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Alfalfa — A Cash and Rotation Crop
19 million acres US — 1 million CA

A4t Jargest economic crop in US
$1.3 billion in CA — Iargest acreage crop

—Gorn/smalligrains @!B)

— Corn7grains/tomatoscotton/vegetables
()

= Lhfetolistanditypically4s6iyears
;a.e_p}-gag Keacresirotated annuallyA(GCAY
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Alfalfa South Dakota
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Arizona
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Alfalfa fixes atmospheric N, and
can contribute N to the soil
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Key Issues with N 1n alfalfa

How much of the N needs of the
plant are satisfied by N, fixation?

70-90%0 (no fertilizers recommneded
= Willithe crop take up nitrate from
the'soll?:
_YES; effectiveinitrate;scrupber,
= \Vhatisitheicontibutiontofialfalfa
NSHHIXaUONROISUDSEGUENTHGIOPSY:
- litdepends

TJJ»\*\ \\\ “\‘“‘ /f ‘[ -
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- Alfalfa - all troatme:lts

ALM ONR =118 kg N ha™" CAS
Sprinkler RZ2=091* Flood

Corn & Soybean

a

sAlfalfa - all treatments 13 7
*Corn & Soybean STl ko e
sFallow B 10 pragser T !

R?= 0.86*
ONR = 150 kg N ha"
e R?=0.93 ELT

Sprinkler Flood

Corn Grain Yield (M

—

56 Tiz 768 224
Applied N (kg ha'1)
(Hesterman et al., 1986)
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ZAR 1 ONR =196 kg N ha"! GIM
Sprinkler R?=0.89 Flood

0 50 100 150 200 250 300
N applied (kg N ha')

D 0
o O

—e—3 Years Alfalfa

Corn Grain Yiel
N
(@]

=o—3 Years Corn

N
(@)

Furrow

(Celaetal., 2011)

0] 0 100 A
- 50 100 150 200 250 300 350
(Fox and Piekielek, 1988) N Rate (Ib ac?) N applied (kg N ha'')




Fixed Alfalfa age (yr)

from atm. . 1st cut Pl
-‘l 73 T 431n - 2
“Hi
‘-\'-‘"-. - /" 47 sn 83 lbs — 3
1st Year Alfalia e o 5

/\ g | 63 Incorporated
100 N h
{ . /\\.. 14sn {herbage
/ \

(26) .
Absorbed “a| 681 |Incorporated
from soil 3g9gn (0OLS -
SNB = +83 o
—
(0]
» Alfalfa age (yr
Fixed 115 Ibs 8 Medium, g 1 ng pr(zdi)c!ion possible
from atm. 2nd cut 8_ _ fall @=m 2 with oat in year 1
'.-_' 87 1n @ == 2 no oat in year 1
.__-‘ h
- < 25 sn -
2nd Year Alfalia - o §
N Incorporated ® sl sfl = sl sl sl e
252 . /\ 13 sn |herbage © 3 3 - = = = =
BRSNS ~osf B OH OH o ¢
- £
. -
from soil 88sn |MOOts - St o B s s 2} ¢
8NB = +115 8
o) Medium, Al age (r)
. N 1 no data
Fixed 124 lbs = L SPring e 2
from atm. Istcut  2nd cut t='_ 3
82 fn 102 in o 5
106 sn p 19sn
3rd Year Alfalfa I

90| incorporated

194 ¢ . ;E \ 5sn |herbage
7N

(59)

Absorbed “4| 159 fn | incorporated
from soil 64 sn |M00tS

(Kelner et al., 1997) SNB = +124
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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
16 18 20 22 24 26
%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
256 288 320 352
307 346 384 422
358 403 448 493
410 461 512 563
461 518 576 634
512 576 640 704
563 634 704 774
614 691 768 845

Shaded area representas most likely outcome

...and most of the nitrogen comes right out of thin air!
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Estimating Nitrogen Credits

Nitrogen Credits for Alfalfa and Soybean

in Wisconsin

medium & fine textured soils sandy soils
> 8inches < 8inches > 8 inches < 8 inches

First year credit: | etregrowth e nearew e efrearowti e firerowdiy
Alfalfa cnd cenisty —— Nitrogen Credt (b Niacre)

Good ....(70-100 % alfalfa, >4 plants/ft?) 190 150 140 100
Fair (30-70 % alfalfa, 1.5 - 4 plants/ft?) 160 120 110 70

Poor......(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.

2014 FREP Conference @
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Nitrogen Credits around the World

0 500 1000 1500 2000
Average regional alfalfa output (g/ha) | |
D14 FREF.conierence = = . > -]
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How much N Is contributed
to subseguent crops?

| [Depends on:
- Lo ‘mfc]@)m
~ [lemperature
~ Solllmoisture (Irrigation)
~ Soll texture

~ Alfalfa growth, stand age, stand
density

- Mineralization rate

=
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I
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Developing Nitrogen Credits for California:

Two Rotation Treatments:
Continuous Alfalfa (3+ years)
Grain Rotation (Sudangrass/Wheat)

= Davisi(solanoGCounty)
_ Kearney(EresnoCounty)
Julelake(SISKiyourcounty)
SIXANITTOgenTRatefreatmentsiuniyneat:
L 0N50RI00M50 5200250 bSIN/acre
X\\»L/;/A/Zfaai Conference. @
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Field Layout (Kearney)

Phase 11 (2014-15) Phase | (2013-14)

Kearney N-Rotation Study

N
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
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1
1
1
1
1
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1
1
1
1
1
1
1
1
\

Grains Alfalfa N Rates
2014 FREP. Conferernce
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Developing Nitrogen Credits for
California — wheat as bioassay

Hypothetical Data from Rotation N Responses in Wheat

Rotation Effect (not N)
*

Relative Yield

|
l< |
* | ] |
I N Credit Due to legume (ap‘rox. 1001bs N)
*
|
1

e

L ¢ Following Non-Legume
N Fixatioanotation Effect on Yield

ollowing Legume (Only ec

Following Legume N+rotation Effect

100 150 200

N Rate (Ib/a) @
2014 FREF - COriiererice
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Rotation Study Treatments

Continuous Alfalfa and Grain Rotation

2014 FREP Conference




Rotation Study Treatments

N Treatments in Wheat following Alfalfa and
Grains

Tulelake Kearney

2014 FREP Conference @
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How much do soil tests say?

Continuous alfalfa Soil Total N Content by Depth

. . . . After Continuous Alfalfa and after Grains Rotation
maintained rel at|V6|y hi g h At Davis, Kearney, and Tulelake
soll nitrate concentrations Rotation Treatment

o Alfalfa-Grain -+~ Grain-Grain

compared to grain rotation

0 Davis Kearney Tulelake

Much less than 25 ppm ) ! )

Soil total N was not |

significantly affected 1 | |

%_ $ .? ¥

Rotation Continuous Grain Rotation- ’ '
Treatment  Alfalfa-Grain Grain ¢ i ~§|'
Davis 6.79 ppm 2.86 ppm o f f:'
Kearney 5.148 ppm 0.4925 ppm * _'

1 I I I I I | 1 1 1 I I
0.0% 0.1% 0.2% 0.3% 0.4%0.0% 0.1% 0.2% 0.3% 0.4%0.0% 0.1% 0.2% 0.3% 0.4%
Soil Total N Content (%)

Tulelake 6.95 ppm 3.97 ppm




Wheat following alfalfa benefited from
fertilization at Tulelake and Kearney

Wheat Forage Yields Wheat Forage Yields
Following Continuous Alfalfa and Following Grains Rotation (Tulelake) Following Continuous Alfalfa and Following Grains Rotation (Kearney)

10.0-

Rotation Treatments " Rotation Treatments

W Avtatfa [l Grain I Artata i rain

Dry Forage Yield (t/a)
Dry Forage Yield (t/a)

1 1 1 i A A I
100 150 2 0 5 100

150
Nitrogen Applied (Ibs/a)

Nitrogen Applied (Ibs/a)

Tulelake Kearney. @

2014 FREP Conference
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Wheat following alfalfa did not
respond to N fertilization at Davis

Wheat Forage Yields Wheat Grain Yields
Following Continuous Alfalfa and Following Grains Rotation (Davis) Following Continuous Alfalfa and Following Grains Rotation (Davis)

8_

Rotation Treatments 7 Rotation Treatments

I Ataifa ] Grain I Attatfa [l Grain

Dry Forage Yield (t/a)
-~
Grain Yield (t/a)

N
1

[ I 1 ! I 1 1 1
100 150 p 100 150

Nitrogen Applied (lbs/a) Nitrogen Applied (Ibs/a)
2014 FREZOVRGE Mield Grain Yield Sﬁ
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What about N uptake at Davis?

° Same yl € I d 1 Following Continﬁghgggﬁalﬁ‘gtgﬁg gg‘l?éﬁﬁé@rr:iﬁg Rotation (Davis)
b u t d i ffe re n t Rotation Treatments
I tatra [ Grain
N uptake and
forage protein
content

e Forage
protein
content was
between 696
and 11%o

-
©
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w
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X
]
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1 [I]O 1é0
2014 FREP.Conference Nitrogen Applied (Ibs/a)




Continuous alfalfa treatment benefited
grain protein content at Davis

Protein Content of Wheat Grain
Following Continuous Alfalfa and Following Grains Rotation (Davis)

Fertilization ]
helped increase B Bcan
protein content,
so N from alfalfa
satisfied N needs
for high yields.

10 -
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o
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1
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Continuous alfalfa also benefited
grain protein content at Tulelake

Protein Content of Wheat Grain
Following Continuous Alfalfa and Following Grains Rotation (Tulelake)

Rotation Treatments

. Alfalfa . Grain

o
o
1

3
2
S
b
=
[
——
c
o
O
£
L
£
o
£
o
O

5-

2014 FREP Con | . | . @
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Wheat forage protein content was likely

only affected by alfalfa’s N contribution

Davis Tulelake Kearney

Rotation Treatments
Alfalfa Grain

Wheat Forage Protein Content (%)

Ni'{fogen"Appii!é& ) 5 §
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Utilizing Plant Samples to estimate
rotation value:

N benefit of alfalfa to subsequent wheat

NID)VA
prediction

74 b / acre
.fert. equiv.

o
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ke,
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=
M
Q

® Split N application (Preplant-Tillering)
® Zero N, following Alfalfa

® Zero N, following Sudan

® Modeled N response plateau

a0 100
2014 FREP.Conference N fertilizer (Ib/acre)




Utilizing Plant Samples to estimate
rotation value:

N benefit of alfalfa to subsequent wheat

Leaf
Chlorophyll
IndeX

145 1b / acre
fert. equiv.

e Split N application (Preplant-Tillering)
® Zero N, following Alfalfa

® Zero N, following Sudan

® Modeled N response plateau
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50 100 130 200
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Conclusions

Based on forage yields, without considering

economic N rates, alfalfa’s N contribution
wWas:

80-100 Ibs N/acre at Kearney (Coarse Soil)
100-150 Ibs N/acre at Tulelake (Medium-Textured Soil)

. 100:-150/IbsN7acre at.Dayis (Medium:Textured Soil)
AlfalfaiprovidedienoughiNito satisty wheat:
Croplatibavis:s

o Benehitsitoigrainiproteni=sVioreiNancreased
grainiprotenicontent:
NONENT Ot ONTETTECISIMayaVENEEN At

( playataltleiakeiandiKearney,
\\ﬁ//f% YEP.Conierernce. @

L DﬂVIS

ﬂﬂﬂﬂﬂﬂ




Further Work

Phase Il: Replications — Year

effects.
Predlctablllty of Soll Residual N?

= Generalized@ntegrated)
recommendationtfor:GCalifornias
[OLati ONSWHICHTCONSIGETSStanad)
S OthEactors

\ LT
\ 2014 FREP Conierence.
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Many thanks!
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