03 bA
88 27.89 aA 27.02 aA 2.34 bA 1.53 bB 34.57 bA 29.77 aA
89 24.79 bA 25.56 aA 2.08 bA 2.10 bA 34.10 bA 32.10 aA
120 23.46 bA 27.89 aA 2.99 aA 2.71aA 33.56 bA 30.31aA
125 21.32 bA 23.42 aA 2.53 bA 2.49 aA 32.10 bA 29.22 aA
130 23.74 bA 27.71 aA 2.36 bA 1.98 bA 31.05cA 28.19 bA
155 28.48 aA 28.80 aA 1.98 bA 2.04 bA 32.86 bA 31.51aA
160 22.81 bA 27.16 aA 3.49 aA 2.43 aB 34.46 bA 30.58 aA
184 28.16 aA 28.16 aA 2.44 bA 2.05 bA 30.32 cA 30.31aA
189 30.21 aA 30.53 aA 1.88 bA 1.78 bA 32.79 bA 30.75 aA
199 31.08 aA 33.54 aA 3.23aA 2.93aA 44,57 aA 33.70 aB
203 22.05bB 29.58 aA 2.04 bA 1.95 bA 34.99 bA 32.77 aA

Means followed by the same uppercase letter in the row or lowercase in the column do not differ by Tukey
or Scott-Knott tests, respectively, at 5% probability.

Losses were also observed for potassium content in genotypes 61 and 199,
which had concentrations 20-24% lower when cultivated with low water supply. For
most other genotypes, the potassium content was not modified by the change in the
water supply. However, genotype 56 presented a gain of 22% in the potassium
concentration with the restriction in available water. Three homogeneous groups were
differentiated for potassium content in the environment with high water supply, while
only two were observed for the plants subjected to low supply. Genotype 199 stood out
in both environments, presenting a higher concentration of potassium in their leaves
(Table 3). The concentration of secondary macronutrients seemed to be less affected by
the change in the water supply, as most genotypes presented similar contents for
calcium, magnesium and sulfur in both environments (Table 4).

The condition of low water supply altered the concentration of calcium only for
genotypes 88 and 184, causing losses of 22 and 25%, respectively. Two groups of
homogeneous means were identified for both environments; however, the genotypes
that formed these groups differed depending on the water supply condition. Genotypes
89, 184 and 189 stood out for being clustered in the groups of higher content under both
conditions (Table 4).
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Genotypes 56, 88 and 155 presented changes in the magnesium content
depending on the conditions of water depletion, with a gain of 32% for genotype 88 and
losses of 25-28% for genotypes 56 and 155 with increased water supply. The genotypes
were clustered in three groups in the environment with high water supply and two when
cultivated with low water supply. Genotypes 56, 61, 130, 135, 184 and 203 were
grouped in the lowest groups of concentration of this nutrient, regardless of the water
supply; while genotype 125 presented higher contents under both conditions (Table 4).

Table 4. Concentration of secondary macronutrients in leaf tissues of 15 genotypes of Coffea canephora (cultivar
“Conilon — BRS Ouro Preto”), after 170 days of cultivation with different levels of water supply (depletion to
100% and 25% of the available water in the soil, referred to as AWagos and AWags,, respectively).

Ca(gkg?) Mg (g kg?) S (gkg?)

Genotype AW 050 AWosse AW 0050 AWoss, AW 00, AWoss,
56 10.50 bA 12.82 bA 5.02¢cB 6.42 bA 13.03 bB 18.65 aA
57 13.36 aA 13.33 bA 6.14 bA 5.35 bA 14.09 bA 12.55cA
61 12.43 bA 11.85 bA 4.36 cA 5.20 bA 18.97 aA 13.91¢cB
73 11.45 bA 12.89 bA 6.35 bA 6.06 bA 13.46 bA 12.61 cA
88 14.35 aA 11.25bB 7.42 aA 5.56 bB 13.75bB 18.86 aA
89 14.91 aA 16.16 aA 6.05 bA 5.70 bA 15.15 bA 14.22 cA
120 12.16 bA 12.46 bA 6.07 bA 5.30 bA 14.54 bB 17.72 aA
125 13.61aA 12.99 bA 8.66 aA 8.58 aA 16.11 bA 13.56 cA
130 11.62 bA 11.34 bA 476 cA 5.08 bA 13.75 bA 15.74 bA
155 11.84 bA 10.82 bA 4.49 cB 5.93 bA 14.46 bA 16.21 bA
160 15.50 aA 14.02 bA 5.98 bA 6.80 bA 14.20 bB 20.45 aA
184 13.76 aB 17.23 aA 5.58 cA 6.72 bA 14.62 bA 15.97 bA
189 15.67 aA 15.52 aA 6.40 bA 6.18 bA 16.85 aA 17.70 aA
199 15.84 aA 13.29 bA 6.35 bA 5.60 bA 19.39 aA 19.47 aA
203 12.25 bA 12.29 bA 5.11cA 5.53 bA 13.83 bA 15.74 bA

Means followed by the same uppercase letter in the row or lowercase in the column do not differ by Tukey or Scott-
Knott tests, respectively, at 5% probability.

Sulfur concentration in the leaf tissues was only affected by the restriction of
water supply for genotypes 56, 61, 88 and 160. Among these, genotypes 56, 88 and 160
presented gains in the nutritional content from 27 to 44%, while genotype 61 presented
a loss of 27% when the water supply was increased. Two homogeneous groups were
identified for the environment with high water supply and three for the environment
with low supply. Genotypes189 and 199 were in the groups of higher sulfur
concentration under both conditions of available water (Table 4).

Nutritional balance

There was a high degree of similarity among genotypes regarding the direction
of the effect of water supply on the nutritional balance (Table 5). The only divergent
effects were observed for N/P ratio of genotypes 56, 57, 88 and 189; and for K/Mg ratio
of genotypes 61, 130, 155 and 189.

In genotypes 57, 88 and 189, there was a negative imbalance of the N/P ratio
under adequate water supply and a positive imbalance under water deficit. For the
genotype 56, the N/P ratio suffered a negative imbalance in response to water deficit,
and a similar behavior was observed for genotypes 61, 130, 155 and 189 for the K/Mg
ratio.
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Table 5. Differences in the ratio between the nutritional contents of reference plants and the contents in leaf
tissues of 15 genotypes of Coffea canephora (cultivar “Conilon — BRS Ouro Preto”), after 170 days of cultivation
with different levels of water supply (depletion to 100% and 25% of the available water in the soil, referred to as
AW 09 and AW,ge, respectively).

Geno- N/P N/K N/S K/Ca K/Mg Ca/Mg

type AWigoe  AWosy,  AWigose  AWosg, AWigo AWy AWigo AWy AW, AW,s5 AWig AW,s5
% % % % % % % %

56 1.56 -2.35 -0.21 -0.33 -14.81 -15.32 0.48 0.49 -0.39 -2.14 -4.96 -5.05
57 -4.29 0.80 -0.52 -0.26 -15.25 -14.66 0.34 0.13 -1.10 -1.53 -4.87 -4.56
61 -1.66 -3.80 -0.39 -0.28 -15.37 -15.01 0.69 0.27 0.41 -1.21 -4.20 -4.77
73 -6.73 -4.33 -0.50 -0.17 -15.13 -14.51 0.67 0.07 -0.91 -1.55 -5.25 -4.86
88 -5.09 0.69 -0.54 -0.44 -14.97 -15.57 0.51 0.75 -1.75 -0.57 -5.11 -5.03
89 -5.11 -4.80 -0.62 -0.55 -15.36 -15.20 0.39 0.09 -0.80 -1.03 -4.58 -4.21
120 -9.16 -6.72 -0.65 -0.43 -15.39 -15.43 0.86 0.53 -1.06 -0.84 -5.05 -4.70
125 -8.57 -7.59 -0.69 -0.55 -15.68 -15.27 0.46 0.35 -2.77 -3.06 -5.48 -5.54
130 -6.94 -2.99 -0.59 -0.37 -15.27 -15.24 0.77 0.59 0.56 -0.15 -4.61 -4.82
155 -2.64 -2.88 -0.48 -0.44 -15.03 -15.22 0.88 1.01 1.33 -1.20 -4.41 -5.23
160 -10.47 -5.81 -0.69 -0.46 -15.39 -15.67 0.32 0.28 -1.28 -1.89 -4.46 -4.99
184 -5.44 -3.26 -0.42 -0.42 -15.07 -15.24 0.30 0.14 -0.47 -1.77 -4.58 -4.49
189 -0.94 0.18 -0.43 -0.36 -15.21 -15.27 0.19 0.08 0.62 -0.90 -4.60 -4.54
199 -7.38 -5.56 -0.65 -0.35 -15.40 -15.28 0.91 0.64 -0.84 -0.50 -4.56 -4.68
203 -6.22 -1.83 -0.72 -0.45 -15.41 -15.12 0.96 0.77 -0.35 -6.35 -4.65 -4.83

Approximate values considered globally adequate for coffee (Malavolta, 1996; Braganga et al., 2007).
DISCUSSION

High phenotypic and genotypic variability in populations of C. canephora are
commonly observed (Fonseca et al., 2006; Ferrdo et al., 2008; Rodrigues et al., 2012), due
to its natural mechanism of self-incompatibility (Lashermes et al., 1996). Various studies
show high genetic diversity for growth, biomass and mineral nutrition among improved
genotypes of C. canephora, with different magnitudes of expression in environments with
different levels of nutritional stresses (Colodetti et al., 2014; Martins et al., 2013; 2016).

The efficiency of the morphological and physiological mechanisms that determine
the absorption and utilization of nutrients by plants is influenced by the expression of
genetically controlled traits, and heterogenic behavior among genotypes of coffee is widely
reported (Carelli et al., 2006; Martins et al., 2013; 2015a; 2015b; Rodrigues et al., 2015).

The significant differences observed among genotypes exposed to the same level of
water availability in the soil, or even the same genotype under different water supplies, can
be a function of the high genetic diversity observed among populations of C. canephora; for
example, some genotypes may have alleles linked to drought tolerance (Souza et al., 2015).

Considering that tolerance to water stress was not the main selection criterion of
genotypes to compose the clonal cultivar “Conilon BRS Ouro Preto”, the existence of
different behaviors among the genotypes is expected. The expression of different levels of
tolerance, which is a result of intrinsic physiological responses of these genotypes, could be
related to different stomatal control, photosynthetic rates, changes in leafiness, canopy
architecture, or even the efficiency to absorb and use nutrients, among other traits (DaMatta,
2004).

There was lower allocation of biomass in the root system compared to the aerial
part and, for most genotypes, the effects of the restriction of the water supply caused greater
losses in the biomass of leaves and steams. The continued growth of root system combined
with the reduced growth of leaves is a strategy to decrease the water loss by transpiration,
which can be developed under conditions of water deficit; this has been observed in several
coffee genotypes (DaMatta et al., 2004; Dominghetti et al., 2016).
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There were significant changes in the concentration of nutrients in the biomass
of many genotypes caused by the imposition of different water availabilities. Since
water is a major factor in the absorption, transport and use of nutrients, this is a
common relation that has been described in several papers involving interactions
between the availability of water and mineral nutrition (Rezende et al., 2010;
Dominghetti et al., 2014).

The environment with low water supply even promoted a higher concentration
of N, K, Ca, Mg and Sin the leaves of some genotypes (56, 73, 88, 155, 160, 184 and
203). However, these genotypes also presented a decrease in total dry matter production
(Table 2). This increase in nutritional content may be related to a concentration of the
nutrient in the leaves (Maia et al., 2005; Carmo et al., 2011), as small amounts of the
nutrient being translocated to the leaves (stronger metabolic sink) may cause a higher
final concentration in the smaller leaves (lower biomass).

In other cases, the low water supply had the opposite effect, decreasing the
nutritional content of P, K, Ca, Mg and S of some genotypes (61, 88, 160 and 199). The
fact that some nutrients in the soil are mainly transported towards the roots by means of
mass flow or arrive through a diffusion process makes the phenomenon entirely
dependent on a liquid medium for the movement to occur, which is the water present in
the soil (Barber, 1995; Matiello et al., 2009).

Overall, most nutritional content ratios for the genotypes of the cultivar
"Conilon BRS Ouro Preto" presented negative values, which indicates, for example
(considering the N/P, N/K and N/S ratios), that it is necessary to absorb larger amounts
of N to fix adequate amounts of P, K and S; as well as to absorb higher amounts of K to
fix Ca and Mg, also implying a modification of the Ca/Mg ratio.

The observed imbalance in nutritional ratios indicates that the genotypes of this
cultivar may be more nutritionally demanding than other cultivars of Robusta coffee
(traditionally cultivated and used as standards for nutritional parameters). Also, these
imbalances imply that water deficit only occasionally was able to cause changes in the
nutritional balance of this cultivar, demonstrating a greater metabolic inflexibility
towards water stress (Table 5) than other cultivars or genotypes of Robusta coffee
(Martins et al., 2014).

CONCLUSIONS

There was considerable variability in biomass accumulation and nutritional
content among the genotypes of the clonal cultivar “Conilon BRS Ouro Preto”, with
different patterns of responses towards water availability in the soil.

Cultivation in the environments with low water supply caused losses of up to
29% in the biomass production of the young plants (with most severe losses observed in
the aerial parts), but the magnitude of these losses varied with genotype. Genotypes 125
and 155 accumulated higher amounts of biomass when compared to the others,
regardless of the water supply. Overall, the nutritional indexes of the genotypes show
higher metabolic inflexibility towards water stress than what is reported for other
cultivars of Robusta coffee.

Genetics and Molecular Research 17 (4): gmr18121 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br

L.C.T. Starling et al 12

ACKNOWLEDGMENTS

This work was supported by the Universidade Federal do Espirito Santo, and
Embrapa Rondobnia, as well through grants from CNPq (LDM and MAT), CAPES (LCTS;
LDM in PDSE/12226/12-2) and FAPES (LCTS,WNR and LDM - under the scope of the
project FAPES/CNPq N° 012/2014 - DCR - N° 71444289/15).

CONFLICTS OF INTERESTS
The authors declare no conflict of interest.

REFERENCES

Assad ED, Pinto HS, Zullo JRJ, Avila AMH (2004). Climatic changes impact in agroclimatic zoning of coffee in Brazil.
Pesq. Agropec. Bras. 39: 1057-1064.

Barber SA (1995). Soil nutrient bioavailability: a mechanistic approach. 2nd edn. John Wiley & Sons, New York.

Bernardo S, Soares AA and Mantovani EC (2008). Manual de irrigagdo. 8th edn. Universidade Federal de Vicosa,
Vigosa.

Braganca SM, Prezotti LC and Lani JA (2007). Nutri¢do do cafeeiro conilon. In: Café conilon (Ferrdo RG, Fonseca
AFA, Braganga SM, Ferrdo MAG et al., eds.). Incaper, Vitdria.

Bunn C, Léaderach P, Rivera OO, Kirschke D (2015). A bitter cup: climate change profile of global production of
Arabica and Robusta coffee. Clim. Change. 129: 89-101. Available at [http://dx.doi.org/10.1007/s10584-014-1306-
x].

Carelli ML Carvalho, Fahl JI and Ramalho JDC (2006). Aspects of nitrogen metabolism in coffee plants. Braz. J. Plant
Physiol. 18: 9-21.

Carmo GA, Oliveira FRA, Medeiros JF, Oliveira FA, et al. (2011). Teoresfoliares, acimulo e particio de
macronutrientes na cultura da abobora irrigada com &gua salina. Rev. Bras. Eng. Agric. Ambient, 5: 512-518.
Auvailable at [http://dx.doi.org/10.1590/S1415-43662011000500012].

Cavatte PC, Martins SCV, Morais LE, Silva PEM, et al. (2011). Fisiologia dos estresses abi6ticos. In: Melhoramento de
plantas para condigdes de estresses abiéticos (Fritsche-Neto R, Borém A, eds.). Suprema, Visconde de Rio Branco.

Colodetti TV, Rodrigues WN, Martins LD and Tomaz MA (2014). Differential tolerance between genotypes of conilon
coffee (Coffea canephora) to low availability of nitrogen in the soil. Aust. J. Crop Sci. 8: 1835-2707.

Cruz CD (2013). GENES: a software package for analysis in experimental statistics and quantitative genetics. Acta Sci.
Agron. 35: 271-276. Available at [http://dx.doi.org/10.4025/actasciagron.v35i3.21251].

Cruz CD and Carneiro PC (2003). Modelos biométricos. Universidade Federal de Vicosa, Vigosa.

DaMatta FM (2004). Exploring drought tolerance in coffee: a physiological approach with some insights for plant
breeding. Braz. J. Plant Physiol. 16: 1-6.

Dominghetti AW, Scalco MS, Guimarées RJ, Silva DRG, Carvalho JPS, et al. (2014). Phosphorus doses and irrigation
on nutrition of coffee leaf. Rev. bras. eng. agric. ambient. 18: 1235-1240. Available at
[http://dx.doi.org/10.1590/1807-1929/agriambi.v18n12p1235-1240].

Dominghetti AW, Souza AJJ, Silveira HRO, Sant’ana JAV, et al. (2016). Tolerancia ao déficit hidrico de cafeeiros
produzidos por estaquia e embriogénese somatica. Coffee Sci. 11: 117-126.

Embrapa — Empresa Brasileira de Pesquisa Agropecuéria (1997). Manual de métodos de andlises de solo. 2nd edn.
Ministério da Agricultura e do Abastecimento, Rio de Janeiro.

Ferrdo RG, Fonseca AFA, Ferrdo MAG and DeMuner LH (2017). Café Conilon. 2nd edn. Incaper, Vitoria.

Ferrdo RG, Fonseca AFA, Silveira JSM, Ferrdo MAG, et al. (2000). Emcapa 8141 - RobustdoCapixaba: a cloned variety
of drought-tolerant conilon coffe in Espirito Santo. Rev. Ceres. 47(273): 555-559.

Lashermes P, Couturon E, Moreau N, Paillard M, et al. (1996). Inheritance and genetic mapping of self-incompatibility
in Coffea canephora Pierre. Theor. Appl. Genet. 93: 458-462. Available at [http://dx.doi.org/10.1007/BF00223190].

Ma TS and Zuazaga G (1942). Micro-Kjeldahl determination of nitrogen: a new indicator and an improved rapid
method. Ind. Eng. Chem. 14(3): 280-282.

Maia CE, Morais ERC, Porto Filho FQ, Gueyi HR, et al. (2005). Teoresfoliares de nutrientes em meloeiro irrigado com
dguas de diferentes salinidades. Rev. Bras. Eng. Agric. Ambient. 9: 292-295.

Malavolta E (1996). Avaliagdo nutricional do cafeeiro. Simpésio Estadual do Café. Centro de
DesenvolvimentoTecnolégico do Café, Vitdria.

Markesteijn L (2010). Drought tolerance of tropical species: functional traits, trade-offs and species distribution.
Wageningen, Netherlands.

Genetics and Molecular Research 17 (4): gmr18121 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br
http://dx.doi.org/10.1007/s10584-014-1306-
http://dx.doi.org/10.1590/S1415-43662011000500012
http://dx.doi.org/10.4025/actasciagron.v35i3.21251
http://dx.doi.org/10.1590/1807-1929/agriambi.v18n12p1235-1240
http://dx.doi.org/10.1007/BF00223190

Water supply modifies the nutritional balance of genotypes of Coffea canephora 13

Marraccini P, Vinecky F, Alves GSC, Ramos HJO, et al. (2012). Differentially expressed genes and proteins upon
drought acclimation in tolerant and sensitive genotypes of Coffea canephora. J. Exp. Bot. 63: 4191-4212. Available
at [https://doi.org/10.1093/jxb/ers103].

Martins LD, Tomaz MA, Lidon FC, DaMatta FM, Ramalho JC (2014) Combined effects of elevated [CO,] and high
temperature on leaf mineral balance in Coffea spp. plants. Climatic Change 126: 365-379.
[http://dx.doi.org/10.1007/s10584-014-1236-7].

Martins LD, Machado L, Tomaz MA, Amaral JFT (2015a). The nutritional efficiency of Coffea spp. a review. Afr. J.
Biotechnol. 14: 728-734. Available at [http://dx.doi.org/10.5897/AJB2014.14254].

Martins LD, Rodrigues WN, Machado L, Brinate SVB, et al. (2015b). Evidence of genetic tolerance to low availability
of phosphorus in the soil among genotypes of Coffea canephora. Gen. Mol. Res. 14: 10576-10587. Available at
[http://dx.doi.org/10.4238/2015.September.8.19].

Martins LD, Rodrigues WN, Machado LS, Brinate SVB, et al. (2016). Genotypes of conilon coffee can be
simultaneously clustered for efficiencies of absorption and utilization of N, P and K. Afr. J. Agric. Res. 11: 3633-
3642. Available at [http://dx.doi.org/10.5897/AJAR2016.11418].

Martins LD, Tomaz MA, Amaral JFT, Braganca SM, et al. (2013). Efficiency and response of conilon coffee clones to
phosphorus fertilization. Rev. Ceres. 60: 406-411. Available at [http:/dx.doi.org/10.1590/S0034-
737X2013000300014].

Mattiello EM, Ruiz HA, Silva IR, Barros NF, et al. (2009). Transporte do boro no solo e suaabsorc¢éo por eucalipto. Rev.
Bras. Ciénc. Solo, 33: 1281-1290. Available at [http://dx.doi.org/10.1590/S0100-06832009000500021].

Novais RF, Neves JCL and Barros NF (1991). Ensaio em ambiente controlado. In: Métodos de pesquisa em fertilidade
do solo (Oliveira AJ, Garrido WE, Araujo JD, Lourenco S, eds.). Embrapa, Brasilia.

Pinto CM, Tavora FJFA, Bezerra MA and Corréa MCM (2008). Crescimento, distribuicdo do sistema radicular em
amendoim, gergelim e mamona a ciclos de deficiéncia hidrica. Rev. Ciénc. Agron. 39: 429-436.

Rezende R, Helbel Junior C, Souza, RS, Antunes FM, et al. (2010). Initial growth of two coffee cultivars in different
hydric regimes and fertigation dosages. Eng. Agric. 30: 447-458. Available at [http://dx.doi.org/10.1590/S0100-
69162010000300009].

Rodrigues WN, Colodetti TV, Martins LD, Brinate SVB, et al. (2015). Nutritional components of growth of Arabica
coffee genotypes cultivated under different levels of phosphorus fertilization studied by path analysis. Austr. J.
Crop Sci. 9: 1214-1220.

Santos RF and Carlesso R (1998). Water deficit and morphologic and physiologic behavior of the plants. Rev. Bras. Eng.
Agric. Ambient. 2: 287-294. Available at [http://dx.doi.org/10.1590/1807-1929/agriambi.v2n3p287-294].

Souza FF, Ferrdo LFV, Caixeta ET, Sakiyama NS, et al. (2015). Aspectosgerais da biologia e da diversidade genética de
Coffea canephora. In: Café na Amazdnia (Marcolan AL, Espindula MC, eds.). Embrapa, Brasilia.

Taiz L and Zeiger E (2013). Fisiologia vegetal. 5th edn. Artmed, Porto Alegre.

Genetics and Molecular Research 17 (4): gmr18121 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br
https://doi.org/10.1093/jxb/ers103
http://dx.doi.org/10.1007/s10584-014-1236-7
http://dx.doi.org/10.5897/AJB2014.14254
http://dx.doi.org/10.4238/2015.September.8.19
http://dx.doi.org/10.5897/AJAR2016.11418
http://dx.doi.org/10.1590/S0034-
http://dx.doi.org/10.1590/S0100-06832009000500021
http://dx.doi.org/10.1590/S0100-
http://dx.doi.org/10.1590/1807-1929/agriambi.v2n3p287-294

