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ABSTRACT
In executing its mission to aid landowners in making conservation improvements,
the USDA-Natural Resources Conservation Service (NRCS) assists landowners in
identifying their operation’s potential risks to natural resources, if any.

For assessing a cropland producer’s nutrient management, determining whether
their nutrient applications rates might be considered excessive or has a potential to
load up soil levels is key.

However, NRCS does not make prescriptive nutrient application
recommendations for production purposes but rather helps the producer develop a
plan for how they will select the right nutrient source and determine the rate,
method, and timing of applications.

NRCS-California had develop several tools to help planners & producers
assessing a cropland producer’s nutrient management program.

This presentation will review a new MS-Excel spreadsheet used to estimate the
field and farm-wide nutrient balance and whether applications have a potential to
load soils. The focus will be on how the tool assesses Phosphorous (P) and
Potassium (K) amounts, as current soil test interpretation does not accurately
convert these nutrient to pounds available per acre.

In the tool, the planner uses their professional judgement in setting ratings for soil
sufficiency levels. Based on these ratings and estimated contributions from other
sources (i.e., cover crops, irrigation water, fertilizer & manure applications, etc.)
the tool helps the planner document whether the producer should consider
increasing, maintain, or decrease P or K application rates and what the risk
potential might be.

INTRODUCTION

Although the USDA-Natural Resources Conservation Service (NRCS) does not provide
specific fertilizer or amendment recommendations to its customers, it is tasked with aiding Ag
producers identify potential resource concern on their land and to offer mitigating alternative(s).
One of these resource concerns (RC) is excessive nutrients in surface and groundwater.

Nitrogen (N) and phosphorous (P) pollution has been s identified as a natural resource
concern to surface and/or groundwater in some water bodies and aquifers in California. Over
applications of nitrogen (N) and phosphorous (P) to cropland has been suggested as a key
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contributor to the elevated N & P levels.

The USDA-NRCS California has several ‘tools’ available to NRCS planners to aid in N & P
nutrient budgeting. These include the Manure Management Planner (MMP) software,
maintained by Purdue University, and various Microsoft Excel spreadsheets and Word
documents developed at the NRCS state level. These tools use commonly accepted university
methods of budgeting nutrient application amounts. However, their format does not generally
lend themselves to documenting the management setting, assumptions used, source references
and rationale for adjustments in a quick and easy manner.

Because nitrogen (N) budgeting, with all its forms and behavioral characteristics, is often
debated, it will not be addressed in this article. Instead, a new method of assessing /
documenting phosphorous (P) risk potential will be proposed.

Current P Assessment

Current university guidelines for P fertilization in CA typically centers on soil or in-season
tissue sufficiency levels that are not directly convertible to pounds P available to the crop. That
is, it would not be appropriate to multiplying 10 ppm P (Olsen) by 4 (million pounds of soil per
acre-foot) to estimate there will be 40 Ibs./acre P per acre available to the crop, as is often done
with nitrate-nitrogen (NO3-N) budgeting. Furthermore, many university recommended crop
applications rates were established for yield response, not necessarily on crop utilization or an
environmental fate basis.

For example, with broccoli, University of California guidelines say that when soil P is less
than 50 ppm, then 40-80 Ibs/ac P fertilizer is warranted. At roughly 4 million pounds per acre-
foot, that would be equivalent to 200 Ibs/ac of P in the soil. However, only 30-35 Ibs P is
removed in an 8 to 9 tons/ac crop.

The output of current P planning tools only gives quantitative amounts over/under applied.
They do not offer means to set subjective determinations for level of application (such as,
Above, Sufficient, Below) nor risk potential. Secondary documents are needed for this. The
current tools also relies on secondary documents to record the specific resource setting,
assumptions made, and rationale for variances. They also require that each planner search out
even the basic crop utilization, sufficient level, etc. data themselves.

Proposed Nutrient Balance Assessment Tool

The proposed assessment method is executed in NRCS-CA’s 590-Nutrient Balance
Assessment, Planning & Records Excel workbook. This workbook can assess 3 different
crops, management methods, and/or resource settings. It can also evaluate up to 3 crops in a
rotation or series (i.e., double/triple cropping). The workbook has tabs or spreadsheets to
identify the associated fields and to calculate nutrient contributions from various sources (cover
crop, irrigation, solid manure/compost, and liquid manure) and crop & fertilizer references. The
spreadsheet includes a data set for common crops and fertilizers that planners can use to develop
a quick baseline assessment.

The main view of the workbook is the Crop Balance tab, where resource setting and
rationales are documented, calculations are summarized, and determinations are made (see Table
1 below). This tab also has a brief description and/or guide for each item in the summary tab
(located to the right of the main body). To help correspond each item with the description and
Jor guide, an Item Ref. # has been assigned on the left margin (column A). It also offers a place
to record planner’s rationales and brief notes [Item Ref. # 7.0 & 8.0 not shown].
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Table 1
'EET_ Nutrient Balance by Crop
# Estimate of Crop Meeds and Mutrient Contributions from Warious Sources on Per Acre Basis
10, _Producst: b Date:
Ta.mﬂ:l:'Field. {CWT) with similar settiu! F3A Farm: Tract{s): Field(s):
114, Additional Site Identification (optional):
12, Predominent 201l Texture:
124, H.3.G. & Leach’s Potent. | | |
1.3, Irrization Mathod:
131, Irriz D.U. & Comments: : H
140 Crop Information I Crop # & Sﬂuence 36 Erimary Crop 42 2nd Crop [apticnal] 35 2rd Crop [optional]
141 Crop Name | Tomato (Solanum lycopeq Broceoli Strawherry
1.5 CroppedPlanted Land ;’Lri.la' 1.0 Acres 1.0 Acres 1.0 Acres
s, Typical: Plant Date o e el
Harvest Date | 0 0 0
1T Yield/ Acre/ Season] 50.0 tons r B8 Toms 33.0 'tons
Crop Nutrient Needs: N P,0; K,0 N P,0; K,0 N P,0; K,O
In-season Plant tissue levels:
18  Est. Nutrient Removal for YVield Goal (Lb='Ac)] 120 69 31= 102 31 77 73 30 136
151 Adjustment Factor #*:]  1.40 0.75 1.00 1.40 1.00 1.00 140 100 1.00
| 152 Tarset Nutrient Requirement for Yield Goal’ 142 [ a1 77 102 | 136
'20 Nutrients Available Credited Sources - other than fertilizers, amendments or manures (Lbs/Ac)
i : 1.0 pH= 1.0 pH=
P&KSufﬁx:iamryLevals(PPh-ﬂ. 50 150 30 200
211 Mutrient Analvses for glh (ppmi ] 10,0 z £0.0 10.0 150.0 150 10,0 150.0
[ 212 Nin sample d.E]‘}ﬂl. (Lbs'Ae) & P K "Sufficency"] 40,0 Low Mead 20000 | Med Med 100.0 | Med Med
22, Drganic Sources: Legume N Credit Lbs/Ac
2.3 Cover Crop or Green Manure N Credit] 0.0 Lba'dc 0.0 LbsAe 0.0 Lbs'Ae
2.4 Expected N release from SOM (Lt=/Ac)] 0.0 ke’ 0.0 %800 0.0 SeB0N
25 OtherN**and " & K Mgt Chgmg_-".lmnaphara Consider | Consider Conzider | Consider Conzider | Consider
L5, Tost veiebl rom Creted om0 ] 5| [ s i s
2T Additional Mutrients Needed for Target;] 170.0Q | Guidelines |k Rate P Rate K Rate 16 P Rate K Rate
e Nutrients Available, By Added Sources - Intentional semi-controlled applications (Lbs/Ac)
" Irrigation Data:  Crop Water Requirement] 28  Ac-In'Ac 0 AelIn/fie 18 AeInfde
14 Irrigation Water Nitrate (NO,-N) Content| 10.0 FPM 5.0 PPM 1.0 PPM
F1:2 NO;-N in Irrigation Water (Lbs/Ac)] 64 LisifAe 0 Lbs/Ae 7T LbsiAe
a2 Commercial Fertilizar 8 8 8 B 8 8 8 8 8
535 Solid Manure/Compost/Organic Amend 0 ] 0 ] 0 0 0 ] 1]
5.4 Liguid/Slurry Manure 0 0 0 0 0 0 0 ] 1]
%5 ptal Applied & Available Water/Manure/Fert.: 71 B ] 8 ] ] 14 B B
5.0. tasults: Nutrients Neaded or 233 Lba'Aers] G0 44 307 -63 24 70 -12 23 123
51 Applied Availability Rating (from Removal Rate)?:| Mod Less | Signif Less | Signif Less :;3:: Siqnif Lesz | Siqnif Less E’:'c‘::s Signif Lesz | Signif Less
Eiazed from: “ithin Potential e “ery High el e High Rizk e el
** " Soil Loading Risk Potential Tolwuilt | ddaqu | forp Foacing Fic o 1 Ploadivg | Kloadiog o Flonding | Klonding
61, Total Available to Removed Ratio: 074 011 0.02 204 024 0.10 157 025 0.06
6.2 Total Appli=t to Removed Ratio®  0.47 0.11 0.02 0.07 024 0.10 0.18 0.25 0.06
6.3 Total Available to Target Ratio:  0.33 0.15 0.02 1.46 0.24 0.10 1.12 0.25 0.06
3 m Crop Balance CB Instructions Annual Balance _ m
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MATERIALS AND METHODS

Microsoft Excel format was chosen because it is widely accepted in the workplace and can
be easily modified to refine the assessment approach. The proposed spreadsheet uses LOOKUP
reference tables to reference a default crop database [Crop Ref. tab], which includes default
‘book values’ source documentation. By entering appropriate Crop # [Item Ref. # 1.4.] into the
“Crop Balance” spreadsheet, the following are auto-populated from a corresponding LOOKUP
table book values. If the planner has actual on-farm data, the book values can be over-written):
Typical yield/acre [Item Ref. # 1.7.];
Estimated N, P, & K crop removal rate (Ibs/acre) [Item Ref. # 1.8.];
P & K Sufficiency Levels (PPM) when available [Item Ref. # 2.1.0.].
Crop Water Requirement

Look-up table (see Table 2 below)

The crop information look-up table is located in the Crop Ref. tab or worksheet. It is fully
editable, and as such, the user is free to update existing data or add their own data. The table has
room to record the source of the information &/or add comments, so the planner or subsequent
users can defend or amend their determinations. Users are cautioned about changing existing
data and are encouraged to add records (rows) in the data set

Currently, the data set only includes a portion of the hundreds of crops grown in California.
As individual planners discover more information, they can enter it here (documenting source)
and easily share it with others. To date, most of the “Typical” yield data comes from county Ag
statistic reports and the University of California, while the crop removal is generally from the
USDA-NRCS Plant Database. Because of limited format capability of this workbook and that
the university reporting format for P & K sufficiency levels varied considerably, the current
values shown were extrapolated from the CDFA-FREP-UC Davis website.
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Table-2 Excerpts of Crop Ref. tab look-up table

Crop Removal & Reference Guidelines

Crop Removal information is only to be used as rough estimates, NOT intended to be nutrient application recommendations.

Soil P lavels are Olzen-P. If s0ils test ppe
ical * Eodl
rpical | Vi Pounds of nutriznt per wnit of visld Standard | Typical i Motes
G Crop Name, use, & stags T‘i‘ie],d, ;ﬂt’d Moisture | Irrig. Ae- MNotes Sufficjency
el x| p [P0 ] k [K0O] o | miew P ppm® |K ppm Sourca
1 2 3 4 5 [ T E g i} 1 12 13
JEibergf Misc, Crops
for sead w i soad Shate b A Fersility Guidelines fa
p [Cotton. for sead w lint or seed 3 | Bates | 152 | 19 | 44 | 23 | 27 | 8% | 36 ET 5| 120 Tamataer
cotton kerpiitappe 2dfa. 2. qnuifrepidoar
2 J3Suvzarbeet. root with crown 32 Tons 553 1.0 22 6.0 7.3 80%
JEorage'Grain Crops
3 |JBarley, grain 2.3 tons | 37.0 7.0 160 | 100 | 120 10% 22 ET
4 [ Barley silaz=, boot stage 3 tons 16.0 26 6.0 11.6 14.0 0% 12
5 | Barley silaze, soft doush 16 tons 10.0 1.6 3.7 8.3 10.0 T0% 18
6 |JCorn, grain 5 tonz | 29.0 33 12.6 6.0 7.2 10%% 33 ET
Srars af CAF ertility Guidelines Fo
T | Corn silage 30 tons 8.0 1.5 33 6.6 3.0 To% 28 ETd Ranaezsz 6 MN/A T
hupittapprsdiasaanetiestdos
8 JOats, grain 1.6 tons 440 6.5 149 15 .0 10% 22 ET Ranqeis-z
S [ Oats silage, soft doush 16 tons 10.0 1.6 3.7 8.3 10.0 T0% 20
r
10 |Rice 3965 | tons | 123 | 23 | 573 | 40 | 484 | 11% | 45 €T 3 120 [Merttestedicaifiid
120 | Quinca 2 ton 16.6 3.7 200 | 400 | 430 63% 13 ET
11 J3afflower 2 tons | 100.0 | 11.0 250 62.0 73.0 7.60 32 ET
12 §3orzhum 4 tons | 50.0 3.7 200 [ 400 | 480 10% 3% ET
13 JSvdansrass silaze 3 tons 11.0 1.7 4.0 12.0 15.0 T0% 12 3 thouttin
14 J3ugar beats 30 tons 8.5 0.9 2.0 15.0 18.0 50
15 JSunflowsr 32 ET
16 | Triticale, boot stage 12 tons 2.7 6.1 11.6 14.0 T0% 12
17 | Triticale, soft doush 22 tons 10.0 1.7 3.8 7.3 8.0 7% 12
18 JWhaat, grain 3 tons | 38.0 10.9 = S iy 100 22 ET N

P _ Liquid Manure App Timinfy Crop Ref. +rt. Ref. - ® [

Proposed P Assessment
Professional Judgement Determinations [see Table 1 above

Once the crop P & K soil sufficiency levels are determined and entered [Item Ref.# 2.1.0.],
the current soil levels are reported (using actual data or estimated) [Item Ref.# 2.1.1.], and other
resource setting information are considered, the planner must manually select the “P-K
Sufficiency” rating [Item Ref. # 2.1.2.]. The rating ranges from below, sufficient, above, or
N/A.

Each of these sufficiency ratings has a corresponding suggested action that is offered [Iltem Ref.
#2.7.]. ,such as,

If "Below", then "Consider Increasing P via UC Guidelines",

If "Suff."”, then "Consider Maintaining Current P Rate",

If "Above", then "Consider Reducing P to UC Guidelines",

If "N/A", then "N/A & document in Additional Notes"

To compare total available nutrients amounts (credited & applied) with crop removal,

another rating is assigned based on a range of available to remove ratios, as reported in the Total
Availability Rating (from Removal Rate) [Item Ref.# 5.1.]. They are:
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Available to
IF Removed Ratiois: THEN:  Applied Availability Rating

> 125 "Signif. Excess" Ratio rating breaks have been arbitrarily set. User
> 11 "Excess" can adjust according to professional judgement

> 09 "Maintains" [adjust in cells C67 thru G73]

> 075 "Less" The number of ratings can be reduced or expanded

< 075 " Signif. Less" depending on academic and industry feedback

The Applied to Removed ratios values that trigger a different Total Availability Rating
values are arbitrary and are intended to help NRCS planners and their customers separate into
general categories to make rough determinations quickly. They are not intended to be scientific
and can be over-written in Crop Balance [cells C67 thru G73] based on professional judgement.

The Soil Loading Risk Potential is determined based on the P & K Sufficiency Rating
(based on professional judgement) and the Total Available to Removed ratio, as compared
against the Availability Rating breaks above. This rating uses a sliding scale determination
starting at “Very High Risk Potential” (when soil P levels are “Above” sufficiency AND the A/R
ratio is greater than 1.25) to “Potential for P deficiency” (when soil P levels are “Below”
sufficiencies AND the A/R ratio is less than 0.75) [see table 3]

Soil Loading Risk Potential (from Total Available [4.0.]/ Removal Rate [1.8.])

Logic Statement Levels [Item Ref.# 5.2]
Total Available [4.0.] Soil Sufficiency

To Removed [1.8.] Levels [2.1.2.]
IF Ratio is: AND are: THEN: Risk Potential Rating
> 125 "Above" "Very High Risk of P loading"
> 11 "Above" "High Risk of P loading"
> 09 "Above" "Mod High Risk of P loading"
> 0.75 "Above" "Risk of P loading"
<= 0.75 "Above" "Low Risk of P loading"
> 1.25 “Suff." "Mod High Risk of P loading"
> 11 “Suff." "Risk of P loading"
> 09 “Suff." "Low Risk of P loading"
> 075 “Suff." "Min. Risk of P loading"
<= 0.75 “Suff." "No Risk of P loading"
> 125 “Below" "Risk of P loading"
> 11 “Below™" "Low Risk of P loading"
> 09 “Below" "Min. Risk of P loading"
> 0.75 “Below™" "No Risk of P loading"
<= 0.75 “Below" "Potential for P deficiency"

Risk Potential - For soil loading & chemistry imbalance, NOT for transport to water bodies
(ground &/or surface water) or crop response. Poor irrigation management and soil
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permeability, erosion tolerances, slope, and surface conditions effect transport risk to water
bodies.

If there is a soil P loading risk potential ("Risk of P Loading", "Mod Risk of P Loading", or
"High Risk of P Loading", or "Very High Risk of P Loading) them NRCS CA P-Index must be
run.

Regardless of the rating, NRCS planners will almost always recommend implementing
NRCS’ CPS 590-Nutrient Management to sample and test more aggressively and improve record
keeping to validate determinations.

RESULTS AND DISCUSSION
When beta tested, once a grower interview is conducted and appropriate data is assembled, a
risk potential determination was made a very short time.

SUMMARY

Although not scientific, the proposed P & K rating system provides NRCS planners a
reasonably accurate and documented determination quickly. Admittedly, the spreadsheet is
complicated but NRCS, CA does not intend to deploy this tool without proper training.
Furthermore, NRCS, CA has support staff to assist planners in its use.
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