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ABSTRACT
Producing plantlets of  Conilon coffee within the specific recommendations and with a high level of quality is fundamental since it is capable of promoting 
the initial development of the crops. To identify the best protocol to prepare the stem cuttings is fundamental to the process of plantlet production of the 
species. In this context, this study aimed to evaluate the implications of the type of apex cutting and the length of the remaining apex of stem cuttings to 
produce plantlets of Conilon coffee (Coffea canephora). To this end, two trials were conducted in the Marilândia Experimental Farm (Instituto Capixaba 
de Pesquisa, Assistência Técnica e Extensão Rural, Marilândia-ES). The first trial evaluated the types of apex cutting (straight or bevel cut), and the second 
trial studied the different lengths of the remaining apex (0.5, 1.0, 1.5, 2.0, and 2.5 cm). Characteristics of the vegetative growth and photosynthetic traits 
of the plantlets of Conilon coffee were evaluated after 120 days of cultivation in a nursery. The biomass accumulation of the plantlets of Conilon coffee 
produced by stem cutting may be favored by the use of bevel cut on the apex.  The length of the remaining apex does not seem to have a expressive effect 
over the quality or growth of the plantlets, being only possible to observe effects for leaf area and biomass accumulation.

Index terms: Asexual propagation; Cloning; Coffea canephora; Photosynthesis; Quality.

1 INTRODUCTION

Conilon coffee (Coffea canephora Pierre ex A. 
Froehner) is a species that has enormous importance for 
agricultural activities in Brazil and, especially, for the economy 
of the state of Espírito Santo, as it is the largest producer of 
Conilon coffee in the country (Belan et al., 2011; Bernardes et 
al., 2012; Covre et al., 2013).

There is a considerable area of coffee plantation 
being annually renewed; in this context, there is a growing 
demand for coffee plantlets. Since 2013, it is estimated that 
approximately 110 million plantlets of Conilon coffee were 
produced in Brazil, of which only about 10% originated from 
seeds (Mauri et al., 2015).

Due to a mechanism of gametophytic self-
incompatibility, the Conilon coffee is a species of allogamous 
reproduction. A factor that leads to the formation of 
heterogeneous populations for traits such as plant height, 
vigor, season and maturity uniformity of fruits, shape, size, and 
weight of grains, susceptibility to pests and diseases, tolerance 
to drought and, especially, productive potential (Conagin; 
Mendes, 1961; Van Der Vossen, 1985; Carvalho et al., 1991; 
Carvalho; Fazuoli, 1993; Covre et al., 2013; Rocha et al., 2014; 
Ferrão et al., 2019).

The technique used to obtain uniform plants for crops of 
Conilon coffee is the asexual propagation, manly performed by 
the stem cutting method, which consists in cutting segments of 
orthotropic stems originated from serial buds, retaining a pair 
of leaves and two plagiotropic branches (Paulino; Matiello; 
Paulini, 1985; Bragança et al., 1995; Ferrão et al., 2007; Paiva 
et al., 2012; Partelli et al., 2014; Fonseca et al., 2019).

There are several advantages of using the propagation by 
stem cuttings compared to the use of seedlings (multiplication 
by coffee seeds), such as the faster formation of the plant 
canopy, higher crop uniformity, easier handling of pruning, 
precocity of production, higher crop yield, among others 
(Espindula; Partelli, 2011; Fonseca et al., 2019). 

In this context, to produce plantlets within the specific 
recommendations and with a high level of quality is fundamental, 
since its capable of promoting the initial development of the 
crops, as well as higher possible yield. Even if there have been 
significant advances in the cultivation of Conilon coffee and 
broad utilization of the technology of rooting stem cuttings, 
there are still different pieces of information to be elucidated 
about the asexual propagation of this species.

Paulino, Matiello and Paulini (1985) presented the 
first works detailing the processes involved in the production 
of clonal plantlets by cutting plagiotropic branches, mainly 
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concerning the preparation of the clonal cutting. Until recently, 
it was recommended a bevel cut on the base of the stem 
cutting to induce a rapid rhizogenesis (Fonseca et al., 2005). 
However, a study executed by Verdin Filho et al (2014) for 
Conilon coffee revealed that modifying this traditional bevel 
to a straight cut, in the base of the stem cutting, resulted in a 
higher quality of the plantlets.

To refine the process of preparing stem cuttings is a 
strategy to improve the quality of plantlets of Conilon coffee 
and ensure the formation of more productive crops. Thus, it 
is necessary to expand the studies on such processes used in 
the asexual multiplication of the species. In this context, this 
study aimed to evaluate the implications of the cut type and 
the length of the remaining apex of stem cuttings of Conilon 
coffee over the growth and physiology of plantlets.

2 MATERIAL AND METHODS

2.1 Experimental design
Two trials were conducted in the Marilândia 

Experimental Farm (Fazenda Experimental de Marilância, 
FEM), an agricultural research base managed by INCAPER 
(Instituto Capixaba de Pesquisa, Assistência Técnica e 
Extensão Rural), located in the municipality of Marilândia, 
Northwest Region of Espírito Santo State, Southeast Region 
of Brazil, at the geographic coordinates 19º24’26.09”S and 
40º32’26.83”W, and altitude of 89 m above sea level. The 
trials were carried out concurrently and executed in a nursery 
for the production of Conilon coffee plantlets, covered by a 
polyethylene screen to promote the level of 50% of shade, 
under controlled conditions. The cultivar used in the trials was 
the clonal cultivar “Vitória Incaper 8142”.

The first trial followed a completely randomized design, 
with two treatments referring to the cut type (straight or bevel 
cut), tested using 15 repetitions and experimental plots composed 
of four plantlets. The second trial also followed a completely 

randomized design, testing five treatments referring to the 
lengths of the remaining apex of the stem cutting (0.5, 1.0, 1.5, 
2.0, and 2.5 cm from the insertion of the plagiotropic branches), 
using 15 repetitions and four plantlets per experimental plot.

2.2 Production of plantlets
Well-developed shoots were collected randomly from 

adult parent-plants from the cultivar “Vitória Incaper 8142” 
grown in a clonal garden, cultivated with the technique of 
bending orthotropic branches to stimulate the emission of 
shoots. The matrix-plants were standardized regarding age, 
nutritional, and phytosanitary aspects.

The clonal cuttings were extracted from the central 
part of the shoots, discarding the basal and apex regions of 
the stems, since these regions are excessively lignified (base) 
or soft (apex). In the preparation of the cuttings for the first 
trial, the type of apex cut was changed in the two treatments 
(Figure 1). For the second trial, the length for the apex of the 
stem cuttings was altered to 0.5; 1.0; 1.5, 2.0, and 2.5 cm from 
the insertion of the pair of plagiotropic branches, wherein this 
case, it was used the bevel cut (Figure 2). For both trials, the 
base was standardized at 4 cm of length using a straight cut on 
the lower end (Verdin Filho et al., 2014), as well as leaving a 
pair of leaves per stem cutting, which were cut of about a third 
of its original area. The remaining stages of the propagation 
by stem cutting for Conilon coffee plantlets followed the 
recommendations of Fonseca et al. (2019).

After preparing, the stem cuttings had 2/3 of their 
length buried, in a vertical position, in plastic tubes (tubets) 
with a volume of 280 cm3, using a mixture with 70% 
commercial substrate and 30% coffee husk obtained from 
the processing of coffee harvested during the previous year 
(Verdin Filho et al., 2018). The plantlets were cultivated in 
a nursery along 120 days, and their nutrition, irrigation, and 
phytosanitary management were carried out according to the 
recommendations to produce plantlets of Conilon coffee of 
Ferrão et al. (2012) and Fonseca et al. (2019).

Figure 1: Illustrative scheme of the types of cutting (straight and bevel) at the apex of the stem cuttings adopted in the first trial 
and demonstration of the starting point for the measurements of the apex length (1 cm) and base length (4 cm) of stem cuttings 
of Conilon coffee, as well as the straight cut used at the base of the cuttings.
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2.3 Evaluations
After 120 days of cultivation, the plantlets from the 

first trial were evaluated regarding the growth parameters: 
height of plantlet (HGT), using a graduated ruler; stem 
diameter (DIA), using a digital caliper; leaf area of the 
plantlet (TLA), obtained by the non-destructive method of 
linear dimensions (Barros et al., 1973; Brinate et al., 2015). 
For the physiological parameters, in the first completely 
expanded pair of leaves from the apex, it was evaluated the 
gas exchange rate,  using a portable infrared gas analyzer 
(Licor, IRGA 6400XT), between 9:00-11:00 am on sunny 
days. An irradiance of 1,000 PAR and a CO2 concentration 
of 400 ppm were used. The net assimilation rate of CO2 (A) 
and the transpiration rate (E) were evaluated. In these same 
leaves and at the same time, the total chlorophyll content 
(CHL) was obtained using a portable chlorophyll-o-meter 
(Falker, ClorofiLOG  FL1030).

After these analyses, the plantlets were collected, 
separated into stems, leaves, and roots, adequately identified, 
and dried in a forced-air circulation oven at 65 ºC ± 2 ºC until 
a constant mass was obtained and later weighed on a precision 
electronic scale (precision of 0.0001 g). The total dry matter of 
plantlets (TDM) was obtained by adding the leaves dry mass 
(LDM), stems dry mass (SDM), and roots dry mass (MSR). 
The Dickson’s quality index (DQI) was calculated following 
the method proposed by Dickson et al. (1960), through the 
equation: DQI = [total dry matter/(RHD+RAR)], where RHD 
represents the ratio between the height of plantlet and its stem 
diameter; and RAR is the ratio between the mass of the aerial 
part and the mass of the root system.

The plantlets from the second trial were evaluated 
after 120 days of cultivation, regarding the following 
variables: height of plantlet (HGT); stem diameter (DIA); 
leaf area of the plantlet (TLA); net assimilation rate of CO2 
(A); transpiration rate (E); total chlorophyll content (CHL); 
leaves dry mass (LDM); stems dry mass (SDM); and roots 
dry mass (MSR);  total dry matter of plantlets (TDM) and 
Dickson’s quality index (DQI), following the same methods 
proposed in the first trial.

In addition to these variables, the following 
parameters were analyzed: leaf mass ratio (LMR), obtained 
by the ratio between LDM and TDM; stem mass ratio 
(SMR), obtained by the ratio between SDM and TDM; 
root mass ratio (RMR), obtained as the ratio between 
RDM and TDM; leaf area ratio (LAR), obtained as the 
relationship between TLA and LDM; and the intercellular 
concentration of CO2 (Ci) was obtained during the gas 
exchange analyses.

2.4 Statistical analysis
The data were subjected to the assumptions of normality 

and homogeneity, followed by the analysis of variance 
(ANAVA). For the types of cutting on the apex of the stem 
cuttings, the qualitative data were compared using the Tukey 
test (p≤0.05). For the length of the apex of the stem cutting, 
the quantitative data were subjected to regression analysis 
(p≤0.05), using the statistical software SISVAR version 5.6 
(Ferreira, 2011).

3 RESULTS

3.1 Trial 1 – Implications of the cut type on the 
apex of the stem cutting of Conilon coffee

There was no statistical differentiation for the analyzed 
variables, except for LDM, SDM, and TDM, for which higher 
means were verified from plantlets produced using the bevel 
cut at the apex (Figure 3).

In this study, cuttings with a bevel cut at the apex 
showed an increase of 17.8% in the total biomass (TDM). 
Since the DQI considers the vegetative vigor and the 
distribution pattern of biomass in the plantlet, it is possible 
that with the advancing age, there may be a tendency of 
superiority for the variable in plantlets whose cuttings have 
a bevel cut at the apex compared to those with a straight 
cut, even though there was no significant difference of this 
variable at the evaluated age.

Figure 2: Illustratives cheme for representing the remaining length of the apex (0.5, 1.0, 1.5, 2.0, and 2.5 cm) and base (4 cm) of 
the stem cuttings of Conilon coffee adopted in the second trial, as well as the straight cut used at the base of the cuttings.
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Figure 3: Height of plantlet (A), stem diameter (B), total leaf area (C), leaf dry mass (D), stem dry mass (E), root dry mass (F), 
total dry matter (G), Dickson’s quality index (H), total chlorophyll content (I), net assimilation rate of CO2 (J) and transpiration rate 
(K) of plantlets of Conilon coffee produced using stem cuttings, at 120 days of cultivation, as a function of the cut type of the apex 
of the stem cutting, produced in Marilância-ES (means followed by the same letter in the comparison between bars do not differ 
by Tukey’s test, at 5% of probability).
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In general, the bevel cut at the apex of the stem cuttings 
was statistically similar to the results obtained using the straight 
cut, however, with a better result of biomass accumulation. 
Therefore, the bevel cut at the apex may be indicated for the 
production of clonal plantlets.

3.2 Trial 2 – Implications of the length of the 
apex of the stem cutting of Conilon coffee 

For the growth variables, there was no significant effect 
(p≤0.05) of the treatments, except for TLA and TDM (Figures 
4C and 4D). As for HGT and DIA, there was no significant 
difference as a function of the length of the apex of the 
stem cutting, with average values ​​of 9.17 cm and 3.60 mm, 
respectively (Figures 4A and 4B).

Regarding TLA, there was a difference with quadratic 
adjustment to the linear regression model, in which there was 
a tendency to increase the leaf area up to the apex length equal 
to 1.53 cm, obtaining a maximum expansion of 226.33 cm2 
(Figure 4C). From that length, there was a decrease in TLA. 

The same occurred for TDM, in which the most significant 
accumulation of dry mass (2.18 g) was found at the apex 
length of 1.61 cm, as estimated by the quadratic adjustment of 
the linear regression (Figure 4D).

The proportion of biomass allocated in the different 
vegetative organs of the plant was not altered by the length of 
the apex of the stem cuttings. Of the total biomass accumulated, 
56.57% was allocated to leaves (RMF), 15.11% to stem (RMC), 
and 28.32% to roots (RMR) (Figures 4E, 4F, and 4G, respectively). 
There was also no change in the expansion of leaf tissue per unit 
of dry mass of the plantlets, with an average of 99.60 cm2 of leaf 
tissue formed per gram of dry biomass produced (Figure 4H).

Regarding the DQI, there was no variation due to the 
apex lengths of stem cuttings, with an average quality index 
of 0.40 (Figure 4I). However, it is suggested that better quality 
of plantlets may be obtained when the cuttings are prepared 
keeping the apex around 1.53 and 1.61 cm in length, due to the 
larger leaf area and higher accumulation of biomass observed 
in these lengths (respectivelly) being favorable after the period 
evaluated in this study.

Figure 4: Height of plantlet (A), stem diameter (B), total leaf area (C), total dry matter (D), leaf mass ratio (E), stem mass ratio 
(F), root mass ratio (G), leaf area ratio (H) and Dickson’s quality index (I) of clonal plantlets of Conilon coffee produced using 
stem cuttings, at 120 days of cultivation, as a function of the length of the apex of the stem cutting, produced in Marilância-ES 
(*regression coefficient is significant, at 5% of probability, by the t-test). 
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For the physiological traits, there was no influence of 
the treatments over the chlorophyll content of the plantlets, 
net photosynthetic rate, transpiration rate, and intercellular 
concentration of CO2, which resulted in averages of 50.65 ICF 
(Figure 5A), 6.87 µmol CO2 m

-2 s-1 (Figure 5B), 2.35 mmol 
H2O m-2 s-1 (Figure 5C), and 280.91 µmol CO2 mol-1 (Figure 
5D), respectively.

4 DISCUSSION

The accumulation of dry mass is a robust property to 
complement the growth assessment of plant species (Paiva et 
al., 2010; Covre et al., 2013). According to Dardengo et al. 
(2013), the total dry matter and the stem diameter are the most 
favorable variables to indicate the quality of young plants of 
Conilon coffee.

The TDM values ​​observed in this study were higher 
than those found by Aquino et al. (2017), while studying 
the production of clonal plantlets by the cutting method in 
Conilon coffee. Verdin Filho et al. (2014) found a higher 
TDM in Conilon coffee by using a straight cut at the base 
of the stem cuttings, which favored the development of the 
root system and, consequently, of the seedling as a whole. 
This result corroborates the hypothesis that different types 
of cut, either at the base or at the apex of the clonal cut, 
may influence th e  development of plantlets of Conilon 
coffee.

It was also observed that the bevel cut could promote 
a lower incidence of phytosanitary problems by favoring the 
flow of water from the apex of the cuttings, while the straight 
cut may favor the accumulation. The higher abundance of 
water at the apex of the cuttings, caused by irrigation, can lead 
to the occurrence of tissue rot in contact with atmospheric 
air. Fungi such as Fusarium xylarioides, indicated as the 
etiologic agent of “tracheomycosis” or vascular wilting of 
Coffee trees (Steyaert, 1948), can be established under these 
conditions. The fungus invades the vascular system and, after 
a short incubation period, causes wilt and, finally, the death 
of the plant (Blittersdorff; Kranz, 1976). It is transmitted by 
air through ascospores and conidia. The ascogenic phase is 
known as Gibberella xylarioides (Booth; Waterston, 1964).

The length of the cut is a factor of great importance for the 
survival, rooting, and emission of sprouts of the plantlet since it 
is related to the amount of carbohydrates and endogenous auxins 
reserved in the tissues (Pontes Filho et al., 2014). Short cuttings 
may not have enough reserves to meet the energy demands of the 
rhizogenesis, while excessively long cuttings may become more 
susceptible to dehydration due to the large surface exposed to the 
environment and the greater demand for water to keep the most 
substantial amount of tissue alive (Braga et al., 2006; Lima et al., 
2006). The dehydration that may occur in long cuttings is due to 
the orthotropic branches, still young, not being covered by a thick 
cuticle (Albiero et al., 2005), not making an anatomical defense 
against dehydration (Carvalho et al., 2001; Taiz; Zeiger, 2013).

Figure 5: Chlorophyll content (A), net assimilation rate of CO2 (B), transpiration rate (C) and intercellular concentration of CO2 
(D) of clonal plantlets of Conilon coffee produced using stem cuttings, at 120 days of cultivation, as a function of the length of the 
apex of the stem cutting, produced in Marilância-ES (*regression coefficient is significant, at 5% of probability, by the t-test).
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For the success of coffee crops, one of the critical 
points is the use of high-quality plantlets, as they contribute 
to the faster and more vigorous development of the plantation 
(Fonseca et al., 2019). Studies like this are of fundamental 
importance since they contribute to a better understanding 
of the factors that can limit the growth and quality of clonal 
plantlets of Conilon coffee.

In this study, apexes with lengths ranging from 0.5 to 
2.5 cm were considered. Adding to the length of the base (4.0 
cm), the total lengths ranged from 4.5 to 6.5 cm. In this way, 
the short apex favors the reduced total size, just as the long 
apex favors an excessive total length. Overall, the growth 
analyses show that the length of the apex does not effect most 
part of the variables, being only possible to observe gains for 
leaf area and biomass accumulation for cutting with 1.53 and 
1.61 cm respectively, with no effect over the final quality of 
the plantlets. 

5 CONCLUSIONS

The biomass accumulation of the plantlets of Conilon 
coffee produced by stem cutting may be favored by the use of 
bevel cut on the apex. 

The length of the remaining apex does not seem to have 
a expressive effect over the quality or growth of the plantlets, 
being only possible to observe effects for leaf area and biomass 
accumulation.
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