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AGRICULTURE AND FOOD



AN INTRODUCTION

The Future of Food and Farming 

discusses what has to be done, to 

feed 8.6 billion people in 2030 and 

close to 10 billion persons, in 2050.

The Food and Agriculture of the UN 

Organization (FAO) vision is:

“A world free from hunger and 

malnutrition, where food and 

agriculture contribute to improving 

the living standards of all, especially 

the poorest, in an economically, 

socially and environmentally 

sustainable manner”

https://countrymeters.info/en/World

FOOD



THE POPULATION OF THE WORLD

1 billion in 1804

2 billion in 1927, 123 years later

3 billion in 1960, 33 years later

4 billion in 1974, 14 years later

5 billion in 1987, 13 years later

6 billion in 1999, 12 years later

7 billion in 2011, 12 years later

8 billion in 2022, 11 years later

HOW MANY PEOPLE ARE LIVING ON 

THE EARTH RIGHT NOW?

https://www.worldometers.info/world-

population/

India 17.5%

https://www.worldometers.info/world-population/


SUPERMARKET USES HYDROPONIC FARM 

TO GROW VEGGIES ONSITE 

CUSTOMERS GET FRESHER PRODUCE, 

WHILE HELPING TO SAVE THE PLANET

By installing a lettuce-growing hydroponic farm 

inside a grocery store, it not only eliminates the 

need to transport the produce from a farm, but 

also extends its freshness window for stores and 

customers, which helps keep the veggies out of 

landfills.

The plants thrive in an indoor hydroponic 

system, which replaces soil with nutrient-fortified 

water and sunlight with LEDs.

It makes it easier to stack trays of plants vertically 

too, meaning the grocery store doesn’t need to 

dedicate a lot of space to grow  it.



SCIENTISTS GROW PLANTS IN REAL 

LUNAR SOIL, FOR THE FIRST TIME

THE CHALLENGE: Lunar soil doesn’t contain 

any organic matter and it is filled with sharp 

meteorite fragments and has been exposed to 

large amounts of cosmic radiation.

For the first time ever, researchers have grown 

plants in lunar soil — a huge achievement that 

puts humanity one step closer to living and 

working off-world.

If we can grow food for astronauts on the moon, 

we won’t have to ship as much of it from Earth. 

Learning how to grow food in lunar soil could 

potentially help us do the same on Mars, when 

it’s time to send astronauts there.

https://www.youtube.com/watch?v=sHrUw1sBm1U

https://www.youtube.com/watch?v=sHrUw1sBm1U


They only had 12 grams of lunar soil so they had to  put 

about a gram’s worth in each thimble-sized well, they 

were using as a “pot.”

They then added a liquid nutrient solution and a 

few Thale Cress seeds, to each well.   

They also put seeds in earth soil at the same time, to 

compare how each set grew.

“After two days, we were amazed that every single seed 

germinated.  It was extraordinary and a little 

breathtaking,”, said Lisa.

On day 6, they began to notice that the lunar soil plants 

weren’t growing as well as the controls.

Their growth started to slow down, some of their roots 

and leaves became stunted, and a few developed a 

reddish pigmentation.

LOOKING AHEAD: Now that we know it is possible for 

plants to grow in lunar soil, the next step will be figuring 

out how to help them thrive in it.

Plants grown in a lunar simulant (left) and in lunar soil (right) 

on day 16. Credit: UF / IFAS / Tyler Jones



AUTONOMOUS FARMING ROBOT KILLS WEEDS 

WITH LASERS

This robot machine moves by itself and can kill 

200,000 weeds per hour with lasers 

A person can only weed about 1 acre of crops a 

day.   This smart robot can weed 2 per hour.

THE WEEDKILLER CHALLENGE:    Weeds 

compete with plants for space, sunlight, and soil 

nutrients. 

They can also make it easier for insect pests to harm 

crops, so weed control is a top concern for farmers.

The machine drives itself down rows of crops while 

its 12 cameras scan the ground.

An onboard computer, powered by Artificial 

Intelligence identifies weeds, and the robot’s carbon 

dioxide lasers then zap and kills them.Video: Carbon Robotics Autonomous Weeder - Eliminates 

Weeds with Lasers - YouTube

https://www.youtube.com/watch?v=5vvQqqc1zHM
https://www.youtube.com/watch?v=vSPhhw-2ShI


ADDING ONE GENE TO RICE AND 

POTATOES INCREASED YIELDS BY 50%

IT MADE ALL THE PLANTS MORE 

DROUGHT RESISTANT, TOO.

This was done by inserting a gene found in 

humans and animals.

It worked with almost every type of plant they 

tried and it’s a very simple modification to 

make.

LOOKING AHEAD: The researchers are now 

exploring ways to trigger these same qualities 

in potato and rice plants without inserting 

another organism’s gene. 

It seems that plants already have this layer of 

regulation, and all they did was to tap into it.

The next step would be to discover how to do it 

using the plant’s existing genetics.

.

https://www.youtube.com/watch?v=q8csinJdsF8

The potato yield from unmodified plants 

(top) and modified plants (bottom).      

Credit: Yu et al.

https://www.youtube.com/watch?v=q8csinJdsF8


THIS MASSIVE FARM ROBOT IS HELPING 

SECURE THE FUTURE OF FOOD

THE “FIELD SCANALYZER” IS ON THE HUNT 

FOR CROPS THAT COULD GROW IN DRIER, 

HOTTER CLIMATES

In the 12,000 years since humans began farming, 

agriculture has evolved from the scattering of 

grains on the ground to a high-tech industry, 

incorporating robots, drones, and AI algorithms, 

known as precision agriculture.

Every day, in Arizona, the farm robot’s sensors and 

cameras collect data on the crops growing in the 

field. This data includes (but is not limited to) each 

individual plant’s color, temperature, and the angle 

of its leaves.

The machine then sends the data to researchers at 

George Washington University and St. Louis 

University, who are training algorithms to make 

connections between a plant’s physical 

characteristics and its genes.

Video:   https://www.youtube.com/watch?v=da2gKRdMeXY

(go to 2.03 – change in the environment)

https://www.youtube.com/watch?v=da2gKRdMeXY


WHAT IS A GMO?
GMOs (genetically modified organisms) involve transferring 

a gene from one species to another to provide an organism 

with a new trait – like pest resistance or drought tolerance. 

Bt corn is an example of a GMO crop that helps reduce 

pesticide use against the European Corn Borer, a pesky 

caterpillar that eats the crop. 

Genes from a naturally occurring soil bacteria (Bacillus 

thuringiensis) – where the Bt comes from) with natural 

insecticidal properties, are inserted into corn leaves.

The bacteria makes proteins that specifically target the 

European Corn Borer. 

When the worm starts munching on the corn leaves, it 

ingests the soil bacteria and dies. 

The plants grown from seeds with the soil gene,

produce the toxins in their leaves so there is no 

need to spray synthetic pesticides or apply 

Bt mixtures topically.

GMOs involve transferring a gene from one species to another 

to endow an organism with a new trait – like pest resistance or 

drought tolerance.



HUMANS HAVE BEEN ‘GENETICALLY 

MODIFYING’ FOOD FOR THOUSANDS OF 

YEARS, BY SELECTIVE BREEDING

▪ Humans started farming more than 10,000 

years ago when agriculture began in 

Mesopotamia.

▪ At first, people took the seeds of wild plants 

and put them in places where they would 

grow well and be easier to harvest. 

▪ Some plants performed better than others, 

and they kept the seeds of the best ones, to 

plant the next year. 

▪ This process is often called selective 

breeding or  domestication – the early 

form of Genetically Modifying plants.



HOW HAS SELECTIVE BREEDING OF PLANTS 

HELPED TO MAKE LARGER, TASTIER

FRUITS AND VEGETABLES?



The photo on the top, left shows how pathetic ancient 

tomatoes looked in comparison to those of today. 

These unmodified tomatoes were a lot smaller and 

darker, and resembled berries rather than the        

apple-shaped delight we all know today.

The improvements to carrots, over thousands of years !



Improvements to the Cabbage plant !

Vastly improved bananas with no hard seeds in them, like 

the much older varieties did.



From the original brassica (mustard) plant, 

people have selected for certain traits to create 

lots of different foods that we can eat. 

From kohlrabi to cauliflower, broccoli to kale, 

these tasty vegetables are all the outcome of 

selective breeding from the mustard plant.



The wild nightshade plant was the source of 

tomatoes, eggplant, tobacco, and potatoes, the 

latter developed by humans 7,000 – 10,000 years 

ago in South America.
The Nightshade plant 





CORN OR MAIZE

Corn is a member of the grass family and 

was first domesticated from a wild grain 

several thousand years ago by Aztec and 

Mayan Indians in Mexico and Central 

America. 

The first corn was a loose-podded variety, 

called Teosinte, that looked like the seed 

head at the top of wheat stalks. 

The kernels were small, and each covered 

by a hard hull. 

Central and South American peoples came 

to depend so heavily on corn -- or maize --

that they devised some of the earliest 

calendars just to keep track of their corn 

planting and harvesting schedules.







DENT CORN

FLINT CORN

HEIRLOOM CORN



POP CORN

SWEET CORN



A BRIEF INTRODUCTION TO THE DNA IN ALMOST ALL OF OUR BODY CELLS AND 

HOW CRISPR CAN BE USED TO MAKE BENEFICIAL CHANGES 

TO THE DNA IN PLANTS AND ANIMALS 



(37,200,000,000,000)

A chromosome contains hundreds to thousands of genes.

Note that there are 2 very special things that DNA does in each of 
in our cells –
1) It makes each of the 42 million proteins that are in each of our cells 

that our body needs.  

2) It is able to duplicate itself accurately, to make new cells that replace 
old ones that die.   

37.2



DNA



GENETIC CODE

The double helix of DNA consists of two 
corkscrew-like backbones joined by cross-
rungs, which are pairs of chemical bases, 
of four kinds:

Adenine (A)

Thymine (T)

Guanine (G)

Cytosine (C). 

The bases always pair in a specific way 
- A to T and G to C and are called a 
base pair.

There are almost 3 billion base pairs in 
each strand of DNA !

https://www.youtube.com/watch?v=egVws2sZdd0&t=48s





7 WAYS CRISPR IS SHAPING THE FUTURE OF FOOD

THE FIRST CRISRP'D FOODS ARE ALREADY ON 

CONSUMERS' PLATES

Before this article is presented, it can be helpful to review what 

the terms GMO and CRISPR mean and the differences between 

them. 

GMO and CRISPR technologies are designed to help farmers grow 

with fewer pesticides, less water, and less impact on the 

environment. 

GMO technology is cutting and pasting genetic material from one 

species into another

CRISPR technology takes this one step further by cutting and 

pasting genetic material, within the same species. 

Both technologies are said to be safe to grow foods that we eat.



CRISPR

WHAT DOES IT STAND FOR ?  







WHAT IS CRISPR ?

CRISPR involves editing a gene within the same species 

to achieve the desired outcome.

Gene-edited crops have the potential to make plants 

that are higher yielding, drought tolerant, disease 

resistant, more nutritious, or just better tasting.

CRISPR technology can also be applied to human and 

animal health and welfare. 

Scientists are working on cures for Type I Diabetes, 

Alzheimer’s and other human diseases using 

CRISPR technology. 

Both GMO and CRISPR technologies have the potential 

to provide healthier, more nutritious food, and allow 

farmers to grow crops with fewer agricultural chemicals 

and less water. 

Additionally, CRISPR is emerging as a promising tool not 

only for plants and animals but also for human health.

Gene editing is now a more precise method of genetic 

engineering which hopes to avoid any bad associations 

with GMO.

1.5 min  CRISPR Explained – YouTube

4.1 min   Genome Editing with CRISPR-Cas9 – YouTube

https://www.youtube.com/watch?v=UKbrwPL3wXE
https://www.youtube.com/watch?v=2pp17E4E-O8&t=1s


NUMBER OF GENES MODIFIED USING 

THE CRISPR / CAS SYSTEM WITH THE AIM 

OF CROPS IMPROVEMENT



7 WAYS CRISPR IS SHAPING THE FUTURE OF FOOD

THE FIRST CRISRP'D FOODS ARE ALREADY ON 

CONSUMERS' PLATES

Using the powerful gene-editing tool CRISPR, researchers 

are altering crops and animals to add desirable traits and 

remove undesirable ones.

Here are some of the ways scientists are using CRISPR to 

create healthier, more appealing, and more resilient foods:

1)  BOOSTED TOMATOES

In September 2021, Japanese startup Sanatech Seed Co. 

began selling the first CRISPR’d food to reach the consumer 

market: a variety of tomatoes containing high amounts of 

gamma amino butyric acid (GABA).

GABA is a compound produced naturally in our brains.

Research has linked it to reduced feelings of stress and 

anxiety, and some scientists suspect that increasing GABA 

levels may be able to treat high blood pressure, insomnia, 

and other health problems, too.

Sanatech Seed’s Sicilian Rouge High GABA tomatoes
Credit: Sanatech Seed Super grains



2)  SUPER GRAINS

Using CRISPR, researchers in China and Germany silenced 

a gene that restrains kernel production in corn. 

This increased the number of kernel rows on an ear from 

14 to 16, leading to a 10% increase in crop yields. 

Silencing a comprable gene in rice increased yields by 

8%.

Given that corn and rice already account for more than 

1/3 (33%) of the calories consumed globally, these edited 

varieties could be hugely beneficial to the world’s food 

supply in the future.



3)  TASTIER GREENS

Mustard greens are a low-calorie, nutrient-dense 

leafy vegetable, but they have a distinctly bitter 

flavor 

People want healthy salads, but they keep buying 

romaine because they’re used to the flavor.

Using CRISPR, the Pairwise Co. edited out one of 

the two bitterness-causing components, creating 

mustard greens with a milder taste. 

The FDA has already approved the greens, and 

shoppers in California and the Pacific Northwest 

should start to see them in the produce section in 

2023.

The company also hopes to create a nutritious 

alternative to kale and Brussels sprouts, that also 

tastes good.
The USDA approves gene-edited mustard greens 

with an improved flavor profile.
Credit: Deep Harvest Farm



4)  CLIMATE-RESISTANT CATTLE

Most of the CRISPR’d foods in development are 

crops, but in March 2022, the FDA gave 

Recombinetics in Minnesota, the greenlight to 

market a genome-edited beef cattle for consumption.

Some cattle in subtropical and tropical areas have a 

rare, but naturally occurring genetic variant that 

causes them to develop a “slick” haircoat. 

Because this coat is shorter and lighter than the 

standard coat, those cattle are less prone to heat 

stress, which can be both deadly for cattle and costly 

for farmers.

Recombinetics used CRISPR to give beef cattle an 

inheritable form of the variant, leading to a line of 

slick-coated beef cattle.

At the time of the FDA’s ruling, it said it expected to 

have meat from its heat-resistant animals ready for 

consumers within two years.



5)  PRETTIER POTATOES

When you slice or peel a potato, 

the starches in the tuber react with 

the air and turn the potato’s flesh 

brown.

It can affect its nutritional value, as 

well as make the potato look less 

appealing.

In 2020, researchers at the Instituto 

Nacional de Tecnología

Agropecuaria Balcarce in Argentina 

revealed that they’d used CRISPR 

resulting in potatoes with reduced 

browning.



6) HEARTIER BANANAS

A disease threatens to eradicate the only banana 

variety we eat today, but with Crispr technology, 

researchers can make bananas resistant.

99 percent of all bananas we eat today are of a 

variety called Cavendish and now it risks being 

completely eradicated. 

The culprit in the drama is a fungal disease, TR4 

or Panama disease; which kills banana plants 

and against which there are no pesticides.

But now there is hope of being able to save the 

Cavendish bananas . 

It is a research team from Queensland University of 

Technology, QUT, which uses the gene tool Crispr to 

produce a variant of the Cavendish banana, that is 

resistant to TR4.

TR4 resistant Cavendish – YouTube

Characteristic symptoms of TR4 in susceptible and 

resistant bananas and plants. 

a&b – untreated  c to f – resistant types, using the 

Crispr process.  

https://www.youtube.com/watch?v=XNPeRgnioOk


THE NEWLY DISEASE-RESISTANT PAPAYA 
Photograph: See D Jan/Getty Images/iStockphoto

SAVING THE RAINBOW PAPAYA

Crispr was used to genetically modify

the main type of Papaya, so it can defend 

itself from papaya ring spot disease.

It was done by inserting a gene from the 

virus into the fruit’s genetic code. 

It was introduced in 1992 and is credited 

with saving Hawaii’s $11 million papaya 

industry.



THESE ARE 

NOT 

GENETICALLY 

MODIFIDED 

FOODS !!









LAB-GROWN MEAT COULD MAKE ANIMAL 
FARMS OBSOLETE

Cultured or Cultivated meat is produced by in-vitro 
cell culture of animal cells, instead of from slaughtered 
animals. It is a form of cellular agriculture.

It has many advantages - moral, health, environmental, 
cultural, and economic considerations compared to 
conventional meat.

There are currently 37 companies making 
cultivated meat products or doing research to 
develop them.

“Greenhouse gas” emissions, such as methane, could be 
reduced by 96% if it were adopted large scale.

Products like chicken nuggets, sausage, and even 
foie gras are created by this technique.



7)  FAST-GROWING BEEF

Meat is in high demand, but the raising and 

slaughtering of animals is expensive, bad for 

the environment, and, arguably, unethical. 

Cultivated meat grown from cells in 

bioreactors could help solve these problems 

without forcing people to give up “real” meat.

It’s still way more expensive to cultivate 

meat than to raise it on a farm, though — but 

by using CRISPR to make tiny changes to 

beef cells, alt-meat startup SCiFi Foods, 

says it’s encouraging the cells to grow at a 

larger scale in the lab, while also cutting 

costs.

The company is still going through the 

process of getting its products — a mix of 

cultivated and plant-based meats —

approved by regulators, but it expects to be 

ready to launch a burger in 2024. 



https://www.youtube.com/watch?v=x5bFUqrXyq4&t=2s

INSIDE THE WORLD’S MOST ADVANCED 

CULTIVATED MEAT FACILITY

THE CALIFORNIA PLANT CAN PRODUCE ANY 

CUT OF ANY MEAT, POULTRY, OR SEAFOOD.

UPSIDE Foods (formerly Memphis Meats) has 

opened what it claims is the world’s most 

advanced cultivated meat production facility.

CULTIVATED MEAT: 

Demand for meat is higher than ever, but the 

process of raising and slaughtering livestock is 

bad for the environment (and arguably unethical), 

so transitioning away from it has a lot of upsides.

Cultivated meat, advocates say, is the real deal.

Also known as “lab-grown meat” or “cultured 

meat,” this food is molecularly identical to meat 

from animals — the difference is that it’s grown 

from cells in machines called “bioreactors,” rather 

than growing and slaughtering livestock. 

https://www.youtube.com/watch?v=x5bFUqrXyq4&t=2s


FDA APPROVES FIRST COMPANY TO SELL 

LAB MADE MEAT

In mid-November, 2022, the Food and Drug 

Administration approved the first company to sell 

lab-made meat,

According to a press release, California-based 

Upside Foods was approved with a "no 

questions" letter after an evaluation from the 

FDA.

The approval allows the company, which says its 

inspiration stems from a growing demand for 

meat, to produce meat that is grown from animal 

cells.

They uses animal cell culture technology to take 

living cells from chickens and grow the cells into 

cultured animal cell food. 

The cells are given nutrients like amino acids, 

sugars, trace minerals and other vitamins, which 

causes them to multiply and turn into meat.

A CHICKEN SANDWICH MADE FROM UPSIDE’S 

CULTIVATED MEAT. 
CREDIT: UPSIDE FOODS



3D PRINTED, 
PLANT-BASED STEAK

Vegan alternatives to meat are 
popular but recreating the 
texture of steak is challenging

The fake steak’s ingredients include 
pea, seaweed and beetroot juice, 
which are extruded into fine fibers 
to recreate muscle tissue. 

Its producer, the Spanish company 
Novameat, says the steak will be 
available in some restaurants in 
Spain and Italy and other countries 
after that.

https://www.youtube.com/watch?v=9mrHRIIhmV4 1.5 MIN



THIS IS THE 

ONE I AM 

WAITING FOR !!



MIT INVENTS A $4 SOLAR 
DESALINATION DEVICE

IT COULD MAKE ENOUGH 
DRINKING WATER FOR A FAMILY 

OF FOUR

Solar desalination: Water covers more 
than two-thirds of Earth’s surface, but 
97% of it is saltwater.

The salt concentration in that water is 
far too high for our bodies to process —
if you drank too much of it, you’d 
actually become dehydrated and die. 

The basic idea is that the sun’s heat is 
applied to saltwater. 

The water evaporates, leaving behind 
the salt, and the water vapor is then 
collected and condensed, leaving you 
with liquid freshwater.

TWO PROTOTYPES OF THE SOLAR DESALINATION 

DEVICE UNDERGOING OUTDOOR TESTING. CREDIT: MIT



THE AGRICULTURE INDUSTRY IS IN A PERIOD OF 

TRANSFORMATION

NEW TECHNOLOGIES CAN MAKE:

• Farming more productive

• Provide higher yields 

• Harvesting more efficient than ever

NOW, FARMERS ARE EMBRACING NEW TECHNOLOGIES 

FOR TACKLING RISING FOOD INSECURITY, WORLDWIDE:

• Faster data connectivity using the 5G communication 

system

• Robotics

• Sensors 

Autonomous rice transplanters, which form perfect rows of 

seedlings in paddies with water levels remotely managed by the 

Internet of Things (IoT). (see next page)

Artificial Intelligence (AI) provides the optimum water and 

fertilizer levels for crops in greenhouses, while imaging sensors 

guide robotic arms to pick out ripe strawberries.

The New  5G faster communication system brings  

Advancements in Smart Agriculture

A device being developed by the Kubota Co. to enable 

image analysis for health and ripeness, of agricultural 

products during cultivation.



KUBOTA’S AGRI ROBO 

RICE-TRANSPLANTER

Declines in the workforce due to low 

birth rates and an aging population 

have become major social issues in 

Japan, and agriculture is no exception. 

Rice-transplanting work is particularly 

difficult, as it must be done in a short 

time to ensure the uniform growth of 

rice plants. 

The Agri-Robo is the world’s first 

machine that can do the job 

automatically without an operator on 

board (although one of their photos, 

shows a person on it) 

It carries on the Japanese rice farming 

tradition of “beautiful planting” while 

also providing “expert full-field 

planting” that saves farmers both effort 

and labor.

If seedlings can be planted in an evenly-spaced manner without overlapping, 

rice would grow uniformly and without waste. 

Beauty in planting is a tradition with Japanese rice farming so multiple functions 

must be added to a machine like this, including planting in a straight line, 

detection of obstacles, and generation of field maps and planting routes.



To plant while avoiding obstacles, which are in this case 

the yellow poles that are made to look like a paddy sluice, 

two rows are left unplanted when planting the inner 

perimeter (yellow dotted line), and then planted in a 

smooth curve for the outer perimeter (pink dotted line).



A burger made with a 
scrambled-egg imitation 
made from Mung beans, by 
the plant-based food startup 
JUST.



PROTEIN POWDER, "SOLEIN”

It is similar in form and taste to wheat flour has a wide 

potential as a   carbon-neutral source of protein. 

Solar Foods makes Solein by extracting Carbon 

Dioxide (CO₂)  from air using carbon-capture 

technology, and then combines it with water, 

nutrients and vitamins, using 100 percent 

renewable solar energy from their partner the 

Fortum Co., to promote a natural fermentation 

process.

The company is already working with the European 

Space Agency to develop foods for off-planet production 

and consumption. 

(The idea for Solein actually began at NASA.) 

They also see potential in bringing protein production to 

areas whose climate or ground conditions make 

conventional agriculture impossible.

THE PROTEIN POWDER SOLEIN. 
IMAGE SOURCE: SOLAR FOODS



VERTICAL FARMING 
It is the practice of growing crops in vertically stacked layers.

It often uses controlled-environment agriculture, which aims to 

optimize plant growth, and soilless farming techniques such as 

hydroponics, aquaponics, and aeroponics.

The main advantages are:

1) Increased crop yield using less land and 95% less water 

needed.

2) Increased ability to cultivate a larger variety of crops at once 

because crops do not share the same plots of land while 

growing. 

3) Fewer crops are lost to extreme or unexpected weather 

occurrences. 

4) Because of its limited land usage, it is less disruptive to native 

plants and animals.

VERTICAL FARM IN RUSSIA
Credit:  By Mos.ru, CC BY 4.0, 

https://commons.wikimedia.org/w/index.php?curid=90824674

INDOOR HYDROPONICS OF MORUS, JAPAN



https://www.youtube.com/watch?v=-_tvJtUHnmU
3.5 min

▪ https://www.youtube.com/watch?v=NShCj2yaOhI&t=1s

▪ 3 min

https://www.youtube.com/watch?v=-_tvJtUHnmU
https://www.youtube.com/watch?v=NShCj2yaOhI&t=1s


What Could We Farm?

Even with harsh 

conditions, 

efficient growing 

models and 

controlled 

systems can 

bring a diverse 

mix of foods to 

many big cities.



On the building roof, vertical-axis wind turbines are potentially 50 

percent more efficient in low wind conditions than conventional turbines.





Elevators

Farmers load harvested plants onto a central elevator to 

be sold at the grocery store below.



Monitors

Ceiling-mounted systems monitor and control humidity, 

temperature, and nutrient distribution.



Robots

Robotic arms equipped with mechanical noses “sniff” plants 

and harvest them based on the presence of specific alcohols, 

a more precise judge of ripeness than color.



Optimal Crops

Plants don’t have millions of years to adapt to indoor hydroponic growth cycles, so 
botanists must select and breed the strains that perform best. 

Other scientists will blend specialized fertilizers for the plants so that they’ll contain 
micronutrients essential to the human diet, like selenium and zinc.



Security
Even a few insects or pathogens could decimate the enclosed crops, so farmers 
entering the building must don containment suits and pass through airlocks. 

Scientists will coat plants with genetically modified bacteria that glow in the presence 
of a threatening disease or pest, alerting farmers to an outbreak.



Lighting

LED bulbs save energy and can be tuned to the specific wavelengths favored by each 
species (only red, for lettuce, for example).



Chickens

Chickens require little space and yield one pound of meat per two pounds of feed—

very efficient by farming standards.



Sewage

The vertical farm converts 100 tons of sewage into 
19 megawatts of electricity.



Market

Neighbors purchase vertical-farm goods in the tower’s ground-floor 
grocery store, and electric trucks deliver food to local markets.





WHAT IS THE INTERNET OF THINGS (IoT)?

• It is the network of physical 
objects—devices, vehicles, 
buildings, farms, and other 
items embedded with 
electronics, software, 
sensors, and network 
connections—that let these 
objects collect and exchange 
data.

• IoT allows objects to be sensed 
and controlled remotely across 
existing networks.

• It creates opportunities for 
more direct communication 
between the physical world and 
computer-based systems.





USING THE INTERNET 
OF THINGS (Iot)

Sensors can detect a range of biomolecular, chemical, 
optical, thermal, electrical, radiation, and biological 
metrics, to get a 360-degree view on the health of 
crops. 

By mounting health monitoring sensors on 
animals, farmers can track the state of livestock in 
real time.

Location monitoring tools with GPS satellites are 
widely used to estimate the amount of water in the 
soil, crop biomass, and many other things. 

The data collected by connected GPS satellites or a 
location monitoring solution is then used by crop 
insurance companies, governments, scientists, 
policymakers, and commodity bodies.





WHAT IS PRECISION 
AGRICULTURE?

Precision agriculture seeks to 
use new technologies to 
increase crop yields and 
profitability while lowering 
the levels of land, water, 
fertilizer, herbicides and 
insecticides, they have to 
use. 

In other words, farmers 
utilizing precision 
agriculture are using less 
to grow more.

SNSS - Simulated Navigation 
Satellite System



HOW CAN SATELLITES HELP 

WITH FARMING?

The more information that farmers have about 

conditions on Earth, the better they can react to 

weather disasters.

Farmers know that they’ll need just the right amount 

of water and the right temperature in order for their 

crops to thrive.

Farmers use satellite data to:

• Identify soil and crop characteristics and condition

• Monitor shoot growth

• Assess soil moisture and irrigation requirements

• Better forecast precipitation and insect pest  

infestations

• Helping to efficiently spread fertilizer

• Estimate total farm output



WHAT SATELLITES PROVIDE DATA 

FOR FARMERS?

Floods and droughts can be especially 

dangerous for farming. 

To help, a team of 5 satellites, called the 

Joint Polar Satellite System (JPSS) 

monitors and forecasts severe weather 

conditions on Earth. 

The Joint Polar Satellite System (JPSS) is 

the nation’s advanced series of polar-

orbiting environmental satellites.

It is a collaborative program between the 

National Oceanic and Atmospheric 

Administration (NOAA) and NASA.

They circle the Earth from pole to pole and 

cross the equator, 14 times a day—

providing full global coverage twice a day.



THE 5 WEATHER SATELLITES

The whole JPSS system includes 5 polar-orbiting 

satellites, each with 4 or more measuring instruments, and 

a versatile Ground System

Currently, 3 out of the 5 satellites are in place and their 

launch dates were:  

• NOAA-21 – launched on November 10th ,2022

• NOAA-20 - launched on November 18th, 2017

• Suomi National Polar-orbiting Partnership (Suomi NPP) 

which launched on October 28th, 2011

• JPSS - 3 - planned launch will be in 2028

• JPSS - 4 – planned launch will be in 2032



THE JPSS GROUND SYSTEM

It allows the satellites to 

communicate their data back to 

Earth, also supports satellite 

missions operated by partner 

organizations –

• The Department of Defense

• The European Organization for 

the Exploitation of Meteorological 

Satellites

• The Japan Aerospace Exploration 

Agency.

It makes these kinds of observations 

with an instrument called Visible 

Infrared Imaging Radiometer Suite, 

or VIIRS which collects information in 

two different types of light - visible 

and infrared. 



EACH SATELLITE CARRIES  5  STATE-OF-THE-ART INSTRUMENTS



THE 5 OBSERVATION INSTRUMENTS

Each satellite carries 5 state-of-the-art 

instruments, including:

1)  The Advanced Technology Microwave 

Sounder (ATMS)

It provides information about the physical 

properties of our atmosphere, such as 

temperature and moisture, which heavily 

influence weather patterns. 

Because it observes in the microwave 

portion of the electromagnetic spectrum, it 

can see through clouds and into storms. 



2)  THE CROSS-TRACK 

INFRARED SOUNDER 

(CRIS)

It provides more accurate, 

detailed atmospheric 

temperature and moisture 

observations for weather and 

climate applications.

Because CrIS provides limited 

observations in cloudy 

conditions, it works in tandem 

with the ATMS instrument.



3)  THE VISIBLE INFRARED IMAGING 

RADIOMETER SUITE (VIIRS)

It collects visible and infrared images and 

global observations of the land, atmosphere, 

cryosphere (see below) and oceans. 

VIIRS generates many critical environmental 

products pertaining to snow and ice cover, 

clouds, fog, aerosols, fire, smoke plumes, 

dust, vegetation health, phytoplankton 

abundance and chlorophyll.

(The cryosphere is an all-encompassing term 

for those portions of Earth's surface where 

water is in solid form, including sea ice, lake 

ice, river ice, snow cover, glaciers, ice caps, 

ice sheets, and frozen ground.)

The U.S. viewed at night using the VIIRS’ Day/Night Band sensor.



4)  THE OZONE MAPPING AND 

PROFILER SUITE (OMPS)

It tracks the health of Earth’s ozone 

layer and measures the 

concentration of ozone and other 

aerosols in the Earth's atmosphere. 

This helps with climate and weather 

science.



5) LIBERA 

It is a new sensor that will be on 

the  JPSS-3 mission and observe 

the balance between solar 

radiation entering Earth’s 

atmosphere.



OTHER SATELLITE SYSTEMS TO 

ASSIST FARMERS

▪ RADARSAT Constellation Mission and RADARSAT-2: 

To facilitate the management of resources (including 

farmland), marine surveillance, ecosystem monitoring, ice 

monitoring, disaster management and mapping in Canada 

and around the world.

▪ SMAP: To map soil moisture and freeze/thaw status.

▪ SMOS: To map sea surface salinity and monitor soil 

moisture on a global scale, thus contributing to a better 

understanding of the Earth's water cycle.

Farmers use satellite data to:

▪ Identify soil and crop characteristics and condition;

▪ Monitor shoot growth;

▪ Assess soil moisture and irrigation requirements;

▪ Better forecast precipitation and insect pest infestations;

▪ Spread fertilizer for optimum use

▪ Estimate total farm output.



GROUND MOISTURE SENSORS

The Libelium company makes all types of 

sensors, including several for the amount of 

ground moisture.

Measuring soil moisture is a key issue for 

monitoring and controlling crop development 

with IoT technology.

One type is for soil water content or the amount 

of water per unit of soil, and the other is soil 

water potential or the energy state of water in the 

ground.





NDVI is a measure of the state 

of plant health based on how the 

plant reflects light at certain 

frequencies. CROP MANAGEMENT

SYSTEMS 

They are being used more by 

growers to record and map their 

crops both within and between 

seasons. 

They are able to overlay different 

layers containing soil, crop and 

yield information into their crop 

management system

This allows them to inform and 

improve management techniques, 

better target inputs and plan for 

harvests.





GPS DEVICES ON TRACTORS 

It allows farmers to plant crops in more 
efficient patterns and proceed from point A to 
point B with more precision, saving time and 
fuel.

LEVELING FIELDS WITH LASERS

This means water can be applied more 
efficiently and with less farm effluent running 
off into local streams and rivers. 

The result can be a boon for farmers and holds 
great potential for making agriculture more 
sustainable and increasing food availability.



The vast amounts of data that modern 

farm equipment can generate is 

transmitted wirelessly via Bluetooth to the 

cellphones of farmers, agronomists, 

entrepreneurs and researchers.

Drones can be used for crop dusting

and can take continuous pictures of 

crops so farmers can monitor plant health. 

This would allow for more controlled, 

precise fungicide and insecticide 

application.



UAV - UNMANNED AERIAL VEHICLE 



ROBOTS: 

From a small Rowbot designed to 
apply fertilizer precisely between rows 
of corn to a lettuce bot that pulls 
weeds.

Nimble robots are also being 
developed to check for pest problems 
in fields.

TerraSentia uses a variety of 
sensors—including visual cameras, 
LIDAR and other on-board sensors to 
autonomously collect data on traits for 
plant health, physiology, and stress 
response.



Robots equipped with artificial 

intelligence are seen as an 

essential tool to mitigate the effects 

of drought, fluctuating 

temperatures and changes in 

harvest times. 

These machines  collect and 

predict data better than any human 

oenologist.(a persons who studies 

the wine-making process)

They may prove to be the wine 

world’s best weapon against the 

climate of tomorrow.



The RIPPA robot (Robot for Intelligent Perception and Precision Application) comes with a smart applicator to 

shoot weeds at a high speed. 

As the makers explain, this robot can be used to apply the correct dose on the farm at high speed. 

The robot has a collection of sensors and sophisticated algorithms that can detect weeds from among the crop, 

as well as foreign objects such as a stone, glass or metal. 



HARVESTING CARROTS WITH FIELD ROBOT MACHINES !!



QUICK HARVESTING OF APPLES FROM THE TREE



https://www.youtube.com/watch?v=c-JduOfLEpc 1 min

AUTOMATED PICKING OF CHERRY TOMATOES

https://www.youtube.com/watch?v=c-JduOfLEpc


FOOD SAFETY & TRANSPARENCY

It helps consumers to be able to check 

smart labels and/or QR codes so they 

can make knowledgeable decisions 

before choosing food items. 

Advancements in the use of  real-

time food monitoring using QR 

codes, Bar Codes, or Radio 

Frequency Identification (RFID) 

labels along with the Internet of 

Things (IoT) devices, enable food 

brands to provide farm-to-fork 

traceability. 

This increases the trust between food 

producers and consumers, positively 

impacting brand credibility and sales.

QR CODE READING



PERSONALIZED NUTRITION

▪ Personalized nutrition is a fundamental 

component of food technology trends as 

consumers desire to understand how dietary 

habits affect it. 

▪ Examples are personal preferences such as 

sugar, a gluten-free diet, vegan diet, and 

clean label food products.

▪ Innovations in 3D printing and the adoption of 

robotics in food assembly lines allow food 

manufacturers to provide nutrition 

personalization at scale. 



RESTAURANT DIGITIZATION

It provides enhanced customer experience and 

enables smooth operation management. 

It helps to gather data points at each stage, enabling 

data-driven decision-making throughout the 

operations. 

It reduces direct human-to-human contact, 

restaurants can use digital (scannable) menus, 

self-service kiosks, and cashless payment 

methods. 

Chatbots and voice bots are up-and-coming tools in 

assisting customers in real-time with food orders and 

any other restaurant-related queries. 



6 WAYS IN WHICH MENU DIGITIZATION 

CAN BENEFIT RESTAURANTS

1) It makes the menu accessible on all devices 

- from PCs to tablets and mobile phones

2) Visual Formatting - high resolution photos of 

the food served. 

3) Increased Order Accuracy

4) Easier to Update

5) Describe reduced prices of paired dishes 

6) Multiple Languages can be accessed.



FRESHIPPO'S ROBOTIC 

RESTAURANT

https://www.youtube.com/watch?v=FFC

PKmLAZb4 2 min

https://www.youtube.com/watch?v=FFCPKmLAZb4


3D FOOD PRINTING COULD CHANGE 
FOOD FOREVER

▪ 3D food printing is the process of 
manufacturing food products using a variety 
of additive manufacturing techniques. 

▪ Food grade syringes hold the printing 
material, which is then deposited through a 
food grade nozzle, layer by layer. 

▪ The most advanced 3D food printers have 
pre-loaded recipes on board and also allow 
the user to remotely design their food on 
their computers, phones or some IoT device. 

▪ The food can be customized in shape, color, 
texture, flavor or nutrition, which makes it 
very useful in various fields such as space 
exploration and healthcare.



OPEN MEALS HAS ANNOUNCED A JAPANESE RESTAURANT CONCEPT TO CREATE 
THESE BEAUTIFUL 3D-PRINTED SUSHI, CALLED SUSHI SINGULARITY



3D PRINTED SNACKS 



MAKING 3D PRINTED FOODS 
WILL:

▪ Offer endless possibilities for the 
shape, texture, and taste. 

▪ Customize the final dish to your 
specific demands and tastes –

▪ Greatly reduce the waste 
produced from 'conventional' 
cooking

▪ Used to promote healthy high-
tech food.

KFC 3D 
PRINTED 
CHICKEN 
NUGGETS 

TEST 
MARKETED IN 
RUSSIA.

NOW 
AVAILABLE AT 
KFC !!





HIGH PRESSURE FOOD PROCESSING (HPP)

It is a cold pasteurization process that introduces foods sealed in packaging, into a super 
high-pressure environment (88,000 pounds per square inch) that is transmitted by water





FOOD ITEMS THAT ARE GOOD FOR HIGH PRESSURE PROCESSING 



INSECT PROTEIN COULD REPLACE BEEF, 
CHICKEN, PORK, AND LAMB

Two Billion People Eat Insects as a part of 
their normal foods !

▪ Insects contain about 60% protein

▪ Packed with vitamin B12

▪ Has more calcium than milk

▪ Has more iron than spinach

▪ Can supply you with all the essential amino 
acids your body needs.

▪ It requires much less water and requires 
much less physical space. 

▪ It can easily be ground up and used to 
replace other protein in your favorite recipes. 



FOODS OF TOMORROW

About 2,500 plant species have been 
domesticated for food. 

Today, almost half our food calories 
come from just three grains: 
wheat, maize, and rice. 

Here are a few other promising 
examples:

Algae: Seaweed and other algae, 
already popular in Japan, are highly 
nutritious and can be grown in both 
fresh water and salt water.

SEAWEED 

INSECT POWDER 
PROTEIN



Emmer wheat: While millions are 
spent on high-tech hybrids, 
neglected crops like the grain 
emmer wheat requires less 
fertilizer and fewer pesticides 
than currently used breeds, are 
already being grown in places like 
Turkey.

Minor millets: These cereals have 
been grown in Asia for 6,500 
years. Many farmers in India and 
Nepal are now switching from 
growing crops like maize and rice 
back to traditional varieties bred to 
grow on local mountainsides.



Peach palm: The peach palm grows well in Central and South 
America and produces a large, nutritious fruit.

Giant swamp taro: The giant swamp taro which grows well in 
the salty, sandy soil of many Pacific islands, is rich in vitamins 
and minerals. 

Yellow varieties are high in beta carotene, which can help 
prevent blindness.

Sea buckthorn:  It uses nitrogen from the air as fertilizer, 
thanks to specialized bacteria in its roots.  

The berries are hard to pick, but new machines should help with 
the harvest. 



THE WORLD'S FIRST FLOATING DAIRY FARM

To feed an additional two billion people by 2050, research 
indicates that global food production will have to increase by 
roughly 50%.

They are designing, developing, engineering floating farms on 
the water. What we have is a building with production and 
processing. 

It is a 3-layer building.  There’s one part below the water that 
is colder so they can use that as a cool space.

Then there is a processing area in the main layer, and then 
they have the third layer as a stable. 

They collect rainwater from the roof which is filtered with a 
membrane technology and then goes back, as drinking water 
for the cows. 

They have floating solar panels next door which provide them 
with energy.
https://www.youtube.com/watch?v=eIBu3sQa8j8

https://www.youtube.com/watch?v=eIBu3sQa8j8


So, What’s For Dinner?

Anything you want !!



Anywhere In The World



Or In The Universe !!

OR IN THE UNIVERSE !!

THE END 
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