JOURNAL OF

PLANT NUTRITION

Executlve Editor

J. BENTON JONES, IR.
Georgia University Siation
P.O. Box 2095
Aihens, Georgia 30612-0095
Tel: (404) 5484557
Fax: (404) 548-4891

Associute Executive Editor

HARRY A. MILLS
Depariment of Horticulture
University of Georgia
Athens, Georgia 30602

Editorial Board

EMMANUEL A. ADUAYI
University of lfe

Nigeria

CARLOS F. ALCARAZ
CSICICEBAS

Spain

OCTAVIO CARPENA ARTES
Universidad Autonoma de Madrid
Spain

C.J. ASHER

University of Queensiand
Australia

WADE L., BERRY
Laboratory of Biomedical &
Environmental Sciences, Los Angeles

MICHAEL H. CHAPLIN
Pennsylvania State University
{niversity Park, Pennsylvania

RALPH B. CLARK
University of Nebraska
Lincoin, Nebraska

D. ). COTTER
New Mexico State University

Las Cruces

SESHADRI KANNAN
Bhabha Atomic Research Centre
Bombay 85

ERNEST A. KIRBY
The University of Lecds
England

VITANGELQO MAGNIFICO
Centro di Studio Sull’ Orticoltura
Bari, haly

DONALD N. MAYNARD
Gulf Coast Research & Education
Cenier, Bradenton

DUANE S. MIKKELSEN
University of California
Davis, California

ISTVAN PAIS
University of Horticulture
Budapest, Hungary



1A

JOURNAIL OF PLLANT NUTRITION, 14(8), 775-807 (1991)

MORPHOLOGICAL, TEMPORAL, AND NODAL ACCUMULATION OF
NUTRIENTS BY DETERMINATE SOYBEAN

E. J. Sadier, D, L. Karlen, R. E. Sojka, and 11. D. Scott'

Couastal Plains Soil and Warer Conservarion Research Cenier, USDA-ARS, P.O.
Box 3039, Florence, SC 29501

ABSTRACT: Crop growth models that account for nutrient accumulation ofier
insight into soil fertility and plant nutrition interactions. This understanding
provides opportunities to develop improved management practices. During the
1980s, several process-level growth models were developed (or soybean [Glycine
mav (1..) Merr.}.  Model validation and application 1o diflerent locations and
weather require detailed, independent dafa sets.  An extensive data sct describing
the nutrient stalus of a determinate soybean ("Bragg') was collected in 1979 on
a Goldsboro (Aquic Paleudult) loamy sand near Florence, SC, USA, Because of
its importance to subsequent model development, we concluded that providing this
entire data set in a readily accessible form was a logical siep in ihe course of this
experiment. We reporl here, in tabular form, mean and standard deviation data
for acrial accumulation of dry malter and cight nuirients (N, P, K, Ca, Mg, Mn,
Fe, and Zn) for 10 dates, for four plant componenis (stems, leaves, petioles,
pods, and lofal}, and for each node (and whole plant). We will provide, upon
arrangement, these same data on diskelte for use in simulation models or other

applicalions.
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INTRODUCTION

Model development is an iterative procedure by which mathematical
equations of a model are gradually improved as a result of evaluations with
increasing numbers of data sets. For soybean growth and development, this has
resulled in the process-level models such as SOYGRQ?, for example, However,
there remains a critical need for independent data to validate the models for
environments and cultivars other than those used for model development,

Historically, most nutrient data has been published as concentrations
because Lhey can be wsed to diagnose nutrient deficiencies using either critical
values' or Diagnosis Recommendation Integrated System [DRIS)'. However,
validating plant growth models requires nutrient and dry matter accumulation
data. Fertilizer recommendations are more easily recognized from nutrient
accumuiation expressed in mass per unit area rather than from concentration.
Furthermore, nutrient accumulation curves can be differentiated over time lo
produce nutrient accumulation rates. [lustrations of this type of analysis exist for
corn™* and for wheat’.

Aerial dry matter and nutrient concentrations for an intensive experiment
with determinate soybean have been documented graphically in  this
journal**'%"* as functions of time, plant part, and nodal position,
Recognizing both the unique combination of temporal and nodal information
represented therein and the modelers® need for independent data, we concluded
that providing the entire data sel in a readily accessible form was a logical slep
in the course of communicating the results of the experiment.  While preparing

this information on delerminate soybean, we became awarc of a data set"
describing row spacing and soil water effects on indeterminate soybean grown in

lowa, and coincidentally, in the same year, For two sampling dates in their
study, values for leafl area, pod number, and component masses were published
as a function of height, but this was not done for nutrient information. To our

knowledge, the information presented here on determinale soybean is the only




ACCUMULATION OF NUTRIENTS BY SOYBEAN 777

data set with nutrient accumulation as a function of plant part, time, and nodal

position,

MATERIALS AND METHODS

Crop culture, weather, sampling methods, soil analyses, and nutrient
analysis procedures have been reported previously®*'®''. Nutrient concentrations
and aerial dry matter data that were used for graphs in those publications were
wsed to produce the nutrient accumulation tables reported here. Nutrient
concentrations were multiplied by aerial dry matter values for each day, node,
and plant part, and then converted to kg/ha. Tables for each nutrient were
created using PROC TABULATE of SAS™", including mean and standard
deviation of the individual cells, and summary values across plant part and node.
These statistics represent the mean and standard deviation of the nutrient
accumulation; that is, individual measurements of dry mass and concentration
multiplied, rather than means of each multiplied. This procedure accounted for
the cross correlation between mass and concentration. The original sampling had
4 replicates at each of 4 locations per treatment. For this analysis, locations were
considered a second hierarchy of replicale, resuiting in 16 points per mean value,
There were 8226 dry matter samples. For about 2500 samples, there was not
enough plant material to perform the concentration analysis, so replicates were
physically combined. Samples were also combined over replicates for the last 4
dates in order 1o reduce the total number from about 4000 to about 1000. For all
pooled cases, the separate masses were recorded, then the physical samples
combined across replications as needed to provide a suitable sample. In about
600 cases, replicates 1 and 2 or 3 and 4 were pooled; where samples were
smaller stilt (about 1000 cases), all 4 replicates were pooled; where samples were
smallest, the pooling extended to locations as well {45 determinations were made
on the combined material from all 16 dry matter samples). In order to produce
the best estimate of data variance, individual masses were multiplied by the

concentration that was common to the combined sample. The standard deviation
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was then indicative of variation in the mass alone. This was done by necessity
only, It is expected that concentration was by far more conservative than mass,
thus the variation in mass for pooled samples represents most of the variation in

the accumulation of a nutrient.

RESULTS AND DISCUSSION

Temporal and nodal changes in soybean growth, development, and nutrient
concentration from this experiment were discussed previously**'™" but are
summarized to provide insight to analyses of these data available in the literature.
Scott et al.® presented growth analysis and stalistical representations of
partitioning coefficients and of sample variability. Sojka et al.® showed that nodal
and temporal mean K and Ca concentrations varied over time and node, but mean
Mg concentrations did not. They also concluded that mean concentrations of
these elements in all plant parts can vary two fold or more depending on plant age
and node. Sojka et al.'®" described variation in N, P, Fe, Mn, and Zn that was
similar to variation in K and Ca. These preseniations were normally 2-
dimensional response surfaces describing concentration, sample variability, or
other characteristics over time and node. These graphs are easily inlerpreted for
trends and main effects, but are not easily used for model validation.

The tabular presentation of accumulation data from this experiment in
Tables | through 9, presented as an appendix, allows potential users to scrutinize
accumulation and partitioning of aerial dry matter and eight essential plant
nutrients. We will provide this information and daily weather data on diskette
upon request. Each nutrient is given in a separate table, with the four plant parts
and total comprising the headings of the columns. Time is the major vertical
dimension, and nodal position the minor, resulting in 171 observations over date
and node. After each date, the sum of accumulated nutrient over the nodes is

given. Each cell in the table holds the mean and standard deviation of the value,

:
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Aerial dry matter accumulation means and standard deviations for each day after

planting (DAP), node, and plant parl. Values are in kg/ha, and planting date was 143 {23 May).
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TABLE 1. (cont'd)
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TFABLE L. (cont'd}
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TABLE 2. Aerial nitrogen wccumulation means and standard deviations for each day after

planting (DAP}, node, and plani part. Values ar¢ in kg/ha, and planting date was 143 (23 May).
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TABLE 2. {cont"d)
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TABLE 2. {cont’d}
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TABLE 3. Aerial phosphorus accumulation means and standard deviations for each day after
planting {DAP), node, and plant part. Values are in kg/ha, and planting date was 143 {23 May).
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TABLE 4. Aenal polassium accumulation means and standard deviations for each day after

planting (DAP), node, and plani part. Values are in kg/ha, and planting date was 143 (23 May).
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TABLE 5. Aenal calcium accumulation means and standard deviations for each day after planting

(DAP), node, and plant part. Values are in kg/ha, and planting date was 143 (23 May).
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TABLE 6. Aerial magnesium accumulstion means and standurd deviations for vach day alter

planting {DAP), node, and plant part. Values are in kg/ha, and planting date was 143 (23 May).
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ACCUMULATION OF NUTRIENTS BY SOYBEAN

Aerial manganese accumulation means and standard devialions for each day after

planting (DAP), node, and plant parl. Values are in g/ha, and planting date was 143 (23 May).
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