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(A) C3 leaf (Oryza sativa L., rice variety IR64).

(B) C4 leaf (Setaria viridis).
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Generally thinner leaves,
closer arrangement of
vascular bundles, smaller air
spaces than C3; veins
sorrounded by thick-walled
BSC further sorrounded by
thin-walled mesophyll cells
(wreath-like arrangement of
BSC is called Kranz anatomy);
mesophyll cells and BSC
contain chloroplasts, those of
the BSC much larger
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Glands on the leaf stalk (“petiolar glands”) present vs. absent (these

glands produce nectar that attracts ants, which may protect the plant from

1. Evergreenness evergreen vs. deciduous
2. Leaf shape simple vs. lobed
3. Leaf margins untoothed vs. toothed
4.

destructive herbivores)
5. Fruit number per cluster one vs. two
6. Fruit color purple vs. red
7. Fruit texture fuzzy vs. smooth
8. Leaf stalk straight vs. curved
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= Red
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— Rhizome c.g. Ginger

L Underground — Bulb e.g. Onion, Garlic
modifications ~— |~ Corm e.g. Colocasia, Amorphophallus

— Tubere.g. Porato

Stem — Runnere.g Cynodon

Modification IL Sub-aerial — Sucker e.g. Cluysanthemum, Musa.,

modifications — Stolon e.g. Jasmine, Colocasia

—Offsete.g. Pistia, Eichornia

— Tendril e.g., Passiflora

Il.  Aerial — Thom e.g. Citi us, Aegle
modifications ——1— Phylloclade e.g. Opuntia, Cocolobu

— Cladode e.g. Asparagus, Ruscus

— Bulbil e.g. Dioscorea, Agave

I DIFFERENT TYPES OF STEMS

volubilate twining
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Basic Leaf Forms
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1, Paradlel venation 5. 0dd pinwately compound
2. Methed venation 6. Even pinnately compound
2. Pinwadely lobed 7. Palmately compound

4. Palmaley lobed
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Leaf Margins

Entire Undulate Sinuate Crenate

s TR

Serrulate Serrate Doubly Serrate Dentate
Denticulate Erose Lobed Cleft
Incised Laciniate Ciliate Revoluate
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_ Fig, 23.57.  Cels with dilierent types of crystais, A, and B, drises from ihe calis ot Gretum gnemen; G,
Figure 1.11 prismatic eryslais from call of Gretum indicu, D, & oundle of raphics in leat cel of Vilis
Calcium carbonate crystals. A. In the leaf of Ficus elastica. B. Double vindera.

cystolith in Momordica. C. Elongated cystolith in Ruellia.

Individual and
bundle of
raphides

Figure 1.10

Calcium oxalate crystals. 1. Solitary crystals in the tunic of Allium.
2. Sphaeraphides in Nerium leaf. 3. Raphides and sphaeraphides
in the leaf of Pistia. 4. Raphides in the petiole of Eichhornia.
5. Sphaeraphides in the petiole of Carica. 6. Crystal sand in the leaf
of Atropa belladonna.




C3, C4 and CAM are the three different processes that plants use to fix carbon during the
process of photosynthesis. Fixing carbon is the way plants remove the carbon from
atmospheric carbon dioxide and turn it into organic molecules like carbohydrates.

Comparison Chart

Plant
L C3 Pathway C4 Pathway CAM Pathway
Characteristic
Photorespiration i o Very Low /
High Low / Negligible -
Rate Negligible
Leaf Anatomy Typical Kranz Xeromorphic
Tropical, elevated
Typical daytime
.yp All y Dry, arid
Environments temperatures,
drought
Stoma Open v v N
During the Day? es es °
Number of Steps
. 1 2 2
in Pathway
First Molecule Pro | 3-phophoglyceric Malic acid or
. . L Malate
duced in Pathway acid aspartic acid
Uses the Calvin
Yes Yes Yes
Cycle?

C3 Plants

The C3 pathway gets its name from the first molecule produced in the cycle (a 3-carbon
molecule) called 3-phosphoglyceric acid. About 85% of the plants on Earth use the C3
pathway to fix carbon via the Calvin Cycle. During the one-step process, the enzyme
RuBisCO (ribulose bisphosphate carboxylase/oxygenase) causes an oxidation reaction in
which some of the energy used in photosynthesis is lost in a process known as
photorespiration. The result is about a 25% reduction in the amount of carbon that is fixed
by the plant and released back into the atmosphere as carbon dioxide. The carbon fixation
pathways used by C4 and CAM plants have added steps to help concentrate and reduce
the loss of carbon during the process. Some common C3 plant species are spinach,
peanuts, cotton, wheat, rice, barley and most trees and grasses.
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The image above shows the C3 carbon fixation pathway also known as the Calvin Cycle,
used my many types of plants.

C4 Plants

The C4 process is also known as the Hatch-Slack pathway and is named for the 4-carbon
intermediate molecules that are produced, malic acid or aspartic acid. It wasn’t until the
1960s that scientists discovered the C4 pathway while studying sugar cane. C4 has one step
in the pathway before the Calvin Cycle which reduces the amount of carbon that is lost in
the overall process. The carbon dioxide that is taken in by the plant is moved to bundle
sheath cells by the malic acid or aspartic acid molecules (at this point the molecules are
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called malate and aspartate). The oxygen content inside bundle sheath cells is very low, so
the RuBisCO enzymes are less likely to catalyze oxidation reactions and waste carbon
molecules. The malate and aspartate molecules release the carbon dioxide in the
chloroplasts of the bundle sheath cells and the Calvin Cycle begins. Bundle sheath cells are
part of the Kranz leaf anatomy that is characteristic of C4 plants.

About 3% or 7,600 species of plants use the C4 pathway, about 85% of which are
angiosperms (flowering plants). C4 plants include corn, sugar cane, millet, sorghum,
pineapple, daisies and cabbage.
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The image above shows the C4 carbon fixation pathway

CAM Plants

Plants that use crassulacean acid metabolism, also known as CAM plants, are succulents
that are efficient at storing water due to the dry and arid climates they live in. The word
crassulacean comes from the Latin word crassus which means “thick.” There are over
16,000 species of CAM plants on Earth including cacti, sedum, jade, orchids and agave.
Succulent plants like cacti have leaves that are thick and full of moisture and can also have a
waxy coating to reduce evaporation.

CAM plants keep their stoma close during the day to prevent water loss. Instead, the stoma
are opened at night to take in carbon dioxide from the atmosphere. The carbon dioxide is
converted to a molecule called malate which is stored until the daylight returns and
photosynthesis begins via the Calvin Cycle.
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CAM - Crassulacean Acid Metabolism

The image above shows the CAM carbon fixation pathway used by plants that live in dry
and arid environments
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Examples of C3 plants:

- most small seeded cereal crops such as rice (Oryza sativa), wheat (Triticum spp.), barley
(Hordeum vulgare), rye (Secale cereale), and oat (Avena sativa); soybean (Gycine max),
peanut (Arachis hypogaea), cotton (Gossypium spp.), sugar beets (Beta vulgaris), tobacco
(Nicotiana tabacum), spinach (Spinacea oleracea), potato (Solanum tuberosum); most trees
and lawn grasses such as rye, fescue, and Kentucky bluegrass.

Also includes evergreen trees and shrubs of the tropics, subtropics, and the Mediterranean;
temperate evergreen conifers like the Scotch pine (Pinus sylvestris); deciduous trees and
shrubs of the temperate regions, e.g. European beech (Fagus sylvatica) (Moore et al. 2003),
as well as weedy plants like the water hyacinth (Eichornia crassipes), lambsquarters
(Chenopodium album), bindweed (Convolvolus arvensis), and wild oat (Avena fatua)
(Llewellyn 2000).

(Ben G. Bareja Aug 2013)
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List of families in the angiosperms having at least one C4 member
(from Simpson 2010):

Monocots

Family Order
1. Cyperaceae Poales
2. Hydrocharitaceae Alismatales
3. Poaceae / Gramineae Poales

Eudicots

1. Acanthaceae Lamiales
2. Aizoaceae Caryophyllales
3. Amaranthaceae (inc. Chenopodiaceae) Caryophyllales
4. Asteraceae Asterales
5. Boraginaceae Boraginales
6. Capparidaceae Brassicales
7. Caryophyllaceae Caryophyllales
8. Euphorbiaceae Malpighiales
9. Molluginaceae Caryophyllales
10. Nyctaginaceae Caryophyllales
11. Polygonaceae Caryophyllales
12. Portulacaceae Caryophyllales
13. Scrophulariaceae Lamiales
14. Zygophyllaceae Zygophyllales

(Ben G. Bareja Aug. 2013)

List of families in the angiosperms having at least one CAM member: (from Simpson
2010). In parentheses are the orders (ending ‘ales’) to which the respective families
belong.

Monocots

1.Agavaceae (Asparagales) 6.Commelinaceae (Commelinales)
2.Alismataceae (Alismatales) 7.Cyperaceae (Poales)
3.Araceae (Alismatales) 8.Hydrocharitaceae (Alismatales)
4.Asphodelaceae (Asparagales) 9.Orchidaceae (Asparagales)
5.Bromeliaceae (Poales) 10.Ruscaceae (Asparagales)
Eudicots

1.Aizoaceae (Caryophyllales) 6.Celastraceae (Rosids)
2.Apiaceae (Apiales) 7 .Clusiaceae (Malpighiales)
3.Apocynaceae (Gentianales) 8.Convolvulaceae (Solanales)

4. Asteraceae (Asterales) 9.Crassulaceae (Saxifragales)
5.Cactaceae (Caryophyllales) 10.Cucurbitaceae (Cucurbitales)
YE




11.Didiereaceae (Caryophyllales) 19. Passifloraceae (Malpighiales)
12.Ebenaceae (Ericales) 20. Piperaceae (Piperales)
13.Euphorbiacea (Malpighiales) 21. Portulacaceae (Caryophyllales)
14.Geraniaceae (Geraniales) 22. Rubiaceae (Gentianales)
15.Gesneriaceae (Lamiales) 23. Sapindaceae (Sapindales)

16. Lamiaceae (Lamiales) 24. Vitaceae (Vitales)

17. Moringaceae (Brassicales) 25. Zygophyllaceae (Zygophyllales)

18. Oxalidaceae (Oxalidales)

Except in Crassulaceae and Cactaceae, CAM species are not exclusive to most plant
families. There are families having members that are C3 plants and there are also those in
which all C3, C4, and CAM patterns of photosynthesis are present (Hopkins 1999).
Examples of CAM Plants

Specific examples of CAM plants are the jade plant (Crassula argentea), Aeonium,
Echeveria, Kalanchoe, and Sedum of the family Crassulaceae, pineapple (Ananas comosus),
Spanish moss (Tillandsia usneoides), cacti, orchids, Agave, and wax plant (Hoya carnosa,
family Apocynaceae). Both pineapple and Spanish moss are bromeliads or members of the
family Bromeliaceae.
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