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Summary

The effects of a range of dormancy breaking treatments and germination cues on two subspecies of Vernonia
! galamensis, V. galamensis subsp. nairobiensis and V. galamensis subsp. afromontana var. gibbosa were tested.
Exposure to dry-after-ripening treatments, cold stratification and GA; all resulted in significant increases
in germination for both subspecies suggesting the presence of non-deep physiological dormancy. Seed also
responded positively to alternating temperatures, the presence of light and KNO,, all of which are disturbance
related germination cues; these responses are consistent with V. galamensis occurring in disturbed habitats, e.g.
along roads. In addition, secondary dormancy was induced by incubation in the dark: this could be alleviated by
cold stratification for 14 days.

Introduction
Y z'md Vernonia galamensis (Cass.) Less., (Asteraceae) is a new potential industrial oil crop
bution that originated in eastern and south-eastern parts of Ethiopia and is endemic primarily to
; East African countries (Gilbert, 1986). On a dry mass basis, Vernonia seeds contain 35-
rnal is ; 45% of a triglyceride oil which is rich in vernolic acid, a naturally epoxidized fatty acid.
ptions Such fatty acids are normally manufactured by chemical epoxidation of fats and vegetable
r from oils and are used in the formulation of oil-based paints to reduce emissions of volatile

organic compounds (Roseberg, 1997). In addition, the meal left after oil extraction is a
valuable source of crude protein, carbohydrate and major minerals (calcium, potassium,
magnesium and phosphorus) (Harborne and William, 1977) and therefore has potential for
use as animal feed (Ologunde ef al., 1990). However, to facilitate further investigation of
the suitability of this species as a crop it is necessary to understand the regulation of seed
germination. There appears to be only a single report of germination in this species (using
var. ethiopica; Teketay, 1993). This study found that germination at constant temperatures
was low, but was facilitated by acid scarification and pericarp removal (Teketay, 1993),
techniques which are either not ecologically relevant or particularly amenable for simple
and rapid propagation of this species.
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Studies on Asteraceae have found that many require light for germination (Merritt
et al., 2006; Tobe et al., 2006; Karlsson and Milberg, 2007), which is likely a function
of their typically small seed mass (Milberg et al., 2000), and / or respond positively to
alternating temperature regimes (Wood et al., 2005; Honda and Katoh, 2007). In addition,
species of Asteraceae from diverse habitats have been found to respond positively to
dormancy breaking treatments including dry-after-ripening (Schutz et al., 2002; Vivar-
Evans et al., 2006; Hoyle et al., 2008) and cold stratification (Hamze and Jolls, 2000;
Baskin and Baskin, 2002): the induction of secondary dormancy in the dark has also
been reported for some species (Banovetz and Scheiner, 1994; Doucet and Cavers, 1997;
Brandel, 2004).

Species are likely to exhibit adaptations that ensure seed germination occurs in suitable
habitats or at suitable times of the year for onward seedling growth. V. galamensis occurs
naturally as a species of disturbed habitats, including road margins (Gilbert, 1986).
Species adapted to disturbed habitats often germinate in response to environmental cues
that signal a disturbance. Such cues include an increase in the quantity and quality of
irradiance reaching the soil surface (Vdzquez-Yanes et al., 1990), increasing amplitude of
soil temperature fluctuations (Daws et al., 2002; Pearson et al., 2002) and elevated NO5
levels as a result of the death of plant material in the disturbance process (Pons, 1989;
Denslow et al., 1998).

V. galamensis originates in East Africa with a centre of diversity in the Ethiopian
highlands (Bhardwaj er al., 2000; Baye et al., 2001). Thus, seeds in the soil are likely
to be variously exposed to both low and high temperatures that may result in cold
stratification and dry-after-ripening as well as one or more disturbance related germination
cues. Consequently, we tested the hypotheses that V. galamensis seeds are (1) dormant,
(2) require cold stratification and/or dry-after-ripening for dormancy release as well as
(3) responding to light, alternating temperatures and KNOs™ as germination cues. We also
tested whether secondary dormancy can be induced by incubation in the dark. We tested
these hypotheses using seeds from two sub species of V. galamensis, V. galamensis subsp.
nairobiensis and V. galamensis subsp. afromontana var. gibbosa grown at two distinct
locations in Kenya.

Materials and methods

Seed material

The initial sample of Vernonia galamensis subsp. nairobiensis was collected in Nairobi,
Kenya (1° 16' S, 36° 48' E), while that of subsp. afromontana var. gibbosa was collected
from eastern Kenya (0° 07' N 37° 36' E). For both sub species, seeds were collected at
the point of natural dispersal from over 100 individual plants. The samples were grown
out in experimental fields in Muguga (1° 14’ N 36° 40' E) in Central Kenya and Maseno
(0° 00" N 34° 35" E) in Western Kenya. The two bulking sites were selected because of their
differences in annual temperature and rainfall. Muguga has ca. 836 mm average annual
rainfall, Maseno 1160 mm. The average maximum and minimum annual temperatures for
Muguga and Maseno are 22 and 16°C and 30 and 18°C respectively (Source: Metrological
Department, Nairobi, Kenya).
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Seed germination
Seeds from each seedlot (4 replicates of 25 seeds each per treatment) were sown on the
surface of 1% agar in distilled water in 55 mm Petri dishes and germinated at 25/25,
25/17 or 30/25°C with a 12 h photoperiod. In the two alternating temperature regimes,
the elevated part of the alternating temperature treatments coincided with the 12 h
photoperiod. In the cold stratification treatment, seeds were sown on the surface of 1%
agar and chilled at 5°C in the light (12 h photoperiod) for 14 d. Subsequently, dishes (4
replicates of 25 seeds each per treatment) were transferred to each of 25/25, 25/17 and
30/25°C for germination. In the dry-after-ripening treatment, seeds at 20% RH were dry-
after-ripened by being hermetically sealed in laminate aluminium foil bags and then held
at room temperature (20°C) for 12 months. After 12 months, seeds were sown at each of
the three germination temperatures in the light.

Seeds were also germinated, at each of the three temperatures, in the presence of either
0.7 mM GA; or 1 mM KNOs. These potential germination stimulants were incorporated
into the agar germination media, i.e. seeds were continuously exposed to these compounds
during germination. The concentrations of KNO; and GA; were chosen because they have
been shown to be effective in stimulating germination in other studies (e.g. Daws et al.,
2002; Kepczynski et al., 2006; Daws et al., 2007b).

Germination in all experiments was scored daily and assessed as visible radicle
emergence by greater than 1 mm. Germination was monitored for up to six weeks by
which time germination had ceased to increase.

Induction of secondary dormancy

To test whether secondary dormancy could be induced, seeds of each seedlot (4 x 25
seeds per treatment) were sown in either the light (12 h photoperiod) or dark (wrapped
in two layers of aluminium foil) at each of the three germination temperature regimes.
Germination in the light treatments had reached a maximum after 8 days: after 11 days of
dark incubation (during which these seeds were not scored), the dark treatment seeds were
exposed to light (12 h photoperiod) for an additional 18 days. At the end of this period
these dishes were moved to 5°C for 14 days followed by re-transfer to the germination
temperatures in the light.

Statistical analyses

To test for differences in germination percentages between treatments, One-way ANOVA
on arc-sine transformed data was implemented in Minitab 13 (Minitab Inc., PA, USA)
followed by Tukey’s pair-wise comparisons.

Results

Seed germination responses

Compared to the control treatment, dry-after-ripening, cold stratification, GA; and KNO;
all resulted in a significant increase in germination percentage for all four seedlots (One-
way ANOVA, P <0.05; figure 1). Control germination was lowest at a constant 25°C
(range 10 to 58.5%; dependent on seedlot) and highest at the two alternating temperature
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Figure 1. Effect of different temperature regimes as well as dormancy breaking (dry-after-ripening {DAR} and Figure 2

cold stratification [chilling]) and germination stimulant treatments (GA, and KNO;) on seed germination of (A) V. galan

Vernonia galamensis subsp. nairobiensis from Muguga (B) V. galamensis subsp. afromontana var. gibbosa, from Maseno

Muguga (C) V. galamensis subsp. nairobiensis grown at Maseno and (D) V. galamensis subsp. afromontana var ' dark anc

gibbosa grown at Maseno. Error bars are +1SE of the mean. cold stre

bars are
regimes (range 55 to 99.5%; dependent on seedlot). At a constant 25°C, germination i tempet
was lowest for subsp. nairobieneis from Muguga (10%) and highest in the two seedlots althou;
harvested from Maseno (49 and 58.5%; figure 1). The dormancy breaking and stimulant effect
treatments enhanced germination at all temperatures although the effect was most apparent ; afrome
at 25°C: alternating temperatures increased germination to a similar level to the additional

treatments, particularly for the Maseno seedlots (figure 1). Dormc

Upon »

Effects of light exhibit

In all germination temperature regimes (constant and alternating) seeds of both sub-species seedlo

from both locations germinated to significantly lower levels in the dark than light (One- in the

way ANOVA, P < 0.05; figure 2). At a constant 25°C, maximum germination in the dark tempei
was 28% (subsp. afromontana var. gibbosa from Maseno) and maximum germination in ‘ subsp.
the light was 85% (subsp. afromontana var. gibbosa from Maseno). At 25°C germination dark ir

was lowest for subsp. nairobiensis grown at the coolest site Muguga (3 and 28% in the after u

dark and light, respectively) and highest for subsp. afromontana var. gibbosa from the germir

warmest site, Maseno (28 and 85% in the light and dark, respectively). At alternating incuba
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Figure 2. The effect of light on germination of (A) Vernonia galamensis subsp. nairobiensis from Muguga (B)
V. galamensis subsp. afromontana var. gibbosa, from Muguga (C) V. galamensis subsp. nairobiensis grown at
Maseno and (D) V. galamensis subsp. afromontana var. gibbosa grown at Maseno. Seeds were sown in both the
dark and the light. Seeds held in the dark were sequentially transferred to the light after 11 days followed by
cold stratification at 5°C for 14 days before being re-transferred to the original germination temperature. Error
bars are +1SE of the mean.

temperatures, germination in the dark was higher than at a constant 25°C. However,
although significant for three of the seedlots (One-way ANOVA, P < 0.05; figure 2) this
effect was small (maximum increase was from 28% at 25°C to 52% at 30/25°C [subsp.
afromontana var. gibbosa from Maseno]).

Dormancy induction
Upon transfer to the light, seeds at 25°C that had previously been incubated in the dark
exhibited only a limited increase in germination although this was significant for two
seedlots (One-way ANOVA, P < 0.05; figure 2). However, seeds that were incubated
in the dark at alternating temperatures and then transferred to the same alternating
temperatures in the light exhibited a significant increase in germination percentage (e.g.
subsp. nairobiensis from Muguga; One-way ANOVA, P < 0.05; figure 2). Furthermore for
dark incubated seeds at both constant and alternating temperatures that failed to germinate
after transfer to the light, germination was significantly increased (to close to maximum
germination, see figure 1) by subsequent cold stratification for 14 days followed by re-
incubation at the germination temperatures.
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Discussion | has a s
in suita

Dormancy break and level stimula
Seed germination percentage was significantly increased by short-term cold stratification, several
dry-after-ripening and GA, suggesting that seeds of this species have non-deep light, cc
physiological dormancy (see Baskin and Baskin, 2004). Similarly, seeds of Actinobole ' geminat
uliginosum (Asteraceae) from tropical dryland in Australia have been shown to have non- In ¢
deep physiological dormancy since seeds respond positively to dry-after-ripening and GA, in a ch
(Hoyle et al., 2008). While it may seem surprising that a ‘tropical’ species such as V. germin:
galamensis responded to both dry-after-ripening and cold stratification, it should be noted that wei
that this species occurs in Kenya and Ethiopia at a wide range of altitudes up to 2,200 m this ind
(Bhardwaj er al., 2000; Baye er al., 2001) where temperatures can, at least in the short- Asterac
term, drop close to 0°C (Source: Meteorological Department, Nairobi, Kenya). presum:
Dormancy can be characterised by the range of conditions over which germination risk of

can occur. For V. galamensis this is expressed in terms of germination being limited at
a constant 25°C although germination could occur at alternating temperatures. However,

after the two dormancy-breaking treatments (dry-after-ripening and cold stratification), Conclu:

seeds germinated to high levels at a constant 25°C, i.e. the range of conditions over which

germination could occur had widened. Seed ge
Seedlots were generated at two sites and it appeared that the two seedlots from Maseno seed de

were the least dormant (in terms of germination at 25°C). This effect is likely to reflect sensitive

climatic conditions at the growing sites as opposed to genetic effects since seeds from
the same initial bulk collection were sown at the two sites. Maseno has a higher average

temperature than Muguga and elevated temperatures during development have also been Acknov

shown to result in higher germinability / lower dormancy levels in a wide range of species

(Fenner, 1991; Wulff, 1995). Financi:
which it

Germination requirements and ecological relevance The Ro:

V. galamensis is a species of open, disturbed habitats. In disturbed habitats solar gain
at the soil surface is increased resulting in a greater amplitude of diurnal temperature

fluctuations. While seeds can target open micro-sites for germination by detecting light Referer
quality (Red: Far Red light), this mechanism is typically restricted to small seeded species
(Milberg et al., 2000; Pearson et al., 2002; Jankowska-Blaszczuk and Daws, 2007) since Banovetz.
light only penetrates soil to ca. 5 mm depth (Tester and Morris, 1987) and small seeds can BaslI:,i‘::,uz
only emerge from a few mm depth (Bond et al., 1999; Daws et al., 2007a). In contrast, endermr
larger seeds can emerge from greater depths than light can penetrate: a light requirement Baskin, J.
would unnecessarily limit the germination opportunities (with respect to burial depth) for 1-16.
. . . . Baye, T.,
larger seeded species. Although V. galamensis has a comparatively large seed size (1000- Easter
seed weight of ca. 4 g) for a light responsive species, it is of note that Thompson and ' Bhardwaj.
Grime (1983) reported a number of ‘intermediate’ sized seeds of United Kingdom natives mid-A
that responded to both light and alternating temperatures for germination presumably as a B°"S‘l-"“'z-:
mechanism for maximising opportunities of germination in suitable micro-sites. Since soil Brandel, |

KNO,; levels typically increase following disturbance, the positive germination response to summe
KNO; coupled with the light and alternating temperatures effects suggest that V. galamensis
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has a strategy of responding to multiple gap related cues to ensure germination occurs
in suitable germination micro-sites. Similarly, multiple dormancy breaking / germination
stimulating treatments have been found to be effective for stimulating germination of
several species. For example, Clematis vitalba (Ranunculaceae) germinates in response to
light, cold chilling and KNO; (Bungard et al., 1997) while Epacris stuartii (Epacridaceae)
geminates in response to darkness, heat shock and smoke (Keith, 1997).

In addition to a light requirement for germination, incubation in the dark resulted
in a change in germination requirements: seeds subsequently transferred to the light
germinated to lower levels (even in the presence of alternating temperatures) than seeds
that were initially germinated in the light (figure 2). However, cold stratification overcame
this inducible ‘secondary’ dormancy. Secondary dormancy has been reported in other
Asteraceae (Banovetz and Scheiner, 1994; Doucet and Cavers, 1997; Brandel, 2004) and
presumably functions to increase the temporal spread of germination thereby reducing the
risk of this high-risk stage in the life-cycle of a plant.

Conclusions

Seed germination of two sub-species of V. galamensis is affected by temperature during
seed development with non-deep physiological dormancy of these light and nitrate
sensitive seeds being broken by dry-after-ripening and cold stratification.
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