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PAST PRESENT FUTURE



PAST

• organic fertilizers

• nutrients returned to soil with crop residues and 
manure

• challenge: yields limited by nutrient deficiency, non-
optimal timing of availability and nutrient imbalance



PAST 144 YEARS AGO



PAST 18 YEARS AGO

2-year field trial on processing tomato fb wheat at UC Davis 

Main question:
• Can N use efficiency of processing tomato be improved with a 

slow-release N fertilizer (methylene urea/urea formaldehyde)

Variables:

Urea vs. methylene urea
Fallow vs. Cover crop 
Seeded vs. transplanted tomato

Parameters:

Yield quantity and quality
N uptake by crop 
Fertilizer N use efficiency using 15N technique
Soil 15N (nitrate and biomass N) fall/spring
Residual N effect on wheat grown w/o fertilizer  



RESULTS (Koivunen and Horwath 2005)

• No difference in tomato yield quantity and quality

• Deep soil core samples taken to 200-cm (6.5 feet) depth after the first 
transplanted tomato crop in fall 1999 showed high contents of fertilizer-
derived NO3-N in the urea-fertilized soil. The following spring, soil 15NO3-N 
content was significantly lower in these plots (note: all 15N plots were left 
fallow during the winter)

F – fallow
CC – cover crop
uMU – 50:50 mixture of urea and methylene urea



RESULTS (Koivunen and Horwath 2005)

N use efficiency was not significantly improved with slow-release N 

Fertilizer N use efficiency



Lesson learned #1. Nitrogen uptake curve for tomato

N content in the above-ground 
biomass was generally higher 
in the transplanted than 
seeded tomato plants

The plant N content did not 
significantly change between 
the last sampling (16 weeks 
after seeding or 12 weeks after 
transplanting) and harvest

seeded

F – fallow
CC – cover crop
uMU – 50:50 mixture of urea and methylene urea

Time 0 sampling: 7 weeks after seeding or    
3 weeks after transplanting 

transplanted
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PRESENT Application in field fertigation programs 



Lesson learned #2. Effect of cover crop on soil properties 
and nitrogen management

• Increased organic matter content
• Increased soil microbial activity
• Increased storage of N in the microbial biomass
• Decreased bulk density
• Increased infiltration rate 

Improved Soil Health



PRESENT



PRESENT

• mineral fertilizers, specialty fertilizers, improved      
application techniques and timing (4R principle)

• plant nutrition/fertilizer use  based on crop 
requirements and soil nutrient content

• focus on improved nutrient efficiency and decreased 
losses in the environment

• new appreciation of soil organic matter and soil health



FUTURE



BIOSTIMULANTS – WHAT ARE THEY?

CROP PROTECTION FERTILIZATION

• Pesticides
• Plant 

Growth 
Regulators 
(PGR)

• Plant 
nutrients

• Soil 
amendments

BIOSTIMULANTS

Pesticides, 
PGRs or 
Fertilizers ??



Beneficial Substance: Means any 
substance or compound other than 
primary, secondary, and micro plant 
nutrients that can be demonstrated 
by scientific research to be beneficial 
to one or more species of plants, 
when applied exogenously. (AAPFCO 
2007)

EXAMPLES:
- Seaweed extracts
- Microbial inoculants
- Protein hydrolysates
- Humic and Fulvic acids
- Amino acids

European Biostimulant Industry Consortium 
(EBIC)

BIOSTIMULANT

Plant Biostimulant
means a material 
which contains 

substance(s) and/or 
microorganisms whose 
function when applied 

to plants or the 
rhizosphere is to 
stimulate natural 

processes to benefit 
nutrient uptake, 

nutrient efficiency, 
tolerance to abiotic 
stress, and/or crop 

quality, independently 
of its nutrient content



FUTURE

Unclear regulatory environment is slowing down the market growth in the US

2017



FUTURE
Site-specific prescription application of 
fertilizers, pesticides and biostimulants

http://american-vanguard.com/NewsMedia/InvestorVideo/SIMPASVideoPresentation/tabid/355/Default.aspx



FUTURE



FUTURE

•combination of inorganic and organic nutrient sources

•site-specific and variable-rate application techniques

•focus is shifted from the quantity and quality of plant 
nutrients to enhanced nutrient uptake by the plant



PAST

• organic fertilizers

• nutrients returned to soil with crop residues and manure

• challenge: yields limited by nutrient deficiency, non-optimal 
timing of availability and nutrient imbalance

PRESENT

• mineral fertilizers, specialty fertilizers, improved      
application techniques and timing (4R principle)

• plant nutrition/fertilizer use based on crop requirements 
and soil nutrient content

• focus on improved nutrient efficiency and decreased losses 
in the environment

• new appreciation of soil organic matter and soil health

FUTURE

•combination of inorganic and organic nutrient sources

•site-specific and variable-rate application techniques

•focus shifted from the quantity and quality of plant nutrients 
to enhanced nutrient uptake by the plant



PAST PRESENT FUTURE

Organic 
fertilizers

Inorganic 
fertilizers

Application 
technology

Nutrient use  
efficiency

Biostimulants

Environmental 
regulations

decrease increase ??

increase ??

increase

improvement

increase

increase




