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Abstract

Cocoa seeds are recalcitrant with some problems in their storage due to
lack of dormancy period. This study aimed to find out the effect of cocoa pod
storage in two different temperatures and the storage period towards seed viability
and growth of the seedlings. This study applied a split-plot design with storage
temperature as main plot and storage period as sub-plot. Cocoa pods of Sulawesi-1
clone were harvested and stored at 20°C and 29°C for 3, 7, 14, and 30 days. The stored
cocoa seeds were then sown for three months. The findings showed that the
storage of cocoa pods at 20°C for 30 days causing the seed water content was
45%, the growth of the seedlings after the storage was 98.7%, and could press
the pod shrinkage (1.6%). The storage of cocoa pods at 29°C for 30 days could
accelerate the reduction process by 68.2%, decreased germination of seeds up
to 83.4%, and reduced the water content by 44.2%. The pod storage at 20°C for
30 days showed a high value in some aspects such as seedling height, stem
diameter, leaf area, seedling fresh weight, and shoot/root ratio. The storage of pods
at 29°C for 14 days indicated a high score in the character of germination, seedling
height, stem diameter, and fresh weight of seedlings. The storage of pods at room
temperature could be conducted for 14 days, meanwhile, at controlled temperature,
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it could be conducted for 30 days.
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INTRODUCTION

Cocoa seeds are recalcitrant that normally
require high water content and a short storage
period. Recalcitrant seeds germinate and
quickly lost their viability when stored in the
open air. It also needs low temperature in
its storage process. Generally, recalcitrant
seeds ripe within pod, covered by a watery,
fleshy pulp and a watertight testa. In that
case, the water content of recalcitrant seeds
ranged between 50-70%, and the embryos
are 15% bigger than orthodox seeds and have
no dormancy period (Copeland & McDonald,
2001; Schmidt, 2007; Umarani ef al ., 2015).

This situation makes recalcitrant seeds become
easier to germinate (Daws et al., 2005), difficult
to be stored.

In Indonesia, the expansion of cocoa
planting farm areas is continuously carried out.
The five biggest cocoa beans producing
provinces are Southeast Sulawesi, Central
Sulawesi, South Sulawesi, West Sulawesi,
and West Sumatra (BPS, 2019) while the
Indonesian Coffee and Cocoa Research
Institute as the biggest producer of cocoa
seeds in Indonesia is located in East Java.
The distance between the expansion areas
for cocoa plantations and seed producers
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and the increasing demand for cocoa seeds
causing the cocoa seed storage technology to
become urgent. Cocoa seeds can germinate
in 3—4 days after harvested. Moreover, cocoa
seeds in some clones will germinate inside
pod on the tree when the harvest process is
late (Rahardjo, 2011). The seed deteriora-
tion is affected by some factors such as water
content, storage temperature, and oxygen
content in the storage room (De-Vitis et al, 2020).
Subsequently, cocoa seeds cannot be stored
at high temperatures (>30°C) and low tempera-
tures (<4°C) because it can reduce seed viability
(Rahardjo, 1985; Anita-Sari et al., 2018).
The viability of cocoa seeds can only survive
for 57 days at storage temperature 25-27°C,
humidity 55-75% and will germinate after
7-10 days (Pancaningtyas, 2015; Olaiya, 2016;
Saajah & Maalekuu, 2014). Cocoa seeds that
pass the storage period will deteriorate assigned
by the degradation of germination, the physical
quality of seeds, and the abnormal growth
of the seedlings. Storing of cocoa seeds for
more than four weeks in vacuum and non-
vacuum packaging will decrease their germi-
nation process (Anita-Sari ef al., 2018). The
storage of cocoa seeds in form of seed utilizing
the media of moisture buffer materials such
as charcoal powder (Soedarsono, 1985), rice
husk ash (Rahardjo, 2012), and the modifi-
cation of packaging (Anita-Sari ef al., 2018)
has been carried out but the results are still
not satisfied. The character of cocoa seeds
which are sensitive to storage temperature
becomes the main obstacle.

Storing of seeds in form of cocoa pods can
be an alternative to slow down the process
of seed deterioration. Cocoa pod storage at
room temperature (28—30°C) can increase
the seed acidity level after being kept for seven
days (Hinneh et al., 2018). The high acidity
will kill the embryo. Cocoa pod storage for
a long time at room temperature allows fermen-
tation to occur and decrease seed viability.
Therefore, the storage process is better to

be implemented at a controlled temperature.
Rahardjo (2011) stated that cocoa seed storage
inside pod can survive for 30 days at 15—
21°C but its effect on seedling growth is
still unknown. Besides, the range of storage
temperature used is still significant, that is
6°C. Storage of cocoa pods at low tempera-
ture may extend the storage period of seeds.
This study used an air-conditioned room with
a controlled temperature of 20+£2°C and the
observations were conducted until the nursery
phase after the storage period. This study
aimed to determine the effect of pod storage
temperature and storage period on the pod
shrinkage, seed water content, seed germination,
and the cocoa seedling growth performance.

MATERIALS AND METHODS

This study was arranged in Plant Breeding
Laboratory of the Indonesian Coffee and Cocoa
Research Institute. Split-plot randomized
design was used with storage temperature
as main plot while pod storage period as the
subplot. The storage temperature were
20+2°C (controlled temperature in an air-
conditioned room) and at 29+2°C (room
temperature). The subplot consisted of five
treatments, namely 0 (control), 3, 7, 14, and
30 days. Each combination of treatments
consisted of five cocoa pods of Sulawesi 1
clone and repeated 3 times. Cocoa pods were
harvested and then soaked for 10 minutes in
mankozeb fungicide solution of 0.2% (w/v),
afterward was dried in air temperature for
2 hours. After that, the pods were packed
using polyethylene plastic and stored.

After storage, the pods were evaluated
according to the storage period by calculating
the pod shrinkage percentage. Pod shrinkage

percentage:
My — M
—— % 100%
my
m, is the weight of cocoa pods before storage;

m, is the weight of cocoa pods after storage.
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After that, the pod was split, the pulp were
eliminated using sawdust, and peeled from
the epidermis. The seeds were soaked in
0.2% (w/v) mankozeb fungicide solution for
10 minutes. The cocoa seeds were drained,
dried for 3 hours, and the moisture content
was observed after the storage. Before sowing,
the cocoa seeds were soaked in clean water
overnight and sown ina 5 cm X 5 cm X 5 cm
seedling pot. The study of cocoa seedlings
used a completely randomized design with
three replications (each replication contained
20 seeds). Cocoa seedlings were then evaluated
at the age of 3 months after sowing.

Seed water content:

Wy — Wy
5 =— % 100%
ﬂv’: —_ 1'1-'1
We — W
S, = —— % 100%
Wa — Wy
SWC =5, +5,— L2
VTR 100

S, is percentage of seed content lost on the
first drying; S, is percentage of seed content
lost in the second drying; w, is the weight
of preheated porcelain cup and cover (g);
w, is the weight of the porcelain cup, cover,
and cocoa seed before drying (g); w, is the
weight of porcelain cup, cover, and cocoa
seed after the first drying at the temperature
of 130°C for 60 minutes (g); w, is the weight
of the porcelain cup, cover, and cocoa seed
after the second drying at the temperature
of temperature of 130°C for 10 minutes (g)
(Rahardjo, 2011; Sudrajat et al., 2017).

Germination percentage:
n KN

i

GP = x 100%

nKN is the number of normal sprouts; N
is the number of seedlings germinated
(Sudrajat et al., 2007; Baliza et al., 2012).

Seedling height was measured from the
base of the stem to the point of growth using
a ruler (cm); stem diameter was measured
using a digital caliper (mm).

Number of leaves was counted the
number of leaves that have perfectly opened.

Leaf area (cm?):
W,
—L % 100 cm?
Wap
w_. is the weight of leaf replica; W is

the weight of leaf pattern (10 cm x 10 cm)
(Irwan & Wicaksono, 2017).

Root length was measured using a ruler
from the base of the root to the tip of the
longest root (cm).

Fresh weight is the total fresh weight
of roots, stems and leaves (g).

Dry weight is the total dry weight of
roots, stems, and leaves after oven at 65—
85°C for 48 hours (g), shoot and root ra-
tio is the ratio of shoot dry weight and root
dry weight.

Seedling quality index:
Wz

h | we

W,

Sg

w, is total dry weight of roots, stems and leaves;
h is seedling height; S, is stem diameter; w_
is shoot dry weight; w_is root dry weight
(Kurniaty et al., 2010).

The observational data were then ana-
lyzed using analysis of variance (ANOVA)
in SAS 9.0 software and continued with
Duncan’s multiple range test if there was
a significant difference.

RESULTS AND DISCUSSION
Pod Shrinkage Percentage

The results showed that storing cocoa
pods at low temperature (20°C) affect the
quality of cocoa seedlings (p <0.05). Inter-
action between cocoa pod storage tempera-
ture and storage period was significant
(Table 1). It mean that storage temperature
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significantly affect pod shrinkage percentage,
seed moisture content, and seed germination
percentage (p <0.05). Pods stored at 20°C
did not show a high shrinkage percentage
eventhough stored for 30 days, whereas
pods stored at 29°C had greater shrinkage
percentage and directly proportional to the
length of pod storage. The pod shrinkage
when stored for 3 days was 8.2%, but when
stored for 30 days was 68.2% (Figure 1).
Hinneh et al. (2018) reported that storing
cocoa pods at room temperature can im-
prove decomposition and pod putrefaction
so that the color of the pod skin changes
from yellow to black on 7" day. This is due
to the attack of microbes, the pod is damaged
and decreased in freshness. In this research
the highest weight loss was found 68.2%
at room temperature storage.

Different results were shown by storing
the cocoa pods at 20°C. The pod shrinkage
at the storage for 0, 3, 7, 14, and 30 days
were 0.0%, 0.8%, 0.9%, 0.8%, and 1.6%,
respectively (Figure 1). The pod shrinkage
for 0 to 30 days did not show a significant

difference therefore the freshness of the pod
was still similar with the beginning of harvest.
Temperature affects the biochemical pro-
cesses in cocoa pods. The biological pro-
cess was optimal at room temperature and
decreased at the lower temperature. Storage
at low temperatures is common for tropical
and subtropical fruit because it can slow
down the metabolic processes, suppress fruit
damage, and keep fiuits fresh (Chaudhary et al.,
2017; Sun et al., 2018). Storing cocoa pods
at low temperatures can inhibit the fermen-
tation process, then the sugar content is still
maintained. The storage at room temperature
will cause cocoa pods to undergo fermen-
tation and increase the acidity of the beans
(Hinneh et al., 2018; Kone et al., 2020).
The breakdown of sugar content in the
beans during fermentation can affect seed
germination.

Storing cocoa pods at 20°C for 30 days
was able to keep pod skin fresh (small pod
shrinkage percentage). In the fresh pod, the
pulp is still attached (Hinneh ef al., 2018).
The pulp plays important role in delaying

80 =
68.2a
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Storage temperature
Figure 1.  Pod shrinkage during storage period at controlled temperature (20°C) and at room temperature

(29°C)
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Table 1.

F-value of pod, seed quality and seedling performance

Source of variability df Pod shrinkage ~ Seed water content Germination Seedling height
Temperature (Temp.) 1 4679.25 ** 8.12% 93.53 % 0.02 ns
Replication 2 6.63 ns 0.02 ns 55.97ns 0.97 ns
Temp. * Replication 2 4.71 ns 0.14 ns 16.31ns 2.22ns
Storage period 4 1105.11 ** 64.70 ** 49.45ns 22.31 **
Temp. * Storage period 4 1025.22 ** 17.50 ** 84.47* 9.34*
continue
Stem diameter ~ Number of leaves Leafarea Root length
Temperature (Temp.) 1 0.11%* 0.53ns 1598.28 * 1.48 ns
Replication 2 0.0l ns 0.30ns 186.36 ns 0.17 ns
Temp. * Replication 2 0.0l ns 0.03 ns 135.17ns 4.21%*
Storage period 4 0.41 ** 1.62 ** 2794.57 ** 3.79 *
Temp. * Storage period 4 0.05 * 0.28 ns 409.04 * 0.91ns
continue
Total fresh weight Total dry weight Shoot and root ratio ~ Seedling quality index

Temperature (Temp.) 1 1.21 ** 0.10 ** 5.77% 0.001 **
Replication 2 0.01ns 0.00 ns 0.27ns 0.000ns
Temp. * Replication 2 0.08 ns 0.0l ns 1.82ns 0.000ns
Storage period 4 1.96 ** 0.09 ** 1.70 ns 0.001 **
Temp. * Storage period 4 0.37 ** 0.02 * 0.61 ns 0.000ns

Notes: ns = not significantly difference; * = significant at o = 0.05; ** = significant at o= 0.01.

seed germination inside the pod. The pulp has
functions to stabilize the water potential
around the seeds and prevent them from
drought stress during storage (Adu et al.,
2017). Storing cocoa pod at high tempera-
tures for relatively long time causes drying
of the pulps faster, so the deterioration of
the seeds is also faster. Recalcitrant seeds
are generally sensitive to low temperature
and will damage and decreased viability at
temperature range of 15-20°C (Schmidt,
2007).

Seed Water Content

The results showed that seed moisture content
after storage was influenced by temperature
and storage period of pods (p <0.05). Cocoa
seeds contain high moisture content after
harvest, namely 51.3% and will decrease if
being stored for a long period. After stored for
30 days at 20°C the moisture decreased to
45.0% and 44.2% at 29°C (Figure 2). The
length of pod storage and storage tempera-
ture significantly affect seed moisture. Storage
at 20°C and 29°C was able to maintain the seed
moisture content in the range of 40-55%

(Figure 2) and still met the quality standards
of cocoa seeds, namely 30-40% (Ministry
of Agriculture, 2013). The similar results
were reported by Anita-Sari et al. (2018)
for storing cocoa seeds at 15°C, 25°C, and
30°C. The moisture content of cocoa seeds
after storing for more than 3 weeks still
ranged at 40.37-42.77%. Recalcitrant seeds
require high moisture content during storage
(30-50%) for a short period of time (Schmidt,
2007). Cocoa pod storage for 30 days at
the temperature of 20°C and 29°C was still
able to maintain the moisture content of the
seeds at 40-50%. Seeds that are sensitive
to the drying possess the potential to germi-
nate quickly because of the limited imbibi-
tion process (Daws et al., 2005). Storing
cocoa seed in the form of pods and seeds at
low temperatures can slow down the process
of losing moisture in the seeds (Anita-Sari
et al.,2018). Seed water content is closely
related to the imbibition process and plays
significant role in hormone activation. Water
content that is tolerant of storage period in
recalcitrant seeds is very essential to observe
because it is closely related to seed viability
and storage period.
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Figure 2.

Germination Percentage

The analysis showed that seed germina-
tion percentage were significantly influenced
by temperature and pod storage period (p
<0.05). Storage up to 30 days at 20°C was
still able to maintain seed germination
percentage at 93.2%—-98.7%, while storage
at 29°C for 30 days causes seed germination
decrease to 83.4+8.7% (Figure 3). Pod storage
at 29°C for 14 days was able to maintain germi-
nation of 96.0%. The germination percentage
of cocoa seeds stored in the form of pods
was better than the storage in the form of
seeds. Anita-Sari et al. (2018) reported that
cocoa seeds stored at £25°C were only can
maintain seed viability above 90% for two
weeks while storing at temperature of £15°C
result in faster seed deterioration. According
to Sobari et al. (2020), storing cocoa seeds
at room temperature can maintain the growth
>80% for only 1 week. Meanwhile, storing
cocoa pods at 20°C can maintain for 30
days. This temperature has begun to be used
for storing forest plant seeds, i.e. Shorea
Javanica can germinate >80% after being

Seed water content after storage at controlled temperature (20°C) and room temperature (29°C)

stored for 30 days at the same temperature
(Umarani et al., 2015). The growth of coffee
seedlings is still > 85% after six months of
storage (Wibowo et al., 2020). Storing cocoa
pods at low temperatures can keep the pulps
fresh, so, seed deterioration does not occur.
On contrary, it will stimulate the good germi-
nation of cocoa seeds.

Seedling Growth

The result showed that storage tempera-
ture and storage period caused significant
effect on seedling height, stem diameter, and
leaf area (p <0.05). Interaction between both
treatments showed significant results (Table 1).
Storage at 29°C showed highest seedling
height after being stored for 3 days and 14
days i.e. 23.2 cm and 24.0 cm respectively.
Storage at 20°C showed the highest seedling
height after 14 days and 30 days i.e. 23.07 cm
and 23.37 cm respectively. Cocoa pod stored
at 20°C also showed good stem diameter
development, especially after storage for 14
days (2.65 mm) and 30 days (2.86 mm). Sub-
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Figure 3.
and room temperature (29°C)

sequently, at temperature 29°C, the best
development of stem diameter for cocoa
seedlings produced by storing the pods for
3,7, and 14 days i.e. 2.78 mm, 2.83 mm,
and 2.83 mm, respectively. In line with that,
storing cocoa pods at 20°C for 30 days can
also produce a leaf area of 159.1 cm. There-
fore, it was not significantly different with
storing at 29°C for 3 days (155.4 cm?), 7 days
(160.5 cm?), and 30 days (160.5 cm?).

The number of leaves and root length of
cocoa seedlings were not significantly affected
by temperature and pod storage period
(Table 1). Both growth variables were more
influenced by pod storage period. Pods stored
at 20°C and 29°C were able to produce seed-
lings with 5—6 leaves and the root length
of 7.51 cm and 7.95 cm (Table 2). Pod storage
for 7 days was able to produce seedlings
with an average number of leaves 6—7, not
significantly different with storing pods for
30 days. However, storing pods for 7 days was
also able to produce seeds with the longest
roots, which was 8.85 cm.

Germination percentage of cocoa seed after storage period at controlled temperature (20°C)

Storage temperature and period of cocoa
pods influenced plant growth during the
seedling phase (p <0.05). Pod storage at 20°C
for 30 days showed good seedling growth
better than of storaged at 29°C for 30 days
on the parameters of seedling height, stem
diameter, and root length. Pod storage at
this temperature also suffered less damage,
therefore to maintain the good physical quality
of the seeds. Storage at room temperature, for
5 days showed the best appearance of plant
height (Saajah & Maalekuu, 2014). Pod storage
at 20°C for 30 days was able to produce
seedlings with good seedling height, stem
diameter, and leaf area. Pod storage at 29°C
for 14 days was able to produce the best growth
of seedling height and stem diameter. The best
number of leaves and root length was produced
by storing the pod for 7 days at 29°C. Cocoa
seeds harvested from the healthy pods can
only have good viability for 3 weeks after
harvesting (Amoako et al., 2019; Saajah &
Maalekuu, 2014). In this study, cocoa pod
storage at room temperature will produce good
seedling growth if stored only for 14 days.
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Table 2. Several parameter of cocoa seedling growth after 3 months old
Seedling height (cm) Stem diameter (mm)  Number of leaves Leafarea (cn?) Root length (cm)
Temperature
20°C 20.97 a 254 b 57a 131.36 b 7.51 a
29°C 20.94 a 2.67 a 59a 145.96 a 795 a
Storage period
0 day (k) 1891 ¢ 215 a 53¢ 102.32 ¢ 6.60 ¢
3 days 21.63 b 2.66 a 5.7 be 144.43 b 7.66 be
7 days 19.19 ¢ 2.67 a 6.5a 140.43 b 8.85a
14 days 23.56 a 274 a 53¢ 146.31 ab 7.74 ab
30 days 21.54b 2.80 a 6.2 ab 159.81 a 7.79 ab
continue
Fresh weight (g) Dry weight (g) Shoot/root ratio  Seedling quality index
Temperature
20°C 2.70 b 0.64 b 627 b 0.04 b
29°C 3.10 a 0.75 a 7.15 a 0.05 a
Storage period
0 day (k) 191 ¢ 0.51 ¢ 7.39 a 0.06 a
3 days 3.14 ab 0.79 a 599 a 0.03 b
7 days 297 b 0.64 b 6.79 a 0.05 a
14 days 3.13 ab 0.78 a 643 a 0.05 a
30 days 337a 0.78 a 6.96 a 0.05 a
Notes: Means of each variable with the same letter are not significantly different based on Duncan’s multiple range test at o =

5%; (k) = control.

Seedling Quality

The variables of seedlings quality consist
of fresh weight, dry weight, root/shoot ratio,
and seedling quality index. Fresh weight and
dry weight of cocoa seedlings were signifi-
cantly affected by pod storage temperature,
pod storage period, and interaction of both
treatments (p <0.05). High fresh weight was
produced by storing the pods for 30 days
(3.48 g) at temperature 20°C and followed
by the storage for 3 days (3.61 g), 7 days
(3.35 g), 14 days (3.39 g), and 30 days (3.26 g)
at 29°C. The highest dry weight was obtained
from storing at 29°C for three days (0.91 g).

The interaction between temperature
and storage period of pods did not signifi-
cantly affect root/shoot ratio of cocoa seed-
lings (Table 1). The shoot root biomass ratio
of cocoa seeds was only significantly affected
by the pod storage temperature (p <0.05).
Pods storage at the temperature of 20°C had
a root/shoot ratio of 6.27. Meanwhile, at the
temperature of 29°C, it was 7.15. Pod storage
at the temperature of 20°C for 30 days, 7
days, and 0 days (7.58; 7.35; 7.39, respec-
tively) had the highest shoot root ratio. The

shoot root ratio of seedlings from pod storage
at 29°C for seven days, 14 days, and 30 days
were almost the same (6.23; 6.20; 6.35).

Seedling quality index was not affected
by interaction between temperature and pod
storage period. Storing the pods at 20°C
showed quality index 0.04, meanwhile, at
29°C, was 0.05. Cocoa pod storage period
did not significantly affect seedling quality
index which for 3 days at 29°C was 0.07,
but not significantly different from storing
cocoa for 7, 14, and 30 days (0.06) at the same
temperature (Table 3). Seedling quality index
from cocoa pod storage for 14 days and
30 days at 20°C was 0.05, which was better
than the pod storage for 3 and 7 days at
the same temperature. The decline in the
quality of cocoa seedlings from storing the
pods for 14 days and 30 days was not signifi-
cant, which means this temperature had the
potential to be a recommendation for storing
cocoa pods.

Cocoa pod storage at different tempera-
tures significantly affect pod shrinkage per-
centage, seed moisture content, germination
percentage, and seedling quality performance.
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The differences in storage temperature had
a significant effect on the stem diameter and
leaf area. In the seedling growth, cocoa plants
rely on cotyledons which are rich in food
stores. The growing medium will begin to
affect growth after the cocoa seedlings 4—6
months old or after the cotyledons are released
from the plant stems (Anthonio et al.,
2018; Amoako et al., 2019). Root character
is controlled by genetic factors (Lynch et al.,
2012) but their phenotypic traits can change
in response to environmental conditions.
Environmental factors that have strong
influence on root growth are water content
and availability of nutrients in the growing
medium. Shoot/root biomass ratio shows the
growth ratio between the shoot and roots.
The higher the shoot root ratio, the greater
development of the shoot. The mechanism
of the shoot root ratio is affected by environ-
mental conditions and controlled by hormonal

Table 3.

factors. Plants will stop shoot growth if
there is drought stress, soil compaction
occurs, or poorly soil aeration levels.

Pod Storage Correlation Effect

Correlation analysis aims to determine
the closeness relationship of the cocoa storage
period and the observed variables. The analysis
showed that the pod storage at 20°C was
significantly positively correlating (p <0.05)
with the pod shrinkage, seedling height, stem
diameter, number of leaves, leaf area, seedlings
fresh weight, seedlings dry weight, and seedling
quality index (Table 4). The cocoa pod storage
at 29°C was significantly negative correlating
with moisture content and germination per-
centage (p <0.05) and positive correlated
with pod shrinkage. Two observation vari-
ables have strong relationship if the correla-
tion coefficient value is >0.5-0.75 and very

Interaction between temperature and pod storage period on the cocoa seedling performance

Temperature

Storage period Seedling height (cm)

Stem diameter (mm) Number of leaves

20°C 29°C 20°C 29°C 20°C 29°C
0 days (k) 1891 b 1891 b 2.15d 2.15d 53¢ 53¢
3 days 20.05 b 2321 a 2.55 be 278 a 5.7 be 5.7 be
7 days 19.53 b 18.84 b 251 ¢ 283 a 6.0 be 7.0 a
14 days 23.07 a 24.04 a 2.65 abc 2.83 a 53¢ 53¢
30 days 2337 a 19.70 b 2.86 a 2.74 ab 6.0 be 6.3 ab
continue
Temperature
Storage period Leafarea (cn?) Root length (cm) Fresh weight (g)
20°C 29°C 20°C 29°C 20°C 29°C
0 days (k) 102.32 d 102.32d 6.60 ¢ 6.60c 191¢ 191¢
3 days 133.43 be 15542 a 6.84 be 8.48 ab 2.66b 3.6la
7 days 120.62 cd 160.25 a 873 a 8.96a 2.59b 335a
14 days 141.29 ab 151.33 ab 7.38 abe 8.10 abc 2.87b 3.39a
30 days 159.14 a 160.48 a 7.98 abe 7.60 abc 3.48a 3.26a
continue
Temperature

Storage period Dry weight (g)

Shoot/root ratio Seedling quality index

20°C 29°C 20°C 29°C 20°C 29°C
0 days (k) 0.51d 0.51d 739 a 739 a 0.03 e 0.03 e
3 days 0.66 ¢ 091 a 6.78 ab 520 b 0.05 bed 0.07 a
7 days 0.54 d 0.74 be 735a 6.23 ab 0.04 de 0.06 abc
14 days 0.72 be 0.83 ab 6.65 ab 6.20 ab 0.05 bed 0.06 abc
30 days 0.77 be 0.78 b 7.58 a 6.35 ab 0.05 bed 0.06 abc
Notes: Means of each variable with the same letter are not significantly different based on Duncan’s multiple range test at o =

5%; (k) = control.
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Table 4. Correlation coefficient of storage periods at two levels of temperature and pod shrinkage, water content, germination

percentage, and growth performance of cocoa seedlings

ke Germination ling heigh
Pod shrinkage Seed water content percentage Seedling height
Storage temperature  20°C 0.83%** -0.26 0.22 0.80**
29°C 0.99%* -0.75* -0.73%* -0.01
continue
Stem diameter Number of leaves Leafarea Root length
Storage temperature ~ 20°C 0.81%* 0.67* 0.82%* 0.31
29°C 0.40 0.32 0.48 0.01
continug ——M8MM —
h weich ioh Shoot and Seedling
Fresh weight Dry weight root ratio quality index
Storage temperature ~ 20°C 0.89%** 0.79** 0.13 0.64*
29°C 0.35 0.28 -0.04 0.31

Notes: * = significantly at o = 0.05; ** = significantly at o = 0.01.

strong if the correlation coefficient value is
>0.75-1 (Aqil & Efendi, 2015). The corre-
lation between cocoa storage at 20°C with
seedling height, stem diameter, leaf area,
fresh weight, and dry weight of cocoa seedlings
was strong because the correlation coeffi-
cient was >0.75 (Table 4). Meanwhile, in
pod storage at 29°C, the relationship between
cocoa storage period and moisture content
and germination percentage was also signifi-
cant. The longer the cocoa pod storage period
at 29°C, the faster decrease the moisture
content and germination percentage of
the seedlings and higher pod shrinkage
percentage. The negative coefficient value
between the storage period and seed germi-
nation also occurs in the storage of cocoa
seeds (Sobari et al., 2020). Pod shrinkage
will still occur if the pod stored at 20°C and
29°C (the correlation coefficients were 0.83
and 0.99, respectively) even though it is
smaller at 20°C.

Storing cocoa pods is very useful for
extending the storage period of seeds. Cocoa
pod storage at room temperature for 14 days
can maintain good seedling quality (seedling
growth >95%; the moisture content of
52.40%; seedling height 24.04 c¢m; stem
diameter 2.83 mm; root length 8.10 cm).
The storage of cocoa pods is suitable for
the distribution of seeds in a wide range and

takes 1-2 weeks. Storing for too long at room
temperature will cause the color to become
darker. Liquid pulp of the cocoa dries up and
has the potential to interfere seed germination.
Storing pods at controlled temperatures
(20°C) can extend the storage period of cocoa
seeds. Storing cocoa pods at temperature
of 20°C for 30 days is able to produce seeds
with highest values in germination percentage,
height, stem diameter, leaf area, fresh weight,
and shoot root ratio of seedlings.

CONCLUSIONS

Storing of cocoa pods at 20°C for 30
days can maintain high seed germination
(98.7%) and seed water content (45%) and
low pod shrinkage percentage (1.6%). Storing
of cocoa pods at 29°C can also maintain
the high level of seed water content (44.2%)
but decreased the seed germination (83.4%)
and increased pod shrinkage (68.2%). Storing
cocoa pods at 29°C for 14 days and at 20°C
for 30 days can produce high-quality of
seedlings in terms of seedling height, stem
diameter, and root length. Storing of cocoa
pod can be used as an alternative to extend
the seed storage period of cocoa pods at
room temperature (29°C) can be used for
14 days however at controlled temperature
can be for 30 days.
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