
Tom Bruulsema, Director, Northeast Region, IPNI  

Developing Credible Models to Adapt 
Crop Nutrient Management to Weather 

Presenter
Presentation Notes
Colleagues in agronomic science, my name is Tom Bruulsema, and I would like to thank you for the opportunity to present my thoughts on the process for developing credibility in models to adapt crop nutrient management to weather.Symposium--Using Weather, Crop Modeling, GIS, and Foundational Agronomic Research for Guiding 21st Century Grower PracticesOver the course of many decades, agronomists have done extensive research to develop nutrient recommendations for specific crops in specific regions. For nitrogen (N), this research supports adjustments for factors including previous crop, application timing, price ratio, yield goal, previous crop and soil texture. For phosphorus (P), the main factor is usually the soil test. The science supporting such recommendations usually explains no more than one-third of the variability in optimum rates observed across field experimental sites. A considerable portion of the remaining variability could be due to weather. Temperature and moisture affect many processes in the soil-crop system known to influence optimum N rates. Rainfall timing and soil properties affect loss of applied P in surface runoff. The complexity of the interactions of these processes warrants the use of past, current and forecast weather information in soil-crop system models to improve nutrient application decisions. A science-based approach to developing such models will cross many disciplinary boundaries, including those of agrometeorology, soil physics, chemistry, and plant physiology. In addition, the development and dissemination of such decision support requires a large effort to validate the models. This effort requires on-farm testing as part of an adaptive management approach, in order to build the users’ confidence in the models and to provide feedback to scientists for model improvement. The results of such on-farm validation can also be aggregated and communicated to consumers and the public as performance indicators. A combined program of weather-based model development and on-farm adaptive research can serve to enhance confidence in all stakeholders by relating nutrient stewardship efforts to the improvement of the sustainability of agriculture.



Formed in 2007 
from the Potash & 
Phosphate 
Institute, the 
International Plant 
Nutrition Institute 
is supported by 
leading fertilizer 
manufacturers.  
 
Its mission is to 
promote scientific 
information on 
responsible 
management of 
plant nutrition. 

Presenter
Presentation Notes
I work for the International Plant Nutrition Institute, which is supported by producers of plant nutrients. Its mission is to promote scientific information on responsible management of plant nutrition.



Adapting Crop Nutrition to Weather 
OUTLINE 

1. Scope of the weather effect on nitrogen 
2. Experiences in on-farm validation & adaptive 

management  
3. Phosphorus 
4. Sustainability 

 
• Slides: available at http://nane.ipni.net 

Presenter
Presentation Notes
There are three sections to the talk today. First I’ll review some evidence on the scope—size and importance—of the weather effect. Second, I’ll review some experiences in on-farm validation and adaptive management, by university extension and crop advisers in the Northeast.Third, I’ll turn our attention to phosphorus and explain how weather models could contribute to better information on mitigating losses that impact water quality.Finally, I will note how these modeling efforts can link in to current initiatives in sustainability reporting.
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Median optimal N rates varied widely among years 

in Quebec corn response trials 

Tremblay, et al. 2007. Managing crop nitrogen for weather.   

100  
kg/ha 

Presenter
Presentation Notes
The lines in these box and whisker plots summarize the median optimal rate in corn N response trials across the province of Quebec from 1997 to 2005. The range in AVERAGE optimum rates across these nine years was 100 kg of nitrogen per hectare. The trials did vary in locations and soils each year, so not all this variation was due to weather.*******************************************At the provincial level, the years 1997 to 2005 presented important variations in optimal N rates, both within and among years (Figure 1). The median rate was normally within the range of 100 to 150 kg N ha-1. It was lowest in 2002 and highest in 2005. To a certain extent, these yearly differences may also be related to variations in regions, soil types or other factors in the sample considered.



Weather influences corn yield response 
 first 5 years, Elora, Ontario (IPNI-2008-CAN-ON29) 

EONR  
140 to 250 kg/ha 

Deen, Lauzon, Stewart, & Bruulsema; not yet published. 

Presenter
Presentation Notes
These corn yield response curves come from a single field in Ontario. It’s a replicated field study designed to compare effects of application timing and rate, both as short-term and long-term responses. Variation in weather over the first five years—primarily rainfall—caused yields to range from 7 to 14 tonnes per hectare, in direct proportion to optimal N rates ranging from 140 to 250 kg/ha.  None of this variation is addressed in the current recommendation model. But we can use these data to do some theoretical calculations of the maximum potential improvement in precision and profit.



EONR response to price ratio, 2009-2013 

 

Deen, Lauzon, Stewart, & Bruulsema; not yet published. 

Presenter
Presentation Notes
From the response curves, optimum rates were derived at a range of price ratios that were actually experienced by growers over the period. This figure makes clear that the maximum effect of price ratio, the difference in rate between price ratios of 5 and 10.5, is only about one-quarter the size of year-to-year variation caused by weather.



Year-to-year differences in response affect 
potential profit more than price ratio differences 

EONR = economically optimum N rate, by curve fit 
ONCR = Ontario N calculator recommended rate 
 
1. Adjusting for price ratio if EONR is known provides little profit. 
2. Improving ONCR to = EONR potentially provides 33X more profit. 

Year 2009 2010 2011 2012 2013 
5-year 
mean 

price ratio (PR) 10.5 5.4 5.1 6.2 6.1 6.7 
EONR(PR), kg/ha  144 188 187 146 248 182 
EONR(6.7), kg/ha  161 184 182 143 246 183 
ONCR(PR), kg/ha 133 168 169 162 163 166 

EONR(PR) - EONR(6.7), $/ha  $5.31   $   0.48   $   1.03   $0.16   $     0.16   $ 1.43  
EONR(PR) - ONCR(PR), $/ha  $2.12   $13.67   $11.51   $5.20   $204.28   $47.35  

Deen, Lauzon, Stewart, & Bruulsema; not yet published. 

Presenter
Presentation Notes
But the differences in potential profit are much larger. This analysis shows three scenarios: 1) the optimum rate applied based on year-specific price ratios, or 2) based on a constant price ratio of 6.7,  or 3) the rate recommendation of the Ontario N calculator, which includes a factor of price ratio. If you compare the numbers, we find that 1) if we knew the actual response curves, adjusting for price ratio makes little difference, $1.43 per hectare, and 2) if we could move from current recommendations to the actual year-specific optimum, it would be worth 33 times as much to the grower: $47 dollars per hectare. Admittedly, much of this benefit comes from addressing the year 2013, when yield potential jumped. What it would take to predict that response is not yet clear – it seemed to be due to high rainfall in June and July, combined with a late growing season conducive to high yields.



Different soils respond differently to weather 
Meta-analysis of North American corn N responses 

Parent et al., 2013, Better Crops; Tremblay et al., 2012, Agron J 104:1658-1671 
AWDR = abundant and well distributed rainfall in early growth period 

Presenter
Presentation Notes
Different soils respond differently to weather. A study published two years ago on a meta-analysis of corn N responses across North America, from Quebec to Mexico, found the combination of fine textured soils and abundant rain in the early growth period gave much larger responses, as compared to the other 3 categories. Data similar to these can be used for an empirical approach to predicting weather impact on N response. On the within-field scale, a study conducted in a corn production field in Ontario, Canada showed that different parts of the landscape made different amounts of N available over a number of years. Among these years there were varying amounts of rain between planting and the V6 growth stage. Areas with low soil organic matter made only small amounts of N available, and the amounts declined as amounts of rain increased. In areas with high organic matter, however, amounts increased with rain to a point, but then declined sharply in the wettest years—by as much as 180 lb/A—to even less than in the low organic matter areas. Managing for yearly weather differences can require managing soil variability across the field at the same time. B.D. Kay, A.A. Mahboubi, E.G. Beauchamp, and R.S. Dharmakeerthi. 2006. Soil Sci. Soc. Am. J. 70:1210–1221. (adapted)



Why a modeling approach? 

• Integrate crop demand, soil supply, soil loss 
– Complex processes 
– Each driven by past, current and forecast weather 

• Ease of user experience  
• Integrates information from sampling, testing, and sensing 
• N and P differ 

– Economic and environmental impacts for N 
– Managing runoff risks for P 

 
 

Presenter
Presentation Notes
Here are some reasons why a modeling approach is needed to address the weather impact. Nitrogen depends a lot on the weather. Crops demand more of it from the soil when weather favors rapid growth. Soils mineralize more of it from organic matter when warm and moist. And more of it gets lost when excess water either leaches it from the soil or denitrifies it in zones depleted of oxygen. So it’s no surprise that nitrogen can be managed better when weather is accounted for. The complexity of managing N for different soils and weather demands a decision support tool. Decision support generally involves a system that gathers information from many sources and quickly interprets it. A cloud-based system makes incorporating weather into N decisions much easier.A modeling tool can also integrate information from sampling, testing, and sensing, making up for what is not measured while providing a check on the model’s predictions.Nitrogen and phosphorus differ. For nitrogen, we aim for improvements in both yields and N use efficiency and reduced environmental impacts. For phosphorus, there is less activity in designing crop response models, but runoff losses that impact the environment are highly sensitive to weather.



Improving nutrient use efficiency depends on 
adapting management to weather 

STRATEGY 
Support development of decision support systems that account for 
weather. 

Science (2012) 
338:734-737 

Presenter
Presentation Notes
Since the publication of IPNI’s “Managing Crop Nitrogen for Weather” in 2007, several organizations, including private companies, have become active in applying weather-driven crop and soil models to aid in the prediction of year-specific crop nitrogen needs. IPNI has promoted this and will continue to do so. In particular, we plan to support research projects validating the models, and educational efforts to improve the users’ understanding of the models. Current technology for less than $2,000 allows a grower to have complete weather data from a farm station accessible online, and uploading every 5 minutes! Do we have models that match this frequency? Most of the models still work on a daily item step – there is huge opportunity to increase the sophistication, Weather forecasts will never be perfect but forecasters’ skill is increasing, according to this 2012 Science article.



Current initiatives 

• Empirical – Tremblay, Kitchen, et al (2012) 
• NLOS – Bittman & Hunt, Agriculture and Agri-Food Canada 
• Climate Corp – Monsanto 
• Encirca – DuPont-Pioneer  
• 360 COMMANDER – Gregg Sauder 
• Adapt-N – Cornell U and Agronomic Technology Corp (ATC) 

Presenter
Presentation Notes
It’s no surprise that the number of initiatives to apply modeling to nitrogen decision making is increasing. These all share some common elements that I will show on the next slide. It’s not my objective to compare the approaches listed here, or rank them for their reliability.  I simply want to highlight what some user experiences have been, and draw from them some principles to keep in mind as we adapt these tools to on-farm decision-making. While all of my examples involve Adapt-N, one of the longest-running development efforts, that’s not to say that better approaches can’t be developed.



Common elements 
of model-based 

nitrogen decision 
support 

 

Presenter
Presentation Notes
To make the application of modeling to nitrogen decision making a user friendly experience, certain things are essential. First is access to timely weather data. Some systems integrate data from climate centers, some could directly access the web-uploaded data from a farm’s or field’s weather station. The second is a realistic model. It needs to predict crop demand, soil supply and soil losses. It needs to run in the background, automatically, and be set up to provide both recommendations and additional information that shows how it is making its prediction.The third is a universal interface on the web accessible from any device.In the following slides, I will review some crop adviser experiences with modeling approaches, highlighting the importance of engaging the scientist behind the system with the users.



• 2013: ↑ N rates by 22-44 kg/ha, ↑ yields by 1.4-1.9 t/ha, ↑ profit $225-$300/ha.  
• “Arnold and sons were struck by the tool’s graphs of soil N availability and rainfall, 

which clearly showed the farm’s weather-related early N losses.” 
• 2011-2012: ↓ average N rates by 74 kg/ha, ↑ profit by $77/ha.   

Adapt-N validation in NY 

Ball, Moebius-Clune, van Es & Melkonian. 2014. IPNI 4R Plant Nutrition 
Manual Case Study 7.4-4 

Presenter
Presentation Notes
Cornell University efforts to validate Adapt-N through on-farm trials showed that in some years, it reduced rates, and in others, particularly 2013, it increased them to make up for excessive rains in the early part of the growing season. Across years, growers appreciated increased profits from both cost savings and increased yields. And it was more than financial. The Richardson farm, highlighted in this case study, was impressed with the tool’s graphs showed what was happening with soil N and its losses. The tool educates users on the underlying processes – and provides a way to estimate environmental impact.Richardsons are rare in choosing a system of 3 split applications. Most growers in NY are applying a larger dose at or before planting, either as manure or fertilizer.



DeGolyer, D. 2014. Western NY Crop Management 

“Sidedress” 
• Traditionally, coulter injection at 15-30 cm plant height 
• On-farm in NY – high-clearance drop tubes provide more 

flexibility in application timing 
• UAN with urease inhibitor 

Presenter
Presentation Notes
David DeGolyer, the lead consultant with Western NY Crop Management, notes that growers prefer to have more N applied at planting, since in this region there is a risk of a rainy June delaying sidedress applications. In addition, many apply manure either the previous fall or in the spring. In this situation, the crop would receive a dose that might be sufficient for the years requiring the least nitrogen – a minimal annual dose – following by some means of checking for sufficiency somewhere between V6 and V10. With high-clearance equipment and drop tubes, however, there is a wider window and more flexibility in application timing. Typically, UAN is the fertilizer source, with a urease inhibitor to minimize ammonia volatilization. So his definition of “sidedress” differs from the traditional.************************************************There is need to innovate when it comes to “right time.” The Adapt-N tool is currently configured for use in sidedress systems, in which the bulk of the N is applied around the V6 growth stage, usually in the month of June. Under favorable weather conditions, sidedressing is often the most efficient time to apply N to corn. The opportunity for losses is small, and it often produces the highest yields. Weather extremes, however, can lead to situations in which sidedress is not the optimal timing. For example, in some years dry conditions can lead to reduced availability of N from sidedressed bands, as compared to preplant incorporated fertilizer. And in years with very wet conditions in June, it can be difficult to get on the field with application equipment, and the needs for N can be high owing to the large loss potential. A real-time decision support system can be useful with different application timings as well. Applying a little more N up front at planting—for example, half or two-thirds of a normal year’s optimum rate—can ensure the crop is well-nourished in both dry and wet conditions. For the remainder of the crop’s requirements, high-clearance equipment capable of variable rates and guided by GPS can ensure more flexible timing to implement the guidance from more sophisticated decision support. 



DeGolyer, D. 2014. Western NY Crop Management 

Rainfall varied across 
New York State’s 
cropland in June 2013 

This led to different 
results on different 
farms. 

200 mm 

60 mm 

Presenter
Presentation Notes
In New York state, the most concentrated crop production is within the ellipse. Rainfall in 2013 varied tremendously within counties. The pattern does not repeat. Each year is different.Note that the variation experienced farm to farm is even larger. Maps like these are interpolated over 4 to 5 km grids. 



Farm 1 (Branton):  
400 mm rain in the month of June 

TREAT 
MENT 

N at 
planting, 

kg/ha 

Yield 
goals, 
t/ha 

Adapt N  
rec,  

kg/ha 

Sidedress 
N rate, 
kg/ha 

Grain 
yield,  
t/ha 

CHECK 160 12.6 140 0 11.8 
SIDEDRESS 160 12.6 140 67 13.9 

CHECK 156 11.3 118 0 10.3 
SIDEDRESS 156 11.3 118 67 12.9 

DeGolyer, D. 2014. Western NY Crop Management 

With high June rainfall, response to 
sidedress is large, even with rates lower 
than recommended by Adapt-N. 

Presenter
Presentation Notes
Here are results from one example farm, in the high rainfall zone. 400 mm total in June. Strip trials in two fields indicated a good response to the late sidedress application, even though the rate used was loser than recommended by Adapt-N.  Needless to say, this grower was pleased with the efficient response – agronomic efficiencies of over 30 kg of grain per kg of nitrogen. 



DeGolyer, D. 2014. Western NY Crop Management 

check – no sidedress N with sidedress N 

• Approximately 250 mm rain from mid May through June. 
• Excellent soil health (loaded with earth worms) zone till, cover crops 

system, manure no till injected  
• Late June: Corn looks very good. Uniform green color. By crop 

observation, would judge no additional N needed  

Farm 2: Dueppengiesser Dairy Company 

Presenter
Presentation Notes
A second farm was in a more intermediate zone for rain. It had excellent soil health, cover crops with manure no-till injected. By visual observation in late June, there was no indication of need for additional N. But by maturity, there was a clear visual difference as shown in these photos. This farm harvested corn as silage, and had strip trials in three fields.



Farm 2 field strip plot results 
Field Treat 

ment 
Years 
since 
sod 

Starter 
N rate, 
kg/ha 

Spring 
Manure,  

L/ha 

Adapt N 
rec, 

kg/ha 

Sidedress  
N,  

kg/ha 

Yield at 
32% DM, 

t/ha 

A N 2 56 84,000 NONE 79 62 

CHECK 2 56 84,000 NONE 0 48 

B N 4 36 103,000 79 79 73 

CHECK 4 36 103,000 79 0 63 

C N 3 36 103,000 N/A 79 48 

CHECK 3 36 103,000 N/A 0 46 

DeGolyer, D. 2014. Western NY Crop Management 

Adapt-N 1 for 2. Field A had some tiles, but 
inadequate drainage – Adapt-N now corrected. 

Presenter
Presentation Notes
Field A responded strongly because drainage was poor. Some tiles, but they were not working properly. Adapt-N did not have a category for the situation in 2013, but this experience led to a “fix” for 2014. Made possible by the crop adviser working closely with the scientist behind the model. Field B – response predicted by Adapt-NField C – indicates not all fields on this farm would have a large response respond. 



DeGolyer’s conclusions: Going forward 

1. High N needed, split application is highly recommended. With 
highboy spray applicators, N can be applied on corn up to [2m] tall. 

2. For late N applications, at least [67 kg N/ha] up front (except alfalfa 
sods or spring injected manure). It is critical not to run out of N 
before pre-tassel.  

3. Adapt  N is still a tool. Will still need to scout! 
4. In 2013, fields in the southern tier and southern Wyoming and 

Livingston counties required no additional N [after planting]. 
5. Stabilizers will preserve N 2-4 weeks at most. N applied in late April 

would not have been preserved from the heavy rains in June. 
6. Ultimately  farms should have a plan to apply more N in event of 

excessive rains. 

DeGolyer, D. 2014. Western NY Crop Management 



Willard Agri-Service – DE & MD 
• John Dantinne and Mike Twining  
• Branding: Eco-N (Adapt-N agreement with Cornell, ATC) 
• Automation/integration with HighQ 
• 2014: >150 fields, at least one field for each sales rep. Growers 

generally pleased with recommendations, yields up to 15 t/ha 
• Compared to other approaches to N management (PSNT, CSNT, 

sensors): more potential to implement commercially; more 
comprehensive 

• Toughest challenge: tracking applications 
• Why Adapt-N?  1) university-based, 2) developed for East Coast,  

3) scientist engagement – visits to the field 
• Expect recs to improve within 3 years 
• Nutrient interactions 

Dantinne, J. October 2014. 



• Corn growers are asking in June whether additional N 
is needed 

• Many alternative methods (e.g. PSNT) are much 
more difficult to implement than a model 

• Growers can learn from a process-based model 
• Data management a big challenge 
• Scientist developing the system needs to be engaged 

in the on-farm validation  

Key learnings from experiences 

Presenter
Presentation Notes
This is my assessment, gleaned from David’s comments over the years.



Some comments on phosphorus  



Excerpt from recommendation standards: 
3.5.7 Broadcast applications of nitrogen and 
phosphorus without immediate incorporation are 
neither made nor recommended unless the NOAA 
forecast indicates less than a 50% chance of a 
rainfall event involving more than an inch of 
rain beginning in the next 12 hours.  
 
• Basis?  
• Applicable to all soils? 
• Important: >50% of applied P is broadcast 

Presenter
Presentation Notes
Over the past two years, a group has been working to develop a certification standard for nutrient service providers. The standard includes specifications for the recommendations they provide. One of the requirements is that the timing of any broadcast applications without immediate incorporation are tied to the local NOAA forecast. The forecast must indicate less than a 50% chance of a rainfall event involving more than an inch of rain beginning in the next 12 hours.The basis for this specific criteria could be questioned, as obviously soils will differ in whether an event of this size generates runoff. Nevertheless it is an important start. More than 50% of the P applied in the watershed is broadcast. Placing restrictions like these on broadcast applications could help motivate growers to choose better placement methods. But on some soils it’s difficult to get away from broadcasting, and a more elegant decision support tool may be more effective.



Can weather forecast data be harnessed to drive a  
“safe time to broadcast P” decision support tool? 

PoP x 
Rainfall amount x 
Soil infiltration capacity 
= time to stop broadcast? 

Presenter
Presentation Notes
In the current certification program, applicators need to save a screen shot like this for every broadcast application. Is this rule robust enough to prevent the worst of the P losses from fertilizer? Is it robust enough to be enforced? Prediction probabilities can come in many combinations, and does this adequately predict runoff probability? A decision support tool for a “safe time to broadcast phosphorus” should take into account the variability in soil infiltration rates and the likelihood of generating runoff. And it might identify just the right rain to move the disssolved phosphorus into the soil before a runoff event occurs. Can we design the prediction tool? It’s an opportunity.



Opportunities for DSS for P 

1. A web-based tool that integrates probabilities of 
rainfall that will or will not generate runoff 
specific to the field, could predict the risk of loss 
of P arising from a broadcast application. 

2. On a larger scale, a modeling tool that assesses 
performance in retaining P given the weather 
conditions would  help growers demonstrate the 
value of their BMPs including 4R nutrient 
stewardship.  

Presenter
Presentation Notes
Comment: The need for clear, relevant indicators and performance targets is appreciated. However, we would ask whether total loading targets are appropriate for nonpoint sources of phosphorus. There is strong correlation between discharge and phosphorus loads. Agricultural producers can adopt soil conservation practices and nutrient application practices that reduce the amount of phosphorus lost in a rainstorm event of a given size, but they cannot control the weather. We would strongly suggest that scientists be asked to consider developing an indicator based on phosphorus concentrations in relation to weather-driven river flow and discharge. Such an indicator may allow for much earlier detection of the impacts of management changes, and would show less risk of penalizing agricultural producers for weather events beyond their control. See additional context and references in comments addressing section 4.2.1.Loading targets may have been appropriate for addressing point sources in the past, but since nonpoint sources are the current major target, the influence of weather needs to be taken into account. 



4R: “right” means sustainable 

“Building public trust” 

Presenter
Presentation Notes
A final consideration for modeling tools is their ability to provide information of relevance to sustainability systems. Building public trust in crop nutrition is the main goal of 4R Nutrient Stewardship initiatives. Applying the best process-based science, in collaboration with crop advisers, within a globally recognized framework will help to enhance public understanding and build that public trust.

http://thatssoundadvice.com/


Summary – nutrient tools for weather 

• On-farm validation through adaptive management is an 
essential step in the development of credible models that 
support responsible management of crop nutrition. 

• It will take thousands of people with crop expertise to do 
this job, applying models over the wide range of farming 
conditions that exist.  

• Everyone involved needs some level of understanding of the 
processes represented in  the model. 

• Key criteria for success: 
– engagement of the scientist in on-farm adaptation 
– transparency on how the model works 
– openness to local data sources 

 



Thank 
You 

 
 

www.ipni.net 
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