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The use of hormones is important in improving the propagation process. The objective of the experiment was to identify the best
dose of indole butyric acid (IBA) hormone for the rooting of coffee cuttings of the typical variety through clonal propagation in the
Amazon region. The experiment was carried out in two stages. Both stages were carried out under a Completely Randomized
Design (CRD). The percentage of rooting of cuttings and the number of roots were evaluated. The coffee tree clones were collected
from rust tolerant elite plants. In the laboratory, the cuttings were immersed for 10 minutes in fungicide and then in five doses of
IBA hormone (1000, 1500, 2000, 2500, and 3000 mg Lfl) of IBA. They were then placed in a microtunnel. With the best dose
obtained in stage 1 of IBA (T4: 2000 mg L"), which achieved a rooting percentage of 52.50% and 5.8 roots on average, stage 2 was
installed for the evaluation of acclimatization conditions (greenhouse and nursery). Thirty plants of the Tipica variety were
evaluated per treatment. Regarding the results after 90 days, the greenhouse obtained the highest values with 72.22% survival, a
plant height of 9.48 cm, 4.32 mm stem diameter, 6.53 leaves per plant, 9.65 cm leaf length, and 3.83 cm leaf width. The IBA
hormone in a controlled environment such as the greenhouse achieves good vegetative propagation for the Tipica variety.

1. Introduction

In Peru, coffee is the main agricultural export product.
According to the last National Agricultural Census-CEN-
AGRO, approximately 223,000 families grow 425,400 ha of
coffee, 91% of which are concentrated in seven regions:
Junin, San Martin, Cajamarca, Cusco, Amazonas, Hudnuco,
and Pasco [1]. In addition, the Amazonas region ranks 17th
and 18th with respect to cultivable areas with two districts
that stand out: Omia and Lonya Grande with 5668.46 ha and

5457.22 ha, respectively, representing 2.6% of the national
cultivated area [2].

The type of coffee grown in Peru is Coffea arabica and
presents different flavor, aroma, and acidity profiles. At the
national level, the most cultivated variety is the Tipica variety
(70%), followed by the Caturra variety (20%) [3]. The Tipica
variety is characterized for being one of the most culturally
and genetically important coffees of C. arabica worldwide. In
addition, it is a variety of high bearing, medium productivity,
and excellent cup quality [4].
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In recent years, this crop has suffered significant pro-
duction losses due to the attack of pests and diseases, with
the greatest impact being rust, which continues to affect the
economy of producers [5]. On the other hand, the use of
genetic material that comes from the botanical seed, as it
does not present homogeneity, lowers the quality and
productivity of coffee [6].

An alternative to this problem is the cloning of matrix
plants resistant to rust and with good cup quality. For this, it
is necessary to apply vegetative propagation techniques of
coffee cuttings using hormones that induce adventitious
rooting and are capable of optimizing plant growth [7].
Among these, we have auxins, which are involved in the
formation and elongation of stems at the plant level [8]. The
auxin with the most widespread use is IBA which is syn-
thetically produced with great potential for the induction of
adventitious roots [9].

However, despite its recognized potential, research on
optimal doses for use in crops of interest such as coffee for
large-scale vegetative propagation is limited [10]. Sosa-Mora
et al. [11] with the combination of IBA, a biological inoculant
and Pyraclostrobin 500 for three coffee hybrids, achieved su-
perior values for the variables plant height and the number of
leaves with respect to a conventional treatment based on AIB
Carboxin 37.5% + Thiram 37, 5% fungicide methyl thiophanate
50% Truphos Ca 17%, N 10%, Mg 4%, B 0.1% F500 (Pyr-
aclostrobin) 12.8% + Boscalid 25.2% Zn 11.6% pp-1, com-
plexed with amino acids, carboxylic acids, and carbohydrates P
6% +amino acids 39.2% humic substances (0.7%), P (8%), N
(4%), and auxins (0.3%). Matamoros-Quesada et al. [12]
pointed out the importance of using hormones and fertilizers
during the rooting and growth stage of coffee hybrid mini-
cuttings to optimize plant performance under nursery con-
ditions. In addition, the optimal age to achieve better-rooting
percentages of cuttings with the use of hormones is in the range
of 65-74 days [6].

Another factor to consider is the relationship of the
coffee crop with the surrounding environment, that is, the
influence of climatic factors on the development of the crop
[13], with acclimatization being important, since it is a
determining factor for the mass propagation of coffee plants
[14]. Therefore, it is important to conduct acclimatization
trials in environments such as nurseries and greenhouses.

In this sense, evaluating doses of indole butyric acid for
clonal propagation of rust tolerant specialty coffee cuttings
and with the best dose is important to evaluate the devel-
opment of the cuttings in two acclimatization conditions
emerged.

2. Materials and Methods

The research work was carried out in the greenhouse of the
Amazonas Agrarian Experimental Station (EEA-Ama-
zonas), located at km 7 of the Milagro-Versalla road, District
of Milagro, province of Utcubamba, Amazonas region,
geographically located at latitude —5.6362795 and longitude
—78.5618265. The climate is warm with temperatures
ranging from 16 to 31°C and an average relative humidity of
69.9% [15].

International Journal of Agronomy

2.1. Stage 1. The plant material consisted of selected shoots
from mother plants of the typical Coffea arabica variety, with
good agronomic characteristics and tolerant to yellow rust
[16], which were considered for rooting to give rise to new
cloned plants with the same characteristics as the mother
plants.

The best 4-month-old shoots were collected; the col-
lection procedure began with the cutting of shoots of 6 pairs
of leaves with a height of approximately 20 cm from the
mother plants, using pruning shears disinfected with alco-
hol. They were wrapped in craft paper and placed in a
Tecnopor box with damp kitchen paper to maintain hu-
midity and turgidity for a period of six hours. Then, they
were transferred to the laboratory, and the induction process
for rooting was continued.

The preparation of shoots for rooting was carried out in
the facilities of the in vitro propagation laboratory of the
Estacion Experimental Agraria Amazonas, and the following
activities were performed:

To induce rooting, the cut, size, and type of shoots to be
used were standardized in order to take advantage of all the
cuttings collected, using shoots from the apical bud and
axillary bud. The size of the cutting was 7 cm in length, and
50% of the leaves were cut to avoid dehydration.

The sectioned cuttings were immersed in a fungicide
solution, using Attack (Cymoxanil + Mancozeb)- PM at a
concentration of 2 g/L water for a period of 10 min. After the
time lapse, they were removed and placed on a sterile table to
allow the excess water to evaporate.

The preparation of the indole butyric acid (IBA) doses
was carried out the day before planting cuttings in the coffee
in vitro propagation laboratory of the Amazonas Agricul-
tural Experiment Station. It was prepared based on 100 mL
of solution for each dose, considering the weights of 0.10 g
(1000mgL™"), 0.15g (1500mgL™"), 0.20g (2000mgL™"),
0.25g (2500mgL™"), and 0.30g (3000 mgL™") of the IBA
hormone weighed on an analytical balance. The IBA hor-
mone was then placed in a 100 mL Erlenmeyer flask and
diluted in 96° alcohol. Finally, the flasks were labeled each
with its respective dosage; the solution was closed and re-
frigerated to prevent volatilization.

2.1.1. Immersion of Sectioned Cuttings in the Hormone and
Sowing in Trays. Each dose of indole butyric acid (IBA)
hormone was transferred to beakers (10 mL capacity) duly
labeled, and then, the cuttings were immersed for 2s; they
were removed and left to stand for 20 s on a sterile table to
volatilize the excess alcohol.

Finally, holes were drilled in each cell of the tray, and
2cm of the basal part of the shoot was introduced into a
previously disinfected river sand-based substrate, then
placed in trays (capacity of 72 cavities of 28 x 54.5 cm), and
hydrated with abundant water.

Once the cuttings were planted, the trays were care-
tully transferred to microtunnels inside a greenhouse for
rooting, and a one-minute sprinkler irrigation was applied
every six hours. After that, the evaluations were carried
out.
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2.1.2. Parameters Evaluated

(1) Rooting of Cuttings. This parameter was measured at the
end of stage 1 (90 days), for which the number of rooted
cuttings, with at least one root of 5mm (0.5 cm) or more in
length, was counted and expressed in units [17].

To classify the percentage of rooted cuttings, the cate-
gories established by Del Rio and Caballero [18] were taken
into account, which established 5 levels according to rooting
percentage: (1) very high (80-100%), (2) high (60-80%), (3)
medium (40-60%), (4) low (20-40%), and (5) very low
(1-20%).

(2) Number of Roots. This variable was evaluated by directly
counting the number of roots on each shoot per treatment
per replicate.

2.2. Stage 2. With the best dose (2000 mg L") obtained from
stage 1, the cuttings were installed inside the microtunnel
(used in stage 1), and weekly evaluations of the seedlings
were carried out to eliminate those with signs of disease,
weak, leafless, or with any other defect. This quality control
was essential to be transferred after 2 weeks to two envi-
ronments for evaluation: the nursery with 90% Raschel mesh
shade and the greenhouse (clonal garden with temperatures
between 18 and 40°C and humidity above 75%) covered with
an antiaphid mesh.

2.2.1. Agronomic Management of Cuttings for Both
Environments. Fertilization was based on a nutrient solu-
tion with potassium nitrate (2.4g), magnesium nitrate
(4.5g), diammonium phosphate (4.0), boric acid (0.29 g),
zinc sulfate (0.06g), manganese sulfate (0.203g), copper
sulfate (0.060g), and iron sulfate (0.465g) for 100L of
nutrient solution [19]. Sanitary control was also carried out
with fungicide and insecticide applications based on
Cymoxanil + Mancozeb (50 g/20 L) and Azadirachtin A-BC-
K (30 ml/20 L). One-minute sprinkler irrigations were car-
ried out every 6 hours.

2.2.2. Parameters Evaluated. The percentage of survival was
evaluated with the initial record of the seeded cuttings and
the survival at the end of the research; the data were recorded
as a percentage.

Evaluations of plant height and stem diameter were
made at two points in time: 23 days after planting (initial
height) and 73 days after the experiment (final height), using
a 30 cm ruler from the base of the stem to the apex of the
plant [20]. A digital Vernier was used to measure initial and
final stem diameter.

The number of leaves per plant, leaf length, and leaf
width were evaluated at two points in time: at the be-
ginning of planting and at the end of the experiment. Leaf
length was measured from the base of the petiole to the
apex, and leaf width was measured at the middle of
the leaf.

2.3. Experimental Design of Stage 1. For the evaluation of the
data, a Completely Randomized Design (CRD) was used; the
doses were considered as treatments, where 12 cuttings were
selected with 10 replications per treatment, having a total of
720 cuttings (Table 1) which were conditioned in trays of 72
cells (6 x12).

2.4. Experimental Design of Stage 2. It was evaluated in two
environments: greenhouse (clonal garden) and nursery,
which were called treatments under a Completely Ran-
domized Design. For the survival percentage variable, the
evaluation was carried out with 300 plants per environment.
For the other variables, 30 plants were evaluated for each
environment. For this purpose, data were recorded in
evaluation cards for the subsequent systematization of the
data.

2.5. Statistical Analysis for Both Stages. For the statistical
analysis, the normality test and the homogeneity of variances
test were performed. After verifying compliance with these
two assumptions, the Analysis of Variance (ANOVA) and
Tukey’s multiple comparisons test at 5% significance were
performed. For the results obtained in the second stage, a
similar procedure was followed, but instead of the Tukey test,
the bilateral Student’s ¢-test at 5% significance was used. The
statistical program used was InfoStat/Professional version
2018p.

3. Results and Discussion
3.1. Stage 1

3.1.1. Rooting Percentage. In the rooting percentage evalu-
ated 90 days after planting, the hormone dose of 2500 mg L™*
(T4) achieved 52.50 + 14.73% rooting and was significantly
higher than the treatment without hormone (T0)
(Figure 1(a)), which differs from that reported by Gonzalez
[17] who found the best rooting value for coffee cuttings with
the reference dose of 2000mgL™" of IBA hormone. The
rooting value obtained by this treatment is in a medium
range, so it is still favorable. However, the control reported
the lowest percentage with 18.33 + 6.57%, categorized as very
low [18].

The results obtained in this research are lower than those
obtained by Matamoros-Quesada et al. [12] who obtained
rooting higher than 89% for three coffee hybrids (Milenio,
Centroamericano, and Esperanza), installed in plastic tunnel
greenhouses, with different mixtures of rooting solutions
and fertilizers in conditions of Turrialba, Costa Rica.
Likewise, Vasquez et al. [6] achieved higher rooting values
for coffee variety Caturra (88%) in microtunnel with IBA
hormone application in the department of San Martin, Peru.
This could be due to the fact that the characteristics specific
to each coffee variety affect rooting in cuttings [21].

Obtaining these results indicates that the IBA hormone
has a positive influence on the percentage of plant rooting
when applied at the appropriate dose for the crop [22].



4 International Journal of Agronomy

TaBLE 1: Description of treatments.

IBA hormone dosage (mg L") Dosage g/100 ml Description

T¢=0.00 0.00 Dosage 0 =hormone-free
T, =1000 0.10 Dosage 1=-50% of the referential
T,=1500 0.15 Dosage 2 =-25% of the referential
T5=2000 0.20 Dosage 3 = Referential [17]
T,=2500 0.25 Dosage 4 =+25% of the referential
T5=3000 0.30 Dosage 5=+50% of the referential

Note: T =treatment.

70.00 ~ 5250

58.33 47.50 ab 46.67 ab

39.17 ab

46.66

35.00 +

23.33 A

Rooting percentage

11.67

TO T1 T2 T3 T4 T5
IBA doses

(a)

5.80a

N X
o N
S ®
1 J

6.32

4.74

Number of roots per cutting

S = @
=3 9 —
S 3 o
1l 1 1

TO T1 T2 T3 T4 T5
IBA doses

(®)

FIGURE 1: (a) Average percent rooting of cuttings. (b) The number of roots per cutting.

3.1.2. Number of Roots/Cutting. With respect to this vari-
able, the T4 treatment with a dose of 2500 mgL™" was the
one that reported the highest number of roots with
5.8 £3.19, being statistically superior to the control treat-
ment, which obtained the lowest number of roots/cuttings
(1.1 £1.91) at 90 days of evaluation (Figure 1(b)).

This value is higher than that obtained by Gonzalez [17]
who obtained an average of 3 roots per shoot for coffee
variety Tipica with Jiffy substrate and 2000 mgL™" of IBA
with an irrigation frequency of four times per day in nursery
conditions in San Martin.

On the other hand, the data obtained in this research
are superior to those obtained by Ruiz [23] who obtained
an average of 1.25 roots for Coffea arabica with sand
substrate and 8000 mgL™" of IBA hormone in controlled
environments in San Martin. Vasquez et al. [6] reported
lower values than those of this research for the variety
Caturra (1.33 roots/cuttings) in a greenhouse with an
application of 1000 mg L ™" of IBA hormone in microtunnel
conditions. The differences presented with respect to this
variable may be due to the fact that the IBA hormone is a
plant root growth promoter that also depends on the dose
and time at which it is applied [24]. The number of roots
per cutting obtained for T5 (IBA dose: 3000 mgL™") was
lower than T4; this could be due to toxicity caused by an
overdose of the IBA hormone [25].

3.2. Stage 2

3.2.1. Percentage of Survival. The results found with 300
sown coffee cuttings were 72.3% in greenhouse conditions
and 63.67% in nursery conditions. Solano [26] reported
survival values higher than those of this research with 90%,
for the Tipica variety under greenhouse conditions
(microtunnel), with the application of IBA hormone and
sand substrate in the province of Rodriguez de Mendoza,
Peru.

On the other hand, Campozano [27] also reported higher
survival values in nursery conditions for Robusta coffee
(Coffea canephora) with a sand substrate (72.5%) in La
Libertad, Ecuador. The main factor driving survival per-
centages was the coffee variety in each study area [28].

3.2.2. Plant Height (cm). Regarding this variable, differences
between groups were observed at the initial stage
(p =0.005). At the final stage, there were no significant
differences. The coefficient of variability in greenhouse
conditions tended to decrease from 27.38 to 20.93%, while in
the nursery it increased from 21.37 to 31.35%.

At greenhouse level, the final average plant height was
9.48+1.99cm (Figure 2); this value is higher than that
obtained by Vallejos-Torres et al. [29] who obtained an



International Journal of Agronomy
12.59 -
10.07
7.55 -

9.26
9.48
5.78
4.82
0.00 T T 1

5.04 4
2.52 A
G:IH G:FH N:IH N:FH
Environment by plant height

Plant height (cm)

F1GURE 2: Height (cm) of coffee plants in nursery and greenhouse.
G: greenhouse, N: nursery, IH: initial height, and FH: final height.

average of 8.09 cm for the Tipica variety installed in a clonal
garden under microtunnel, application of IBA hormone
(2000mgL™"), and native arbuscular mycorrhizal fungi
under conditions of the province of Rodriguez de Mendoza,
Peru.

On the other hand, Parraga [30] reported plant height
values of Robusta coffee (Coffea canephora) at 90 days of
evaluation with values between 11.5 and 15.03 cm in nursery
conditions and with the application of the rooting agent
Raizplant and Hormonagro in the province of Los Rios,
Ecuador. These results are superior to those of this research
in which a value of 9.26+2.90 was obtained for nursery
conditions at 73 days of evaluation. This difference may be
due to the timing of the evaluation.

3.2.3. Stem Diameter (mm). With respect to stem diameter,
there were significant differences between the experimental
environments only in the initial stage but not in the final
stage (p = 0.05). The coeflicient of variation was higher for
the greenhouse with values around 26% compared to ap-
proximately 17% variation in the nursery conditions.
However, in both conditions, a decrease in the coefficient of
variation was observed in the final stage.

Of the 30 plants evaluated, an average final stem di-
ameter of 3.89+0.60 mm was obtained for plants in the
nursery and 4.32+ 1.13mm under greenhouse (Figure 3).
Sandoval [31] for the province of Huallaga, Peru, using an
asexual propagation method reported 6.2 mm for the Pache
variety under nursery conditions, being superior to that
obtained in this research. On the other hand, Tigua [32]
found similar values to those of this research for the Pache
variety with Kinetin hormone application at 1 ml/L with a
value of 3.98mm for nursery conditions in Manabi,
Ecuador.

Gutiérrez and Muioz [33] for the Caturra variety ob-
tained a stem diameter of 1.9 mm at 90 days of evaluation
with diammonium phosphate in a nursery environment in
Honduras; these results are lower than those obtained in this
research.

5.58 431

3.89
3.31

4.46

w

w

w
1

Diameter (mm)
o
o
W
1

1.12

0.00

T T
G:SDI G:SDF N:SDI N:SDF
Environment by stem diameter

FIGURE 3: Stem diameter (mm) of coffee plants in nursery and
greenhouse. G: greenhouse, N: nursery, ISD: initial stem diameter,
FSD: final stem diameter.

On the other hand, Morales [34] for Coffea canephora
plants in greenhouse conditions and with the application of
hormone Hormonagro and coffee husk-based substrate
obtained an average of 6 mm at 90 days of evaluation in
Ecuador; this value is higher than that obtained in this
research.

3.2.4. Number of Total Leaves/Plant. The number of leaves
per plant did not show significant differences between en-
vironments or evaluation stages. The coefficient of variation
was similar for both evaluation environments, with a ten-
dency to decrease in the final stage, with values around 35%
for the initial stage and 19% for the final stage.

In the nursery, there was an increase from 2.67 + 0.96 to
6.47 +£1.25 leaves per plant (Figure 4). Sosa-Mora et al. [11]
with three F1 coffee hybrids (Esperanza, Milenio, and H2) in
nursery conditions and with the application of the same
hormone for adventitious root induction (IBA) at 90 days of
evaluation obtained an average number of leaves of 6.62,
results similar to those of this research.

In the greenhouse, the increase ranged from 2.77 +£0.97
to 6.67 £ 1.09 leaves per plant (Figure 4). These values are
lower than those reported by [34] for Robusta coffee plants
(Coffea canephora) in greenhouse conditions and with ag-
ricultural soil since he obtained an average of 8.33 leaves/
plant in Ecuadorian conditions.

3.2.5. Leaf Length and Width (cm). Regarding the variables
leaf length and width, there were no significant differences
between environments or between evaluation stages. The
coeflicient of variation for leaf length had a similar valor for
both evaluation environments, since it showed a decrease in
the final stage. For the leaf width variable, there was less
variability in the greenhouse conditions with values around
27%.

Figure 5(a) shows that, for the final evaluation, leaf
length per plant increased from 5.25 + 1.97 t0 9.61 + cm. Sosa
and Jimenez [35] obtained a lower average leaf length for
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FIGURE 5: (a) Leaf length (cm) and (b) leaf width (cm) of coffee plants in nursery and greenhouse. G: greenhouse, N: nursery, ILL: initial leaf
length, FLL: final leaf length, ILW: initial leaf width, and FLW: final leaf width.

Caturra coffee under nursery conditions with mycorrhizal
inoculation (8.85cm) in Matagalpa, Nicaragua.

Of the 30 plants evaluated, they have an average final leaf
width of 3.82 + 0.95 cm for nursery plants and 3.83 + 1.10 cm
in the clonal gardens under greenhouse (Figure 5(b)). Sosa
and Jimenez [35] regarding the leaf width of Caturra coffee
in a nursery environment with mycorrhizal inoculation
obtained an average of 4.74 cm under conditions in Mata-
galpa, Nicaragua. These results are superior to those ob-
tained in this research.

4. Conclusions

For stage 1, the best dose of IBA hormone was 2500 mg L™
for clonal propagation of coffee cuttings, showing a higher
percentage and number of roots. It would be advisable to
study natural hormone sources and contrast them with the
results of the present research.

As for stage 2, the best development of the coffee cuttings
was observed in the greenhouse environment, presenting
better plant development characteristics; since in controlled
environments such as this one the relative humidity and
temperature are constant, therefore, the cuttings do not
suffer abrupt changes that alter their normal development.
These evaluations can be complemented with substrate trials
and acclimatization in the final field.
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