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Lecture 4

Plant Kingdom - Plantae

Origin of Land Plants
land plants evolved from green algae. This began the conversion of bare ground to the rich and diverse
ecosystems found on our planet today.
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Green algae and the land plants shared a common ancestor a little over 1 BYA and are

collectively referred to as the green plants.
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Land plants evolved from freshwater algae

Some saltwater algae evolved to thrive in a freshwater environment. Just a single species of

freshwater green algae gave rise to the entire terrestrial plant lineage, from mosses through the

flowering plants (angiosperms).
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The green algae splitinto two major clades (figure 4.1).:

- The chlorophytes, which never made it to land.

- The charophytes, which are a sister clade to all the land plants
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Figure (4.1): Green plant phylogeny.
Life cycles of plants

The haplodiplontic cycle produces alternation of generations

Plants reproduce both sexually and asexually and have what is known as alternation of generations: A

haploid stage alternates with a diploid stage (figure 4.2).

Haploid is when cells contain one set of chromosomes, while diploid is when cells contain two

sets.
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Many brown, red, and green algae are also haplodiplontic. Humans produce gametes via meiosis, but
land plants actually produce gametes by mitosis in a multicellular, haploid individual. Meiosis produced a

haploid spore that divided by mitosis to produce a haploid gametophyte.
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The multicellular diploid generation, or sporophyte, alternates with the multicellular haploid

generation, or gametophyte. Sporophyte means “spore plant,” and gametophyte means “gamete plant.”
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The diploid sporophyte produces haploid spores (not gametes) by meiosis. Meiosis takes place

in structures called sporangia, where diploid spore mother cells (sporocytes) undergo meiosis,

each producing four haploid spores. Spores are the first cells of the gametophyte generation.

Spores divide by mitosis, producing a multicellular, haploid gametophyte.
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The haploid gametophyte produces gametes by mitosis. Consequently, the gametes (egg cells

and sperm cells) are also haploid. When two gametes fuse, the zygote they form is diploid and is

the first cell of the next sporophyte generation. The zygote grows into a diploid sporophyte by

mitosis and produces sporangia in which meiosis ultimately occurs.
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Figure (4.2): A generalized haplodiplontic plant life cycle.

The kingdom Plantae constitutes large and varied groups of organisms. There are more

than 300,000 species of catalogued plants. Of these, more than 260,000 are seed plants.
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Therefore, the kingdom is further classified into subgroups. Level of classification is based on the

following three criteria:

e Plant body — whether the body has well-differentiated structures (leaves — stems - roots) or not.

e Vascular system — whether the plant has vascular system (xylem - phloem) for transportation

water and substances or not.

e Seed formation — whether the plant bears flowers and seeds or not; if it does, then whether it is

enclosed within fruits or not.
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Considering all these factors, the plant kingdom has been divided into subgroups (most references

attribute green algae to the protista kingdom, while afew currently attribute it to the plant

kingdom).They are as follows:

® Green algae
They lack a well-differentiated body structure (leaf — stem - root), and divide to:

- Chlorophyta (Chlorophytes)

include more than 7000 different species of green algae that live in fresh or brackish water, in
seawater, or in snow patches. A few green algae even survive on soil, provided it is covered by a thin film
of moisture in which they can live.
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Some chlorophytes may already be familiar,_in particular Spirogyra and desmids. Their cells

contain chloroplasts that display a dizzying variety of shapes, and their cell walls contain cellulose,

as do land plants. Some chlorophytes are single cells, such as Chlorella and Chlamydomonas, which

adds to the ambiguity of green algae classification, because plants are multicellular. Other algae, like Ulva
(commonly called sea lettuce), form colonies (Figure 4.3).
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(a) Spirogya

(c) Chlamydomonas (d) Ulva

Figure (4.3): Chlorophytes.

- Streptophytes
Green algae live in a range of fresh water habitats and vary in size from a few millimeters to a meter in

length. The representative species is Chara (order Charales) often called skunk weed because of its

unpleasant smell (Figure 4.4).
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Figure (4.4): The green algae Chara.

® Bryophytes

Bryophytes are the closest living descendants of the first land plants. They do have parts similar to

stems, and leaves. Plants in this group are also called nontracheophytes because they lack the

transport cells called tracheids.
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Bryophytes are comprised of:

1. Liverworts like Marchantia (Figure 4.5 a).

2. Mosses like a hair-cup moss (Figure 4.5 b).

3. Hornworts (Figure 4.5 c).
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Figure (4.5): Bryophytes. a. Marchantia. b. A hair-cup moss. c. Hornworts.

® Seedless Vascular Plants

have well-differentiated structures such as stem, root, leaves as well as the vascular system, but

they do not produce flowers or seeds.
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Two clades of Seedless vascular plants exist today (Figure 4. 6):

1. lycophytes (club mosses).

2. pterophytes (ferns and their relatives like horsetail and whisk fern).
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Figure (4.6): Seedless vascular plants. a. club mosses. b. horsetail. c. whisk fern.

® Seed Plants

- Gymnosperms

Gymnosperms are plants that have well-differentiated plant body, vascular system and they bear

seeds. The term is derived from Greek words, gymno: naked and sperma: seed.
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The four groups of gymnosperms are the coniferophytes, cycadophytes, gnetophytes, and

ginkgophytes.
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In gymnosperms, the ovule, which becomes a seed, rests exposed on a scale (a modified shoot

or leaf) and is not completely enclosed by sporophyte tissues at the time of pollination.
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The most familiar ggmnosperms are conifers (phylum Coniferophyta) which include pines, spruces,

firs, cedars, hemlocks, yews, larches, juniper, cypresses, and others (Figure 4.7). Nearly 40% of the

world’s forests are composed of conifers.
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Figure (4.7): Conifers.

The coastal redwood (Sequoia sempervirens), a conifer native to northwestern California and

southwestern Oregon, is the tallest living vascular plant; it may attain a height of nearly 100 m (300

ft). Another conifer, the bristlecone pine (Pinus longaeva) of the White Mountains of California, is the

oldest living tree; one specimen is 4900 years old (Figure 4.8).
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Conifers are found in the colder temperate and sometimes drier regions of the world. Various species

are sources of timber, biofuel feedstock, paper, resin, paclitaxel (Taxol from yews is a

chemotherapy medication, which is used to treat some types of cancer).
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Bristlecone pine Red wood

Figure (4.8): the bristlecone pine (Pinus longaeva) and The coastal redwood (Sequoia sempervirens).

Pines are an exemplary conifer genus (Figure 4.9). The leaves of pines and other parts of the

sporophyte have canals into which surrounding cells secrete resin. The resin deters insect and

fungal attacks. The resin of certain pines is harvested commercially for its volatile liquid portion,

called rurpentine, and for the solid rosin, which is used on bowed stringed instruments.
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Figure (4.9): Conifers. long pine, Pinus palustris.

Cycads (phylum Cycadophyta) are slow-growing gymnosperms of tropical and subtropical regions.

The sporophytes of most of the 250 known species resemble palm trees with trunks that can attain

heights of 15 m or more. Cycads resemble palms, but are not flowering plants. It produce cones and

have a life cycle similar to that of pines. (figure 4.10).
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Figure (4.10): A cycad, Cycas circinalis.
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Gnetophytes (phylum Gnetophyta). They are the only gymnosperms with vessels in their xylem.

Vessels are a particularly efficient conducting cell type that is a common feature in angiosperms.
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One of the most bizarre genera of all plants is Welwitschia, which occurs in the Namib and

Mossamedes deserts of southwestern Africa (figure 4. 11). The stem is shaped like a large, shallow cup

that tapers into a taproot below the surface. It has two strap-shaped, leathery leaves that grow

continuously from their base, splitting as they flap in the wind.
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Figure (4.11): Welwitschia mirabilis represents one of the three genera of gnetophytes.

More than half of the gnetophyte species are in the genus £phedra. The drug ephedrine, widely

used in the treatment of respiratory problems, was in the past extracted from the Chinese species of

Ephedra, but it has now been largely replaced with synthetic preparations (pseudoephedrine).
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Because ephedrine found in herbal remedies for weight loss was linked to strokes and heart

attacks, it was withdrawn from the market in April of 2004. Sales restrictions were placed on

pseudoephedrine-containing products in 2006 because it can be used to manufacture the illegal

drug methamphetamine which is a powerful, highly addictive stimulant that affects the central

nervous system.
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The fossil record indicates that members of the ginkgophytes (phylum Ginkgophyta) were once

widely distributed, particularly in the northern hemisphere; today, only one living species Ginkgo

biloba, remains (figure 4. 12). It was first found cultivated in Japan and China.
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Figure (4.12): Ginkgo biloba, the only living representative of the phylum Ginkgophyta.
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- Angiosperms

Angiosperms are also seed-bearing plants with well-differentiated plant body. The word is derived
from Greek words: angio: covered and sperma: seed.

Unlike gymnosperms, seeds of angiosperms are enclosed inside the fruits. Angiosperms are

commonly known as flowering plants. Examples: Mango tree, pomegranate plant, etc. Seeds

germinate from embryonic leaves called cotyledons.
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End of lecture
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