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Winners of Robert E. Wagner Award for 2006

wo outstanding agro-

nomic scientists have

been selected to receive
the 2005-2006 Robert E. Wag-
ner Award by PPI. The award
encourages worldwide candi-
date nominations and has two
categories... Senior Scientist
and Young Scientist, under the
age of 45. The recipient in each
category receives $5,000 along

Dr. D.E. Kissel

tems that increase productiv-
ity and protect the environ-
ment. Dr. Kissel earned his
B.S. degree at Purdue Univer-
sity in 1965 and his M.S. in
1967 and Ph.D. in 1969 at the
University of Kentucky in soil
chemistry. He studied yield re-
sponse by forages and crops at
the Blackland Research Center
in central Texas and identified

with the award plaque.

Dr. David E. Kissel, Profes-
sor and Director, Agricultural and
Environmental Services Labo-
ratories, University of Georgia,
receives the Senior Scientist
Award. Dr. Nathan A. Slaton,
Associate Professor, Director of
Soil Testing, University of Ar-
kansas Agricultural Experi-
ment Station, receives the

Dr. N.A. Slaton

key management practices
that improve N use efficiency.
Dr. Kissel was at Kansas State
University from 1978 to 1988
where he continued research on
N-phosphorus (P) fertilizer
placement and expanded that
work to determine the effect of
band spacing, P source, and
other factors on efficient fertil-
izer use and wheat yield.

Young Scientist Award.

The award recognizes distinguished
contributions to advanced crop yields
through maximum yield research (MYR)
and maximum economic yield (MEY)
management. It honors Dr. Robert E.
Wagner, President (retired) of PPI, for his
many achievements and in recognition of
his development of the MEY concept...for
profitable, efficient agriculture.

Dr. Kissel is a highly respected scien-
tist and administrator whose career has
been devoted to enhancing and under-
standing the fate and dynamics of fertil-
izer nutrient applications. He has worked
diligently to transfer his research results
into management practices that will in-
crease fertilizer efficiency, crop yields, and
producer profitability. Dr. Kissel’s research
on plant nitrogen (N) nutrition has signifi-
cantly contributed to improved efficiencies
of urea fertilizers. His recent efforts related
to variability in southeast U.S. soils have
had considerable impact in that he has in-
tegrated the effects of soil physical and
chemical properties into management sys-
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Dr. Slaton’s current re-
search program focus is to update P and
potassium (K) recommendations in Arkan-
sas for rice, soybeans, and winter wheat by
conducting correlation-calibration studies.
His program is also developing guidelines
for use of poultry litter as a nutrient source
for crops, examining polymer coated-urea
as a potential preplant incorporated N
source for flood irrigated rice, relationships
among rice diseases/nutrient management/
production practices, and sustainable K
fertilization strategies for rotations involv-
ing rice and soybeans. Many of his earlier
research findings have been incorporated
into management recommendations and
adopted by growers. A native of Indiana, Dr.
Slaton earned his B.S. degree at Murray State
University (Kentucky) in 1986, then moved
to the University of Arkansas where he
completed his M.S. in 1989 and Ph.D. in soil
fertility in 1998. From 1995 to 2001, he was
Extension Agronomist—Rice, with University

of Arkansas Cooperative Extension.
For more about the Wagner Award and 2006 recipients,
visit the website at: >www.ppi-ppic.org/pr<.



J. Fielding Reed PPI Fellowships
Awarded To Four Graduate Students

our outstanding graduate students
have been announced as the 2006
winners of the J. Fielding Reed PPI
Fellowhips awarded by the Potash & Phos-
phate Institute (PPI). Grants of $2,500
each are presented to the individuals. All
are candidates for either the Master of Sci-
ence (M.S.) or the Doctor of Philosophy
(Ph.D.) degree in soil fertility and related
fields. The winners for 2006 are:
* Dennis W. Hancock, University of
Kentucky
e Neil S. Mattson,
California-Davis
* Emily G. Sneller, University of
Wisconsin-Madison
e Mark W. Szczerba, University of
Toronto

“It is a privilege of our organization
each year to recognize these excellent
young individuals who represent such dedi-
cation and strong qualification in sciences
relevant to plant nutrition. Since these
awards began in 1980, nearly 160 gradu-
ate students have received Fellowships
from the Institute,” said Dr. Terry L. Rob-
erts, President of PPI.

Funding for the Fellowships is provided
through support of potash and phosphate
producers who are member companies of
PPI. Scholastic record, leadership, and
excellence in original research are among
the important criteria evaluated for the
Fellowships. Following is a brief summary
of information for each of the 2006 recipi-

University of

Dennis W. Hancock
is completing his
Ph.D. in Crop Science
at the University of
Kentucky, Lexington.
His dissertation title
is “Spectral Reflec-
tance of Canopies of
Rainfed and Subsur-
face Irrigated Al-

Dennis W. Hancock

falfa.” A native of Dawson Springs, he at-
tended Berea College and earned his B.S.
degree there in 1997. After receiving his
M.S. at the University of Kentucky, Mr.
Hancock worked as Extension Agent for
Agriculture and Natural Resources in
Grant County (Kentucky) from 2000 to
2002. Since 2002, he has served as Research
Specialist and Extension Associate for Pre-
cision Agriculture statewide, coordinating
the Multispectral and Subsurface Drip Ir-
rigation Research Project. He has also
maintained the university’s website, “Pre-
cision Agriculture in Kentucky.” One as-
pect of his work provides the foundation
for development of a novel method for fine-
tuning potassium fertilization of alfalfa.
For the future, he hopes to help farmers
improve yields and input use efficiency, de-
crease environmental impact, and increase
profitability.

Neil S. Mattson is a
candidate for a Ph.D.
degree in Plant Biol-
ogy at the University
of California-Davis.
His dissertation title
is “Macronutrient
Absorption during
Growth Cycles of
Rosa Hybrida: Role
of Carbohydrate, Ni-
trogen, Phosphorus, and Potassium Stor-
age and Reallocation on Plant Nutrient
Absorption.” Originally from Minnesota,
Mr. Mattson received his B.A. degree from
the University of Minnesota-Morris in
2000 and his M.S. in 2002 at the Univer-
sity of Minnesota-St. Paul. The overall ob-
jectives of his dissertation are to develop
methods to provide optimal levels of ni-
trogen, phosphorus, and potassium to rose
plants in a manner that will reduce leach-
ing of the nutrients while still maximizing
plant yields. In addition to his project on
mathematical modeling of nutrient uptake

Neil S. Mattson
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in greenhouse crops, Mr. Mattson is also
working with his major professor in soft-
ware development of a greenhouse produc-
tion timing tool for cut-flower rose produc-
tion. His career goal is a university posi-
tion that combines research with outreach
efforts, with a focus on water and nutrient
management in agronomic or horticultural
crops.

|

Emily G. Sneller is
pursuing her M.S.
degree in Soil Sci-
ence at the Univer-
sity of Wisconsin.
Her thesis title is
“Manure Source and
Rate Effects on Soil
Test Levels and Corn
Growth in Relation
to Fertilizer.” Origi-
nally from Michigan, Ms. Sneller grew up
on a dairy farm and received her B.S. in
2005 from Michigan State University. Her
current research project involves three
main focus aspects. First is a field study to
determine manure phosphorus availability
to corn compared to fertilizer. Then, the
same locations will be used to determine
second year availability of each source.
Third, an in-laboratory incubation study
will be done to mirror the field study. Re-
sults of the various components will help
fine tune phosphorus recommendations
related to manure application. For the fu-
ture, Ms. Sneller hopes to work with farm-
ers in developing efficient and sustainable
management plans while maintaining the
effectiveness and economical aspects re-
quired in modern agriculture.

Emily G. Sneller

Mark W. Szczerba is
working toward a
Ph.D. in Plant
Physiology in the
Botany Department
at the University of
Toronto. His thesis
title is “Physiology
of Potassium Nutri-
tion in Cereals:
Fluxes, Compart-
mentation, and lonic Interactions.” Mr.
Szczerba completed his B.S. degree at the
University of Western Ontario in 2002. His
current research focus is on potassium (K*)
nutrition in barley and rice seedlings, seek-
ing to better understand fundamental as-
pects concerning K* transport. His find-
ings related to low-affinity transport of K*
in cereals have already provided new in-
sight and reworking of methodology for
flux measurement in plants. He is also ex-
mamining sodium (Na*) stress in cereals, in
particular, how Na* toxicity affects K*
uptake and compartmentation. As for fu-
ture career goals, Mr. Szczerba would like
to use his skills and knowledge in ion trans-
port to better understand how to engineer
plants that one day could be used to de-
contaminate soils laden with heavy met-
als or organic toxicants.

The Fellowships are named in honor of
Dr. J. Fielding Reed, who served as Presi-
dent of the Institute from 1964 to 1975.
Dr. Reed was well-known for inspiring ad-
vanced study and for encouragement of
students and teachers. The 2006 Fellowship
winners were selected by a committee of
PPI scientific staff.

Mark W. Szczerba

How to Apply for PPI Fellowship

Graduate students attending a U.S. or Canadian degree-granting institution are eli-
gible to apply for the J. Fielding Reed PPI Fellowships. The award is made directly to
the student and no specific duties are required. Deadline for the next round of applica-
tions to be received is January 16, 2007. Announcement of those awards would be in
the spring of 2007. Applicants are asked to include transcripts of all college courses and
letters of support from three individuals (one of whom should be the major professor).
Application forms are available by contacting: Phyllis Pates, PPI, 772-22" Avenue South,
Brookings, SD 57006; phone (605) 692-6280; e-mail: ppates@ppi-far.org.

Better Crops/Vol. 90 (2006, No. 3)



Phosphorus Fertilization of

Annual Ryegrass

By T.J. Butler, J.P. Muir, T. Provin, and W.M. Stewart

Annual ryegrass is an important forage crop in the southern U.S. It has good yield
potential and excellent nutritive value. This central Texas study has demonstrated
the importance of both nitrogen (N) and phosphorus (P) fertilization in ryegrass
production. The optimal rate of P fertilization was either 40 or 60 Ib/A, and optimal
N rate was 200 or 300 Ib/A, both depending on seasonal rainfall distribution. Inter-
estingly, there was relative agreement between removal of P in forage and optimal
P fertilizer rate. These results demonstrate, and further confirm, the importance of
balancing nutrient inputs in forage production to optimize yield, quality, and grower

profit.

nnual ryegrass provides highly

nutritious herbage in the south-

eastern U.S. during a critical time
of the year when both forage availability
and quality are limiting. Depending on
latitude, ryegrass is planted or allowed to
self-reseed where it is naturalized from Sep-
tember to October and then grazed during
the winter and spring. Ryegrass responds
well to N fertilizer. However, that response
may be limited by insufficient P. This is
particularly true on soils that are low in P,
such as those that occur in much of north-
central Texas and south-central Okla-
homa.

Our objectives in this study were to: 1)
evaluate annual ryegrass yield response to
annual applications of various rates of N
and P fertilizer, paying particular atten-
tion to interaction between nutrients and
application rates and, 2) evaluate the
accuracy of two soil test-P methods:
Mehlich-3 and ammonium acetate
(NH,0Ac)-EDTA (formerly called the
Texas A&M method).

This study was initiated in September
2001 on a Windthorst sandy loam soil
(Udic Paleustalf) in northcentral Texas
near Stephenville. Initial soil tests indi-
cated these results: soil pH, 5.1; nitrate

Balanced fertilization of annual ryegrass optimizes
yield, quality, and profitability.

(NO,)-N, 6 parts per million (ppm); P, 6
ppm (low, NH ,OAc-EDTA extractant);
and potassium (K), 205 ppm (high). A
split-plot randomized complete block
design with four replications, six main
treatments, and two sub-treatments was
established. Main plots received annual ap-
plications of 0, 20, 40, 60, 80, and 100 1b
P,0./A/year. Phosphorus from triple super-
phosphate (0-46-0) was preplant-incorpo-
rated 6 to 8 in. deep. Subplots received
annual split applications of 200 or 300 b
N/A/year. Nitrogen (34-0-0) applications
were split-applied, with half applied at
planting and the remainder in February.
Ryegrass was planted at 30 1b seed/A each
year to ensure adequate stands.

Plots were harvested four times on
monthly intervals (February through May)

Better Crops/Vol. 90 (2006, No. 3)



during 2001-02, 2002-03, and 2003-04.
Ryegrass yield for each harvest was deter-
mined for each treatment and samples were
analyzed for N, P, neutral detergent fiber
(NDF), and acid detergent fiber (ADF).
Nitrogen concentration was multiplied by
6.25 and reported as crude protein (CP).

Soil samples (6 in. depth) were taken
from each plot at the end of each growing
season to determine treatment differences.
Soils were analyzed for pH using a 1:2 ra-
tio of soil to deionized water, NO,-N by
cadmium (Cd) reduction, and sodium (Na),
magnesium (Mg), sulfur (S), K, calcium
(Ca), and P based on two soil-extractant
methods: acidified NH ,OAc-EDTA and
Mehlich-3. After the 2002-03 growing sea-
son, 1.5 tons/A ECCE (effective calcium
carbonate equivalent) dolomitic limestone
was added to all plots to adjust the aver-
age soil pH from 4.9 to 5.8.

Total seasonal (September through
June) rainfall differences were relatively
small. Precipitation in the first growing
season totaled 29.2 in., 30.5 in. for the sec-
ond season, and 31.0 in. during the third
season. Although total seasonal rainfall
among the 3 years was similar, the differ-
ence in distribution among growing seasons
was substantial (Figure 1). The second
growing season (2002-03) had the best
early and midseason moisture...45% of the
season total fell by the end of January 2003
(i.e., midseason). During the first and last
seasons (2001-02 and 2003-04) 36% and
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Figure 1. Monthly precipitation, August to July,
during 3 years at Stephenville, Texas.
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Figure 2. Response of TAM90 annual ryegrass
dry matter forage yield, P
concentration, and removal to
application ratio to rates of P at
Stephenville, Texas.

25%, respectively, of the season totals fell
by the end of January. Overall, seasonal
rainfall distribution was superior for
ryegrass production in the second season.

Ryegrass dry matter (DM) yields were
greatest in the 2002-03 growing season,
while the 2001-02 and 2003-04 seasons were
similar (Figure 2). Increasing yearly N fer-
tilizer rates from 200 to 300 1b significantly
increased ryegrass yields only in the 2002-
2003 season (Table 1) when yield poten-
tial was higher due to superior rainfall dis-
tribution.

In 2001-02, ryegrass yields increased
34% from the zero P control to the opti-
mal rate of 40 1b P,0/A (Figure 2). Yield



Table 1. Nitrogen rate effect on annual ryegrass
yield and crude protein content.

N rate, Ib/A Parameter
200102  2002-03  2004-05
----- Dry matter yield, lo/A---- -
200 4,842 7,877 5,632
300 5176 8,593 5,780
LSD, p=0.05 NS 536 NS
------ Crude protein, % ------
200 23.1 21.6 18.6
300 25.8 25.8 222
LSD, p=0.05 0.9 0.7 0.7

at the 40 Ib P,0./A rate did not differ from
the 60, 80, or 100 1h P,0_/A rates. In 2002-
03, ryegrass yields 1ncreased 26% from the
addition of 20 1b PO /A, 37% with 40 b
P,0./A, and 51% at optlmal production
with 60 1h P,0./A. The 60 Ib rate did not
differ from the 80 or 100 b P,0./A rates.
In 2003-04, ryegrass yields increased 23%
from the application of 20 1b P,O./A and
48% with the optimal rate of 40 ih P, ,0./
A, which did not differ from 60, 80, or 100
Ib P,O/A rates.

The 300 1b N/A/year treatment in-
creased CP concentration over the 200 1b
N treatment (Table 1). Forage N concen-
tration in the 200 1b N/A plots was well
over the critical N concentration (11.3%
CP) required to produce over 90% of maxi-
mum yield (Robinson and Ellers, 1996).
Therefore, it is assumed that N was not lim-
iting at the lower rate.

Phosphorus fertilizer rate did not af-
fect CP levels in the ryegrass. However, P
fertilizer increased total CP yields up to the
40 1b P,0./A/year treatment (data not
shown). This total CP increase was a di-
rect result of forage yield increase from P
fertilizer and reached 60% over the con-
trol plots during the year with the best
rainfall distribution (2002-03).

The addition of P fertilizer increased
P concentration in the ryegrass through-
out the study (Figure 2). The average con-
centrations were 0.21, 0.27, 0.30, 0.34,
0.38, and 0.39% P for the 0, 20, 40, 80, and
100 1b P,O/A rates, respectively. Similar
results have been reported for ryegrass
grown in other soils (Hillard et al., 1992;

Rechcigl, 1992; Robinson and Ellers,
1996). Phosphorus yields in the forage were
greatest at the highest forage yield (2002-
03). Apparent P fertilizer recovery effi-
ciency was greatest at the lower P fertil-
izer rates (18 to 31% at the 20 1b PO, /A
vs. 12 to 22% at the 100 1b P,0 /A rate)

is important to note that apparent p fer-
tilizer efficiency can be misleading and is
commonly greatest at low levels of input
in low testing soils. In this case, apparent
efficiency should be distinguished from sus-
tainable efficiency (Dibb et al., 2003). An-
nual ryegrass forage ADF and NDF did not
differ among P or N treatments.

An interesting aspect of forage fertili-
zation is the evaluation of nutrient uptake
and removal compared to fertilizer appli-
cation rate. Where forage crops are har-
vested and biomass removed from fields
(e.g., hay and silage production) nutrient
uptake is practically equal to nutrient re-
moval. An instructive way to evaluate the
relationship between nutrient removal and
nutrient application with relatively immo-
bile elements such as P and K is through
the removal:application ratio. If the
removal:application ratio is less than 1
then more of the nutrient in question is
being applied than is being removed.
Where this is the case with elements such
as P and K, soil test levels should increase
over time. On the other hand, where the
ratio is greater than 1, more is being re-
moved than applied and soil test levels
should decline.

Figure 2 also shows the P removal:
application ratios for each P application
rate from each year of the study. It is worth
noting that the optimal rates of P appli-
cation for years 1 and 3 (40 1b P,0_/A) co-
incided with a removal:application ratio of
1 (i.e., the point where removal equals ad-
dition). The removal:application ratio at
the optimal rate of P application in year 2
(60 1b PO /A) was 1.2.

Stepw1se multiple regression analysis
was used to evaluate the impact of extract-
able soil P from both the Mehlich-3 and
NH,0Ac-EDTA methods on annual
ryegrass yield. Each annual plot yield was

Better Crops/Vol. 90 (2006, No. 3)
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Figure 3. Soil P levels from two methods of
extraction after the 2002, 2003, and
2004 growing seasons at Stephenville,
Texas.

normalized against relative yield (%RY)
potential. Soil test P data obtained from
the NH,OAc-EDTA method was not cor-
related to %RY. The multi-variant equa-
tion representing %RY, developed using
the Mehlich-3 soil test P data, included P
fertilizer rate (Ib P,0/A), soil pH, and
Mehlich-3 P (ppm) soil test data. The equa-
tion is as follows:
%RY=108.95+0.174*P rate-10.471#pH+0.175 Mehlich-3 P
r?=0.484 P<0.001.

There was a trend towards greater soil-
P concentration over years for both meth-
ods evaluated (Figure 3). This was appar-
ent even in plots where no fertilizer P was
applied. Although soil pH certainly had an
effect on soil-P availability following the
application of lime in 2003-04, other fac-
tors were involved in the 2002-03 increase
since pH levels tended to decrease that year

Better Crops/Vol. 90 (2006, No. 3)

compared to 2001-02. Perhaps organic P
from native organic matter and forage ma-
terials incorporated prior to the initiation
of this study contributed to the increase
in extractable P.

Ryegrass response to P fertilizer rates
was independent of the two N fertilizer
rates used in this study. The optimal fer-
tilizer rates for annual ryegrass production
were 40 1b P O_/A/year and 200 Ib N/A/year
in the 2001-02 and 2003-04 growing sea-
sons. However, in the 2002-03 season, when
rainfall distribution was superior to the
other years, the optimal rates were 60 1b
P,0./A and 300 1b N/A. Where P fertilizer
was applied, the average removal of PO,
in ryegrass forage was 51 1b/A. Interest-
ingly, there was relative agreement between
removal of P in forage and optimal P fer-
tilizer rate. These results confirm the im-
portance of balancing nutrient inputs in
forage production.

Dr. Butler, formerly with Texas A&M University
(TAMU), is now Assistant Scientist with the Noble
Foundation, located at Ardmore, Oklahoma; e-mail:
tyjbutler@noble.org. Dr. Muir is Associate Profes-
sor, TAMU, Stephenville. Dr. Provin is Associate
Professor and Soil Chemist, TAMU, College Sta-
tion. Dr. Stewart is PPI Southern and Central Great
Plains Regional Director, located at San Antonio.

PPI/FAR Research Project 48-F.
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Up in Smoke—

Nutrient Loss with Straw Burning

By John Heard, Curtis Cavers, and Greg Adrian

Burning spring wheat, oat, and flax straw resulted in 98 to 100% loss of nitrogen (N), 70
to 90% loss of sulfur (S), and 20 to 40% loss of phosphorus (P) and potassium (K).

n the province of Manitoba in

western Canada there is considerable

controversy regarding the value and
costs of returning straw from crops to the
soil. In much of Manitoba, ample growing
season moisture produces high straw
yields. This straw is sometimes burned in
the fall when it cannot be marketed for fi-
bre, or when it impairs tillage and seeding
operations the next spring. The most ob-
vious consequence of straw removal or
burning is the loss of plant nutrients.

Past work on straw management in this
region has estimated that straw burning
produced total loss of N and S, with no
loss of P and K. As a result, subsequent
guidelines have considered this the stan-
dard nutrient loss from burning. In an at-
tempt to clarify this estimate, a study was
carried out to evaluate the fertility value
of straw and the losses that occur during
removal or burning.

Spring wheat, oat, and flax straw
samples were collected in three regions of
Manitoba with a portion retained for straw
nutrient analysis and the remaining por-
tion burned on a steel grate to allow reten-
tion and collection of the resulting ash.

Straw rows burning at night to control spread of fire.

Ash weight from the burn was determined,
and the resulting straw and ash samples
were submitted for analysis of total car-
bon (C), N, P, K, and S.

Straw samples were between 4 to 6%
moisture content and much of the straw
mass was lost during burning. The amount
of straw weight lost through burning var-
ied greatly among sources, with flax burn-
ing more completely and only 4% of the
mass remained as ash versus 8% for oats
and 13% for wheat.

The nutrient concentration in straw
and resulting ash is presented in Table 1.
The amount of C in straw varied little
within straw types. The amount of C re-
maining in the ash varied more as a result
of the degree of combustion (where less
combustion, more C remained). The N con-
tent of straw generally varied more than
other nutrients. Variation in straw nutri-
ent content is expected as it reflects the

Caution When Soil Sampling Burned Fields

Burning crop residue to improve equipment operation is a common practice on
no-till fields in parts of the northern Great Plains. However, one must be careful
when soil sampling fields where crop residue has been burned in the windrows. An
agronomist working in northeast Saskatchewan reported that a composite soil sample
from a burned field gave a false reading on soil test K. While the field composite
reading was 223 parts per million (ppm) K, further sampling found that 25% of the
field where the windrows were burned was 325 ppm, while the remaining 75% of the
field was 114 ppm. So, be cautious of misleading results when sampling burned fields.
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Table 1. Nutrient content (%) in harvested straw and ash from perature YOlatlllzatlon of K
spring wheat, oats, and flax. may fexplaln the loss, but are
- ; ; less likely.

Nutrient Material ~ Spring wheat Oats Flax D ..
etermining the eco-
Carbon SXO};N 4211((110522; 4129((()9.185)) 4369(%22?) nomic impact of burning

S J 5 fr:

Nittogen ~ Straw  0.97(0.31) 0.64(0.38)  0.86(0.18) Stflaw may be ;S ldhff‘Z“I‘ as
Ash 109(0.67) 048(023) 140(047) | Wnen straw 1s baled. A com-
Phosphorus ~ Straw  0.14(0.05)  008(004) 007(0.03) | Plete job of burning converts
Ash 097(0.5 076(026) 130(090) | the vast majority of all
Potassium  Straw  144(0.77) 234(0.97) 024(005) | above-ground straw and
Ash  9.82(6.76) 19.40(10.5) 3.73(1.24) | chaff to ash, while baling re-
Sulfur Straw 0.11(0.05) 0.22(0.28) 0.06(0.006)| moves only a portion of the
Ash 0.30 (025) 1.28 (202) 0.20 (009) straw, and usuauy no Chaff‘
'"Value in brackets represents 1 standard deviation of the mean. However, the usual objective

differing management and fertility regimes
the crop is grown under. Nitrogen concen-
tration of the ash is similar in magnitude
to the concentration in straw. Unlike N, the
P, K, and S tended to be concentrated 2 to10
times more in ash than in the original straw.
This concentration of nutrients indicates
increased retention in the ash left after the
burning was carried out.

Nutrient loss through burning is illus-
trated in Table 2, where the amount of nu-
trients present in one ton of straw is com-
pared before and after burning. Carbon and
N loss due to burning was greater than
90% across all straw types and sources. On
average, 98 to 100% of the N, 24% of the
P, 35% of the K, and 75% of the S was
lost through burning.

While the loss of N and S with burn-
ing agrees with previous as-

is to burn only that excess
straw that is dropped in the swath, leav-
ing stubble intact between swaths. Such
burning practices can also influence nutri-
ent distribution in a field, especially when
straw is burned in rows dropped behind a
combine. The result is nutrients concen-
trated along this row position in the field.
Soil sampling should avoid any cores from
these ash rows. The variability in straw
nutrient content observed in this study
supports the argument that straw nutri-
ent content is largely influenced by the
grower’s fertility management.

Mr. Heard, CCA, (e-mail:jheard@gov.mb.ca) is
Provincial Soil Fertility Extension Specialist; Mr.
Cavers, CCA, is Provincial Land Management Ex-
tension Specialist; Mr. Adrian is a Soil Survey
Technician, all with Manitoba Agriculture, Food
and Rural Initiatives in Carman, Manitoba.

sumptions, the primary [Tqble 2. Nutrient content (Ib) in one ton of harvested straw and
question asked from these ash from spring wheat, oats, and flax.
results was: Where did 24% Nutrient Material ~ Spring wheat Oats Flax
of the P and 35% of the K BT
go? Tt is likely that most of Carbon Straw 826 (23) 832 (3.4) 910 (5.8)
the loss was smoke or particu- 4 il 71 (Y ol (2] A5 (12-5)
. Nitrogen Straw 22 (14.9) 10 (5.04) 28 (10.3)
late matter that drifted away Ash 04(022) 0.1(007) 005 (0.03)
from the fire, since no attempt | phosphorus’ — Straw 27(1.02)  15(0.77) 14(0.74)
was made to collect or retain Ash 2.4 (1.50) 13(050) 0.9 (0.77)
it. There is some possibility | Potassium?  Straw 29 (17) 47 (21) 4.7 (1.12)
that this particulate matter Ash 24 (16) 30 (17) 2.6 (1.03)
may Settle d()wn over the f]eld Sulfur Straw 2.2 (106) 4.4 (61 1) 1.1 (013)
being burned — but this will Ash 07(051) 22(376) 0.14(0.03)
depend on wind and other 'Value in brackets represents 1 standard deviation of the mean.
smoke dispersion factors. ?Convert P and K values to P,0, and K,O equivalent by multiplying values by
Other factors like high tem- | 2.29 and 1.2, respectively.
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Forest Fertilization in
Southern Pine Plantations

By T.R. Fox, H.L. Allen, T.J. Albaugh, R. Rubilar, and C.A. Carlson

Forest fertilization is a widespread silvicultural practice in the southeastern U.S.
About 1.2 million acres of pine plantations were fertilized with phosphorus (P) or
nitrogen (N) plus P in 2004. The average growth response of loblolly pine planta-
tions following midrotation fertilization with N+P is approximately 50 ft*/A/yr for 8
years. Internal rates of return in excess of 10% can be obtained after midrotation

fertilization under current market conditions.

he southeastern U.S. produces more

timber than any other region of the

world from a forest base that now
includes almost half of the world’s forest
plantations. There are currently 32 million
acres of pine plantations in the southeast-
ern states, predominantly comprised of
loblolly pine (Pinus taeda L.) and to a lesser
extent slash pine (Pinus elliottii Englemn.)
The growth rate in the pine plantations in
the region currently averages around 5
green tons/A/yr, which is substantially
lower than in many forest plantations in
other parts of the world. Theoretical mod-
els, empirical field trials, and operational
experience show that these growth rates
are well below what is possible. With in-
vestment in appropriate intensive planta-
tion silvicultural systems, growth rates

exceeding 10 tons/A/yr are biologically
possible and financially attractive for a
broad range of site types. Forest fertiliza-
tion should be included in silvicultural re-
gimes that are designed to enhance plan-
tation growth in the region.

Ecophysiology and Tree Nutrition

It is now generally accepted that much
of the variation in wood production in for-
est plantations is caused by variation in
light interception. Light interception is
principally a function of the amount of
leaf area in a stand. Studies with loblolly
pine and slash pine have shown that leaf
area, and consequently wood production,
are below optimum levels in most of the
Southeast (Figure 1). Low nutrient avail-
ability is a principal factor causing subop-

Increased growth of pine trees with fertilization (left), compared to trees without fertilization (right), is illustrated in

these Alabama plots.
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Figure 1. Relationship between annual volume
growth and leaf area in southern pine
plantations in the Southeastern U.S.

timal leaf area in many areas.

From a resource availability perspec-
tive, water availability...whether too little
or too much...has historically been consid-
ered the principal resource limiting pine
productivity in the South. While this is
true for recently planted pine seedlings on
many sites and for specific soil types (e.g.
very wet or very dry soils) throughout the
rotation (planting to tree harvest), recent
analyses suggest that chronically low lev-
els of available soil nutrients, principally
N and P, and additionally potassium (K)
and boron (B) on loamy or sandy soils, are
more limiting to growth in established
stands than water. Fortunately for forest
managers, most nutrient limitations are
easily and cost-effectively ameliorated with
fertilization.

Why are nutrient limitations so com-
mon in southern pine plantations? Simply,

160
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Figure 2. The concept of soil N supply and a
stand’s potential and actual use of N as
related to stand development (age).
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nutrient limitations develop when a stand’s
potential nutrient use cannot be met by soil
nutrient supply (Figure 2). Typically, nu-
trient availability is rather high following
harvesting and site preparation (for plant-
ing) as these disturbances provide suitable
conditions for rapid decomposition and
release of nutrients from the accumulated
forest floor and slash material. Use of nu-
trients by newly-planted crop trees is mini-
mal owing to their small size, but as trees
grow, nutrient demand and use increase
rapidly. Simultaneously, the supply of
readily available nutrients is being rapidly
sequestered within the accumulating
forest floor and tree biomass. Consequently,
a stand’s nutrient requirement for maxi-
mum growth generally outstrips soil sup-
ply (particularly for N) near canopy clo-
sure. As the available nutrient supply di-
minishes, leaf area production and tree
growth become limited. It is not surpris-
ing that the majority of field trials in in-
termediate-aged southern pine stands
(from 8 to 20-years old) have shown strong
responses to additions of N and P. In young
stands, the development of nutrient limi-
tations is still possible when levels of avail-
able nutrients (particularly P) in the soil
are low and the soil volume exploited by
roots is small. As other silvicultural treat-
ments (e.g. vegetation control and/or till-
age) are used to improve water availabil-
ity, crop tree growth and use of nutrients
will be increased at young ages. Fertiliza-
tion will be needed to sustain rapid growth
on all but the most fertile sites.

Fertilization as a Component of
Site-Specific Silvicultural Regimes for
Southern Pine Plantations

The key to optimizing leaf area,
thereby increasing tree growth, is the de-
velopment and implementation of site-spe-
cific silvicultural prescriptions. Forest
managers now recognize that intensive
plantation silviculture is like agronomy—
both the plant and the soil need to be ac-
tively managed to optimize production.
Silvicultural treatments must form an in-
tegrated management regime that opti-
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mizes growth throughout the life of the
plantation. High quality seedlings from
the best genetic families of the right spe-
cies must be planted on sites prepared to
ameliorate soil physical properties that
limit root growth. Competing vegetation
must be controlled throughout the life of
the stand. Thinning is required to provide
crop trees with adequate growing space as
trees get larger. Improving stand nutrient
supply through fertilization is a key com-
ponent of intensive management regimes
in southern pine plantations because nu-
trient limitations are very widespread.

P Fertilization at Stand Establishment
The benefits of early P fertilization on
poorly drained, P-deficient Ultisols of the
Atlantic and Gulf Coastal Plain have long
been recognized. Volume growth gains av-
eraging 40 to 50 {t*/A/yr are typical on se-
verely P-deficient sites. Because the dura-
tion of response to a single application of
50 1b P/A" may last for 20 or more years, P
fertilization on deficient sites may yield
volume gains of over 100% and conse-
quently is viewed as an improvement in site
quality. Site index gains (height of trees
at age 25) of 6 to 10 ft. or more are typical
when P is applied at or near time of plant-
ing. Recent results from several Forest
Nutrition Cooperative (FNC) trials have
shown that large areas of well-drained sites
on the upper Gulf Coastal Plain are also
P-deficient. Identification of stands in
need of early fertilization is based on land-
scape position, soil type, geology, soil and
foliar tests, and experience. The critical
value for soil P below which a fertilizer re-
sponse is expected is 6 parts per million
(ppm, Mehlich-3 extraction procedure).
Critical values for foliar P concentrations
vary by species and range from 0.09% for
slash pine to 0.11% for loblolly pine. The
sources of fertilizer P that are typically
used include diammonium phosphate

(DAP), triple superphosphate (TSP), and

'Note: Phosphorus fertilizer application rates are given
as Ib P/A in this article. To convert P to P,O,, multiply by
2.29.
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rock phosphate. DAP is now the most
widely used source for fertilization at
time of planting. Rates of application vary
from 25 to 50 1b P/A (125 to 250 1b
DAP/A).

N+P Fertilization During Midrotation

By age 5 or earlier, a plantation’s po-
tential to use N and P typically outstrips
the available soil supply resulting in re-
stricted leaf area development and growth.
At canopy closure, stands are generally
very responsive to additions of N+P rather
than P alone, as long as gross P deficien-
cies were corrected at or soon after plant-
ing. Results from an extensive series of in-
termediate-aged fertilizer trials in loblolly
pine stands established by the FNC indi-
cate that over 85% of the stands responded
to N+P fertilization. Growth gains aver-
aging 30% (50 {t’/A/yr) over an 8-year
period following a one-time application of
200 1b N/A and 25 b P/A are typical. Re-
sponses of over 100 ft*/A/yr are possible on
some sites. For the majority of stands, ad-
ditions of N+P result in much greater ef-
fects than either element applied alone
(Figure 3). A prescription of 150 to 200 lb
N/A plus 25 1b P/A is used for loblolly pine
or slash pine on most sites. The growth re-
sponse is proportional to the N rate ap-
plied. Lower doses of N are recommended
for longleaf pine (Pinus palusiris Mill.) to
prevent aggravation of insect and disease
problems.
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Figure 3. Eightyear cumulative growth response of
midrotation loblolly pine stands to N and
P fertilization in the southeastern U.S.
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Aerial application is used for the majority of opera-
tional fertilization in Southeast pine forests.

Financial returns from N+P fertiliza-
tion of intermediate-aged stands are
strongly dependent on fertilizer cost, the
wood product mix (sawlog, chip and saw,
pulpwood) and price that can be realized
for the additional wood produced, and the
number of years before harvest. Applica-
tion of 200 Ib N/A plus 25 1b P/A presently
costs around $100/A. At this price,
midrotation fertilization (between ages 8
and 15) is an attractive investment with
average internal rates of return exceeding
10%. Fertilization is frequently conducted
in conjunction with a first or second thin-
ning, to maximize returns on investment.
Because of the attractive financial returns
that are possible, fertilization is a wide-
spread silvicultural treatment in the
Southeast. In 2004, over 1.2 million acres
of pine plantations were fertilized (Figure
4). It is estimated that about three-fourths

S 180 Fertilization in the Southeast U.S.
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Figure 4. Area of southern pine plantations

annually fertilized in the southeastern
U.S. (FNC data).
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of operational fertilization in southeastern
pine forests is by aerial application.

Conclusion

FNC research indicates that the growth
potential of southern pines planted in the
southeastern states is much higher than
commonly thought just a few years ago.
The challenge now is to develop and imple-
ment the appropriate silvicultural systems
to realize this potential in a cost-effective
and environmentally sustainable manner.
The FNC is aggressively pursuing several
opportunities for improving plantation
growth and value through the manage-
ment of site resources. Additional informa-
tion on the FNC work is available at the
website: >www.forestnutrition.org<.
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Long-Term Effects of Treating Poultry
Litter with Alum on Phosphorus
Availability in Soils

By P.A. Moore, Jr. and D.R. Edwards

Repeated use of poultry litter as a nutrient source can lead to nutrient imbalances,
especially a build-up in extractable phosphorus (P). Addition of aluminum sulfate
(alum) to poultry litter has been advocated as a possible means to minimize runoff
loss of P from litter when applied to fields. Results from small plot studies showed
that P in soils receiving aluminum sulfate-treated (alum-treated) litter was less soluble
than P from normal poultry litter, and less P leaching occurred. Larger-scale paired-
watershed studies showed significantly less P runoff from fields receiving alum-
treated litter compared with normal litter.

Ithough poultry litter is considered

an excellent organic nutrient

source, studies have shown that lit-
ter applications can result in increased non-
point source P runoff. When P levels in riv-
ers and lakes are elevated, algal blooms can
occur. Some algae produce compounds such
as geosmin, which give water a bad taste
and smell. In northeast Oklahoma and
northwest Arkansas, there are several river
systems, such as the Eucha/Spavinaw and
[linois River, which are experiencing wa-
ter quality problems believed to be linked
to excessive P loading (pollution). As a re-
sult of high P levels in Lake Eucha and
Lake Spavinaw (the drinking water source
for the City of Tulsa), eight poultry com-
panies were sued in 2003 by Tulsa for non-
point source P pollution. Although this case
was settled out of court, the state of
Oklahoma has recently filed a similar suit
with the same companies over litter applica-
tion in the Illinois River Watershed. The state
of Arkansas has petitioned the U.S. Supreme
Court to intervene in the case because they
believe “states rights” are at stake.

Applying alum in a chicken house.

Most of the poultry farms in the
Ozarks region have a sufficient land base
to accept the nitrogen (N) associated with
the poultry litter generated each year.
However, since poultry litter has a low N:P
ratio, more P is typically applied than the
crops can utilize, when the litter is applied
based on its N value. This excess P load-
ing can result in a buildup of soil test P
when annual litter applications are made,
as well as increased P runoff risk. Most of
the P in runoff from pastures fertilized
with litter is soluble P, rather than particu-
late P. Soluble P levels in pouliry litter can

Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by
the USDA and does not imply its approval to the exclusion of other products that may be suitable.
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be greatly reduced if the litter is treated
with aluminum sulfate (commonly referred
to as alum). When the aluminum (Al) in
alum binds with the P in litter, P runoff
in pastures can be reduced by approxi-
mately 75%.

Alum also reduces ammonia emissions
from poultry litter. Lower concentrations
of ammonia in poultry barns result in a
healthier environment for chickens and
agricultural workers alike. Bird weight
gains, feed conversion, and condemnation
rates are improved when alum is used. In
addition, energy costs from propane use
can be decreased in winter months, since
ventilation can be reduced. Reductions in
ammonia emissions also result in a higher
N content in the litter, which often results
in higher crop yields with alum-treated lit-
ter. As a result of these benefits, over 700
million broiler chickens are grown each
year in barns receiving alum treatment.
The USDA Natural Resources Conserva-
tion Service (NRCS) provides cost-share
support to growers for this best manage-
ment practice (BMP) in several states.
Likewise, many of the poultry companies
provide cost-share to growers for using
alum, since it improves feed conversion.

While the short-term agricultural and
economic benefits of treating poultry lit-
ter with alum have been well documented
during the past decade, questions often
arise as to what the long-term effects of
alum are on Al and P availability in soils.
Moore and Edwards (2005) showed that
alum-treated litter had no effect on Al
availability in soils, uptake by plants, and/
or in runoff water, whereas additions of
ammonium nitrate (NH,NO,) fertilizer
acidified the soil and resulted in high lev-
els of exchangeable Al and poor forage
growth.

The objectives of this study were to
evaluate the long-term effects of normal
poultry litter, alum-treated litter, and
NH,NO, on P availability in soils, P leach-
ing, and P runoff in pastures.

Small Plot Study

A long-term study was initiated in
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Applying litter to paired watersheds.

April of 1995 on 52 small runoff plots
cropped to tall fescue, located at the Main
Agricultural Experiment Station of the
University of Arkansas on a Captina silt
loam soil (Typic Fragiudult). There were 13
treatments, including four rates of alum-
treated poultry litter, four rates of un-
treated poultry litter, four rates 