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Great Anticipation

• MSU RCSC One of my 
favorites

• Darrin and Bobby
• This gives me a chance to 

test run this topic. 



Overview

• Share current on goings in US
• Phos Management Concepts
• VRT recs How and Why

• There is NOT a consensus 

• Hopefully sometime down the road it 
causes some thought. 

• Don’t Be complacent



US IMPACT

• In past
• Chesapeake Bay
• Oklahoma Sues Arkansas

• News is about Lake Erie
• Was bad,
• Then good
• No bad again

• The Problem 
• The Fix?

• Impact elsewhere



Understanding Crop Response to Fertilizer
Low Soil Test Levels

• Low yields without additional 
fertilizer

• EOR range is narrow
• Optimum rate is minimally 

affected by grain:nutrient price 
ratio

L. Haag, Wheat U - 10 Aug 2016 Wichita



Understanding Crop Response to Fertilizer
Medium Soil Test Levels

• Expected yield without fertilizer 
is higher

• Range of potentially optimal 
rates is wider

• In a single-year decision 
framework, EOR is very sensitive 
to grain:nutrient price ratio

• As price ratio↓ EOR ↑

L. Haag, Wheat U - 10 Aug 2016 Wichita



Understanding Crop Response to Fertilizer
High Soil Test Levels

• No or minimal response 
to added fertilizer

L. Haag, Wheat U - 10 Aug 2016 Wichita



Understanding Sufficiency vs. 
Build-Maintain Programs for P

• Sufficiency fertility programs
• Intended to estimate the long-term average amount of 

fertilizer P required to, on average, provide optimum 
economic return in the year of application. There is little 
consideration for future soil test values

L. Haag, Wheat U - 10 Aug 2016 Wichita



Sufficiency does work for P and K
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Economics of Accuracy

L. Haag, Wheat U - 10 Aug 2016 Wichita



Build-Maintenance

• Apply enough P to or K to build soil test values to a target soil test 
value over a planned timeframe (e.g. 4-8 years), then maintain based 
on crop removal and soil test levels

• NOT intended to provide optimum economic returns in a given year, 
but minimize the probability the P or K will limit crop yields while 
providing for near maximum yield potential

L. Haag, Wheat U - 10 Aug 2016 Wichita

Crop Harvest unit P in yield

Corn Bushel .38

Soybean Bushel .8

Wheat Bushel .5

Crop Harvest unit P in yield

Peanut Cwt .55

Cotton Bale 13

Sorghum Bushel .42



• Sounds good and makes sense right.

• If we are using this approach.
• Does rate matter.

Build-up maintain fertilizer scheme suggested by the Ohio State University.

Nutrient response curve based on soil test, Rutgers Cooperative Extension.



Variable Rate Phos Recs

• How is it done?
• Soil : Yield : Soil x Yield: Yield : Soil

• Grid/Zone Sample, Yield Goal 3-5 yr
• Grid/Zone, Multi Year Yield, 3 yr
• Grid/Zone, Update Yield each year. 



One Company's Math 

• Equation for soils below optimum is: 
P Rec = (Optimum P – Observed P) *16 / build years + Crop Removal 

• For soils test in the optimum range:
Prec = Crop Removal

• For Soils in High Range
Prec = Crop Removal *(((Optimum P level + 12.5) – observed P)/7.5) 

• This gradually tapers the rec to 0 once we are 12.5 ppm above optimum 

• Optimum Range is 22.5-27.5 ppm for Row Crops , 20-25ppm for cool season 
grass and similar, 15-20ppm for Warm Season grass and similar 



Phos Recs
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Soil pH Buffer Index P K
Mean Range Mean Range Mean Range Mean Range

Count 268 266 257 257
Average 6.0 1.9 6.8 0.5 28.4 54.5 190 209
Min 4.6 0.4 5.9 0.0 4.3 4.0 28 14
Max 7.7 3.8 13 5.4 93 318 674 4640

OM Ca Mg S
Mean Range Mean Range Mean Range Mean Range

Count 176 199 233 102
Average 2.6 2.0 1546 1877 314 351 14 26
Min 0.5 0.3 396.1 0.0 45.5 20.0 5.9 0.0
Max 123 121 5099 12750 1208 1201 87 597

Grid Soil Sample Results from SGP



Making Maps / Interpolation
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9 On farm No-till Wheat P Response Studies

Year Location
Sampling 

Depth
Mehlich III Extractable P Soil pH
Min Max Ave Min Max Ave

cm Mg P kg-1

2014 Stillwater 0 -5 2.2 41.1 11.8 5.9 8.1 6.9
5 -10 2.9 43.3 7.3 6.3 8.2 7.3
10 -15 2.3 12.7 4.9 6.2 5.2 7.3
15 -30 1.5 5.3 2.7 6.6 9.1 7.8



How Variable is the Soil?

Microvariability in Soil Test, 
Plant Nutrient, and Yield 
Parameters in 
Bermudagrass. 1997 
W. R. Raun et al.
Vol. 62 No. 3, p. 683-690



7 Transects - Efaw 1x1 Experiment
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Soil pH ranged from 4.37 to 
6.29 within the 2.12 by 21.33 
m area at Burneyville and 5.37 
to 6.34 at Efaw. Significant 
differences in surface soil test 
analyses were found when 
samples were <1 m apart for 
both mobile and immobile 
nutrients

1 x 1


Chart4

		40.24421		44.04905		38.33127		48.33292		49.85453		43.4642		41.00854

		40.57178		45.21875		52.13744		42.6046		45.39742		47.32421		44.721

		50.61726		49.42967		56.051		51.30316		46.2671		45.4916		51.05402

		46.79561		55.62908		49.20227		51.6214		55.29003		59.0153		49.74374

		51.49078		52.11998		50.6155		47.3782		57.46423		59.9021		58.36975

		37.95122		56.91575		48.11517		42.49852		47.68033		43.38545		51.05402

		32.7101		41.24177		45.39742		35.60332		42.67967		39.83825		37.0777

		39.37069		47.20724		47.46291		36.66412		45.07129		48.3737		37.0777

		38.70455		40.07207		43.54935		40.58908		44.0929		41.16845		42.75558

		39.79105		46.27148		44.20161		51.19708		56.48584		43.16375		44.50262

		42.7246		42.2945		50.28937		53.63692		48.11517		46.3784		44.28424

		38.1613		43.4642		52.68099		48.33292		55.07261		39.9491		38.71555

		34.9018		39.37025		42.13612		41.33164		45.14712		53.14025		49.0886

		51.30795		53.28968		44.41903		36.02764		43.28824		43.82885		39.2615

		38.8132		49.54664		40.04575		47.9086		50.4914		50.5907		48.32427

		37.8537603		55.27817		52.4814		32.527		43.86914		43.9397		48.76103

		51.74255		40.77389		54.57235		50.87884		42.01026		57.35255		45.15776

		46.96195		43.34723		45.4382		46.42348		38.75722		52.8077		45.48533

		59.2394		58.90424		50.17035		45.57484		41.31318		46.04585		45.06117

		53.26365		49.19573		46.42865		37.831		38.75722		45.60245		45.60702

		61.52105		54.92726		48.40955		47.05996		42.70734		47.0435		48.2271

		54.8934		51.53513		50.5005		41.22556		49.09724		45.4916		50.19216

		53.04635		44.86784		46.3186		51.51532		51.53702		63.671		54.23145

		46.2014		58.6703		48.7397		59.25916		52.46646		52.8077		55.75983

		52.82905		57.21532		43.78745		56.81932		48.7487		56.7983		48.44544

		45.7668		56.77356		59.5246		42.92284		52.69882		47.37605		42.7686

		27.83955		46.06088		48.5196		40.80124		60.3667		58.46105		51.72054

		51.52525		50.92024		56.77335		56.395		55.60332		52.1426		46.15287

		51.6339		49.1532		48.18945		52.04572		56.18422		48.96632		44.51532

		48.5917		53.34992		43.0171		47.3782		52.46646		46.59868		45.06117

		47.2879		39.43448		46.42865		38.88639		51.6532		40.57196		45.27951

		44.8976		49.04276		45.8784		43.43966		53.62826		48.42822		42.55026

		47.9398		44.95648		49.73015		42.69843		56.64894		47.45964		55.65066

		47.7225		43.52076		52.59145		46.1928		55.48714		45.6301		42.87777

		47.42884		43.18944		44.5578		47.56937		53.16354		52.84064		43.53279

		40.92232		63.28952		44.66785		45.66335		55.02242		51.44158		58.16157

		54.04564		51.47244		41.36635		50.00484		47.93544		46.06058		44.51532

		46.98772		41.20152		47.199		47.56937		47.47072		47.02916		53.24892

		39.81952		46.9444		43.2372		45.87513		51.85512		56.60734		48.99129

		53.27368		48.71144		40.48595		47.67526		52.7556		53.1635		53.13975

		56.36152		49.26364		43.5339		38.25105		52.41792		50.25776		37.02196

		42.02512		42.85812		38.49033		38.56872		41.94984		39.92624		32.54434

		33.313		37.33612		40.74384		38.14516		32.26968		39.1729		33.29061

		30.77656		37.88832		35.70027		38.35694		40.374		37.45098		35.10298

		31.43824		31.26192		36.77337		34.01545		29.00544		40.35672		33.93027

		34.30552		33.24984		33.876		34.96846		39.47352		43.15484		32.86417

		35.40832		40.20756		34.09062		29.67396		33.50784		39.711		31.69146

		41.91484		41.9746		42.67542		33.16833		39.58608		41.11006		34.88976

		34.52608		42.5268		42.67542		35.92147		34.97112		41.64816		36.3823

		33.313		41.86416		39.2415		33.80367		38.1228		39.06528		36.3823

		42.1354		41.48228		38.70495		39.20406		35.42136		40.35672		37.4484

		42.46624		40.78712		37.73916		32.53299		37.22232		38.74242		40.22026

		34.4158		34.53068		30.33477		40.8983		36.88464		36.05192		40.54009

		32.7616		38.93336		35.05641		32.00354		37.56		38.74242		36.27569

		33.53356		28.50596		27.65202		28.29739		29.56824		31.29812		24.97503

		40.92232		37.0796		35.91489		32.74477		32.71992		39.19724		24.54859

		33.313		40.5554		29.15436		34.86257		27.54216		27.01943		23.26927

		41.69428		34.1831		34.09062		32.00354		35.75904		28.66508		27.64028

		40.26064		33.37208		31.94442		36.02736		30.69384		26.317286		28.06672

		53.82508		30.82316		31.94442		41.42775		30.46872		34.04087		29.34604

		40.9526		53.18414		33.44676		48.20471		48.0863		47.86433		35.20959

		47.09636		52.7207		32.91021		44.71034		42.75674		37.99043		32.01129

		45.12158		37.0796		32.69559		33.486		32.67692		32.06609		35.52942

		47.31578		38.93336		41.92425		44.49856		33.25622		38.10014		36.59552

		31.62725		30.01214		26.47161		30.73286		27.8108		35.35739		29.77248

		25.48349		31.75004		20.35494		25.22658		24.79844		25.5932		24.44198

		27.34856		26.0729		16.59909		21.94399		26.99978		21.31451		28.70638

		25.81262		20.62748		15.6333		18.97907		16.57238		17.69408		16.65945

		21.53393		22.82882		15.52599		18.13195		18.07856		20.65625		21.03046

		31.0787		29.5487		15.20406		22.26166		20.74334		21.53393		15.91318
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				Efaw Bermudagrass

				Soil Phosphorous, ppm

				Original Data Set

		Dist, ft		sP		sP		sP		sP		sP		sP		sP

				P 1		P 2		P 3		P 4		P 5		P 6		P 7

		1		40.2		44.0		38.3		48.3		49.9		43.5		41.0																								70		48.3

		2		40.6		45.2		52.1		42.6		45.4		47.3		44.7																								69		42.6

		3		50.6		49.4		56.1		51.3		46.3		45.5		51.1																								68		51.3

		4		46.8		55.6		49.2		51.6		55.3		59.0		49.7																								67		51.6

		5		51.5		52.1		50.6		47.4		57.5		59.9		58.4																								66		47.4

		6		38.0		56.9		48.1		42.5		47.7		43.4		51.1																								65		42.5

		7		32.7		41.2		45.4		35.6		42.7		39.8		37.1																								64		35.6

		8		39.4		47.2		47.5		36.7		45.1		48.4		37.1																								63		36.7

		9		38.7		40.1		43.5		40.6		44.1		41.2		42.8																								62		40.6

		10		39.8		46.3		44.2		51.2		56.5		43.2		44.5																								61		51.2

		11		42.7		42.3		50.3		53.6		48.1		46.4		44.3																								60		53.6

		12		38.2		43.5		52.7		48.3		55.1		39.9		38.7																								59		48.3

		13		34.9		39.4		42.1		41.3		45.1		53.1		49.1																								58		41.3

		14		51.3		53.3		44.4		36.0		43.3		43.8		39.3																								57		36.0

		15		38.8		49.5		40.0		47.9		50.5		50.6		48.3																								56		47.9

		16		37.9		55.3		52.5		32.5		43.9		43.9		48.8																								55		32.5

		17		51.7		40.8		54.6		50.9		42.0		57.4		45.2																								54		50.9

		18		47.0		43.3		45.4		46.4		38.8		52.8		45.5																								53		46.4

		19		59.2		58.9		50.2		45.6		41.3		46.0		45.1																								52		45.6

		20		53.3		49.2		46.4		37.8		38.8		45.6		45.6																								51		37.8

		21		61.5		54.9		48.4		47.1		42.7		47.0		48.2																								50		47.1

		22		54.9		51.5		50.5		41.2		49.1		45.5		50.2																								49		41.2

		23		53.0		44.9		46.3		51.5		51.5		63.7		54.2																								48		51.5

		24		46.2		58.7		48.7		59.3		52.5		52.8		55.8																								47		59.3

		25		52.8		57.2		43.8		56.8		48.7		56.8		48.4																								46		56.8

		26		45.8		56.8		59.5		42.9		52.7		47.4		42.8																								45		42.9

		27		27.8		46.1		48.5		40.8		60.4		58.5		51.7																								44		40.8

		28		51.5		50.9		56.8		56.4		55.6		52.1		46.2																								43		56.4

		29		51.6		49.2		48.2		52.0		56.2		49.0		44.5																								42		52.0

		30		48.6		53.3		43.0		47.4		52.5		46.6		45.1																								41		47.4

		31		47.3		39.4		46.4		38.9		51.7		40.6		45.3																								40		38.9

		32		44.9		49.0		45.9		43.4		53.6		48.4		42.6																								39		43.4

		33		47.9		45.0		49.7		42.7		56.6		47.5		55.7																								38		42.7

		34		47.7		43.5		52.6		46.2		55.5		45.6		42.9																								37		46.2

		35		47.4		43.2		44.6		47.6		53.2		52.8		43.5																								36		47.6

		36		40.9		63.3		44.7		45.7		55.0		51.4		58.2																								35		45.7

		37		54.0		51.5		41.4		50.0		47.9		46.1		44.5																								34		50.0

		38		47.0		41.2		47.2		47.6		47.5		47.0		53.2																								33		47.6

		39		39.8		46.9		43.2		45.9		51.9		56.6		49.0																								32		45.9

		40		53.3		48.7		40.5		47.7		52.8		53.2		53.1																								31		47.7

		41		56.4		49.3		43.5		38.3		52.4		50.3		37.0																								30		38.3

		42		42.0		42.9		38.5		38.6		41.9		39.9		32.5																								29		38.6

		43		33.3		37.3		40.7		38.1		32.3		39.2		33.3																								28		38.1

		44		30.8		37.9		35.7		38.4		40.4		37.5		35.1																								27		38.4

		45		31.4		31.3		36.8		34.0		29.0		40.4		33.9																								26		34.0

		46		34.3		33.2		33.9		35.0		39.5		43.2		32.9																								25		35.0

		47		35.4		40.2		34.1		29.7		33.5		39.7		31.7																								24		29.7

		48		41.9		42.0		42.7		33.2		39.6		41.1		34.9																								23		33.2

		49		34.5		42.5		42.7		35.9		35.0		41.6		36.4																								22		35.9

		50		33.3		41.9		39.2		33.8		38.1		39.1		36.4																								21		33.8

		51		42.1		41.5		38.7		39.2		35.4		40.4		37.4																								20		39.2

		52		42.5		40.8		37.7		32.5		37.2		38.7		40.2																								19		32.5

		53		34.4		34.5		30.3		40.9		36.9		36.1		40.5																								18		40.9

		54		32.8		38.9		35.1		32.0		37.6		38.7		36.3																								17		32.0

		55		33.5		28.5		27.7		28.3		29.6		31.3		25.0																								16		28.3

		56		40.9		37.1		35.9		32.7		32.7		39.2		24.5																								15		32.7

		57		33.3		40.6		29.2		34.9		27.5		27.0		23.3																								14		34.9

		58		41.7		34.2		34.1		32.0		35.8		28.7		27.6																								13		32.0

		59		40.3		33.4		31.9		36.0		30.7		26.3		28.1																								12		36.0

		60		53.8		30.8		31.9		41.4		30.5		34.0		29.3																								11		41.4

		61		41.0		53.2		33.4		48.2		48.1		47.9		35.2																								10		48.2

		62		47.1		52.7		32.9		44.7		42.8		38.0		32.0																								9		44.7

		63		45.1		37.1		32.7		33.5		32.7		32.1		35.5																								8		33.5

		64		47.3		38.9		41.9		44.5		33.3		38.1		36.6																								7		44.5

		65		31.6		30.0		26.5		30.7		27.8		35.4		29.8																								6		30.7

		66		25.5		31.8		20.4		25.2		24.8		25.6		24.4																								5		25.2

		67		27.3		26.1		16.6		21.9		27.0		21.3		28.7																								4		21.9

		68		25.8		20.6		15.6		19.0		16.6		17.7		16.7																								3		19.0

		69		21.5		22.8		15.5		18.1		18.1		20.7		21.0																								2		18.1

		70		31.1		29.5		15.2		22.3		20.7		21.5		15.9																								1		22.3
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Four Transects Efaw P 1x1 Expt.
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7 Transects - Efaw 1x1 Experiment



		





		







Sampling



Water Soluble P and pH



VRT Take Home

• Likelihood of VRT based on Sufficiency being off is high.
• Interpolation of P based on grid is a stretch. 
• Yield monitor data has a higher resolution of positional accuracy. 
• Current VRT using a Course Knob to adjust P. 
• If replacement rates are used soil testing is essential



Nutrient Rich Strips

Use your cover crops!!!



Thank you!!! 

Brian Arnall
373 Ag Hall
405-744-1722
b.arnall@okstate.edu
www.npk.okstate.edu
Twitter: @OSU_NPK
www.Facebook/OSUNPK
YouTube Channel: OSUNPK
Blog: OSUNPK.com
www.Aglandlease.info

mailto:b.arnall@okstate.edu
http://www.npk.okstate.edu/
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