NITROGEN, SULFUR, POTASSIUM AND PHOSPHORUS FERTILIZATION IN
ALFALFA
WHEN ARE THEY NECESSARY?
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ABSTRACT

Determining when gpplications of nitrogen (N), sulfur (S), potassum (K) and phosphorus (P)
fertilizer are needed isimportant to maintain dfdfayied and qudity. TheWestern U.S. is
diversein terms of cdlimate, soil types, irrigation water need and availability, historical nutrient
use and dfdfaproduction sysems. Therefore, few generdizations hold regarding the timing and
location of N, S, K and P deficiencies. Soil and tissue testing are the most reliable ways to assess
dfdfanutrient satus and determine fertilizer needs. Soil test extractants and interpretetions vary
throughout the West. Growers must understand what soil test methods (mainly sampling depth
and chemical extractants) are gppropriate for their area and use interpretations (recommendation
tables) developed for those methods. Tissue testing procedures and interpretations are more
amilar throughout the West, but growers must still match tissue sampling protocols (mainly
growth stage and plant part) with the interpretation data. In this paper, summary information on
critica soil and tissue test levelsis presented, as well as recent dfdfafertilizer reponse data
from the Western U.S.
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INTRODUCTION

Alfdfaisthe most common legume forage crop grown in the Western States. As recently as
1997, over 32 million tons of dfdfawas grown on gpproximately 7.4 million acresin the West
(Morgan, 1997). In addition to its economic importance, dfafaaso fills an important rotationa
niche in Western agriculture. Being a deep rooted crop, afdfa can scavenge nutrientsremaining
after the growth of less efficient, shalow rooted crops. Rotating out of dfdfaaso providesa
nitrogen source for following crops as the root system decomposes.

Due to the economic and agronomic importance of dfafain the West, a consderable amount of
inorganic fertilizer is gpplied to this crop. Determining when gpplications of nitrogen (N), sulfur
(S), potassum (K) and phosphorus (P) are needed isimportant to insure adequate afdfayied
and quality. Over-generdizations made about the occurrence of N, S, K and P deficiencies are
dangerous. Western U.S. climates, soil types, historicd nutrient use patterns and dfafa
production systems are highly variable and directly impact the need for N, S, K and P.
Therefore, some form of soil and tissue testing program must be used to identify deficiencies and
monitor the nutrient Satus of dfadfaover time.
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The purpose of this paper isto briefly describe situationswhere N, S, K and P deficiencies may
occur, the visud gppearance of these deficiencies, and critica soil and tissue test levelsfor
defining deficendies and determining fertilizer gpplication rates. Some data from recent dfafa
fertility tridsis presented to illustrate the importance of monitoring the nutrient satus of dfadfa
and making fertilizer gpplications when necessary.

RESULTSAND DISCUSSION

Nitrogen (N). Alfdfaisalegume and through a symbiatic relationship with bacteria obtans N
required for growth from the atmosphere. Mogt references acknowledge that, during
establishment and before bacteria symbiosis develops, asmdl amount of N isbeneficid
(Mortvedt et a., 1996; Koenig et a., 2001). This recommendation is applied when soil N prior
to planting is below critical levels (Table 1). Applications of larger amounts of N during
edtablishment are thought to inhibit bacteria colonization of the root system and may reduce the
growth of mature dfdfa plants.

Table 1. Summary of basic N fertility data and recommendations for afafa’

Data Value or recommendation
Nitrogen remova by dfdfa approximately 60 Ib N per ton of hay
Critical tissue concentration 310 4% N (whole tops, 1/10 bloom)
410 5% N (top 1/3 of plant, 1/10 bloom)
Visud deficiency symptoms Light green, sunted plants, low protein
Situations where deficiency may be observed cold soils, uninoculated or ineffective
inoculation, low pH, stress
Critical soil test vdue for new stands a Lessthan 15 ppm NO;3 or
establishment Lessthan 3 or 4 ppm NOs-N
Fertilizer recommendation for new stands 20t0 40 Ib N/acre
Fertilizer recommendation for established generdly not recommended
stands

'Data taken from the Western Fertilizer Handbook (Cadifornia Plant Health Association, 2002)
and various state extension publications referenced at the end of this paper.

Nitrogen gpplication in established dfdfastandsis ftill controversd. An excdlent review of N
fertilization of afdfawas published by researchers a Oregon State University (Hannaway and
Shuler, 1993). In thisreview, the authors reported on dozens of studies evauating dfdfayied
and protein responsesto N fertilization. Few of the sudies found any positive effects of N
fertilization on established dfdfa; however, enough studies have shown ayield and/or protein
responseto N fertilization to warrant consideration. Situations in which dfafamay respond to
N fertilization gppear to include poor or ineffective nodulation due to use of the wrong, old or
damaged inoculant, and stresses that can reduce nodulation or bacterid activity. Stresses can
include low soil pH (acid soils), extreme hot or cold soil temperatures, and drought or sdinity



dress. If producers suspect low rates of N fixation in dfafa stands they should firgt try to
identify the cause and then congder on farm testing to determine whether fields will respond to
N fertilization.

Sulfur (S). Sulfur isan important component of severa amino acids and has been shown to
influence the yidld, protein content, stand dendity and stand life of dfdfa Yield responses of up
to 300% have been reported under severe S deficiency conditions; however, more typica yied
responses to Sfertilization are in the range of 15% to 25%. Early research (Westermann, 1974,
1975) established criticd tissue S and soil sulfate-S (SO4-S) concentrations for dfafagrownin
the Western U.S. (Table 1). More recent recommendations are based on soil test results (Koenig
et a., 2001) or an annual need established by local research (Gardner et al., 2000).

Table 2. Summary of basic S fertility data and recommendations for dfafa’

Data Value or recommendation

Sulfur removd by dfdfa 51b S per ton of hay

Criticdl tissue concentration 0.20 to 0.25% S (whole tops, 1/10 bloom)
0.25 to 0.30% (top 1/3 of plant, 1/10 bloom)

Visud deficiency symptoms Light green color, stunted plants, thin stems,

low protein content
Situations where deficiency may be observed sandy, low organic matter soils, high
eevation and/or high rainfdl locations
Criticd s0il test vdue Lessthan 25 ppm SO, or

Lessthan 8 ppm SO4-S

Fertilizer recommendation 20to0 40 Ib Sacre

Datataken from the Western Fertilizer Handbook (Cadifornia Plant Health Association, 2002)
and various state extension publications referenced at the end of this paper.
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Potassium (K). More K isremoved than any other nutrient except N by dfdfa (Table 3).
Potassum deficiency, however, isareaivey recent occurrence in the West. In the mid-1950s,
fertilizer guides from Utah State University declared that no K deficiencies existed due to the
high native levels of K in Utah soils and high K concentrations in many irrigetion waters

(Nidson et al., 1955). Fertilizer guides from other Western States contain Smilar satements. A
long history of high-yielding afafa production has depleted native soil K levels to the extent

that most Western States now encourage testing for K and make K fertilizer recommendations.

Table 3. Summary of basic K fertility data and recommendations for dfafa’

Data Value or recommendation
Potassum removd by dfdfa 60 Ib K,O per ton of hay or
50 Ib K per tons of hay
Critical tissue concentration 2.0% (whole tops, 1/10 bloom)
2.510 3.5% (top 1/3 of plant, 1/10 bloom)
Visud deficiency symptoms thin stands, leaf margin necrosis (dead spots
on outer edges of leaves), low stress
tolerance
Situations where deficiency may be observed sandy soils, high eevations, steswith along
higory of dfdfa production
Criticd soil test vaue (“Olsen” or sodium Lessthan 150 ppm K
bicarbonate extract method)
Soil test leve (ppm) Ib K20 per acre
0to 40 300
Fertilizer recommendetions 40to 70 250
70to 100 150
100 to 150 100
above 150 0

"Data taken from the Western Fertilizer Handoook (California Plant Health Association, 2002)
and various state extension publications referenced at the end of this paper.

Soil test extractants for K include sodium bicarbonate (“Olsen” extract), ammonium bicarbonate
and ammonium acetate. Soil test procedures for K, like P, are reliable indicators of deficiencies
and fertilizer requirements. Recent research from Utah State University showed dfdfayield
responses to relaively high K gpplication rates on low K-testing soils (Figure 2). Dueto the
high K requirements of dfafa, frequent and rdaively high rates of K fertilizer will be required

to maintain high yields once native soil levels are depleted.
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Figure 2. The effect of K rate on dfdfayidd at a Utah State Universty Research Farm. Data
arefrom 1999. The 600 split application consisted of 200 Ib KO per acre applied in April, and
200 |b K20 per acre applied after the first and second cuttings. Initid soil test K was 73 ppm.
Data are from Koenig et d. (2002).

Phosphorus (P). Phosphorusis essentid for afdfa production and likely represents the most
common fertilizer input for this crop across the Western U.S. Phosphorus recommendationsin
Western States with akaine- cal careous soils are based on a sodium bicarbonate (NaHCOs)
extractant or “Olsen” test (Table 4). Corrdations between soil test P and dfdfayidd are
normaly very good for the Olsen P test (Figure 3). These relationships are used to identify the
critical soil test P above which fertilizer recommendations are not made (Table 4).

Fertilizer guides from most Western State recommend that P be applied and incorporated before
establishing an dfdfacrop. Since Pisrdatively immobile, placement below the soil surface
improves root access and prevents P from being stranded on the surface of dry soil. When P
needs are identified for established dfafa, aoplication as soon as possble is recommended.

Various P fertilizer sources are available in the Western U.S. Research has generdly found that
conventiond dry (11-52-0, 0-45-0) and liquid (10-34-0, phosphoric acid) fertilizer sources are
equdly effective for dfdfa(Figure 4). Sdlection of a P fertilizer source should be based on
availability and cost per pound of P,Os.



Table 4. Summary of basic Pfertility data and recommendations for adfafal

Data Value or recommendation
Phosphorus removd by dfdfa 15 Ib P,Os per ton of hay or
6.5 |b P per ton of hay
Criticdl tissue concentration 0.20 to 0.25% (whole tops, 1/10 bloom)
0.25 to 0.35% (top 1/3 of plant, 1/10 bloom)
Visud deficiency symptoms Dark green or blueish color, stunted plants,
thin stems, weedy stands
Situations where deficiency may be observed anywhere inorganic fertilizer or manure has
not been gpplied recently
Critical soil test vdue (*Olsen” or sodium Lessthan 15 ppm P
bicarbonate extract method)
Soil test leve (ppm) Ib P,Os per acre
O0to3 200 to 250
Fertilizer recommendations 4t07 150 to 200
81to 10 100 to 150
11to 15 50to 100
above 15 0

Data taken from the Western Fertilizer Handbook (California Plant Hedlth Association, 2002)
and various state extengon publications referenced at the end of this paper.
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Figure 3. Rdationship between il test phosphorus (Olsen method) and percent maximum
dfdfayidd. Dataarefrom 3 stesover 2 years (Koenig et d., 1999).
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Figure 4. The effect of P fertilizer source on dfafayied a 2 locations. Phosphorus was gpplied
at arate of 150 or 230 Ib P,Os per acre for each source. Datafrom Reid et d. (in press).

ON FARM TESTING AND RECORD KEEPING

The role and importance of on farm testing and record keeping cannot be overstated when
developing an dfdfafertility program. Different soils respond differently to fertilization in
terms of the initia and long-term impacts on soil test levels and crop response. Also, different
yield levds will require different amounts of fertilizer inputs over time. The soil and tissue test
information presented in this paper should be viewed as a guideine to be refined for specific soil
types and dfdfa production systems.

On-farm testing is one way in which dfdfa growers can refine fertility programs for specific
gtuations. An on farm test might involve atrid to determine whether dfafaresponds to Non

the farm, or whether ahigher rate of P or K resultsin higher yidds. When conducting an on

farm ted, treat severd gripsin afied with the new fertility practice and dternate strips with the
dtandard practice. Where possible, treat severa test stripsin afield and only change one varigble
(such as nutrient type or rate) for each trid. Keep individua records of fertilizer applications,

s0il and tissue test vaues, and dfafayidd for the trid to assess whether the new practice
improved yield or changed soil test values.

REFERENCES

Cdiforna Plant Hedth Association. 2002. Western Fertilizer Handbook. Interstate Publishers,
inc. Dawille IL.

Gardner, E.H., D.B. Hannaway, T.L. Jackson and W.S. McGuire. 2000. Alfdfa- Willamette
Valley and Northwest Oregon. Oregon State University Cooperative Extension FG 18. Available
online a: http://osu.orst.edu/extension/


http://osu.orst.edu/extension/

Hannaway, D.B. and P.E. Shuler. 1993. Nitrogen fertilization in afdfa production. J. Prod.
Agric. 6:80-85.

Koenig, R., B. Kitchen, C. Hurst and J. Barnhill. 1999. Phosphorus and potassium fertilization of
irrigated dfdfain Utah. Pp 57-62in T.L. Tindall (Ed) Proceedings of the Western Nutrient
Management Conference, March 4-5, Sdlt Lake City, UT.

Koenig, R., J. Barnhill, B. Kitchen, M. Winger, and M. Johnson. 2001. Fertilizer management
for dfdfa Utah State Universty Extenson Bulletin AG-FG-01, 4pp. (available online at
www.extens on.usu.edu under “ Agriculture Publications’)

Koenig, R., J. Barnhill and J. Gale. 2002. Alfadfa responses to potassium on low testing soils.
Better Crops With Plant Food Val. 1:9-11. Potash and Phosphate Ingtitute, Norcross, GA.

Morgan, T.H. 1997. U.S. Western region afafa hay production record, other areas decline.
Morgan’'s Hay Articles and Commentary. Available online :
http://www.forage.com/hay/articles/1997/ah19971105w01.htm

Mortvedt, J.J., D.H. Smith and R.L. Croissant. 1996. Fertilizing dfafaand grass. Colorado State
University Cooperative Extension no. 0.537. Available online at: http://mwww.ext.colostate.edu/

Nielson, R.F., JP. Thorne and G.T. Baird. 1955. Fertilizer requirements of dfdfahay in Utah.
Utah Agricultura Experiment Station Bulletin # 374. Utah State Agricultura College.

Reid, CR, D.L. Winward and R. T. Koenig. A comparison of liquid phosphoric acid and dry
phosphorus fertilizer sources for irrigated afafa production on cacareous soils. Comm. Soil
. Plant Andy. In press.

Westermann, D.T. 1974. Indexes of sulfur deficiency in dfafa. |. Extractable soil SO4-S. Agron.
J. 66:578-581.

Westermann, D.T. 1975. Indexes of sulfur deficiency in dfafa. 11. Plant analyses. Agron. J.
67:265-268.


http://www.forage.com/hay/articles/1997/ah19971105w01.html
http://www.ext.colostate.edu/

