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Phosphorus Study and 
Interpretation



April 10, 2019
P Rate Experiment

0 lb/a Rate 
@ 5 ppm P

60 lb/a 
Rate @ 5 
ppm P

30 lb/a 
Rate @ 6 
ppm P

120 lb/a 
Rate @ 13 
ppm P

240 lb/a  
Rate @ 7ppm 
P

140 to 165 lb/a P2O5 Optimum First  
Year



2018 ï 2021 Yield of Alfalfa as Influenced by 
Phosphorus Rate
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Beginning soil test was 8.3 ppm P



2019 ï 2020 Total Yield of Alfalfa as 
Influenced by Phosphorus Rate
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Beginning P soil test level was 6.7 and 5.7 ppm in 2019 and 2020, respectively. 



% of Increase In Yield Over the Control As 
Influenced by Cutting and Phosphorus Rate
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2019 ï 2020 Total Yield of Alfalfa as 
Influenced by Phosphorus Rate
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Beginning P soil test level was 6.7 and 5.7 ppm in 2019 and 2020, respectively. 

Current Recommendation - 0.27 % @ mid-bud CA Publication 3512, Chapter 6, App. A 



2nd & 3 rd Year Alfalfa Tissue Conc. At 2 nd  
Cut as Influenced by Phosphorus Rate

y = -2E-06x2 + 0.0014x + 0.2543
R² = 0.999
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Whole plant when harvested at mid-bud stage



2nd 
Cut 

Harve
st P 

Conc. 
(%)

Lbs of 
P2O5 to 
reach 

this from 
previous 
0.01 %

Dollars lost acre-1 
year-1  for 

misapplying P 
when P is $0.54 lb 
of P2O5 or $560 ton 
of MAP and Alfalfa 

is $150 ton-1

Dollars lost acre-1 
year-1 for 

misapplying P when 
P is $1.04 lb of P2O5 

or $1,090 ton -1 of 
MAP and Alfalfa is 

$150 ton-1

Dollars lost acre-1 
year-1 for 

misapplying P when 
P is $1.56 lb of P2O5 

or $1,620 ton -1 of 
MAP and Alfalfa is 

$150 ton-1

0.27 8 119 61 22

0.31 8 71 28 5

0.35 9 31 10 0

0.38 11 9 0 10

0.41 13 0 9 38

0.45 20 27 70 131



Gross Return after Phosphorus Fertilizer 
Cost and a $120 ton -1 hay price
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Gross Return after Phosphorus Fertilizer 
Cost and a $170 ton -1 hay price
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Gross Return after Phosphorus Fertilizer 
Cost and a $220 ton -1 hay price
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Optimum P Fertilizer Rates Based on Hay 
and Fertilizer Price In Alfalfa

Fertilizer Price 
Of MAP

 (11 -52 -0)

Hay Price 
$120 Ton -1

Hay Price 
$170 Ton -1

Hay Price
$220 Ton -1

($/Ton) lb. acre-1 (% )lb. acre-1 (% )lb. acre-1 ( )

560 135 150 (11 %)160 (19 %)

1090 (95% )85 (27%) 120 (20%) 130 (19%)

1620 (189 )40 (60%) 80 (47%) 110 (31%)



2019 ï 2020 Increase of Crude Protein 
Concentration of Alfalfa by Cutting as 

Influenced by Phosphorus Rate
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Beginning soil test was 8.3 ppm 



Lignin Concentration as Influenced 
by Phosphorus Rate
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NDF Digestibility (NDFD 48) as 
Influenced by Phosphorus Rate
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Net Energy for Lactation (NEL, NRC) as 
Influenced by Phosphorus Rate
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Nutrient Value of Hay Ton -1 as Impacted 
by Phosphorus Rate First Cutting

Phosphorus 
Rate 

(lb. P 2O5 acre -1)

$ Value 
of 

Protein 
Ton -1

$ Value 
of

Energy 
Ton -1

$ Value 
of

Fiber
 Ton -1

$ Value of
Quality 

Adjustment 
Ton -1

$ Value 
Hay Ton -1 RFV

0 139 127 126 -22 371 163

30 150 129 119 -10 388 175

60 153 128 119 -18 383 176

120 156 131 123 -6 404 168

240 162 131 126 -6 413 164

Max. Change 23 4 0 16 42 1

  $/ lb MP $/lb Mcal  $/ lb eNDF
Jan- May , 2023  0.7042 0.1216 0.196
Current Price  Jan. 2025     0.474   0.103     0.153



Change is Soil Test P Levels (Olson P) and 
Total Removed from 2017 to 2021

P2O5 Rate
Applied

Total # of 
P2O5 

Removed

Fall Soil 
Test  P 
2017

Fall Soil 
Test P
2020

Fall Soil 
Test P
2021

lb P2O5 a
-1 lb P2O5 a

-1 ppm P ppm P ppm P

0 228 8.4 5.50 5.25

30 265 8.6 4.75 7.5

60 293 7.9 3.25 5.25

120 382 7.6 6.00 8.5

240 455 9.1 7.50 12.25



Potassium Study and 
Interpretation



2018 ï 2021 Total Yield of Alfalfa as 
Influenced by Potassium Rate
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Beginning soil test level was 101 ppm K



2019 ï 2020 Total Yield of Alfalfa as 
Influenced by Potassium Rate
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Beginning K soil test levels was 86 & 79 ppm in 
2019 and 2020, respectively.



Percent of K Uptake by Cutting and 
Potassium Rate in 2019
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Gross Return after Potassium Fertilizer 
Cost and a $120 ton -1 hay price
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Gross Return after Potassium Fertilizer 
Cost and a $170 ton -1 hay price
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Gross Return after Potassium Fertilizer 
Cost and a $220 ton -1 hay price
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Optimum K Fertilizer Rates Based on Hay 
and Fertilizer Price In Alfalfa

Fertilizer Price Of 
KCl-  (0 -0-60)

Hay Price 
$120 Ton -1

Hay Price 
$170 Ton -1

Hay Price
$220 Ton -1

($/Ton) lb. acre-1 (% )lb. acre-1 (% )lb. acre-1 ( )

620 80 80 130 (2X )

930 (50% )80 (0%) 80 (0%) 105 (19%)

1240 (100% )0 (100%) 80 (0%) 85 (31%)



2019 Tissue K Concentration at Harvest 
by Cutting and Rate After Spring 

Applications of K 2O ( lb /acre)
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2018 ï 2021 Potassium Content Averaged 
over Cuttings 
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Optimizing economic 
treatment has large 
symbol.
Assuming $150 per 
ton hay and $432 
per ton of 0 -0-60 
($0.36 per lb of K2O)



2019 ï 2020 Total Yield of Alfalfa as 
Influenced by Potassium Conc. Of the 
Plant
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Whole  Plant Tissue 
Conc. Early bud to 
bud stage Adequate 
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Whole plant, First 
flower
2.0 to 2.5%



K2O 
Rate

Sprin
g Soil 
Test  

K 
2018

Spring
Soil Test 

K
2022

Reduction 
from Start

(ppm)

(lb/a) ------- ppm--------- Sp. 18 -Sp. 21

0 106.8 71.6 35

40 104.3 76.3 28

80 87.0 74.6 12

160 106.0 73.25 33

240 106.3 73.5 33

320 92.8 89.75 3



How much K 2O are we hauling off our 
fields? 

K2O 
Rate
(lb/a)

2018 
K2O 

Rem-
oved 
(lb/a)

2019 
K2O 

Rem-
oved 
(lb/a)

2020
 K2O 
Rem-
oved 
(lb/a)

2021
 K2O Rem

oved 
(lb/a)

0-1ô 
Drop in 
K Test
(ppm)

1-2ô 
Drop in 
K Test
(ppm)

2-3ô 
Drop in 
K Test
(ppm)

0 196.1 458.3 216 201.5 35 18 14
40 212.1 431.5 197 189.8 28 15 8
80 213.5 450.8 189 191.2 12 11 5
160 239.3 525.6 215 212.7 33 17 -3
240 308.4 567.2 239 236.8 33 14 23
320 300.2 616.1 250 259.5 3 19 6



How much K 2O are we hauling off our 
fields? 
K2O 
Rate

( lb /a)

2018 
K2O 

Rem -
oved 

( lb /a)

2019 
K2O 

Rem -
oved 

( lb /a)

2020
 K2O 
Rem -
oved 

( lb /a)

2021
 K2O 
Rem
oved 

( lb /a)

0-1ô 
Drop 
in K 
Test

(ppm)

1-2ô 
Drop 
in K 
Test

(ppm)

2-3ô 
Drop 
in K 
Test

(ppm)

0 196.1 458.3 216 201.5 35 18 14
40 212.1 431.5 197 189.8 28 15 8
80 213.5 450.8 189 191.2 12 11 5

160 239.3 525.6 215 212.7 33 17 -3
240 308.4 567.2 239 236.8 33 14 23
320 300.2 616.1 250 259.5 3 19 6
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