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1.1.1 https://bio.libretexts.org/@go/page/73756

1.1: Plantae Kingdom

Welcome to Plant Biology where all life is dependent on! This book’s main focus is learning plant biology. This diverse group of
kingdom can go back to 470 million years ago. Green plants synthesize their own food using their special organelles, namely
chloroplasts. Green plants demonstrate features including metabolism, , emergent properties, regulation, and interaction with
environment. Plant growth is a genetically programmed process and is influenced by environment. There is a relationship between
structure and function. Moreover, plants have large central vacuoles and cell walls made of cellulose and pectin. There are two
phases of life in plants including diploid (2n) sporophyte and haploid (n) gametophyte.

SLO 01.01: Apply the best practices for learning and mastering plant biology.
SLO 01.02: Describe the reasons we study plants.
SLO 01.03: Distinguish between heterotrophs and autotrophs.
SLO 01.04: Define the 24 hour-(= 4.6 billion years) clock of the Earth.
SLO 01.05: Identify given plant species with their scientific names based on their key features.
SLO 01.06: Explain the differences between monocots and dicots classes.
SLO 01.07: Explain the differences between annuals and perennials.

DNA

 . Student Learning Outcomes (SLOs)1.1.1

 . Big Picture1.1.2
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 . Vocabulary and Key1.1.3
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Assessment 01.3.1: Provide examples of plant species that provide medicines.
Assessment 01.3.2: What do plants, algae, and cyanobacteria have in common?
Assessment 01.3.3: Explain the suggestion you would give to feed the 10 billion world population by 2050.
Assessment 01.3.4: Explain the importance of green plants and why life is dependent on them.

 . Test Your Knowledge1.1.4

 . Can You Spot These Plants?1.1.5
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1. Aloe vera, Neem, Garlic, Nettle, and Lemon balm
2. They all can perform photosynthesis
3. We will need to improve food production  while increasing sustainability
4. Plants and animals are dependent on each other, while both photosynthesis and sun energy makes life possible

This page titled 1.1: Plantae Kingdom is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.

 .1.1.6

∼ 60%
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1.2: Plant Cells and Tissues

As the building block of living organisms, plant cells were discovered in 1665 by Robert Hooke. Like animals, plants are made of
millions of complex eukaryotic cells. Cells make up tissue, and tissue makes up organs, including root, stem, and leaves.
Specifically, roots help anchor plants in soil and take up nutrients and water from the soil. The stem is the pathway between the
root and leaves, and supports leaves and flowers. Leaves are the main organs that carry out photosynthesis and respiration
reactions.

A meristem is the location where the plant grows and differentiates into mature tissue afterward. Therefore, meristems have
continuously dividing unspecialized cells. Meristems can be classified under two main groups:

a. Apical Meristems (primary growth = length increase via shoot and root tip) [Protoderm / Ground Meristem / Procambium]
b. Lateral Meristems (secondary growth = girth increase) [Vascular cambium / Cork cambium]

Finally, tissue growth is very important for root and shoot growth in plants and therefore plays a critical role in agricultural yield.

SLO 02.01: Apply the best practices for learning and mastering plant cell
SLO 02.02: Identify all organelles (15) of plant cells and their function
SLO 02.03: Distinguish between plant, animal, and bacteria cell
SLO 02.04: Distinguish different plastids such as chloroplasts and amyloplasts
SLO 02.05: Identify given plant species with their scientific names based on their key features
SLO 02.06: Explain the differences between various plant cell types
SLO 02.07: Define the “Cell Theory”

 . Student Learning Outcomes (SLOs)1.2.1

 . Big Picture1.2.2
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 . Vocabulary and Key1.2.3
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Assessment 02.3.1: Provide the name of organelles plant cells have but animal cells not.
Assessment 02.3.2: What animal cell part has similarities to plant cell plasmodesmata?
Assessment 02.3.3: State the differences between primary and secondary growth.
Assessment 02.3.4: What are plant cell walls made of?

 . Test Your Knowledge1.2.4

 . Can You Spot These Plants?1.2.5
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1. Cell walls, chloroplasts, and central vacuole
2. Gap junctions
3. While primary growth is in lengths (elongates), secondary growth is in girth (thickens)
4. Cellulose and pectin

This page titled 1.2: Plant Cells and Tissues is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.3: Root System

Due to the fact that they are underground, roots don’t necessarily get as much appreciation. Root is the underground part of the
plant body that provides anchorage and absorption of water and mineral nutrients. Roots originate from the “radicle” part of an
embryo in seed. Epidermis is the outermost layer of the root, which is followed by cortex for storage and endodermis. Underneath
the endodermis, the next layer is pericycle, which produces lateral roots. The next layer is the vascular tissue, which includes xylem
and phloem as innermost parts of the root system. The three regions of the root tip are the meristematic region, the elongation
region, and the maturation region. The maturation region is marked with root hairs, whereas the meristematic region is protected by
a root cap.

Finally, root tips continuously grow and push through soil throughout plant life. Let’s get to the root of plant root system.

SLO 03.01: Apply the best practices for learning root system
SLO 03.02: Draw and label three major root systems of Angiosperms
SLO 03.03: Compare the roots of monocots and dicots
SLO 03.04: Explain the differences between apoplastic and symplastic pathways
SLO 03.05: Identify given plant species with their scientific names based on their key features
SLO 03.06: Explain where lateral roots originate
SLO 03.07: Explain how rhizobia works with select plants for providing nitrogen

 . Student Learning Outcomes (SLOs)1.3.1

 . Big Picture1.3.2
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 . Vocabulary and Key Concepts1.3.3
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Assessment 03.3.1: Provide specific examples of the best plant growth method in Mars
Assessment 03.3.2: TRUE or FALSE-- Hydroponics increases crop yield 5-fold?
Assessment 03.3.3: Which plant growth method is more sustainable?
Assessment 03.3.4: State the differences between soil and hydroponics.

 . Test Your Knowledge1.3.4

 . Can You Spot These Plants?1.3.5
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1. Although this is still unknown and under research, this may happen in the near future
2. TRUE
3. The growing method that could use more renewable sources together with high yields and environmentally friendly
4. With hydroponics, growers can save water as well as control everything. On the other hand, soil is very important and has

much less initial costs

This page titled 1.3: Root System is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.4: Shoot System

What is the function of plant shoot system? Plant shoot system of Angiosperms (a.k.a., flowering plants) are composed of stem and
stem-attached organs such as leaves, buds, and flowers. The stem of a plant is the primary axis that supports plant leaves and
reproductive structures. Furthermore, the stem provides water and minerals to above-ground parts, whereas roots transport
photosynthates from source to sink tissues.

a. Primary Xylem [has vessels and tracheids]: produced by procambium then protoxylem and then metaxylem. Transports water
and solutes. Their cells are non-living.

b. Primary Phloem [has sieve tube elements and companion cells]: produced by procambium. Transports sugars, hormones, and
aminoacids from source to sink. Their cells have nucleus.

Leaves are the greenish organ that are considered plant’s primary food manufacturing location. Leaves are very diverse in terms of
their morphology and architecture. Moreover, leaves are used often in plant identification because of their unique patterns of leaf
shape, color, and architectural patterns.

SLO 04.01: Apply the best practices for learning plant shoot system
SLO 04.02: List basic function of shoot, stem, and leaf
SLO 04.03: Explain why leaves change color
SLO 04.04: Define shoot apical dominance in plants
SLO 04.05: Identify given plant species with their scientific names based on their key features
SLO 04.06: 9. List six major groups of modified stem and modified leaves with examples
SLO 04.07: Draw and label C3, C4, and CAM leaves according to the photosynthesis type

 . Student Learning Outcomes (SLOs)1.4.1

 . Big Picture1.4.2
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 . Vocabulary and Key Concepts1.4.3
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Assessment 04.3.1: TRUE or FALSE: The biggest leaf known belongs to Raffia palm.
Assessment 04.3.2: TRUE or FALSE: Carnivorous plants have modified leaves for capturing small animals to digest and
get N.
Assessment 04.3.3: Compare and contrast monocot leaves and dicot leaves.
Assessment 04.3.4: Explain how p-proteins protect phloem as damage control.

 . Test Your Knowledge1.4.4

 . Can You Spot These Plants?1.4.5
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1. TRUE
2. TRUE
3. While monocot leaves have parallel arrangement, dicot leaves have web-like arrangement
4. P proteins are also known as “phloem-specific proteins” seal off by plugging damaged sieve element location

This page titled 1.4: Shoot System is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.5: Systematics

How can we best conserve plant biodiversity? Systematics, a combination of taxonomy and phylogenetics, is critically important in
plant biology. It helps us to categorize plants and understand natural diversity. Each plant species has a common name and a
scientific name. Scientific names are in Latin and binomial, as follows:

Common name: Pea

Scientific name: Pisum sativum

Family: Fabaceae

Class: Dicot

Varieties: garden peas, snow peas, snap peas

Systematics uses cladograms (mostly morphological characteristics) and phylogenetic trees (morphological plus genetic
characteristics). Phylogenetic trees (a.k.a., evolutionary trees) are used in comparing plant species in evolutionary time and
distance. Finally, two plant species are considered more related if the phylogenetic tree shows a more recent ancestor.

SLO 05.01: Apply the best practices for learning systematics
SLO 05.02: Explain binomial system
SLO 05.03: Distinguish between phylogenetic trees and cladograms
SLO 05.04: Distinguish between homologous vs analogous characters
SLO 05.05: Identify given plant species with their scientific names based on their key features
SLO 05.06: Explain the differences between ancestral and derived features
SLO 05.07: Diagram a typical plant cladogram

 . Student Learning Outcomes (SLOs)1.5.1

 . Big Picture1.5.2
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 . Vocabulary and Key Concepts1.5.3
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Assessment 05.3.1: TRUE or FALSE: Carl Linnaeus first proposed the systematics.
Assessment 05.3.2: TRUE or FALSE: Clades arose before are named “basal”.
Assessment 05.3.3: Provide similarities between cladogram and phylogenetic tree.
Assessment 05.3.4: List specific characteristics of model plant Arabidopsis thaliana for plant biology.

 . Test Your Knowledge1.5.4

 . Can You Spot These Plants?1.5.5
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1. TRUE
2. TRUE
3. They are used interchangeably. While phylogenetic tree’s branch length may be considered important indicator of time /

change, cladograms missing this
4. Short generation time. Small genome and mapping completed. Availability of many variants. Easy to grow in the lab

This page titled 1.5: Systematics is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.6: Algae (Protista Phylum)

How would algae contribute to the future of food? There is an increasing interest in seaweed, a common name for macro marine
algae such as brown, red, and green algae. Moreover, algae may be able to help to future food security since they are rich in
nutrients as well as protein content. They could be used in many human diet areas including snacks, sushi, salads, soups, and
vegetarian protein source.

One example is red algae species Porphyra yezoensis that is commonly used in sushi rolling and contains about 47% protein
content.

SLO 06.01: Apply the best practices for learning algae
SLO 06.02: Describe the main characteristics of Kingdom Protista
SLO 06.03: Distinguish between macro and micro algae
SLO 06.04: Distinguish between Chlamydomonas and Euglena
SLO 06.05: Identify given plant species with their scientific names based on their key features
SLO 06.06: Describe the main characteristics of heterotrophic fungi-like protists
SLO 06.07: Provide examples to phylums of Chloro-, Phaeo-, and Rhodo-phyta

 . Student Learning Outcomes (SLOs)1.6.1

 . Big Picture1.6.2
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 . Vocabulary and Key Concepts1.6.3
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Assessment 1: TRUE or FALSE: The part that attach algae to its substrate is called “holdfast.”
Assessment 2: TRUE or FALSE: Gel-like lab product that originally comes from red algae is called “agar.”
Assessment 3: Provide evidence that green algae is the ancestor of green plants.
Assessment 4: List the potential of algae as future super-food.

 . Test Your Knowledge1.6.4

 . Can You Spot These Plants?1.6.5
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1. TRUE
2. TRUE
3. This can be explained by the similarities between green algae and plants
4. Algae definitely has a great potential for future food because of many reasons including high content of protein, minerals,

vitamins, as well as its resilience to environmental stress

This page titled 1.6: Algae (Protista Phylum) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.7: Bryophytes

Bryophytes are low key plants with one major requirement, which is water due to their non-vascular anatomy. In return, bryophytes
play an important role in soil biodiversity including erosion prevention and water absorption from heavy rainfalls.

By going back to over 450 million years, bryophytes are considered the most ancient Plantae group with no true roots.
Furthermore, bryophytes are considered great pioneer plant species together with lichens.

SLO 07.01: Apply the best practices for learning bryophytes
SLO 07.02: Describe the characteristics of phylum Marchantiophyta
SLO 07.03: Describe the characteristics of phylum Anthocerotophyta
SLO 07.04: Describe the characteristics of phylum Bryophyta
SLO 07.05: Identify given plant species with their scientific names based on their key features
SLO 07.06: Explain the differences between archegonium and antheridium
SLO 07.07: Identify gemma cups

 . Student Learning Outcomes (SLOs)1.7.1

 . Big Picture1.7.2
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Assessment 1: TRUE or FALSE: Bryophytes have alternation of generations.
Assessment 2: TRUE or FALSE: Bryophytes are small plants with 1-2cm height.
Assessment 3: TRUE or FALSE: Asexual reproduction is carried out by gemmae cups.
Assessment 4: TRUE or FALSE: Mosses can grow in acidic and high salinity soils.

 . Test Your Knowledge1.7.4

 . Can You Spot These Plants?1.7.5
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.7: Bryophytes is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan Hacisalihoglu
(Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed edit history is
available upon request.
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1.8: Seedless Plants

Before seedless citrus or grapes, there were seedless vascular plants existed over 360 million years ago. They use spores for
reproduction instead of cones or flowers. For example, whisk ferns (Psilotum nudum) are seedless, rootless, leafless ancient
vascular plants that carry out photosynthesis via their green stems. Ferns are perennial seedless vascular plants and good at
purifying air around them as well as accumulating heavy metals.

Ferns are seedless but they do have sexual reproduction using underside sori spots that are packages of spores. On behalf of flower,
they use a large heart-shaped gametophyte with eggs and sperm.

SLO 08.01: Apply the best practices for learning seedless vascular plants
SLO 08.02: Describe the characteristics of phylum Lycophyta
SLO 08.03: Describe the characteristics of phylum Sphenophyta
SLO 08.04: Describe the characteristics of phylum Psilophyta
SLO 08.05: Describe the characteristics of phylum Pterophyta
SLO 08.06: Identify given plant species with their scientific names based on their key features
SLO 08.07: Explain how seedless plants reproduce

 . Student Learning Outcomes (SLOs)1.8.1

 . Big Picture1.8.2
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Assessment 1: TRUE or FALSE: Leaves of lycophytes are microphyll.
Assessment 2: TRUE or FALSE: The fern sporangia cluster is named sorus.
Assessment 3: Explain the usage of ferns for phytoremediation.
Assessment 4: TRUE or FALSE: There are shade-loving tree ferns can grow 30 ft. tall and live 500 years in Australia.

 . Test Your Knowledge1.8.4

 . Can You Spot These Plants?1.8.5
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1. TRUE
2. TRUE
3. It has been shown that certain fern varieties can remove heavy metals from soil such as arsenic
4. TRUE
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1.9: Gymnosperms (Cone Bearing)

Gymnosperms are one of the ancient plant groups with seed production. They are a group of vascular plants with naked (without
ovary) seeds. Gymnospems are also heterosporous. Furthermore, gymnosperms produce two different types of cones, namely, large
female cones and small male cones. Four groups of gymnosperms are known:

1. CYCADOPHYTA: 100 cycad species (cycad, sago palm)
2. GINKGOPHYTA: 1 plant species (ginkgo)
3. GNETOPHYTA: e.g., ephedra
4. CONIFEROPHYTA: 500 species (pine, fir, cedar, juniper, redwoods)

They date back to 250 million years ago. Coniferophyta consists of largest, tallest, and oldest living trees.

SLO 09.01: Apply the best practices for learning Gymnosperms
SLO 09.02: Describe the characteristics of phylum Coniferoophyta
SLO 09.03: Describe the characteristics of phylum Cycadophyta
SLO 09.04: Describe the characteristics of phylum Ginkgophyta
SLO 09.05: Identify given plant species with their scientific names based on their key features
SLO 09.06: Describe the characteristics of phylum Gnetophyta
SLO 09.07: Explain the differences between spores and seeds?

 . Student Learning Outcomes (SL1.9.1

 . Big Picture1.9.2
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 . Vocabulary and Key Concepts1.9.3
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1.9.3 https://bio.libretexts.org/@go/page/73717

Assessment 1: TRUE or FALSE: Cycads are diecious plants.
Assessment 2: TRUE or FALSE: Discovery of seed increased success of land plants.
Assessment 3: Provide specific function for sunken stomata of pine needles.
Assessment 4: TRUE or FALSE: Most common gymnosperm phylum is conifers.

 . Test Your Knowledge1.9.4

 . Can You Spot These Plants?1.9.5
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1.9.4 https://bio.libretexts.org/@go/page/73717

1. TRUE
2. TRUE
3. Sunken stomata can help with plant water conservation in pine trees
4. TRUE

This page titled 1.9: Gymnosperms (Cone Bearing) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a
detailed edit history is available upon request.

 .1.9.6

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://bio.libretexts.org/@go/page/73717?pdf
https://bio.libretexts.org/Bookshelves/Botany/From_Growing_to_Biology%3A_Plants_(Hacisalihoglu)/01%3A_Chapters/1.09%3A_Gymnosperms_(Cone_Bearing)
https://creativecommons.org/licenses/by-nc-sa/4.0
http://www.drhaci.com/
https://manifold.lib.fsu.edu/projects/from-growing-to-biology
https://manifold.lib.fsu.edu/projects/from-growing-to-biology


1.10.1 https://bio.libretexts.org/@go/page/73716

1.10: Flowers, Fruits, and Seeds (Flowering Angiosperms

Dating back to 140 million years ago, flowering plants (angiosperms) evolved and make 80% of today’s plants including
Arabidopsis. Flowers are the colorful reproductive components of angiosperms (flowering plants). Complete flowers consist of
four parts, namely: sepals, petals, stamens, and carpel(s). Pollination is the movement of pollen from stamen to stigma. If
pollination occurs with the plant’s own stigma, it is called self-pollination. On the other hand, if it occurs with a different plant
stigma, it is called cross pollination. Pollen grains are male gametophytes, while the embryo sac is the female gametophyte.
Pollinators most commonly used are insects, birds, and the wind. Rafflesia arnoldii, as well as A. titanium (Titan arum), are
considered the largest single flowers found in any plants.

SLO 10.01: Apply the best practices for learning angiosperms
SLO 10.02: Describe the characteristics of phylum Anthophyta
SLO 10.03: Distinguish between monocot and edicot (dicot) classes
SLO 10.04: Explain how annuals, biennials, and perennials differ
SLO 10.05: Identify given plant species with their scientific names based on their key features
SLO 10.06: Explain the differences between monocots and dicots classes
SLO 10.07: Distinguish between ovary positions of flowers

 . Student Learning Outcomes (SLOs)1.10.1

 . Big Picture1.10.2
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 . Vocabulary and Key Concepts1.10.3
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1.10.3 https://bio.libretexts.org/@go/page/73716

Assessment 1: TRUE or FALSE: Sunflowers moves their head from east to west daily to point to the sun.
Assessment 2: Compare and contrast pollination and fertilization.
Assessment 3: Compare and contrast the gametophytes of male and female in angiosperms.
Assessment 4: Compare and contrast the flowers of monocots and dicots.

 . Test Your Knowledge1.10.4

 . Can You Spot These Plants?1.10.5
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1.10.4 https://bio.libretexts.org/@go/page/73716

1. TRUE
2. While fertilization is a cellular process of fusion of gametes, pollination is limited with transfer of pollen to stigma only
3. While male gametophyte has 3 cells, female gametophyte has 7 cells
4. While monocot flowers parts are in 3s, dicot flower parts are in 4s / 5s

This page titled 1.10: Flowers, Fruits, and Seeds (Flowering Angiosperms is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of
the LibreTexts platform; a detailed edit history is available upon request.
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1.11.1 https://bio.libretexts.org/@go/page/73715

1.11: Plant Hormones

Plant growth regulators (phytohormones) are small organic molecules that occur naturally in plants. Phytohormones can regulate
plant physiological growth processes such as flowering, germination, stem elongation, seed dormancy, fruit ripening, and gene
expression.

There are several phytohormones such as gibberellic acid ( ) can increase stem growth parameters. Moreover, ethylene can
affect fruit ripening in bananas.

SLO 11.01: Apply the best practices for learning phytohormones
SLO 11.02: Describe the characteristics of Auxins and Cytokinins
SLO 11.03: Describe the characteristics of Gibberellins and ABA
SLO 11.04: Describe the characteristics of Ethylene and Salicylic acid
SLO 11.05: Identify given plant species with their scientific names based on their key features
SLO 11.06: Explain the differences between natural and synthetic phytohormones
SLO 11.07: Explain the reason why ABA is named as a stress hormone

GA3

 . Student Learning Outcomes (SLOs)1.11.1

 . Big Picture1.11.2
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 . Vocabulary and Key Concepts1.11.3
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1.11.3 https://bio.libretexts.org/@go/page/73715

Assessment 11.3.1: TRUE or FALSE: Phytohormones affect plant development process [growth + differentiation]
Assessment 11.3.2: TRUE or FALSE: Brassinosteroids act locally.
Assessment 11.3.3: Define seed dormancy and provide a specific function for plants.
Assessment 11.3.4: TRUE or FALSE: GAs promote bolting (flowering and flower stalk)

 . Test Your Knowledge1.11.4

 . Can You Spot These Plants?1.11.5
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https://creativecommons.org/licenses/by-nc-sa/4.0/
https://bio.libretexts.org/@go/page/73715?pdf


1.11.4 https://bio.libretexts.org/@go/page/73715

1. TRUE
2. TRUE
3. Seed dormancy causes not germination of viable seeds even under favorable conditions. Seed dormancy is survival

mechanism of controlling germination.
4. TRUE

This page titled 1.11: Plant Hormones is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.12.1 https://bio.libretexts.org/@go/page/73714

1.12: Genetics

Phenotype such as plant yield is a combination of both genotype and environmental factors. Genetics help plant biologists to
understand how it affects plant life and subsequently how to understand plant yield and quality. Furthermore, plant germplasm
banks are critically important for increasing diversity and identifying and mapping superior traits in the fight with global climate
changes. Finally, developing new plant varieties will help the feeding increasing world population (estimated 10 billion) by the year
2050.

SLO 12.01: Apply the best practices for learning genetics
SLO 12.02: 2. Explain how Mendel’s particulate mechanisms differed from blending hypothesis
SLO 12.03: 3. Explain homozygous, heterozygous, phenotype, genotype, dominant, recessive, monohybrid, dihybrid,
incomplete dominance, and co-dominance
SLO 12.04: 4. Describe polygenic inheritance and give an example from plants
SLO 12.05: Identify given plant species with their scientific names based on their key features
SLO 12.06: 5. Explain linked genes and gene mapping in plants
SLO 12.07: 1. Draw and label 10 steps of meiosis

 . Student Learning Outcomes (SLOs)1.12.1

 . Big Picture1.12.2
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 . Vocabulary and Key Concepts1.12.3
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1.12.3 https://bio.libretexts.org/@go/page/73714

Assessment 12.3.1: TRUE or FALSE: Mutations are changes in the DNA-sequence.
Assessment 12.3.2: TRUE or FALSE: Linked genes are on the same chromosome therefore inherited together.
Assessment 12.3.3: TRUE or FALSE: Snapdragon flower color shows incomplete dominance.
Assessment 12.3.4: TRUE or FALSE: “Red-and-white Camellia flower” is a good example of plant co-dominance. (

)

 . Test Your Knowledge1.12.4

White  ×  Red  →  F1 :  White & Red

 . Can You SPot These Plants?1.12.5
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.12: Genetics is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan Hacisalihoglu
(Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed edit history is
available upon request.

 . Check Your Answers1.12.6

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://bio.libretexts.org/@go/page/73714?pdf
https://bio.libretexts.org/Bookshelves/Botany/From_Growing_to_Biology%3A_Plants_(Hacisalihoglu)/01%3A_Chapters/1.12%3A_Genetics
https://creativecommons.org/licenses/by-nc-sa/4.0
http://www.drhaci.com/
https://manifold.lib.fsu.edu/projects/from-growing-to-biology
https://manifold.lib.fsu.edu/projects/from-growing-to-biology


1.13.1 https://bio.libretexts.org/@go/page/73713

1.13: Plant Nutrition

Nutrition has a critical impact from soil to plants to people levels. Essential nutrients are required by life but cannot be synthesized
by the organism. For plants, essential mineral nutrients can be divided into two distinct groups, and they are all required for growth
and production:

1. Macronutrients (needed in larger amounts): nitrogen ( ), phosphorus ( ), potassium ( ), calcium ( ), magnesium ( ), and
sulfur ( )

2. Micronutrients (trace elements, needed in smaller amounts): zinc ( ), copper ( ), iron ( ), chloride ( ), manganese ( ),
molybdenum ( ), boron ( ), nickel ( ), selenium ( ), iodine ( )

Climbing of world population to 10 billion by 2050 will clearly require not only more food production but also higher enhanced
efficiency of nutrient usage since they are critical limiting factors.

SLO 13.01: Apply the best practices for learning plant mineral nutrition
SLO 13.02: Describe the characteristics of  (nitrogen),  (phosphorus), and  (potassium)
SLO 13.03: Describe the importance of zinc ( ) in plants
SLO 13.04: Explain some of the common symptoms of nutrient deficiencies
SLO 13.05: Identify given plant species with their scientific names based on their key features
SLO 13.06: Define soil components
SLO 13.07: Describe mycorrhizae and Rhizobia for plant P and N

N P K Ca Mg

S

Zn Cu Fe Cl Mn

Mo B Ni Se I

 . Student Learning Outcomes (SLOs)1.13.1
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 . Big Picture1.13.2
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 . Vocabulary and Key Concepts1.13.3
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1.13.3 https://bio.libretexts.org/@go/page/73713

Assessment 1: TRUE or FALSE: Essential nutrients are the most important for the plant life cycle.
Assessment 2: NAME THE DEFICIENCY: Old leaf chlorosis, necrotic spots, stunted plants, especially in maize, sorghum,
beans, potatoes
Assessment 3: NAME THE DEFICIENCY: Old leaf yellowing, light-green whole plant, most common nutrient deficiency.
Assessment 4: NAME THE DEFICIENCY: Burnt leaf tips, purple/dark green old leaf, second most common deficiency.

 . Test Your Knowledge1.13.4

 . Can You Spot There Plants?1.13.5
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1.13.4 https://bio.libretexts.org/@go/page/73713

1. TRUE
2.  (zinc deficiency)
3.  (nitrogen deficiency)
4.  (phosphorus deficiency)

This page titled 1.13: Plant Nutrition is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.

 . Check Your Answers1.13.6
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1.14.1 https://bio.libretexts.org/@go/page/73712

1.14: Water and Solute Transport

Aquaporins, water channels in plant cell plasma membranes, play an important role in plant survival and growth. In return, they can
be important players from increased temperatures to photosynthesis in plant life.

Moreover, solutes are also transported via plasma membranes and critical to plant growth and health. In recent years, substantial
research has been carried out to elucidate highly complex transport systems of nutrients such as zinc ( ), iron ( ), and nitrogen (

).

Furthermore, osmosis and diffusion help plant water and solute uptake, respectively.

SLO 14.01: Apply the best practices for learning plant transport
SLO 14.02: Describe the components of water potential
SLO 14.03: Describe the characteristics of passive and active transport
SLO 14.04: Compare plasmolyzed and turgid plant cells
SLO 14.05: Identify given plant species with their scientific names based on their key features
SLO 14.06: Explain the differences between hypertonic and hypotonic solutions
SLO 14.07: Explain the differences between diffusion and osmosis

Zn Fe

N

 . Student Learning Outcomes (SLOs)1.14.1

 . Big Picture1.14.2
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 . Vocabulary and Key Concepts1.14.3
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1.14.3 https://bio.libretexts.org/@go/page/73712

Assessment 1: TRUE or FALSE: Xylem is dead at maturity while phloem is alive.
Assessment.2: TRUE or FALSE: In phloem translocation, sugars move to organs that most needed.
Assessment.3: Compare and contrast osmosis, diffusion, and active transport.
Assessment 4: TRUE or FALSE: Guttation is loss of liquid droplets that contain substances [at night] while transpiration is
loss of vapors of pure water [during the day].

 . Test Your Knowledge1.14.4

 . Can You Spot These Plants?1.14.5
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1.14.4 https://bio.libretexts.org/@go/page/73712

1. TRUE
2. TRUE
3. While all three are movement of particles, diffusion and osmosis are passive transport only
4. TRUE

This page titled 1.14: Water and Solute Transport is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a
detailed edit history is available upon request.
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1.15.1 https://bio.libretexts.org/@go/page/73711

1.15: Secondary Growth

Cambium growth layers are the main generators of dicot new wood cells (xylem) and inner bark tissues (phloem) in perennial plant
species. Secondary growth is caused by secondary tissues in woody dicotyoledon and gymnosperm plant species getting wider
stems, branches, and roots. Furthermore, almost no secondary growth is observed in herbaceous plants and most monocotyledons.
Secondary growth, in general, is a result of two lateral meristems (cambiums):

1. Vascular cambium: produces secondary xylem and secondary phloem
2. Cork cambium: produces periderm (substitutes epidermis)

Perennial trees can live for centuries including bristle cone pines, cypresses, and gingkoes.

SLO 15.01: Apply the best practices for learning secondary growth in select plants
SLO 15.02: Define vascular cambium and secondary growth
SLO 15.03: Explain what are tree rings, wood, and bark
SLO 15.04: Describe the characteristics of bark and its components
SLO 15.05: Identify given plant species with their scientific names based on their key features
SLO 15.06: Explain how to determine the age of a tree
SLO 15.07: Describe dendrochronology and its importance

 . Student Learning Outcomes (SLOs)1.15.1

 . Big Picture1.15.2
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 . Vocabulary and Key Concepts1.15.3
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Assessment 15.3.1: TRUE or FALSE: World’s largest tree is General Sherman tree (Sequoia giganteum) that is located in
California (H: 84m, W:30m).
Assessment 15.3.2: TRUE or FALSE: World’s tallest tree is Hyperion (Sequoia sempervirens) that is located in California
(H: 116m).
Assessment 15.3.3: TRUE or FALSE: Sugar maple sap is used to make syrup.
Assessment 15.3.4: TRUE or FALSE: Briar wood is resistant to fire (used in pipes)

 . Test Your Knowledge1.15.4

 . Can You Spot These Plants?1.15.5
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.15: Secondary Growth is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.16.1 https://bio.libretexts.org/@go/page/73659

1.16: Photosynthesis (PS)

Photosynthesis (PS) means oxygen production to sustain life on planet Earth. Moreover, PS is critically important for food crop
yield and therefore future food security. Sunlight is the major source of PS together with chlorophyll in the food making process.

Plants absorb carbondioxide ( ) from atmosphere for PS at the optimal temperatures. Lastly, rubisco is both the most abundant
enzyme in biosphere and carbon fixing enzyme to produce food. However, some plant species use another more PS-efficient
enzyme namely PEP carboxylase via separating light reactions and Calvin cycle. For example C4 plants such as maize and CAM
plants such as pineapples separates them in different tissues and different timing, respectively. Lastly, this process helps C4 and
CAM plant species to minimize photorespiration usage of  instead of .

SLO 16.01: Apply the best practices for learning photosynthesis
SLO 16.02: Describe the relationship between light and photosynthesis
SLO 16.03: Describe the relationship between chlorophyll and photosynthesis
SLO 16.04: Describe the relationship between  and photosynthesis
SLO 16.05: Identify given plant species with their scientific names based on their key features
SLO 16.06: Explain the differences between C3, C4, and CAM photosynthesis
SLO 16.07: Explain the differences between light reactions and Calvin cycle?

CO2

O2 CO2

 . Student Learning Outcomes (SLOs)1.16.1

CO2

 . Big Picture1.16.2
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 . Vocabulary and Key Concepts1.16.3
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Assessment 1: TRUE or FALSE: Photosynthesis is the reverse of cellular respiration.
Assessment 2: TRUE or FALSE: Green plants, algae, cyanobacteria, some protists, and few animals can perform
photosynthesis.
Assessment 3: TRUE or FALSE: While phytoplankton produces , land plants produce  of the world.
Assessment 4: TRUE or FALSE: Marine plants get some light from hydrothermal vents for their photosynthesis.

 . Test Your Knowledge1.16.4
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 . Can You Spot These Plants?1.16.5
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.16: Photosynthesis (PS) is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.17.1 https://bio.libretexts.org/@go/page/73658

1.17: Cellular Respiration

In our planet Earth’s 4.6 billion years of age, oxygen became available about 2.3 billion years ago. Therefore, there must have been
fermentation used by early bacteria species since there was no oxygen availability.

 (adenosine triphosphate) is the main energy resource of cells and product of cellular respiration and fermentation. Lastly, it
will be critically important to study plant respiration since it may be enhanced under increasing carbondioxide levels and
temperatures.

SLO 17.01: Apply the best practices for learning cellular respiration
SLO 17.02: Describe the characteristics of three main stages of cellular respiration
SLO 17.03: Explain the stage of cellular respiration that produces the most 
SLO 17.04: Describe the characteristics of mitochondria
SLO 17.05: Identify given plant species with their scientific names based on their key features
SLO 17.06: Explain the differences between cellular respiration and fermentation
SLO 17.07: Explain the differences between substrate level and oxidative phosphorylation

ATP

 . Student Learning Outcomes (SLOs)1.17.1

ATP

 . Big Picture1.17.2
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 . Vocabulary and Key Concepts1.17.3
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1.17.3 https://bio.libretexts.org/@go/page/73658

Assessment 1: TRUE or FALSE: Mitochondria exist in all cells and originated by a bacteria engulfed by eukaryotes
Assessment 2: TRUE or FALSE: Plants also do respiration using glycolysis, Krebs cycle, oxidative phosphorylation mostly
during the night as well as photo-respiration
Assessment 3: TRUE or FALSE: While anaerobic respiration produces , aerobic respiration produces up to 
Assessment.4: TRUE or FALSE: Lenticels pores in the stem / bark of trees involve gas exchange extensively

 . Test Your Knowledge1.17.4
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 . Can You Spot These Plants?1.17.5
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.17: Cellular Respiration is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.18.1 https://bio.libretexts.org/@go/page/73657

1.18: Indoor Vertical Farming and Cultivating Plants in Microgravity

Is vertical farming future of sustainable crop production especially under suboptimal environment conditions such as drought and
water shortage? 60% of US tomatoes and 35% of US total fresh produce are imported with considerable shipping carbon print.
Vertical farms are automated / partially automated indoor hydroponic / aeroponic farming factories under LED lights.

A variety of fresh plants are currently in vertical farms including lettuce, microgreens, leafy greens, tomato, cucumber, and pea
shoots year around with zero pesticides / harmful chemicals. Moreover, plant growing in vertical farms uses no soil, sunlight and
therefore not affected by climate stress conditions. Vertical farms may be the future of sustainable plant growing since land and
water resources are getting more and more scarce to maximize yield as well as flavor.

SLO 18.01: Apply the best practices for mastering cultivating plants in microgravity
SLO 18.02: Assess the strategy of growing plants in simulated Martian soil mimics Mars
SLO 18.03: Distinguish between plant-available vs accessible format of nutrients
SLO 18.04: Assess the strategy of employing specific bacteria or fungi that are beneficial to plant growth in a Martian soil
environment
SLO 18.05: Explain how vertical farming may cause majority of land and water use.
SLO 18.06: Assess the strategy of employing solar power for vertical farms
SLO 18.07: Explain the benefits of vertical farming

 . Student Learning Outcomes (SLOs)1.18.1

 . Big Picture1.18.2
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Assessment 1: TRUE or FALSE: World food supply needs to increase 60% to feed 10 billion people by the year 2050.
Assessment 2: TRUE or FALSE: Hydroponics system uses 90% less water than soil growing.
Assessment 3: TRUE or FALSE: Hydroponics can increase tomato yield almost .
Assessment 4: TRUE or FALSE: Microgreens (collard, arugula, basil, celery, lettuce, spinach) are nutrient packed that are 

 more nutritious than regular greens.

 . Test Your Knowledge1.18.3
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 . Can You Spot These Plants?1.18.4
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.18: Indoor Vertical Farming and Cultivating Plants in Microgravity is shared under a CC BY-NC-SA 4.0 license and was
authored, remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and
standards of the LibreTexts platform; a detailed edit history is available upon request.
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1.19.1 https://bio.libretexts.org/@go/page/73656

1.19: Human Nutrition from Plants and Plant-based Proteins

Superfoods are getting more and more popular due to their superior nutrient-rich characteristics. Many food plants including
vegetables (e.g., lettuce, spinach, kale, cabbage), berries (e.g., blueberries), beans, nuts, and whole grains are rich in mineral
nutrients and vitamins for human diet. Therefore, planting home gardens, renting garden plots, and visiting local farmers’ markets
for locally grown are becoming popular worldwide.

On the other hand, plant-based meat (beef, chicken, or fish alternatives) is also gaining popularity (estimated $74 billion economy)
by large restaurant chains worldwide. Lastly, there are also other future food alternatives including sea veggies such as sea lettuce,
nori, and wakame with protein and nutritional content. In return, these new protein sources may be the answer for sustainable and
eco-friendly protein supply for increasing world population.

SLO 19.01: Apply the best practices for learning plant-based nutrition
SLO 19.02: Describe the characteristics of plant-based proteins
SLO 19.03: Describe the characteristics of health benefits of human nutrition from plants
SLO 19.04: Describe the essential nutrients for human diet
SLO 19.05: Identify given plant species with their scientific names based on their key features
SLO 19.06: Explain the connection between heart health and plant-based diet
SLO 19.07: Explain the differences between carbohydrates, lipids, and proteins for human diet

 . Student Learning Outcomes (SLOs)1.19.1

 . Big Picture1.19.2
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1.19.2 https://bio.libretexts.org/@go/page/73656

Assessment 1: TRUE or FALSE: Beans and lentils are protein rich plants.
Assessment 2: TRUE or FALSE: Broccoli is a cruciferous vegetable.
Assessment 3: TRUE or FALSE: Vegan diet eliminates all animal products and byproducts (dairy, meat, poultry, fish, eggs
and honey).
Assessment 4: TRUE or FALSE: Vegetarian diet eliminates animal products except dairy and eggs.

 . Test Your Knowledge1.19.3
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1. TRUE
2. TRUE
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4. TRUE

This page titled 1.19: Human Nutrition from Plants and Plant-based Proteins is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of
the LibreTexts platform; a detailed edit history is available upon request.

 . Can You Spot These Plants?1.19.4

 . Check Your Answers1.19.5
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1.20.1 https://bio.libretexts.org/@go/page/73655

1.20: Seed Germination and Seedling Establishment

There is optimal temperature, light / darkness, and moisture requirement for seed germination of plant species. Days to germination
varies from a few days (e.g., lettuce, cucumber, corn) to four days (e.g., cabbage, watermelon, kale) to five days (e.g., cauliflower,
spinach) to six days (e.g., bean, carrot, eggplant, onion, pea) to seven days (e.g., celery) to eight days (e.g., pepper) to 13 days (e.g.,
parsley, parsnip) under optimal conditions of temperature and moisture.

Crop rotation rotates crop species three year turn from leaf/stem crops (e.g. cabbage, broccoli, kale) to bulb/tuber crops (e.g., onion,
potato, carrot) to fruit /seed crops (e.g., peas, corn, pumpkin, tomato, pepper). Lastly, there are perennial vegetable crops that come
back every year such as rhubarb and chives, which have benefits with varying flowering time, extended seasons, and hardiness
under suboptimal environment conditions.

SLO 20.01: Apply the best practices for learning germination and seedling establishment
SLO 20.02: Describe the characteristics of germination and dormancy
SLO 20.03: Describe the characteristics of basic plant growth requirements
SLO 20.04: Describe the characteristics of favorable conditions and duration for germination
SLO 20.05: Identify given plant species with their scientific names based on their key features
SLO 20.06: Explain how seed germination related to seed quality
SLO 20.07: Explain the nutritive value of seeds

 . Student Learning Outcomes (SLOs)1.20.1

 . Big Picture1.20.2
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Assessment 1: TRUE or FALSE: A 2,000 year old date seed was found viable.
Assessment.2: TRUE or FALSE: Double coconut palm (coco de mer, Lodoicea maldivica) seed is considered the largest
seed (44 lb).
Assessment 3: TRUE or FALSE: Flax seeds (linseed) are a great source of Omega-3 fatty acids, while pumpkin seeds are a
great source of Omega-6 fatty acids.
Assessment 4: TRUE or FALSE: Sunflower, lettuce, Swiss chard, radish, Chinese cabbage, tomato, and pea seeds travelled
to the International Space Station.

 . Test Your Knowledge1.20.3

 . Can You Spot These Plants?1.20.4
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This page titled 1.20: Seed Germination and Seedling Establishment is shared under a CC BY-NC-SA 4.0 license and was authored, remixed,
and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the
LibreTexts platform; a detailed edit history is available upon request.
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1.21.1 https://bio.libretexts.org/@go/page/73654

1.21: Tea Growing, Brew, and Leaves

Tea is one of the most consumed drinks in the world. Various tea categories (e.g., organic / conventional, powder, tea bags) and
flavors (e.g., cinnamon, tapioca, lemon, jasmin, chocolate, original).

Tea also is one of the acidic-soil loving plant species. Moreover, all varieties of green, black, oolong, and white teas come from the
same plant species, Camellia sinensis. However, the best quality teas usually come from the top two leaves and bud of the each
stem of tea plant that can be picked up to four harvests or flushes.

SLO 21.01: Apply the best practices for learning tea cultivation
SLO 21.02: Describe the characteristics of tea plant (Camellia sinensis)
SLO 21.03: Describe the characteristics of tea processing
SLO 21.04: Describe the characteristics of tea brewing
SLO 21.05: Identify given plant species with their scientific names based on their key features
SLO 21.06: Explain the differences between various tea types
SLO 21.07: Explain the differences between herbal, decaf, and regular tea

 . Student Learning Outcomes (SLOs)1.21.1

 . Big Picture1.21.2
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Assessment 1: TRUE or FALSE: All tea types (black, green, white, and oolong) come from one plant: Camellia sinensis.
Assessment 2: TRUE or FALSE: Turkey is the top tea consuming country in the world (~7 lb / per capita).
Assessment 3: TRUE or FALSE: There are really only two words to say “tea”: te (by sea) or cha (by land).
Assessment 4: TRUE or FALSE: Herbal teas are not actually teas since they are derived from other plants (chamomile,
rooibos, ginger, lemon, hibiscus, rose).

 . Test Your Knowledge1.21.3
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This page titled 1.21: Tea Growing, Brew, and Leaves is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a
detailed edit history is available upon request.
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 . Check Your Answers1.21.5
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1.22.1 https://bio.libretexts.org/@go/page/73653

1.22: Coffee Growing, Roast, Grind, and Beans

How do you take your coffee–regular or decaf? Coffee is the most popular drink in the U.S. However, coffee plant species growing
is dominantly around the equator countries such as Brazil, Colombia, Ethiopia, and Indonesia.

Coffee plant (Coffea sp.), native to south west Ethiopia with very little genetic diversity, comes from beans of coffee fruit (a.k.a.
berry or cherry). A combination of its susceptibility to extreme temperature changes and considering its low genetic diversity make
breeders focus on developing more robust shade grown coffee cultivars worldwide.

SLO 22.01: Apply the best practices for learning coffee cultivation
SLO 22.02: Describe the characteristics of coffee plant (Coffea arabica)
SLO 22.03: Describe the characteristics of coffee processing
SLO 22.04: Describe the characteristics of coffee brewing
SLO 22.05: Identify given plant species with their scientific names based on their key features
SLO 22.06: Explain the differences between various tea coffees
SLO 22.07: Explain the differences between decaf, and regular coffee

 . Student Learning Outcomes (SLOs)1.22.1

 . Big Picture1.22.2
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Assessment 1: TRUE or FALSE: Coffee is native to tropical East Africa highlands (Ethiopia).
Assessment 2: TRUE or FALSE: 40% of the world’s coffee is produced by Brazil.
Assessment 3: TRUE or FALSE: Finland drinks the most coffee per person in the world.
Assessment 4: TRUE or FALSE: U.S. is the world's largest coffee importer (2.5 Mil lb.).

 . Test Your Knowledge1.22.3

 . Can You Spot These Plants?1.22.4
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1.23.1 https://bio.libretexts.org/@go/page/73651

1.23: Sustainable Agriculture and Food Systems

How will planet Earth feed 10 billion people with less land and energy by the year 2050? It will clearly require sustainable
approaches for crop cultivation and with enhanced resilience to environmental changes as well as reduced carbon footprint to
protect the environment.

There is an opportunity to promote sustainability as well as high yield, accelerated growth and minimized losses to environmental
stress conditions.

SLO 23.01: Apply the best practices for learning sustainable agriculture
SLO 23.02: Describe the linkage between soil and plant growth
SLO 23.03: Describe the characteristics of sustainability including environment, economic, and community
SLO 23.04: Describe how crop species relates to the economy
SLO 23.05: Identify given plant species with their scientific names based on their key features
SLO 23.06: Describe how crop species relates to the environment
SLO 23.07: Explain the differences between different crop production methods such as organic and conventionally grown

 . Student Learning Outcomes (SLOs)1.23.1

 . Big Picture1.23.1
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Assessment 1: TRUE or FALSE: USDA 100% organic certification criteria include not usage of synthetic fertilizers,
prohibited pesticides, GMOs, and/ or hormones.
Assessment 2: TRUE or FALSE: In fruit / veggie labels: 9---- code indicates organic, 8---- code indicates GMO, and only
four-digit (4---) code indicates conventionally grown.
Assessment 3: TRUE or FALSE: South Dakota grows the most sunflowers in the U.S. (5 Mil tones).
Assessment 4: TRUE or FALSE: One corn ear has an average of 800 seeds (kernels).
Assessment 5: TRUE or FALSE: Crayons are made of soybean oil.
Assessment 6: TRUE or FALSE: Florida is the top producer of orange, grapefruit, tomato, watermelon, cucumber, snap
beans, squash, and sugar cane in the U.S.
Assessment 7: TRUE or FALSE: Pierson, Florida is known as the “Fern Capital of the World”
Assessment 8: TRUE or FALSE: Arabidopsis was the first plant (1982) and potato was the first food plant (1995) grown in
outer space.

 . Test Your Knowledge1.23.3
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Assessment 9: TRUE or FALSE: California is the biggest peach producer.
Assessment 10: TRUE or FALSE: Georgia is the biggest peanut state and produces  of the U.S. peanut production.

1. TRUE
2. TRUE
3. TRUE
4. TRUE
5. TRUE
6. TRUE
7. TRUE
8. TRUE
9. TRUE

10. TRUE

This page titled 1.23: Sustainable Agriculture and Food Systems is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts
platform; a detailed edit history is available upon request.
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1.24: Synthetic Biology, and CRISPR Gene Editing in Crops

One of the emerging fields in plant biology is developing crop plant cultivars with more stress resilient, disease resilient, nutrient
efficient, and increased yield using new genome editing and design techniques.

Some of the new products of synthetic biology (SynBio) include chemicals, biofuels, medicines, synthetic cells, plant genes, or
promoters. Moreover, adaption of nitrogen fixation to major staple food crops could let non-legumes fix their own nitrogen
fertilizer in the future.

SLO 24.01: Apply the best practices for learning Synthetic Biology, CRISPR Gene Editing
SLO 24.02: Describe the characteristics of CRISPR technology
SLO 24.03: Describe the characteristics of synthetic biology
SLO 24.04: Describe CRISPR/Cas9 tools for plants
SLO 24.05: Identify given plant species with their scientific names based on their key features
SLO 24.06: Explain how CRISPR could be used for improved nutrient usage
SLO 24.07: Explain how CRISPR could be used for improving crop yield

 . Student Learning Outcomes (SLOs)1.24.1

 . Big Picture1.24.2
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Assessment 1: TRUE or FALSE: Dr. George Church (Professor of Genetics @ Harvard) is considered the father of
Synthetic Biology.
Assessment 2: TRUE or FALSE: Self-fertilizing plants may be possible in the future with SynBio.
Assessment 3: TRUE or FALSE: Programmable plant seeds may be possible in the future with SynBio for colonization of
Mars.
Assessment 4: TRUE or FALSE: Medicine producing plant seeds may be possible in the future with SynBio.

 . Test Your Knowledge1.24.3

 . Can You Spot These Plants?1.24.4
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.24: Synthetic Biology, and CRISPR Gene Editing in Crops is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of
the LibreTexts platform; a detailed edit history is available upon request.
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1.25: Mining Plant Superb Varieties for Increased Resilience to Suboptimal
Conditions

Plants are a very important source of food, feed, and fuel. Therefore, exploring their natural diversity and protecting their
germplasm resources is key to future food security. Environmental interaction includes the defense of plant species against biotic
and abiotic stress tolerance. There are a number of stress factors for plants including: temperature (cold, high), salt, nutrient
deficiency, and metal toxicity. As a result, stress conditions can possibly inhibit the plant’s growth and development, and therefore,
affect plant yield and quality. Furthermore, plant response to environmental stress (both biotic and abiotic) consists of several
diverse mechanisms. For example, plant varieties can grow modified structures (e.g., spines) or modify their growth (e.g., shorter
stems, modified leaf area) in response to environmental stress and to survive or adapt.

The largest seed bank is the Svalbard Global Seed Vault (1000 m2) in the island of Spitsbergen, Norway that have 4.5 million seed
accessions of total 6 million accessions worldwide.

SLO 25.01: Apply the best practices for learning resilience to environmental stress
SLO 25.02: Describe the characteristics of tolerance to high temperature stress
SLO 25.03: Describe the characteristics of tolerance to cold temperature stress
SLO 25.04: Describe the characteristics of tolerance to salt stress
SLO 25.05: Identify given plant species with their scientific names based on their key features
SLO 25.06: Explain importance of genetic variation in plant biology
SLO 25.07: Explain how diverse varieties affect survival of plants

 . Student Learning Outcomes (SLOs)1.25.1

 . Big Picture1.25.2
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Assessment 1: TRUE or FALSE: You only need to plant these plants once and harvest for years because they are
perennials: asparagus, chives, rhubarb, strawberries.
Assessment 2: TRUE or FALSE: Needle type of modified leaves are evolutionary adaptation to prevent desiccation and
hold more moisture.
Assessment 3: TRUE or FALSE: All species lived in the sea until ~550 million years ago.
Assessment 4: TRUE or FALSE: Only 12 crops supply 80% of the world’s food supply: sugarcane, maize, rice, wheat,
potato, soybean, cassava, tomato, banana, onion, apple, and grape.
Assessment 5: TRUE or FALSE: The more genetic variation is the better because it will increase survival of some varieties
or species.

 . Test Your Knowledge1.25.3
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.25: Mining Plant Superb Varieties for Increased Resilience to Suboptimal Conditions is shared under a CC BY-NC-SA 4.0
license and was authored, remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to
the style and standards of the LibreTexts platform; a detailed edit history is available upon request.

 . Can You Spot These Plants?1.25.4

 . Check Your Answers1.25.5
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1.26.1 https://bio.libretexts.org/@go/page/73648

1.26: Fungi Kingdom

Mushrooms belong to the fungi kingdom. They can provide proteins and many nutrients while minimal harmfulness to
environment.

Agaricus bisporus is an over $24 billion economy with varieties such as portobella, cremini, and button mushrooms (both white
and brown) in the U.S.

SLO 26.01: Apply the best practices for learning Kingdom Fungi
SLO 26.02: Describe the characteristics of fungi habitat
SLO 26.03: Describe the characteristics of phylum Ascomycota
SLO 26.04: Describe the characteristics of phylum Basidiomycota
SLO 26.05: Identify given plant species with their scientific names based on their key features
SLO 26.06: Describe the characteristics of phylum Deuteromycota
SLO 26.07: Describe the characteristics of phylum Glomeromycota

 . Student Learning Outcomes (SLOs)1.26.1

 . Big Picture1.26.2
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Assessment 1: TRUE or FALSE: Truffles, rare underground edible fungi, found near chestnut, oak, pine, hazelnut, and
pecan roots that exchange nutrients and sugars.
Assessment 2: TRUE or FALSE: White truffles (alba) can cost .
Assessment 3: TRUE or FALSE: Antibiotic “penicillin” is derived from fungi Penicillium notatum.
Assessment 4: TRUE or FALSE: There are some fungi that glow in the dark just like fireflies when their luciferin reacts
with .

 . Test Your Knowledge1.26.3
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1. TRUE
2. TRUE
3. TRUE
4. TRUE

This page titled 1.26: Fungi Kingdom is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.27: Cyanobacteria and Viruses (COVID19 Pandemic Edition)

Cyanobacteria is likely one of the bacteria species will help Mars colonization by sustainably growing in Mars soils and
environment conditions.

It is known that cyanobacteria helped oxygenation of our planet Earth atmosphere about 2.4 billion years ago. Furthermore,
cyanobacteria can not only fix carbondioxide but also nitrogen as well.

SLO 27.01: Apply the best practicies for learning cyanobacteria and viruses
SLO 27.02: Describe the connection of cyanobacteria to nitrogen cycle
SLO 27.03: Describe the characteristics of photosynthetic cyanobacteria (most)
SLO 27.04: Describe the characteristics of viruses
SLO 27.05: Identify given plant species with their scientific names based on their key features
SLO 27.06: Explain the differences between viruses and their viral structure
SLO 27.07: Explain the mutation and genetic variation of viruses

 . Student Learning Outcomes (SLOs)1.27.1

 . Big Picture1.27.2
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Assessment 1: TRUE or FALSE: COVID-19 is a term for “Coronavirus Disease 2019”, named after the year it was first
identified (2019).
Assessment.2: TRUE or FALSE: Over 120+ “COVID-19” vaccine candidates have been proposed worldwide.
Assessment 3: TRUE or FALSE: COVID-19 has not currently been detected in Antarctica.
Assessment 4: TRUE or FALSE: SARS-CoV-2 as well as some plant viruses are made of RNA.
Assessment 5: TRUE or FALSE: A safe distance to stay apart from someone who’s sick is a minimum of 1 meter (3 ft).
Assessment 6: TRUE or FALSE: One COVID-19 infected person infects ~2.5 other people and 5% will need hospital care.
Assessment 7: TRUE or FALSE: Loss of smell (anosmia) and decreased sense of taste (ageusia) together with cough, fever
and shortness of breath are symptoms of COVID-19 (+).
Assessment 8: TRUE or FALSE: COVID-19 spreads via respiratory droplets that pass from person to person.
Assessment 9: TRUE or FALSE: 60% alcohol can kill SARS-CoV-2.
Assessment 10: TRUE or FALSE: Increased risk of serious COVID-19 illness include diabetes as well as blood type A.

 . Test Your Knowledge1.27.3
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1. TRUE
2. TRUE
3. TRUE
4. TRUE
5. TRUE
6. TRUE
7. TRUE
8. TRUE
9. TRUE

10. TRUE

This page titled 1.27: Cyanobacteria and Viruses (COVID19 Pandemic Edition) is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of
the LibreTexts platform; a detailed edit history is available upon request.
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 . Check Your Answers1.27.5
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1.28.1 https://bio.libretexts.org/@go/page/73646

1.28: Growth Mindset and Grit

How do cultivate growth mindset? Growth mindset individuals can develop their abilities compare to fixed mindset individuals.
Moreover, growth mindset individuals have the attitude of constantly learning new things.

Furthermore, there are increasing research interest in answering the question: Does growth mindset (also grit) help promote
undergraduate student performance especially in STEM (science, technology, engineering, and math) field majors?

SLO 28.01: Apply the best practices for learning Growth Mindset and Grit
SLO 28.02: Describe teh characteristics of Growth Mindset
SLO 28.03: Describe the characteristics of Grit
SLO 28.04: Describe the characteristics developing growth mindset
SLO 28.05: Identify given plant species with their scientific names based on their key features
SLO 28.06: Explain strategies for fostering grit
SLO 28.07: Explain how to learn from failure

 . Student Learning Outcomes (SLOs)1.28.1

 . Big Picture1.28.2
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Assessment 1: TRUE or FALSE: It's possible to grow new brain cells (neurogenesis).
Assessment 2: Do you have a BIOLOGY growth mindset? (hint: check your GM score).
Assessment 3: A pandemic such as COVID19 can help cultivate growth mindset. Why?
Assessment 4: TRUE or FALSE: Several celebrities who failed before succeeding built grit. Give examples. Stephen King,
Walt Disney, JK Rowling (Harry Potter), and Bill Gates among others.

 . Test Your Knowledge1.28.3

 . Can You Spot These Plants?1.28.4
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1. TRUE
2. Strong growth mindset (45–60 points in Mindset Instrument) also create opportunities for growth and developing new

techniques for resilience
3. Because of the fact that crisis like a pandemic
4. TRUE.

This page titled 1.28: Growth Mindset and Grit is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a
detailed edit history is available upon request.
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1.29: Student Learning

What are the twenty-first-century learning skills that we can integrate in undergraduate education? There are at least four major
skills as follows:

1. Critical thinking
2. Communication
3. Collaboration
4. Creativity

Moreover, undergraduate students need to develop higher-order thinking skills such as creativity and synthesizing in order to be
well-prepared for navigating the twenty-first century and success.

SLO 29.01: Apply the best practices for learning about student learning
SLO 29.02: Describe the characteristics of how learning works
SLO 29.03: Describe the characteristics of online learning
SLO 29.04: Describe the characteristics of in-person learning
SLO 29.05: Identify given plant species with their scientific names based on their key features
SLO 29.06: Describe the characteristics of hybrid learning
SLO 29.07: Explain classroom technology in the new era of learning

 . Student Learning Outcomes (SLOs)1.29.1

 . Big Picture1.29.2
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Assessment 1: TRUE or FALSE: Growing plants help students learn valuable skills and concentrate.
Assessment 2: Multimedia tools such as videos improve learning. Why?
Assessment 3: TRUE or FALSE: US phone numbers are 7-digits because of the fact that human short-term memory can
hold max 7 digits.
Assessment 4: TRUE or FALSE: Human can remember 65% info as image while 10% as a text.

 . Test Your Knowledge1.29.3

 . Can You Spot These Plants?1.29.4
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1. TRUE
2. Because of the fact that multimedia tools (videos, animation, picture) improve connections of content in both visual and

verbal context, it helps brain improve learning.
3. TRUE
4. TRUE

This page titled 1.29: Student Learning is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Gokhan
Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and standards of the LibreTexts platform; a detailed
edit history is available upon request.
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1.30: How to Study STEM (Science, Technology, Engineering, and Math)

What are the best study skills for undergraduate STEM (Science, Technology, Engineering, & Math) subjects? Some effective
study methods include as follows:

Attend every class lecture
Make flashcards and concept maps
Take your own good notes and repeat them daily
Read the textbook ahead and repeat
Use highlighters and colors when studying
Read it through before answering a question
Metacognition (MC): Learning how to learn

Moreover, gaining mastery of content gradually help undergraduates to build more confidence, ownership of expertise, and
appreciation for STEM fields.

SLO 30.01: Apply the best practices for learning How to Study Science (STEM)
SLO 30.02: Describe the characteristics of effective studying
SLO 30.03: Describe the characteristics of effective schedule
SLO 30.04: Describe the characteristics of effective note-taking
SLO 30.05: Identify given plant species with their scientific names based on their key features
SLO 30.06: Explain the differences between simply reading and active studying
SLO 30.07: Explain how explaining materials in your own words is an effective learning tool

 . Student Learning Outcomes (SLOs)1.30.1

 . Big Picture: Metacognition (MC)1.30.2
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Assessment 1: TRUE or FALSE: Reading on hard-copy material is superior compare to screens.
Assessment 2: TRUE or FALSE: Active recall with closing the book is superior studying compared to re-reading.
Assessment 3: Teaching explaining the course material to somebody else is a superior learning technique. Why?
Assessment 4: TRUE or FALSE: A 30-minute exercise / per day increases brain cell growth and therefore learning.

 . Test Your Knowledge1.30.3

 . Can You Spot These Plants?1.30.4
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1. TRUE
2. TRUE
3. Because of the fact that memory need to be used regularly in order to perform optimally. Therefore, teaching someone else

uses memory and improved learning the material better.
4. TRUE

This page titled 1.30: How to Study STEM (Science, Technology, Engineering, and Math) is shared under a CC BY-NC-SA 4.0 license and was
authored, remixed, and/or curated by Gokhan Hacisalihoglu (Florida State Open Publishing) via source content that was edited to the style and
standards of the LibreTexts platform; a detailed edit history is available upon request.
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2.1: Rubric as a Grading Tool

Dimension Exceeds
(12 pts)

Meets
(10 pts)

Approaches
(7 pts)

Needs Help
(5 pts)

I. TITLE

(summarize conclusion in
one sentence

    

II. AUTHOR(S)

(summarize paper in one
paragraph with breif intro,
methods, results, and
conclusion)

    

III. ABSTRACT

(summarize paper in one
paragraph with breif intro,
methods, results, and
conclusions)

    

IV. INTRODUCTION

(provide sufficient
background info from
literature with
paraphrasing and citations)

    

V. MATERIALS &
METHODS

       (clearly describe the
materials and
methodology)

    

VI. RESULTS

       (present your data in tables
and figures format)

    

VII. DISCUSSION

(discuss and explain your
results with a clear
conclusion)

    

VIII. REFERENCES

(list all references cited in
the paper)

    

APA FORMAT
(sources cited in
parenthesis with authors'
name and publication
year)

(4 pts) ------------ ------------------ ----------------
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2.2: List of Plant Species Covered in this Book

1 Abelmoschus
esculentus

Okra  59 Hypoestes aristata Ribbon bush

2 Abies fraseri Fraser fir  60 Ipomoea batatas Sweetpotato

3 Acer okagama Japanese maple  61 Iris germanica Iris

4 Agaricus bisporus Mushroom  62 Juniperus
communis

Juniper

5 Agave tequilana Blue agave  63 Lactuca sativa Lettuce

6 Alstroemeria
aurea

Peruvian-lily  64 Lilium candidum Lily

7 Alstroemeria
aurea

Pineapple  65 Malus domestica Apple

8 Anethum
graveolens

Dill  66 Mangifera indica Mango

9 Antirrhinum
majus

Snapdragon  67 Manihot esculenta Cassava (Yuca)

10 Arabidopsis
thaliana

Arabidopsis  68 Mentha spicata Mint

11 Asparagus
densiflorus

Asparagus  69 Mimosa pudica Sensitive plant

12 Asparagus
officinalis

Asparagus  70 Monstera
adansonii

Swiss cheese plant

13 Asplenium nidus Bird's-nest fern  71 Musa acuminata Banana

14 Aster amellus Aster  72 Nepenthes sp. Pitcher plant

15 Averrhoa
carambola

Starfruit  73 Nephrolepis
exaltata

Boston fern

16 Bambusa vulgaris Bamboo  74 Nerium oleander Oleander

17 Bambusa vulgari Begonia  75 Nipponanthemum
nipponicum

Daisy

18 Bambusa vulgari
var.capitata

Cabbage  76 Nymphaea alba Waterlily

19 Bambusa vulgari
var.italica

Broccoli  77 Oryza sativa Rice

20 Caladium bicolor Caladium  78 Pachira aquatica Money tree

21 Calluna vulgaris Heather  79 Pachystachys
lutea

Golden shrimp
plant

22 Camellia japonica Camellia  80 Pelargonium
hirsutum

Geranium

23 Camellia sinensis Tea  81 Penusetum
setaceum

Fountain grass

24 Capsicum annuum Pepper  82 Persea americana Avocado

25 Capsicum
chinense

Habanero pepper  83 Petroselinum
crispum

Parsley
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26 Carica papaya Papaya  84 Petunia
atkinsiana

Petunia

27 Carnegiea
gigantea

Saguaro  85 Phalaenopsis
amabilis

Moth orchid

28 Carya illinoensis Pecan  86 Phaseolus
vulgaris

Bean

29 Cattleya labiata Orchid Cattleya  87 Philodendron
selloum

Philodendron

30 Chlorophytum
comosum

Spider plant  88 Pisum sativum Pea

31 Chlorophytum
comosum

Pomelo  89 Prunus serrulata Sakura cherry

32 Citrus sinensis Orange  90 Quercus
virginiana

Live oak

33 Citrus sinensis Coconut  91 Rosa sp. Rose

34 Citrus sinensis Croton  92 Sabal palmetto Cabbage palm

35 Coleus
solenostemon

Coleus  93 Salvia hybrid Salvia

36 Crassula ovata Jade plant  94 Salvia officinalis Sage

37 Crotonanthus
klotzsch

Croton  95 Salvia rosmarinus Rosemary

38 Cucurbita pepo Pumpkin  96 Schefflera
arboricola

Dwarf umbrella
tree

39 Curcuma longa Turmeric  97 Selaginella
stellata

Selaginella

40 Cycas revolata Sago palm  98 Senecio
rowleyanus

String of pearls

41 Cydonia oblonga Quince  99 Sequoia
sempervirens

Redwood

42 Daucus carota Carrot  100 Serenoa repens Saw palmetto

43 Dianthus
caryophyllus

Carnation  101 Setcreasea pallida Purple heart

44 Diospyros
virginiana

Persimmon  102 Solanum
lycopersicum

Tomato

45 Dracaena
cinnabari

Dragon blood tree  103 Solanum
tuberosum

Potato

46 Dracaena
marginata

Madagascar
dragon tree

 104 Sphagnum sp. Moss

47 Dracaena
trifasciata

Snake plant  105 Spinacia oleracea Spinach

48 Epipremnum
aureum

Golden pothos  106 Taxus brevifolia Pacific yew

49 Equisetum
hyemale

Horsetail  107 Thymus vulgaris Thyme

50 Euphorbia lactae Cactae  108 Triticum aestivum Wheat
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51 Euphorbia
pulcherrima

Poinsettia  109 Tulipa sp. Tulips

52 Ginkgo biloba Ginkgo  110 Vaccinium
corymbosum

Blueberry

53 Hedera helix English ivy  111 Viola tricolor var.
hortensis

Pansy

54 Helianthus
annuus

Sunflower  112 Vitis vinifera Grape

55 Hevea brasiliensis Rubber tree  113 Zamia floridana Zamia

56 Hydrangea
macrophylla

Hydrangea  114 Zea mays Maize

57 Hylocereus
undatus

Dragon fruit  115 Zingiber officinale Ginger

58 Hypnum moss Moss  116 Zinnia elegans Zinnia
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2.3: Course Menu
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