


















































RESULTS AND DISCUSSION

None of the four species survived at salinities higher than 1% NaCl (Table 14.1). Although most of the plants of
the four species survived at the 1% NaCl treatment, the ephemeral species showed signs of chlorosis. The
mortality rate of the four species increased as the salinity increased. The plants of the 3% NaCl treatment died
first (after three weeks), followed by the plants of the 2% NaCl treatment (after nine weeks). De Villiers et al.
(1997) found several perennial species of this area to be moderately salt tolerant. Although Gazania leiopoda is

a perennial species, it did not survive at the moderate and high salinities as expected.

In the case of Gazania leiopoda (perennial), the mean number of inflorescences produced per plant did not differ
significantly between the 1% NaCl and the control treatment (Figure 14.1). The mean number of seed bearing
inflorescences were significantly lower than those not bearing seeds, for both the control and 1% NaCl
‘treatment. Although the mean number of seed bearing inflorescences decreased when this species was grown
on saline soil, the total number of inflorescences produced did not differ. The mean number of inflorescences
produced per plant decreased significantly with increasing salinity, for both Senecio arenarius and
Dimorphotheca pluvialis (Figure 14.1). In the confrol treatment, both these ephemeral species produced a
significantly greater number of seed bearing inflorescences than non-seed bearing inflorescences. In the 1%
NaCl treatment, the number of seed bearing inflorescences were less than the inflorescences not bearing seeds,
but this was only significant in the case of Dimorphotheca pluvialis. Therefore, the ephemeral species not only
produce less inflorescences when grown on saline soil, but the inflorescences that are produced bear less or no

seeds.

The mean number of seeds produced per plant are given in Table 14.2.  Although not significantly, Gazania
leiopoda produced a greater number of seeds per plant in the 1% NaCl treatment than in the control treatment,
mainly because of the greater number of seeds produced per inflorescence. A low salinity therefore seems fo
enhance the number of seeds produced by this species. Francois & Kleiman (1990} reported that Crambe
abyssinica showed a 6.5% reduction of seed yield for each unit increase in soil salinity above 2.0dS m™, but no
significant reduction of seed yield below this concentration. The mean number of seeds produced per plant
decreased with increasing salinity for all three ephemeral species (Table 14.2). In the cases of Dimorphotheca
pluvialis and Senecio arenarius, this decrease is due to a reduction in both the number of inflorescences
produced per plant and the number of seeds produced per inflorescence, with increasing salinity. A decrease in
yield with increasing salinity has been reported for many species (Abdul-Halim et a/., 1988; Francois et al., 1988;
Francois et al., 1989; Jones et al., 1989; Francois & Kleiman, 1990; Ashraf & Tufail, 1995; Ashraf & O’Leary,
1996; Mamo et al., 1996; Gutierrez Boem et al., 1997). Abdul-Halim et al. (1988) found that at a low soil salinity
level (< 8.0 dS m'™"), and maintaining the available soil water above a specified percentage during the growth

period, would effect a smali reduction on wheat yield.
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CONCLUSIONS

Although most ephemeral species survive when grown on soil with low salinities, these species yield almost no
seeds. As seeds are ephemeral species’ only means of reproduction, these species will have to be revegetated
from seed sources outside the mined area, or from replaced topsoil. Fortunately, populations of representative
ephemeral species occur outside the mined area, and the seeds of most of these species are wind dispersed. If
the salinity of the mined soil can be kept at a low concentration, perennial species will be able to survive and in
some cases seed production may even be enhanced. Studies comparing the viability, longevity and
germinability of seeds, produced by plants grown on soils with different salinities, are now essential. Future
studies should also include emergence, seedling survival, plant growth, yield, efc. of plants derived from seeds

produced at different soil salinities.
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growth of some species appears to be less salt tolerant than during germination and later growth (Van Hoorn,
1991; Chartzoulakis & Loupassaki, 1997).

Interspecific differences in response o salinity and differential responses resulting from interaction of salinity with
other environmental factors occur. Variables such as irradiance and calcium content (Hyder & Greenway, 1965;
Bogemans et al,, 1989; Volkmar et al, 1998), ecotypic variation within species {Tiku & Snaydon, 1971), soils
(Venables & Wilkins, 1978; Watt, 1983), nitrogen levels and temperature (Kemp & Cunningham, 1981; Khan &
Ungar, 1996; Masuda et al., 1999), species (Kingsbury & Epstein, 1986), CO, concentration (Munns & Termaat,
1986; Yeo, 1929) and humidity (Salim, 1989), can all affect plant responses to salinity.

Several studies in the Karoo, South Africa, have focused on factors affecting seedling establishment and survival
(Esler & Phillips, 1994; Milton, 1995), but plant responses to salinity has been a neglected area of study in this
arid environment {Theron, 1964; Liovd, 1985; De Villlers et al, 19%4a, 1994b, 1985, 1996, 1997, 1999).

The present study was undertaken to improve understanding of the responses of three Namaqualand pioneer
species to different levels of salinity during emergence and the seedling stage. Information about salinity
tolerance at the seedling stage would also provide a predictive basis for assessing the suitability of different plant
types and local species for post-mining revegetation.

MATERIAL AND METHODS

Seeds (achenes) of three local species, Gazania leiopoda (DC.) Réssl., Senecio arenarius Thunb. and Senecio
elegans L., were sown in 8 dm? trays, containing fine sand (0.5 - 1.1 mm particle size), and irrigated daily under
free-draining conditions with 2 dm® solution depending on the treatment. In the emergence experiment,
solutions with salinities of 1%, 2% or 3% NaCl were applied from the start (salt shock). In the seedling survival
experiment, seeds in the trays were irrigated with distilled water for four weeks, whereafter the salinity of the
solutions applied was raised gradually (0.5% NaCl per day) until the correct salinity was reached ie. 1%, 2% or
3% NaCl (salt acclimation). Distilled water was used as a control. Half strength Arnon and Hoagland's nutrient
solution (Hewitt, 1952) was added to all dilutions. Salts, that might have accumulated, were leached from the soil

by giving each tray 2 dm? distilled water twice a week, before the saline solution was applied.

Trays were placed in a Phytotron room with a glass roof, and maintained at a constant temperature of 20°C. A
randomized blockless design was used. Each tray contained 20 seeds/seedlings and five replicates of each
salinity treatment (control; 1% NaCl, 2% NaCl and 3% NaCl) were used for each of the experiments and three

species. The number of emerged and surviving seedlings was noted weekly.
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OPSOMMING

SAADBANKDINAMIKA VAN DIE STRANDVELD SUKKULENTE KAROO

deur

ADRIAAN JAKOBUS DE VILLIERS

Leier: Dr. M.W. van Rooyen
Medeleier: Prof. G.K. Theron

DEPARTEMENT PLANTKUNDE

PHILOSOPHIAE DOCTOR

n Saadbank word deur verskeie faktore en prosesse, wat verband hou met meer as een veld van ekologie,
beinvioed. Ditis daarom noodsaaklik om al hierdie komponente in ag te neem indien die saadbankdinamika
onderscek word, Laasgenoemde is saamgestel uit verskeie prosesse wat toevoegings en verliese tot die
saadbank beinviced. Buiten die beskrywing van die saadbankdinamika van die Strandveld Sukkulente
Karoo in terme van ruimtelike en temporele variasie in saadbank grootte en samestelling, is faktore scos
saadproduksie, predasie, saadverspreiding, dormansie, ontkieming, saadswamme en omgewingstoestande,
ook ondersoek. Hierdie inligting is op bestuursviak geinkorporeer in die ontwikkeling van geskikle
plantegroeihervestiging strategieé vir gebruik in rehabilitasie van gemynde areas,

Die terugplaas van bogrond, saal en corplant van geselekteerde spesies word as lewensvatbare metodes
beskou vir die verpligte hervestiging van planiegroei na mynbou-aktiwiteite in die Strandveld Sukkulente
Karoo. Kennis van plantgemeenskappe en hul geassosieerde habitatte, voordat mynbou-aktiwiteite ‘n
aanvang neem, is van kardinale belang vir die daarstelling van goeie rehabilitasie-, bestuurs- en
bewaringstrategies.

Fitososiologiese studies van die staande plantegroei en saadbank, voor die aanvang van mynbou-aktiwiteite,
het aangetoon dat ‘n hervestigingsdoelwit van 30% van die 230 plantspesies aangeteken, realisties sal
wees. Die saadbank van die studiegebied het gemiddeld 2 725 saailinge m? opgelewer, wat tot 109 spesies
behoort het. Ruimtelike variasie in die grootte en samestelling van die saadbank was nie so opvallend soos
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APPENDIX 1

PLANT TAXA STUDIED AND/OR ENCOUNTERED IN THIS STUDY

Plant specimens are housed in the H.G.W.J. Schweickerd Herbarium,

University of Pretoria, Pretoria, South Africa

TAXON

Aizoaceae

Adenogramma littoralis Adamson

Coelanthum semiquinquefidum (Hook.f.) Druce
Galenia africana L. var. africana

Galenia sarcophylia Fenzl

Hypertelis salsoloides (Burch.} Adamson var. salsoloides
Limeum africanum L. $sp. africanum
Pharnaceum aurantium (DC.) Druce
Pharnaceum exiguum Adamson

Fharnaceum lanatum Baril.

FPharnaceum microphyfium LA,

Psammotropha quadrangularis (1.1.) Fenzl
Tetragonia microptera Fenz|

Tetragonia pifansii Adamson

Tetragonia virgata Schitr.

Aloaceae
Aloe framesii L.Bol.

Amaryllidaceae

Boophane sp.

Brunsvigia orientalis (L.} Ait. ex Eckl.

Gothyllis sp.

Haemanthus amarylloides Jacq. ssp. polyanthus Snifman

Anacardiaceae
Rhus longispina Eckl. & Zeyh,

Apiaceae
Annesorhiza macrocarpa Eckl. & Zeyh.
Sonderina tenuis (Sond.) H.Wolff

Asclepiadaceae
Cynanchum africanum R.Br. var. africanum
Microloma sagittatum (L) R.Br.

Asphodelaceae

Bulbine sp.

Trachyandra divaricata (Jacq.) Kunth
Trachyandra falcata (L.1.) Kunth.

Asteraceae

Amelius microglossus DC.
Amellus tenuifolius Burm.
Arctotheca calendula (L.) Levyns
Arctotis auriculata Jacq.
Arctotis hirsuta (Harv.) Beauv.
Arctotis scullyi R.A.Dummer
Arctotis stoechadifolia Berg.
Arctolis sp. :

Arctotis sp. (ADV220}

Arctotis spp.

Berkheya fruticosa (L) Ehrh.
Berkheya spinoasa (L.1.) Druce

Chrysanthemoides monilifera (L.} T.Norl. ssp, pisifera (L.) T.Norl.

Chrysocoma longifolia DC.
Cotula thunbergii Harv.
Didelta carnosa (L.1.) Alt. var. carnosa
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Dorotheanthus belliditormis (Burm.f) N.E.Br. ssp. hestermalanensis thlenf, & Struck M.W. van Rooyen 2321

Drosanthemum calycinum (Haw.) Schwant.
Drosanthemum spp.

Drosanthemurn sp. (RDV277)
Drosanthemum sp. {RDV336)
Lampranthus godmaniae (L.Bol.) L.Bol. var. godmaniae
Lampranthus lanatus (Willd.} N.E.Br.
Lelpoldtia jacobeniana Schwant.
Mesembryanthemaceae spp.
Mesembryanthemum crystafinum L.
Monilaria chrysoleuca (Schitr.y Schwant. var, chrysoleuca
Prenia paflens (Ait.) N.E.Br.

Psifocauton spp.

Rhinephyilum frithii {L.Bol.) L.Bol.

Ruschia bolusiae Schwant.

Ruschia brevicyma L.Bol.

Ruschia caroli {L.Bol.} Schwant.

Ruschia cymosa (L.Bol.) Schwant.
Ruschia extensa L.Bol.

Ruschia firma L.Bol.

Ruschia namaquana L..Bol.

Ruschia sp.1

Ruschia sp. (GVR2245)

Ruschia subpanicufata L.Bol.

Ruschia tecta L.Bol.

Ruschia tumidula (Haw.) Schwant.
Ruschia versicolor L.Bol.

Species x4(RDV268) (Mesembryanthemaceae)
Species x7 (Mesembryanthemaceae}
Sphaimanthus sp. (RDV270)

Stoeberia sp.

Vanzijha annulata (Berger) L.Bol.

Oxalidaceae
Oxalis pardalis Sond.
Oxalis spp.

Plumbaginaceae
Limonium perigrinum {Berg.) R.A.Dyer
Limonium sp.

Poaceae

Bromus pectinatus Thunb.

Chaelobromus dregeanus Nees

Chloris pyenothrix Trin.

Cladoraphis cyperoides (Thunb.} S.M.Phillips

Ehrharta brevifolia Schrad. var. brevifolia

Ehrharta calycina J.E.Sm.

Karroochioa schismoides (Stapf ex Conert) Conert & Tuerpe
Odyssea paucinervis (Nees) Stapf

Pentaschistis patula {Nees) Stapt

Species x2(Poaceas)

Species x3{RDV286)(Poaceas)

Stipagrostis zeyheri (Nees) De Winter ssp. macropus (Nees) De Winter

Polygonaceae
Emex australis Steinh.
Rurmex spp.

Portulacaceae
Portulaca quadrifida L.

Rosaceae
Griefum grandifforum {L.} Druce
Griefum humifusum Thunb, var. humifusum

Rublaceae
Galium tomentosum Thunb,

Santalaceae
Thesium spinosum L.f.

Scropulariaceae

Diascia sp.

Hemimeris racemosa (Houtt.} Merrill
Lyperia tristis (L1} Benth.

Manulea altissima L 1. ssp. altissima
Manulea cinerea Hilliard

Manulea pusilia E.Mey, ex Benth.
Nermesia bicornis (L.} Pers.
Nemesia ligulata £ Mey. ex Benth,
Polycarena purnila {Benth.} Levyns
Zaluzianskya viffosa (Thunb.} F.W.Schmidt
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Selaginaceas
Hebenstretia dentata L.
Hebenstretia repens Jarosz

Solanaceae

Lycium ferocissimum Miers
Lycium sp.

Lycium spp.

Solanum guineense ..

Sterculiaceae

Hermannia amoena Dinter ex M.Holzhammer
Hermannia cernua Thunb. ssp. ercidioides
Hermannia cuneifolia Jacq. var. cuneifolia
Hermannia modesta (Ehrenb.) Mast.
Hermannia scordifolia Jacq.

Hermannia sp.

Hermannia spp.

Tecophilaeaceae

Ferraria densepunctulata De Vos

Ferraria divaricata Sweet ssp. aurea De Vos
Ferraria spp.

Viscaceae
Viscum capense |.f. ssp. capense

Zygophyllaceae

Zygophyltum meyeri Sond.
Zygophyllum morgsana L.
Zygophyllum pygmaeum Eckl. & Zeyh.

A.J. de Villiers 207
A de Villiers 231, 236

A, de Villiers 245,258,287

A.J. de Villiers 259,323
Le Roux et af. (1897}
Ad. de Villiers 154, 71

Al de Villiers 298
M.W. van Rooyen 2159
Al de Villiers 287
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A, J. de Villiers 107, 203
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le Roux of al. (1897)

A, de Villiers 121
A, de Villiers 130
Le Roux et al. (1997}
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APPENDIX 2

CURRICULUM VITAE

Adriaan Jakobus De Villiers was born in Boksburg on the 10" of February 1967. He started his education in
1973 at the Baanbreker Primary School and matriculated in 1984 from Voortrekker High School, Boksburg.

in 1988 he obtained the B.Sc. degree with Botany and Zoology as main subjects, and in 1989 the B.Sc.
Hons. {Botany) {cum laude)} at the University of Pretoria.

During 1990 and 1991 he completed his South African military service with a rank of 1% Lieutenant in the
Engineering Corps. During this period he also obtained a post-graduate diploma in Terrain Evaluation from
the Potchefstroom University for Christian Higher Education.

in 1991 he enrolled for the M.Sc. (Botany) degree at the University of Pretoria, which he obtained cum Jaude
in 1983 for his dissertation entitied: “Ecophysiological studies on several Namaqualand pioneer species, with
special reference 1o the revegetation of saline mined soil”.

During the period 1989 to 1998 he worked as academic assistant, research assistant, tutor and demonstrator
in the Botany Department of the University of Pretoria. In 1997 he also worked as demonstrator for the Vista
University. He is currently employed as a Senior Agricultural Product Technician by the National Department
of Agriculture, in the Variety Control Division, Genetic Resources, Roodeplaat.

He was author or co-author of eight publications, four unpublished reports, and was involved in the

presentation of ten scientific papers/posters. He also was the photographer of the field guide to the wild
flowers of the Cederberg, which was published in 1999,
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