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22 Years of FREP 

• 1989 “Nitrate and Agriculture 
in California” Report 

• Confirmed locations in the 
state where groundwater 
contained elevated levels of 
nitrate 

• Fertilizer Research and 
Education Program (FREP) 
was established in 1990 

1988 – CDFA Nitrate Working Group 
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22 Years of FREP 

Over $12 million spent on 160 basic and practical 
research and education projects 
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22 Years of FREP 

Over $12 million spent on 160 basic and practical 
research and education projects 

FREP  
Projects  

by  
Discipline 

Fertilization 
& Irrigation 
Practices 

72% 

Educational 
14% 

Other 
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Air Quality  
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22 Years of FREP 

Over $12 million spent on 160 basic and practical 
research and education projects 

 

FREP  
Projects  

by  
Commodity 

Vegetables 
38% 

Fruits 
21% 

Field 
20% 

Nuts 
9% 

Independent 
8% 

Horticulture 
4% 
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22 Years of FREP 

2012 SBX2 1 Report 
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22 Years of FREP 

2012 SBX2 1 Report Findings 

• Similar to the 1989 Nitrate Working Group report 

• Agriculture is a large contributor to nitrate in 
ground water 

• Proposed several promising options 

• One of the most feasible, practical, and cost 
effective promising options is “pump and 
fertilize” 
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22 Years of FREP 

SBX2 1 Report Findings  
 Last  20 years 
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Opportunities 

1. Accessibility of FREP research 

2. Focused research on nitrogen management 
practices 

3. Technical education and outreach 

FREP Initiatives 
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1. Accessibility of FREP Research 

Objective: To make FREP research data and 
findings readily available to growers and crop 
advisors. 

• Cooperative FREP-UC Davis Project 

• Developed web-based searchable database - 
CDFA-IT 

• Synthesized key information from technical 
reports 
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1. Accessibility of FREP Research 
Previous: List of Completed Projects 

FIELD CROPS (1991- 1008) 

2.008 

2007 

Fertility Management in Rice 
Project Leaders: Chris van Kessel and B. LinqiLiistr 

Effects of Cover Cropping and Conservation Tillage on SediDlent and Nutrient 
Losses to Runoff in Conventional and Alternative Farming Systems 
Project Leader: William R. Horwath 

Practical Soil Test Methods for Predicting Net N Mineralization 
Project Leader: William R. Horwath 

Site-Specific Variable Rate Fertilizer Nitrogen Application in Cotton 
Project Leader: Richard E. Plant, et. al. 

Soil-Solution Partitioning of Trace Elements in Cropland Soils of California: 
Estimating the Plant Uptake Factors of As,. Cd, and Pb 
Project Leader: Andrrew C. Chang Administrative Record 
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1. Accessibility of FREP Research 
Previous: Final Reports 

40 Pages 

Effects of Cover Cl['opping and Cons errv-a tion T iUa ge· on 
Sedin!].ent and Nutrient Losses to Rtu1off in Conven tional 

and A ltetnatitve Fan.uing Systetus 

Proj,ect Leader.s 

WiUtam R. HoiWafh' 
Dept. of Land. Air, mui 1J'lrter ResollFC2S 
UnJver:sily of Ca.lifol"nia 
.Dm."isJ CA 

Aaron Risrow 
D-ept. of Land, AirJ ami Water Ras.ources 
Umversi~· of California 
.DmsJ CA 

Zahcmgir Kabir 
D-ept. of Land. Atr, ami TJ.-'"ater Resources 
Un.i1-·ersiQ' of California· 
.DavisJ CA 

O BJEcri\'ES 

Wes Walknder 
Dept of Land. Atr, ami ~Vate1• Resources 
flnivel>:S"ity of Califm"nia 

.Dm."isJ CA 

Samuel Pl"entice 
Dept o,f Land, Air, a1Jd Jl''ater Resources 
Univm>:S"i~· of Califcn"nia 
D.n"is, CA 

Jeff Mitchell 
Dept. of.Plant Scie~wes 
UniJ.re;~"SiQ' ofCalif€n"nia 
Dtn"is, c.<a 

l _ Qnmtify dlsch.,1rg:e from research p lots and gpl\-Yer fields 'to compare alftem ative 
mmagement practices \-l!]th conventiOJL,1l ones. 

2. Qumtify n on -point som-ce pollutions 0-lfSJP) oonnentrntions and loads in 
disch!ll"2e. ,_, 

3. Inform fuoner.s • . PolicymaJ.::ers. and the general public about the ns.efulneSJ: of 
cover crop-s (CC) ood conseo~v·artion tillage Ccn in addressing nutrients losses. 
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1. Accessibility of FREP Research 
Now: Searchable Database 

http://www.cdfa.ca.gov/is/frep/Default.aspx 
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1. Accessibility of FREP Research 
Now: Searchable Database 

CALIFORNIA DEPARTMENT OF FOOD A N D AGRICULTURE 

Apply /Register 

FREP DATABASE 
The Fertilizer Research and Education Pr o gram ( FREP) funds and coordinates 

research t o advance the env ironmentally safe and agronomically sound use and 

handling of fertilizer materials. Since 1990, FREP has funded research on many of 

California 's important and env ironmentall y sensitiv e cropping systems. Th is 

database a ims to make the wealth of information contained in FREP research 

projects readily av ailable, easily u nderstandable, and convenient for grow ers to 

implement. 

Please enter search crit eria: 

Key word(s) 

Type of Crop View All 

County View All 

Date Range V iew All 

Laws & Regs Contact Us 
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1. Accessibility of FREP Research 
Search Options 

Keyword(s) 
 

Type of Crop 
 

County 
 

Date Range 
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1. Accessibility of FREP Research 
Search Options 

CALIFORNI A DEPARTM EN T OF FOO D AND AG RICULTURE 

FREP DATABASE 
The Fertilizer Research and Education Program (FREP) funds and coordinates 

research to advance the environmentally safe and agronomically sound use and 

handling of fertilizer materials. Since 1990, FREP has funded research on many of 

California's important and environmentally sensitive cropping systems. This 

database aims to make the w ealth of information contained in FREP research 

projects readily available, easily understandable, and convenient for growers to 

implement. 

Please enter search criteria: 

Keyword(s) Nitrate 

Type of Crop V iew A ll 

County V iew A ll 

Date Range View All 
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1. Accessibility of FREP Research 
Search Results 

FREP DATABASE 

Search results: 

Establishing Updated Guidelines for Cotton Nutrition 

Evaluating and Demonstrating the Effectiveness of In-Field 
Nitrate Testing for Drip and Sprinkler Irrigated Vegetables 

:Minimizing Nitrogen Runoff and Improving Use Efficiency in 
Containerized Woody Ornamentals through ~1anagement of 
Nitrate and Ammonium-Nitrogen 

New Standard for the Effectiveness of Foliar Fertilizers 

Nitrogen Fertilizer Management to Reduce Groundwater 
Degradation 

Site-Specific Variable Rate Fertilizer Nitrogen Application i:n 
Cotton 

SoH Testing to Optimize Nitrogen Management for Processing 
Tomatoes 

tv1erced, Madera, Fresno, 
Tu lare, Kings, Kern 

Santa C lara 

Yolo, Riv erside 

Fresno 

Stan islaus 

Kings, Fresno 

Fr esno 

Cotton 

Lettuce, Pepper, Celery, Onion, 
Cabbage, Broccoli 

Nursery crops 

C lementine mandarin 

A lmond 

Cotton 

Tomato 
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Establishing Updated Guidelines for Cotton Nutrition 
 
Weir, B., University of California Cooperative Extension, Merced; Miller, R., University of California Diagnostic 
Laboratory, Davis; Hutmacher, R., USDA Water Management Research Laboratory, Fresno; Huffaker, R. and 
Travis, R., Department of Agronomy and Range Sciences, University of California, Davis; Vargas, R., University of 
California Cooperative Extension, Madera; Munk, D., University of California Cooperative Extension, Fresno; 
Wright, S., University of California Cooperative Extension, Visalia; Roberts, B., University of California 
Cooperative Extension, Hanford; Munier, D., University of California Cooperative Extension, Bakersfield 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                 

                
                 

                 
                    

                   
                    
                

                 
                 

                 
                  

                   
                   

                    
                 

             

Crop 
Cotton 
 
County 
Merced, Madera, Fresno, Tulare, Kings, 
Kern 
 
Years of study 
1993-1996 
 
Fertilization guidelines 
- Cotton 
 
FREP Article 
Final Report 

FREP Proceedings 1993: Page 51 

FREP Proceedings 1995: Page 18 

     
 

     

 
 
 
 
 

 
 

Highlights 
 
• In a subsurface drip irrigation system, highest seed cotton yields were 

obtained with 120 lbs N/acre. 
• A preplant application of 50 lbs N/acre slightly increased yield. 
• Applying N by drip irrigation throughout the season resulted in lower 

yields than when all N was applied at the early square stage. 
• A correlation exists between lint yield and the ammonium acetate as well 

as the Mehlich-3 extraction method for K. 
• formed in Coastal Range alluvium do not fix K. 
 
Introduction 
The overall objective of this study was to establish updated guidelines for 
cotton nutrition, which take into account soil and plant tissue analysis.  
 
Methods/ management 
A fi ld t i l i l di  i  bi ti  f it  (N) li ti   

            
            

            
          

             
   

 
 
 
 
 

1. Accessibility of FREP Research 
Report Summary 
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Establishing Updated Guidelines for Cotton Nutrition 
 
Weir, B., University of California Cooperative Extension, Merced; Miller, R., University of California Diagnostic 
Laboratory, Davis; Hutmacher, R., USDA Water Management Research Laboratory, Fresno; Huffaker, R. and 
Travis, R., Department of Agronomy and Range Sciences, University of California, Davis; Vargas, R., University of 
California Cooperative Extension, Madera; Munk, D., University of California Cooperative Extension, Fresno; 
Wright, S., University of California Cooperative Extension, Visalia; Roberts, B., University of California 
Cooperative Extension, Hanford; Munier, D., University of California Cooperative Extension, Bakersfield 
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Highlights 
 
• In a subsurface drip irrigation system, highest seed cotton yields were 

obtained with 120 lbs N/acre. 
• A preplant application of 50 lbs N/acre slightly increased yield. 
• Applying N by drip irrigation throughout the season resulted in lower 

yields than when all N was applied at the early square stage. 
• A correlation exists between lint yield and the ammonium acetate as well 

as the Mehlich-3 extraction method for K. 
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Potassium (K2O) 

Nitrogen (N) 

Cotton Fertilization 
Guidelines (illustration) 

Preplant Sowing 
Seedling 

establishment 
First white 

bloom 
First 

square 
Peak 
bloom 

First 
open boll 

Pre-plant N Starter N Side dress N Foliar N 

Soil test Petiole analysis 

Pre-plant K Starter K Side dress K Foliar K 

Soil test Petiole analysis 
i 

i 

i 

i 

i i 

i 

i 

i 

i 

i i 

i 

i i 

List of references 
 
 
 
 

Links: 
•  University of California Cotton Production Information 

•  National Cotton Council of America 

•  The Cotton Pickin’ Web 

•  California Cotton Ginners and Growers Associations (CCGGA) 

 
 
 
 
 
 
 
 
 

i 
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Potassium (K2O) 

Nitrogen (N) 

Preplant Sowing 
Seedling 

establishment 
First white 

bloom 
First 

square 
Peak 
bloom 

First 
open boll 

Pre-plant N Starter N Side dress N Foliar N 

Soil test Petiole analysis 

Pre-plant K Starter K Side dress K Foliar K 

Soil test Petiole analysis 
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i 

i 

i 

i i 

i 

i i 

 
 
 
N requirement of cotton strongly depends on the yield level. The 

N fertilization rates for different cotton yield levels grown in soils 
with nitrate-N levels below 50 lbs/acre are listed below [43]. 
Approaches to determine a realistic yield goal are discussed here. 

 
 
 

 
 
 
 
 
 
 
 
Adapted from [43]. 
  

Another factor that needs to be taken into account is the type of 
cotton grown. In general, N application rates to Pima cotton are 
lower compared to Acala cotton due to slightly lower yields and the 
sensitivity of Pima cotton to excess N [37]. A 2-year study in the San 
Joaquin Valley found no increase in Pima cotton yield when the 
available N (residual soil nitrate-N plus fertilizer N) exceeded 150 
lbs/acre [4, 15]. 

The optimal fertilizer rate also depends on the fertilizer 
application costs relative to the price of cotton that can be realized. 
The maximum yield is generally not the most profitable yield, as the 
yield increase diminishes with each additional pound of N added. 
Therefore, the economically optimal yield may be considerably 
below the maximum yield. 

 

Side dress Nitrogen 

Application Rate 

Mode of Application 

Fertilizer Type 

Time of Application 

i 

i 

i 

i 

Cotton Fertilization 
Guidelines (illustration) 
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Potassium (K2O) 

Nitrogen (N) 
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i 
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Nitrogen deficiency results in pale green leaves (see picture). 

The symptoms first appear on the older leaves. In addition, growth 
of the plant is stunted and the development of vegetative branches 
reduced. Bolls may be shed soon after flowering. When N 
deficiency occurs later in the season, leafs may turn purple, and 
bolls at late fruiting positions may be shed [43]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A healthy (left) and a nitrogen deficient cotton leaf (right; photo 
provided by the International Plant Nutrition Institute; www.ipni.net).  
 

While insufficient N reduces crop growth and lint yield, excessive 
N can cause difficulties in defoliation, harvest, and may reduce lint 
yield [22]. Furthermore, high N application rates may increase aphid 
populations. In a FREP-funded study carried out in the San Joaquin 
Valley, Godfrey and Hutmacher found that cotton aphid infestations 
were more severe with 200 lbs N/acre than with lower N application 
rates [1]. Aphid levels were especially high in plots where high N 
rates and the pyrethroid insecticide Capture (to control lygus bug 
populations) were applied. 

Nitrogen Deficiency Symptoms 

Cotton Fertilization 
Guidelines (illustration) 
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Soil samples for nitrate analysis should be taken near planting 

time or at least 3 weeks after the last N application [43]. As cotton is a 
deep rooting crop, samples should be taken to a depth of at least 
two feet. The distribution of nitrate in the soil profile is very variable. 
For this reason, the estimation of the potentially available N is 
improved by taking samples deeper than 2 feet [2]. The Cotton 
Production Manual recommends taking samples from the top 3 feet 
of soil [43]. Due to the variability of nitrate in the soil, care must be 
taken that the sample is representative for the field (see Sampling 
for Soil Nitrate Determination).  

The soil nitrate test measures the plant available N at the time of 
sampling. Its level depends on a number of factors (see Factors 
Affecting Soil Nitrate Concentrations in Spring). Therefore, the test 
result is field specific and needs to be determined every year.  

In a study with FREP support carried out in the San Joaquin 
Valley between 1996 and 2000, Hutmacher and collaborators found 
that the residual nitrate–N level in spring can be fully subtracted 
from the crop N requirements to determine the amount of fertilizer N 
that needs to be applied [2]. 

 

Soil Nitrate Test 

Cotton Fertilization 
Guidelines (illustration) 
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Additional Information 

Sampling fo1· Soill\"itrate 

Det~eormination 

Daniel Gei.sseler 

lime of sampling 

• Sail samp les fur n[tra~e a r e ei~her collected 

n ear p lanting t ime (g e neralty refenre<:l t o p re­

p la nt n itrate test; PP NT ). o r ju:st b efore the 

m ain N appllca.tion is d ue (p re-:sidedre:ss 

n itrate test; PSNT). 

l a !king a l'E·pllle~f'ntath-e sample 

• lj,fllhen :soil prope rties 'ar p ra nt d evelopm ent 

d il!fer w~in a fie ld , the field sh ould be 

d ivide d fn•o d iffe rent management a reas 

with simila r c.haracteristics a m:l a :sample 

from each area :sh o ujdJ be take n L'El_ 

• A convenient way to chec1i. for d ifferen ces in 

soil p rop erties is to use~ i.n .eractive 

appl'icatio n Sai'IWe b (ava ilab le at 

frtllP:IJcBlSOi'lresource .rawr .. u:cdalo'is..ed'u/soilwe 

bJ). Fiar figu re 1, the application was u_:sed fur 

a fiield n ear [)avis. Far t'hfs lltel'd. sep arate 

samp les sho u ld be t ake n f:ro:m t he area ll'rith 

Brent'iNood s ilty ,c fay lo am (B rA ) a nd irom the 

area with Myers lo am (M s )- T h e central a nd 

righ t sectiWl of U.e llterd shou ld b e sampled 

separately a' their; m a nagernen l d"Jffecs. 

• If i t is no• clear w h ether textural chang es o r 

,. In b o-m, cases , sam,p[es should be t al; en a . 

least 3 w eeks aliter the l ast n itrog en (N ) 
app l[callio n . 

Figure 1 : Sari :sampling p la n ror a repre-sentative 

sample from a field or m a na ernenl a..re.a_ T h e 
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2. Focused Research 

Special RFP: “pump and fertilize” proof of concept 
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2. Focused Research 

Special RFP: “pump and fertilize” proof of 
concept 

• Six project proposals 

• FREP-TASC and peer reviews 

• Two proposals have been selected for funding 
of over $700,000 

• Three years field level research in Tulare Lake 
Basin and Salinas Valley 

• Both proposals are from UC 
Administrative Record 
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2. Focused Research 

2013 RFP – Research Priorities 
• Demonstrating agronomically sound use of fertilizing 

materials at the field scale  

• Managing agricultural nitrogen 
– Minimizing nitrate movement below the root zone 
– Evaluating strategies to increase crop N use efficiency  
– Minimizing nitrous oxide emissions related to fertilizer use  

• Developing Best Management Practices 

• Development of educational materials to increase 
awareness of agronomically sound use of fertilizing 
materials Administrative Record 
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3. Technical Education 
  “Managing Agricultural Nitrogen” Forums 

Collaboration with UC-ANR 
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3. Technical Education  
“Nitrogen Management Training” 

Background 

• Waste discharge requirements to 
manage agricultural use of nitrogen 

• East San Joaquin Water Quality 
Coalition is working with CDFA to 
develop nitrogen management 
worksheet / plan 

• Professional expertise needed to 
implement nitrogen management 
plans  
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3. Technical Education  
“Nitrogen Management Training” 

Professional assistance 

• CA Certified Crop Advisors (CCAs) have been 
identified as a good resource to assist growers 
implement NMPs 

• Certified through the American Society of 
Agronomy 

• Qualified to make nutrient recommendations 

• However, would need training specific to 
nitrogen management 
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3. Technical Education  
“Nitrogen Management Training” 

CROP MANAGEMENT  NITROGEN MANAGEMENT PLAN 

CALIFORNIA CCA 
PROGRAM 

CDFA- FREP  

NM TRAINING AND CERTIFICATION 

AMERICAN SOCIETY OF 
AGRONOMY 

CCA EXAM and CERTIFICATION 
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3. Technical Education  
“Nitrogen Management Training” 

CCA NM Training and Certification Program  

• Fertilizer Inspection Advisory Board, and CA 
CCA Board of Directors are very supportive 

• Drafted course outline in consultation with CCA 
Board of Directors 

• Presented the proposal to the UC President’s 
Advisory Commission 

• Working with UC-ANR for curriculum 
development 
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35 

DRAFT Outline of Training Modules 
1. Environmental and economic benefits of nutrient 

management planning 
2. Nitrogen fertilization 
3. Interaction between irrigation and nitrate leaching  
4. Regional influences 
5. California crops and their nutrient requirements 
6. Behavior and value of cover crops 
7. Value of testing 
8. How to develop a nitrogen budget worksheet 

3. Technical Education  
“Nitrogen Management Training” 
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3. Technical Education  
“Nitrogen Management Training” 

Concept 
Development 

Curriculum 
Development 

Stakeholder 
Feedback Implementation 

• FIAB 

• Secretary Ross 

• CCA Board 

• CVRWQCB 

• ESJWQC 

• CCA  Annual 
Conference 

• UC PAC 

• UC Extension 
Conference 

• CCA Board 
Subcommittee 

• Draft Training 
Modules 

• UC ANR – 
Curriculum  

• Training – who 
when, where, 
how 

• CEU 

• Ongoing  

• Contact 

• Participation 

• February/March 
2013? 

• Adjust 

• By December 
2013 

• Training 2014 

• Tracking 

• CEU 

Process of Implementation 
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Summary 

• CDFA is actively engaged with the water quality 
regulatory agencies, and other stakeholders 

• FREP research data is available at: 
http://www.cdfa.ca.gov/is/frep/Default.aspx 

• Focused research to develop practical tools to 
manage agricultural nitrogen 

• CCA NM training and certification program – 
implement by December 2013 

• Enhanced collaboration 
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Thank You 
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