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Abstract

Coffee seeds have been considered intermediate storage behavior with varying results. It is highly desirable that
seeds are stored safely to optimize coffee seedling production at the appropriate time and season with ideal
climatic conditions for planting in the field. The objective of this study was to evaluate the effect of time of
storage and initial seed moisture content on germination and seedling emergence rate of coffee seeds. In this
experiment, the effects of time of storage with six levels and initial seed moisture content with four levels on
coffee seed germination and early seedling growth were studied in a split-plot factorial design. The data
collected were subjected to Analysis of Variance (ANOVA) using statistical analysis system version 9.2
software (SAS, 2009). Treatment means were separated using LSD at 0.05 probability level. The present
findings revealed that seed germination and seedling emergence rate were highest at initial time of storage. Seeds
dried to 12% moisture content showed inferior performance throughout the trial period. Storage temperature,
time of storage and initial seed moisture contents showed highly significant main and interaction effects and
seeds dried to intermediate moisture level (17 & 22%), stored under cold temperature and sown at early times
resulted in enhanced germination percentage and field emergence rate. Hence, it is advisable drying coffee seeds
to about 17% to 22% moisture contents and keep under storage with relatively lower temperatures at about 15°C
for not more than six months of storage. As the present finding was limited to single cultivar and done under
specific environmental condition further investigation is significant.
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Introduction

The most prevalent and easiest method of propagation for Arabica coffee is the sexual method using seeds
(Rafhuramulu and Purushotham, 1991; Cambrony, 1992). Therefore in coffee nursery management, the most
important consideration is the issue of seed germination, which requires the use of good quality seed (Yacob
Edjamo, 1986) since in a perennial tree crop like coffee, field planting of vigorous and healthy seedlings is one
of the prerequisites to establish a successful and viable plantation. Therefore, production of quality seed and
maintenance of high seed germination is of utmost importance in a seed programme (CIP, 1982, Mesfin Ameha
and Bayetta Belachew, 1983; Veerendra and Raju, 1988).

Storage potential of seed is mainly a genetical factor but is influenced by several factors like environment
(Roberts, 1972; Wittington, 1978), period of storage (Reddy, 1987), seed moisture level (Roberts, 1972; Write,
1992). Based on the genetic information, the seed also expresses all the effects of the environment to which it
was exposed prior to sowing, and the period for which it remains viable is controlled both genetically and by the
environmental factors (Mayer and Mayber, 1975). Storage environment is obviously very important in extending
the life of seeds. The general objective is to reduce the metabolism of the seeds as much as possible without
damaging them and to prevent attack by microorganisms. Similar to that of other crop seeds, coffee seed
deteriorates rapidly at relatively higher levels of temperature and relative humidity (Coste, 1992). Storage of
lower temperatures increases the viability of most kinds of seeds, and this relation between temperature and
longevity described to be exponential (Negussu, 1986).

Seed moisture is a key factor influencing seed quality and a continual challenge for coffee seed industry.
The standards adopted in Brazil are 12% minimum and 25% maximum moisture content. Wondyifraw (1994)
has reported that seed lots stored with high initial seed moisture content(higher than 32%) retained their potential
viability and vigour longer than those stored with lower moisture levels if moisture-vapor barrier containers are
used. If circumstances force to use porous containers like cloth bags, jute sacks, and open trays, it is beneficial to
reduce the initial moisture to relatively lower levels Wondyifraw (1994).

This lower initial moisture content at which seed viability best maintained; however, is not yet studied.
Jimma agricultural research center (JARC), which is the sole mandated coffee seed producer in the country, has
conventionally using moisture content ranging from 14 to 18% for seed storage. But various users are still
debating for seed germination problem and needs for further investigation in order to come-up with the best
solution. Therefore, the objective of this study was to evaluate the effect of initial seed moisture content and
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storage condition and duration on seed germination and seedling emergence rate of Arabica coffee.

Materials and Methods

Experimental Materials

Following the conventional procedures widely applied in coffee seed preparation (Van der Vossen, 1979;
Goodman, 1980; Rothofs, 1980), fully ripe red cherries were harvested from selected mother trees in the seed
orchard of cultivar 74110 (which was selected as it is widely adapted, highly demanded and much produced) at,
JARC, on 21% November 2011 growing season. This cultivar was selected for the present study, because it is
high-yielding CBD resistant, widely adaptable, highly demanded and produced much,. The cherries were sorted
out and pulped in a hand pulp separator. After pulping the selected cherries, the wet parchment beans were again
sorted out, thoroughly washed, and taken to drying room, hut made of grass roof.

Then the wet parchment coffee was laid on wire mesh for drying under shade and when its skin dried
dressed with fine wood ash following the JARC conventional practice and kept till it attained the desired four
levels of moisture contents (27, 22, 17 and 12% [fresh weight base]). One kg of parchment coffee seeds was
taken on 5% January 2012 till 2™ July 2012 from each of the four batches and kept separately in each of the two
storage conditions. The storage conditions used in this study were cold store with 15°C (SC1) and a room at
ambient temperature (SC2). All the seed lots with four levels of MCs were kept under both storage conditions.

Representative samples of seeds were taken every month from each treatment combinations and were
subjected to a series of tests in the laboratory and nursery trials to evaluate the potential viability (germination)
and early seedling growth potential status of each seed lot.

Treatments and Experimental Design
A split-split plot factorial design was used with three replications.

Factors :-

A. Storage condition (cold 15°C & ambient temperature)

B. Time of storage (sowing after 1, 2, 3, 4, 5 & 6 months of storage)
C. Initial seed moisture content (12%, 17%, 22% & 27%)

As presented in Tablel, in this experiment, storage conditions (SC) was assigned to main plot, time of
storage (ST) was assigned to sub-plots while seed initial moisture level was assigned to sub-sub-plots. Total
number of treatment combinations were 48 (2*6*4) replicated three times and the total number of experimental
plots were 144. The treatments were randomly and independently assigned to main plots, sub plots and the sub-
sub plots. Every routine nursery activity was practiced uniformly to all experimental units as per the
recommendation of the JARC (Institute of Agricultural Research, 1996).

The model
Three factor analysis of variance model was used with General Linear Model (GLM) Procedures of SAS Version
9.2.

The linear statistical model for the split-split-plot design would be:
Yijk = p +ai + Bj + vk + (oxP)ij + (axy)ik + (Bxy)jk + (axPxy)ijk + £ pijk
Where: - Yijk = the response measurement for the ijkth observation

p = is the overall mean effect.

ai = is the effect of the ith level of sub-sub-plot

Bj = is the effect of the jth of main plot

vk = is the effect of the kth of sub-plot

(axpP)ij = is the effect of the interaction b/n actor A&B
(oxy)ik = is the effect of the interaction b/n factor A&C
(Bxy)jk = is the effect of the interaction b/n factor C&B
(axPxy)ijk = the effect of interaction b/n the three factors
£uijk = is a random error component for all factors

Sampling and Data Collection
The observations were recorded on seed germination percent, field emergence, rate of emergence, mean days to
emergence and they were explained below.

Seed viability (germination) evaluation

Germination test, which is one of the most reliable and easy-to-handle techniques, was used to determine seed
viability. The petridish method was used to run the pre-germination test in the laboratory at JARC. Random
samples of 60 seeds in three replications were taken by reducing from each treatment combination in the store,
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and their parchments were removed. The seeds were placed with their flat side down at a spacing of one by one
cm in a four by five arrangement on soft paper in the petridish, which were kept moist throughout by frequent
watering. The germinated seeds were counted and recorded at 15™ day. Seeds were considered germinated when
their extending radicle were about three to five mm long showing a positive geotropic response. The total
percentage of germination was then computed and recorded as percentage of seed germination.

Seedling emergence evaluations

To evaluate the field emergence and subsequent growth potentials of the seed lots, random samples of 60 seeds
were taken from each treatment combination in three replications and sown parchment intact on prepared 10 x
22 cm polyethylene tubes filled with standard nursery media consisting of soil, manure and sand in 4:2:1 ratio.
Two seeds per bag were sown in a ten polythene tube per replication with their flat side facing downward at a
depth of about one cm and were thinly covered with fine soil. The beds were covered with about five cm thick
grass mulch and watered daily. All the routine coffee nursery management practices including weeding and
disease and pest control were applied following the conventional techniques practiced at JARC nursery site.

The beds were constantly checked for emerging seedlings starting from the 30* day after sowing, and when
seedlings emerged the mulch was removed and a moderate level of over-head shade was constructed over each
bed. In this experiment, emergence is defined as the appearance of a normal hypocotyls following sowing in
polythene bag, as described by (Perry, 1970). Thus, the number of seedlings that emerged above the soil surface
and attained the soldier-stage of growth was counted and recorded every five days till all the seeds that are
capable of emerging and produce seedlings in each plot (Coste, 1992).

The percentages of emerged seedlings (%E) were then determined. Thus, based on the records of the
emergence data, mean days to emergence (MDE), and the rate of seedling emergence (ER) of each seed sample
was computed following the procedures outlined by (Magurie, 1962; and Nicolls and Heyydecker, 1966).

The formulae used to calculate these two indices were:
Mean Days to Emergence (MDE) =}’ (nt)
>n  (Nicolls and Heydecker, 1966),

Where: n= number of newly germinated seeds at time t,
t= days from sowing
Rate of Emergence(ER)
The number of seeds emerged was recorded daily up to the day of final count. The speed of emergence was
calculated by adopting the fallowing formula and expressed in number (Magure, 1962).

Rate of Emergence (ER) =3 (n/t) (Magurie, 1962)

Where: n= number of newly germinated seeds at time t,
t= days from sowing

Result and Discussion

Laboratory Germination (G %)

The analysis of variance of the data from germination and early seedling growth tests of C. arabica seeds carried
out showed that the main and interactions effects among storage temperature, time of storage and initial seed
moisture content significantly (P<0.01) affected percentage of seed germination (Tablel). The combinations of
seeds dried to 27% moisture content, stored under cold condition (15°C) and sown at first month resulted in
significantly higher germination (99.00%). However, seeds stored under cold condition (15°C) that dried to 22%
and sown at first and second month and that dried to 17% and sown at first month and stored under ambient
condition that dried to 27 and 22% sown at first month did not show significant difference (Table2). As indicated
by Da Silva and Dias (1985), this could probably be due to the fact that coffee seeds stored with higher initial
moisture contents might retain their potential viability and thus favoured early growth of seedlings than the dried
ones.

While significantly lower germination was recorded for seed dried to 12% moisture that stored under
ambient condition and sown after six months of storage (43.67%) but statistically non significant from seeds
dried to 27% moisture content that stored under ambient condition and sown after six months of storage. With
the advancement of storage period, germination percent declined irrespective of storage condition, initial seed
moisture content and their interactions (Table2). Percent seed germination progressively decreased with
prolonged time of storage and it showed drastic change after the third month especially for seeds with lower
(12%) and higher (27%) moisture levels that stored under ambient condition. The later (reduced germination in
27% after six months of storage) may be due to promotion of hydrolysis of seed substances increased in seed
metabolic processes that lead to seed deterioration (Negussu, 1986). This result agrees with suggestion given by
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Ellis, 1991 who reported that at higher and lower moisture contents reduced viability was observed and in
contradiction with the generalization of Da Silva and Dias (1985); Wondyifraw, (1994) who stated that coffee
seeds stored with higher initial seed moisture contents retain their potential viability longer.

Tablel: Analysis of Variance for Seed Germination Percentage (G%), Percentage of Seedling Emergence
(EM%), Emergence Rate (ER) and Mean Days to Emergence (MDE)

Source of Variation DF G% EM% ER MDE
Rep 2 13.5108 23.38" 0.13™ 4.72"
SC 1 6012.71"" 9360.56"" 14.38" 641.78""
Error (a) 2 16.51 1 25.52™ 0.25" 31.51™
ST 6 3226.92" 3844.26™ 0.07"" 1046.73"
SC*ST 6 535.99* 935.15™ 9.67" 26.11"
IMC 3 642.83" 253.47" 2.05" 99.49™
SC*IMC 3 3270 6.54" 0.28" 3.65"
ST *IMC 18 24.48™ 22.01™ 0.15™ 428"
SC*ST*IMC 18 9.42ms 16.02" 0.05™ 211"
Error (b) 12 16.61 10.56™ 0.03" 2.72"
CV% 3.30 1.92 4.77 1.86

* *#* = Indicate significant differences at the 5% and 1% probability levels, respectively. ns = non-significant at
5% probability levels

The present result revealed that, even though, seeds with 27% initial moisture gave higher seed germination
performance at initial time, it drastically declined after two months and seeds dried to 22% moisture content and
stored in cold condition best maintained higher germination percentage followed by seeds dried to 17% moisture
content than both the higher and lower moisture levels. The result also indicated that cold condition is better to
prolong storage life of coffee seeds and it is consistent with the findings of Barboza and Herrera, (1990); Ellis et
al., (1990, and 1991) who have proposed the use of low temperatures (around 15°C) to preserve coffee seed
viability for a considerable period of time.
Table2: The interaction effects of storage condition (SC), storage time (ST) and initial seed moisture content
(IMC) on seed germination (%)

SC IMC Storage Time (in month)
1 2 3 4 5 6
12% 87.00" 84.67° 81.67™" 79.00"" 76.67™ 71.00"
Cold 17% 94.50™ 91.67" 89.17"¢ 87.33" 82.00™" 78.00""
(15°C) 22% 97.50" 95.00™ 92.33° 89.00"* 85.67% 78.33"F
27% 99.00" 93.67™ 88.67° 83.67" 80.33° 74.67°"
12% 85.67% 80.00"° 73.00" 67.33™" 52.33" 43.67"
Ambient 17% 91.67"" 87.67" 80.33°° 70.67™ 63.67" 52.67™
22% 95.00™ 88.007" 83.00"™ 76.33° 66.00" 55.67™
27% 95.33" 89.00"* 84.67°* 66.33™" 57.33" 45.00"
CV% 3.66
LSD (5%) 471

Means followed by the same letter(s) are not significantly different at 5% level of probability

Seedling Field Emergence (E %)

There were highly significant (P<0.01) main and interaction effects among the levels of storage condition,
storage time and initial seed moisture content on seedling emergence (Tablel). The combinations of seeds dried
to 27% initial moisture content that stored under cold condition and sown at first month also resulted in
significantly higher seedling emergence (95.00%) and followed by 27% seed moisture that sown at the second
month, seeds dried to 22 & 17% moisture and sown at first month and seeds dried to 27% moisture that stored
under ambient condition and sown at first month. These results could also be related to the positive impact of
high seed moisture levels in retaining high seed viability at early stages (Perry, 1970; Van der Vossen, 1979;
Osei-Bonsu, et al., 1989), which may result in higher percentages of seedling emergence and subsequent rapid
growth of seedlings during their earlier stages of development. While, the lowest seedling emergence was
recorded on combinations of seeds dried to 12% moisture content that stored under ambient condition and sown
after six months of storage (Table3). This could be attributed to the general decline in viability of seed lots as a
result of prolonged storage, fluctuation of temperature and high respiration under ambient condition. It declined
slowly at first and then rapidly as seeds age with much more pronounced reduction in seedling emergence
capacity starting after the third month under ambient condition. These results are in agreement with those
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reported by Da Silva and Dias (1985); and Reddy (1987).

The result of present study showed that regardless of the variability in the prevailing climatic conditions, a
high consistency was observed between laboratory germination and field emergence, which agrees with findings
of (Perry, 1978; Hall and Wiesner, 1990). The result of this experiment revealed that for prolonged coffee seed
storage both higher and lower moisture levels are not suitable and seeds dried to 22% moisture best maintained
higher field emergence longer than did the other treatment combinations followed by seeds dried to 17%
moisture. The result is in agreement with the suggestions of (Agrawal, 1980; Negussu, 1986) who reported that
the optimal moisture content with which a seed should be stored depends on the intended time of storage. This
result also agrees with suggestion given by Ellis, 1991 who reported that at higher and lower moisture contents
reduced viability was observed and in contradiction with the generalization of Da Silva and Dias (1985);
Wondyifraw, (1994) which states that coffee seeds stored with higher initial seed moisture contents retain their
potential viability longer.

Table3: The interaction effects of storage condition (SC), storage time (ST) and initial seed moisture content
(IMC) on seedling emergence (%)

SC IMC Storage Time (in month)
1 2 3 4 5 6
12% 87.00° 84.007" 78.00™ 75.00™" 76.00™" 70.00™
Cold 17% 89.33" 85.00" 83.33" 80.67" 75.00"" 71.00"
(15°C) 22% 91.67" 87.67° 86.00™" 84.33°" 80.33™ 75.00™"
27% 95.00" 90.00" 84.007" 82.00%" 77.00™° 73.00"
12% 86.00™" 80.00""™ 74.67™ 59.33" 45.67" 32.00°
Ambient 17% 83.67" 80.67" 75.67"" 56.67" 49.67" 36.33
22% 83.67" 81.67"" 80.00"" 68.67" 51.33" 47.33™
27% 89.33" 84.67"" 75.00" 60.33° 51.00" 40.00"
CV% 272
LSD (5%) 3.2415

Means followed by the same letter(s) are not significantly different at 5% level of probability

Rate of Seedling Emergence (ER)

According to the results obtained in this investigation, it was observed that the rate of seedling emergence
resulted showed a significantly (P< 0.01) affected by the storage condition, time of storage, and the initial seed
moisture content and their interaction (Tablel). The rate of seedling emergence was also synchronized with the
emergence performance of seedlings. With the advancement of storage period, rate of emergence declined
irrespective of moisture content, storage environment and their interactions (Table4). Treatment combinations of
seeds stored in cold condition dried to 27% mc and sown at first month showed significantly higher rate of
emergence (3.60) but statistically did not significantly differed from treatment combinations of seeds dried to
22% moisture content that stored under cold store and sown after a month of storage and 27% moisture content
under ambient condition and sowing after a month of storage (3.47 & 3.50, respectively). These moisture levels
probably enables the emergence process to continue smoothly, while in seeds with low moisture germination
interrupted till enough moisture is reabsorbed (Ellis et al., 1991).

The least rate of emergence of was recorded in the seeds stored in ambient condition dried to 27% mc and
sown at sixth month of storage (0.87). Such a progressive decline in emergence rate with prolonged storage time
confirms the reports by Reddy (1987), and Ellis et al., (1990). The reason for this could be related to the general
tendency of seed viability to deteriorate through time, fluctuation of temperature and high respiration under
ambient condition (Magurie, 1962; Evers, 1991).

The result of this experiment revealed that, even though, seeds with 27% gave higher performance at initial
time it drastically declined beyond two months. Seeds dried to 17% moisture content and stored in cold
condition best maintained higher rate of emergence with prolonged time of storage followed by seeds dried to
22% moisture content than both the higher and lower moisture levels, which agrees with findings of (Perry, 1978;
Hall and Wiesner, 1990). The result of this experiment revealed that for prolonged coffee seed storage both
higher and lower moisture levels are not suitable.
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Table4: The interaction effects of storage condition (SC), storage time (ST) and initial seed moisture content
(IMC) on rate of emergence

SC IMC Storage Time (in month)
1 2 3 4 5 6
12% 2,73 2.57%" 2.37" 2.10™ 1.70" 1.50"
Cold 17% 3.20° 2,97 2.67%" 2.43 2.07"" 1.87"°
(15°C) 22% 347 3.20° 2.83* 2.33™ 1.97”" 1.80%
27% 3.60" 3.7 2.97% 2.50" 2.00™ 1.53"
12% 2.20°" 2.13™° 1.77° 127" 1.03¥ 0.87
Ambient 17% 2.43" 2.17"° 1.80" 1.40" 1.20™ 1.03"
22% 2.80™ 2.40™ 2.13™° 1.83%" 1.50" 1.20™
27% 3.50° 2.93% 2.43" 1.70" 1.33% 1.10™
CV% 6.66
LSD (5%) 0.2332

Means followed by the same letter(s) are not significantly different at 5% level of probability

Mean Days to Seedling Emergence (MDE)

The result obtained from the present study revealed that the main effects of storage condition, storage time, seed
moisture content and their interactions on mean days to emergence were highly significant (P< 0.01) (Tablel).
With the advancement of storage period, mean days to emergence prolonged irrespective of moisture content,
storage environment and their interactions (Table5). The treatment combination of seeds stored in cold condition
that dried to 27% initial moisture content and sown at first month still resulted in significantly faster mean days
to emergence of (45.67 days). However, non significantly differed with seeds dried to 22 and 17% moisture
contents that stored under cold condition and sown at first month (46.67 & 47.67 days , respectively) and seeds
stored under ambient condition that dried to 27% moisture content and sown at first month (47 days). While, the
prolonged mean days to emergence was recorded in the interaction of treatment combination of seeds stored
under ambient condition dried to 12% initial moisture contents and sown at sixth month of storage (71 days) but
not significantly differed from seeds stored under ambient condition dried to 12% initial moisture contents and
sown at sixth month of storage (70.33 days).

The study also revealed that, even though, seeds with 27% gave higher performance at initial time it
drastically declined beyond two months same as for germination and seeds dried to 17% moisture content and
stored in cold condition best maintained higher rate of emergence for prolonged seed storage followed by seeds
dried to 22% moisture content than both the higher and lower moisture levels. Rapid and uniform emergence is
the most important economic manifestation of seed vigor (Nichols and Heydecker, 1968; Perry, 1978, Wurr and
Fellows, 1984; Pandey 1988).

Table5: The interaction effects of storage condition (SC), storage time (ST) and initial seed moisture content
(IMC) on mean days taken to emergence (no of days)

SC IMC Storage Time (in month)
1 2 3 4 5 6
12% 49.00° 54.00" 58.67"° 60.67" 62.00"" 62.00""
Cold 17% 47.67" 52.33%" 55.67" 58.00™" 59.67°" 62.00™"
(15°C) 22% 46.67" 50.00™" 53.67" 56.334" 57.33"° 60.33"
27% 45.67" 48.33™ 5433 58.67" 61.33™ 63.33""
12% 51.007® 57.00™ 62.67™ 65.00™ 67.67" 71.00”
Ambient 17% 49.00° 54.00" 59.33°" 63.00"™ 66.67" 70.33”"
22% 48.33" 52.33%" 57.67F 60.33%° 64.67"" 67.67"
27% 47.00™ 51.67™" 58.67" 62.00"" 63.67™ 68.33"
CV% 2.48
LSD (5%) 2.3237

Means followed by the same letter(s) are not significantly different at 5% level of probability

Summary and Conclusion

Despite considerable effort at vegetative propagation of coffee plants, they still are propagated by seedlings
produced from seeds. An undesired trait of coffee seeds is that they have slow and asynchronous germination,
which makes it difficult to obtain seedlings of desirable quality. The effect of moisture content and temperature
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on the survival of Coffea Arabica cul. 74110 seeds was investigated in order to better understand their seed
storage behavior.

The present study was carried out with the objective of determining the quality seed germination and early
seedlings growth potentials of coffee produced from seeds stored for six months with 27%, 22%, 17% and 12%
initial seed moisture contents under storage conditions at 15°C and ambient temperature at JARC using split-
split-plot factorial Design.

Storage condition, time of storage and initial seed moisture contents showed highly significant interaction
effects and seeds dried to intermediate moisture level (17 & 22%), stored under cold condition and sown at early
times resulted in enhanced early seedling growth and increase germination percentage, field emergence, speed of
germination and uniformity in seedling. Hence, for storing coffee seeds, it is advisable drying the seeds to about
17% to 22% moisture contents and keep under storage with relatively lower temperatures (at about 15°C) for not
more than five or six months of storage is advisable.
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