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Soil that is rich in organic matter means soil that is rich in physical and chemical properties and
enhances plant growth and development. The objective of this study was to investigate the effect of soil
provenance on seed germination and seedling growth of Aframomum citratum. Soil provenances were
Buea, Dschang and Bamenda. These respective soil types were filled into 25 cm diameter polyethylene
bags and pretreated with a systemic fungicide and nematicide prior to the sowing of 432 dried seeds
and 432 fresh seeds of A. citratum, arranged in a Complete Randomized Design in a temperature-
controlled glasshouse. Germination monitoring and data collection (germination percentage and
germination speed) was done daily for six weeks. Early growth parameters (number of leaves, leaf
surface area and height of seedlings) were measured weekly for eight weeks. Fresh seeds started
germinating 2 months after sowing. Dried seeds treated with 50% diluted H,SO, for 20 min, did not
germinate. Soil types significantly affected the cumulative germination percentage and early growth
(p<0.05). Highest germination percentage (58.33%) was produced in Bamenda soil, least in sand (20%)
but then, Buea soil produced healthiest seedlings. Germination of A. citratum seeds can be effectively

realized based on information from this research.

Key words: Germination, seeds, soil physiochemical properties, Zingiberaceae.

INTRODUCTION

Seed germination and early seedling growth phases are
considered critical for raising successful crop stand
density and consequently the yield of resultant crop
(Hossain et al., 2005). Germination of seeds can be
influenced by many factors such as the type of substrate
used and environmental factors such as supply of oxygen
and water, temperature, and light (Hartman et al., 2007).
Germination and emergence are the two most important

stages in the life cycle of plants that determine the
efficient use of the nutrients and water resources
available to plants (Gan et al, 1996) and their
competition for an ecological niche (Forcella et al., 2000).
Therefore, studies on factors that affect germination,
survival percentage and seedling growth for a particular
plant species are required.

Aframomum citratum is a perennial herb in the family
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Zingiberaceae (Ginger family) with underground rhizome
and stems up to 4 m high, which are red at the young
stage of growth. Its leaflets have petioles about 2 cm long
with oblong linear blade and an asymmetric rounded
base. Their inflorescences originate at the base of the
stem with reddish ovate bracts up to 6 cm wide. They
have trimerous flowers, tubular calyx and oblique
truncates of up to 7.5 cm in length. They possess a 3-
lobed tubular corolla spreading oval with sharp edges,
measuring about 7 cm x 5 cm. The fruits are ovoid with a
capsule of about 3 cm in diameter, extended by the long
tube of the calyx. The seeds are small (+ 3 mm in
diameter), numerous, sub-globulous, and contained in a
white pulp (MINFOF 2007). The fruits of Aframomum
species are eaten fresh by men, monkeys and rodents
(Lékané, 2009). The seeds of A. citratum serve as a
condiment to add spice during seasoning and various
other dishes in Bassa communities in Cameroon (Vivien
and Faure, 1995). Their rhizomes and large leaves protect
soils against erosion (Eyob et al., 2008). Agriculturally,
Nelson et al. (2010) demonstrated that A. citratum seed
extract is a potential antifeedant which can be used as an
environmentally friendly insecticide. According to Tabuna
(1999), the fruits of this species were sold in Africa and
Europe to generate income. The seed is the only part of
A. citratum which is used in the traditional pharmacology
to cure cough. It also serves as a thickening agent in
medicinal preparations (Laird, 2000). A. citratum has
been designated a non-forest timber product (NTFP) in
the Congo Basin and the part exploited are the seeds
and leaves (FAO, 2005), thus its propagation potentials
are paramount for sustainability.

Several studies have been carried out on the effects of
soil physicochemical properties on germination and
growth performance of some plant species. The
declination of soil fertility is considered as an important
cause for low productivity of many soils (Sanchez, 2002).
Culture media or soil composition used influences the
quality of seedlings (Wilson et al.,, 2001). This is
confirmed by Agbo and Omaliko (2006), who wrote that
nursery potting media influence the quality of seedlings
produced.

Despite its socio-economic and pharmacological
importance, knowledge on its propagation is still lacking
(Anjah and Christiana, 2020). This study was aimed at
investigating the effect of some soil physicochemical
properties on the germination and early growth of fresh
and dry seeds of A. citratum.

METHODOLOGY

Soil sample collection areas and study site

This study was carried out in two phases. The first involved the
collection of soils from three Regions of Cameroon on a 1 ha land
each: Buea situated in the Southwest Region in latitude 4°10'0"N,
longitude 9° 14’ 0" E and altitude 870, Bamenda situated in the
Northwest Region in latitude 5° 57’ N, longitude 10° 10’ E and
altitude 1,614 m and Dschang situated in the West Region in

latitude 5° 26' N, longitude 10° 26' E and altitude 1,400 m. the
seeds used for this study was collected from Bali Nyonga
(Northwest Region of Cameroon) irrespective of the fact that it
naturally grows in the South Region of Cameroon. Hence, in order
to test if this plant can be domesticated in other arias, these sites
were chosen for collection of soil because they are all in the
Western Highland of Cameroon.

The second phase involved observation and monitoring of
germination and early growth parameters, by the establishment of a
non-midst propagator where seeds were sown in polyethylene
bags. The study was conducted in Dschang, at the IRAD research
farmland (Figure 1).

Soil collection and soil analysis

The zigzag sampling method was used to collect soils (FAO, 2004).
The laboratory of Soil and Environmental Chemistry of FASA was
used for detailed chemical, textural and structural analysis of the
soils. To prepare these soils for analysis, soil samples were
mashed using a pestle and mortar, passed through a 2-mm sieve to
remove large debris, and then air-dried. 500 g of each soil sample
was then put into zip lock bags, labeled and analyzed in the
laboratory using standard techniques (Ghosh and Kundun, 1991).
The control media for this research was sand.

Chemical analysis of soil

The soil organic matter was determined using the Walkley-Black
procedure.

Soil pH for water and potassium chloride was done using a pH-
meter with a glass electrode (Hanna Instruments) in a suspension
of 1:2.5, soil and 0.01 M CacCl, (DIN ISO 10390 2005).

Soil P, Na, Ca and Mg concentrations were determined using the
complexometric titration procedure outlined by Lakanen and Ervio
(1971).

Determination of the Cation Exchange Capacity (CEC) was
obtained by summing the exchange acidity (EA) and total
exchangeable bases (TEB). Determination of EA was by BaCl,-TEA
(Barium dichloride- triethanolamine) method (Walkley and Black,
1934).

Physical analysis of soil

Soil texture was analyzed using the hydrometer method (Shepherd,
2000).

For soil structure, together with a field guide, this phase
consisted of a visual description of the different soil types (granular,
blocky, platy, prismatic, etc.), size, grade and consistency (McGarry
and Sharp, 2003).

Plant material: A. citratum K. Shum

The plant materials for germination were fresh and dried seeds
collected from population of the North West of Cameroon, precisely
in Bali Nyonga (Figure 2).

Floatation test

This process was to estimate the percentage of viable seeds in a
seed lot. Water at room temperature was the separating agent
(Wamegni, 1991). Both fresh and dried seeds of A. citratum were
soaked into separate containers of water for 30 min. The seeds that
floated were not viable while those which settled at the bottom of
the container were considered viable to germinate.
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Figure 1. Location map of the regeneration study area.

Source: Research coordinates

Figure 2. Fresh fruits of A. citratum (a), dried fruits of A. citratum (b), and seeds of A. citratum (c).
Source: Anjah and Christiana, 2020

Experimental design and data collection

The study was conducted in the nursery of the Department of
Forestry FASA located in "Campus A" of the University of Dschang.
The experiment ran for a period of 22 weeks. A total of 864 seeds
of A. citratum were used for this research. 432 fresh seeds and 432
dry seeds. 36 polythene bags were filled per soil origins and same
for sand, hence a total of 144 polythene bags. The polythene bags
were laid out in a Randomized Complete Block Design inside a
non-mist propagator of 4 m x 2 m. The 144 filled pots were treated
with fungicides (Furaplants) to prevent fungal attack. Each batch of
36 filled pots was then divided into two groups of 18 pots each, in
which were sown 108 fresh seeds and 108 dry seeds of A. citratum,
respectively. The dry seeds were treated with sulphuric acid diluted
at 50% to enhance germination; while the fresh seeds received no
treatment. In each bag, 6 seeds of A. citratum were sown but only
one per hole. Manual watering was applied after every two days to
the seeded bags using a watering can, so that the medium
substrate was kept moist without getting water logged. The
experimental design was the same for fresh and dry seeds.

Germination and early growth parameters were monitored and
calculated as follows (Niang et al., 2010; Keshava et al., 2014):
Germination percentage =

Number of seeds that perminated

X 100

Total number of seeds that were planted

nl n n3 nx
Germination speed (GS) = 1 + 2 + 3 + N
where nj...nx= number of seed germinated per day and 1, 2, 3...x =
number of days.

(1) Shoot height (SH) was measured from the base of the plants to
the apex.

(2) Number of leaves (NL) were counted on the stem every day
after one week.

(3) Leaf surface area (SA): SA = L x W x 2/3 (Raunkiaer, 1934),
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Table 1. Soil physicochemical properties.

Soil texture (%) Bamenda Dschang Buea
Sand 43 45 45
Silt 6 8 10
Clay 51 47 45
Soil reactions

H,O-pH 6.90 7.30 5.80
KCL-pH 6.10 6.80 5.00
Organic matter

Organic carbon (%) 4.33 3.20 5.23
Organic matter (%) 7.50 5.52 9.02
Total nitrogen (g/kg) 3.05 2.76 2.20
C/N ratio 14 12 24
Exchangeable cations (milliequivalents/100 g)

Calcium 8.24 4.64 9.48
Magnesium 0.32 291 1.04
Potassium 0.54 0.38 0.88
Sodium 0.06 0.01 0.03
Total 9.16 7.94 11.43
Cation exchange capacity (meq/100 g)

Effective CEC 9.16 7.94 11.43
S/ICECE (%) 100 100 100
CEC pH7 31.20 31.04 33.40
Saturation bases (%) 29 26 34
Assimilated phosphorus 33.00 67.23 46.00
Exchangeable acidity 0.00 0.00 0.00

where L: length of leaf blade and W: width of leaf blade.

4) Seedling vigor (sv) =

Total number ofhealthy zeedlings

» 100,

Mumber of total zeedlings

Data analysis

All data collected were entered in EXCEL sheets, the results were
submitted to analysis of variance (ANOVA). Using XLSTAT, the
least square means was used to detect significance of growth rate
in A. citratum plants. An effect was considered significant if its p-
value was <0.05 (Gomez and Gomez, 1984) and means were
compared with the Duncan Multiple Range Test. Data is
represented using tables and figures subsequently shown.

RESULTS
Soil physiochemical properties

Data in Table 1 shows the physiochemical properties of

soil samples collected from different localities. The soil
samples from Dschang and Buea had the highest
percentage of sand (45%), while Bamenda had the least
with 43%. 10% of silt was present in Buea soil, 8% in
Dschang soil and 6% in Bamenda soil. The percentages
of clay also varied in the different soil samples with
Bamenda having the highest of 51% followed by 47% in
Dschang soil and the least in Buea soil sample, which
was 45%. As concerning the pH values of water (H,O)
and potassium chloride (KCI) for the different soll
samples, the soil water pH had a low basic concentration
in Dschang (7.3), very low acidic concentration in
Bamenda soil sample (6.9), and finally, an acidic
concentration in Buea soil sample (5.8). The same
pattern occurred for KCI pH, but with different values: that
of Dschang soil was 6.8, 6.1 for Bamenda soil and 5.0 for
Buea soil. Also, a variety of cations were present in all
three soil samples. The presence of these cations was
guantified in milliequivalents/100 g. Total cations for
Bamenda soil was 9.16, while that of Dschang was 7.94
and Buea was 11.43. In addition to that, the degradable
contents of the sampled soils showed the quantity of
organic carbon contents which were present in the soll
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Bamenda soil Dschang soil
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Figure 3. Effects of soil provenance on germination percentages.

samples. Generally, the C/N ratio was 24 for the soil of
Buea, 14 for Bamenda and Dschang had the lowest (12).
It is worth noting that, overall, the more desirable soil
properties remain highest in Buea and weakest in
Dschang soils.

Germination and early growth parameters

The latent period for seed germination was seven weeks
after the day of sowing and germination was monitored
for the next 46 days, after which the observation and
measurements of early growth parameters began. Out of
the 432 fresh seeds and 432 dry seeds sown in the
germination test, it was observed that only 200 fresh
seeds germinated. The dry seeds were treated for 20 min
in concentrated sulphuric acid diluted at 50% to enhance
germination, since this concentration is reported to have
given best results in past studies on Aframomum spp. At
the end of this study, it was observed that the acid
treatment instead killed all the dry seeds and none
germinated.

Since the purpose of this experiment was to determine
whether soil physiochemical properties could affect
germination and early growth, germination was defined
as the point at which a seedling at the soil surface.

Germination percentage

Seed sown in Bamenda soil had the highest germination
percentage of 58.33%. It was followed by Dschang and
Buea soils with the same germination percentage of
49.07%, each. Statistically, this result was not significant

in all soil types at p > 0.05, but was significant between
the soils and sand (Figure 3).

Germination speed (GS)

Figure 4 shows that seeds sown in Buea soil had the
highest germination speed of 4.43, while that of Bamenda
had a germination speed of 4.36, and the germination
speed for Dschang soil was 4.32.

Number of leaves

The number of leaves on seedlings varied per week in all
soil types. Until the 4th week, the order in number of
leaves per seedling was Dschang>Bamenda>Buea, but
at the end of the 8th week seedlings in Bamenda soil had
the least number of leaves, while those of Dschang and
Buea were highest (Figure 5). Statistically, a significant
difference (p < 0.05) in the number of seedling leaves
was only observed in the second week. During the 4, 6
and 8th weeks of observation, there was no significant
difference (p = 0.05) in seedling number of leaves for all
soil types (Table 2).

Shoot height

Seedlings in Dschang soil had the tallest heights,
followed by those in Bamenda soil; while seedlings in
Buea soil were shortest, and there was also a very clear
increase in the shoot height as the weeks of observation
increased (Figure 6). These differences were not
significant at (p<0.05) in shoot height for all soil types in
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Figure 4. Effects of soil provenance on Germination speed.
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Figure 5. Variations of seedling number of leaves in different soil types.

the 2", 4™, 6™ and 8" weeks of data collection (Table 3).

Leaf surface area

Dschang soil produced seedlings with the largest surface
area; while Buea soil had seedlings with the smallest
surface area (Figure 7). Despite these constant increases
of leaf surface area, there existed a significant difference
(p < 0.05) in leaf surface area only in the fourth week;
meanwhile in the 2", 6" and 8" week, there were no
significant differences (Table 4).

Seedling vigor

Figure 8 shows that the percentage of healthy seedlings
was highest in Buea soil (98.11%), and Bamenda soil

had the least number of healthy seedlings (87.30%).

DISCUSSION

The results of the present study show that forest top soil
(0-20 cm) produces a higher germination percentage for
A. citratum compared to sand alone. Also, variations in
soil physicochemical properties affected germination and
growth of fresh seeds of A. citratum. The differences in
germination percentage for the different soil types as
reported in the results may be attributed to the
differences in their physicochemical properties (Six et al.,
2000; Carter, 2002). One of the most significant factors
for seed germination in the nursery is the type of
substrate and the substrate needs to have adequate
aeration and moisture for germinating seeds (Kanmegne
et al., 2015). Germination of A. citratum seeds may have



Table 2. Effect of soil physiochemical properties on the mean number of leaves.
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Soil provenance Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Bamenda 6.33+1.34% 6.69+1.19%" 647+1.02° 6.3+0.84® 6.42+087" 6.83+0.94® 6.86+0.97" 7.16+0.79%
Buea 533+1.83%° 561+1.65° 578+1.65" 583+1.87" 6.22+188" 6.83+1.72" 7.08+1.97" 7.66+1.77%
Dschang 6.05+0.61* 7.22+0.34" 7+036%° 6.61+0.26 6.89+040" 7.38+0.56° 7.22+0.34° 7.61+0.60%
Means in the same week followed by the same letter in the row and column do not differ significantly by Duncan test at 5%.
25.00 -
a
20.00 -
a ab
En ab b
§ 15.00 a b
(=] a
= W Dschang
u a b
= 10.00 - a M Bamenda
s
] b Buea
5.00 -
0.00 - T . . .
2weeks 4 weeks 6 weeks 8 weeks
weeks of observation
Figure 6. Weekly variations in shoot height for different soil types.
Table 3. Effect of soil physiochemical properties on the mean seedling height (cm).
Soil provenance Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Bamenda 8.19+3.70° 9.33+359% 10.77+3.68° 12.49+3.81% 143+4.19* 16.03+4.77% 16.72+4.85° 18 + 4.65°
Buea 5.61+2.92° 6.89+3.89° 825+478° 988%5.39% 11.75+6.90° 13.59+7.98% 15.01+9.34* 16.19+9.77°
Dschang 8.52+3.45° 12.19+0.62° 12.33+3.54* 14.15+3.64° 1588+ 3.88° 18 + 4.52° 18.84 + 4.45° 20.59 + 4.41°

Means in the same week followed by the same letter in the row and column do not differ significantly by Duncan test at 5%.

71
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40.00
35.00 @a a
30.00 a a
=
?25.00 2 ?
m
gzo 00 a a 2b M Dschang
E | a b M Bamenda
E 15.00 Buea
10.00
5.00
0.00 - . ,
week2 week4 week @ week 8
Observation weeks
Figure 7. Changes in leaf surface area for different soil types.
Table 4. Effect of soil physiochemical properties on the mean leaf surface area (cm?).
Soil provenance Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Bamenda 16.35+8.47° 18.26+9.13% 20.26 +9.51° 22.32+9.21* 2503+9.45® 27.05+9.83*" 28.75+1.00®° 31.62+1.01%*
Buea 13.36 +9.37° 14.89+9.95% 16.18+1.03° 17.58+1.08% 20.4+1.34%* 17.93+156™ 19.95+1.65" 22.25+ 1.66*
Dschang 16.97 +4.76° 19.42+5.02* 21.62+518° 24.37+6.28% 27.35+6.51®° 29.13+7.28% 31.11+7.29" 33.62+6.70%

Means in the same week followed by the same letter in the row and column do not differ significantly by Duncan test at 5%.

been enhanced by the constantly moist condition
in the soils, which is not possible in sand. Similar
results have also been reported for seeds of many
others species that soil is a better growth media
than sand (Benvenuti, 2003; Rodriguez et al.,
2014), although ISTA (2004) has suggested sand
as a suitable medium for seed germination in
some species.

Yerima (2011) stated that soils differ in
characteristics such as texture, effective depth,
gravel content, compactness and water infiltration
rates. Bamenda soils were observed to be rich in

alluvial deposits the soil types observed here
include Inceptisols, Entisols, and Oxisols. It was
suggested that due to these variations in soil
types across elevation, important differences in
physical, chemical and biological characteristics
exist at regional scale; these could be the reason
for the high germination percentage observed in
the Bamenda soil. The high organic matter
content noted in the soils collected from Buea
could have probably enhanced the germination
rate by improving the soil bulk density, porosity
and particle size, which promote aeration and

water retention that enhance seed germination
and subsequent seedling emergence.

The rapid increase on germination speed in
soils collected from Bamenda could probably be
attributed to improved soil structure and moisture
retention (Garcia-Orenes et al., 2010). Adequate
moisture in the soil supposedly triggered
enzymatic processes in the seed cotyledon.
These enzymatic activities promote production of
plant growth gibberellin acid and cytokines that
stimulate embryonic cell mitotic cell division and
thereby trigger the germination speed. The pores
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in the soil are the controlling factor influencing water
retention. Furthermore, soil structure influences soil, air,
and temperature which in turn affect all factors
cumulatively influencing seedling germination processes
(Ogunniyi et al., 2014).

The non-significant effect of soil types in growth
parameters at the early stages can also be attributed to
the fact that at this stage, the seedlings largely depended
on nutrients in the seed’s reserves (Yerima et al., 2015).
Soil pH results of this study revealed that Buea soil had a
good acidity, a condition favorable for nutrient uptake by
plants (Tisdale and Nelson, 1975). As availability and
uptake of both macro and micronutrient by plants is
known to be influenced by soil pH, this study also
analysed pH for various growth media. This is probably
because some major nutrients which influence plant
growth and development require slightly acidic to slightly
alkaline pH levels to be available for uptake (Jones et al.,
2003).

The comparatively better growth in seedlings grown in
the soils from Buea was probably because of the
availability of certain macro and micronutrients in the sail,
which may have promoted the early rapid growth.
Nutrients such as N, P and K play a significant role in
plant growth and development. Nitrogen plays a vital role
in the biochemical and physiological functions of the
plant, which is, increasing photosynthetic processes, leaf
production, leaf area, root development as well as net
assimilation rate (Ogunniyi et al., 2014). Significance of P
has also been established by several researchers
(Ahmad et al., 2009).

Poor leaf production (early yellowing) in soils collected
from Dschang at the end of the research was probably
because of low levels of both macro and micro-nutrients
including N, Mg and other trace elements, such as Fe
and Zn, which play a major role in chlorophyll production.

This could also be because of the percentage of sand
present in the soil. Since, sand content is a physical
parameter affected by soil erosion and, hence, can be
measured and used as an indicator for evaluating soll
degradation under different land use systems. These
results are in agreement with the findings of Javad et al.
(2014) who attested to the results of Ayele et al. (2013).

Irrespective of the fact that seedlings in Bamenda soll
had high germination percentage and speed, the results
of its early growth properties dropped by the end of the
research. This result corroborates the findings of Yimer et
al. (2008) who reported that the concentration of sail
exchangeable Na® was lower in cropland than in the
grazing and native forest. Alem et al. (2010) also
observed higher soil exchangeable Na® concentration in
soils under Eucalyptus grandis when compared with
those of native forest in Ethiopia. Significantly high
concentrations of exchangeable Na® in the soil,
particularly in proportion to the other cations present, can
have an adverse effect on crops and physical conditions
of the soil (Bashour and Sayegh, 2007).

Conclusion

Physicochemical properties of soils from three
provenances (Bamenda, Dschang, Buea), of the Western
Highlands affected the germination of fresh seeds but at
different angles though this difference is not significant.
The highest percentage of seedlings was produced on
Bamenda soil but then Buea soil produced healthier
seedlings. Sand is a very poor growth media for A.
citratum since it has a very low water retention capacity.
The domestication of A. citratum is possible with fresh
seeds but dry seeds when treated with 50% dilution of
sulfuric acid, will not germinate. This study examined
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soils in the Western Highlands of Cameroon, which is the
same ecological zone hence not very much differences in
the soil properties. Thus for further investigation, soils
from different ecological zones should be considered.
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