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Abstract: Little attention is being paid to Amaranthus caudatus in the Eastern Cape
Province and other parts of South Africa as a vegetable that has huge potentials
in bridging nutritional gap between the rich and the poor. This work investigated
germination response of the plant to environmental conditions and variation in its
germination characteristics at various depths in different soil types with the intent
of complementing limited data available on the general agronomy of the species.
At the end of the study, the highest germination was recorded at 25 °C and under
continuous dark conditions, although the seeds germinated well under a wide
range of temperatures and other photoperiods. The species germinated under all
seeding depths considered, though late emergence was observed at depths below
2 cm. In addition, a significant (P < 0.05) interaction in pattern of germination
was observed in three out of the five soil types tested, whereas the control
(unfractionated) soil showed a highly significant (P < 0.01) interaction with the silt
clay loam and loam soil. This overlapping interaction further confirmed that the
plant has wide surviving capabilities in various soils and environmental conditions,
hence, for optimum seedling emergence, it is recommended that A. caudatus be
planted in a loamy soil maintained at 25 °C in a continuous dark environment.
Keywords: Alternating temperatures, Amaranthus caudatus, germination
characteristics, photoperiods, sowing depth
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Introduction
Information on phenology of seed germination reveals that each species
follows a characteristic germination pattern in every season. Germination
season is limited for many species. Some species have the capacity to germinate
all through seasons while some species tend to acquire traits adapted to their
habitats to meet germination requirements (Olff et al. 1994; Meyer et al. 1997).
Therefore, adequate knowledge of germination characteristics is important due
to its immense contribution to the understanding of some key biological concepts
which include speciation, reproductive strategies, physiological processes and
mechanisms of adaptation to the environment (Baskin & Baskin 2001; Baskin et
al. 2001).
The process of germination is critical in the life of a seed. It is characterised
by cellular and molecular events in a complex but gradual manner which make
estimation of the beginning and end of germination difficult (Ranal & Santana
2006). Generally, germination begins with imbibition, followed by the activation
process and intra-seminal growth, resulting in protrusion of the embryo which
completes the germination process (Labouriau 1983). However, precision
in determining the exact time germination occurs in plant species has been
subject of contradictions among researchers due to under or overestimation of
germination capacities of plants, thereby making acceptability of results difficult.
Hence, many researchers adopted germinability and other related terms as a
consensus in measuring germination (Labouriau 1983; Ranal & Santana 2006).
In his paper on history of germination, Evenari (1980) reported that
Theophrastus (c372-287 BC) had listed factors controlling seed germination
characteristics to include: food reserved in seed embryo, environment under
which seed matures, climatic factors, presence of growth inhibitor, thickness
of seed coats and seed age. However, a combination of environmental factors
such as light, temperature and soil conditions also controls seed germination
(Kambizi et al. 2006; Lewu et al. 2010; Chauhan & Johnson 2008; Torra et al.
2016). Thus, requirements for seedling emergence and germination can be used
to characterize the prevalence and adaptability range of a species (Chauhan et
al. 2006; Chauhan & Johnson 2009).
Recent focus on Amaranthus species resides in the fact that they have a great
amount of genetic diversity, phenotypic plasticity, they are extremely adaptable
to adverse growing conditions, they resist heat and drought, have no major
disease problem, and are among the easiest of plants to grow in agriculturally
marginal lands (Rastogi & Shukla 2013). In spite of the above, data on cultivation
statistics of Amaranthus is limited in South Africa (van Rensburg 2014) due to
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inadequate research and underestimation of its nutritional values. An empirical
study on the production requirements of the species, especially under small
scale system, is therefore imperative.
Amaranthus caudatus L. is an annual flowering plant with red pendant
inflorescence. The red inflorescence has been attributed to the presence of
betacyanin pigment (Cai & Corke 1999). Many parts of the plant are edible and
are used as a source of medicine in Africa, India, South America and other parts of
the world (Gupta et al. 2004; Idris et al. 2017; Peter & Gandhi 2017). A. caudatus
has been reported in several publications for its nutritional, phyto-medicinal and
ethnobotanical purposes. In South Africa and Swaziland, the ash of the plant
is used either alone or mixed with an equal quantity of powdered tobacco for
making snuff and the leaf is used as an abortifacient and in pulmonary condition
(Edward 1978; Jimoh et al. 2018). The foliage is used to reduce hemorrhea,
diarrhoea, and to treat ulcerated wounds. The dried flowers are used as tea
and in contraception and excessive menses while the boiled leaves are used in
swellings and in stomach upset (Kufer & Heinrich 2003). In ayurvedic medicine
system of India, A. caudatus is used to treat a number of ailments, namely
goitre, urinary trouble, piles, pulmonary disorder, etc. The leaves are used as
tea for blood purification and as diuretic (Chopra & Kanwar 1991; Gupta et al.
2004). The seeds could inhibit the growth of different plant pathogenic fungi
at much low doses and other chitin binding protein. They also show activity to
gram positive bacteria (Rastogi & Shukla 2013).
The dearth of information on effects of soil types on propagation of A. caudatus
in the Eastern Cape Province may not be unconnected to its small seeds size, little
cultivation data and a lack of appropriate crop protection techniques, despite
being a promising plant for development as an agricultural crop in South Africa
(van Rensburg 2014). It is therefore pertinent to investigate the germination
dynamics of A. caudatus seeds in order to examine conditions controlling their
germination such as photoperiod, alternating temperatures and sowing depths.
This will assist to document adequate information on germination requirements
of the plant with respect to the Eastern Cape condition as the species tend to
acquire traits adapted to their habitats to meet germination requirements (Olff
et al. 1994; Meyer et al. 1997).
Hence, the core objective of this work was to investigate germination
requirements of A. caudatus in the Eastern Cape where it is regarded as a wild
plant under conditions such as alternating temperatures and photoperiods and
to examine variation in its seedling emergence in different soil types with the
intent of augmenting limited data available on the plant.
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Materials and methods
Study area
Light and temperature ranges. Both light and temperature experiments
were carried out in Medicinal Plants and Economic Development research
laboratories, Botany Department, University of Fort Hare, Alice campus. Alice
town is located within coordinates 32°47' S, 26°50' E; altitude 535 m a.s.l., in the
Eastern Cape Province of South Africa.
Sowing depth determination. This was conducted in the greenhouse, sited on
the roof of Botany Department building, University of Fort Hare.
Collection of materials
Seed collection. Mature seeds of A. caudatus were collected from seed bank
at the Medicinal Plants and Economic Development (MPED) Research Centre,
Botany Department, Faculty of Science and Agriculture, University of Fort Hare
and were tested for viability.
Soil collection. Top soil for the experiment was collected from the University of
Fort Hare’s Research Farm Unit (32°47' S, 26°53' E), situated 5 km east of Alice in
the Eastern Cape, South Africa. The soil sample was transferred subsequently to
the green house for further treatments.
Experimental soil formulation. Top soil collected from school farm was air
dried in the green house and sieved into various particle sizes of clay, sand and silt
using iron sieves of designated mesh sizes ranging from 0.25-2 mm. Experimental
soil was then formulated by mixing sieved soil particles in proportions proposed
by the United States Department of Agriculture’s (USDA) soil texture triangle as
shown in Table 1.
Tab. 1. Experimental soil formulation in proportions recommended by soil texture triangle
technique (USDA 1951)
S/N
1
2
3
4
5

Soil types
Sandy Clay Loam
Silty Clay Loam
Clayey Loam
Loam
Control soil

% Sand
66
10
36
40
Unfractionated

% Silt
13
60
30
40
Unfractionated

% Clay
21
30
34
20
Unfractionated

After formulating the soils, each soil sample was heaped in cavity trays in three
replicates, filled to the brim and tagged accordingly.
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Seed viability test. Seed viability was verified using tetrazolium (2, 3, 5triphenyltetrazolium chloride) and sodium hypochlorite (NaOCl) tests of seeds
as proposed by Leist & Krämer (2003) and Peters (2000). A. caudatus seeds
were imbibed in water for 24 h, cut along the margin without damaging the
embryo and soaked in colourless 0.1 % solution of 2,3,5-triphenyltetrazolium
chloride (TTC) for 16 h at 25 °C in the dark. The seeds were then removed from
TTC solution, washed with distilled water and soaked in 10 ml of 95 % ethyl
alcohol to permit direct observation of the embryo. This was repeated for three
replicates of 50 seeds.
Seed weight. Seed weight was determined by calculating the mean weight of a
seed after weighing 100 seeds in three replicates on an analytical balance.
Seed germination trial. Germination trials were conducted by placing 50 seeds
each in (9-cm diameter) sterile Petri dishes lined with two Whatman No. 1 filter
papers and moistened with 3ml distilled water to ensure the filter papers were
adequately moistened for seed germination. Treatments were arranged in three
replicates of 50 seeds each and inspected for 14 days. On daily basis, germinated
seeds were counted and removed from the petri dishes. Emergence of radicle
was used as confirmation of germination.
Effect of light. The effect of photoperiodism on germination was investigated
under continuous light, continuous darkness and alternating light and dark in a
controlled atmosphere. For continuous darkness treatment, Petri dishes lined
with two Whatman No. 1 filter papers and moistened with 3 ml distilled water
were wrapped with three layers of aluminium foil and kept in the dark room for
14 days. The dishes were carefully opened and observed under green safe light
every day to count number of seeds germinated. Petri dishes for light treatment
were exposed to continuous illumination supplied by white fluorescent tubes
with a mean proton flux density of 24 μmol-2 s-1 sited at about 1.5 m above the
dishes to supply red light for germination. For alternating light and darkness
treatment, Petri dishes were placed in a room that has access to alternating
photoperiod as dictated by weather condition. For each treatment, 50 seeds
were placed in each dish in triplicates and 10 mL of distilled water was added
when necessary.
Effect of temperature. This was examined by placing 50 seeds of A. caudatus
in Petri dishes lined with a double sheet of Whatman No. 1 ﬁlter paper and
moistened with 3 ml of distilled water. The dishes were arranged in 3 replicates
and placed in incubators set at 10, 15, 20, 25, 30, 35 and 40°C respectively.
Germination count was taken every day for 14 days and seeds with protruded
radicles were considered germinated and subsequently removed from the Petri
dishes.
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Effects of sowing depths and soil types on germination. This was investigated
by placing 5 seeds in each 3 cm diameter hole of a 65 x 100 cm2 cavity trays at
different sowing depths of 0 (soil surface), 1, 2, 3, 4 and 5 cm in 3 replicates.
The trays were filled with different soil types formulated in accordance with
USDA (1951) recommendations except for the control (unfractionated) soil
which was used as gotten from the farm. The five soil types used were: control
(unfractionated), sandy clay loam, silty clay loam, clayey loam and loam. Trays
were irrigated daily, and germination count was recorded for 14 days. Seedling
emergence was monitored daily and used as the criterion for germination.
Measuring germination dynamics (Germinability)
i) Mean germination time − MGT (₸)

This was calculated as the weighted mean of the germination time as proposed
by Haberlandt in 1875 (Labouriau 1983). Total number of seeds germinated
during the period of data collection was used as weight. The use of the weighted
mean in estimating MGT is indispensable, since it takes into consideration how
long it takes for different number of seeds to germinate.

Where;
₸ = mean germination time
ni = number of seeds germinated in the time i corresponding to the ith observation
ti = time from the start of the experiment to the ith observation (day or hour)
ii) Mean germination rate – MGR (ῡ)

This was evaluated as reciprocal of mean germination time (Ranal & Santana
2006).

Where;
ῡ = mean germination rate
₸ = mean germination time
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Statistical analysis
Data from all treatments were analysed and expressed as mean ± standard
deviation (SD) of 3 replicates. For light and temperature treatments, one-way
analysis of variance (ANOVA) was used to determine significant differences
in germination parameters and the effect of both conditions on germination
percentage; while Pearson correlation analysis was used to compare relationship
between and within seeds grown on different soil types at depths (0, 1, 2, 3,
4 and 5 cm) mentioned above. In all, treatments were considered significantly
different at P ˂ 0.05 level. Where the data showed no significant difference, a
mean separation was done by comparing multiple means using the Levene’s Test
for Equality of Variances with the aid of Statistical Package for the Social Sciences
20 (SPSS 20) statistical package to define the general pattern of germination.

Results
Seed weight and viability
The mean weight of 50 seeds was 38.3 mg, therefore, the average weight of a
seed was 0.766 mg. Out of 50 seeds (in 3 replicates) treated with 0.1 % triphenyl
tetrazolium chloride, a total of 94.2 % were viable.
Effect of light on germination over a period of 14 days
In all light regime treatments, lowest percentage live seed emergence was
recorded in continuous light; highest percent germination was recorded in
continuous dark followed by alternating light and dark condition. For continuous
light, continuous dark and alternating light and dark conditions, the mean
percentage germination recorded were 84.00 %, 94.67 %, 92.00 % respectively
(Fig. 1). This indicates that dark condition supports germination of A. caudatus
seeds than continuous light and alternating conditions although percentage
germination was comparably high under the three conditions.
Effect of Temperature on germination over a period of 14 days
The results of the influence of temperature on the germination of A. caudatus
are presented on Tab. 2 and Fig. 2. The results showed that different temperatures
had significant effects on germination.
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Fig. 1. Effects of light conditions on mean percentage germination of A. caudatus seeds over 14
days.
Tab. 2. Effect of varying temperature conditions on percentage germination of Amaranthus
caudatus seeds monitored daily over 14 days
Day
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

10⁰C
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG

15⁰C
20⁰C
25⁰C
30⁰C
35⁰C
40⁰C
NG
NG
NG
NG
NG
NG
NG
NG
NG
89.33 ± 4.16 85.33 ± 3.06 80.00 ± 4.00
54.67 ± 4.16 76.00 ± 4.00 98.67 ± 1.15 1.33 ± 1.15
NG
5.33 ± 1.15
34.67 ± 3.06 6.67 ± 3.06 1.33 ± 1.15 1.33 ± 1.15
NG
1.33 ± 1.15
1.33 ± 1.15 2.67 ± 1.15
NG
1.33 ± 1.15
NG
NG
2.67 ± 1.15
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG

Values are mean percentage germination ± standard deviation of mean of three replicates (n =
50); (p < 0.05); NG: no germination

Effects of sowing depths and soil types on germination
A combined effect of soil types and burial depths on germination is illustrated
in Fig. 3 and Tab. 3 below. The percentage of seed emergence was highest at 1 cm
(78 %) and 2 cm (78.67 %) of seeding depth while a sharp decline in germination
was observed for other depths (3, 4 and 5 cm) due to limited exposure to light.
There was also a reduction in seedling emergence in the control (unfractionated)
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soil at 1 cm below soil surface coupled with variabilities in percentage germination
for different soil types. At p < 0.05, significant difference was observed only in
the clayey loam whereas for the control soil and sandy clayey loam, variability
was insignificant. Silty clayey loam and loamy soils specifically showed significant
difference at p < 0.01 indicating relationship in percent seed growth performance
in the two soils. Also, data from Pearson correlation analysis indicate significant
correlation between sowing depth in silty clayey loam, clayey loam and loam at
p < 0.05. At p < 0.01, there was high correlation between and within control soil,
silty clayey loam and loam.

Fig. 2. Effects of varying temperature on mean germination time (₸)
Tab. 3. Interaction of sowing depths and soil types on germination
Sowing
depth
0 cm
1 cm
2 cm
3 cm
4 cm
5 cm
SED

Control soil*

Sandy clay loam

13.33 ± 3.21
27.33 ± 15.04
52.00 ±1.73
18.00 ± 1.00
3.33 ± 1.15
2.00 ± 1.00
8.64

50.67 ± 3.06
64.00 ± 5.56
38.00 ± 5.29
32.00 ± 3.61
10.00 ± 2.65
4.00 ± 1.00
7.71

Silty clay loam**
Clayey loam** , b
,a
15.33 ± 9.07
8.00 ± 2.00
60.67 ± 1.53
70.00 ± 7.21
52.00 ± 2.64
60.00 ± 11.36
19.33 ± 4.04
22.00 ± 3.00
4.00 ± 1.73
13.33 ± 2.08
2.67 ± 1.15
10.67 ± 3.06
11.45
14.91

Loam** ,a
18.00 ± 1.73
78.00 ± 3.00
78.67 ± 6.51
30.00 ± 2.64
9.33 ± 0.58
0.67 ± 0.58
16.46

SED= standard error of differences; *. Correlation is significant at p < 0.05 (2-tailed); **.
Correlation is significant at p < 0.01 and at p < 0.05 (2-tailed); a. significant difference at p < 0.01;
b
. significant difference at p < 0.05
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Fig. 3. Effects of sowing depth and soil types on cumulative percentage germination

Discussion
The end of germination process is marked by intra-seminal protrusion of
the embryo, after which seedling growth commences. It is difficult to measure
germination precisely; the only stage that can be measured fairly is its end when
radicle emerges (Ranal & Santana 2006). In his report, Nerson (2007) described
germinability of a seed sample as the percentage or proportion of seeds that
completes germination under experimental condition, value(s) of which may
be subjected to further statistical analysis. The 94.2 % viability reported in the
tetrazolium chloride test was an indication that seeds used for this study were
viable.
The effect of light on amaranth seed germination may be overridden by
warmer temperatures occasioned by seasonal fluctuations although light is a
crucial factor for germination in some amaranth plants (Aufhammer et al. 1998;
Gallagher & Cardina 1998). Continuous light condition has been reported to have
inhibitory effects on the germination of some species particularly at temperature
less than 25 °C (Aufhammer et al. 1998) although, this effect may be reversed
(Tiryaki & Keles 2012). Considering that at least 84 % germination was recorded
in this species, it can be argued that light condition may not significantly affect
germination in A. caudatus; but continuous dark condition is proven to be more
favourable.
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A substantial germination counts were recorded within temperature ranges
of 15-40 °C whereas no seed germinated at 10 °C although germination may
be induced at this temperature by osmotic priming (Tiryaki 2009). The highest
germination counts recorded at 25 °C suggests that 25 °C was the optimum
temperature. Also, at 15 and 30 °C respectively, equal cumulative percentage
germination was recorded, indicating that both temperatures had similar effect
on germination. In addition, the accelerated seed germination recorded the
second day at high temperatures (30, 35 and 40 °C) corroborates early findings
of (Gutterman et al. 1992) that germination of A. caudatus seeds was most rapid
at 35 °C unlike in other species of the genus (such as A. palmeri) where secondary
dormancy was induced when seeds were exposed to high temperature (Jha et
al. 2010). It may be added that the plant’s seed embryo is tolerant to heat as
germination occurred at higher temperature; a temperature at which growth
may cease although over exposure to these temperatures may eventually kill
plant (Guo & Al-Khatib 2003; Olatunji & Afolayan 2019).
This study also revealed that sowing depths and soil types affected emergence
of A. caudatus seedlings (Tab. 3, Fig. 3). At the surface level, low germination
was recorded in all soils except for sandy clay loam which supported more
germination than any other soil type examined. This may be connected with
its loose particle arrangement and or big particle size that compares or slightly
bigger than amaranth seed, thereby enhancing the contact of seeds with the
soil. This agrees with the earlier submission that species responds to soil particle
size gradient during germination (Keddy & Constabel 1986; Moskova 2012;
Omami et al. 1999). Lower germination rate in other soil types for seeds placed
on the soil surface may be caused by poor soil-seed contact or lower soil water
potential close to the seed surface (Ghorbani et al. 1999). Besides, exposure
to light at the surface has been reported to have inhibitory effect on amaranth
seed germination at temperatures below 25°C; thereby affecting emergence
of amaranth seeds on soil surface when temperature is below 25 °C even if
sufficient water is available (Aufhammer et al. 1998; Tiryaki & Keles 2012).
Moreover, limited exposure to light resulted in a sharp decline in germination
for seeds buried at depths 3, 4 and 5 cm due, although, higher temperature
coupled with variability in seasonal seed dormancy may override this effect
(Gallagher & Cardina 1998; Bae & Choi 2008; Adegbaju et al. 2018). Bavec &
Mlakar (2002) had earlier observed highest percentage of live seed emergence
in A. caudatus when sown in loamy soil with three other amaranth species at
depth of 15 mm and temperature above 21 °C. This agrees with the result of this
experiment where highest seedling emergence was observed at 1 cm depth for
all soil types except in the unfractionated soil. Reduction in seedling emergence
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observed in the control (unfractionated) soil at 1 cm below soil surface may
not be unconnected with surface hardening or compaction affecting water
permeation into the soil thereby increasing mechanical resistance to emerging
plumule and radicle penetration (Bassett et al. 2005; Smith et al. 2001; Soyelu
et al. 2001).

Conclusion
Environmental factors such as light and temperature usually cause cyclic
changes in seed dormancy and contribute in different degrees depending
on length of exposure of seeds to the conditions or variation in the amount
available. Although, it has been reported that placing seeds of some amaranth
species at depths below 2.5 cm could make the seeds latent over a period of
3-12 months and as such, no germination will take place. This work reported
germination in A. caudatus at deeper depths in different soil types used (most
successfully in loamy soil), although percentage of germination declined sharply
at depths below 2 cm. The seeds germinated excellently under a wide range
of temperature and varying light conditions with highest germination recorded
under 25 °C and continuous dark treatment. Therefore for optimum seedling
emergence, it is recommended that A. caudatus be planted in a loamy soil
maintained at 25 °C in a continuous dark environment.
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