Gymnosperm Talk

by Denise Newman
What is a gymnosperm?
It is a woody seed bearing vascular plant, with an aerial stem, and one that exposes its naked ovules to the open air for fertilization.
Gymnosperms are fascinating quirky plants that evolved during the Carboniferous period some 345 million years ago. They dominated during the Jurassic period known as ‘The Age of the Cycads and Gymnosperms’ when dinosaurs were well established.
Gymnosperms are conspicuous in the landscape because of their shape and colouring, as well as their position on the hills and where humans have planted them along beach fronts. 
Living gymnosperms are cycads, ginkgoes, conifers and gnetales. In Australia we have four families, Araucariaceae, Podocarpaceae, Cuppressaceae and Cycadaceae. We do not have ginkgoes and gnetales in Australia, although ginkgoes did exist in Australia.
There are eight extant conifer families (Araucariaceae, Cephalotaxaceae, Cupressaceae, Phyllocladaceae, Pinaceae, Podocarpaceae, Sciadopityaceae, Taxaceae), and twelve extinct families (Cheirolepidiaceae, Doliostrobaceae, Emporiaceae, Ferrugliocladaceae, Geinitziaceae, Majonicaceae, Palissyaceae, Pararaucariaceae, Thucydiaceae, Ulmanniaceae, Utrechtiaceae)
Since 1950 the genera Cathaya, Wollemia and Xanthocyparis have been newly described. (Farjon 2008).
Features of Gymnosperms

· Gymnosperms are mostly evergreen shrubs and trees, Parasitaxus ustus is an exception, it is dark wine in colour and the only conifer in the world that is parasitic and found on Mt Dzumac, New Caledonia. 
· ‘Golden Zero’ a golden yellow Callitris sp. cultivar found on Mt Zero in the Grampians, registered with ACRA by the late Bill Cane. 
· A few gymnosperms are deciduous, Larch (Larix) Pseudolarix amabilis, Ginkgo (Ginkgo biloba ), Dawn Redwood (Metasequoia glyptostroboides), and Swamp Cypress or Bald Cypress Taxodium distichum, Chinese Swamp Cypress, and the southernmost deciduous species Taxodium mucronatum of Mexico and Guatemala (occasionally deciduous in connection with droughts). Glyptostrobus pensilis, (G. lineatus?).
· There is one semi -aquatic conifer, a rheophyte (a plant with a life cycle in streams) Retrophyllum minus, described by Aljos Farjon as an upturned turnip of a dwarf tree with flat stubby leaves and grape-like seeds. 

· All but cycads have simple leaves. There are three types of simple leaves: needles, scales and broad leaved. Cycad leaves are compound.
· Leaves do not have stipules.

· All gymnosperms are woody plants.

· No flowers.

· They have fine dry pollen.

· Lack double fertilization as in angiosperms.

· Pollen grains are carried to the ovules, not to the stigmas as in angiosperms, and germinate there.

· Ovules are not enclosed in an ovary. Most are attached to cone scales.

· The ovules always have a single wet pore on its outer surface to catch pollen blown by wind or carried by beetles or moths.

· They have tracheids (a primitive element of xylem (wood), that serve for support and for upward conduction of water and dissolved minerals in all vascular plants), but no xylem.

· In the phloem, gymnosperms have sieve cells, but no companion cells hence their flow of sap is restricted and less efficient than the Angiosperms that developed later.

· They produce cones regardless of whether the gametes were fertilised or not.

· They have an asexual phase (sporophyte) spores and a sexual phase (gametophyte) eggs and sperm.

Araucariaceae (Late Triassic 220 Mya) 
Habitat: Australia, New Caledonia, South America and New Zealand; Antarctica was also once their habitat, (known from fossils).

· Agathis: Agathis robusta, A.atropurpurea, A. Microstachya

· Araucaria: A. Cunninghamii, A. Bidwillii, (A. Heterophylla, Norfolk).

· Wollemia: W. nobilis. (120mya)
Podocarpaceae (2nd largest family)
Habitat: New Zealand and the Pacific, also Japan, Himalayas and South America. Appears at the middle of the Triassic period 240 Mya.

· Lagarastrobis franklinii

· Phyllocladus aspleniifolius (Upper Cretaceous 70Ma)
· Michrochachrys tetragona (The smallest conifer in the world.)
· Microstrobus fitzgeraldii, M. niphophyllus,

· Podocarpus dispermus, P. drouynianus, P. elata, P. grayae, P. lawrencei, P. smithii, P. spinulosua,

· Prumnopitys ladei, 

· Sundacarpus amara

They have not moved from rainforests or wet-subalpine shrub-heath.

Alpine Tasmania and NE Qld are two centres of diversity.

Fossils appear early Triassic with Rissikia.

(Podocarpus: Naked peduncle, a fleshy receptacle developed from cone bracts).

Cuppressaceae (Largest family)

Distributed around the world. Economically important, especially for oils resins and tannins. (Upper Jurassic 175 Mya). 4 genera, 22 species in Australia.
· Athrotaxis: A. cuppressoides, A. selaginoides, A. laxifolia (hybrid)
· Diselma: D. archeri

· Actinostrobus: A. pyramidalis, A. arenarius, A.acuminatus
· Callitris: C. columellaris, C. drummondii, C. endlicheri, C. gracilis, C. glaucophylla, C. intratropica, C.macleayana, C. monticola, C. Muelleri, C.oblonga, C. pressii, C. rhomboidea, C. roei, C. verrucosa.

Gondwanan connections clear with Callitris and Actinostrobus that are allied with Widdringtonia of S. Africa. Diselma with Fitzroya of S. America.
Fossils of Cupressaceae appear late Triassic.

Cycads
Cycads are thought to be the most primitive of living gymnosperms and are amongst the most ancient of all living plants today. They have a world-wide distribution. Central America has the greatest diversity. They are not numerous, approximately 200. (270mya).
· Contractile roots and stems. Mainly in juvenile plants.

· Motile sperm cells (spermatozoids). Known also in Ginkgo biloba and the fern and fern allies.

· Thermogenises (heat) in the male and female sporophylls in some cycads. 1-17º higher than the surrounding air temperature.

· Coralloid roots that are apogeotropic (grow upwards against gravity) and contain blue-green algae in some of their cortical cells. The blue-green algae are able to fix nitrogen from the atmosphere.

· Bowenia: B. serrulata, B. spectabilus. (+ B. sp. ‘Tinaroo’. hybrid?) Endemic 2, WW 2
· Cycas: C. armstongii, C. angulata, C. basaltica, C. brunnea, 

· C. calcicola, C. cairnsiana, C. conferta, C. couttsiana, C. furfuracea 

· C. lane-poolei, C. media, C. megacarpa, C. ophiolitica, C. platyphylla, C. silvestris, Endemic 27, WW 50
· Lepidozamia: L. hopei, L. peroffskyana. Two are extinct, L. hopeites, Baccus Marsh, Victoria, and L. foveolata, Nerriga, NSW. Endemic 2, WW 2
· Macrozamia: M. communis, M johnsonii, M lucida, M. moorei, M. platyrachis, M.reducta M. smithii, M.spiralis. One extinct, M.australis, known from a leaf fragment, found in Oligocene deposits at Cethana, Tasmania. Cethana is just south west of Devonport. Cethana in Aboriginal language means hair. Endemic 38, WW 38
Uses

· Coal: Gymnosperm forests of the Permian era formed a large portion of the coal available today. Glossopterids Southern Hemisphere, Lepidodendron Northern Hemisphere. 

· Food source; starch from seeds and stems of: Cycas, Encephalartos, Macrozamia, Zamia. (Can cause neurological disorders in man and animals.)

· Flavouring: The common juniper fleshy cones are used to give gin its distinct taste. Also used in other alcoholic drinks. 

· Essential oils: from spruces, junipers, firs, hemlocks and arborvitaes (genus Thuja N. Asia and N. America) that are used for scent in soaps, air-fresheners, disinfectants, perfumes.

· Tannins: hemlock and spruces.

· Natural resin: Kauri copal (Agathis australis) NZ. Distillation of oleoresin from Agathis robusta for oil of turpentine and rosin (the solid residue).

· Decongestant: Joint Firs (Ephedras) produce a natural source of ephedrine that is used to treat certain respiratory ailments.

· Callitris intratropica: Grows mostly on Aboriginal lands including Melville and Bathurst Islands, 80km from Darwin.

· “ Mike Russel pours water into a bowl containing the wood and when the temperature soars, steam flows into a long thin tube and then into a converter. Finally Russel, a technical specialist at a Government laboratory, spoted traces of oil (about 3.5 millilitres of it). Within three minutes it turns a vibrant blue. The new oil, with its long-lasting fragrance sends ripples of excitement through the essential oils trade in Europe and USA. Later, a version of it will be named Blue Cypress Oil.

· Potential in the perfumery and aromatherapy, also in flavouring and pharmaceuticals. Also touted by some as the only wood containing guaiazulene, a chemical that produces the blue colour and has anti-bacterial properties.
· Promoted by Jurlique International as Blue Cypress and Essence of Sydney 2000 in a marketing campaign during the Olympic Games.

Ref: The Age. Wed. April 21st 2004 by Martin Daly.

Tit Bits
· Van Gogh, known for his paintings of sunflowers also painted cypresses (Cuppressus sempervirens). 1980 “Lane with cypresses under a starry sky,” 1889 “Wheatfield and cypress,” and “Cypresses”.

· In 1899 Van Gough wrote in a letter to his brother “I am totally preoccupied with cypress. I would like to create something similar to my sunflower paintings with them. I find it strange that they never have been painted in the way that I see them. They are as beautifully proportioned as an Egyptian obelisk.”

· According to another legend, when Adam was dying, he sent his son Seth to the Garden of Eden to beg the angel on guard for a little of the precious juice from the tree of life. Instead, the angel gave him a small portion of the tree, which was later planted, on Adam’s grave. This tree eventually grew into one with three branches, one cypress, one cedar (Cedrus) and one olive. It was from these three trees that the cross on which Christ was ultimately crucified is said to have been made; the upright beam was cedar, the cross arm of cypress and the title of olive. ( Maheshwari and Chhaya Biswas 1970)
· Pinecones appeared on many ancient amulets and had a phallic meaning. It is said that the pinecone was the most used in the cult of Venus. Pinecones were regarded as symbols of fertility and even now the tops of wooden bedposts are often embellished with carved pinecones. (Mirov and Hasbrouck 1976).
· The yew, Taxus baccata, is deeply woven into the religious folklore of the British Isles. The ancient Britons held the tree sacred and the Druids perpetuated the religious association by erecting temples near yew trees (Harrison 1975).
· The use of a non-wood product from a conifer is mentioned a least once in the Holy Bible. At the time of the Great Flood, God instructed Noah to “Make thee an ark of gopher wood [Clasrastis lutea]; rooms shalt thou make in the ark, and shall pitch it within and without with pitch”. (Mirov and Hasbrouck1976).
Ref: for the above ‘Tit Bits’
FAO CORPORATE DOCUMENT REPOSITORY Title: Non-wood forest products from conifers, Chapter 2 (http://www.fao.org/docrep/X0453E/X0453e06.htm)
· A gymnosperm ovule always has a single wet pore on its outer surface to catch pollen blown by the wind or carried by a beetle or moth. Some gymnosperms give their ovules extra protection in the form of hard flattened leaves that form touch “shingles” and attach themselves to each scale and its ovules. These shingles arrange themselves in a continuous spiral, forming the familiar female cones of pines, firs, cedars, cycads.

· Pollen grains made by cone-bearing trees are always grease free and are four-celled; they contain two degenerating prothallial cells, a generative cell and a tube cell. (Pollen made by primitive flowers remains oily).

· In gymnosperms a single sperm unites with the egg, the food tissue receives no sperm at all and matures rather slowly. The seeds of cone-bearing plants often wait more than a year and a half before they get enough food to leave their parent trees/shrubs. Double fertilization has allowed flowering plants to generate more rapidly
· Flowering plants require two sperm cells to make each seed. A solitary sperm cell divides into two sperm cells as its tubes take it down to the ovary to the embryo sac. One sperm cell unites with the egg to start the seed embryo, the second fuses with two “polar’ cells in the same sac. This triple union makes all the cells that will become starchy food tissue that supports the young embryo. 
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