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Quantity: Total Amount Present

Capacity: Rate of Supply

Intensity: Amount Available

Even if there is a large quantity of an element
present in the soil it does not mean that the

plants can get it!
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Nutrient Supply: QCI Framework

Example for
Nitrogen
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Nutrient Supply: Primary Sources

Element Source Controlling Process  Plant Available Form
N Soil OM Biological NH,*, NO;’
Soil OM Biological & )
P Ca, Fe, Al-Phosphates Chemical H,PO,

K Primary & Secondary

Minarale Chemical K

N can be controlled by managing organic matter (leaving tops) and by fertilizer
application. N fertilizer responses are short-lived (8 years).

P can be controlled by managing soil pH (not done in forestry) and by fertilizer
application. P fertilizer responses are long-lived (2 rotations).

K can be controlled through fertilizer application.
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Climate and Nitrogen Supply

1 co,

Luo, Y., Su, B. 0., Currie, W. S., Dukes,
J.S., Finzi, A., Hartwig, U., ... & Field,
C. B. (2004). Progressive nitrogen
limitation of ecosystem responses to
rising atmospheric carbon dioxide.
Bioscience, 54(8), 731-739.

Is NPP
stimulated?

T N demand

Can N supply
meet demand?

PNL: Progressive

X SRR 2 PNL may PNL PNL may
Nitrogen Limitation not develop oceurs not oceur
Examples: Nevada desert Texas grassland Kansas prairie
Alaska tundra Florida woodland
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Climate and Nitrogen Supply
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N sequestered in
biomass and litter

Labile soil N

N sequestered in
in SOM

C input
to soil
\

N
= -“ N uptake |(_.N N availability

Luo, Y., Su, B. 0., Currie, W. S., Dukes, J. S,, Finzi, A,, Hartwig, U., ... & Field, C. B. (2004). Progressive nitrogen limitation of
ecosystem responses to rising atmospheric carbon dioxide. Bioscience, 54(8), 731-739.
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Duke FACE Site

* Loblolly pine plantation
* 4 control plots

* 4 +200 ppm CO, plots

* Fertilizer treatments

1996 - 2011
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Climate and Nitrogen Supply

Climate and Nitrogen Supply
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McCarthy, H. R., Oren, R., Johnsen, K. H., Gallet-Budynek, A., Pritchard, S. G., Cook, C. W., ... & Finzi, A. C. (2010). Re-assessment N uptake (g of N*m -2 Y"',)

of plant carbon dynamics at the Duke free-air CO2 enrichment site: interactions of atmospheric [CO2] with nitrogen and water

availability over stand development. New Phytologist, 185(2), 514-528. Finzi, A. C., Norby, R. J., Calfapietra, C., Gallet-Budynek, A., Gielen, B., Holmes, W. E., ... & Ceulemans, R. (2007). Increases in

nitrogen uptake rather than nitrogen-use efficiency support higher rates of temperate forest productivity under elevated CO2,
Proceedings of the National Academy of Sciences, 104(35), 14014-14019.
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Climate and Phosphorus Supply Climate and Phosphorus Supply

Rhizosphere
Root
Mycorrhizal fungi
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Diffusion Soil
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Phillips, R. P., Bernhardt, E. S., & Schlesinger, W.
H. (2009). Elevated CO2 increases root exudation
from loblolly pine (Pinus taeda) seedlings as an N-
mediated response. Tree physiology, 29(12),

Mass-specitic exudation
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O 385 ppm CO,
® 585 ppm CO,

1513-1523.
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Nutrient Supply:

L e 7 — Nutrient Supply: Fox et al. Model
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http://www.greencare-concept.nl/eng/pagina/141/prevention-through-nutrition.htm| Age

Fox, T. R, Allen, H. L., Albaugh, T. J., Rubilar, R., & Carlson, C. A. (2007). Tree nutrition and forest fertilization of pine plantations
in the southern United States. Southern Journal of Applied Forestry, 31(1), 5-11.
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Assessing Nutrient Limitations Assessing Nutrient Limitations

* Leaf Area Index
* Foliar concentration
* Region-specific soil data models

UGA1460026
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Assessing Nutrient Limitations:
Leaf Area Index (LAI)

* unit area leaf / unit area ground

LAI=3
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Assessing Nutrient Limitations: LAl
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Assessing Nutrient Limitations:
Why is LAl Important?
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Fox, T. R, Allen, H. L., Albaugh, T. J., Rubilar, R., & Carlson, C. A. (2007). Tree nutrition and forest fertilization of pine plantations
in the southern United States. Southern Journal of Applied Forestry, 31(1), 5-11.
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Assessing Nutrient Limitations: LAl
LandSat Image of East Texas
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Assessing Nutrient Limitations: LAl
Using Landsat Imagery
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Assessing Nutrient Limitations:

Critical Levels of Foliar Nutrients
| Species | Nitrogen | Phosphorus |

Loblolly pine 1.1-1.2% 0.11-0.12%
Slash pine 09-1.1% 0.09-0.10%
Douglas-fir 1.2-1.4% 0.12-0.15%
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Assessing
Nutrient |
Limitations: &

Assessing Nutrient Limitations: LAl

Flores, F. J., Allen, H. L., Cheshire, H. M.,
Davis, J. M., Fuentes, M., & Kelting, D
(2006). Using multispectral satellite
imagery to estimate leaf area and
response to silvicultural treatments in
loblolly pine stands. Canadian Journal of
Forest Research, 36(6), 1587-1596.
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Soils
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CRIFF A: Severely P deficient soils tend CRIFF G: Sandhill Region contains deep
to occur in a band near the coast dry sands similar to some in ET

Jeremy Stovall, PhD, CF Arthur Temple College of Forestry and Agriculture Stephen F. Austin State University Jeremy Stovall, PhD, CF Arthur Temple College of Forestry and Agriculture Stephen F. Austin State University

Economics & Fertilizer Application Fertilizer Application
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Rates of Return from Midrotation
Fertilizer Prices Treatments (S150/acre treatment

$700 ran)
T $600 Treaaa Stumpage Price $/ton
< Response
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E 0.5
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Rates of Return from Midrotation
Treatments ($190/acre treatment Response Types
cost)
S Stumpage Price $/ton * Different treatments result in different growth
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2.0 3.0 R . .
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Response Type A Response Type A Example

A A * Treatment results in increased growth EVERY

year

Base

* P fert on nutrient deficient site

Cumulative height
Annual height growth

Base

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Age (years) Age (years)
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Response Type B Response Type B Example

e * Initial response that tapers, then paralleling
B base-line due to initial gain
=5 Base * Midrotation N fertilizer application (8 years)

Cumulative height
Annual height growth
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0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Age (years) Age (years)
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Response Type C Response Type C Example

drawn down

c * Initial response, reaches max, then declines
: back to baseline
® C gl M. * Bedding causes better aeration for seedlings,
2 Base E" but then response dissipates as water table is
3 =
E 2
3 &

0 S 10 15 20° .25 30: 35 0 5 10 15 20 25 30 35
Age (years) Age (years)
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Response Types Compared: Height Response Types Compared: Basal Area
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Response Types Compared: Volume Response Types Compared

* A-type increases carrying capacity of site

g * B & C-type accelerate stand development
o g !
= B * Ctype response must be timed appropriately
g < rior to a harvest
3
E ; . . .
3 e — Harvest during period of increased gain
* No reason to do type C treatment on longer
rotation
0 5 10 15 20 25 30 35
Age (years)
Jeremy Stovall, PhD, CF Arthur Temple College of Forestry and Agriculture Stephen F. Austin State University Jeremy Stovall, PhD, CF Arthur Temple College of Forestry and Agriculture Stephen F. Austin State University

Integrated Silvicultural Systems Fert vs. Fert + Weed Control
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Fertilizer + Competition Control Questions?
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200N + 50P Herbicide Both
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