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Concepts addressed: 
Plants: Evolution and adaptation to land, anatomy (roots, stem, leaves, reproductive structures), 
physiology, C3, C4, and CAM photosynthesis, hormones, photoperiods, water and nutrient uptake, 
translocation, reproduction (alternation of generations), fertilization and zygote formation, 
germination, growth, differentiation, vegetative propagation.  
 
BIOL 121 addresses the theme - What does it take to be a land adapted plant?  
 
Plants evolved from green algae. Molecular studies indicate that green algae called charophyceans 
are the closest relatives pf plants. Two main lineages arose from early ancestral plants.  
 
One lineage gave rise to Bryophytes - plants that lack a xylem and phloem (non-vascular plants) - 
mosses and their close relatives. Bryophytes have flagellated sperm which closely resemble those of 
the algal group, and which must swim to the eggs, so fertilization requires the plant be covered with 
water.  
 
Derived from early vascular plants, ferns and seed plants have xylem and phloem, well-developed 
roots, and rigid stems.  
 
Ferns are seedless plants whose flagellated sperm also require moisture to reach an egg. A major step 
in plant evolution was the appearance of seed plants - gymnosperms and angiosperms - vascular 
plants with pollen grains for transporting sperm and protection of their embryo in seeds.  
Gymnosperms - vascular seed plant, such as the pines, are called naked-seed plants because their 
seeds do not develop inside a protective chamber.  
 
Angiosperms - vascular seed plant, flowering plants, the seeds of which develop inside a protective 
chamber - the ovaries within fruits.  
 
There are two main types of angiosperms - monocots and dicots. The monocots include the grains 
and other grasses, orchids, palms, and lilies. The dicots are a larger group, including most trees, 
shrubs, ornamental plants, and many food crops. Monocots and dicots differ in the number of seed 
leaves and the structure of roots, stems, leaves, and flowers.  
 
The body of a plant consists of a root system and a shoot system. Roots anchor the plant, absorb and 
transport minerals and water, and store food. Tiny root hairs increase the absorptive surface of the 
roots. The shoot system of an angiosperm consists of stems, leaves, and flowers. Leaves are the 
plant's main photosynthetic organs. At the tip of the stem is a terminal bud - the growth point of the stem. 
Axillary buds can give rise to branches. Many roots and stems function in storing food, asexual 
reproduction, and protection. There are five major types of plant cells: parenchyma, collenchyma, 
sclerenchyma (including fiber and schlerid cells), water-conducting cells (including tracheids and 
vessel elements), and food-conducting cells (sieve-tube members).  
 
Two types of vascular tissue are xylem, which contains water-conducting cells that convey water and 
dissolved minerals, and phloem, which contains sieve tube members that transport sugars.  
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Roots, stems, and leaves are made up of three tissue systems: the epidermis, the vascular tissue 
system, and the ground tissue system. The epidermis covers and protects the plant. The vascular 
tissue system contains xylem and phloem. The ground tissue system consists of parenchyma cells and 
supportive collenchyma and sclerenchyma cells. The ground tissues of stems and roots function 
mainly in storage. Mesophyll, the ground tissue of leaves, is where most photosynthesis occurs.  
 
Most plants grow as long as they are alive. Growth originates in meristems, areas of unspecialized, 
dividing cells. Apical meristems at the tips of roots and in the terminal buds and auxiliary buds of 
shoots initiate lengthwise growth by producing new cells - primary growth. An increase in a plant's 
girth - secondary growth - arises from cell division in a cylindrical meristem called the vascular 
cambium. The vascular cambium thickens a stem by adding layers of secondary xylem, or wood, 
next to its inner surface. Outside the vascular cambium the bark consists of secondary phloem (also 
produced by the vascular cambium), a meristem called the cork cambium, and protective cork cells 
produced by the cork cambium. Then outer layers of the bark are sloughed off as the plant thickens. 
Secondary phloem does not thicken the stem because bark is sloughed off at about the same rate as 
new phloem is produced.  
 
The angiosperm flower is a reproductive shoot consisting of petals, sepals, stamens, and carpels. 
Pollen grains develop in the anthers, at the tips of stamens. The tip of the carpel, the stigma, receives 
pollen grains. The ovary, at the base of the carpel, houses the female reproductive structure, the 
ovule.  
 
The plant life cycle alternates between diploid (2n) and haploid (n) generations. Most of the body of 
an angiosperm or gymnosperm is a diploid sporophyte. Haploid spores are formed within ovules and 
anthers. The spores in the anthers give rise to male gametophytes - pollen grains -which produce 
sperm. A spore in an ovule produces the female gametophyte, called an embryo sac and each embryo 
sac contains an egg cell. Pollination is the arrival of pollen grains, carried by wind or animals, onto a 
stigma. A pollen tube grows into the ovule, and sperm pass through it and fertilize both the egg and a 
second cell. The second cell has two nuclei, and after fertilization it is triploid. This process - double 
fertilization - is unique to plants. After fertilization, the ovule becomes a seed, and the fertilized egg 
within it divides to become an embryo. The other fertilized egg develops into the endosperm, which 
stores the food for the embryo and a tough seed coat protects the embryo and the endosperm.  
While the ovule becomes a seed, the ovary develops into a fruit, which helps protect and disperse the seeds. 
A seed starts to germinate when it takes up water, expands, and bursts its seed coat. Metabolic 
changes cause the embryo to resume growth and absorb nutrients from the endosperm, an embryonic 
root emerges, and a shoot pushes upward and expands its leaves.  
 
Many plants can reproduce asexually, via bulbs, sprouts, or runners. Propagating plants vegetatively 
from cuttings or bits of tissue can increase agricultural productivity but can also reduce genetic 
diversity.  
 
As a plant grows, its roots absorb water, inorganic ions, and some oxygen from the soil and its leaves 
take C02 from the air. All water and solutes must pass through the plasma membranes of cells of the 
endodermis to enter the xylem for transport upward. The endodermal cell membranes admit only 
certain solutes.  
 
In some plants, solute transport may raise water pressure in the xylem, and this can push water a 
short way up the stem. Most of the force that moves water and solutes upward in the xylem comes 
from transpiration; Cohesion causes water molecules to stick together, relaying the pull of 
transpiration along a string of water molecules all the way to the roots. The adhesion of water 
molecules to xylem cell walls helps counter gravity. Transpiration can move xylem sap to the top of 
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the tallest tree. Guard cells surrounding the stomata in the leaves control transpiration. Phloem 
transports food molecules made by photosynthesis by a pressure-flow mechanism. At a sugar source, 
such as a leaf, sugar is loaded into a phloem tube, raises the solute concentration in the tube, and 
water follows by osmosis, raising the pressure in the tube. As sugar is removed or stored or used in a 
sugar sink, (such as the root), water follows. The increase in pressure at the sugar source and 
decrease at the sugar sink causes phloem sap to flow from the source to sink.  
 
A plant must obtain from its surroundings the "nutrients" it requires.  
Macronutrients are needed in large amounts - carbon, hydrogen, oxygen, phosphorous, nitrogen - to 
build organic molecules.  
Micronutrients - iron, copper, zinc etc. - act as cofactors of enzymes.  
Stunting, wilting, and color changes indicate nutrient deficiencies. Soil characteristics determine 
whether a plant will be able to obtain the nutrients it needs to grow.  
 
Hormones coordinate the activities of plant cells and tissues for example the phenomenon of 
phototropism - plants bending towards light. The bending results from faster cell growth on the 
shaded side of the shoot than on the lighted side - the "signal" for this being the plant hormone auxin 
produced in the apical meristems at the tips of the shoots. At different concentrations, auxin 
stimulates or inhibits the elongation of shoots and roots.  
 
Cytokinins, produced by growing roots, embryos, and fruits, are hormones that promote cell division.  
Gibberellins stimulate the elongation of stems and leaves and the development of fruit. Gibberellins 
can induce some plants to produce seedless fruits without fertilization. Abscisic acid inhibits the 
germination of seeds and it also acts as a "stress hormone" causing stomata to close when a plant is 
dehydrated.  
 
As fruit cells age, they give off ethylene gas, which speeds up ripening. A changing ratio of auxin to 
ethylene, triggered mainly by shorter days, probably causes autumn color changes and the loss of 
leaves from deciduous trees.  
Plant hormones have a variety of agricultural uses from delaying or promoting fruit drop to 
producing seedless fruits. A synthetic auxin - 2,4-D - is used to kill weeds - and there are many 
questions about the safety of using such chemicals.  
 
Plants sense and respond to environmental changes in a variety of ways.  
Tropisms are growth responses that change the shape of a plant or make it grow toward or away from 
a stimulus.  
 
Phototropism may result from auxin moving from the light side to the dark side of a stem.  
A response to gravity, gravitropism, may be caused by the settling of special organelles on the low 
sides of shoots and roots, which mat trigger a change in the distribution of hormones. 
Thigmotropism, a response to touch, is responsible for the coiling of tendrils around objects.  
An internal biological clock controls sleep movements and other daily cycles in plants.  
These cycles, called circadian rhythms, persist with periods of about 24 hours even in the absence of 
environmental cues, but such clues are needed to keep them synchronized with day and night. Plants 
mark the seasons by measuring photoperiod, the relative lengths of night and day - the timing of 
flowering is one of the seasonal responses to photoperiod. Short-day plants flower when nights 
exceed a certain critical length, long day plants flower when nights are shorter than a critical length. 
A light absorbing proteinphytochrome - mat help plants set their biological clock and monitor 
photoperiod.  
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Plants in which the Calvin cycle uses C02  directly from the air are called C3 plants because the first 
organic compound produced is the three-carbon compound 3-PGA. C3 plants are common and 
widely distributed, and some of the, such as soybeans, oats, wheat, and rice are important in 
agriculture. One of the problems in growing C3 plants is that dry weather can reduce the rate of 
photosynthesis and decrease crop productivity - on a hot, dry day a C3 plant closes its stomata. This 
is an adaptation that reduces water loss, but also prevents C02 from entering the leaf and 02 from 
leaving. As a result, the plant switches to the process of photorespiration, which yields no sugar 
molecules and produces no A TP. In contrast to C3 plants, C4 plants have special adaptations that save 
water and also prevent photorespiration. When the weather is hot and dry, special cells in a C4 plant 
(such as corn and sugar cane) keeps its stomata closed most of the time, conserving water. At the 
same time incorporating C02 into a 4-carbon compound that can donate C02 to the Calvin cycle in 
another kind of cell, compensating for the shortage of C02 when the stomata are closed.  
Pineapples, many cacti, and most succulents - the CAM plants - employ a different mechanism. They 
open their stomata at night and make a 4-carbon compound that is used as a C02 source by the same 
cell during the day.  
 
BIOL 342: expands in more detail on the adaptation to land of the bryophytes and vascular non-seed 
and vascular seed plants.  
Goes into more detail on the physiology of photosynthesis of C3 and C4 plants, water and nutrient 
uptake, translocation, hormones and photoperiodism, growth and differentiation. A much more 
detailed discussion of plant reproduction - fertilization and zygote formation and alternation of 
generations.  
 
BIOL 346: expands on cell differentiation and characteristics of differentiated cells. Discusses 
totipotency in plants - cells that can specialize in any way or capable of giving rise to a complete 
plant.  


