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As we write this paper for the conference, fall fertilizer prices continue to increase, albeit
at a slower pace than earlier this fall for most materials. The latest DTN retail price survey
https://www.dtnpf.com/agriculture/web/ag/crops/article/2021/10/06/fertilizer‐price‐gains‐
losing‐steam has urea (46‐0‐0) at $620/ton, DAP (18‐46‐0) at $722/ton and potash (0‐ 0‐60) at
$647/ton. This gives $0.675/lb N, $0.52/lb P2O5 (after the N value in DAP price was accounted
for), and $0.54/lb K2O. Compared to this time last year, urea, DAP and muriate of potash are 71,
64 and 92% higher, respectively. Other important materials used in Kentucky are also higher:
ammonium polyphosphate (APP, 10‐34‐0); UAN (32‐0‐0); and anhydrous (82‐0‐0) are 40, 78 and
84% more expensive, respectively.
Working with these high prices means we must tighten up our nutrient management.
Conceptually, this means doing better at the ‘4Rs’, getting the right rate, timing, source and
placement for each needed nutrient. This situation is an opportunity to tighten management –
learn new things – do new things. The 4R concept has been largely applied to row crops, but
our purpose is to place the concept into the pasture system, where the whole soil‐plant‐animal
continuum is under consideration. Rate, timing, source and placement are probably not of
equal importance in an individual pasture. That said, the principle of growing the forage you
need where and when you need is behind all that we write here. Other forage nutrient
management objectives (improved forage health/persistence; increased competitive pressure
on weeds/other undesirable species) are also important to the individual pasture situation.
Unlike row crop fields, pasture nutrient removal is animal driven. With cow‐calf grazing,
nutrient removal is rather low (Figure 1, courtesy Chris Teutsch). But other losses (erosion,
runoff, chemical fixation) can be significant. Erosion and runoff losses can be avoided by
maintaining a strong forage sward that slows water movement and quickly takes up soluble
nutrients. Runoff losses can be further reduced by avoiding a soluble fertilizer application just
ahead of an anticipated heavy rainfall event.
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Figure 1. Nutrient cycling in cow‐calf grazing systems, including inputs and outputs. Nutrients
are recycled by grazing, dung, and urine deposition and then decomposition of dung and shoot
and root residues.
The first task is to soil test (Figure 2, courtesy Chris Teutsch) your pastures. This is
especially important when fertilizer prices are high as the soil test provides data that will be the
basis of your pasture nutrient management. You will ‘target’ lime and fertilizer applications to
pastures that have greater potential to give you an economic/profitable response to those
additions.

Figure 2. Taking a composite soil
sample of 15 to 20 cores, 4
inches deep, from each
representative area with a
pasture, is the most important
step in the soil testing process.

27

2021 KY Fall Grazing Conference

The first soil test report results to look at are the pasture’s soil pH and lime requirement
(if any). Chemical fixation that reduces the plant availability of nutrients like phosphorus (P) is
often reduced by maintaining the appropriate soil pH (Figure 3, courtesy New South Wales
Department of Primary Industries and Chris Teutsch). Acid soils cause lower legume plant
numbers, with less growth and N fixation. Agricultural lime is widely available in Kentucky, ag
lime price changes have not been notable, so liming those pastures with acid soils is a high
priority. Because of its high price, pelletized lime is NOT recommended for pasture application.

Figure 3. Impact of soil pH on soil nutrient availability to plants. The wider the band, the more
plant available a given nutrient is. Maintaining soil pH between 6.0 and 7.0 optimizes essential
plant nutrient availability.
Right Rate
The next report results to examine are the soil test P and potassium (K) values and
where these fall in terms of their availability (very low to high) to growing forage. Here, the soil
test data is going to help you get the ‘right rate’. The application rate is the easiest to adjust,
putting only what is needed where needed. If the P or K soil test level is in the very low to low
range, then the probability of a yield response that will pay for the fertilizer is relatively high
(Figure 4 and/or Table 1). If the P or K soil test level is in the upper medium to high range, the
probability of a profitable yield response falls. If your pasture’s soil test P and K values are mid‐
medium to high, our current advice is to NOT apply P or K fertilizer until prices moderate.
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Figure 4. Likelihood of a
profitable forage yield response
to the recommended rate of
applied fertilizer as related to
the range in which the initial
soil test value was found
(adapted from Havlin et al.,
2005).
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Table 1. Tabular version of Figure 4 (from Havlin et al., 2005).
UK Soil Test
Probability of a
Level
Profitable Response†
High
< 15%
Medium +
15 to 40%
Medium
≈ 40%
Medium 40 to 60%
Low
60-90%
Very Low
> 90%
†
These are estimates and will vary with soil type and
seasonal weather.
University of Kentucky P and K rate recommendations (AGR‐1, Ritchey and McGrath,
2020) at soil test values in the upper third of the medium range are maintenance only.
Maintenance cannot always be afforded, especially at times like this. Further, nutrients left in
the soil bank account are subject to physical loss and reduced plant availability – a form of
negative interest (Thomas, 1989).
Right Timing
The application timings for nutrient inputs are important and can be dependent on the
nutrient source. Lime needs time to react with soil and neutralize acidity. Poultry litter contains
organic N, P, and sulfur (S) that must be biologically decomposed/mineralized to become plant
available. Higher rates of lime, recommended when soil pH is low/soil acidity is high, take
longer to react and raise soil pH to desired levels.
Generally, soluble nutrient sources, especially N, need to be ‘on time’ and neither too
early nor too late. Applying too early could result in significant nutrient losses before forages
can utilize them. Applying too late could limit yield potential by supplying nutrients to forage
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species that are in advanced stages of growth. As the plants mature, their ability to efficiently
utilize nutrients for rapid growth decreases. Optimal timing results in best economics, especially
when applying nutrients at the lower end of the recommended rate range.
In Kentucky, both warm and cool season grasses are important to forage production and
the two different growth habits have different optimal nutrient (especially N) application
timings (Figure 5, courtesy Chris Teutsch). For a cool season species like tall fescue added
nutrients need to be in place in early March, and there can be a response to additional N
applied by mid‐August. Bermudagrass has a very different growth versus time profile and the
optimal spring available nutrient (especially N) timing is 4 to 6 weeks later, in early to mid‐April.
Interestingly, western Kentucky winter months are mild enough that tall fescue is not dormant,
so some nutrient uptake occurs. This is not the case with bermudagrass.

Figure 5. Monthly dry matter accumulation, as a proportion of total annual growth for warm
and cool season forages in western Kentucky pastures.
Another significant timing issue is with the use of urea as your N source. Urea
applications to pasture can result in ammonia‐N volatilization loss due to urea
dissolution/hydrolysis in the presence of urease enzyme. This enzyme is ubiquitous on living
plant and dead residue surfaces and losses are greater when those surfaces are moist, and the
ambient conditions are warm and breezy. Losses are less when urea is applied prior to May 1
and/or at least 0.5 inch of rain falls within 72 hours (3 days) of application. Alternatively, a
urease inhibitor like NBPT can be added to urea or UAN prior to application. This inhibitor
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reduces volatilization for a finite time period but increases the overall cost of the nitrogen
application.
Right Source
Pasture N is usually best provided by overseeded clover. Broadcast 6‐8 lb of red clover/A
and 1‐2 lb of ladino clover/A onto closely grazed pastures in February and allow the freezing
and thawing cycles to incorporate the seed. Allow animals to remain until the new clover
seedlings are in danger of being grazed off. Then remove animals and allow seedlings to reach a
height of 8‐10 inches. At this point, these pastures can be put back into the rotation.
Legumes biologically fix atmospheric N and improve both forage quality and animal
performance, while diluting the toxic effects of the tall fescue endophyte. Red and white clover
are estimated to fix between 50 and 120 lb N per acre per year. This fixed nitrogen is indirectly
shared with grasses through grazing and associated dung and urine deposition, and via death
and decomposition of above and below ground plant parts, including senesced nodules.
If you do intend to use N fertilizer, remember that there are no good soil tests for N, so
follow university N rate recommendations. Most rate recommendations are given as a ‘range’,
so consider an application rate at the lower end of the range when N fertilizer prices are high.
Consider your personal experience with N response in your pastures. Well managed pastures
that have a strong legume component and are under rotation management can have a strong N
cycle, which will tend to make them less responsive to N fertilizer. Remember, more fertilizer N
drives more grass growth, BUT is only a good investment if the additional forage will be utilized!
Right Placement
In row crop fields, some portion of added nutrients can either be incorporated or
banded below the surface. With pastures, ‘placement’ means achieving more uniform surface
nutrient distributions. Meeting this challenge in a pasture involves causing animals to dung and
urinate the pasture more uniformly. You can do this during summer, fall and early winter with
rotational grazing of forage/stockpiled forage and during fall, winter, and early spring with bale
grazing.
Though rotational grazing doesn’t sound like much of a nutrient management strategy,
in large continuously stocked pastures animals consume forage nutrients. These are then
concentrated around shade and water sources in the form of dung and urine. Nutrient
distribution improves when pastures are sub‐divided and rotational grazing is implemented.
Confining livestock to smaller areas for short periods of time significantly improves dung and
urine distributions.
Every ton of hay contains about 50 lb N, 15 lb P2O5, and 50 lb K2O. How hay feeding is
managed will determine the actual ‘value’ of these nutrients. Nutrients from hay fed in a single
small area will have a less value because they will be concentrated. In contrast, if we move
feeding points and feed the hay across pastures with lower soil test values, then the value of
the nutrients in hay will be higher. Consider bale grazing to improve nutrient distribution in
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pastures. Avoid soil damage by first feeding bales on wetness prone field areas and by
removing livestock from pastures during extended wet periods. Repair/reseed/mulch damaged
soil areas as soon as possible.
Things to Avoid
Don’t buy pre‐mixed fertilizers like 19‐19‐19 or 9‐23‐30 unless you can profitably utilize
ALL the nutrients in the mix. Poultry litter presents a similar challenge but requires additional
consideration because of the other benefits that litter provides (organic matter, S, copper, and
zinc). Further, when fertilizer prices are high, poultry litter could provide a lower cost option for
bringing nutrients into your grazing system, especially if all nutrients in the litter are needed.
Avoid low nutrient analysis products, either dry or liquid, that make promises that seem
too good to be true. There are no miracles in a snake oil product whose recommended rate
provides too few nutrient pounds per acre. Use of these products instead of needed fertilizer
will cause available soil nutrient levels to fall. Microbial products (other than rhizobium bacteria
and mycorrhizal fungi inoculants for legume seeds and pine seedlings, respectively) intended to
facilitate soil nutrient release have shown some promise in the lab and in the greenhouse (with
sterile soil) but have yet to proven consistently beneficial in university field research trials.
Take Home Points
Although there is no “silver bullet” for high fertilizer prices, key management strategies
will help you deal with these high prices in the short‐term and develop grazing systems that are
less dependent on commercial fertilizer inputs in the long‐term.
1) Soil test pastures to provide baseline data for lime and fertilizer nutrient management.
2) Apply needed lime to pastures to make soil nutrients more available to forage plants.
3) Do NOT apply P and K fertilizer to pastures testing MID‐MEDIUM OR HIGHER until
fertilizer prices moderate.
4) Time lime and nutrient amendments to optimize forage growth, considering that cool
season forage growth has a different time profile than warm season forage growth.
5) Avoid volatilization with inappropriate timing of urea containing N sources.
6) Frost seed clover into pastures to improve forage quality, assist with tall fescue
toxicosis, and fix atmospheric N into a plant available form.
7) Apply fertilizer N at the lower end of the recommended rate range and be sure that you
will use the resulting forage growth.
8) Implement rotational stocking to improve dung and urine distribution in pastures.
9) Feed hay on pastures with low soil test values and move hay feeding points around the
pasture to improve nutrient distribution.
10) Avoid products that ‘are too good to be true’, promising the greater availability of small
nutrient quantities as a substitute for much larger amounts of fertilizer or lime.
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