
to identify sequences likely to be beneficial, often sequences 
that resemble those the scientists have seen in association 
with other plant species growing under similar conditions.

These they test in plants. The greenhouses in the four-year-
old company’s Charlestown, Massachusetts, headquarters 
cost $1.2 million—reflecting the need to control light, heat, 
and humidity identically for every plant in order to isolate the 
effect of the microbes being studied. Each quarter, Indigo Ag uses 
two-week lab assays to weed more than 1,000 candidate microbes 
per crop down to 100, followed by greenhouse assays to select the 
top 10 of that hundred for testing in the field. Once they have iden-
tified the bacteria and fungi that work best, they multiply them 
in a fermenter, scaling up in as little as four months from one to 
2,500 liters of solution that can be used to coat seeds. 

Their first product, Indigo Cotton™ (cotton seeds coated with 
their proprietary mix of microbes) was launched in the spring of 
2016 in West Texas, and led to an 11 percent improvement in yield 
by protecting against drought stress. Now the company is buying 
their similarly treated crops—soy, cotton, rice, wheat, and corn—
from growers at a premium based on improved quality of the har-
vest, as well as traceability and sustainability, and selling them to 
buyers who want those characteristics. In development are prod-
ucts that will reduce the need for nitrogen fertilizer, or confer pest 
protection. Eventually, Indigo Ag expects to “stack” its products, 
selling, for example, a drought-resistant corn that uses less fertil-
izer and also resists pests.

The potential appeal for farmers, whose costs in land, equipment, 
seeds, and fertilizer are all upfront, is enormous. “What they most 
want to avoid,” Perry explains, is “a down year that puts the farm 
at risk. So our ability to help these crops deal with extreme stress 
makes them profitable for farmers.” 

Meanwhile, Indigo Ag has potential competitors, of two sorts. 
One is other startups, of which there are half a dozen, including 
NewLeaf Symbiotics in St. Louis and AgBiome in Durham, North 
Carolina, both “relatively small companies…doing good science,” 
Perry believes. The other potential rivals are big agricultural com-
panies like Monsanto, Syngenta, and DowDuPont, which primarily 
sell seeds, chemicals, and fertilizers. “But you can imagine,” Perry 
says, “that if this is the next most important technology, they would 
have an interest in it.” 

He doesn’t dismiss the possibility that Indigo Ag could be pur-
chased by a large firm, and he takes seriously his responsibility to 
give investors the best possible return, but the company’s plans are 
explicit that “there is an opportunity to build a big independent 
company here, and that we are likely to have the biggest impact on 
the world if we remain independent.”

Perry defines  Indigo Ag’s place in the big picture thus: “We need 
about 70 percent more food than we currently produce—or rather 
than we deliver—to feed 10 billion people. Some of that can be man-
aged through reducing waste and changing eating habits, but we have 
got to produce a lot more—let’s says 50 percent more.” As much as 
half of that additional production, he believes, will come from mi-
crobiology. Furthermore, he adds, “I think ultimately we have the 
opportunity to replace at least half of the chemical fertilizer used 
and maybe 90 percent of the chemical insecticides and fungicides.”

Photosynthesis  combines sunlight, carbon dioxide, water, and 
minerals to make organic compounds: the food that sustains plant 
growth. But roughly 18 percent of the world’s flowering plant-
species have evolved a superior form of this process: C4 photo-
synthesis. Such plants—corn is one example—have wreath-like 
rings of cells that allow them to exclude most oxygen from the 
chemical reactions that occur during photosynthesis, thereby mak-
ing that process much more efficient under conditions of drought, 
high temperatures, or limited nitrogen (a key ingredient for pho-
tosynthesis that is present in both soil and chemical fertilizers).

Daniel Voytas, an expert on the genetics of plant biology who 
directs the Center for Genome Engineering at the University of 
Minnesota, and is the chief scientific officer of Calyxt, a specialty 
food ingredients company that edits plant genomes to enhance 
them (see main text), also advises an ambitious Bill and Melinda 
Gates Foundation-funded project to bring C4 photosynthesis to 
rice. The project, run by the University of Oxford, aims to en-
gineer a complex combination of changes to the plant’s cellular 
structure in order to keep oxygen away from photosynthetic 
chloroplasts, and to supply the genetic instructions for carrying 
out the chemical reaction that produces a four-carbon molecule 

(hence the C4 in the name). The components 
necessary to achieve this exist in the plant, but 
require rearrangement to work effectively.

If the project succeeds, the benefits could be enormous. Rice 
yields could increase as much as 50 percent, or farmers could 
produce the same-size harvest using less water and fertilizer, an 
environmental benefit that also makes the plants more resilient 
to climatic fluctuations. That’s important because rice, which 
grows best in a narrow temperature range, provides a large pro-
portion of the calories in many developing countries in East and 
Southeast Asia, where much of future global population growth 
is likely to occur. Production of this staple grain has already pla-
teaued in many of these areas, even as the river deltas where rice 
grows best are sinking in Vietnam, Thailand, Myanmar, and Ban-
gladesh, leaving the fields vulnerable to inundation by rising seas.

The same technique, Voytas adds, could be applied not only 
to other popular foods, such as wheat, potatoes, soybeans, and 
apples, but also to “orphan crops” like cassava, neglected by 
breeders but nevertheless a staple of the African diet. His re-
search, he says, is driven principally by a fascination with plant 
biology, but “It’s also been very satisfying to see how the tech-
nology can be applied to address pressing problems, be they 
stresses induced by climate change, or the need to make bet-
ter, healthier food.”

“We have the opportunity to replace 
at least half of the chemical fertiliz-
er used and maybe 90 percent of the 
chemical insecticides and fungicides.”
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