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Executive Summary  
Global warming is leading to a series of major changes to the Earth, places that were wet 

and producing food are now suffering through major drought and most cities are being flooded 

or going through extreme temperatures. Global warming is enhanced by carbon emissions. The 

third phase of this project, both experimentation wise and modeling wise, is focusing on the 

concept of producing a synthetic soil seed packet to counteract drought conditions and enhance 

photosynthesis to produce a carbon sink in rural and urban planting areas, and then modeling it 

by using different 3D modeling software, and other computational models. 

 The first phase was dedicated to determining which seeds and which nutrient additives 

would be best for enhancing photosynthesis, theoretically producing seeds that would act as a 

carbon sink when planted. The second phase investigated vitamin additives and their impact on 

photosynthesis and moisture retention to survive in drought conditions to produce a seed that 

could act as a carbon sink. This phase is focusing on developing a synthetic soil using natural 

enhancements such as the suberin, cutin, starch and soil nutrients, then soaking buckwheat in 

soluble vitamin E and adding them to the soil nutrients to produce a seed ‘packet’ that can be 

planted in drought conditions and survive until the next available moisture is provided, then 

those plants will act as a carbon sink and potentially reducing carbon emissions from the 

environment. All three phases have been successful, so the final step is to model its impact and 

how it actually works for better understanding of the project as a whole and its components.  

 At this point, there are several models. The first model is a NetLogo model that shows a 

cell membrane and how suberin and cutin work together to keep moisture retention and viability 

of the plant upheld. The second is another NetLogo model that models erosion and drought on a 

given terrain. The third is a 3D model that shows the chemical composition of suberin and cutin, 

and the final 3D model shows the buckwheat plant(s) in a carbon sink with responses to their 

environment.    



 

Background Research- Fast Facts  
Biosynthetic Production- The production of complex molecules within living organisms or cells. 

Buckwheat- an Asian plant of the Dock family that produces starchy seeds. The seeds are used 

for fodder and are also milled into flour that is widely used in the US. 

Carbon Sink- A forest, ocean, or other natural environment viewed in terms of its ability to 

absorb carbon dioxide from the atmosphere. 

Chokecherry- a North American cherry with an edible astringent fruit that is more palatable 

when cooked. 

Cutin- One of two waxy polymers that are the main components of the plant cuticle, which 

covers all aerial surfaces of plants. The other major cuticle polymer is cutan, which is much more 

readily preserved in the fossil record. 

Drought- A prolonged period of abnormally low rainfall; a shortage of water resulting from this. 

Erosion- The process of eroding or being eroded by wind, water, or other natural agents. 

Nutrient Deficiency- An inadequate supply of essential nutrients (as vitamins and minerals) in 

the diet resulting in malnutrition or disease. 

Photosynthetic Process (Photosynthesis) - The process by which green plants and other 

organisms use sunlight to synthesize foods from carbon dioxide and water. Photosynthesis in 

plants generally involves the green pigment chlorophyll and generates oxygen as a byproduct. 

Pollution- The presence in or introduction into the environment of a substance or thing that has 

harmful or poisonous effects. 

Remediate- The action of remedying something, in particular of reversing or stopping 

environmental damage. 

Soil Moisture Deficit- Soil Moisture Deficit (SMD) is the amount of water needed to bring the 

soil moisture content back to field capacity, which is the amount of water the soil can hold 

against gravity.   

Stasis- A period or state of inactivity or equilibrium. 

Suberin- a waterproofing waxy substance found in higher plants. Suberin is a main constituent of 

cork, and is named after the cork oak, Quercus suber. Its main function is as a barrier to 

movement of water and solutes. 

Urban Areas- A location characterized by high human population density and vast human-built 

features in comparison to the areas surrounding it. Urban areas may be cities, towns or 



conurbations, but the term is not commonly extended to rural settlements such as villages and 

hamlets. 

Background Research- In depth 

Photosynthesis 

Photosynthesis is the synthesis of sugar from light and water, with oxygen as a waste 

product. Without photosynthesis we would not be here on this earth today. Photosynthesis is the 

creation of oxygen that nearly all life depends on. It occurs in higher plants, algae, some bacteria, 

and some protists. Photosynthesis occurs in photoautotrophs which are plants that can synthesize 

food directly from inorganic compounds like the sun, water, and carbon dioxide. 

Carbon Dioxide 

Carbon dioxide is a chemical compound composed of two oxygen atoms each covalently 

double bonded to a single carbon atom, that is also known as CO2. (Carbon being element 

number 6 and oxygen being element number 8.) As of 2011, carbon dioxide accounted for 84% 

of all greenhouse gas emissions from human activities. Those human activities that are 

increasing the levels of carbon dioxide in the atmosphere (which is changing earth's carbon 

cycle) is the combustion of coal, natural gas, and oil which is used for electricity, transportation, 

and industry.  This carbon dioxide combustion is constantly being exchanged between the 

atmosphere, ocean, and land surface, and is being absorbed by many microorganisms, plants, and 

animals. Because of all of these emissions the CO2 levels are expected to grow about 1.5% every 

fifteen years. 

Air Pollution 

The most common and obvious form of air pollution is the smog floating over cities 

around the world, but generally any substance that people let into the atmosphere that has 

damaging effects to living things is considered air pollution. Air pollution is everything from 

CO2, to methane, to chlorofluorocarbons (CFC), to sulfur dioxide. All of these chemicals are 

also associated with climate change. 

The Oxygen Cycle 

The beginning of the oxygen cycle all starts when the plants create the oxygen using 

Photosynthesis. Next animals (and us) breathe in the oxygen which we use to break down 

carbohydrates down into energy (which is also called respiration). Finally we let out carbon 

dioxide (CO2) so that the photoautotrophs can start the process again. Although it seems simple 

it certainly isn’t. The photoautotrophs have to break down the carbohydrates just like we do, but 



to accomplish that they have to keep some of that oxygen during the day so that they can use it to 

help them break down their carbohydrates. In order to maintain their metabolism and continue 

respiration at night they must absorb oxygen and let out carbon dioxide so that everything stays 

balanced. 

Buckwheat 

Buckwheat (Fagopyrum esculentum) is a plant cultivated for its grain-like seeds, and also 

used as a cover crop. Buckwheat is not related to wheat, and it is not a grass. Buckwheat is 

related to sorrel and rhubarb. Its seeds are eaten and rich in complex carbohydrates. Buckwheat 

is a short-season crop that does well on low-fertility or acidic soils, but the soil must be well 

drained. Too much fertilizer, especially nitrogen, reduces yields. In hot climates, it can only be 

grown by sowing late in the season, so that it blooms in cooler weather. The presence of 

pollinators greatly increases the yield. The plant has a branching root system with one primary 

root that reaches deeply into the moist soil. Buckwheat has triangular seeds and produces a 

flower that is usually white, although can also be pink or yellow. Buckwheat branches freely, 

causing a more complete adaptation to its environment than other cereal crops. The seed hull 

density is less than that of water, making the hull easy to remove (Skrabanka, et. al. 2004). 

Buckwheat is raised for grain where a short season is available, either because it is used 

as a second crop in the season, or because the climate is limiting. Buckwheat can be a reliable 

cover crop in summer to fit a small slot of warm season. It establishes quickly, which suppresses 

summer weeds. Buckwheat has a growing period of only 10–12 weeks and it can be grown in 

high latitude or northern areas. It grows 30 to 50 inches (75 to 125 cm) tall. The nectar from 

buckwheat flower makes a dark-colored honey. It is sometimes used as a green manure, as a 

plant for erosion control, or as wildlife cover and feed. Buckwheat is fairly nutritious; a rich 

source (20% DV) of protein, dietary fiber, four B vitamins and several dietary minerals, with 

content especially high (47 to 65% DV) in niacin, magnesium, manganese and phosphorus. 

Buckwheat is 72% carbohydrates, including 10% dietary fiber, 3% fat and 13% protein 

(Skrabanka, et. al. 2004). 

The chemical composition of buckwheat has been examined, and it is known to be high 

in starches, particularly in the seeds. The proteins in the seeds include crude protein at 18%, with 

biological values above 90%. This can be explained by a high concentration of all essential 

amino acids, especially lysine, threonine, tryptophan, and the sulphur-containing amino acids. 

Buckwheat is rich in iron (60–100 ppm), zinc (20–30 ppm) and selenium (20–50 ppb). 



Buckwheat also has a fair amount of antioxidants including polyphenols, and enzymes 

(Skrabanka, et. al. 2004). 

Chokecherry (Prunus virginiana) 

 The chokecherry was named because of the berry’s shape and pungent taste. The 

chokecherry is a perennial, deciduous dicot shrub/tree that can grow up to 15-25 feet with 

slender and numerous stems (USDA, 2011).  Its primary growth season is spring /summer. It 

produces small white flower clusters that change into small purple or reddish 1 cm spherical 

black berry clusters in the late summer. The flowers are arranged in cylindrical aromatic racemes 

(USDA, 2011). Its oval, 2-10cm foliage ranges from green to dark green and lustrous with a pale 

underside and have a coarsely serrated margin. Leaves are alternate, simple, and turn yellow in 

the fall. The bark of young trees is gray to reddish brown, which turns darker and brownish-black 

as it matures, with noticeable furrows. The bark is marked by horizontal rows of raised air pores 

that develop into shallow grooves (USDA, 2011). 

The chokecherry prefers full sun, is intolerant of shade, and rarely will mix with any other tree. It 

is commonly confused with the chokeberry. The chokecherry has tolerance for temperature 

extremes and Calcium Carbonate based soils, hence its native ability to grow in the Rocky 

Mountains (USDA, 2011). The chokecherry is from the prunus genus and rose family. The 

prunus genus includes almonds, peaches, apricots and all types of cherries. Seeds of the prunus 

genus all contain amygdaline, which when combined with water will hydrolyze into hydrocyanic 

acid, or cyanide (Elpel, 2010). 

The chokecherry has a high amount of antioxidants in the form of flavonoids and 

anthocyanins. It has been used for generations by Native American tribes and native settlers in 

the form of wines, jams, jellies, syrups, and other foods. It is considered by many to be a health 

inducing fruit. (Manitoba, 2011) The berry is really the only edible portion of the tree as a whole, 

and can be eaten raw or cooked. The unripe green berries can contain hydrogen cyanide, a toxin 

that traditionally gives almonds their flavor (Montana Plant Life, 2011). The leaves are 

considered dangerous for any animal with a multi-segment stomach, because once the trees have 

wilted; they produce cyanide (USDA, 2011). Anytime the leaves are struck with wilt of any type 

or new growth leaves, frost bitten leaves the cyanide production increases, making them toxic, 

rumored specifically to be the most toxic during the spring and summer (Erichsen Brown, 1979). 

The bark and twigs, as well as the berries have been used against whooping cough, 

tuberculosis, pneumonia, sore throats and gastrointestinal problems.  It has also been used as a 



rinse on burns, open sores, cankers and skin ulcers and as a flavor in cough syrups (USDA, 

2011).  The roots and the bark can be used as a blood tonic, sedative and appetite stimulant. 

Compounds within the plant can contain agents that relieve disorders of the chest and lungs. 

Salves made from ground bark can be used externally on wounds (Montana Plant Life, 2011). 

Native American Tribes in Canada and the U.S. produce foods from the chokecherry as an 

economic enhancement to their tribes, and are looking at producing more tasty cultivars, and 

better ways to enhance production (Manitoba, 2011). 

The fruit is bitter uncooked, and is not very palatable though birds will eat it and spread the 

seeds. It is pollinated via birds, insects and the wind (Manitoba, 2011). The chokecherry is 

considered a weed in most areas it is, however listed as a concern for its continued existence in 

Tennessee (USDA, 2011).  It is also a habitat for tent worm, which can affect other fruit trees, 

and is susceptible to some forms of mold and rotting diseases (North Dakota, 2008). 

Carbon Sink 

A carbon sink is a natural or artificial reservoir that accumulates and stores some carbon-

containing chemical compound for an indefinite period. The process by which carbon sinks 

remove carbon dioxide (CO2) from the atmosphere is known as carbon sequestration. Public 

awareness of the significance of CO2 sinks has grown since passage of the Kyoto Protocol, which 

promotes their use as a form of carbon offset. There are also different strategies used to enhance 

this process. 

The natural sinks are: absorption of carbon dioxide by the oceans via physicochemical 

and biological processes and photosynthesis by terrestrial plants. Natural sinks are typically 

much bigger than artificial sinks. The main artificial sinks are: landfills, carbon capture and 

storage proposals. Carbon sources include: combustion of fossil fuels (coal, natural gas, and oil) 

by humans for energy and transportation, farmland (by animal respiration). 

Soils represent a short to long-term carbon storage medium, and contain more carbon 

than all terrestrial vegetation and the atmosphere combined. Plant litter and other biomass 

including charcoal accumulates as organic matter in soils, and is degraded by chemical 

weathering and biological degradation. More recalcitrant organic carbon polymers such as 

cellulose, hemi-cellulose, lignin, aliphatic compounds, waxes and terpenoids are collectively 

retained as humus. Organic matter tends to accumulate in litter and soils of colder regions such 

as the boreal forests of North America and the Taiga of Russia. Leaf litter and humus are rapidly 

oxidized and poorly retained in sub-tropical and tropical climate conditions due to high 



temperatures and extensive leaching by rainfall. Areas where shifting cultivation or slash and 

burn agriculture are practiced are generally only fertile for 2–3 years before they are abandoned. 

These tropical jungles are similar to coral reefs in that they are highly efficient at conserving and 

circulating necessary nutrients, which explains their lushness in a nutrient desert. Much organic 

carbon retained in many agricultural areas worldwide has been severely depleted due to intensive 

farming practices. Grasslands contribute to soil organic matter, stored mainly in their extensive 

fibrous root mats. Due in part to the climatic conditions of these regions (e.g. cooler temperatures 

and semi-arid to arid conditions), these soils can accumulate significant quantities of organic 

matter. This can vary based on rainfall, the length of the winter season, and the frequency of 

naturally occurring lightning-induced grass-fires. While these fires release carbon dioxide, they 

improve the quality of the grasslands overall, in turn increasing the amount of carbon retained in 

the humic material. They also deposit carbon directly to the soil in the form of char that does not 

significantly degrade back to carbon dioxide. Forest fires release absorbed carbon back into the 

atmosphere, as does deforestation due to rapidly increased oxidation of soil organic matter. 

Organic matter in peat bogs undergoes slow anaerobic decomposition below the surface. This 

process is slow enough that in many cases the bog grows rapidly and fixes more carbon from the 

atmosphere than is released. Over time, the peat grows deeper. Peat bogs inter approximately 

one-quarter of the carbon stored in land plants and soils. Under some conditions, forests and peat 

bogs may become sources of CO2, such as when a forest is flooded by the construction of a 

hydroelectric dam. Unless the forests and peat are harvested before flooding, the rotting 

vegetation is a source of CO2 and methane comparable in magnitude to the amount of carbon 

released by a fossil-fuel powered plant of equivalent power. 

Current agricultural practices lead to carbon loss from soils. It has been suggested that 

improved farming practices could return the soils to being a carbon sink. Present worldwide 

practices of overgrazing are substantially reducing many grasslands' performance as carbon 

sinks. When using biologically based regenerative practices, this dramatic benefit can be 

accomplished with no decrease in yields or farmer profits. Organically managed soils can 

convert carbon dioxide from a greenhouse gas into a food-producing asset. In 2006, U.S. carbon 

dioxide emissions, largely from fossil fuel combustion, were estimated at nearly 6.5 billion tons. 

If a 2,000 (lb/ac)/year sequestration rate was achieved on all 434,000,000 acres (1,760,000 km2) 

of cropland in the United States, nearly 1.6 billion tons of carbon dioxide would be sequestered 

per year, mitigating close to one quarter of the country's total fossil fuel emissions. 
 



Suberin 

Suberin is a waterproofing waxy substance found in higher plants. Suberin is a main 

constituent of cork, and is named after the cork oak, Quercus suber. Its main function is as a 

barrier to movement of water and solutes. Suberin is highly hydrophobic and a somewhat 

'rubbery' material. In roots suberin is deposited in the radial and transverse cell walls of the 

endodermal cells. This structure, known as the Casparian strip or Casparian band, functions to 

prevent water and nutrients taken up by the root from entering the stele through the apoplast. 

Instead, water must bypass the endodermis via the symplast. This allows the plant to select the 

solutes that pass further into the plant. It thus forms an important barrier to harmful solutes. 

Suberin is found in the phellem layer of the periderm (or cork). This is outermost layer of the 

bark. The cells in this layer are dead and abundant in suberin, preventing water loss from the 

tissues below. Suberin can also be found in various other plant structures. 

Suberin consists of two domains, a polyaromatic and a polyaliphatic domain. The 

polyaromatics are predominantly located within the primary cell wall, and the polyaliphatics are 

located between the primary cell wall and the cell membrane. The two domains are supposed to 

be cross-linked. The exact qualitative and quantitative composition of suberin monomers varies 

in different species. Some common aliphatic monomers include α-hydroxyacids (mainly 18-

hydroxyoctadec-9-enoic acid) and α,ω-diacids (mainly octadec-9-ene-1,18-dioic acid). The 

monomers of the polyaromatics are hydroxycinnamic acids and derivatives, such as 

feruloyltyramine. In addition to the aromatics and aliphatics components, glycerol has been 

reported a major suberin component in some species. The role of glycerol is proposed to interlink 

aliphatic monomers, and possibly also to link polyaliphatics to polyaromatics, during suberin 

polymer assembly. The polymerization step of aromatic monomers has been shown to involve a 

peroxidase reaction. The biosynthesis of the aliphatic monomers shares the same upstream 

reactions with cutin biosynthesis, and the biosynthesis of aromatics shares the same upstream 

reactions with lignin biosynthesis. Lignin and suberin are the only known biological polymers 

that are irregular. Phlobaphen also occurs in the polyaromatic part of the suberin mixture. 

Cutin 

Cutin is one of two waxy polymers that are the main components of the plant cuticle, 

which covers all aerial surfaces of plants. The other major cuticle polymer is cutan, which is 

much more readily preserved in the fossil record. Cutin consists of omega hydroxy acids and 

their derivatives, which are interlinked via ester bonds, forming a polyester polymer of 



indeterminate size. There are two major monomer families of cutin, the C16 and C18 families. 

The C16 family consists mainly of 16-hydroxy palmitic acid and 9,16- or 10,16-

dihydroxypalmitic acid. The C18 family consists mainly of 18-hydroxy oleic acid, 9,10-epoxy-

18-hydroxy stearic acid, and 9,10,18-trihydroxystearate. 

Cutin is a symbiotic material to suberin, and together they produce the cuticle of plants and 

protect the plant from moisture loss. They also combine to produce a biopolymer that serve as a 

protectant against damage and moisture loss, and also enable a plant to self-heal. Cutin does not 

react with the DNA of many plants, so it can be cross-linked to other plants. 
 

Starch 

Starch or amylum is a carbohydrate consisting of a large number of glucose units joined 

by glycosidic bonds. This polysaccharide is produced by most green plants as an energy store. It 

is the most common carbohydrate in human diets and is contained in large amounts in staple 

foods such as potatoes, wheat, corn, rice, and cassava. Pure starch is a white, tasteless and 

odorless powder that is insoluble in cold water or alcohol. It consists of two types of molecules: 

the linear and helical amylose and the branched amylopectin. Depending on the plant, starch 

generally contains 20 to 25% amylose and 75 to 80% amylopectin by weight. Glycogen, the 

glucose store of animals, is a more branched version of amylopectin. Starch is processed to 

produce many of the sugars in processed foods. Dissolving starch in warm water gives 

wheatpaste, which can be used as a thickening, stiffening or gluing agent. The biggest industrial 

non-food use of starch is as adhesive in the papermaking process. Starch can be applied to parts 

of some garments before ironing, to stiffen them. 

Most green plants use starch as their energy store. An exception is the family Asteraceae 

(asters, daisies and sunflowers), where starch is replaced by the fructan inulin. In photosynthesis, 

plants use light energy to produce glucose from carbon dioxide. The glucose is stored mainly in 

the form of starch granules, in amyloplasts. Toward the end of the growing season, starch 

accumulates in twigs of trees near the buds. Fruit, seeds, rhizomes, and tubers store starch to 

prepare for the next growing season. Glucose is soluble in water, hydrophilic, binds with water 

and then takes up much space and is osmotically active; glucose in the form of starch, on the 

other hand, is not soluble, therefore osmotically inactive and can be stored much more 

compactly. Glucose molecules are bound in starch by the easily hydrolyzed alpha bonds. The 

same type of bond is found in the animal reserve polysaccharide glycogen. This is in contrast to 



many structural polysaccharides such as chitin, cellulose and peptidoglycan, which are bound by 

beta bonds and are much more resistant to hydrolysis. 

Plants produce starch by first converting glucose 1-phosphate to ADP-glucose using the 

enzyme glucose-1-phosphate adenylyltransferase. This step requires energy in the form of ATP. 

The enzyme starch synthase then adds the ADP-glucose via a 1,4-alpha glycosidic bond to a 

growing chain of glucose residues, liberating ADP and creating amylose. Starch branching 

enzyme introduces 1,6-alpha glycosidic bonds between these chains, creating the branched 

amylopectin. The starch debranching enzyme isoamylase removes some of these branches. 

Several isoforms of these enzymes exist, leading to a highly complex synthesis process. 

Glycogen and amylopectin have the same structure, but the former has about one branch point 

per ten 1,4-alpha bonds, compared to about one branch point per thirty 1,4-alpha bonds in 

amylopectin. 

Amylopectin is synthesized from ADP-glucose while mammals and fungi synthesize 

glycogen from UDP-glucose; for most cases, bacteria synthesize glycogen from ADP-glucose. In 

addition to starch synthesis in plants, starch can be synthesized from non-food starch mediated 

by an enzyme cocktail. In this cell-free biosystem, beta-1,4-glycosidic bond-linked cellulose is 

partially hydrolyzed to cellobiose. Cellobiose phosphorylase cleaves to glucose 1-phosphate and 

glucose; the other enzyme—potato alpha-glucan phosphorylase can add a glucose unit from 

glucose 1-phosphorylase to the non-reducing ends of starch. In it, phosphate is internally 

recycled. The other product, glucose, can be assimilated by a yeast. This cell-free bioprocessing 

does not need any costly chemical and energy input, can be conducted in aqueous solution, and 

does not have sugar losses. 

Starch is synthesized in plant leaves during the day, in order to serve as an energy source 

at night. Starch is stored as granulates. These insoluble highly branched chains have to be 

phosphorylated in order to be accessible for degrading enzymes. The enzyme glucan, water 

dikinase (GWD) phosphorylates at the C-6 position of a glucose molecule, close to the chains 

1,6-alpha branching bonds. A second enzyme, phosphoglucan, water dikinase (PWD) 

phosphorylates the glucose molecule at the C-3 position. A loss of these enzymes, for example a 

loss of the GWD, leads to a starch excess phenotype. Because starch cannot be phosphorylated, it 

accumulates in the plastid. After the phosphorylation, the first degrading enzyme, beta-amylase 

(BAM) is able to attack the glucose chain at its non-reducing end. Maltose is released as the 

main product of starch degradation. If the glucose chain consists of three or less molecules, 



BAM cannot release maltose. A second enzyme, disproportionating enzyme-1 (DPE1), combines 

two maltotriose molecules. From this chain, a glucose molecule is released. Now, BAM can 

release another maltose molecule from the remaining chain. This cycle repeats until starch is 

degraded completely. If BAM comes close to the phosphorylated branching point of the glucose 

chain, it can no longer release maltose. In order for the phosphorylated chain to be degraded, the 

enzyme isoamylase (ISA) is required. The products of starch degradation are to the major part 

maltose and to a less extensive part glucose. These molecules are now exported from the plastid 

to the cytosol. Maltose is exported via the maltose transporter. If this transporter is mutated 

(MEX1-mutant), maltose accumulates in the plastid. Glucose is exported via the plastidic 

glucose translocator (pGlcT). These two sugars act as a precursor for sucrose synthesis. Sucrose 

can then be used in the oxidative pentose phosphate pathway in the mitochondria, in order to 

generate ATP at night. 
 

Top Ten Polluted Cities in America 

 Rank    Location    Population   Cardiovascular Cases 

 1   Bakersfield, California     852,000   168,000 

  2   Merced, California   260,000   51,000 

  3   Fresno, California   1.1 Million   25,000 

  4   Los Angeles, California   18.1 Million   4 Million 

  5   Hanford, California   154,000   30,000 

  6   Modesto, California   519,000   110,000 

  7   Visalia, California   429,000   87,000 

  8   Pittsburgh, Pennsylvania   2.5 Million   705,000 

  9   El Centro, California   177,000   37,000 

  10   Cincinnati, Ohio   2.2 Million 164,000 

 

 



Plant Cells 

Cells are the building blocks of life. Without them we could not exist. Plant cells are surrounded 

by a thick, rigid cell wall. A plant cell consists of everything from a cell wall to a Nuclear 

Membrane. But all of the parts and some of what the parts do are here: 

amyloplast - an organelle in some plant cells that stores starch. 

ATP - ATP is short for adenosine triphosphate; it is a high-energy molecule used for energy 

storage by organisms. 

cell membrane - the thin layer of protein and fat that surrounds the cell, but is inside the cell 

wall. 

cell wall - a thick, rigid membrane that surrounds a plant cell.                        

centrosome - a small body located near the nucleus - it has a dense center and radiating tubules. 

chlorophyll - chlorophyll is a molecule that can use light energy from sunlight to turn water and 

carbon dioxide gas into sugar and oxygen photosynthesis). Chlorophyll is usually green. 

chloroplast - an elongated or disc-shaped organelle containing chlorophyll. 

cristae - the multiply-folded inner membrane of a cell's mitochondria that are finger-like 

projections. (it is where ATP is generated). 

cytoplasm - the jellylike material outside the cell nucleus in which the organelles are located. 

Golgi body - a flattened, layered, sac-like organelle that looks like a stack of pancakes and is 

located near the nucleus. 

granum - A stack of thylakoid disks within the chloroplast is called a granum. 

mitochondrion - spherical to rod-shaped organelles with a double membrane. The mitochondrion 

converts the energy stored in glucose into ATP for the cell. 

nuclear membrane - the membrane that surrounds the nucleus. 

nucleolus - an organelle within the nucleus - it is where ribosomal RNA is produced. 

nucleus - spherical body containing many organelles, including the nucleolus. The nucleus 

controls many of the functions of the cell and contains DNA. The nucleus is surrounded by the 

nuclear membrane 

photosynthesis - a process in which plants convert sunlight, water, and carbon dioxide into food 

energy (sugars and starches), oxygen and water. 

ribosome - small organelles composed of RNA-rich cytoplasmic granules that are sites of protein 

synthesis. 



rough endoplasmic reticulum - (rough ER) a vast system of interconnected, membranous, 

infolded and convoluted sacks that are located in the cell's cytoplasm Rough ER transport 

materials through the cell and produces proteins in sacs called cisternae. 

smooth endoplasmic reticulum - (smooth ER) a vast system of interconnected, membranous, 

infolded and convoluted tubes that are located in the cell's cytoplasm. Smooth ER transport 

materials through the cell. It contains enzymes and produces and digests lipids (fats) and 

membrane proteins. 

stroma - part of the chloroplasts in plant cells, located within the inner membrane of chloroplasts, 

between the grana. 

thylakoid disk - thylakoid disks are disk-shaped membrane structures in chloroplasts that contain 

chlorophyll. Photosynthesis (the production of ATP molecules from sunlight) takes place on 

thylakoid disks. 

vacuole - a large, membrane-bound space within a plant cell that is filled with fluid. Most 

plant cells have a single vacuole that takes up much of the cell. It helps maintain the shape of the 

cell. 
 

 
  



 
Problem Definition 

As of December 8th, 2015, over 30 states in the United States are currently being affected 

by drought conditions, according to the United States Drought Monitor. New Mexico, the 

wonderful state in which over 2 million people call home, is one of these 30 states. According to 

BBC, drought conditions can be traced back to everything from climate change and human 

activities. Other huge problems are Global Warming and Climate Change that are impacting the 

food supply in the world. Erosion and drought are leading to topsoil being stripped away, and 

minerals that plants need to grow being removed, and pollution is causing an excess of carbon in 

the atmosphere causing the climate to change worldwide.  

Original experimentation started back in June of 2013 on sesame and other plants like 

alfalfa and buckwheat to produce a genetically enhanced seed that could still grow in drought 

stricken conditions that could also reduce carbon dioxide air contamination as well as water and 

soil contamination. The intent of the experimentation part of this project from this year was to 

produce a biosynthetic soil substitute out of plant polymers and nutrients that can sustain seeds 

and sprouts through drought conditions, and allow for the expedited growth after exposure to 

moisture that is biodegradable and will enhance photosynthesis, in effect producing a carbon sink 

out of natural materials. The end goal is to produce a seed packet that can be used in urban and 

rural areas to counteract erosion, drought demineralization and to produce carbon sinks to 

improve the environment in a biofriendly manner. After was completed, this has been done 

successfully. 

Parts of this successful project were completed with the help of two plant derived 

biopolymers which were used in this year’s physical experimentation as well as in the virtual 

model(s). These biopolymers are cutin and suberin, which were selected because they do not 



impact the DNA of growing plants like sodium alginate and methylcellulose do. They prevent 

water evaporation and preserve water preservation even in lower levels such as drought. The key 

to this year’s project was to produce a synthetic soil base using these polymers to be able to 

preserve seeds and seedlings in the face of drought. Other chemicals were added to the base 

biopolymers to produce the synthetic soil and seed packets with photosynthetically enhanced and 

biopolymer suspended seeds.  

The intent of the modeling part of this project, which is the main focus here, is to model 

how suberin and cutin, two biopolymers naturally found in plants, can help plants like buckwheat 

retain moisture, and protect against damage done to the plant, and even the biopolymer 

compositions. Other models showing what global warming is doing to earth, like drought and 

erosion, are being completed. Finally, different 3D models are being worked on to show what a 

carbon sink is and how it works. All models are still being worked on and completed.  

 

 
  



 
Problem Solution 

To solve this problem, simulations have been worked on simultaneously with actual 

experimentation. As data was processed from real world experimentation it was fed into the 

computer program which is being simulated by different software. Software used was NetLogo, 

and different 3D modeling software.. The final outcomes of this problem solution will be to 

produce multiple models to show drought resistant plants and how they can help the 

environment.  

 
  



 
Expected Results 

 
The long term goal of the proposed models are for them to demonstrate how many seed 

packets would be required to plant in a drought stricken area, both urban and rural, that would 

still produce seeds, oxygen, and plant growth, this can be taken in two ways. First, to reduce 

erosion, and second, to produce a carbon sink. The theorized model will be mathematically 

utilized to determine how many seeds and seed packets would be needed, first by square footage, 

and finally by acreage. The model should simulate the ideal conditions needed to reverse the 

disaster that is inflicting a particular area and can be used for remediation. Molecular structures 

of chitin, cutin, and suberin will be modeled to demonstrate their hydrophilic and hydrophobic 

tendencies.  If further time allows, models will produced to demonstrate the bonding tendencies 

of the synthetic soils additives and to simulate different scenarios and situations, as well 

models/3D simulations of basic processes in plants. It is fully intended to use the product of this 

experimentation to produce a saleable product for environmental and educational uses, as 

demonstrated in a potential business plan.  

 

 

  



Software & Code 

The following is software I used this year to take the challenge: 

● NetLogo- for the erosion and drought model, and suberin and cutin model 

● 3DCrafter-for the future 3D modeling parts of this project 

● Microsoft Word- for documentation of this project 

● Microsoft Powerpoint- for documentation of this project 

● Microsoft Excel- for data entry and analysis of this project  

● Google Docs- for documentation of this project 

Erosion & Drought Model:  

While coding this model, I took segments of code from an erosion model from the 

NetLogo Model Library and changed it to fit what I needed as much as I could with the time I 

had. The following are screenshots of the interface and code with descriptions and explanations. 

Setup display 
of erosion & 

drought model 
with all sliders 
at their halfway 
point, and the 

two switches to 
on. 



 

Erosion & drought model running with all sliders at their halfway point, the two 
switches on, and the water shown. 

Erosion & drought model running with all sliders at their halfway point, the two 
switches on, and the water not shown. 



 

 
  

Erosion & drought model running with all sliders at their halfway point except 
for the plants which are at zero, the two switches on, and the water shown. With 

the number of plants on zero, you can see the erosion more clearly. 

Erosion & drought model running with all sliders at their halfway point except 
for the plants which are at zero, the two switches on, and the water not shown. 

With the number of plants on zero, you can see the erosion more clearly. 



  



  This is the code for the drought and erosion model.  



Suberin & Cutin Model (1 and 2): 
 This model is the first of two versions of the suberin and cutin models. I coded these 

models to represent the cell membrane of a plant cell. The purple circles are suberin, the gray 

circles are the cutin, the orange circles are representing heat, the blue circles are water, the brown 

circles are dirt, and the green segment is the cell membrane which you can change the width of. 

In the first version of the model, the water stays inside the cell membrane, motionless, and the 

suberin, cutin, dirt, and heat all float down and stay motionless on top of one side of the cell 

membrane.  

In the second version of the model, the cell membrane’s width can also still be changed, 

but the water in that cell membrane somewhat stays in the membrane and it has motion. The 

suberin, cutin, heat, and dirt aspects all do the same things, except this version glitches out a bit. 

I would like to find a way to combine the code for these two models so I can get the better 

aspects of code from both and combine it into one solid model, and that is something I will be 

working on.  

The main goal for this model is to have the water stay on the inside of the cell membrane, 

no matter what the width, and have motion to it. I would also like the suberin and cutin to cover 

the cell membrane on both sides almost like a blanket, before the dirt and heat variables can 

come into play. Once the suberin/cutin “blanket” is on the cell membrane, the dirt and heat can 

come down and have collisions with suberin and cutin so I can model how those biopolymers act 

a sort of bandaid to the cell to protect against outside stimuli that can be damaging. The 

following are screenshots of the interface and code for both versions of this model.  

 
 
 
 
  



  

Suberin & Cutin model (version 1), setup. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. 



  

Suberin & Cutin model (version 1), running. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. Suberin, cutin, dirt, 

and heat falling towards cell membrane. 

Suberin & Cutin model (version 1), running. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. Suberin, cutin, dirt, 

and heat at the top of the cell membrane. 



  

Suberin & Cutin model (version 2), setup. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. 



  

Suberin & Cutin model (version 2), running. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. Here you can see the 
water moving including those that are outside of the cell membrane. You can 
also see the suberin, cutin, dirt and heat falling towards the cell membrane, 

including the ones that are glitching. 

Suberin & Cutin model (version 2), running. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. Suberin, cutin, dirt, 

and heat at the top of the cell membrane. You can still see the water molecules 
and the heat molecules that are glitching up at the top of the interface. 



  

Suberin & Cutin model (version 2), running. All sliders at halfway mark except 
thickness of the cell membrane which is at its full width. Suberin, cutin, dirt, 

and heat at the top of the cell membrane. After about 5 minutes of running this 
code, the water molecules slowly start to leave the cell membrane as you can 
see in this screenshot of the interface. This of course is a bug in this code and 

version of the model that I would like to work out. 



  Suberin & cutin code. Version 1. 



  Suberin & cutin code. Version 2. Part 1. 



 
 
 

Suberin & cutin code. Version 2. Part 2. 



Data  
Erosion & Drought Model: 

Sliders:  

● Soil Hardness: 
○ Minimum: 0 
○ Maximum: 1.0 
○ Increment: 0.05 

● Rainfall: 
○ Minimum: 0 
○ Maximum: 0.5 
○ Increment: 0.01 

● Number of Plants: 
○ Minimum: 0 
○ Maximum: 1,000 
○ Increment: 100 

● Terrain Smoothness: 
○ Minimum: 0 
○ Maximum: 30 
○ Increment: 1 

Switches:  
● Hill? 
● Bumpy? 

Buttons:  
● Setup 
● Go 
● Show Water 
● Hide water 

 
Suberin & Cutin Model (1 and 2):  

Sliders:  
• Thickness of Membrane: 

o Minimum: 0 
o Maximum: 7 
o Increment: 1 

• Amount of Suberin: 
o Minimum: 0 
o Maximum: 1,000 
o Increment: 100 

• Amount of Cutin:  
o Minimum: 0 
o Maximum: 1,000 
o Increment: 100 

• Amount of Water:  
o Minimum: 0 



o Maximum: 1,000 
o Increment: 100 

• Amount of Dirt:  
o Minimum: 0 
o Maximum: 1,000 
o Increment: 100 

• Amount of Heat:  
o Minimum: 0 
o Maximum: 1,000 
o Increment: 100 

Buttons:  
• Setup 
• Go 

 
*Graphs and other data from experimentation will be provided at the Expo or can be accessed by 
emailing me. 
 

  



Conclusions 

After competing for my fourth year in New Mexico’s Supercomputing Challenge, and 

once again taking the challenge with my project, “Hold Back the Water: Modeling Suberin & 

Cutin’s Benefits in Plants, I can conclude that modeling suberin and cutin in relation to its 

benefits in plants can be modeled. I am also able to conclude that plants can be modeled in 

correlation with environmental damage like drought and erosion. I would still like to work on my 

computer models to further better them, but for now they can model the basic gist of what they 

were initially intended and supposed to model. These models, once improved upon and further 

worked on, can be used for greater research and scientific value.  

 

  



Achievements 

This year, the biggest achievement I have accomplished is once again being able to say 

that I have completed the challenge. I am also able to say that I’ve been able to learn and 

comprehend even more about NetLogo. I’ve been able to learn about different 3D modeling 

softwares like 3DCrafter, and I can also say that i’ve pushed myself this year harder than ever 

before to finish this challenge. In doing so, I’ve learned more about my project and the 

components of it. Finally, I am able to say that I’ve achieved pride in what I’ve produced this 

year with my model, PowerPoint presentation, and presentation board. I hope to do very well at 

the Supercomputing Expo in April and hopefully become a finalist!  
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