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rom the viewpoint of sustainable

agriculture, nutrient management

ideally should provide a balance

between nutrient inputs and out-
puts over the long term. In the establish-
ment of a sustainable system, soil nutrient
levels that are deficient are built up to lev-
els that will support economic crop yields.
To sustain soil fertility levels, nutrients
that are removed by crop harvest or other
losses from the system must be replaced
annually or at least within the longer crop
rotation cycle. When nutrient inputs such
as fertilizer, manure or waste materials
exceed crop removal over a period of
years, soils become oversupplied and
nutrient leaching and runoff become an
environmental concern. Accurate values
for crop nutrient removal are an important
component of nutrient management plan-
ning and crop production.

Although state agronomy guides and
other sources often publish values for
crop nutrient removal, the original studies
on which those values are based are sel-
dom cited. Also, the values that were
established in the past may not be correct
for current agronomic technologies such
as hybrid, higher plant population, yield
potential, fertilizer practice and soil con-
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ditions. Furthermore, there is a need to
re-evaluate crop nutrient removal values
for corn as several states in the Mid-
Atlantic U.S.A. now mandate the devel-
opment of comprehensive nutrient man-
agement plans. Nutrient removal values
are a key component of nutrient manage-
ment planning because manure nutrient
applications are being limited to the
expected level of crop nutrient removal.

The large volume of manure generat-
ed by concentrated animal-feeding opera-
tions in the Mid-Atlantic region and the
environmental concerns associated with
accumulation of soil P to excessive levels
have focused much attention on P in
nutrient management planning. Until
recently, manure application recommen-
dations were designed to match the N
requirements of the crop, often leading to
manure P applications in excess of crop
removal. While at present there is empha-
sis on P-based nutrient management plan-
ning, other nutrients may receive greater
attention in the future,

The objective of this study was to
measure nutrient (N, P, K, S, Ca, Mg, Zn,
Mn, Cu, B and Fe) removal by corn grain
over a range ol growing conditions in the
Mid-Atlantic region and to determine if
nutrient concentrations in grain were
related to crop yield. The study was con-
ducted as part of a larger regional project
on P fertility research. This allowed us to
also examine the relationship between
soil test level and crop removal of P.

Materials and Methods

We grew corn in five states (Delaware,
Massachusetts, Maryland, New Jersey
and Pennsylvania) in 1998 and 1999 for a
total of 23 site-years (Table 1). Sites
were selecled to represent the wide range
of soils (Alfisols and Ultisols) and P fer-
tility levels within the Mid-Atlantic
region. They included both on-farm and

research station land. Local recommenda-
tions guided cultural practices. Starter
fertilizer at all sites supplied 15 kg P ha’
in the form of monoammonium phos--
phate. Spacing between rows was 0.76 m.

We measured yields from a harvested
area of two 6-m rows in the middle of each
of four replicated plots. Harris Laboratory,
Lincoln, NE, analyzed grain samples that
were collected from each plot. They were
oven-dried at 70°C and ground in a Wiley
mill to pass a 1-mm sieve.

Total N in grain was determined by
I{jeldahl procedure. Concentrations of P,
K, Ca, Mg, S, Zn, Mn, Cu, Fe and B in
grain were determined by inductively
coupled plasma (ICP) emission spec-
troscopy after samples were digested with
nitric acid and hydrogen peroxide. All
grain nutrient concentrations are
expressed on a dry weight basis. All grain
yield and nutrient removal values are
based on 155 g kg moisture.

Soil samples were collected in the
spring from the 0- to 15-cm depth by ran-
domly collecting 15 cores (2.25-cm
diam.) from each plot. They were ana-
lyzed at the University of Delaware Soil
Testing Laboratory using the Mehlich-3
method. Statistics calculated for nutrient
concentrations in grain included the muini-
mum, maximum, median, mean and coef-
ficient of variation. Regression analysis
was used to examine the fit between soil
test P and grain P concentration and
between corn yield and grain nutrient
concentration.

Results and Discussion

Minimum and maximum grain nutrient
concentrations for P and K across all sites
varied by more than twofold for P and by
twofold for K (Table 2). In general,
micronutrients in grain exhibited more
yariation in concentration than macro-
nutrients. Grain N concentrations were
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the least variable of any nutrient exam-
ined. The mean values that we obtained
for N, P and K removal agree fairly well
with those found in existing nutrient
removal tables (Table 3).

Corn grain samples used in this study
represented different hybrids grown on a
variety of soils under different weather
conditions (Table 1). Although it is not
possible to completely isolate the effect
of hybrid, the same hybrid was also
grown at multiple sites. This one hybrid
grown at six sites (Table 4) exhibited
approximately the same variation in nutri-
ent concentrations as the 10 hybrids
grown across all 23 site-years (Table 2).
Thus, grain nutrient concentrations can be
highly variable even for a given com
hybrid grown in diftferent environments._

Some of the variability in grain P
concentration appeared to be associated
with soil test P. The Mellich-3 P (M3P)
soil test ranged from 36 to 418 mg kg
across the 23 site-years, with a mean of
133 mg kg"'. Because the agronomic opti-
mum range is about 30 to 50 mg kg,
most of these soils were high in P. Soil
test P correlated positively with grain P
concentration (#* = 0.35; p < 0.003).
However, for any given soil test level,

with soil test P and yield. Grain P concen-
tration could be expressed as a function
of both yield and M3P as follows: P =
2.901 + 0.05909(Y) + 0.003209(M3P), r*
= 0.40, where P = grain P (g kg dry mat-
ter basis), ¥ = grain yield (Mg ha" at 155
g kg moisture), and M3P = M3P in soil
(mg kg™). Within this two-variable equa-
tion, statistical significance for the Y
coefficient was only at

CCA

of the variability observed. In other
words, this equation does not estimate
nutrient removal much better than the
mean value of 3.34 g kg". Neither the
mean value nor the regression should be
extrapolated to soil test and yield levels
beyond the range encountered in our

continued on page 16

the 16% level of proba-
bility while that for
M3P was at the 1%
level. Our observations
do not support interpre-

Table 2. variation in nutrient concentration of corn grain from
23 site-years in the Mid-Atlantic USA (Delaware, Massachusetts,
Maryland, New Jersey, and Pennsylvania) in 1998 and 1999.
Concentrations are expressed on a dry weight basis.

tation of this equ ation as | Ifl_yllrient Il'lEl!mum_ ‘_Maximum Median Mean cvt
roof of a cause-and- gkg' %
e et N 10.2 15.0 12.9 13.0 9.8
. P P 2.2 5.4 3.8 4.0 19.6
Rﬁlhft,l, the equation K 3.1 6.2 4.8 4.8 13.9
describes the mean S 0.9 14 1.0 1.1 13.5
grain P concentration as Mg 0.88 2.18 1.45 1.55 236
a function of weak Ca 0.13 0.45 0.28 0.28 30.0
trends with soil test P myg kg-
and yield observed Fe 9.0 89.5 33.6 355 52.6
within the five states. Zn 15.0 34.5 26.8 26.7 184
TR, : Mn 1.0 9.8 5.3 4.8 52.2
indicates that it Cu 10 58 30 39 496

explained less than half

1C\, standard deviation expressed as a percentage of the mean.

there was still considerable variability
in grain P concentration. Because the
application of N, K, Ca, Mg, S, B, Mn,
Cu and Zn varied {rom site to site, we
could not evaluate whether a similar
relationship existed between soil test
level and concentrations of these nutri-
ents in grain.

Grain yields ranged from 4.9 to
16.7 Mg ha" among the 23 sites (Table
1). Nutrient concentrations were posi-
tively associated with yield for P, K, Zn
and Fe. Because yields reflect the
favorability of the growing environ-
ment, it is possible that sites with more
favorable conditions for corn growth
also had better conditions for the diffu-
sion of nutrients from the soil to the
roots. The correlation coefficients
between grain P, K, Zn, and Fe concen-
tration and yield (" = 0.14, 0.13, 0.12
and 0.16, respectively), though statisti-
cally significant at P < 0.10, were not
strong.

Much of the variability in grain P
concentration was not explained even
by a combination of the associations

TABLE 1. SOIL TYPES, Mehlich-3P, corn hybrids and grain yields at each of the experimental

sites in 1998 and 1999.

Experimental sile State Soil lype P Hyhrid brand Grain
mg kg' Mg ha'
1998
Middletown DE Matapeake silt loam 235 Pioneer 3394 6.4
Seaford no. 1 DE Evesboro loamy sand 259 Dekalb-618-Bt 9.6
Seaford no. 2 DE Evesbaro loamy sand 36 Dekalb-618-Bt 6.2
South Deerfield MA Merimac sandy loam 46 NKMAX21 10.7
Deerfield MA Hadley very fine sandy loam 51 NKMAX21 139
Beltsville MD Mattapex silt loam 326 Pioneer 3394 6.5
Adelphia NJ Freehold sandy loam 79 Pioneer 33Y09 15.2
Pittstown NJ Quakertown silt loam 45 Pioneer 33Y09 14.5
Juniata PA Allenwood silty clay loam 176 Unknown 7.1
Lycoming PA Linden sandy loam 123 Dekalb 642 9.8
Crawford PA Bradeville gravely loam 44 Pioneer 3752 6.7
1999

Georgetown no. 1 DE Sassafrass sandy loam 44 Pioneer 3394 10.5
Georgetown no. 2 DE Rumford loamy sand 98 Pioneer 3394 6.9
Seaford no. 2 DE Kenansville sandy loam 69 Pioneer 3394 10.0
Middletown DE Matapeake silt loam 80 Dekalb 589 49
Deerfield Block no. 2 MA Hadley very fine sandy loam 83 NKMAX21 14.5
S. Deerfield Plateau  MA Merimac sandy loam 123 NKMAX21 Til.2
Quantico MD Mattapex silt loam 418 Pioneer 33Y09 7.9
Queenstown MD Mattapex silt loam 319 Pioneer 3394 10.8
Genterton NJ Aura gravely sandy loam 144 Pioneer 33A14 14.7
Pittstown NJ Quakertown silt loam 138 Pioneer 33A14 16.7
Blair PA Hublorsburg silty clay loam 64 Doeblers 596 8.1

Lycoming PA Linden sandy loam 65 Dekalb 642 12.7
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sites, nor should they be used in other
reglons without verification by local data.

Some of the remaining variability in
grain P concentrations may have been
related 1o the soils at each of the sites.
Specific effects of soil characteristics
could not be separated [rom the differ-
ences in weather conditions encountered
at each site.

Variability in nulrient concentration
umplies that some farnners may need to
obtain an analysis of their harvested crop
Lo acc lll'il.lﬂly AS5CSS Illlll'iﬁﬂl removal.
Nutrient management planners may con-
sider taking into account increased crop
removal of PP at higher soil test levels and

at higher yield levels. Livestock produc™ |

ers should also consider the implications
of nutrient variability of grain on ration
balancing for the mineral nutrition of
their animals.

In the Mid-Atlantic region, manure
production is generally high relative to
crop nutrient removal; consequently, a
low percentuge (<22 percent on average
for the five states represented in this
study) of soils in the region test medium
or below in P A long-temm study conduci-
cd in North Carolina and reported in
1999 found that grain harvest may
remove P from high-testing Coastal Plain
souls for 13 years or longer before a
response to P fertilization is exhibited.

Phosphorus is not the only nutrient
that may accumulate in soil from regular
applications of manure. Mineral supple-
mentation of livestock leeds oflen
enriches manures and soils to

44.7; 8, 9.9; Mg, 14.4; Ca, 2.6; Fe, 0.33;
Zn, 0.25; B, 0.055; Mn, 0.045; and Cu,
0.03 kg ha. It would take an estimated
3.3 harvest years of corn grain to remove
all of the manure-applied N, 5.3 for P,
4.7 for K, 8.4 for S, 3.1 for Mg, 88 for
Ca, 22 for Fe, 14 for Zn, S for B, 84 for
M, and 84 [or Cu. In general, removing
the micronutrients from the applied broil-
er litter would take longer than the
macronuirients.

Fven though average values of corn
graan nulrient removal in this study are
similar to existing reference values, the
variability seen in this study raises ques-
tions about the usefulness of average val-
ues for estimating crop nutrient removal
across a range of conditions. Future

able-rate nutrient application equipment
to take precision agriculture to the next
level of development.

Editor’s note: Content was adapted from
the paper “Nutrient Removal by Corn
Grain Harvest,” which was published in
Agronomy Journal, Vol. 95, May-June
2003, and is courtesy of the authors J.R.
Heclinan,* 1 Sims, D.53. Beegle, FJ.
Coale, S.J. Herbert, T'W. Bruulsema,
W.J. Bumka.

research on nutrient
removal should focus on
identifying the sources
of variation in nuirient
concentration in com
grain 1o enable better

dry weight basis.

Table 4. Variation in nutrient concentration in corn grain fram a
single hybrid (Pioneer Hyhrid Brand 3394) grown at six ditferent
sile-years in 1998 and 1999. Concentralions are expressed on a

Nutrient  Minimum Maximum  Median Mean cvi

monitoring of crop B s e —— T
nutrient removal. N 12.3 14.6 12.9 131 45

Alternatively, grain P 2.2 4.0 3.6 34 18.6
havvest equipment may g D“; ?3 #‘: ?f 1'2
be designed in the Mg 0.88 145 134 127 16
Tuture to meusure and Ca 015 0.35 0.99 0.97 956
map crop nutient -
removal from a [ield as . 0 e
welsmomor s | %0 90 ws” U m we
This information could B 45 78 6.4 6.2 20.9
be used in conjunction Mn 3.0 7.0 45 4.7 31
with nutrient manage- Cu 1.0 5.8 3.3 3.5 49.2

ment planning and vari-

TCV, standard deviation expressed as a percentage of the mean.

which they are applied with
Cu and 7Zn. Nutrient removal Table 3. Corn grain nutrient removal values in the present study compared with published reference values.
values for Cu and Zn are rela- Nutrient concentralions are based on grain at 155 g kg moisture.
?Nely l(.)‘w.fszm}‘liu‘r:d W'lh b Zubilena Beegle Reid Lander et al.
amounts of these nutricnts that | yyyjen Present study AsLt (1991) PPy (2002)  (1998) (1998)
may be applied in a Lypical - ok S R Y

manure application. To use N 11.0 0.615 0.75 0.9 0.75 0.7 0.65-1.0 0.80
broiler litter as an illustration, P 3.34 0.187 0.15

a single application at the rale P05 /.64 0.428 0.44 0.35 0.44 0.4 0.36~0.44 0.344
of 11.2 Mg b could poten- 18 050 029 027 020 03 026029 0204
o e . a H ) 2 ! ' : k 26-0.2 204
hallyladiitne [I\J‘J'fo‘ff’“‘}f s |8 080 0,050 007 0.067 0.07

onk anQUIRGE 18, G; &y 2 Mg 1.31 0.0733 0.09 0.053 0.087

K, 212; 5, 84; Mg, 45; Ca, Ca 0.237 00132 0.02 0.013 0.0066

230; Fe, 7.3; Zn, 3.5;: 13, 0.3; Fe.- 0.0300  0.00168

Mn, 3.8; and Cu, 2.5 kg ha™. n 0.0226 0.00126 0.001

A courn grain harvest of 11.0 % ggg:? gggggg 0.0006

l . n . 2 ks .

Mg hf mm?d“le"l.“‘f o ient |8 0.0027 _ 0.00015 0.0004 - .
"W'ME‘L_'__ 1e 1o ow.m___, nu 1‘Ln [ Ankerman and Large (2001).
amounts: N, 120.8; P, 36.7; K, | ¢ poiash and Phosphate institute (2001).
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