Pelita Perkebunan 40(3) 2024, 221232
DOI: 10.22302/iccri.jur.pelitaperkebunan.v40i3.637

ISSN: 0215-0212 / e-ISSN: 2406-9574

Controlled Temperature Condition to Optimize the Storage

Period and the Seeds Quality of Five Coffee Varieties

Ari Wibowo'”, Miftahur Rizqi Akbar?, and Rizky Wiradinata?

DIndonesian Coffee and Cocoa Research Institute, JI. PB Sudirman No. 90, Jember 68118, Indonesia
“Corresponding author: ariwibowo.iccri@gmail.com
Received: May 6, 2024 / Accepted: August 5, 2024

Abstract

There is increasing interest of Indonesian coffee farmers to propagate coffee
plants by using generative seeds due to easiness on distribution and production.
The harvest time of coffee seed and the time for sowing/planting is separated
by six months. This requires coffee seeds to be stored at least for the period.
Technology for coffee storage is challenging due to the characteristic of coffee seeds
as intermediate seeds which are sensitive to drying. The development of efficient
and effective storage methods for coffee seeds is urgently needed. This study
was aimed to evaluate the germination viability and quality of coffee seedlings
obtained from the seeds that have been stored for up to 12 months in the ware-
house. This study employed five coffee varieties including three Arabica coffee
(USDA 762, P 88, and Gayo 1), and two Robusta coffee (propellegitim and Hibiro).
One kilogram package of each variety (four replications) was stored in the ware-
house at a temperature of 20 °C + 2 °C. Each replication of the coffee seeds was
then evaluated for germination viability and seedling quality on 0, 3, 6, 9, and 12
months of storage. Fresh coffee seeds (without storage) were used for comparison.
The results showed a decrease in seeds’ moisture content during storage. Arabica
coffee seeds were able to maintain their viability after six months of storage and
Robusta coffee seeds after three months. Fresh coffee seeds showed the best seedling
growth performance and seedling quality index. Arabica coffee USDA 762 stored
for six months was able to produce seedlings with high plant performance, root
length, stem diameter, and number of leaves similar to that of seedlings generated
from fresh seed. Robusta coffee seedlings sown from fresh seeds had better quality
compared to those from stored ones.
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INTRODUCTION

Check for
updates

Coffee is an important plantation com-
modity in Indonesia with high economic value.
Arabica, for example, has been sold for around
USD 6.64 per kg in 2024 early March harvest
season (Statista, 2024). Increasing the price of
coffee beans can encourage farmers to develop
and expand their coffee plantations. According
to the Directorate General of Plantations of

the Republic of Indonesia (Ditjenbun) (2022),
coffee plantations in Indonesia are mostly
managed by smallholders (98.30%), while large
state-owned plantations and large private
plantations only account for 1.04% and 0.66%,
respectively. Smallholder plantations contribute
to 99.32% of the national production. Coffee
production in Indonesia has shown a steady
increase from 2016 to 2022, from 632,000
to 789,970 tons. However, coffee production
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was slightly decreased in 2023 to 784,310
tons. This is due to old plants and the use
of planting materials with unknown genetic
quality. Coffee plantations in Indonesia cover
an area of approximately 1.27 million hectares
in 2023, with a distribution of plant conditions
as follows: damaged or unproductive plants
(9.44%), non-productive (young) plants
(15.32%), and productive plants (75.24%)
(Ditjenbun, 2022).

Generative propagation using seeds is
the most commonly used method by coffee
farmers to produce coffee seedlings. Coffee
seeds are easy to obtain (Wibowo et al., 2020).
Further, for Arabica coffee, generative pro-
pagation resulted in a low variation rate due
to its self-pollinating nature (Nasiro et al.,
2017). On the contrary, seedlings of Robusta
coffee and other coffee species propagated
through generative seeds showed high segre-
gation because they are cross-pollinating
plants (Wibowo & Sumirat, 2022). Addi-
tionally, seed propagation is preferred by
coffee farmers in Indonesia because the seeds
are easy to distri-bute, allowing more accessi-
bility to areas far from seed producers.
Currently, the Indonesian Coffee and Cocoa
Research Institute (ICCRI) in Jember, East
Java is the main coffee seeds producer, while
smallholder coffee plantations in Indonesia
are spread across Sumatra, Sulawesi, Bali,
East Nusa Tenggara, and so on (Ditjenbun,
2022). Through seed propagation, superior
coffee planting materials can be distributed
to all regions in Indonesia.

The current problem with coffee seeds
is the mismatch between the harvest and
the planting period. In Indonesia, coffee seeds
are harvested from May to July, while the
coffee planting period is at the beginning of
the rainy season (November to December).
Coffee seedlings from seeds will be ready for
planting when they are 10-12 months old after
sowing (Permentan, 2014) and the maximum

age limit for certified coffee seedlings is 12
months (Kepmentan, 2021). If planting is done
in November to December, then sowing can
be done in January-February. This requires
seeds to be stored so that coffee seedlings can
be planted at the beginning of the rainy season
and should be still in optimal condition. Coffee
seeds are classified as intermediate seeds
(Eira et al., 2006; Wibowo et al., 2020; Penido
et al., 2021) because they are tolerant to
drying for a certain degree but sensitive to
totaly drying (desiccated).

Drying temperature, moisture content,
and storage temperature play an important role
in coffee seed storage. The optimal temperature
for coffee seed storage is still debated among
researchers. Nasiro et al. (2017) suggested that
Arabica coffee seeds can be stored at a tempera-
ture of 15 °C, while Da Rosa et al. (2011)
reported that storing coffee seeds at a tempera-
ture of 20 °C can produce good quality coffee
seedlings. Wibowo et al. (2020) concluded
that storage at a temperature of 20-22 °C
can maintain the viability of Arabica coffee
seeds to > 90% for six months. However,
the maximum storage limit for coffee seeds
from different varieties needs to be evaluated.
A previous study on seed storage evaluation
was carried out on 6-month period and was only
carried out on Arabica coffee seeds. Further-
more, it only evaluated the seed germination
viability. More study is needed to determine
the maximum storage limit for coffee seeds
at controlled temperature, on both Arabica and
Robusta coffee seeds, and its effect on the
quality of seedlings produced.

This research aimed to evaluate the germi-
nation viability/quality and seedling quality of
Arabica and Robusta coffee seeds after be
stored at a temperature-controlled condition for
12 months. Evaluations on seed germination
quality and seedling quality were conducted
periodically every 3 months. The results of this
study could be a reference in developing an
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optimum seed storage procedure for coffee
seeds suitable for Indonesia conditions.

MATERIALS AND METHODS

Materials

Five coffee varieties were used in this
study. This included three Arabica coffee
(USDA 762, P 88, and Gayo 1) and two
Robusta coffee (propelegitim and Hibiro).
Arabica coffee seeds were harvested from
the Andungsari (Bondowoso, East Java).
The seeds were obtained from a single
variety plantation. Gayo 1, especially, origi-
nated from a parent plantation that was
designated by the Ministry of Agriculture
in 2018 through Indonesian Ministerial
Decree No. 82/Kpts/KB.020/9/2018.
Propelegitim seeds were the offspring of a
biclonal hybrid of Robusta coffee (BP 42 x
BP 358), while Hibiro seeds were the offspring
of a biclonal hybrid of BP 936 x BP 534.
These seeds were harvested in 2020 (June—
August), These coffee seeds were then stored
for 12 months in the controlled-temperature-
warehouse from September 2020 to August
2021.

Seeds Storage Treatment

Coffee seeds were processed by sun-drying
until the moisture content (MC) reached
35-45% based on the method stated by the
Ministry of Agriculture (Kepmentan, 2021).
Coffee seeds were fumigated with aluminum
phosphide at a dose of two tablets/ton and
left to sit for three days in a closed room.
The seeds were then packaged in plastic bags
(Rahardjo, 2012). For this study, each coffee
variety was prepared in 4 packages (@ 1 kg)
and stored at a temperature of 20 °C + 2 °C
(humidity of 57-60%) in the seed storage
warehouse for 12 months. The seed storage

warehouse was 23.5 m long and 8.8 m wide
with a total capacity of five tons. The seed
storage warehouse was divided into an adminis-
tration room, sorting room, packaging room,
transit room, and storage room. The storage
room was lined with heat-insulating material
to minimize heat transfer from inside to outside
the room or vice versa so that the temperature
inside the storage room is relatively constant.
Lighting uses one compact fluorescent lamp.
Sampling of coffee seeds was done at the
beginning of storage and every three months
to determine moisture content, seed viability,
and the quality of the coffee seedlings. Fresh
coffee seeds (without storage) were also
sampled for comparison.

Evaluation of the Seeds Viability and
Seedling Quality

Germination and seedling quality tests
were conducted at 0, 3, 6, 9, and 12 months
of storage. Twenty-five coffee seeds were
taken from each package. The parchment
layer of the coffee beans was removed, and
then the coffee seeds were soaked in a 0.2%
(m/v) fungicide solution overnight. Germi-
nation testing was conducted using a paper/
towel test and left for 21 days (Sudrajat et al.,
2017). The percentage of germination was
calculated using the formula:

Germination percentage = % X 100%;

where nKN is the number of seeds germi-
nated on the 21% day; NV is the total number
of seeds (25 seeds) (Sudrajat et al., 2017;
Wibowo ef al., 2020).

The counted coffee seedlings were then
transplanted into 40 x 30 x 15 cm pots. The
planting medium was soil and sand (1:1 ratio).
The seedlings were maintained for three
months after transplanting (+4 months after
germination). Evaluations were done on the
seedling, including seedling height, stem
diameter, number of leaves, seedling root
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length, fresh weight of seedlings, dry weight
of seedlings, root-shoot ratio, and seedling
quality index. The seedling quality index was
calculated based on the following formula
(Kurniaty et al., 2010; Yustika et al., 2022):

Wa

Seedling Quality Index = f + ¥

Sg Wy

Where W, was the total dry weight of the

seedlings; /& was the height of the seedling;

S, was the stem diameter; W is the dry

weight of the stem; W is the dry weight
of the root.

Statistical Analysis

The data was analyzed using SAS 9.0
software (SAS, NC, USA). Split-plot analysis
of variance (ANOVA) was done. Duncan’s
multiple range test at a 95% confidence level
and orthogonal polynomial analysis was done
as a post-hoc test to determine the best storage
treatment.

RESULTS AND DISCUSSION

ANOVA results showed that the variety
of coffee seeds significantly (p < 0.01) affected
the results for all observed parameters (Table 1).
Each variety exhibited different performances
in the germination and seedling growth phases
(Rosa et al., 2010; Wibowo, 2021). Replications
and the interaction between variety and repli-
cations showed no significant effects. Storage
period significantly (p < 0.01) affected the
seed viability and seedling quality parameters.
The interaction between variety and the storage
period of coffee seeds significantly (p <0.01)
affected all observed parameters. This was
similar to that of Nasiro et al. (2017) who
reported that there was a significant relation-
ship between the storage period of coffee seeds
and the growth performance of coffee seedlings.

Seed Moisture Content

Coffee seeds need to be stored at 35-
45%, as per the regulation (Ditjenbun, 2021).
This was a standard procedure for storing

Table 1a. F-value of germination and seedling quality components

Source of variability df GM SH SD RL NL
Variety 4 558.00 ** 129.00 ** 366.97 ** 73.70 ** 30.61 **
Replic. 3 1.05 ns 0.15 ns 0.80 ns 1.03 ns 0.21 ns
Variety*Replic. 12 0.62 ns 1.00 ns 0.38 ns 1.31 ns 0.70 ns
Storage period 4 627.23 **  264.38 ** 642.50 ** 23426 ** 78.06 **
Variety*SP 16 84.89 ** 46.22 ** 115.43 ** 33.37 ** 4.67 **
Notes: ns = not significant; (*) = significant at o = 0.05; (**) = significant at a. = 0.01. Replic. = replication; SP = storage period;

GM = germination; SH = seedling height; SD = stem diameter; RL = root length; NL = number of leaves.

Table 1b. F-value of germination and seedling quality components

Source of variability df FW DW SRR SQI
Variety 4 40.62 ** 2291 ** 86.30 ** 19.18 **
Replic. 3 0.61 ns 0.05 ns 0.64 ns 1.26 ns
Variety*Replic. 12 1.14 ns 1.74 ns 0.73 ns 1.92 *
Storage period 4 168.27 ** 125.72 ** 83.60 ** 131.29 **
Variety*SP 16 14.37 ** 10.30 ** 31.11 ** 11.59 **
Notes:  ns = not significant; (*) = significant at a = 0.05; (**) = significant at a = 0.01. Replic. = replication; SP = storage period; FW

= fresh weight; DW = dry weight; SRR = shoot root ratio; SQI = seedling quality index.
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coffee seeds in this study. The MC of the
seeds is expected to decrease after 12 months
of storage. The initial MC of the coffee seed
samples varied between varieties, even though
all samples underwent the same procedures.
This discrepancy might be due to the parchment,
which can mask the actual MC of the seed.
Some varieties exhibited high MC despite
the dry appearance of the parchment.

The results showed that coffee seeds
stored with an initial MC below 30%
experienced a decrease of less than 10%.
Arabica P 88 seeds, for example, had an
initial MC of 27.7% and decreased by 3.6%
to 24.1% after 12 months. Similarly, Robusta
Hibiro seeds showed a decrease in MC from
28.5 t0 22.3% (6.2% decrease). However,
seeds stored with higher initial MC showed
a more significant decrease. Arabica USDA

50.0
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20.0
15.0

Seed moisture content (%)
1

10.0
5.0
0.0

0 3 6 9
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1210 3 6 9 1210

Storage period (months)

762 and Gayo 1 seeds (MC of 40.5% and
39.9%, respectively) experienced a decrease
of 11.3-11.8% to 28.7 and 28.6%, respec-
tively. Robusta propelegitim seeds showed
the highest decrease of MC (13.4%) from
46.5% to 33.1% after 12 months (Figure 1).

Each variety exhibited a unique rate of
moisture loss during storage. This was in
agreement with Huang et al. (2014) who
reported that coffee varietal differences
influence the rate of moisture loss during
storage. The decrease in MC was not always
linear, as seen in Robusta propelegitim seeds.
Penido et al. (2021) explained that fluctua-
tions in seed MC during storage can be attri-
buted to various factors, including packaging
type and the amount of air within the packaging.
Seeds with high initial MC generally expe-
rience a greater decrease than those with low

36 9

1210 3 6 9

Propel

1210 3 6 9

Hibiro

12
Gayo 1

BSTNDV [0.22]0.50]0.410.46 ]0.67]0.04]0.05 |0.04}0.09 f0.180.05
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Figure 1. Variation in the moisture content of coffee seeds after 12 months of storage period

(bar indicate standard deviation)
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initial MC. This was similar to the result of
Razak et al. (2020) that the initial MC also
affects moisture changes during storage. The
rate of decrease may be due to the movement
of water within the seed, both adsorption
and desorption, during storage. The presence
of the seed parchment creates air spaces
between the seed and the parchment, further
influencing moisture movement.

Storage of coffee seeds with a moisture
content of 35-45% is believed to maintain
high seed viability. However, this study show
a different results. Arabica Gayo 1 seeds
(MC 28.6%) were still able to produce seed
germination rates of up to 92%. Similarly,
Arabica P 88 seeds (MC 27.1-27.7%) showed
high seed germination rates (86-98%). This
was in agreement with Guimaraes et al.
(2013) whos showed that Arabica coffee
seeds with MC of 21.44, 23.27, and 24.45%
still produced germination rates of 90.5, 92.0,
and 90.5%. Wibowo et al. (2020) also reported
that Arabica Gayo 2, BLP, and Kartika 1
seeds with MC of 21.11%, 25.65%, and
26.85% still had high germination potential
(95.0%, 95.8%, and 94.2%, respectively).
This showed that MC was not the only factor
affecting the seed viability. Other environ-
mental factors, such as humidity and oxygen
proportion also affects the rate of seed dete-
rioration (Nasiro ef al., 2017; Vitis et al., 2020).

There is a relationship between initial
moisture content and the viability of coffee
seeds. However, reducing the moisture content
of seeds after harvest to a certain threshold
increases seeds’ storability. Coffee seed storage
is still possible with an initial MC of <30%
(Guimaraes et al., 2013; Nasiro et al., 2017,
Wibowo et al., 2020) and above 12% (Penido
etal.,2021). Nasiro et al. (2017) recommended
an initial MC of 17-22% for storing coffee
seeds. The optimal initial MC of coffee seeds
for long-term storage is still debatable due to
the varying results of the study. More study

is needed to determine the threshold for reducing
seed MC for coffee storage. The results will
be very useful for the development of coffee
seed storage technology in the future.

Seed Viability After Storage

Seed viability is an important aspect of
determining the potential ability of the seeds
to be grown normally in the planting medium.
The quality standard of coffee seeds must
cover 3 aspects of quality, namely (i) genetic
quality (planting material origin and purity),
(ii) physiological quality (germination ability),
and (iii) physical quality (moisture content,
physical purity of seeds, and seed health)
(Kepmentan, 2021). Coffee seed is considered
a seed with good physiological quality if the
germination rate exceeds 80%. Based on this
quality standard, only Gayo 1 coffee seeds met
the standard of physiological quality after
12 months of storage, which can still maintain
their viability up to 92% (Table 2). Arabica
coffee seeds experienced a significant decrease
in the germination rate after being stored
for longer than six months. In this study,
USDA 762 and P 88 Arabica coffee seeds
showed a decrease in seed germination to
only 52.0% and 24.0% after nine months
of storage. Wibowo et al. (2020) also reported
that 6 of the 9 Arabica coffee varieties stored
for six months at a temperature of £ 20 °C
were still able to maintain their germination
potential of more than 85%. On the contrary,
Robusta coffee seeds showed different results.
Their viability has decreased significantly only
after three months of storage. Propelegitim
and Hibiro Robusta coffee seeds had a germi-
nation rate of 54.0% and 70.0%, respectively
after three months of storage. Further evalua-
tion conducted after six months of storage
showed that Hibiro Robusta coffee seeds
only had a germination percentage of 15.0%
while propellegitim seeds did not grow at
all. This showed that Robusta coffee seeds
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Table 2.  Germination percentage of the five coffee varieties’ seed after various storage period
Germination (%)

Storage period (months) Variety

USDA 762 Gayo 1 Propel. Hibiro
0 98.0 a 98.0 a 93.0 a 78.0 ab 93.0 a
3 97.0 a 95.0 a 90.0 ab 54.0 d 70.0 ¢
6 89.0 ab 86.0 ab 100.0 a 00 g 150 f
9 52.0d 24.0 e 100.0 a 00 g 00 g
12 27.0 e 00 g 92.0 a 00 g 00 g

Notes:  The value followed by different letter in the same column was significantly different based on Duncan’s multiple range test at

o = 5%. Propel. = Propellegitim.

deteriorated faster than Arabica coffee seeds.
If Robusta coffee is harvested in July-Au-
gust, then the seeds can only be stored until
December. Longer storage carried out beyond
the harvest year will significantly reduce the
seed viability.

Ideally, coffee seeds should germinate
soon after drying, and their viability will
decline during storage (Rosa ef al., 2011).
Coffee seeds are classified as forest plant
seeds (Sudrajat et al., 2017) and fall into
the category of intermediate seeds. This
type of seed requires high moisture content
to maintain its viability during storage but
is more tolerant to partial drying compared
to recalcitrant seeds (Vitis et al., 2020).
Intermediate seeds also have a longer storage
life than recalcitrant seeds but shorter
compared to orthodox seeds. Bareke et al.
(2022) explained that intermediate seeds
have a shelf life of less than 12 months,
and Penido et al. (2021) reported that coffee
seeds can be stored for up to 9 months.
Similar results were obtained from this study,
which showed that four out of five coffee
varieties had a seed storage life of less than
12 months. Only Arabica Gayo 1 seeds were
able to maintain their viability (~92%) after
12 months of storage.

Seedlings Quality

Seed germination ability is a major factor
affecting the morphological quality of seed-
lings (Silva et al., 2019). Storage duration

significantly affects the decrease in germi-
nation rate and slows down the emergence
of seedlings, and seedling growth (Garoma
etal., 2017; Silva et al., 2019). Modifications
of storage temperature, packaging, and MC
are needed to maintain seed viability during
storage. Coffee seed stored in dry MC (11-12%)
is unsuitable for field nurseries due to its lower
rate of seedling emergence and development
compared to that stored in high MC (Rosa
et al.,2011; Nasiro et al., 2017; Penido et al.,
2021). Storing coffee seeds in wet conditions
resulted in better seedling quality for the same
storage period.

The coffee seedling’s quality was evaluated
after 3 months of sowing of the stored seeds.
Robusta Hibiro seedlings had the highest plant
height (14.49 cm), root length (11.41 cm), and
stem diameter (2.088 mm) at the beginning
of seed storage. However, stored seeds showed
decreased growth (Table 3). In contrast, Arabica
USDA 762 and Gayo 1 coffee seedlings showed
good seedling growth even after 12 months
of storage. In both Arabica coffee varieties,
the storage period did not significantly affect
the growth of seedling height. On the other
hand, Arabica P 88 showed good seedling
growth from seeds stored for six months or
less (Table 3). Storage for more than six months
resulted in no seedlings produced. For
USDA 762 and Gayo 1 varieties, the root
length of the seedling decreased significantly
after 9 (USDA 762) and 12 months (Gayo 1)
of storage at 5.81 cm and 4.23 cm, respectively.
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Each variety tested had the best stem
diameter development on seedlings obtained
from unstored seed (0 month). Its development
showed a decrease in seedlings obtained
from three months of stored seeds. How-
ever, seedlings from 6-12 months stored
seeds showed more stable development of the
stem diameter. For example, Arabica P 88
coffee seedlings had a stem diameter of 1.99
mm (unstored seeds) and were not signifi-
cantly different from that of seedlings ob-
tained from six months stored seed (1.88 mm).
Arabica Gayo 1 seedlings had a stem diameter
of 2.05 mm (unstored seed), experienced
a decrease in development in three months
of stored seed (1.58 mm), and remained similar
to that obtained from seeds stored for 12
months (1.69 mm) (Table 3). Variations in
plant height and stem diameter affect the
sturdiness of seedlings in the nursery (Fatma
etal.,2022)

The number of leaves on the seedlings
obtained from unstored seeds was more than
that obtained from stored seeds in all varieties
evaluated. Arabica coffee seedlings from unstored
seeds had around 4-5 leaves, while seedlings
from stored seeds only had 2-4 leaves after
three months of sowing. Similarly, Robusta
coffee seedlings from unstored seeds had
3-4 leaves compared to an average of 2 leaves
on the seedlings from stored seeds (Table 3).
At the same duration of storage, Robusta
coffee seedlings had fewer leaves compared
to Arabica coffee seedlings. This was because
Robusta coffee has longer internodes compared
to Arabica coffee. At the same seedling age,
the number of leaf pairs in Robusta coffee
is less than that of Arabica coffee because they
have different growth types (Kepmentan,
2021). Transplantable seedlings from seeds,
as required in Kepmentan (2021), must be
4-12 months old with a minimum of four pairs
of leaves for Arabica coffee and three pairs
of leaves for Robusta coffee. In this study,
the evaluation of seedling quality was carried

The coffee seedlings height, root length, stem diameter and number of leaves of the five coffee varieties obtained from seed after various storage periods

Table 3.

Variety

Storage

Root length (cm)

Seedling height (cm)

period

Hibiro

1141 a

Propel.
11.73 a

Gayo 1
10.80 ab

P 88
11.56 a

USDA 762
8.14 cod
4.48 gh
9.01 be

Hibiro
14.49 a

Propel.
11.75 b

Gayo-1
10.19 be

P 88
8.52 cdef

7.65 def
7.00 ef

(months) USDA 762

10.15 be

5.85 efgh
6.35 defg

6.73 cdef

5.23 fgh
7.72 cde

4.56 gh

9.63 bed
7.06 ef

8.99 cde

7.71 def
7.65 def

8.06 cdef

8.94 cde
6.57 f

7.41 cde

7.30 cde
4.23 h

5.81 efgh
5.27 fgh

7.65 def

8.83 cde

8.34 cdef

12

Variety

Storage

Number of leaves

Stem diameter (mm)

period

Hibiro
3.70 abcde
1.73 fghi

USDA 762 P 88 Gayo 1 Propel.
4.85a 4.78 ab
1.57 hi

4.55 abc

Hibiro
2.08 a

Gayo-1 Propel.
2.05a 1.95a

P 88

(months) USDA 762
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3.75 abcd
1.55 hig

1.99 a

1.89 ab
1.31ef
1.87 ab
1.26 f
1.58 c¢d

2.70 defg
3.00 cdef

1.00 i

3.35 abcde
3.08 bedef

3.15 abcde
3.80 abcd
1.57 hi

1.43 def
1.88 ab

1.58 c¢d 1.35 ef

1.71 be

1.44 def
1.88 ab

1.51 cde
1.69 be

2.80 cdefg

2.18 efgh

Means of each variable with the same letter are not significantly different based on Duncan’s multiple range test at o = 5%. Propel. = Propellegitim.

*-, cannot be evaluated due to non-existent/death seedlings

Notes:
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out until three months after sowing. Thus,
it was understandable that it still did not meet
the requirements for field transplanting based
on the regulations in Indonesia.

Seedlings obtained from unstored seeds
had a higher fresh weight than those obtained
from stored ones. This was evaluated both
in Arabica and Robusta coffee seedlings in
this study. This showed that storage treatment
significantly affected the fresh weight of the
seedlings obtained. On the other hand, the
duration of seed storage (3-12 months) did
not significantly affect the fresh weight of
the seedlings obtained (Table 4). Similar
results were also shown in the dry weight of
the seedlings. Storage treatment did signifi-
cantly affect the dry weight of the seedling.
However, the dry weight of the seedlings
from the same variety obtained from seeds
stored for 3 to 12 months was not significantly
different (p> 0.0.5).

A low shoot-to-root ratio indicates that
root growth is higher than shoot growth,
and vice versa. All seedlings obtained from
stored seeds have a higher shoot-to-root ratio
compared to that from unstored seeds. This
indicated that storage treatment affected the
root growth negatively. In the Arabica coffee
USDA 762 and Gayo 1, it was shown that
the shoot-to-root ratio of the seedlings obtained
from seeds stored for 12 months was higher
than that obtained from unstored seeds. This
may be related to the decrease of MC of
the seeds during storage. Penido ef a/. (2011)
showed that storing coffee seeds with high
moisture content (29-41%) for nine months
was able to produce heavier dry root weight
compared to storage with low moisture content
(11-13%) while producing seedlings with
similar dry shoot weight. Storage with high
initial MC helps to maintain the ability of
coffee seeds to produce seedlings with good
root growth.

This growth of the seedlings can be
evaluated by using the seedling quality index.
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The coffee seedlings fresh weight, dry weight, shoot root ratio and seedling quality index of the five coffee varieties obtained from seed after various

storage periods

Table 4.

Variety

Storage

Dry weight (g)

Fresh weight (g)

period

Hibiro
0.37 ab

P 88 Gayo 1 Propel.
0.40 a

USDA 762

Hibiro
1.05a

USDA 762 P 88 Gayo 1 Propel.

0.80 abc
0.24 ¢

(months)

0.34 ab
0.16 d

0.30 abc
0.18 cd

0.28 abc
0.16 d

0.98 ab
0.25¢

0.99 ab

0.39 de

1.12 a

0.22 bed
0.20 cd

0.20 cd
0.21 cd

0.46 cde
0.36 de

0.40 de

0.22 bed
0.19 cd
0.19 cd

0.22 bed
0.13d
0.15d

0.52 cde

0.54 cde

0.48 cde
031 e

0.52 cde

0.61 bed

0.39 de

12
Storage

Variety

Seedling quality index

Shoot root ratio

period

Gayo 1 Propel. Hibiro USDA 762 P 88 Gayo 1 Propel. Hibiro
2.78 cde 0.064 a 0.037 be 0.039 be

P 88

USDA 762

(months)

0.039 b

0.033 bed
0.015 de
0.028 cde
0.010 de
0.016 de

3.02 bede 2.72 de
4.98 abcd
4.02 abcde

4.30 abcde
5.29 abed

2.08 ¢

2.82 cde

0.018 de

0.015 de

0.018 de

0.018 de

5.63 abc
6.92 a

3.79 abcde

6.03 ab

4.78 abed
3.47 abcde

6.77 a

.020 de

0.028 cde
0.020 de
0.018 de

0.023 de

5.02 abcd

4.39 abcde
Means of each variable with the same letter are not significantly different based on Duncan’s multiple range test at & = 5%. Propel. = Propellegitim.

*_

12
Notes:

229

, cannot be evaluated due to non-existent/death seedlings
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A high seedling quality index (SQI) indicates
a relatively tall and thin seedling, while a low
SQI represents a sturdy seedling (Fatma et al.,
2022). The results showed that Arabica coffee
seedlings sown from unstored seeds had a
higher SQI compared to that of stored seeds.
The highest SQI was Arabica P88 from unstored
seed (0.064), while the lowest SQI was Arabica
USDA 762 seedling obtained from seed that
had been stored for nine months (0.010).
Seedlings with low SQI have the potential
to be more sturdy when planted in the field
(Fatma et al., 2022). On the contrary, Masilewi
et al. (2022) stated that the higher the value
of the SQI, the greater the level of seedling
growth strength. However, the seedlings
evaluated in this study were still not suit-
able to be planted in the field due to their
low SQI value (< 0.09). Seedlings ready for
transplanting must have a SQI > 0.09. This
SQI value was expected to increase as the
coffee seedlings grow to transplantable age.

CONCLUSIONS

The storage period of coffee seeds signifi-
cantly affected the seed viability and the
growth performance of seedlings. There was
an interaction between the storage duration
of seeds and the type of coffee variety stored.
The moisture content of the seeds decreased
during storage. Arabica coffee seeds could
maintain their viability for up to six months
of storage, while Robusta coffee can only
maintain its viability for up to three months
of storage. Thus, the optimal seed storage
period was six months for Arabica coffee
and three months for Robusta coffee,
calculated from September. Unstored coffee
seeds produced better seedling development
performance. However, Seedling of USDA 762,
P 88, Gayo 1, and Hibiro still showed good

performance in plant height, root length,
number of leaves, and stem diameter even
after the seeds were stored for six months.
Among seedlings obtained from stored seeds,
the SQI of USDA 762, P 88, Gayo 1, and
Hibiro showed the best results after being
stored for six months. On the other hand,
Robusta coffee Propelegitim showed the least
seed viability, seed performance, and SQI
among the five varieties evaluated.

ACKNOWLEDGEMENTS

The author would like to express their
gratitude to the Head of the Indonesian Coffee
and Cocoa Research Institute for their support
of this research. We would also like to thank
all the technicians at the Plant Breeding Labo-
ratory (Fraizal Romadani and Hari Agung
Setyabudhi) who assisted in conducting this
research, and the senior researchers (Dwi
Nugroho and Ucu Sumirat) who provided
guidance throughout the research.

AUTHOR CONTRIBUTIONS

The first author is the originator of the
research idea and contributed significantly
to data collection, analysis, and the prepa-
ration of this publication. The second author
contributed to the review of the manuscript
and provided valuable suggestions for the
discussion. The third author contributed to
the design and evaluation of the coffee seed
storage facility during the research.

REFERENCES

Bareke, T.; A. Addi; K. Roba & T. Kumsa (2022).
Effect of storage temperature and packing
materials on seed germination and seed

230 PELITA PERKEBUNAN, Volume 40, Number 3, December 2024 Edition



Controlled temperature condition to optimize the storage period and the seeds quality of five coffee varieties

storage behavior of Schefflera abyssinica.
Nusantara Bioscience, 14(2), 141-147.

Ditjenbun (2022). Statistik Perkebunan Unggulan
Nasional 2021-2023: Kopi. Direktorat
Jenderal Perkebunan Kementerian
Pertanian Republik Indonesia. Jakarta,
Indonesia.

Fatma; A. Muin & H.A. Ekamawanti (2022).
Mutu fisik trembesi (Samanea saman)
sebagai bibit siap tanam berdasarkan

tingkatan umur. Jurnal Lingkungan
Hutan Tropis, 1(2), 390-397.

Garoma, B.; T. Chibsa; T. Keno & Y. Denbi (2017).
Effect of storage on seed germination
of different maize parental lines. Journal
of Natural Sciences Research, 1(4), 8-14.

Guimaraes, G.C.; S.D.V.F. daRosa; L.F.S. Caelho;
A.D. Veiga & A.C.S. Clemente (2013).
Minimum period to assess the potential
of germination of coffee seeds. Journal
of Seed Science, 35(3), 347— 352.

Huang, Y.; Q.Y.Lan; Y. Hua; Y.L. Luo & X .F. Wang
(2014). Desiccation and storage studies
on three cultivars of Arabica coffee.
Seed Science and Technology, 42(1),
60-67.

Kepmentan (2021). Keputusan Menteri Pertanian
No.27/Kpts/KB.020/05/2021: Pedoman
Produksi, Sertifikasi, Peredaran, dan
Pengawasan Benih Tanaman Kopi
(Coffea spp.). Kementerian Pertanian
Republik Indonesia. Jakarta, Indonesia.

Kurniaty, R.; B. Budiman & M. Suartana (2010).
Pengaruh media dan naungan terhadap
mutu bibit suren (Toona sureni MERR.).
Jurnal Penelitian Tanaman Hutan,
72(2), 77-83.

Nasiro, K.; T. Shimber & A. Mohammed (2017).
Germination and seedling growth rate
of coffee (Coffea arabica L.) seeds as
influenced by initial seed moisture content,
storage time and storage condition. Food
Science and Quality Management, 70,
17-24.

Penido, A.C.; V.U.V. Reis; E.M. de Rezende;
D.K. Rocha; J.A. Oliveira & SD.VF.daRosa
(2021). Cold coffee storage with different
water content. Coffee Science, 16,
el61844.

Permentan (2014). Peraturan Menteri Pertanian
No.49/Permentan/OT.140/4/2014:
Pedoman Teknis Budidaya Kopi yang
Baik (Good Agriculture Practices/ GAP
on Coffee). Kementerian Pertanian
Republik Indonesia. Jakarta, Indonesia.

Rahardjo, P. (2012). Kopi: Panduan Budidaya dan
Pengolahan Kopi Arabika dan Robusta.
Penebar Swadaya. Jakarta, Indonesia.

Razak,N.A.;N.A.S.A. Rahim; AR. Shaari & LY. Leng
(2020). Effect of initial moisture content
on physical properties of Orthosiphon
stamineus ground powder during storage.
In: 10P Conference Series: Materials
Science and Engineering 932 012024,
Proceeding of I* International Conference
on Science, Engineering and Technology.
Penang, Malaysia.

Rosa, S.D.V.F da; A M. Carvalho; M.B. McDonald;
E.R.V. Von Pinho; A.P. Silva & A.D. Veiga
(2011). The effect of storage conditions
on coffee seed and seedling quality. Seed
Science and Technology, 39, 151-164.

Rosa, S.D.V.F. da; M.B. McDonald; A.D. Veiga;
F. de L. Vilela & I.A. Ferreira (2010).
Staging coffee seedling growth: A
rationale for shortening the coffee seed
germination test. Seed Science and Tech-
nology, 38(2), 421-431.

Silva, D. da; C.A. Stuepp; . Wendling; C. Helm
& A.C. Angelo (2019). Influence of seed
storage conditions on quality of Torresea
acreana seddlings. Cerne, 25(1), 60—67.

Statista (2024). Arabica coffee spot price in Medan,
Indonesia from January 2019 to May 2024.
Statistics. Statista. www.statista.com.

Sudrajat, D.J.; Nurhasybi & Y. Bramasto (2017). Standar
Pengujian dan Mutu Benih Tanaman
Hutan. IPB Press. Bogor, Indonesia.

PELITA PERKEBUNAN, Volume 40, Number 3, December 2024 Edition 231



Wibowo et al.

Vitis, M.D.; F.R. Hay; J.B. Dickie; C. Trivedi;

J. Choi & R. Fiegener (2020). Seed
storage: maintaining seed viability and
vigor for restoration use. Restoration
Ecology, 28(3), S249-S255.

Wibowo, A. (2021). Karakter perakaran sejumlah

varietas kopi Arabika pada fase bibit
di pesemaian. Agrotechnology Research
Journal, 5(1), 18-25.

Wibowo, A.; D. Nugroho & U. Sumirat (2020).

232

Seed germination performance of nine
Arabica coffee (Coffea arabica L.)
varieties under the laboratory condi-
tion after six months of storage period.
Pelita Perkebunan, 36(3), 203-211.

Wibowo, A. & U. Sumirat (2022). Frequency

distribution and potence ratio of agro-
nomic traits in F1 generation of intraspe-
cific crossess of Robusta coffee. Pelita
Perkebunan, 38(2), 83-97.

Yustika, V.; Indriyanto & C. Asmarahman (2022).

Evaluasi mutu bibit tanaman hutan di
pesemaian PT. Natarang Mining,
Kabupaten Tanggamus. Journal of
Tropical Upland Resources, 4(2),
69-81.

-000-

PELITA PERKEBUNAN, Volume 40, Number 3, December 2024 Edition



