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Abstract

To accelerate growth performance of Robusta coffee (Coffea canephora)
seedling could be conducted through the application of exogenous plant hormone.
Salicylic acid is one of plant hormones that widely applied to increase the plant
growth for several plants, however, for coffee was still relative limited. This study
was aimed to determine the effect of salicylic acid on the growth of Robusta
coffee seedlings which research was conducted at Indonesian Coffee and Cocoa
Research Institute (ICCRI), Jember, East Java. This experiment was set using split
plot design with three replications. The main plot was clones, which were BP 308
and Sintaro clones. The seedlings were propagated from rooted cuttings. The
subplot was the concentration of exogenous salicylic acid, that were control,
0.6 mM, 1.2 mM, and 1.8 mM. The result demonstrated that BP 308 clone had
higher rooting performance than Sintaro clone that shown by the higher root
volume, root dry mass, and root/shoot ratio. In general, the application of salicylic
acid could enhance the growth of Robusta coffee seedling. The application of 0.6 mM
salicylic acid increased plant growth of coffee seedlings. There was different
response to concentration of application salicylic acid for both clones. The appli-
cation of 0.6 mM salicylic acid could increase plant growth of BP 308, include
plant height, leaf area, stem dry mass, leaf dry mass, root/shoot ratio and total
dry mass. Meanwhile, on Sintaro clone, application of 1.2 mM salicylic acid could
increase leaf area, stem, leaf and total dry mass. The application of salicylic acid
more than 1.2 mM led to detrimental effect of coffee seedlings.
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INTRODUCTION

Coffee is currently a trend for beverage
for various segments of society. The consump-
tion of coffee increased in the last decade
which needs to be balanced with an increase
in coffee production. Currently, coffee produc-
tion in Indonesia is 685 thousand tonnes per
year and has the potential to be increased
(Ditjenbun, 2020). Increased coffee produc-
tion needs to be supported by improving the
quality of planting materials.

Increasing of the quality coffee planting
materials could be conducted through the
use of superior planting materials and imple-
mentation of good nursery practices. The
using of clonal planting material through the
propagation of rooted cuttings is currently
common in Indonesia. BP 308 is the clone
that considered to be a rootstock for coffee
seedlings due to its superior rooting perfor-
mance, meanwhile, Sintaro clone is superior
planting materials for Robusta coffee which
have high yield potential, resistant to pests
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and diseases, beside have good flavor. More-
over, BP 308 is a clone that has resistance
to nematodes and drought (Sumirat et al.,
2013).

The use of stimulants in improving plant
quality is currently a consideration in nursery
management and crop production. One of the
stimulants that can be used to increase plant
production is salicylic acid. Kumaraswamy
et al. (2019) explained that salicylic acid added
with chitosan nanoparticles is a sustainable
stimulant compound. Salicylic acid is a natu-
rally occurring phenolic compound in plants
and vital component in the signal transduction
pathway for the commencement of systemic
acquired resistance (SAR). Salicylic acid can
improve the growth and quality of plant
seedlings. In addition, exogenous salicylic
acid could affect plant growth, photosyn-
thesis, water-plant relations, and the activity
of several types of enzymes that play an
important role in biotic and abiotic stresses
(Zamaninejad et al., 2013). The role of sali-
cylic acid as signal transduction in plant
defense mechanism to the biotic and abiotic
stress has been observed and characterized
through some mechanisms. The mechanisms
consist of conjugation, accumulation, and
crosstalk of plant hormones such as jasmonic
acid, ethylene, abscisic acid, auxin, gibberellin,
cytokinin, and bras-sinosteroid (An & Mou,
2011).

In coffee plants, salicylic acid has been
investigated for accelerated germination of
Arabica coffee (Gordillo Curiel et al., 2020),
induction resistance of Arabica coffee to
Colletotrichum kahawae Waller & Bridge
disease (Alemu et al., 2018) and leaf blight
(Tannuri et al., 2021). However, research
for Robusta coffee is still limited. This study
aims to determine the effect of salicylic acid
on the growth of Robusta coffee seedlings.

MATERIALS AND METHODS

The research was conducted at Indo-
nesian Coffee and Cocoa Research Institute
(ICCRI), Jember, East Java. The seedlings
derived from rooted cuttings. This experi-
ment was set using split plot design with
three replications. The main plot was clone,
which consisted of BP 308 and Sintaro clones.
BP 308 was used in this trial since this clone
was widely used as a rootstock for coffee
grafting seedlings, meanwhile Sintaro was
superior clone that high production. The sub-
plot was the concentration of exogenous sali-
cylic acid, that were control, 0.6 mM, 1.2 mM,
and 1.8 mM. The salicylic acid was applied
three months after cutting process by soil
drenching of 500 mL solution every two weeks.

Cutting process of coffee was conducted
through two stages, which were rooting
induction and transplanting to the polybag.
Rooting induction stage was conducted in
nursery raised bed. The media used top
soil:sand:manure with the ratio of 1:1:1. The
mixture of top soil and manure was put in
first layer (around 15-20 cm) the shifted
sand in to top layer. The raised bed was
covered with the plastic. To avoid the fungus
attack, the closed raised bed was sprayed
with the fungicide. Coffee budwoods were
obtained from certified budwood garden
of ICCRI in Kaliwining Experimental Station.
Two until three segments of budwood was
cut and dipped in to BAP (benzyl amino
purine) 0.057% for 10–15 minutes with the
dosage 1.5–2 ml.L-1. The plant spacing for
cuttings was 10 cm x 5 cm. The maintenance
activities were watering with the frequency
once per day, weeding management, and
pesticide spraying. After 3 months, seedlings
derived from cutting was transplanted to the
polybags with the top soil : manure media
(1:1 ratio).
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Parameter observed were plant height,
stem diameter, number of leaves, leaf thick-
ness, leaf area, root volume, and plant dry
mass. Plant height was observed by using
ruler at 2 months after treatment (MAT) and
4 MAT. Stem diameter was observed by
using caliper at 2 and 4 MAT. Leaf thickness,
leaf area, root volume and plant dry mass
was observed destructively at 4 MAT. Leaf
thickness was measured by using caliper.
Root volume was observed by using cylinder
glass based on the increment of water level.
Leaf area was assessed based on image
analysis using Adobe Photoshop CS Software.

Data were analyzed using ANOVA with
SAS software. If there is a significant dif-
ference, it will be continued with post hoc
test Duncan multiple range test (DMRT)
at  = 5% level. For the analysis of disease
incidence and severity data, it differentiated
between control and t reatments, then
analyzed using post hoc test DMRT at  =
5% level.

RESULTS AND DISCUSSION

Coffee seedling growth stage consisted
of two stages, 2 MAT as an early growth
stage and 4 MAT as a standard of coffee
seedling ready to be transplanted to the field.
The summary of analysis of the result was
presented in Table 1 which that at 2 MAT,
plant height of the clones were affected,
however, the salicylic acid was affected on
stem diameter. At the end of observation
the interaction between clone and salicylic
treatment affected stem diameter and total
dry mass. According to single factor of
experiment, the salicylic acid affected plant
height, leaf area, leaf thickness, leaf dry
mass, stem dry mass, and root/shoot ratio,
while, the clone affected stem diameter, leaf
area, root volume, leaf dry mass, root dry
mass, and root/shoot ratio.

Based on Table 2, plant height at 2 and
4 MAT was affected by clone and appli-
cation of salicylic acid, respectively. BP 308

Table 1. Calculated F of the analysis of variance of plant height, stem diameter, number of leaves, leaf
area, leaf thickness, root volume, leaf dry mass, stem dry mass, root dry mass, total dry mass,
root/shoot ratio as affected by salicylic acid concentration and clones and their interaction

Variables SA concentration Clones Interaction
Plant height (2 MAT) 2.69 ns 94.94 ** 1.17 ns
Plant height (4 MAT) 3.39 * 4.70 ns 2.59 ns
Stem diameter (2 MAT) 4.00 * 1.12 ns 1.66 ns
Stem diameter (4 MAT) 19.15 ** 6.98 * 4.68 *
Number of leaves (2 MAT) 2.85 ns 1.14 ns 0.21 ns
Number of leaves (4 MAT) 0.74 ns 3.52 ns 1.04 ns
Leaf area 5.57 ** 14.37 ** 0.83 ns
Leaf thickness 5.40 ** 30.27 ** 2.73 ns
Root volume 1.70 ns 7.32 * 0.88 ns
Leaf dry mass 5.66 ** 13.79 ** 2.39 ns
Stem dry mass 4.43 * 0.09 ns 1.64 ns
Root dry mass 2.11 ns 10.81 * 1.15 ns
Total dry mass 1.66 ns 4.87 ns 4.32 *
Root/shoot ratio 10.80 ** 53.72 ** 0.70 ns

Notes: ns = non significant difference; * and **: significant at 1 and 5 % probability levels, respectively.
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clones showed taller than Sintaro clone at
first stage of growth 2 MAT, however at
4 MAT, there was no differences between
both. Exogenous salicylic acid increased the
height of Robusta coffee seedling at 4 MAT.
The tallest seedling (44.5 cm) was recorded
in this research where the coffee cuttings
were drenched with 0.6 and 1.2 mM of sali-
cylic acid. This finding was similar with
Sadhegipour & Aghaei (2012) and Khan
et al. (2020) that salicylic acid application
increased plant height. Pasternak et al.
(2019) reported that SA regulates IAA bio-
synthesis and transport by changing the
Arabidopsis growth.

However, the increase of salicylic acid
concentration beyond 1.8 mM had detrimental
effect on the plant height of Robusta coffee
seedlings. Figure 1 demonstrated that the
concentration of salicylic acid had quadratic
equation, which had the optimum value. The
optimum value of application of salicylic
acid was 1.11 mM. This might be caused
by toxicity level of salicylic acid on coffee
seedling. Hussein et al. (2012) reported that
400 ppm (equals to 2.89 mM) could decrease
plant height.

Data regarding stem diameter was pre-
sented in Table 3 and Table 4. The application
of salicylic acid affected stem diameter on both

Figure 1. Relationship between salicylic acid concentration and plant height of coffee seedlings of both
clones at 4 MAT

y = -3.1944x2 + 7.1167x + 40.72
R² = 0.8994
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Table 2. Effect of salicylic acid on the height of seedlings of two clones of C. canephora

Treatments
Plant height, cm

2 MAT 4 MAT
BP 308 38.80 a 46.50 a
Sintaro 27.06 b 39.70 a
Salicylic acid concentration (mM)
0 30.30 p 40.50 p
0.6 34.75 p 44.50 q
1.2 33.91 p 44.00 pq
1.8 32.75 p 43.40 pq

Note : Data in the same column followed by the same letters were not significantly different according to the DMRT 5 %.
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clones after 2 months. The addition of 1.2 mM
salicylic acid could increase to 19.2% of stem
diameter than control. At 4 MAT, there was
an interaction between clone and salicylic
acid concentration on stem diameter of coffee
seedlings. BP 308 clone was more respon-
sive to the increase of salicylic acid appli-
cation than Sintaro clones. The addition of
0.6 mM and 1.2 mM salicylic acid could
increase up to 26.5% of stem diameter of
BP 308 clone coffee seedling. However, the

increase of salicylic acid concentration did
not significantly affect the stem diameter
of Sintaro clone coffee seedling. Figure 2
demonstrated the quadratic trendline for
stem diameter was also the same patterns
with Figure 1. According to the quadratic
equation, the optimum concentration of
application salicylic acid concentration for
BP 308 and Sintaro clones were 0.95 mM
and 1.08 mM, respectively.

Table 3. Effect of salicylic acid to stem diameter of two clones of C. canephora seedling at 2 MAT
Treatments Stem diameter (mm)
BP 308 3.46 a
Sintaro 3.29 a
Salicylic acid concentration (mM)
0 2.98 q
0.6 3.54 pq
1.2 3.68 p
1.8 3.29 pq

Note: Data in the same column followed by the same letters were not significantly different according to the DMRT 5 %.

Figure 2. Relationship between salicylic acid concentration and stem diameter of coffee seedling at 4 MAT
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Table 4. Effect of salicylic acid to stem diameter (mm) of two clones of C. canephora seedling at 4 MAT

Clones Salicylic acid concentration (mM)
0 0.6 1.2 1.8

BP 308 3.94 c 5.36 a 5.04 ab 4.38 bc
Sintaro 3.94 c 4.48 bc 4.4 bc 4.3 bc
Note: Data in the column and row followed by the same letters were not significantly different according to the DMRT 5 %.
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According to Table 5, clones affected
the leaf thickness, leaf area, and root volume
at 4 MAT. Coffee seedlings of BP 308 clone
had 26.6% higher of root volume, but lower
of leaf thickness and leaf area than Sintaro
clone. This result was supported with
Sumirat et al. (2013) study who stated that
BP 308 was coffee clone which is easy to
emerge the root, had high number of primary
root and long of primary root. Firdaus et al.
(2021) reported that BP 308 clones led to
emerge superior rooting system.

The application of exogenous salicylic
acid increased the leaf thickness and leaf area.
The higher concentration of salicylic acid,
the thicker and wider of leaf. Leaf thick-
ness was a trait that useful for the drought
resistant of plant (Zakariyya et al., 2019).

Yeganehpoor et al. (2016) demonstrated that
the addition of salicylic acid on coriander plant
under drought stress and normal condition
could increase the leaf area. However, the
application of salicylic acid did not affect
the root volume.

Table 6 showed that dry mass partition
was affected by single factor of clones and
salicylic acid concentration. However, there
was an interaction between clone and salicylic
acid concentration on total dry mass (Table 7).
Clones affected the root dry mass, leaf dry
mass, and root/shoot ratio. BP 308 had higher
value of root dry mass and root/shoot ratio
but had lower value of leaf dry mass than
Sintaro. Application of salicylic acid affected
the stem and leaf dry mass and decreased the
root/shoot ratio. The concentration of 0.6 mM

Table 6. Root dry mass, stem dry mass, leaf dry mass, and root/shoot ratio of two clones of C.
canephora seedling at 4 MAT

Clones Root dry mass, g Stem dry mass, g Leaf dry mass, g Root/Shoot ratio
BP 308 6.63 a 5.04 a 5.61 b 0.63 a
Sintaro 4.81 b 5.19 a 7.20 a 0.42 b
Salicylic acid concentration (nM)
0 6.24 p 3.92 p 5.01 q 0.69 p
0.6 5.76 p 5.60 q 6.55 pq 0.50 q
1.2 6.02 p 5.93 q 7.00 p 0.48 q
1.8 4.86 p 5.01 pq 7.08 p 0.43 q

Note: Data in the same column followed by the same letters are not significantly different according to the DMRT 5 %.

Table 5. Effect of salicylic acid to leaf thickness (mm), number of leaf, leaf area (cm2), and root volume
(cm3) per seedling of two clones of C. canephora at 4 MAT

Treatments Leaf thickness, mm Number of leaf Leaf area, cm2 Root volume, cm3

BP 308 0.60 b 17.20 a 1087.85 b 28.25 a
Sintaro 1.14 a 18.60 a 1352.55 a 20.75 b
Salicylic acid concentration (nM)
0 0.63 q 18.30 p 929.19 q 24.00 p
0.6 0.98 p 18.30 p 1168.96 pq 26.00 p
1.2 0.97 p 17.90 p 1456.83 p 27.50 p
1.8 0.89 pq 17.10 p 1325.82 p 20.50 p
Note: Data in the same column followed by the same letters were not significantly different according to the DMRT 5 %.

Table 7. Effect of salicylic acid on total dry mass (g) per seedling of two clones of C. canephora seedling
at 4 MAT

Clones
Salicylic acid concentration (mM)

0 0.6 1.2 1.8
BP 308 20.80 b 22.00 a 18.01 bc 15.32 cd
Sintaro 12.66 d 16.69 bcd 18.51 bc 17.00 bcd

Note: Data in the column and row followed by the same letters are not significantly different according to the DMRT 5 %.
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to 1.2 mM could increase the leaf dry mass
and root/shoot ratio. According to Table 7
application of 1.2 mM salicylic acid could
increase total dry mass on Sintaro clone,
while, in BP 308 clones, application of 0.6 mM
salicylic acid increased dry mass. Based on
the parabolic equation (Figure 3), the optimum
concentration of salicylic acid for Sintaro
clones was 1.21 mM. However, the increase of
salicylic acid concentration more than 1.5 mM
could decrease the total dry mass on both
clones. This report was in lined with Gorni
et al. (2017) study in fennel that the exogenous
application of salicylic acid increased the plant
shoot dry mass.

Based on the results above, application
of salicylic acid affected the plant growth
and biomass of Robusta coffee seedling. In
general, exogenous salicylic acid application
through drenching method increase the shoot
growth and development in coffee seedling.
This study showed that application of sali-
cylic acid had much higher effects on shoot
than on root characteristics and it was in

lined with the study in muskmelon seedling
by Korkmaz et al. (2007). It was contrary
with Dehnavi et al. (2019) study in sorghum
plant that root dry mass was more affected
by exogenous salicylic acid than shoot dry
mass. In other hand, other studies that reported
application of salicylic acid could increase
plant growth as presented for pea (Oliveira
et al., 2020), fennel (Gorni et al., 2017), potato
(Alhoshan et al., 2019), and Eucalyptus spp.
(de Souza Junior et al., 2021).

The mechanism of salicylic acid to
improve the plant growth had been discussed
by several researches (Rivas-San Vicente &
Placentia, 2011; Dempsey & Klessig, 2017;
Koo et al., 2020). Plant commonly synthesized
this compound endogenously, but Maruri-
Lopez et al. (2019) stated that endogenous
salicylic acid increased in lined with appli-
cation of exogenous salicylic acid. Salicylic
acid plays role in physiological and biochemi-
cal process in plant, especially in affecting
other plant hormone. Salicylic acid had a
synergetic effect on auxin and gibberellin
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Figure 3. Relationship between salicylic acid concentration and total dry weight of coffee seedling at 4 MAT
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which were growth promoters responsible
for the growth and developments of plant
(Rivas-San Vicente & Plasencia, 2011).
Auxin is synthesized in the meristem of the
plant which is responsible for plant height,
while their function is regulated by salicylic
acid.

Exogenous salicylic acid application
could increase physiological aspects, i.e.
increase photosynthetic process (Ahanger
et al., 2020), stimulation of antioxidant system
(El-Hady et al., 2021), protecting cell mem-
branes against oxidative stress through adjusting
osmolyte metabolism (Moustafa-Farag et al.,
2020), stomatal movement (Zakariyya et al.,
2018) and enhancing nutrient absorption
(Gorni et al., 2020). High levels of salicylic
acid (around >2 mM considered as high con-
centration) had detrimental effect on plant
growth. Sadhegipour & Aghaei (2012)
reported higher concentration of salicylic
acid showed negative results while low to
medium concentration significantly improve
plant height, leaf area index and protein yield
in common bean crop. Dempsey & Klessig
(2017) stated that salicylic acid ruled in regu-
lating the status of cellular redox, which was
in low concentrations induced low-level
accumulation of reactive oxygen species,
which served as secondary signals to activate
biological processes. However, high concen-
trations of exogenous salicilic acid stimulate
the accumulation of high levels of reactive
oxygen, which cause cell death by oxidative
stress.

CONCLUSIONS

The exogenous application of salicylic
acid could promote Robusta coffee seedling
growth. BP 308 clone had higher rooting
performance than Sintaro clone that shown
by the higher root volume, root dry mass,

and root/shoot ratio. Generally, the optimum
concentration of salicylic acid was 0.6 mM
that increased plant growth of coffee seedling.
There was different response to concentra-
tion of salicylic acid application for both
clones. The application of 0.6 mM salicylic
acid on BP 308 clone could increase plant
growth, include plant height, leaf area, stem
dry mass, leaf dry mass, root/shoot ratio and
total dry mass. Meanwhile, for Sintaro clone,
application of higher concentration up to
1.2 mM could increase leaf area, stem, leaf and
total dry mass. The application of salicylic
acid more than 1.2 mM led the detrimental
effect of coffee seedling.
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