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Table 10.3. Multi-factor ANOVA (P < 0.05) for seeds of four Strandveld Succulent Karoo plant species stored in the laboratory
or in the field for 27 months, at different relative humidities

Main effecls 2-Factor interaction
Storage location (LO) Relative humidity (RH) LOx RH
Parameter Species Significance Significance Significance
F-ratio level F-ratio level F-ratio level
Dimorphotheca pluvialis - disc (A) 31.671 0.0000 18.521 0.0005 43.836 0.0600
Mean Dimorphotheca pluvialis - ray (A) 2.067 0.1634 25.364 0.0000 4,486 0.0221
germination (Gazania leiopoda (P) 34.747 0.0000 19.529 0.0000 5.703 0.0094
percentage | Tripteris oppositifolia (P} 0.048 0.8303 1.756 0.2037 2.390 0.14186
Ursinia speciosa - white (A) 12.308 0.0018 10.715 0.0005 5.815 0.0082
Dimorphotheca pluvialis - disc (A) 4.854 0.0426 32.626 0.0000 12.311 0.0029
Mean Dimorphotheca pluvialis - ray (A) 0.206 0.6611 0.258 0.6234 1.496 0.2390
time to Gazania leiopoda (P) 77.338 0.0000 48.424 0.0000 2.729 0.1268
germination | Tripteris oppositifolia (F) 16.0186 0.0010 61.126 0.0000 43.593 0.0000
Ursinia speciosa - white (A) 0.449 0.5199 7.101 0.0068 0.916 0.3636
A - annual
P - perennial




3) loosely held water by very weak bonding and free water in the intercellular and intertissue spaces, easily

removed by drying, but if not eliminated, contributes to rapid seed deterioration.

Water classified as stage one must be retained by the seed for maintaining metabolic functions, in order to
prevent loss of viability due to low moisture content. Increases in relative humidity may also be important for
the longevity of seeds, as it enables damage that occurs during storage to be repaired {(Karssen ef al., 1989,
Gutterman, 1993).

With the exception of seeds stored at a relative humidity of 7%, the germination percentages were lower
when stored under field than under laboratory conditions (Table 10.1). Because the seeds were stored
under similar relative humidities and light conditions, one of the main factors responsible for the observed
differences in germination percentages may have been temperature. Seeds in the laboratory were stored at
a constant temperature of 20°C, while those in the field probably experienced high temperatures during
summer and low temperatures during the winter period (De Villiers et al., 1999). Temperature was found to
regulate the germination of seeds of winter annuals not only during germination, but also during the period of

storage prior to germination (Gutterman, 1986).

it has long been known that the major factors which influence the longevity of seeds in storage are
temperature, oxygen pressure and moisture content {(Roberts, 1972), of which the latter is considered to be
the most critical (Copeland & McDonald, 1995). Seed ageing is a function not only of time, but also of
temperature and moisture (Ellis & Roberts, 1981). The interdependence of temperature and relative
humidity and its subsequent influence on seed longevity have been the subject of numerous studies
{Roberts, 1972; Mayer & Poljakoff-Mayber, 1975; Bewley & Black, 1982; 1984; Murdoch & Eilis, 1992;
Copeland & McDonald, 1995). Generally, seed longevity increases with a decrease in temperature and
relative humidity (Roberts, 1972; Murdoch & Ellis, 1992; Copeland & McDonald, 1995}, and both influence
seed metfabolism. High relative humidities increase seed moisture content, which resulis in biochemical
events such as increased hydrolytic enzyme activity, enhanced respiration, and increases in free fatty acids.
High temperatures serve to enhance the rate at which many enzymatic and metabolic reactions occur,

causing a more rapid rate of detericration.

The majority of species conform to certain rules of thumb that predict the pattern of loss of viability in relation
to storage environment (Harrington, 1973):

For each 1% decrease in seed moisture content the storage life of the seed is doubled.

2. Foreach 5.6°C decrease in seed storage temperature the storage life of the seed is doubled.

3. The arithmetic sum of the storage temperature (in °F) and the per cent relative humidity should not
exceed 100, with no more than half the sum contributed by the temperature.

These rules of thumb reflect the interactions between seed moisture, storage temperature, and seed
longevity (Copeland & McDonald, 1995).
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ABSTRACT

The laboratory characteristics of seeds of 37 species (41 seed types) from the Strandveld Succulent Karoo were used to predict seed
bank types according to the modified key of Grime & Hillier (1981). Five seed bank strategies were recognised for this vegetation type,
i@ two with transient and three with persistent seed bank strategies. Of the 37 species investigated, 32% (all perennial species) had
transient seed bank strategies, while 68% had persistent seed bank sirategies. Seed dispersal mechanisms of these species were
mainly anemochorous and antitelechoric dispersal mechanisms such as myxospermy, hygrochasy, heterodiaspory and synaptospermy
occurred in these species. Topsoll stored seed banks will be used in post-mining revegetation efforts in the Strandveld Succulent
Karoo. The seed bank alone will not be sufficient for revegetation in this area, as many of the species dominant in the vegetation do not
produce a persistent seed bank. Many of these species may, however, be dispersed by wind info revegetation areas from surrounding
vegetation. Topsoil replacement, seeding and transplanting of selected species will be essential for the successful revegetation of
mined areas in this part of Namaqualand.

Key words: Mining; Namaqualand; persistent seed bank; revegetation; seed bank types; seed characteristics; seed dispersal; transient
seed bank

INTRODUCTION

The term “seed bank” is a short and convenient one which has been widely adopted to denote the reserves
of viable seeds present in the soil and on its surface (Roberts, 1981). The term “seed” is used in the broad
sense to describe both true seeds and fruits, but not spores or propagules, which are produced vegetatively.

The seed bank of a plant community represents the “memory” of previous conditions and it is an important
component of the potential of the community to respond to conditions in the present and future (Coffin &
Lauenroth, 1989). Ecologists and evolutionary biologists have become increasingly aware of the role that
seed banks can play in maintaining ecological (species) and genetic diversity in populations and
communities (Gross, 1890). For the applied biologist in particular, however, the aspect of greatest
significance is the role of the seed bank in determining the future vegetation, especially after natural or
deliberate perturbation (Roberts, 1981). The recovery of a plant community after disturbance is related to

the germination of seeds and establishment of seediings after emergence, although in some communities
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distinguishing between seed bank types 3a and 3b or 4, as none of the species in these categories reached
50% germination in this study (Figure 11.1; Table 11.1).

Type 3 seed bank strategy was subdivided into types 3a and 3b (Figure 11.1) according to the type lla and
b strategies described by Grime (1981). Type 3a was obtained similar to the original type Ilf {Grime &
Hillier, 1981), but type 3b was derived from seed bank type IV (Grime & Hillier, 1981) i.e. species requiring
light but not scarification for optimum germination.

Seed characteristics such as mass, size and shape may be linked to both seed longevity and dispersal
distance. Whether one considers species, genera or families, small, light, and round seeds, with smooth
coats, are more likely to build persistent seed banks than large, heavy, flatiened and/or elongated seeds,
that have hooks, awns, spines or other kinds of projections on the seed coat (Thompson ef al,, 1993, 1988;
Bakker et al., 1996; Baskin & Baskin, 1998). The underlying cause of this relationship is assumed {0 be
relative ease of burial. Large seeds do not readily become buried by rain, animals or gravity, and suffer high
levels of predalivn while on the soll surfase (Thompson et al, 1893).

The seed characteristics of 37 species (41 seed types) from the Strandveld Succulent Karoo, determined in
the laboratory, are shown in Tables 11.1 and 11.2. Species/seed types have been grouped according to the
five predicted seed bank types: 1, 2, 3a, 3b and 4 (Figure 11.1).

Seed bank type 1

Of the 37 species investigated, eight species exhibited the type 1 seed bank strategy {Table 11.1; Figure
11.2), all of which were perennial or geophyte spécies with wind dispersed seeds (Table 11.2). The plant
species of Namagualand were found to be predominantly anemochorous (66.3% of all species){Van Rooyen
et al, 1990). In contrast to the type | strategy of Grime and Hillier (1881} {annual and perennial grasses of
dry or disturbed habitats capable of immediate germination), this group (ype 1) can be described as
perennial herbs and shrubs capable of immediaie germination. This strategy includes both large and small
seeded species, while grass species did not fall in this category (Table 11.1).

The anemochorous seeds of six of the eight species with the type 1 seed bank strategy have wing-like
appendages (Table 11.2}, i.e. Albuca exuviata, Amellus tenuifolius, Chrysocoma longifolia, Dimorphotheca
tragus, Tripteris oppositifolia and Zygophyllum morgsana. The seeds of Pleronia divaricata have a pappus,
while the atelechoric seeds of Hypertelis salscloides are dispersed by anemoballistic mechanisms (Table
11.2). Although the diaspores of Zygophylium morgsana are wind dispersed, the true seeds are atelechoric.
In this seed bank category, antitelechoric mechanisms employed by Tripteris oppositifolia and Zygophylium
morgsana were myxospermy and synapiospermy respectively (Table 11.2).

Seed bank type 1 species can germinate over a wide range of temperatures and at different light conditions
(Chapter 8) and rainfall will play a crucial role in the timing of germination in these species for successful

seedling establishment and survival. Occasional out of season rainfall may result in the germination of
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Post-dispersal seed predation

During spring 1994, 1 dm® plastic containers were buried randomly within a 10 m x 10 m area, with the top
edges of the pots protruding & mm above soil level. Each container was refilled with scil from the specific
burial position, Seeds of the investigated species (Table 12.1), present in the soil, were removed prior to
replacement by means of a 1 mm mesh sieve. For each species, a total of 50 harvested intact seeds were
spread evenly on top of the replaced soil in each of the 10 replicates per treatment. A 5 mm layer of soil was
spread over the seeds to prevent secondary seed dispersal by wind. The soil level within each container
corresponded to the soil level adjacent to each buried container. To exciude predators, containers were
covered with fine mesh plastic ¢loth (1 mm). Draining holes at the bottom of the containers were not covered
to exclude soil fauna. After nine months of burial in the field (winter 1995), each of the containers was
retrieved and emerged seedlings of the sown species recorded and removed. Seeds still present in the soil
were removed by means of a 1 mm mesh sieve and considered apparently viable when an intact seed
resisted siight pressure applied by a set of forceps.

Seed-borne fungi

Seeds of the species examined (Table 12.1) were surface-disinfected by pre-treating for one minute in a 1%
available chlorine solution of sodium hypochlorite (NaOCH (Copeland & McDonald, 1995). The surface-
disinfected seeds were individually rinsed in distilled water and placed on sterile potato dexirose
supplemented agar in 80 mm Petri dishes {Copeland & McDonald, 1995; Maude, 1996). Twenty replicates
of 20 seeds each were plated.

After plating, batches of ten Petri dishes each were sealed in plastic bags to which approximately § ml of
distilled water was added. Petri dished were incubated in the dark, at a constant temperature of 25°C for two
weeks. At the end of the incubation period, Petri dishes possibly containing fungal colonies were placed
under near-ultraviolet light at 25°C to encourage the development of fruiting bodies (Limonard, 1968; Maude,
1986). After two weeks, the seed-borne fungi were identified under a light-microscope.

Seedling recruitment and plant survival

Prior to the start of the rainy season (early autumn 1995), treatments similar to those used to determine post-
dispersal seed predation were set out for each of four species (Table 12.1). After three months of burial in
the field (winter 1995), the mesh covering each container was removed and the number of emerged
seedlings recorded. After an additional three months {(spring 1998), the number of remaining plants were
recorded.
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Figure 12.1. Interspecific regression analysis indicating the relationship between seed production
and pre-dispersal seed predation {y; — axis}), as well as between seed production and the number of
seeds entering the seed pool {y, — axis).
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