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Nitrogen and Alfalfa:

Three important Roles:

Produces large amounts of protein with no
need for N fertilizers (environmental service)

Provides an opportunity to mitigate excess N
from manures or municipal wastes through
high uptake and deep roots.

Contributing N In economic amounts to
subsequent crops.

2016/ Nitrogen — Dixon, CA



Alfalfa Quietly Produces

Millions of tons of protein with zero N
fertilizer

Most grain crops require some N
fertilizer to maximize yield

That fertilizer takes fossil fuels

Each year, the protein produced by 1
million acres of alfalfa would require
about 5 million acres of corn.

2016/ Nitrogen — Dixon, CA



Alfalfa — a ‘buffer’ with N

Likely 60-80%0 coming
from N, fixation.

Fixes N under low N
conditions

Takes up N from soil
when available
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The N Cycle

Alfalfa can help increase soil N, which subsequent
Crops can usg

Atmospheric Nitrogen(N )

-74

‘\‘ht

Source: hltp://ao‘mmons.W|kir'nedia.org/wiki/FiIe:AIfalfa--Luzerne, i -
- > Plants
-

ﬁ ,Wg ilation
Denitri .

7 Bacteria
Nitrogen-fixing THhE” ‘

bacteria living in = i _

legume root nodules 7 Nitrates(NO, )

Decomposers
(aerobic and anaerobic
bacteria and fungi)

N Nitrifying
Ammonification Nitrification ’ bacteria

Ammonium 7 JoY
(NH,™) V.
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Community Public and State Small
Water Systems Raw Water Nitrate Levels
(WQam 2006-2010)

Nitrate [mg/L as Nitrate]

® upto10

® 11-150
15.1-225
226-450
45.1 -90.0
over 90.0

20 40 60 Mi
| 1 |
I | 1
30 60 90 Km
http://groundwaternitrate.ucdavis.edu
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Continuous corn
@ CORN-soybean

® SOYBEAN-corn
| ]ooo0-3.00
3.01-7.50
B 751 - 1000
B 0.01-15.00
Il 501-25.00

A Alfalfa
® Conservation
Reserve Program

Nitrate loss (Ib N/acre)

10 15 20 25

_ _ Tile drainage (acre-inches)
2016 Nltrogen — Dixon, CA Randall et al. 1997. J Environ. Qual. 26:1240




Jean and Weaver,
1924

Nitrate (ppm N)
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Alfalfa forage in CA can remove
250-1000 Ibs. N/acre per year ...

Table 1. Crop removal of Nitrogen at different alfalfa yield and protein lewels.
Shaded area indicates most likely range for California Central Valley locations.
Crude Protein of Alfalfa Forage
20 22
%Nitrogen in Forage
Tonnage 2.56% 2.88% 3.20% 3.52% 3.84% 4.16%
(t/a) Crop Removal of N
Ibs N/acre
320 352

Shaded area representas most likely outcome

2016/ Nitrogen — Dixon, CA
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Per cutting N uptake:

Table 2. Estimated per-cut crop removal of Nitrogen at different alfalfa
yield and protein levels. Shaded area indicates most likely range for
California Central Valley locations.
Crude Protein of Alfalfa Forage
20 22
%Nitrogen in Forage
Tonnage 2.56%  2.88% 3.20% 3.52% 3.84% 4.16%
(t/a) Crop Removal of N

Ibs N/acre

35
53

2016/ Nitrogen — Dixon, CA



How much nitrogen is taken
up/produced?

« Depends on:
* Yield
Location
e Soll texture
- Alfalfa stand age
« Alfalfa stand density
Mineralization rate

2016/ Nitrogen — Dixon, CA



Fertilizer N replacement value
Alfalfa (N credit)

z Previous crop
<& Corn
© Soybean
O  Soybean - corn
A  Alfalfa - alfalfa
A Alfallfa - alflalfa - corn

0 50 100 150 200 250
Fertilizer N rate (Ib N/acre)

MaffermienEN Rl fa I ky) 2006 HARPOEID

Other
rotation
effects
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Nitrogen credits

Nitrogen credits are an easy way for growers to
determine how much N fertilizer thev can save

Nitrogen Credits for Alfalfa and Soybean

in Wisconsin

medium & fine textured soils sandy soils
> 8 inches < 8inches > 8 inches < 8 inches
First year credit: of regrowth of regrowth of regrowth of regrowth

Alfalfa (stand denisty) — Nlitrogen Credit (Ib N/acre)
Good ....(70-100 % alfalfa, > 4 plants/ft?) 190 150 140 100

(30-70 % alfalfa, 1.5 - 4 plants/ft?) 160 120 110 70

(0-30 % alfalfa, < 1.5 plants/ft?) 130 90 80 40

Second year credit: In the second cropping year following fair and good
stands on medium and fine textured soil, you can take a 50 Ib N/acre credit.

Soybean

40 Ib N /acre is available to crops following soybean in a rotation. No credit on sandy soils.

2016
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Developing Nitrogen Credits for
California:
Rotation Study

Two Rotation Treatments:

« Continuous Alfalfa (3+ years)

« Grain Rotation (Sudangrass/Wheat)
 Three Locations:

« Davis (Solano County)

« Kearney (Fresno County)

* Tulelake (Siskiyou County)
« Six Nitrogen Rate Treatments in Wheat:

* 0, 50, 100, 150, 200, 250 Ibs N/acre

2016/ Nitrogen — Dixon, CA



Rotation Study Treatments
Continuous Alfalfa and Grain Rotation

Fol /
AR TN
LTI

T3l /

2016/ Nitrogen — Dixon, CA



Rotation Study Treatments
N Treatments in Wheat following Alfalfa and Grains

2016/ Nitrogen — Dixon, CA



How much do soil tests say (2013)?

: Soil Total N Content by Depth
* CO n tl N u O u S al fal fa After Continuous Alfalfa and after Grains Rotation

maintained relatively high Al D“Kea:ev and Tulelake
soll nitrate concentrations Alfalfa-Grain - Grain-Grain

compared to grain rotation S sm—""
Much less than 25 ppm : : ’
NO, optimum =1 g
Soil total N was not ]
significantly affected 2
Rotation Continuous Grain Rotation- 2 |
Treatment Alfalfa-Grain Grain ; i w
Davis 6.79 ppm 2.86 ppm o
Kearney 5.148 ppm 0.4925 ppm ] | i

T T T T T T T T T T T T
0.0% 0.1% 0.2% 0.3% 0.4%40.0% 0.1% 0.2% 0.3% 0.4%0.0% 0.1% 0.2% 0.3% 0.4%

6.95 ppm
Soil Total N Content (%)

3.97 ppm




How much do soil tests say (2014)?

« Continuous alfalfa maintained relatively high soil
nitrate concentrations compared to grain rotation
 Much less than 25 ppm NO; optimum

Kearney Tulelake

Rotation Treatment

—e— Following Alfalfa
-4 Following Grain

2016/ Nitrogen — Dixon, CA



Dry Wheat Biomass

What did aboveground biomass tell us?

2013-2014

2014-2015 Wheat

2016/ Nitrogen — Dixon, CA

[ Following Alfalfa
I Following Grains

[ Following Alfalfa
I Following Grains

Tulelake

Tulelake




Calculating nitrogen uptake

NCOﬂtint(%) _-7 el
5\114IbNac‘1

2016/ Nitrogen — Dixon, CA




Using N uptake in biomass to help predict N credits

Kearney Tulelake

119 1b N ac™’

E'\1‘I4IbNac‘1 _ _ } \
5 AN i

: 82 Ib N ac™’
: -e Following Alfalfa
—4- Following Grains

Kearney Tulelake

§\125 Ib N ac™

96 Ib N ac™

| -e Following Alfalfa
i —— Following Grains

2016 Nitiogeri— Lixor; CA



Grain Yield

2016/ Nitrogen — Dixon, CA

[0 Following Alfalfa Kearney
I Following Grains

o il

I Following Alfalfa Kearney
I Following Grains

Tulelake

Tulelake




Grain Protein Content

Davis Kearney I Following Alfalfa Tulelake
I Following Grains

Following Alfalfa Tulelake

Following Grains

2014-2015

2016/ Nitrogen — Dixon, CA
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spring
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Removed
from cycle as
product

Ammonia gas

Nitrous oxide gas

Nitrogen gas

VOLATILISATION Removed
from cycle by

/ 4 “? B DENITRIFICATION R harvesting

1\ -

Stem & root residue [0
= \n\ residue
A

Y Soil Organic Matter Nitrate N

Nitrate N 4—“— Ammonium N < ﬂ
NITRIFICATION

NITRIFICATION

Ammonium N

© FLRC 2014

P Leaching -

Source: http://www.massey.ac.nz/~flrc/shortcourses/SNM _information.html
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Summary:

High uptake of N by alfalfa
Excellent crop for recycling of high N water
Deep Rooting patterns, long season

Does not require N fertilizers
Preference to recycle through grain crops

Lack of winter vigorous growth

Combination of crops — corn, sorghum,
small grains, alfalfa

2016/ Nitrogen — Dixon, CA



Conclusions

 Based on biomass alone, without considering

economic N rates, alfalfa’s N contribution was:

 50-100 Ibs N/acre at Kearney (Coarse Soil)
 100-150 Ibs N/acre at Tulelake (Medium-Textured

Yell
. 100-)120 Ibs N/acre at Davis (Medium-Textured Soil)
« Alfalfa provided enough N to satisfy wheat crop
at Davis. Rotation increased grain protein
content.
 Non-N rotation effects may have been at play at
Tulelake and Kearney
2016/ Nitrogen — Dixon, CA



WHEAT

COMMISSION
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Thanks for listening....
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