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Introduction
Tylosemafassoglense Kotschyex.Schweinf. [Family: 

Fabaceae-Caesalpinioideae] is a tuber producing vine, 
endemic to the arid and semi-arid regions of sub-Saharan 
Africa [1]. In Kenya, T. fassoglense is widespread from the 
Coast, through Eastern, Rift Valley to the Lake Victoria Basin. 
It grows in scattered bushland, open grassland and along 
roadside on well drained sandy-loam soils [2]. The leaves are 
large, bilobed while flowers are creamy-yellow and dimorphic/
heterostyllus [3]. Flowering and seeding phenology differs 
from one region to another in Kenya. The pods bear 1 or 2 
large black-brown seeds. Tylosemafassoglense has been 
exploited for food (seeds, flowers and tubers), fiber (vines), 
fodder (leaves) and medicine (tubers) over decades [2, 4]. 
The seeds which contain oil (20-40%), protein (30-40%) and 
micronutrients are consumed as a snack or beverage [5-
7]. The tuber which acts as water reservoir is rich in starch 
and it’s heavily exploited for medicinal purpose [2, 4]. The 
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Abstract
Tylosemafassoglense (Fabaceae) is a tuber producing vine, endemic to sub-Saharan Africa, where it’s used as food, 
fodder and medicine. However, its domestication may be hampered by limited information on its seed dormancy and 
germination ecology. This study evaluated seed-coat dormancy on three seed lots, collected from Busia, Migori and 
Siaya counties in Kenya, and the role of light on germination. Seed-coat dormancy was studied by water imbibition and 
germination percentage at 25°C on scarified and non-scarified seeds from each seed lot. Additionally, the germination 
percentage of scarified seeds from each seed lot was evaluated under 12/12 and 0/24 hours photoperiod at 25°C. 
Dormancy level of non-scarified seeds from Migori differed significantly (p<0.05) compared to both Busia and Siaya seed 
lots. Mean amount of water imbibed by non-scarified seeds was highest in seeds from Busia (1.07 g), followed by Siaya 
(0.89 g) and lowest in Migori (0.15 g). Mean germination percentage of non-scarified seeds from both Busia and Siaya 
was 70% and 30% in seeds from Migori. Scarification caused a significant (p<0.05) increase for the three seed lots in 
both water imbibition and germination to above 3.40 g and 90%, respectively. Seed germination was insensitive to light 
and the relative light germination index was 0.46-0.59. This study suggests that T. fassoglense possess different levels 
of physical dormancy that can be attributed to seed source temperature while germination/regeneration can occur on 
or under the soil surface. The findings of this study are useful in propagation of T. fassoglense to benefit small-holder 
farmers of Kenya through food security and sustainable agriculture.
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extracts of T. fassoglense tuber have been reported to have 
antibacterial and antifungal activity [8]. Thus, seeds and tuber 
may serve as a valuable resource in modern nutraceutical 
and pharmaceutical industries. However, the extraction 
of the tuber and seed collection from the wild is not only 
unsustainable but also threatens its population and natural 
regeneration.

http://crossmark.crossref.org/dialog/?doi=10.36959/771/572&domain=pdf
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Megapascal water potential [30], however light and oxygen 
availability can also impact seed germination [9]. Light 
requirement is an environmental factor influencing seed 
germination, soil seed bank and dispersal in a number of 
species [23]. The role of light on germination is influenced 
by phytochrome B (light condition) and phytochrome A 
(dark condition) in imbibed seeds [9]. According to Baskin 
and Baskin, et al. (2014) [9] three groups of plants exist 
based on light requirement: those that require light (positive 
photoblastic), those not sensitive to presence/absence of 
light (neutral photoblastic) and those that do not require 
light (negative photoblastic). Milberg, et al. (2000) [31] also 
proposed relative light germination (RLG) index ranging from 
zero (negative photoblastic) to one (positive photoblastic) 
based on proportion of seed germinating under light and 
dark. The role of light in seed germination is also strongly 
linked to seed mass and shape, which limits seed burial depth 
that will permit seed germination and seedling emergence 
[31,32]. The concept of the role of light on germination has 
been explored on some wild species and vegetables [33-
37]. The knowledge of the role of light on germination is 
important in propagation and understanding germination 
ecology of wild germplasm [9]. Tylosemafassoglense has the 
potential as a future crop in Kenya; however, information on 
seed germination response to light to guide sowing under 
cultivation has not been generated.

Therefore, the objective of this study was to investigate 
the presence or absence of physical dormancy and the role 
of light on germination in three seed lots of T. Fassoglense 
collected from Busia, Migori and Siaya counties in Kenya.

Material and Methods
Seed source information

Seeds of T. Fassoglense were collected from three 
populations (later referred to as seed lots) along the Lake 
Victoria basin in Busia, Migori and Siaya counties in Kenya 
where large populations have been reported [7]. The pods 
were sampled randomly from seeding plants between 
December 2017 and January 2018 in Busia (0.259770°N, 
34.062437°E) and Migori (0.949194°S, 34.474791°E) sites 
and between April and June 2018 in Siaya (0.128960°N, 
34.319916°E) site (Table 1). Harvest maturity indicator of T. 
Fassoglense was determined by pod physiological maturity 
when the pods colour turned from green to brown or dark 
brown and rattled when shaken. On hot sunny days, the 
mature pods snapped during harvesting to yield brown to 
dark brown or black hard seeds. The pods collected from these 
sources were put in paper bags and transported to Kenya 
Forestry Research Institute (KEFRI-Seed Centre) Muguga for 
processing. Seeds were extracted from the pods by drying at 
25-30°C in the glasshouse to allow them to dehisce naturally 
while those that failed to dehisce were opened manually by 
hand. Seeds were allowed to dry further in the glasshouse 
for a couple of weeks, sorted manually by hand and then 
stored at 10°C for between three and eight months. The seed 
lots were shipped to the Millennium Seed Bank of the Royal 
Botanic Gardens, Kew, in the United Kingdom where the 
experiments were conducted.

Tylosemafassoglense is widely distributed in Kenya and 
found in different habitats from open grasslands to roadsides 
and scattered bushlands [2]. Previous studies have reported 
on ethnobotanical information, potential uses as well as 
nutritional composition of seeds. However, there is no 
documented information on seed biology and germination 
ecology of T. fassoglense to guide its propagation and 
domestication. The reproductive cycle of plant species in 
the wild depends on seed production, dispersal, germination 
and soil seed bank [9]. Therefore, knowledge of seed 
dormancy and germination ecology is not only important in 
understanding plant regeneration in the wild but also the 
conditions conducive for artificial germination or production 
under cropping system.

The seeds of several plant species have evolved 
dormancy, which is adaption to environmental heterogeneity 
that synchronizes germination to suitable conditions in 
time and space [9, 10]. Seed dormancy; simply defined as 
the failure of a viable seed to germinate under suitable 
conditions for the species [11]. The seed dormancy level 
has been reduced in cultivated legume crops, Fabaceae- 
Papilionoideae allowing rapid and uniform germination as 
well as crop management [12]. However, seed dormancy 
remains a major biological constraint in propagating wild 
species including Fabaceae sub-families Caesalpiniodeae and 
Mimosoideae [9, 13]. The five classes of seed dormancy are; 
physical dormancy PY (i.e. presence of impermeable seed/
fruit coat that prevents embryo imbibition); physiological 
dormancy PD (seed requiring special environmental condition 
to germinate); morphological dormancy MD (seed with 
underdeveloped embryos) and combinational dormancy (i.e. 
morphophysiological MP+PD and physiophysical PD + PY) [9].

Physical dormancy which is caused by the presence of 
tightly packed Malphigian cells that are impregnated with 
chemicals (e.g callose, suberin, phenolic compounds), that 
prevents water imbibition and/or gaseous exchange has 
been reported in 18 angiosperm plant families including 
Fabaceae [9]. Travlos, et al. (2007) [14] reported moderate 
physical dormancy in Tylosema esculentum (Fabaceae-
Caesalpinioideae), however the presense of physical 
dormancy in one member of a family orgenus does not mean 
all the species have this type of dormancy [9]. Therefore, 
the presence or absence of physical dormancy should be 
evaluated on the other species in this genus including T. 
fassoglense. Seeddormancy is genetically controlled [15] 
and intra-species variations have been reported due to seed 
source temperature, soil salinity and nutrient level as well 
as seed collection year [16-22]. Under natural conditions, 
high and alternating temperatures and microbial action are 
known to break physical dormancy allowing imbibition and 
germination [23]. However, a number of artificial techniques 
have been developed for breaking physical dormancy in 
seeds that include manual and chemical scarification as 
well as alternating or high temperatures [14, 24-29]. This 
information has not been generated for T. Fassoglense to 
help in its propagation, domestication or use in conservation 
programmes.

The seeds of T. fassoglense have been reported to 
germinate well at temperature ranges of 15-35°C and zero 
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mounted on a cardboard. From the images, seed dimensions 
(i.e. length, width and thickness) were estimated using 
Axio vision computer software (Axio Vs40; Carl Zeiss Micro 
imaging 2010, Germany). Seed shape was expressed as the 
variance of length L, width W and thickness T according 
to Thompson and Hodgson, et al. (1993) [32] whereby a 
value of 0 = dimensionless or perfectly spherical and ≥ 0.3 
= needle or disc-shaped. Length, width and thickness were 
first transformed by dividing each by length after which 
the variance was obtained as the average of the squared 
differences from the mean (Eq.2).
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−
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Where S2 = sample variance, Xi = the value of the one 
observation, = the mean value of all observations and n = 
The number of observations.

Imbibition of water
To determine seed coat permeability to water, imbibition 

rates of water were measured for scarified and non-scarified 
seeds. For scarification treatment, small part of the seed 
coat opposite to the micropyle was chipped off using a nail 
clipper. Ten individual seeds for each treatment (scarified 
and non-scarified) from the three seed lots were used in the 
experiment. Initial weight of an individual seed was measured 
using the microbalance (0.0001 g; UMT2 Mettler, Toledo). 
The seeds were thereafter sown onto moistened anchor 
steel blue seed germination blotter (Anchor Paper Company, 
Seed Solutions; Saint Paul, MN, USA) in sandwich boxes (17 
x 11 x 5 cm) placed at 25°C. Seeds were removed, blotted 
dry and weighed after 1, 3, 8, 23, 28, 32, 47 and 52 hours of 
keeping on moist media. Fifty two hours corresponded to the 
time when signs of radicle protrusion were observed. Seeds 
were watered when needed by adding 20 ml and 10 ml of 
deionized distilled water on scarified and non-scarified seeds 
respectively. The amount of water uptake (g) was calculated 
following modified formula by Baskin and Baskin, et al. (2004) 
[41] (Eq. 2):

Seed lot characteristics
Immediately the seeds were received at Millennium Seed 

Bank-Laboratories in the UK, the seed lot assessment by x-ray 
radiography, equilibrium relative humidity eRH, moisture 
content and morphology were conducted.

Seed x-ray radiography was performed on three replicates 
ofeach seed lot by placing random samples of seeds on a 
240 x 180 x 2 mm transparent acrylic plate at a distance of 
28.6 cm from radiation source (Faxitron MX-20DC12 cabinet 
X-ray system, FaxitronBioptics, Tucson, AZ, USA). The seed 
radiographs were used to assess seed quality by examining 
the embryonic and endospermic tissues for: emptiness, 
mouldiness, insect infestation, damaged embryo or seed coat 
and diseased tissues [38].

The seed eRH of T. Fassoglense was measured on random 
samples of three replicates from the three seed lots in the 
drying room operating at ca. 15% Relative Humidity (RH) 
and 15°C [39]. The sample vial was three quarter filled and 
then inserted into the rotronic chamber (Rotronic AWVC-
DIO Sensor Manufactured by Rotronic Limited, UK), with an 
accuracy of ± 2% eRH for 30 minutes to allow the seeds to 
equilibrate before recording the eRH% [40].

Moisture content, MC, was determined on ten seeds 
weighed singly using a microbalance (0.0001 g; UMT2 
Mettler, Toledo). The seeds were put in metal cups and then 
dried in hot air oven operating at 103°C for 17 hours [38]. 
The oven dried seeds were allowed to cool inside a closed 
drum containing silica gel ca. 0% RH for 30 minutes before 
reweighing. Seed moisture content (MC) was calculated on 
fresh weight basis (fwb) according to ISTA, (2017) (Eq.1). 

( ) 1 2

1
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M
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where, M1=wet seed weight and M2=dry seed weight

Seed morphological measurement was performed by 
using a Carl Zeiss camera to take images from different 
angles of 10 seeds randomly sampled from each seed lot and 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Busia

Max T ̊C 28.86 28.82 28.84 28.32 27.80 27.32 27.04 27.12 27.49 28.06 28.08 28.06
Min T ̊C 17.03 17.29 17.31 16.78 16.27 15.79 15.49 15.57 15.94 16.52 16.44 16.51
Mean T ̊C 22.80 23.05 23.08 22.55 22.03 21.55 21.26 21.34 21.71 22.29 22.26 22.28
Prec 
(mm) 52.71 79.33 136.64 231.43 212.71 104.11 79.53 111.92 115.86 135.44 147.95 88.44

Migori

Max T ̊C 27.67 27.90 27.91 27.40 26.89 26.42 25.94 26.13 26.71 27.28 27.15 27.07
Min T ̊C 16.53 16.76 16.78 16.26 15.75 15.29 14.96 15.14 15.73 16.30 16.16 16.08
Mean T ̊C 22.10 22.33 22.34 21.83 21.32 20.86 20.45 20.64 21.22 21.79 21.65 21.58
Prec 
(mm) 61.69 81.86 139.13 208.84 162.69 71.48 48.36 61.61 82.50 108.04 150.61 99.04

Siaya

Max T ̊C 28.32 28.57 28.54 28.03 27.50 27.01 26.73 26.84 27.28 27.93 27.88 27.86
Min T ̊C 17.39 17.64 17.60 17.09 15.57 16.08 15.85 15.96 16.40 17.05 17.00 16.98
Mean T ̊C 22.85 23.10 23.07 22.56 22.03 21.55 21.29 21.40 21.84 22.49 22.44 22.42
Prec 
(mm) 46.30 72.73 128.97 207.53 173.45 78.65 62.95 84.44 90.08 96.46 125.03 93.02 

Table 1: Information of Tylosema fassoglense seed lots showing seed source,  seed collection months (grey cells) and the average monthly 
precipitation (mm), maximum, mean and minimum temperatures (T) for the collection sites (Source: Kenya Met. Dept. Satellite Data).
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where ΔMt is the mass increment at a given time “t”, Mt 
represents the mass at a time “t” and Mi is the initial mass at 
time “t” = 0 (dry at 15%RH).

Effect of manual scarification on germination
The experiment of dormancy-breaking comprised four 

replicates of 10 seeds each for scarified and non-scarified 
(one replicate was the same used during the imbibition 
test). The seeds were sown onto moist germination paper in 
sandwich boxes (as described in imbibition tests), wrapped 
in self-sealing polythene and placed randomly in germination 
cabinet. The boxes were incubated at 25°C plus 12/12 hour 
light/dark photoperiod (radiometric flux density 50-100 W.m-

2). Seed germination was monitored daily for a period of 14 
days. The final germination percentage was calculated as 
follows:

min 100% ( 4)Number of seeds ger ated Eq
Total number of seeds sown

×

Seed germination under light and darkness
The role of light on germination was determined on 

scarified seeds of each seed lot sown onto moist germination 
paper in sandwich boxes in four replicates (as described in 
imbibition tests). For each seed lot, one set of four sandwich 
boxes was kept under 12/12 hour (light/dark) (radiometric 
flux density 50-100 W.m-2) and a second set under 0/24 hour 
(total darkness). For the dark treatment/photoperiod, seeds 
were wrapped in aluminium foil while the other set were kept 
in light penetrating sandwich boxes and incubated at 25°C. 
Germination for seed samples under dark photoperiod was 
scored in an isolated dark room under “safe” green light. The 
sandwich boxes were wrapped in self-sealing polythene bags 
to prevent moisture loss while the media was kept moist 
by adding 20 ml of deionised distilled water when needed. 
Germination percentages were calculated using (Eq. 3) and 
germination under light was compared against its absence 
using the relative light germination index (RLG) [31] (Eq. 5):

( 5)
( )

GlRLG Eq
GL Gd

=
+

where Gl = proportion of germinated seeds in light 
conditions and Gd is its equivalent in dark conditions. The 
average seed germination percentage in presence of light 
and dark conditions was used for each seed lot. The RLG can 
range from zero (negative photoblastism) to one (positive 
photoblastism)

Germination evaluation
Germination was recorded daily for the three seed 

lots until no more seeds germinated for two weeks. Seed 
germination was defined as, radicle protrusion (>2 mm) 
and the germinated seeds were left in the sandwich boxes 
to allow them to develop into normal seedling. According to 
ISTA (2017) [38], a normal seedling is that which has grown 
to show essential structures (i.e. cotyledons, hypocotyls and 
roots) necessary for further development into a satisfactory 

plant and lacks visible abnormalities. Viability of non-
germinated seeds were evaluated by cut test and seeds that 
were firm and full were reported as viable while rotten seeds 
were reported as dead.

Data analyses
All percentage data (seed eRH, MC, and germination) 

were arcsine transformed before analysis. Analysis of 
Variance (ANOVA) was conducted and the means separated 
with Tukey’s HSD test where significance difference were 
observed (p<0.05). Data was analysed using SAS Version 
2002-2003 (SAS Institute Inc. Cary, NC, USA)

Results
Seed lot characteristics

The examined x-ray radiographs indicated high seed 
quality in the three seed lots, they had no signs of mouldiness 
or physical damage. There was no observable insect 
infestation and embryo damage across the three seed lots. 
The equilibrium relative humidity (eRH) of seeds sampled 
from Siaya seed lot was significantly higher (p<0.05) than 
Migori seed lots. The mean eRH of T. fassoglense seed lots 
ranged from 56.03% (Migori seed lot) to 59.0% (Siaya seed 
lot) (Table 2). Seed moisture content of T. fassoglense did not 
differ (p>0.05) significantly among the three seed lots. The 
mean moisture content of seeds sampled from the three seed 
lots ranged from 5.9 % (Migori seed lot) to 6.3% (Siaya seed 
lot). The seed shape ranged from 0.32 (Busia seed lot) to 0.35 
(Migori seed lot).

Imbibition of water 
The average water uptake differed significantly (p<0.05) 

between scarified and non-scarified seeds after 1, 3, 8, 28, 
32, 47 and 52 hours of keeping on moist media (Figure 1). 
Scarified seeds from Busia and Siaya seed lots imbibed three 
to four times more water compared to the non-scarified 
seeds from the same lot after 52 hours of incubation. Scarified 
seeds from Migori seed lot imbibed 22 times more compared 
to the non-scarified seeds from the same seed lot after the 
same time. After 52 hours, the average amount of water 
imbibed by scarified seeds was between 3.41 g (Busia) and 
3.44 g (Migori) while non-scarified seeds ranged from 0.15 
g (Migori) to 1.08 g (Busia). Non-scarified seeds from Migori 
seed lot imbibed the least amount of water.

Effect of manual scarification on germination
Seed scarification significantly (p<0.05) improved the final 

germination percentages in the three seed lots (Figure 2). The 
mean final germination percentage of scarified seeds ranged 
from 90% (both Migori and Siaya seed lots) to100% (Busia 

Seed lot MC% eRH % Seed shape
Busia 6.09 ± 0.67a 57.16 ± 0.29ab 0.32 ± 0.04a

Migori 5.90 ± 0.90a 56.03 ± 0.93b 0.35 ± 0.03a
Siaya 6.30 ± 0.46a 59.0 ± 0.10a 0.35 ± 0.03a

Table 2: Seed characteristics of the three seed lots of 
Tylosemafassoglense: moisture content, MC, equilibrium relative 
humidity, eRH, and Seed shape.
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seed lot) and non-scarified seeds ranged from 30% (Migori 
seed lot) to 70% (both Busia and Siaya seed lots). A cut test on 
non-germinated seeds at the end of the experiment showed 
high viability of 90% in all the seed lots tested.

Light sensitivity on germination
Seed germination under the two photoperiods of light/

dark and total darkness was not significantly (p>0.05) different 
among the seed lots. The final germination percentage of T. 
fassoglense seeds under both light/dark and darkness was 
over 50% (Figure 3). Similarly, seed germination sensitivity 
to light determined by calculating relative light germination 
index, RLG ranged from 0.46 (Busia seed lot) to 0.57 (Migori 
seed lot).

Discussion
Seed dormancy and dormancy-breaking

This study has demonstrated that seed scarification is 
effective in breaking dormancy in T. fassoglense. It confirms 
that T. fassoglense seeds have moderate physical dormancy 
[9]. Physical dormancy increases chances of seedling survival 
by promoting temporal distribution of seed germination 
due to variation in degree of coat permeability and different 
germination timing for each seed population [9]. Previous 
studies have been conducted to determine seed dormancy 
and effectiveness of dormancy breaking pre-treatment in 
legume species [9,14,42,43]. For example, Abubakar and 
Muhammad, et al. (2013) [42] reported that scarification of 
Tamarindusindica (Fabaceae- Caesalpinoideae) using 50% 
sulphuric acid for 30 minutes resulted in higher germination 
percentage compared to hot water (100°C) treatment for 30 
minutes and the control. Travlos, et al. (2007) [14] reported 
that mechanical scarification using sandpaper, soaking seeds 
in cold water for 20 hours or in concentrated sulphuric acid 
for 20 minutes greatly increased speed and percentage 
germination of T. esculentum (Fabaceae- Caesalpinoideae). 
Similarly, Long, et al. (2012) [43] reported that scarification 
improved germination of Astralagus arpilobus (Fabaceae- 
Papilionoideae) from 4% to nearly 100%. The positive 
response to manual scarification by the three seed lots 
confirms the presence of some level of physical dormancy in 
T. fassoglense.

The level of physical dormancy has been reported to 
vary among seed lots of a few legumespecies [17,26,29]. 
Richard, et al. (2018) [29] reported that variation in “hard 
seededness” and seed coat thickness in three seed lots of 
Desmanthusvirgatus (Fabaceae- Mimosoideae) was linked 
to the environmental aridity of the seed source. Hradilová, 
et al. (2019) [26] reported variation in germination (ranging 
between 0-100%) and seed coat thickness (80-140 mm) 
across the different environment envelopes in 96 accessions 
of wild pea (Pisumsativumsbsp. elatius). Similarly, Lacerda, et 
al. (2004) [17] reported dormancy variation in Sennamultijuga 
(Fabaceae- Caesalpinioideae) and Plathymeniareticulata 
(Fabaceae- Mimosoideae) at population level with seed 
germination of 9-35% and 40-62% respectively for non-
scarified seeds and germination improved > 84% for scarified 
seeds. Additionally, the air temperatures during seed filling 

Figure 1: Seed water uptake by imbibition at 25°C plotted against 
time for scarified (continuous lines) and non-scarified (dotted 
lines) seeds of Tylosemafassoglense from three seed lots. Blue 
= Busia, Red = Migori and Black = Siaya seed lots. Points with 
asterisks (*) differ statistically (p<0.05, n=10) between scarified and 
non-scarfied seeds and vertical bars are the standard error (± se).

Figure 2: Final germination percentages of non-scarified (striped 
bars) and scarified (dotted bars) seeds of Tylosemafassoglense 
incubated under 12/12 h (light/dark) photoperiod at 25°C. Bar 
graph with different letters differ statistically (p<0.05, n=4) and 
vertical error bars are the standard error (± se).

Figure 3: Final germination percentages of scarified seeds of 
Tylosemafassoglense seed lots under 12/12 h (light/dark) (clear 
bars) and 0/24 h (light/dark) (striped bars) photoperiod at 25°C. 
No significant differences (p>0.05, n=4) in final germination 
percentages were observed between the two photoperiods and 
vertical error bars are standard error (± se).
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phase strongly affects seed coat pigmentation and dormancy 
[18,20,21]. For example, Toorop, et al. (2012) [21] reported 
a transition in seed coat colour during seed set that alters 
dormancy and correlates with flowering in Carpsella bursa-
pastoris. Similarly, MacGregor, et al. (2015) [18] reported 
seed coat pigmentation is affected by temperature during 
seed development in Arabidopsis sp. which greatly impacted 
on dormancy level. Springthorpe and Penfield, et al. (2015) 
[20] reported that lower temperatures during seed filling 
almost always result in lower germination in Arabidopsis 
thaliana. Besides temperature, seed collection year and 
storage duration are known to influence seed dormancy even 
when working with same population [17,44]. Among the 
seed lots of T. fassoglense, non-scarified seeds from Migori 
imbibed the least and had the lowest germination percentage 
than both Busia and Siaya seed lots. The observed difference 
in dormancy level between Migori seed lot and Busia as 
well as Siaya seed lots may be attributed to the prevailing 
temperatures during seed filling phase since seeds from Busia 
and Migori were collected and stored for similar duration. 
The mean monthly maximum temperatures preceding seed 
maturity in Migori were 1°C lower than both Busia and Siaya. 
However, altitude, salinity, nutrient levels and genotype can 
also affect dormancy level but were not considered in this 
experiment [16,22]. Although further research needs to be 
done, the air temperature during seed filling phase seems to 
strongly influence seed dormancy in T. fassoglense. Hard seed 
coat is an undesirable trait in agricultural production and in 
food processing, therefore this information will be important 
in selecting seed production sites for domestication programs.

Sensitivity to light presence
Regarding light, this study has demonstrated that T. 

Fassoglense seeds are probably neutral photoblastic [9]. The 
results of this experiment showed that seeds of T. fassoglense 
incubated under both light/dark and dark conditions had high 
germination percentages. Several species have been shown 
to be indifferent to light, however a small proportion exist 
in a seed population of neutral photoblastic that require 
light for germination [23]. For example, Bhatt, et al. (2016) 
[45] and Sánchez-Bayo and King, et al. (1994) reported 
that light or light/dark condition did not affect germination 
of Lotus glinoides (Fabaceae-Papilionoideae) and Acacia 
horrid (Fabaceae- Mimosoideae) respectively. Motsa, et al. 
(2015) [36] reported light positively affected germination 
of Brassica rapaL. subsp. Chinensis, Citrulluslanatus Thunb. 
And SolanumretroflexumDun. seed and optimal germination 
would occur if seeds were sown at or near soil surface. Gairola, 
et al. (2017) [35] reported seeds of Lotononisplatycarpa 
(Fabaceae) germinated to higher percentage under light 
condition than in total darkness.

Additionally, seed mass and shape have also been shown 
to be correlated to germination light requirement and soil 
seed bank formation for other taxa [31,32]. The results of 
T. Fassoglense seed weight, relative light germination (RLG) 
index range and seed shape were characteristic of neutral 
photoblastic species. For example, Milberg, et al. (2000) [31] 
reported that germination became less dependent on light 
with increasing seed mass in 54 species. Gómez-Barreiro, 

et al. (2019) [46] reported light had an impact at constant 
temperature on germination of Flacourtiaindica (Salicaceae) 
based on relative light germination index. Thompson and 
Hodgson, et al. (1993) [32] reported that seed weighing 
less than 15 mg and had a variance of less than 0.18 were 
likely to form soil seed bank in 97 species. Similarly, Flores, 
et al. (2016) [34] reported that seed with higher seed mass 
were less dependent on light for germination in 13 species 
(10-Asparagaceae sp; 3-Cactaceae sp.).

From the results of this study, regeneration of T. 
Fassoglense under natural habitat is not affected by seed 
positioning on the soil and germination can probably occur 
under or at the soil surface, under leaf litter or in vegetation 
gaps [23]. However, further studies considering habitat, seed 
coat colour, varied lighting regimes and seed germination 
in relation to sowing depth may provide additional 
information. This information will be useful in propagation 
and domestication of T. fassoglense.

Conclusion
The results suggest that T. Fassoglense possess moderate 

physical dormancy that can potentially affect germination and 
stand establishment under crop production. Seed dormancy 
variation was also observed among the three seed lots, a 
trait that can be exploited in selecting seed production sites 
for domestication. Scarification positively increased water 
imbibition and the final germination of T. Fassoglense seeds 
which will help improve its propagation. The study indicates 
that seed positioning of T. Fassoglense at the soil layer does 
not affect its regeneration in the wild and germination can 
occur when buried or at the soil surface, under leaf litter or in 
vegetation gaps. This trait is common in cultivated crops and 
may positively facilitate its domestication and propagation 
under cropping ecosystem. The information generated in 
this study can help the propagation and domestication of T. 
Fassoglense to benefit small-holder farmers of Kenya through 
food security and sustainable agriculture.
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