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Topics covered

• Fertilizer options

• Nutrient (and moisture) composition

• Decay series for manures
• When are they available?

• Managing manure 
• Preplant and top-dress

• Cover crops

• Challenges



Sources of fertility

• Animal based products
• Farm yard manure (FYM)
• Bone/blood meals (high N products such as 13-0-0)

• Cover crops

• Fish emulsions
• Hard to provide enough nutrients

• Microbial additives

• Straw
• In continuous rice systems where straw is returned annually
• straw provides roughly 25 lb N/ac.



Nutrient composition 
of manures

Washington State University

Linquist et al., 2011

• Highly variable
• Moisture

• Composted vs non composted

• Source/animal

• Manures tend to have a lot of P relative to N



Pratt et al., 1973

• When N from manures becomes available varies
• C:N ratio
• Materials with a lot of carbon relative to N break 

down slowly (i.e. rice straw)

• Manures with higher N content tend to be 
available more rapidly.

• N from a manure application can be available for 
several years
• High N manures – N available quickly
• Low N manures – N available over a long time

• Where do cover crops fit in?

Decay series for manures: 
Rate of mineralization



Pratt et al., 1973

40 lb N/ac



Preplant N source trial

Wild et al., 2011



Yield Response to preplant N
• 3 site years

• N rate: 2008 (140); 2009 (120)

• All better than control: on average by 2100 lb/ac 

• Pelletized > Poultry litter > Control

Wild et al., 2011



Nitrogen recovery

• Pelletized: 35%

• Poultry litter: 20%

• In line with decay series tables

Wild et al., 2011



Top-dress: different pelletized sources (40 lb N/ac)

• All increased yields by 650 lb/ac

• Not a big difference among sources

Murray et al., 2020



Top-dress N

• 12-3-0 pellets at different rates
• 20, 40 and 60 lb N/ac

• 60 gave highest yields Woodland

• 40 gave highest yields Richvale

Murray et al., 2020



Economics

• 4-1-4 was best economically 
• due to no yield difference and cheaper fertilizer cost

Murray et al., 2020



Pellets vs non-pelletized

• Pellets require heat and 
pressure to make
• This increases the rate of  

availability of N from 
pelletized materials

• Preplant use non-pelletized
• Want slower release

• Top-dress use pellets
• Need N availability fast

Hadas et al., 1983



Cover Crops

• Why cover crops? 
• Adding nitrogen to the system

• Nitrogen fixation (leguminous cover crop)

• OR  taking up nitrogen that would be lost from the 
system by leaching or denitrification

• Improving subsequent rice yields 

• Long-term soil quality changes: 

• Increased organic matter

• Improved soil tilth 



Cover Crops

• Potential species
• Purple vetch

• Lana/woolypod vetch

• Bell bean

• Balansa clover

• Field pea

• Biomaster pea

• Yellow mustard

• Turnip

• Rye

• Oat

Previous 
research

Current 
research

Purple vetch

Balansa clover
Bell bean

Field pea

Turnip MustardOat



How much N is available from cover crops?

• Range from 6 to 105 lb N/ac
• Average 40-55

• N replacement value is higher - average about 60 lb N/ac

• Based on studies in the 1950s and 1990s



Williams et al. 1957



Pettygrove and Williams 1996



Pettygrove and Williams 1996

Nitrogen replacement value



Management considerations

• When to plant seed
• Before harvesting rice
• Post harvest

• Effort in planting
• Tillage: how many passes
• Ridges to reduce water logging
• May be cover crop seed in seed bank
• Make sure fields can drain

• Mixing species
• Increase chance that something grows

• Wet vs dry winters

• Mix species with different C:N ratios
• moderate N release

• Termination
• When?
• How?



Challenges

• High seed cost

• Increased management costs

• Unpredictable

• Lack of uniformity

• Difficulty with residue management can delay rice planting

• Potential for cover crops to become weed problems

• Increased greenhouse gas production in waterlogged soils



Effect of FYM and cover crops on GHG emissions

• Methane (CH4) is the end 
product of organic matter 
decomposition under 
anaerobic conditions. 

Linquist et al., 2012



Thank you

Thanks to LFF



Pettygrove and Williams 1996



Mineralization rates

Wild et al., 2011



Williams et al. 1957



Pettygrove and Williams 1996



Pettygrove and Williams 1996



Background 
Information
• Advisors have been approached by growers 

(and industry) asking for cover crop variety 
recommendations (increased in 2020-2021)

• Data from California rice systems is almost 20 
years old, and only utilized vetch and bell 
beans (Pettygrove and Williams, 1996)

• Many legume species do not survive the wet, 
waterlogged soils

• Growers have difficulty with varietal 
selection

• Growers need data on rice yields in rice when 
compared to cover crops

• Effects on soil carbon and nitrogen cycles?



“Current” Data 
for Varieties 
(1996)

• Woollypod vetch

• Purple vetch

• Fava bean (bell bean)
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