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DANVILLE, Va. — With a pop-
ulation expected to reach almost 10 
billion by 2050, the world’s resources 
will need to be used in an increasingly 
efficient manner. 

Food will need to be grown near 
where it is needed. Space will need to 
be maximized.

And these challenges can’t be tack-
led alone.

In an effort to leverage resources, 
the College of Agriculture and Life 
Sciences, School of Plant and Envi-
ronmental Sciences, Virginia Seafood 
Agricultural Research and Extension 
Center, Institute for Advanced Learn-
ing and Research, and Virginia Tech 
have partnered to form the Controlled 
Environment Agriculture Innovation 
Center in Danville, Virginia.

The center uses technology and 
research to accelerate advancements, 
economic development, and regional 
participation in the developing indus-
try of indoor farming, or controlled 
environment agriculture, including 
aquaculture.

“It is imperative that we bring peo-
ple together to solve these problems 
that require creative and innovative 
solutions,” said Mike Evans, director of 
the Virginia Tech School of Plant and 
Environmental Sciences and associate 
director of the center. “By working 
together across the state with members 
of academia, industry, and more, we 
can use our combined resources to lead 
not only the commonwealth but also 
the world.”

Inside the center are vertical racks 
that house the soilless plants and max-
imize growing capacity, which enables 

more plants to be grown in less space. 
These hydroponic systems provide 
plants with the optimal amount of wa-
ter and nutrients, which can accelerate 
their growth. 

Over time, the center will expand its 
opportunities and facilities in aquapon-
ics and hydroponics.

“This center is unique in the United 
States, in part because of the support 
system at the Institute for Advanced 
Learning and Research, where we 
have analytical chemistry, molecular 

biology, microbiology equipment, and 
researchers with expertise in each,” 
said Scott Lowman, director of applied 
research at IALR. “We want to drive 
the entire industry in production and 
innovation.”

The center was created to drive eco-
nomic development in the region and 
to diversify agribusiness in Southern 
Virginia as well as increase net farm 
income and profitability for new and 
existing farmers alike. 

Because the model of indoor farm-

ing can be established anywhere, re-
gardless of available farmland, it has 
the potential to boost local economies 
throughout the commonwealth.

The Danville location is a key plat-
form of the new Center for Advanced 
Innovation in Agriculture, which is a 
catalyst for collaboration and connec-
tions where Virginia Tech scientists 
and stakeholders with diverse expertise 

‘Creative and  
innovative 
solutions’

Samantha Smith-Herndon, a research and communications analyst at The Institute for Advanced Learning and Research, 
inspects greens that have been grown using a nutrient film technique hydroponic system at the Controlled Environment 
Agriculture Innovation Center.

Photo courtesy Ray Meese/Virginia Tech

PALO ALTO, Calif. — From 
lake-draining drought in California 
to bridge-breaking floods in China, 
extreme weather is wreaking havoc. 

Preparing for weather extremes 
in a changing climate remains a 

challenge, however, because their 
causes are complex and their response 
to global warming is often not well 
understood. 

Now, Stanford researchers have 
developed a machine learning tool 

to identify conditions for extreme 
precipitation events in the Midwest, 
which account for over half of all 
major U.S. flood disasters. 

Published in Geophysical Re-
search Letters, their approach is one 

of the first examples using AI to 
analyze causes of long-term changes 
in extreme events and could help 

Stanford University researchers develop learning tool to identify conditions for extreme precipitation events
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WOOSTER, Ohio — As an emerg-
ing segement of agriculture, many 
questions surround vertical farming. 
In the USDA-Agricultural Research 
Service series, Under the Microscope, 
Dr. Kai-Shu Ling, a research plant pa-
thologist with the Vegetable Research 
Laboratory in Charleston, SC. 

Dr. James Altland, a research 
horticulturalist with the Application 
Technology Research Unit in Wooster, 
Ohio dive into the realm of what is 
also called controlled environment 
agriculture. 

Here’s the transcript of a recent 
interview on the topic:

Under the Microscope: How does 
vertical farming differ from conven-
tional agriculture?

James Altland: Traditional farm-
ing involves planting crops in soil on 
open fields with natural sunlight and 
irrigation. However, vertical farm-
ing takes place inside, grows crops 
in stacked layers, and uses artificial 
growing systems such as hydropon-
ics, aquaponics, or other methods of 
soilless agriculture.

UM: What are the advantages of 
vertical farming?

Kai-Shu Ling: Vertical farming 
offers many benefits that traditional 
farming cannot. For example, while 
the crops produced by traditional 
farming are limited by geographic 
region and seasonal changes, verti-
cal farming allows growers to grow 
regional or seasonal crops indoors 
year-round. They can grow crops 
anywhere a greenhouse or controlled 
environment can be established. As 
a result, consumers (especially those 
in urban areas typically far from 
traditional farmlands) can also have 
easier access to fresher produce.

We’re currently repurposing 
ship containers to become vertical 
farming research units.  Although 

vertical farming’s high costs can 
often be discouraging, shipping con-
tainers and abandoned warehouses 
are readily available and relatively 
inexpensive.  Converting them into 
vertical farming environments not 
only breathes life back into discard-
ed infrastructure but also puts fresh 
produce in parking lots and urban 
centers.

JA:  Vertical farming also uses 
much less land.  For some crops, 10 
to 20 times the yield can be obtained 

per acre in vertical farming com-
pared to open-field crops.  Other ad-
vantages are that vertical farms are 
in enclosed structures, so not subject 
to extreme or inclement weather.  
Vertical farms are being built in 
deserts, high-population urban areas, 
and other places that traditional 
open-field farming is not practical.

UM: What are the limitations to 
this type of farming? What is ARS 
doing to overcome these challenges?

JA:  The major disadvantage is that 

you give up access to the sun, which 
is most abundant (and free) source 
of energy on Earth. Growing plants 
vertically in stacked systems often 
requires artificial light sources, which 
can become costly. Vertical farming 
also requires humidity control through 
expensive and energy-intensive heat-
ing, ventilation, and air conditioning 
(HVAC) systems.

These tomatoes are grown hydroponically  in a greenhouse. Small fruiting crops like tomatoes have great potential for vertical 
farming production according to USDA researchers.

Photo courtesy Kai-Shu Ling

Q&A: Vertical farming no longer a futuristic concept

See VERTICAL
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make projections of such events more 
accurate.

“We know that flooding has been 
getting worse,” said study lead author 
Frances Davenport, a PhD student in 
Earth system science in Stanford’s 
School of Earth, Energy & Environ-
mental Sciences (Stanford Earth). 
“Our goal was to understand why 
extreme precipitation is increasing, 
which in turn could lead to better 
predictions about future flooding.”

Among other impacts, global 
warming is expected to drive heavier 
rain and snowfall by creating a warm-
er atmosphere that can hold more 
moisture. 

Scientists hypothesize that climate 
change may affect precipitation in oth-
er ways, too, such as changing when 
and where storms occur. 

Revealing these impacts has re-
mained difficult, however, in part 
because global climate models do not 

necessarily have the spatial resolu-
tion to model these regional extreme 
events.

“This new approach to leveraging 
machine learning techniques is open-
ing new avenues in our understanding 
of the underlying causes of changing 
extremes,” said study co-author Noah 
Diffenbaugh, the Kara J Foundation 
Professor in the School of Earth, 
Energy & Environmental Sciences. 
“That could enable communities and 
decision makers to better prepare for 
high-impact events, such as those that 
are so extreme that they fall outside of 
our historical experience.”

Davenport and Diffenbaugh fo-
cused on the upper Mississippi wa-
tershed and the eastern part of the 
Missouri watershed. 

The highly f lood-prone region, 
which spans parts of nine states, has 
seen extreme precipitation days and 
major floods become more frequent 
in recent decades. 

The researchers started by using 
publicly available climate data to 
calculate the number of extreme 
precipitation days in the region from 
1981 to 2019. 

Then they trained a machine learn-
ing algorithm designed for analyzing 
grid data, such as images, to identify 
large-scale atmospheric circulation 
patterns associated with extreme pre-
cipitation (above the 95th percentile).

“The algorithm we use correct-
ly identifies over 90 percent of the 
extreme precipitation days, which 
is higher than the performance of 
traditional statistical methods that we 
tested,” Davenport said.

The trained machine learning algo-
rithm revealed that multiple factors are 
responsible for the recent increase in 
Midwest extreme precipitation. 

During the 21st century, the atmo-
spheric pressure patterns that lead to 
extreme Midwest precipitation have 
become more frequent, increasing at 
a rate of about one additional day per 
year, although the researchers note 
that the changes are much weaker go-
ing back further in time to the 1980s.

However, the researchers found 
that when these atmospheric pressure 
patterns do occur, the amount of 
precipitation that results has clearly 
increased. 

As a result, days with these condi-

tions are more likely to have extreme 
precipitation now than they did in the 
past. 

Davenport and Diffenbaugh also 
found that increases in the precipi-
tation intensity on these days were 
associated with higher atmospheric 
moisture f lows from the Gulf of 
Mexico into the Midwest, bringing 
the water necessary for heavy rainfall 
in the region.

The researchers hope to extend 
their approach to look at how these 
different factors will affect extreme 
precipitation in the future. They also 
envision redeploying the tool to focus 
on other regions and types of extreme 
events, and to analyze distinct extreme 
precipitation causes, such as weather 
fronts or tropical cyclones. 

These applications will help further 
parse climate change’s connections to 
extreme weather.

“While we focused on the Mid-
west initially, our approach can be 
applied to other regions and used to 
understand changes in extreme events 
more broadly,” said Davenport. “This 
will help society better prepare for the 
impacts of climate change.”

Weather ...
Continued from Front Page
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Students use drones to measure soil moisture levels
BL ACKSBURG, Va. — Three 

Virginia Tech seniors researched how 
drones could identify soil moisture for 
a class project in School of Plant and 
Environmental Sciences Professor 
Kang Xia’s Monitoring and Analysis 
of the Environment course.  

Matt Darrah, Grady Hesse, and 
Ryan Humphry were introduced to 
precision agriculture as a management 
practice where autonomous survey 
devices are sent out to collect land and 
soil samples to routinely identify areas 
that need supplemental nutrients.

“We saw there was work done in 

the past with drones to look at differ-
ences in vegetation, but we didn’t see 
anything on predicting soil moisture 
levels and soil organic matter con-
tents,” said Hesse, of Berryville, Va., 
an environmental science graduate.

They wondered if this could be 
replicated with a drone.

“That could be groundbreaking,” 
said Darrah, of Las Vegas, Nev., and 
an environmental science graduate. 
“On top of it being cool to fly drones, 
we thought we could partake in po-
tentially revolutionary research as 
undergraduates.”

The study investigated Soil Adjust-
ed Vegetation Index and Normalized 
Difference Vegetation Index data, 
two spectral indices for soil, gathered 
from drones to determine the moisture 
levels of bare soil.

This experimental learning project 
eventually encompassed a variety of 
disciplines in the College of Agricul-
ture and Life Sciences. The faculty in-
volved with the student project includ-
ed Song Li, an associate professor in 
the School of Plant and Environmental 
Sciences who specializes in advanced 
genomics and sensor technologies, 

Sanaz Shafian, an assistant professor 
in the School of Plant and Environ-
mental Sciences, Shawn Jadrnicek, 
the farm manager of Virginia Tech’s 
Homefield Farm, and Xia. Li, Shafian, 
and Xia are affiliated faculty with 
the Center for Advanced Innovation 
in Agriculture.

Homefield Farm, a partnership 
between Dining Services and the Col-
lege of Agriculture and Life Sciences 
and the only USDA Certified Organic 

Scientists step to improve crops’ photosynthesis, yields
ITHACA, N.Y. — In order to feed 

a projected 9 billion people by 2050, 
farmers need to grow 50 percent more 
food on a limited amount of arable 
land. 

As a result, plant scientists are in 
a race against time to engineer crops 
with higher yields by improving pho-
tosynthesis.

Blue-green algae (cyanobacteria) 
are known to photosynthesize more 
efficiently than most crops, so re-
searchers are working to put elements 
from cyanobacteria into crop plants.

A new Cornell University-led study 

describes a significant step towards 
achieving that goal. “Absence of 
Carbonic Anhydrase in Chloroplasts 
Affects C3 Plant Development but 
Not Photosynthesis,” published in the 
Proceedings of the National Academy 
of Sciences.

Maureen Hanson, professor of 
plant molecular biology, is the paper’s 
senior author. Kevin Hines, a former 
student in Hanson’s lab, and Vishal 
Chaudhari, a postdoctoral associate 
in Hanson’s lab, are co-first authors.

When plants photosynthesize they 
convert carbon dioxide, water and 

light into oxygen and sucrose, a sugar 
used for energy and for building new 
tissues. During this process, Rubisco, 
an enzyme found in all plants, takes 
inorganic carbon from the air and 
“fixes” or converts it to an organic 
form the plant uses to build tissues.

One hurdle in improving photo-
synthesis in crops is that Rubisco 
reacts with both carbon dioxide and 
oxygen in the air; the latter reaction 
creates toxic byproducts, slows pho-
tosynthesis and thereby lowers yields. 
But in cyanobacteria, the Rubisco is 
contained within microcompartments 

called carboxysomes that shield the 
Rubisco from oxygen.

The carboxysome additionally al-
lows the cyanobacteria to concentrate 
carbon dioxide so Rubisco can use 
it for faster carbon fixation, Hanson 
said. “Crop plants don’t have carbox-
ysomes, so the idea is to eventually 
put in the entire carbon-concentrating 
mechanism from cyanobacteria into 
crop plants,” she added.

To engineer this system to work 
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partner to solve complex problems and 
help the agricultural industry adapt to 
emerging technologies.

Food from the source
For the growing global population, 

these controlled environment agri-
culture facilities can help make food 
deserts a thing of the past. Food can 
be grown where it is needed, whether 
that is in the middle of an urban area or 
somewhere remote. Old warehouses or 
tractor-trailers can easily be converted 
to modern farms.

This is ideal for areas that are sig-
nificantly limited in traditional crop 
farming. It enables more food to be 
produced per square foot because of 
the stackable nature of these systems. 
At the center, water trickles across the 
roots of vertically stacked plants, with 
a hydra of white tubes guiding the flow. 
LED lights hang above the plants and 
the exact amount of nutrients are pro-
vided to ensure optimal plant growth.

“The closer the food is grown to the 
consumer, the closer you are to the gro-
cery stores and the more a producer can 
save on transportation costs,” said Amy 
Turner, a lab research associate at the 
center. “The producer saves money on 
fuel, it’s better for the environment, and 
the food is healthier and tastes better.”
Techniques to feed more with less

At the center, research is conducted 

to find viable methods for feeding the 
budding population with less farmable 
land. 

One such technique is to remove 

plant stressors from the equation en-
tirely.

One of the most common plant 
stressors is insects — to which anyone 

who farms or has attempted to grow a 
home garden can relate. And without 
those pesky insects going after the 
plants, pesticides are no longer need-
ed, which is good for people and the 
environment.

Emily Zhou, a Virginia Tech re-
search associate at the center, is vital 
to this research. Zhou, originally an 
engineer specializing in heating, ven-
tilation, and air conditioning but earned 
her master’s and Ph.D. in horticulture 
from Virginia Tech, constructed the 
indoor hydroponic system in the green-
house using her expertise in controlled 
environments.

In the research conducted so far, 
Zhou and the other researchers find 
specific conditions for each plant that 
enables accelerated growth, often cut-
ting growing time in half.

“Because we control everything 
surrounding the growing cycle, in-
cluding exposure to light, we can 
make plants grow continuously,” Zhou 
explained.

Zhou also grew micro tomatoes 
— a plant that is smaller than the 
garden-variety tomatoes in every way 
— something that hadn’t been done 
in the region before due to the size of 
the tomato root system compared to 
lettuce.

Planting density is another critical 
component of indoor farming since a 
grower needs to plant the exact num-
ber of seeds that the area can handle 
for optimal yield. In one experiment, 
Zhou researches the planting density 
of beets using a hydroponic technique 
where a very shallow stream of water 
containing all the required nutrients 
is re-circulated past the bare roots of 
plants in a watertight gully.
Fresh seafood … from Richmond?

The freedom from production lim-

Solutions ...
Continued from Front Page

Emily Zhou, a post-doctoral research associate with Virginia Tech’s School of Plant and Environmental Sciences, pollinates 
micro-tomato flowers at the Controlled Environment Agriculture Innovation Center.

Photo courtesy Ray Meese/Virginia Tech
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itations isn’t just rooted in plants. Re-
search at the center could help provide 
a healthy source of protein — a vital 
component of the human diet — ex-
actly where the growing population 
will need it.

The Virginia Seafood AREC, close-
ly integrated with industry, is working 
hard to bring new industrial fish farms, 
such as salmon growers, to Virginia, 
as the industry is shifting to indoor 
controlled environment systems that 
allow for year-round production in an 
optimal environment.

“For example, we could have a salm-
on farm in Richmond producing fish 
for the restaurants since the farm can 
be anywhere as long as there’s a build-
ing, a water resource, and power,” said 
Michael Schwarz, director of the Vir-
ginia Seafood Agricultural Research 
and Extension Center. “We can grow 
fish as well as other animals in these 
controlled environments, too, all close 
to markets and consumers, and with 
reduced carbon footprints. Companies 
are looking at localized production to 
reduce the need to import or transport 
these foods.”

To further maximize profits and 
the reusability of plant waste, the Vir-
ginia Seafood AREC works with the 
Controlled Environment Agriculture 
Innovation Center to find alternative 
uses for byproducts, such as the roots 
and stems of lettuce, and other unusable 
plant parts, and turns them into new 
sustainable feed ingredients for fish or 
other animals.

“We have emerging technologies 
that have the discarded vegetation go 
through different types of digestion 
or insect remediation that converts the 
waste into new value-add products such 
as proteins or lipids,” which become 
primary feed and food ingredients, 
Schwarz said. 

This enhances sustainability sig-
nificantly. Waste creates another feed 
ingredient to produce more food to 
grow more fish, plants, and animals to 
provide more with less.

Partnerships are the 
name of the game

Through collaborative work across 
the commonwealth and industry, the 
Controlled Environment Agriculture 
Innovation Center boosts economic 
development opportunities across Vir-

ginia’s diverse regions.
The center’s state-of-the-art facili-

ties have led to partnerships and com-
panies opening locations in Virginia, 
providing valuable assistance to these 
organizations with the center’s high 
capacity for innovative agriculture 
research.

For example, a partnership with 
AeroFarms, an indoor agriculture com-
pany, has led to a new industry coming 
to Danville and increases jobs and 
economic output in the region. Aero-
Farms is building their largest and most 
sophisticated indoor vertical farm near 
the Controlled Environment Agricul-
ture Innovation Center and Institute 
for Advanced Learning and Research.

Other companies benefit else-
where in Virginia, too. At Virginia 
Beach, Sunny Farms LLC invested in 
a hydroponic facility at Taylor Farms, 
after a collaboration with the School of 
Plant and Environmental Sciences and 
the center to develop the greenhouse 
technology. 

In the New River Valley, RedSun 
Farms has benefited from consulting 
with the Virginia Tech experts in con-
trolled environment agriculture. Up 
Interstate 81, Shenandoah Growers, 
located in Harrisonburg, has also ben-
efited from the increased partnership 
with Virginia Tech and the center.

The Virginia Initiative, Growth 
Opportunities in Virginia, or GO Vir-
ginia, and the Virginia Tobacco Region 
Revitalization Commission are also in-
vesting in the growth area of controlled 
environment agriculture. Each of these 
partnerships further increases fresh 
and local food access across Virginia 
to all communities.

Industry-driven research 
and community outreach

All the research at the center is 
driven by the needs and requests of 
local farmers with the goal of economic 
development in mind. In true Vir-
ginia Cooperative Extension fashion, 
instructional days are traditionally 
held to teach farmers how to achieve 
optimal results with these cutting-edge 
methods.

“Our research depends on the de-
mand of the local farmers,” Zhou said. 
“If there’s a crop they don’t know how 
to grow in this system, such as micro 
tomatoes, we show local farmers at our 
facilities. 

They can come and see what we do 
rather than just talking about it.”

Farmers aren’t the only ones who 
see or tour the facilities. K-12 students 
take field trips to the IALR and the 

Controlled Environment Agriculture 
Innovation Center, where they can 
see firsthand the variety of academic 
fields it takes to tackle the challenge of 
feeding people in the future.

The future of agriculture and ex-
panding our food supply to meet 
food demands relies on advanced and 
innovative technologies and partner-
ships. Virginia Tech prides itself in 
its ability to assemble teams from 
diverse disciplines and backgrounds 
to solve complex problems that have 
global-scale implications. Solutions 
to these complex problems can only 
be developed by working across the 
traditional boundaries of academic 
disciplines.

The translation of fundamental and 
applied research into practical, trans-

forming uses with economic impact is 
part of the Virginia Agricultural Exper-
iment Station mission. The Controlled 
Environment Agriculture Innovation 
Center is one of the Virginia Tech 
SmartFarm Innovation Network re-
search areas within the College of Ag-
riculture and Life Sciences’ Center for 
Advanced Innovation in Agriculture.

Engineers help design and build 
hydroponic systems that grow healthier 
food quicker from anywhere. Aquacul-
ture provides high-protein food and 
feed additives. Farmers grow the plants 
and raise livestock.

“More and more people are involved 
in this industry because we have to feed 
more people with less space,” Zhou 
said. “This is not science fiction — this 
is reality.”

Solutions ...
Continued from Page 4

Nano-bubble technology can help with common sanitizing
PULLMAN, Wash. — Phoebe Un-

ger’s interest in food science began at 
a young age, when her parents opened 
a bakery in her hometown.

“I spent much of my childhood at 
the bakery, helping wherever I was 
needed,” Unger said. “I was curious 
about the science behind food.”

As an undergraduate at the Uni-
versity of Idaho, she learned about the 
program “that took two of the most 
fascinating aspects of my life, food 
and science, and combined them in 
a single area of study. After my first 

class, I was instantly hooked,” Unger 
said. Further exploration in a food 
microbiology course confirmed her 
in the food safety path.

“Phoebe is one of my most hard-
working and dedicated students,” said 
Assistant Professor of Dairy Science 
Minto Michael, Unger’s advisor.

Now Unger is a doctoral student 
in the Washington State University 
School of Food Science and after 
being awarded a Foundation for Food 
and Agricultural Research (FFAR) 
Fellowship, Unger is researching 

next-generation ways to make our 
favorite foods safer

The award helps fund Unger’s 
research exploring the use of tiny air 
bubbles on the nano-scale — a bil-
lionth of a meter — to fight bacteria 
that can cause illness and spoil food.

Nano-bubble technology can help 
common sanitizing solutions better 
break down biofilms, the sticky layer 
of bacteria that cling to surfaces of 
equipment.

“It could make tremendous strides 
in food safety and reduce food spoil-

age and waste,” Unger said.
Unger added her work could help 

dairy and food industries, which rely 
on effective sanitation of processing 
equipment and facilities.

Among other projects in dairy safe-
ty and food quality, Unger is working 
with fellow WSU doctoral student 
Aminder Sekhon to develop a way to 
rapidly identify foodborne pathogens 
using hyperspectral imaging. Still in 

See SANITIZING
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KL: Another limitation is the gen-
eral lack of knowledge and experience 
in maximizing crop productivity 
under a controlled environment.  To 
address this, ARS established a Grand 
Challenge synergy project on con-
trolled environment agriculture (CEA) 
in 2018.  This project is a national 
coordinated research effort to generate 
knowledge for both greenhouse and 
vertical farming practices by improv-
ing plant genetics and breeding, LED 
lighting and environment control, hy-
droponic/aquaponic nutrient solutions, 
plant pest and disease management, 
and food quality and safety practices. 

UM: How will consumers benefit 
from vertical farming techniques?

JA:  Vertical farming crops can 
often be grown without pesticides 
and are much less likely to be con-
taminated by pathogens harmful to 
humans such as E. coli.

KL: Consumers will benefit from 
locally grown, fresh, safe produce 
with better taste, quality, at year-
round availability.  

UM: What crops are best grown 
through vertical farming? Which 
crops are better suited for traditional 
farming?

JA:  Currently, lettuce and other 
leafy greens are the most popular 
crops for vertical farming.  While 
research is underway to grow all 
types of crops in vertical farms, the 
most successful ones today would be 
those that can be grown hydroponi-
cally, have relatively short compact 
growth forms, and can be harvested 
in their entirety. For example, lettuce 
can be harvested in its whole form, 
as opposed to corn where only the 
cob is harvested for sale and the rest 
must be disposed of some other way. 

KL: We’re currently investigat-
ing the vertical farming potential of 
small fruits (e.g., strawberries) and 
fruiting vegetables (e.g., tomato, 
pepper). Some other ARS research 
programs are also working on some 
larger fruit tree crops (e.g., apple, 
citrus, and peach).

Cereal and row crops (e.g., corn, 
rice, wheat and soybeans) are still 

better suited for traditional farming.
UM: Are the fruits and produce 

grown from vertical farming differ-
ent — nutritionally, aesthetically, 
flavor-wise — from those grown by 
traditional methods?

KL: Currently, most cultivars 
used for vertical farming are the 
same as those used in open field pro-
duction.  Therefore, nutrition, taste 
and quality of fruits and produce 

grown under vertical farming are 
typically the same or similar to those 
produced in traditional field produc-
tions.

JA:  Adding on to that, ARS is 
looking to research nutritive quality 
and sensorial qualities (taste, feel, 
flavor) of select crops grown in ver-
tical farms vs. traditional open field.

UM: How much of the farming 
market will vertical farming comprise, 

say 10 years down the road?
KL: Vertical farming is an 

emerging technology. Although it is 
still a small market right now, it has 
tremendous growth potential as en-
vironment control, automation, and 
crop production technologies are im-
proved and energy costs are reduced.    
It is hard to predict how this industry 
will grow in the future, but I believe 
that it’s possible that vertical farm-
ing can take over approximately 50% 
of leafy green markets in the U.S. 
and some small portions (~5%) of 
small fruit (strawberry) and tomato 
markets in 10 years.

UM: I understand that vertical 
farming has launched into space. 
What are you hoping to accomplish 
with this effort?

JA: NASA is keenly interested in 
CEA agriculture for its use on long-
term manned space missions.

KL: Agreed. NASA is a pioneer 
in research on crop production under 
controlled environment. NASA con-
tinues to improve the technologies 
for growing vegetables and fruits 
in space for future Moon and Mars 
explorations.  USDA has a long his-
tory of collaboration with NASA on 
controlled environment agriculture 
research.

UM – Vertical farming seems to be 
a very futuristic concept, but gears are 
already in motion for practical imple-
mentation. What are some of ARS’s 
current vertical farming projects and 
what are you and your team hoping to 
accomplish?

JA:  We are involved in hydropon-
ics, nutrition and fertilization, water 
quality, pest management (diseases 
and insects), lighting, carbon dioxide 
consumption, and energy modeling.  
Our unit is also building a new and 
modern vertical farm facility on the 
campus of the University of Toledo 
to study this method of crop produc-
tion more intensely.

KL:  Much of the research in-
volving vertical farming overlaps 
with the work that has already been 
done with greenhouses.  Scientists 
abroad have also been developing 
new vertical farming techniques that 
are specially tailored to their coun-
try’s needs, something that we hope 
to also apply in the U.S. through 
the ARS grand challenge synergy 
project.

Vertical ...
Continued from Page 2

Researchers are currently developing sustainable growing media for growing 
cucumbers in a controlled environment.

Photo courtesy James Altland

Artificial photosynthesis promises clean, sustainable energy
WEST LAFAYETTE, Ind. — Hu-

mans can do lots of things that plants 
can’t do. We can walk around, we can 
talk, we can hear and see and touch. 
But plants have one major advantage 
over humans: They can make energy 
directly from the sun.

That process of turning sunlight 
directly into usable energy — called 
photosynthesis — may soon be a feat 
humans are able to mimic to harness 
the sun’s energy for clean, storable, 
efficient fuel. If so, it could open a 
whole new frontier of clean energy. 
Enough energy hits the earth in the 
form of sunlight in one hour to meet 
all human civilization’s energy needs 
for an entire year.

Yulia Puskhar, a biophysicist and 
professor of physics in Purdue’s Col-
lege of Science, may have a way to 
harness that energy by mimicking 
plants.

Wind power and solar power, 
harnessed by photovoltaic cells, are 
the two major forms of clean energy 
available. Adding a third — synthetic 
photosynthesis — would dramati-
cally change the renewable energy 
landscape. 

The ability to store the energy eas-
ily, without requiring bulky batteries, 
would dramatically improve humans’ 
ability to power society cleanly and 
efficiently.

Both wind turbines and photovol-

taics have downside in terms of envi-
ronmental effects and complicating 
factors. Pushkar hopes that artificial 
photosynthesis might be able to by-
pass those pitfalls.

“We and other researchers around 
the world are working incredibly hard 
to try to come up with accessible 
energy,” Pushkar said. “Energy that 
is clean and sustainable that we can 
create with nontoxic, easily available 
elements. Our artificial photosynthe-
sis is the way forward.”

Photosynthesis is a complex dance 
of processes whereby plants convert 
the sun’s radiance and water molecules 
into usable energy in the form of glu-
cose. To do this, they use a pigment, 

usually the famous chlorophyll, as 
well as proteins, enzymes and metals.

The closest process to artificial 
photosynthesis humans have today is 
photovoltaic technology, where a solar 
cell converts the sun’s energy into 
electricity. That process is famous-
ly inefficient, able to capture only 
about 20 percent of the sun’s energy. 
Photosynthesis, on the other hand, is 
radically more efficient; it is capable 
of storing 60 percent of the sun’s en-
ergy as chemical energy in associated 
biomolecules.

The efficiency of simple photovol-

See ENERGY
Page 7
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its infancy, this technology uses a 
range of the spectrum beyond visible 
light.

“Once fully developed, these tech-
nologies will enhance food safety, 
improve sustainability, and lower 
concentrations of these chemicals in 
our food systems,” Minto said.

Est abl ished by Cong ress  in 
2014, FFAR is a non-profit corporation 
that funds pioneering research health, 

sustainability, and agriculture. The 
FFAR Fellows Program was estab-
lished to provide professional develop-
ment and career guidance to the next 
generation of food and agriculture sci-
entists. Fellows are co-mentored over a 
three-year program by university and 
industry experts.

“I want to thank the foundation for 
this amazing opportunity to grow and 
expand my professional skills while 
working first-hand with the industry,” 
Unger said. “This fellowship will push 
me beyond what I’ve previously ex-
perienced. Being a part of this cohort 
also allows me to expand my network 
and build lasting ties.

Sanitizing ...
Continued from Page 5

Drones ...
Continued from Page 3

operation owned by a university in 
Virginia, was the site of the students’ 
research. The six-acre, student-run 
farm is located eight miles west of 
the Blacksburg campus and provides 
about 50,000 pounds of fresh produce 
to dining centers and Homefield’s 
farm stand on campus. The farm is 
part of Virginia Tech’s College Farm 
Operation, which also includes Kent-
land Farm.

“With all the help of the faculty 
and staff involved, it made this a 
meaningful research project for us,” 

Darrah said.
The students determined that more 

work is needed on this front, par-
ticularly the development of proper 
indices for soil properties, including 
soil moisture. The trio found that the 
correlation between their NDVI and 
SAVI data sets was insignificant and 
not strong enough for reliable use.

At the end of the semester, the 
group — along with the other students 
in the course — shared these results 
and findings via Zoom. The group 
discussed their aerial images, how 
they correlated the results, and more.

“My favorite part of the project 
was when we saw our results,” said 
Humphry, of Yorktown, Va., also an 
environmental science graduate. “We 
saw that we might be right in some 

aspects and wrong in others. But I 
think it was impressive just to see what 

we were able to accomplish in just one 
semester during a pandemic.”

in crop plants, scientists must remove 
carbonic anhydrase, a naturally occur-
ring enzyme, from the chloroplasts, 
organelles in plant cells where photo-
synthesis occurs. 

That’s because anhydrase’s role 
is to create an equilibrium between 
CO2 and bicarbonate in plant cells, by 
catalyzing reactions in which CO2 and 
water form bicarbonate and vice versa. 

But in order for the carbon-con-
centrating mechanism from cyano-
bacteria to work in crops, bicarbonate 
in the system must reach levels many 

times higher than those found at equi-
librium.

“So in this study,” Hanson said, 
“we did that step [of removing an-
hydrase] that’s going to be needed to 
make the carboxysome work.”

In the paper, the authors describe 
using CRISPR/Cas9 gene-editing 
technology to disable genes that 
express two carbonic anhydrase en-
zymes that are present in chloroplasts. 
In the past, another research group had 
used a different method to remove 99 
percentof the anhydrase enzyme’s 
activity, and the plants grew normally. 
But when Hanson and colleagues re-
moved 100% of the enzyme’s activity, 
the plants barely grew. “It showed 
that plants need this enzyme to make 
bicarbonate that is used in pathways 

to make components of leaf tissue,” 
Hanson said.

When they put the plants into 
a high CO2 growth chamber, they 
resumed normal growth, as the high 
amounts of CO2 resulted in a sponta-
neous reaction to form bicarbonate.

The team believes they have a 
workaround to remove anhydrase 
and still have enough bicarbonate. In 
future research, recently funded by a 
three-year, close to $800,000 National 
Science Foundation grant, they plan 
to put a bicarbonate transporter on 
the chloroplast membrane, in order to 
import bicarbonate from other parts 
of the cell into chloroplasts. 

As well as making anhydrase 
unnecessary, the extra bicarbonate is 
expected to improve photosynthesis 

even before carboxysomes can be 
engineered into chloroplasts.

Experiments showed that the ab-
sence of carbonic anhydrase did not 
interfere with photosynthesis, con-
trary to previously held views.

A potential problem is that carbonic 
anhydrase found in chloroplasts is 
known to be involved in the plant’s 
defense pathways. However, research-
ers in Hanson’s group discovered they 
could incorporate an enzymatically 
inactive version of the carbonic an-
hydrase and still maintain the plant’s 
defense.

“We now know we can make an 
inactive enzyme that won’t affect our 
carbon concentrating mechanism but 
will still allow the crop plants to be 
resistant to viruses,” Hanson said.

Yields ...
Continued from Page 3

Look for our ‘Fall Harvest’ 
supplement on Sept. 21

Energy ...
Continued from Page 6

taic cells — solar panels — is limited 
by semiconductors’ ability to absorb 
light energy and by the cell’s ability 
to produce power. That limit is some-
thing scientists could surpass with 
synthetic photosynthesis.

“With artificial photosynthesis, 
there are not fundamental physical 

limitations,” Pushkar said. “You can 
very easily imagine a system that 
is 60-percent efficient because we 
already have a precedent in natural 
photosynthesis. And if we get very 
ambitious, we could even envision a 
system of up to 80-percent efficiency.

“Photosynthesis is massively effi-
cient when it comes to splitting water, 
a first step of artificial photosynthesis. 
Photosystems II proteins in plants do 
this a thousand times a second. Blink, 
and it’s done.”

Pushkar’s group is mimicking the 

process by building her own artificial 
leaf analog that collects light and splits 
water molecules to generate hydrogen. 

Hydrogen can be used as a fuel by 
itself via fuel cells or be added to other 
fuels such as natural gas, or built into 
fuel cells to power everything from 
vehicles to houses to small electronic 
devices, laboratories and hospitals. 

Her most recent discovery, an 
insight into the way water molecules 
split during photosynthesis, was re-
cently published in the journal Chem 
Catalysis: Cell Press.

Scientists in Pushkar’s lab exper-
iment with natural photosystem II 
proteins and synthetic catalysts com-
binations in attempts to understand 
what works best — and why. 

She also puts a priority on using 
compounds and chemicals that are 
readily abundant on Earth, easily 
accessible and nontoxic to the planet.

Progress in artificial photosynthe-
sis is complicated, though, by the fact 
that photosynthesis is so multifaceted, 
a fact bemoaned by biochemistry stu-
dents everywhere.
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