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Abstract: Cardamom is mainly growing for its dry capsule used as a flavoring agent for food, beverages, medicinal, and
source of income for the smallholder farmers in southwestern Ethiopia. Despite its advantages, the production and productivity
of the crop hindered by several factors, for instance, poor agronomic practices, poor crop breeding, and management, from
nursery to the main field of production. Therefore, a nursey-based experiment was conducted to identify the appropriate
growth media ratios for cardamom seed germination, seedling uniformity, and vigor at Tepi, Southwestern Ethiopia. Gene
cardamom variety was evaluated in six different growth media types namely; Fine Sandy Soil (FS), Forest Soil (ForS), FS:
ForS (1:1), FS: DCH (Decomposed Coffee Husk) (1:1), ForS: DCH(1:1), and FS:ForS: DCH(1:1:1) and laid out in randomized
complete block design with three replications. The result revealed that better cardamom seedling growth performance and
vigor were obtained from a 1:1 ratio of decomposed coffee husk + forest soil growth media. Therefore, from the result, we
concluded that the mixture of decomposed coffee husk + forest soil (1:1) can be used for better cardamom seedling
establishment at Tepi and similar agroecology of Ethiopia. Future, studies should focus on the seedling obtained from this soil
media mixture performance in the field for yield and yield components.
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Currently, the crop is widely adapted and grown in these
areas, particularly at Teppi, Bebeka, Kabo, and its
neighboring area [11].

Cardamom is a shade-loving plant, provision of an ideal
shade level of 55-63% promotes its vegetative growth and
development [18]. It also needs an annual rainfall of 1500—
7000 mm, with an altitude range of 700-1400 m.a.s.l. The
crop is highly susceptible to drought, supplementary
irrigation during the dry spell period is required [11, 23].
Cardamom can be propagated vegetatively by the division of
rhizomes and seedlings raised in nurseries. For vegetative
propagation, thizomes are dug, divided into pieces consisting
of at least one old and one young shoot, planted on prepared
pits. Thus, the method is simple, reliable, and less costly and
plants begin bearing a year earlier than from seedlings, but
division may not produce enough materials for large areas

1. Introduction

Cardamom 1is also known as the ‘Queen of Spices’, a
perennial herb native to the evergreen forest of south India
and Sri Lanka [23]. It is mainly cultivated for its fruit, which
plays an important role in a variety of spicy foods,
vegetables, meat dishes, tea, butter, coffee, bread, cakes as
flavoring and seasoning agents. According to [8], it is also
used for local sauce ‘wot’ in the ground or whole forms alone
or mixed with other spices. Ethiopia is the secondary center
of origin for the crop and it was introduced in 1972, two
cultivars were the Malabar and Mysore types as reported by
[8]. After the introduction, adaptation and evaluation works
were undertaken in different parts of the country. To this end,
the best and promising results were observed in the hot
humid lowland Western and Southwestern parts of Ethiopia.
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and materials strongly susceptible to mosaic virus or thrips
[34, 37]. On the other hand, propagation by seed is the most
common and widely prevalent method among planters. A
large number of seedlings can be raised without fear of
disease spread compared with vegetative propagation as
reported by [32]. Thus, the seed should be collected from a
sound, ripe capsule on vigorous, high-yielding, disease-free
plants, preferably at least 5 years old.

Nowadays, the cardamom seedlings are raised from
nursery and transplanted in the main field after 6 months, it is
a common practice in the Southwestern part of Ethiopia. The
preliminary survey conducted in the southwestern part of
Ethiopia showed that farmers used locally available media,
which are not studied and supported scientifically to raise
seedlings [27]. During survey observation, different growth
media with different ratios of the mixture are widely
practiced for cardamom and other spice seedlings by the
local farmers, entrepreneurs, and state farms. Besides, three
growth media (topsoil, forest soil, composts) in the mixture
was also practiced by some farmers and growers, which is a
growth media previously recommended for coffee seedlings
[38]. According to [4], growth media is the most determining
factor in the development, growth, and quality of seedlings in
the nursery. It also acts as a reservoir for nutrients, moisture,
and oxygen supply to the growing seedlings. Besides, a
mixture of different media also plays a vital role in
improving the physical and chemical properties of the soil,
thereby the rate of seed germination, seedling, and root
growth increase. It also provides proper aeration, sufficient
moisture, and nutrients to the roots of growing seedlings,
thereby vigorous growth of seedlings was attained as
reported by [21] [10], and [5]. Well-aerated drained and
fertile growth medium is needed for the vigorous growth of
cardamom seedlings in the nursery. However, the type and

ratios of growth media for spice seedlings, particularly for
cardamom were not studied yet. Accordingly, this study was
conducted to identify the appropriate growth media ratios for
enhanced seed germination and subsequent seedling growing
performance of cardamom at Tepi, Southwest Ethiopia.

2. Materials and Methods

2.1. Description of the Experimental Site

The experiment was conducted at Teppi Agricultural
Research Center (TARC) nursery site from the year 2013-
2014. The center is located at 70 10' N latitude and 350 25'E
longitude and situated at an altitude of 1200 m.a.s.l,
representing a lowland altitude according to Ethiopian
traditional agro-ecological division, the elevation is the basis
for this classification [7]. It is characterized by hot humid
with an average annual rainfall of 1559 mm, and a mean
maximum and minimum temperature of 30.23 °C and
16.09 °C, respectively [8, 9]. The soil type of the
experimental site is classified as Nitisols, which is dominated
by a loam texture with a pH range of 5.60 to 6.0 [1]. The soil
depth is very deep (>150 cm) and has a color of dark brown
(7.5 YR3/2) when moist. The organic matter content is
medium to very high (2.47 to 7.02%) according to [20]
classification. The total nitrogen content is low to very high
(0.09 to 0.73%) according to [31] classification, while the
available phosphorus is low to medium (0.97 to 7.36 ppm)
based on the rating of [22]. The meteorological data viz.,
monthly minimum and maximum temperature, and monthly
rainfall data for the year 2012/13 & 2013/14 cropping
calendars were obtained from Teppi Agricultural Research
Center Climate, Geospatial, and Biometrics Research
Process, and presented as follow
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Figure 1. Monthly rainfall (mm) of the study area during 2012/13 & 2013/14 source.
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Table 1. Monthly minimum and maximum temperature (°C) of the study area
during 2012/13 & 2013/14.

Month 2012/13 2013/14
ontas Minimum Maximum Minimum Maximum

January 11.7 31.8 12.3 33.6
February 13.7 34.7 13.7 342
March 15.0 33.4 14.8 32.6
April 15.7 31.7 15.3 30.6
May 15.3 29.0 14.8 29.0
June 15.4 28.4 14.4 28.6
July 15.0 27.2 14.9 27.4
August 14.8 28.2 14.4 27.4
September 15.0 28.3 14.4 27.2
October 13.9 29.2 14.4 29.3
November 12.3 30.4 14.4 28.4
December 9.4 33.1 14.4 28.6

2.2. Experimental Materials and Designs

The treatments consisted of six growth media types viz.,
Fine Sandy Soil (FS) alone, Forest Soil (ForS) alone, a
mixture of FS and ForS (1:1 ratio), a mixture of FS and DCH
(1:1 ratio), a mixture of ForS and DCH (1:1 ratio) and a
mixture of FS, ForS and DCH (1:1:1 ratios). The treatments
were arranged in a Randomized Complete Block Design
(RCBD) with three replications. Each treatment plot
consisted of sixteen seedlings on which the treatment was
applied and the data were collected. The whole experimental
field was divided into three blocks each contained six plots.
Then, the six treatments were randomly assigned to the unit
plot of each block to allow one treatment combination only
once in each block. A footpath of 0.5m and 1m was left

between plots and blocks, respectively.
2.3. Experimental Procedures

All the necessary rooting or growth media types were
collected, before the commencement of this experimentation. A
representative forest soil (ForS) was collected from the middle
forest area in the center with the upper 10 cm soil depth [3]. The
decomposed coffee husk was collected from coffee pulping (two
years old) and processing factories at Teppi town, while the fine
sands (FS) were collected from the local area. Before mixing, all
the collected growth media were sieved using a mesh weir of
2mm to remove other soil particles, plant and animal debris,
fossils [38]. The growth media composition for each treatment
was prepared by volume to volume ratio according to the
research works of [38] and [26] on coffee and cardamom,
respectively. Each experimental growth media was subjected to
soil physicochemical analysis at Tepi Regional Soil Laboratory
Center using the international soil analysis procedure. The
detailed results of soil physicochemical analysis are presented in
Tables 2 and 3. A polybag with a size of 10cm by 16cm was
filled with growth media according to the treatment types and
arranged in rows and columns, and then watered well. The
released cardamom variety viz., Gene was used for this study,
the seeds were collected and processed. Three seeds were sown
to each polybag with 2 to 3 cm depth [9] and mulched with dry
vetiver grass. Watering was carried out twice a day during the
initial period, later once in a day depending on daily weather
conditions. Other routine cultural practices were applied as per
previous recommendations [9, 15].

Table 2. Results of soil chemical analysis of each growth media.

Types of Media pH (1:2.5) Av. P (mg kg™) OC (%) OM (%) N (%) C:N
Fine Sandy Soil (FS) 7.1 6.12 0.35 0.61 0.19 1.84
Forest Soil (ForS) 6.4 10 5.38 10.05 2.88 1.87
Decomposed Coffee Husk (DCH) 5.8 25.64 14.82 25.55 391 3.79
FS + ForS (1:1) 6.7 8.7 1.27 2.19 0.34 3.74
FS + DCH (1:1) 6.1 6.38 3.78 6.51 0.33 11.46
ForS + DCH (1:1) 59 7.9 10.41 17.94 7.46 1.4
FS + ForS + DCH (1:1:1) 6.1 34.89 4.95 8.54 0.94 5.27

Source : FS=Fine Sandy Soil; ForS=Forest Soil; DCH=Decomposed Coffee Husk; Av.P=Available Phosphorus; OC=Organic Carbon, OM=0Organic Matter,

N=Nitrogen, C:N = Carbon to Nitrogen ratio.

Table 3. Results of soil physical analysis of each growth media.

Types of Media Sand (%) Clay (%) Silt (%) Textural Class
Fine Sandy Soil (FS) 88 8 4 Sand

Forest Soil (ForS) 38 32 30 Clay loam
Decomposed Coffee Husk (DCH) 20 46 34 Clay

FS + ForS (1:1) 70 18 12 Sandy loam

FS +DCH (1:1) 76 14 10 Sandy loam
ForS + DCH (1:1) 58 22 20 sandy clay loam
FS + ForS + DCH (1:1:1) 70 18 12 Sandy loam

Source: FS=Fine Sandy Soil; ForS=Forest Soil; DCH=Decomposed Coffee Husk

2.4. Data to Be Collected

Data on the growth of cardamom seedlings were recorded
from each plot by taking 8 seedlings. These parameters
included; plant height (cm), number of the tiller (plant™), root

volume (cm’), leaf area (cm?), total fresh biomass (g), and
total dry biomass (g) were measured when the seedlings bear
4-5 leaves or got 6 months old [2]. According to [2], the
seedlings attain their maximum growth and biomass yield
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during this growth stage at nursery and recommended for
transplanting .2.5. Data Analysis

All the collected data were first checked for fitting the
normality assumptions of ANOVA. Then, all data were
subjected to analysis of variance (ANOVA) using SAS
software [25]. The means comparison and separation were
done by using the LSD (List Significance Difference) range
test at a 5% level of significance [6, 12].

3. Results and Discussion

Results of this study showed that plant height, number of
tiller per plant, number of leaves per plant, and leaf length
were significantly influenced by growth media (P<0.5). Plant
height was significantly influenced by sandy soil media while
all other growth media types showed a non-significant
difference for plant height. The maximum and minimum

plant height was recorded in decomposed coffee husk +
forest soil mixture (60.98 cm) and sandy soil media (34.17
cm), respectively. Sandy soil media was recorded a minimum
tiller number as compared to the other media and the
maximum number of tiller was observed in decomposed
coffee husk + forest soil media mixture (4.17). Hence, the
higher number of leave number was recorded in decomposed
coffee husk + forest soil media mixture (18.92) and the least
was recorded in sandy soil media (12.08) (Table 4). The
result of the study showed that all growth media types
showed a non-significance difference in the leaf length of
cardamom, except the sandy soil media type. However, the
longest leaf was observed in decomposed Coffee husk +
Sandy soil + Forest soil (1:1:1) ratio (20.75 cm) and Forest
soil + Sandy soil (1:1) ratio (20.37 cm). Whereas, shortest
leaf of cardamom seedlings was recorded in Sandy soil
media about 12.04 cm (Table 4).

Table 4. Plant height, leaf length, tiller and leaf number, of cardamom as influenced by nursery growth media at Teppi.

Treatments Plant height (cm) No. of tillers (plant™) No. of leaves (plant™) Leaf length (cm)
Fine Sandy Soil (FS) 34.17° 1.83° 12.08° 12.04°

Forest Soil (ForS) 54.25° 3.00® 14.17% 18.58"

FS + ForS (1:1) 58.29° 2,75 15.83% 20.37°

FS + DCH (1:1) 53.33¢ 3.42% 14.92% 19.13*

ForS + DCH (1:1) 60.98° 4.17° 18.92° 19.75*

FS + ForS + DCH (1:1:1) 60.68" 3.25% 16.08% 20.75°
LSD(0.05) 13.54 1.77 5.78 4.40

CV(%) 13.88 31.70 20.74 13.25

FS=Fine Sandy Soil; ForS=Forest Soil; DCH=Decomposed Coffee Husk

The increased number of leaf, tiller, and height of
cardamom seedlings could be attributed to the suitability of
the growth media mixture for a better source of organic
matter. It also acts as a better source of nutrients, moisture,
and aeration for fast germination, vigorous growth of roots,
and shoot [33]. The present result in line with the research
findings of [29, 28, 14, 16] and [17] on coffee, peach, and
korarima seedlings, respectively. Whereas, the retarded
growth of cardamom seedlings on the sandy growth media
might be associated with the poor sources of the media for
nutrient and moisture for the growing seedlings. This result is
also supported by [13] and [19], who reported the negative
responses of sandy growth media alone on the availability of
moisture, nutrient, and aeration for the growing seedlings.

On the other hand, the leaf area and root volume of the
cardamom seedlings were greatly influenced by growth media
types. However, the growth media did not show a significant
difference in the root length of cardamom seedlings (Table 5).
The maximum and minimum leaf areas were observed on
Decomposed coffee husk + Forest soil + Sandy soil (1:1:1)
mixed media (70.79 cm?) and sandy soil media alone (32.22
cm?), respectively (Table 5). Hence, Sandy soil + Forest soil
(1:1) media showed that a significant difference over sandy
soil media in root volume, the rest of the media were not
significantly different from each other. In this regard, the
highest and lowest root volume of the cardamom was recorded
in Sandy soil + Forest soil (1:1) media (12.92 ml) and Sandy
soil media (5.17 ml), respectively.

Table 5. Effects of different nursery growth media on root length, root volume and leaf area of cardamom seedlings at Teppi.

Treatments Leaf Area (cm?) Root Length (cm) Root Volume (ml)
Fine Sandy Soil (FS) 32.22° 35.83" 5.17°

Forest Soil (ForS) 59.37* 40.83™ 6.54"

FS + ForS (1:1) 68.34" 49.93™ 12.92*

FS + DCH (1:1) 60.76" 47.87"™ 11.42%®

ForS + DCH (1:1) 68.65° 49.87"™ 11.54%®

FS + ForS + DCH (1:1:1) 70.79* 45.02™ 12.04*

LSD(0.05) 21.93 16.32 6.63

CV(%) 20.00 20.00 36.67

FS=Fine Sandy Soil; ForS=Forest Soil; DCH=Decomposed Coffee Husk

The fresh and dry weight of shoot and roots of cardamom

seedlings were significantly (p<0.05) influenced by different
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growth media. Accordingly, decomposed coffee husk + forest
soil + sandy soil (1:1:1), decomposed coffee husk + forest
soil (1:1), and sandy soil + forest soil (1:1) media mixtures
were significantly different from sandy soil both in fresh and
dry weight of shoot and root of cardamom seedlings (Table
6). However, all growth media mixtures and forest soil alone
were not statistically significantly different from each other.
The highest fresh weight of shoot (41.83g) and root (14.29g)
were recorded similarly from decomposed coffee husk +
forest soil (1:1) media mixture, while the lowest values
(10.29¢g) and (5.25g) were recorded from sandy soil alone
media, respectively. Similarly, the highest (4.37g & 1.28g)
and lowest (1.4g & 0.5g) dry weight of shoot and root of
cardamom seedlings were recorded from the aforementioned
growth media types, respectively (Table 6).

The observed highest fresh and dry weight of shoot and
roots of cardamom seedlings on DCH + ForS + FS (1:1:1),
DCH + ForS (1:1), and FS + ForS (1:1) media mixture could
be due to the effects of media compositions on the soil
structure and texture. It also improves the moisture retention
capacity of the media, availability, and uptake of nutrients,
thereby the seed germination, root penetration, and
subsequent growth of shoot enhanced [36, 35] and [14]. This
result is supported by the research works of [29, 30, 24, 16],
and [17]. Whereas, the recorded lowest results of the fresh
and dry weight of shoot and roots from sandy soil alone may
be due to low nutrient composition and poor moisture
retention capacity of the media, which retarded the growth of
cardamom seedlings. This result is also supported by [13]
and [19].

Table 6. The fresh and dry weight of shoot and roots of cardamom as influenced by nursery growth media at Teppi.

Fresh Weight of Shoot (g Fresh Weight of Root (g Dry Weight of Shoot (g Dry Weight of Root (g
Treatments 1 -1 -1 -1

plant’) plant’) plant’) plant’)
Fine Sandy Soil (FS) 10.29b 5.25b 1.4b 0.50b
Forest Soil (ForS) 27.83b 8.50ab 3.00a 0.78ab
FS + ForS (1:1) 30.33a 13.50a 3.25a 1.27a
FS +DCH (1:1) 28.21ab 11.42ab 2.85ab 0.94ab
ForS + DCH (1:1) 41.83a 14.29a 4.37a 1.28a
FS + ForS + DCH (1:1:1) 36.83a 12.92a 3.54a 1.01a
LSD(0.05) 18.55 7.53 1.84 0.64
CV (%) 34.70 37.70 33.36 36.10

FS=Fine Sandy Soil; ForS=Forest Soil; DCH=Decomposed Coffee Husk

The observed highest fresh and dry weight of shoot and
roots of cardamom seedlings on DCH + ForS + FS (1:1:1),
DCH + ForS (1:1), and FS + ForS (1:1) media mixture could
be due to the effects of media compositions on the soil
structure and texture. It also improves the moisture retention
capacity of the media, availability, and uptake of nutrients,
thereby the seed germination, root penetration, and subsequent
growth of shoot enhanced [19, 36, 35, 34]. This result is
supported by the research works of [29, 30, 24, 16] and [17].
Whereas, the recorded lowest results of the fresh and dry
weight of shoot and roots from sandy soil alone may be due to
low nutrient composition and poor moisture retention capacity
of the media, which retarded the growth of cardamom
seedlings. This result is also supported by [13, 19].

4. Conclusion

In general, the study indicated that a mixture of decomposed
coffee husk + forest soil (1:1) ratio media maintained good
results on several cardamom growth parameters such as plant
height, tiller number, leaves number, shoot fresh and dry
weight, root fresh and dry weight at nursery condition. The
study also confirmed the better suitability of decomposed
coffee husk + Forst soil (1:1) ratio media for good
establishment of growth traits, for instance, leaf length and leaf
area. Hence, sandy soil + forest soil (1:1) ratio mixture was
also a suitable medium for root length and root volume of
cardamom seedlings. Therefore, from this study, we concluded
that better cardamom seedling growth and development can be

achieved from coffee husk + forest soil (1:1) growth medium
so, framers around the study area and similar agro-ecology of
Ethiopia will use this recommendation for better cardamom
seedling establishment. Further, research should focus on the
performance of seedlings on the field irrespective of yield and
yield component traits.
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