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Managing Nitrogen with Cover Crops in Organic Vegetable Production 
        

Zachary D. Hayden*, Mathieu Ngouajio, and Daniel C. Brainard 
Department of Horticulture, Michigan State University 

A432 Plant and Soil Sciences Building, East Lansing, Michigan 48824 
 *Contact: haydenza@msu.edu 

 
Challenges of N Management on Organic Farms 
 
After water, nitrogen (N) is the nutrient most often limiting to crop production.  This is because 1) plants require 
relatively large amounts of N, and 2) N availability is extremely dynamic in soils, with many opportunities for it 
to be lost during and between seasons.  Losses of valuable N from fields (through leaching or to the atmosphere) 
not only harm the environment, but can also hurt farm profits.     
 
Compared with synthetic N fertilizers, organic sources of N 
generally have low N concentrations and more limited N 
availability following application to the soil.  As a result, it is harder 
to introduce large amounts of plant-available N to the soil using 
organic green manures or fertilizers.  This is excellent news for the 
environment, but it also means that N is a precious commodity on 
organic farms, and care must to taken to ensure that as much of it as 
possible ends up when and where we want it.  Cover crops can help. 
 
Cover Crop Roles in N Management  
 
Cover crops provide many diverse services on the farm, from weed 
suppression to erosion control, and how well a cover crop performs 
depends on the balance between its different functions and the 
farmer’s principal goals.  With respect to N management, cover 
crops can 1) take up residual N from soils, 2) fix new N from the 
atmosphere, and 3) deliver recycled or fixed N to crops.  N services 
from cover crops are tightly coupled to soil carbon benefits.  While 
not entirely distinct from each other, the major N management goals 
for cover crops can be divided into 1) reducing N losses outside of 
cropping windows, and 2) increasing N availability for crops. 
 
Reducing N Losses 
 
• N is most vulnerable to being lost when soils are warm, wet, 

and bare.  These conditions are commonly met in early spring, 
late summer/fall, and sometimes in the middle of the summer— 
excellent windows to include cover crops in your rotation to 
scavenge N. 

• Grass species are generally the best N scavengers, but brassica family species and buckwheat are also 
effective options.  Legumes will also scavenge N, but may be less effective than non-legumes. 

 
How much N do vegetables need?  
     Vegetable crops vary in their N 
requirements.  Some have fairly low N 
demands (such as radishes and sweet 
potatoes), requiring less than 60 lb N/ac 
over a season.  However, most 
vegetable crops have moderate N 
demands of between 60-120 lb N/ac.  
High demand vegetables (such as sweet 
corn, potatoes, and tomatoes) can 
benefit from over 120 lb N/ac. 
 
How much N comes from native 
soil organic matter?  
     It depends on several factors, 
including soil type and how much 
organic matter the soil contains.  
However, most soils come up short in 
providing the N needed for vegetable 
crops.  Building up organic matter in 
your soils over time will help to 
contribute more N in the future, but 
inputs of fresh organic N (through 
cover crop residues, compost, or 
organic fertilizers) prior to or during 
vegetable growth are typically needed, 
especially for vegetables with high N 
demands. 
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• Visit the Midwest Cover Crop Council’s (MCCC) Cover Crop Decision Tool 
<http://www.mccc.msu.edu/selectorINTRO.html> for more information on specific N scavenging species 
suited for different planting windows in the Great Lakes Region.    

 
Increasing N Availability 
 
Nitrogen from cover crops is made available for 
vegetable crop use through the activity of the soil 
microbiology, as killed cover crop residues decompose. 
Legume cover crops are particularly important as a 
source of N fertility because they can fix nitrogen from 
the atmosphere, providing a source of “new” N fertilizer 
for the farm that is readily available.   
 
N scavenged from the soil by non-leguminous cover 
crops can also contribute to increasing N availability for 
subsequent crops, but the quality of the residue matters.  
When microbes decompose cover crop residues with 
Carbon:Nitrogen (C:N) ratios greater than 30:1 (most 
grasses), available soil N can be immobilized by the 
microbes and made unavailable for crop use in the short 
term.  On the other hand, cover crop residues with more 
than 2% N (legumes, mustard family species, and 
buckwheat, for example) will increase available N as 
they decompose.  Managing N fertility from these “high 
quality” cover crop residues requires that we understand 
both how much N we can expect to become available, and when.  
 
• Legume cover crops can accumulate significant amounts of N to contribute to following vegetable crops.  

Hairy vetch tissue, for example, is roughly 3% N, and a good stand of this winter annual planted in late 
August can accumulate upwards of 160 pounds of organic N per acre by mid-May. 

• Not all the N contained in organic materials (including cover crop residues, compost, and organic N 
fertilizers) will be available in the first year.  A good rule of thumb for legume residues is that 50% of the N 
in the cover crop will be released in the first season.  

• Most N from killed legume cover crops (and other high quality residues) is released rapidly, within the first 
3-6 weeks following incorporation.  This doesn’t necessarily correspond well to the timing of peak N 
demand by most vegetable crops  (Figure 1).  N released early is subject to loss, especially in wet springs. 
 

! !
Figure 2.  Bell peppers grown with and without black plastic mulch (right) following incorporation of a hairy vetch cover 
crop (left, foreground) in an experiment at MSU.  Plastic mulch maintained higher available soil N levels from the cover 
crop throughout the season and increased pepper yields. 

 
Figure 1. Typical patterns of available N release 
(mineralization) and vegetable crop N demand 
following incorporation of a legume (or other “high 
quality”) cover crop residue.  Available soil N that 
builds up before heavy crop demand is vulnerable to 
loss, particularly in wet springs.  In this figure, total 
N availability is also short of total crop demand. 
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• Grass-legume cover crop mixtures, such as rye and hairy vetch, can provide a number of benefits if 

managed properly, including the potential to influence patterns of N availability from the residues to help 
reduce early season N losses. 

• In addition to providing weed control, plastic soil coverings, such as polyethylene mulch film, can be an 
important tool for maximizing N fertility benefits from incorporated cover crop residues (Figure 2). 
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