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RESEARCH

Quantifying Plant Available 
Nitrogen From Cover Crops
by Sarah Larsen

As an undergraduate, 
Jesse Way started to get 
curious about nitrogen 

availability from cover 
crops — from a perspective 
that might strike a chord 
with his farming family and 
neighbours back home.

Instead of tackling these 
questions by entering a 
graduate program, Jesse 
chose to return to his family’s 
farm. In 2018, he and his 
partner, Meghan Brandenburg, along 
with Jesse’s father, downsized and 
relocated to a smaller farmstead. Milky 
Way Farm a 1.5 mixed vegetable, 4 
season, ecologically focused family farm 
located just South of Woodstock, Ontario,  
whose clever name pays homage to six 
generations of dairy farming in Jesse’s 
family.

Nearly a decade later, Jesse and Meghan 
are feeling established, and have decided 
to bring research to the farm to answer 
some of those nagging questions about 
nitrogen availability from cover crops. 

“We’ve always used cover crops because, 
from an academic perspective, we know 
about their soil health benefits and that 
they contribute to nitrogen availability,” 
explains Jesse. “But we didn’t have a 
good way of quantifying the nitrogen 
contribution from the array of cover 
crops we use.” 

Ultimately, says Jesse, “we were looking 
for a tool to inform us how much we can 
back off of purchased nitrogen fertilizers 
without reducing yield.”

So when Jesse and Meghan read a 
Research Bulletin by Dan Sullivan, 
published by Oregon State University 
(OSU)1, about on-farm methods for 

estimating plant available 
nitrogen (PAN) from cover 
crops, they were inspired to 
test these methods on their 
farm. 

In Oregon, researchers 
developed a PAN prediction 
calculator that is available 
for free through the OSU 
website2. It uses the wet 
weight of a cover crop 
biomass sample, along 
with per cent dry matter 
and per cent nitrogen from 
lab analysis, as inputs for 
estimating PAN.

With the OSU studies 
as a template, Jesse and 
Meghan received funding 
from EFAO’s Farmer-Led 
Research Program to run a 
randomized and replicated 
trial. Across four replicates, 
they compared high- and 
low-legume spring cover crop 
mixes to controls without 
cover crops and measured 
the PAN and soil nitrate available for 
their fall carrots. 

On the choice of cash crop, Jesse notes 
they chose carrots because carrots “fit 

into our crop rotation in terms of the 
number of beds available and that we 
were already planning to use a spring 
cover crop ahead of them.” And, since 
they were still relying on the crop for 

Jesse, Meghan, and family. Photo credit: Kindil 
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market, it felt less risky to rely solely 
on nitrogen from cover crops and soil 
mineralization for carrots instead of a 
heavy feeding crop.

What they found from the data was 
exciting. “We knew our soil was cycling 
some nitrogen, but this trial showed 
us that our soil 
is cycling a 
larger amount of 
nitrogen than we 
had expected!” 
exclaims Jesse.

Also exciting, was 
information on the 
seasonal changes 
in nitrogen 
availability as a 
result of altering 
the legume 
content in their 
cover crop mixes 
which included 
hairy vetch, peas 
and clover.

Soil nitrate values 
at termination 
showed that the 
cover crops acted 
as an effective catch crop by reducing 
soil nitrate early in the season. At the 
time of cover crop termination average 
soil nitrate without cover crops was 19 
ppm versus soil nitrate in beds with 
cover crops ranged from 2-4 ppm. 

As the season progressed and the 
carrots started to grow, Jesse and 
Meghan saw PAN estimates and soil 
nitrate values increase in the cover crop 
beds, especially from the high-legume 
cover crop. This result gives them 
confidence, says Jesse, to “lower the 
legume content — and therefore seed 
cost — of their cover crops for carrots 
and other light-feeding crops”. 

While it was reassuring to see data 
showing that the cover crop acts as 
a catch crop, they were even more 
encouraged by the applicability of both 
the pre-plant and mid-season soil nitrate 
tests for informing cash crop nitrogen 
requirements, when the results were 
compared to the research from the OSU 
team3.

Overall, Jesse and Meghan were 
pleased to see that carrot yield from 
the cover crop beds were within their 
target yields of 175-200 lbs per 200ft2 
bed, weighing in at an average of 181 
lbs per bed from the high-legume cover 
crop beds and 185 lbs per bed from the 
low-legume cover crop beds. The control 

beds yielded an 
average of 168 lbs 
per bed, which 
was statistically 
similar to the 
cover crop beds.

They were also 
pleased to see that 
the PAN estimates 
from the cover 
crop biomass 
measurements, 
and soil nitrate 
testing “backed 
each other up, 
and proved 
useful.” Jesse 
feels this trial 
shows that these 
measurement 
tools are 

“promising for 
testing in different 

scenarios in the future.”

Admittedly, taking the biomass samples 
and having to interpret the results for 
the first time this year was “a little 
daunting because doing something for 
the first time you might think it is more 
challenging than it really is”, reflects 
Jesse. Nonetheless, they encourage 
other farmers to take biomass samples 
because it is a relatively easy way to 
estimate PAN through the growing 
season. 

“Sending a sample in for per cent 
moisture and per cent nitrogen is 
around $40 for so much valuable 
information”, says Jesse. “And if you do 
that for a few years you can create your 
own farm-specific database so you can 
use fresh (wet) weights and don’t need to 
rely on lab analyses (indefinitely).”

This year Jesse will continue the 
trial looking at the effect of tillage 
and planting date on a cover crop of 
overwintered rye and vetch. He will also 

continue to send in cover crop biomass 
samples for different cover crops to 
populate his farm-specific database — 
and sees potential for other farms to do 
the same to generate regional-specific 
databases that can inform a broader 
community of ecological farmers.

“This trial provides more evidence of 
the value of cover crops, and helps 
demonstrate the use of cost-effective 
tools available to farmers to quantify 
PAN from cover crops so we can better 
account for nitrogen in our systems.” �

Sarah Larsen is EFAO’s Research & 
Small Grains Program Director and also 
supports soil health components of EFAO’s 
education programs. She holds a Ph.D. in 
Soil Microbial Ecology from Iowa State 
University, and along with her partner and 
their daughter, tends the land that they call 
Three Ridges Ecological Farm near Aylmer, 
Ontario.
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Introduction
Cover crops reduce soil erosion, improve soil tilth, and increase soil biological 

activity. Legume cover crops maintain nutrient balance in organic cropping 
systems because they are one of the few organic inputs that supply nitrogen (N) 
without phosphorus (P) or potassium (K). Cereal cover crops maintain vegetative 
cover in winter (to reduce soil erosion) and to take up residual soil nitrate-N from 
the summer crop that might otherwise leach to groundwater. 

$�NH\�EHQHńW�RI�FRYHU�FURSV�LV�WKHLU�DELOLW\�WR�VXSSO\�SODQW�DYDLODEOH�QLWURJHQ�
(PAN) for the following crop. PAN consists of ammonium-N + nitrate-N. The 
PAN provided by a cover crop can replace purchased N inputs such as fertilizer, 
FRPSRVW��RU�PDQXUH��%XW�WR�WDNH�DGYDQWDJH�RI�WKLV�EHQHńW��\RX�QHHG�WR�NQRZ�
how to predict the PAN value of the cover crop. How much PAN is provided? 
When is PAN provided? What is the best way to predict the PAN-supplying 
ability of various cover crop species and mixtures? 
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$�VRLO�QLWUDWH�WHVW�PHDVXUHV�WKH�FRQFHQWUDWLRQ�RI�QLWUDWH�LQ�WKH�VRLO�DW�D�VSHFLńF�PRPHQW�LQ�WLPH��
including nitrate originating from organic inputs, fertilizer, and soil organic matter. This publication 
describes how to use soil nitrate testing to adjust nitrogen (N) application rate to meet crop N 
UHTXLUHPHQWV��'DWD�WR�VXSSRUW�RXU�UHFRPPHQGDWLRQV�FRPHV�IURP�ńHOG�WULDOV�FRQGXFWHG�LQ�WKH�
Willamette Valley for vegetable crops produced during summer months.

Quick summary
    Soil nitrate testing during the growing season 
LV�D�YDOXDEOH�WRRO�IRU�ńQH�WXQLQJ�1�LQSXWV�
necessary for vegetable crop production. It 
provides an integrated assessment of nitrate 
supplied by all sources, including organic 
inputs, fertilizers, and nitrate from soil organic 
matter (SOM) mineralization.

    Soil nitrate accumulates as N is mineralized 
from this year’s inputs and from SOM 
(Figure 3, page 4). A “Willamette Valley soil 
nitrate calendar” (page 3) provides a calendar-
year summary of soil nitrate accumulation and 
loss.

    Soil nitrate tests are best suited to situations 
in which soil nitrate is likely to be high and 
there is a good possibility of reducing N inputs. 

    The most important time to determine soil 
QLWUDWH�OHYHOV�LV�GXULQJ�WKH�ńUVW���WR���ZHHNV�
after seeding or transplanting, prior to 
the crop’s rapid vegetative growth. When 
sidedressing N at midseason is feasible, these 
midseason soil test results can be used to 
guide sidedress N application rates (Tables 2 
and 3, pages 7 and 8).  
 

    Step-by-step soil sampling guidance is 
provided in “Soil nitrate sampling and testing 
LQVWUXFWLRQVú��SDJH����

    The “Nitrate testing questions and answers” 
section (page 8) addresses common questions 
about the use and misuse of soil nitrate tests. 

    Appendices 1 (page 10) and 2 (page 14) 
summarize the monitoring data that support 
the value of soil nitrate testing for summer 
vegetable crops grown in the Willamette 
Valley. 

    A quick-test method to determine soil nitrate 
LV�GHVFULEHG�LQ�$SSHQGL[����SDJH�����
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