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Fig. 1. Accumulated evapotranspiration deficit for each irrigation initiation treatment 
along with rainfall and irrigation events and plant growth stage for 2016 soybean irri-

gation initiation trial, Manila, Ark.
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Soil texture and irrigation initiation timing
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Fig. 2. Soybean yield (bu/ac) for each irrigation timing treatment was measured with yield monitor 
(YM) and segregated by soil texture classed using soil electrical conductivity (EC) measures from a 

Veris Soil Surveyor. Diamond represents the mean, the bottom and top edges of the box are located at 
the sample 25th and 75th percentiles, the horizontal line inside the box is drawn at the 50th percentile 
(median), the vertical lines (whiskers) extend from the box as far as the data extend (to a distance of at 
most 1.5 interquartile ranges), and the circles represent outlier YM data points – 2016 soybean irriga-

tion initiation trial, Manila, Ark.
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Preliminary Evaluation of Long-Term Residue Management and Irrigation Practice  
Effects on Particulate Organic Matter Fractions in a  

Wheat-Soybean, Double-Crop System 

J. Desrochers1 and K.R. Brye1

Abstract

Decades of intense annually cultivated, row-crop agriculture in the Lower Mississippi River Delta region of eastern 
Arkansas have resulted in reduced soil organic matter (SOM) and soil aggregation. The objective of this field study 
was to assess the effects of long-term agricultural management practices (i.e., residue level, residue burning, tillage, 
and irrigation) on particulate organic matter (POM) in the top 10 cm in a wheat (Triticum aestivum)-soybean (Gly-
cine max L. [Merr.]), double-crop production system on a silt-loam soil following 14 complete cropping cycles in 
eastern Arkansas. A wet-sieving procedure produced macro- and micro-aggregate size fractions [> 0.01 in (250 µm) 
and > 0.002 to < 0.01 in (> 53 to < 250 µm), respectively] as well as a silt-clay fraction [< 0.002 in (53 µm)]. Av-
eraged across irrigation, tillage, and residue level, the macro-aggregate size fraction was greater when non-burned 
(62.2%) compared to when burned (58.0%). Averaged across burn and irrigation, macro-aggregate percentage was 
greater under conventional tillage (CT) in both high- and low-residue levels (65.8 and 63.1%, respectively), which 
did not differ, compared to under no-tillage (NT) in both high- and low-residue levels (54.1 and 57.4%, respective-
ly). Averaged across tillage, burn, and residue-level treatments, micro-aggregate percentage was greater under NT 
(29.2%) than CT (21.0%). A greater understanding of the effects of management practices on POM can increase 
soil health, fertility, and the long-term sustainability of agricultural soils in eastern Arkansas.

1Research Assistant and Professor respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.

Introduction

Increasing resiliency of agricultural soils in the Lower 
Mississippi River Delta region of eastern Arkansas is gain-
ing importance as groundwater aquifer levels continue to 
decline due to extensive withdrawals for agricultural irriga-
tion in addition to increasing volatility and unpredictability 
of weather patterns due to climate change (Scott et al., 1998; 
IPCC, 2013). Long-term conventional agricultural manage-
ment practices in the Lower Mississippi River Delta region 
of eastern Arkansas have led to a reduction in soil health, 
fertility, capacity to absorb/hold water, and organic matter 
concentration, effectively reducing the inherent resiliency of 
agricultural soils (Scott et al., 1998; Six et al., 2004). Alter-
natively, sustainable agricultural management practices im-
plement agricultural technologies and practices that lead to 
at least similar production, without deteriorating agricultural 
conditions (Pretty, 2008).

In a process facilitated by microbial activity, fresh plant 
or crop residue is bound to soil particles to form macro-ag-
gregates >0.01 in.(>250 µm), which subsequently break 
down to form macro-aggregates 0.002-0.01 in. (53-250 µm; 
Six et al., 2004). Increased soil disturbances can decrease 
soil macro-aggregate composition and result in greater soil 
micro-aggregate concentration, but ultimately reduce to-
tal soil macro- and micro-aggregate concentration leading 
to increased non-aggregated soil, i.e., the silt-clay fraction 
<0.002 in. (<53 µm). Differences in particulate organic mat-
ter (POM) fractions, partially stabilized organic residue frac-
tions, including inter-aggregate (i.e., organic matter between 
aggregates) and intra-aggregate (i.e., organic matter within 

aggregates), within micro- and macro-aggregate fractions due 
to alternative management practices can be indicative of soil 
and agronomic benefits (Six et al., 1998).

The objective of this field study was to assess and compare 
the effects of long-term agricultural management practices 
(i.e., residue level, residue burning, irrigation, and tillage) on 
soil particulate organic matter (POM) aggregate-size fractions 
(i.e. macro-aggregate, micro-aggregate, and silt-clay) in a 
wheat (Triticum aestivum)-soybean (Glycine max L. [Merr.]), 
double-crop production system on a silt-loam-textured, loess 
soil following 14 complete cropping cycles in eastern Arkan-
sas. Compared to the currently common practices of residue 
burning and conventional tillage (CT), the effects of non-res-
idue burning and no-tillage (NT) are hypothesized to increase 
soil POM aggregate fractions and subsequently increase the 
fraction of macro-aggregates in the soil.

Procedures

 On 15 Sept. 2015, 12 to 15 soil samples were collected at 
random from the top 10 cm of 48, 10 ft wide by 20 ft long plots 
at the University of Arkansas System Division of Argiculture’s 
Lon Mann Cotton Branch Experiment Station near Marianna, 
Ark that have been managed since 2002 in a wheat-soybean, 
double-crop production system with three replications of 16 
different residue and water management practice combina-
tions.  The management practices include wheat residue burn 
and no burn, CT and NT, high- and low-wheat residue, and 
irrigated and dryland soybean production. Amuri et al. (2008) 
and Norman et al. (2016) provided additional details of the 
annual plot management and imposed treatments.
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After drying for 48 hours at 70 °C, soil samples were 
hand-crushed to pass through a 0.28-in (7-mm) sieve, then 
two batches per plot of approximately 95 g of air-dried soil 
were separately wet-sieved using a soil-slaking procedure to 
derive macro-aggregate [> 0.01 in (> 250 µm)], micro-ag-
gregate [> 0.002 to < 0.01 in (> 53 to < 250 µm)], and silt-
clay [< 0.002 in (< 53 µm)] POM fractions (Cambardella 
and Elliott, 1993; Six et al., 1998).

To induce slaking, soil batches were individually sieved 
by allowing the soil to soak in a 12-in (30-cm) diameter, 
0.01-in sieve within an 3.1-in (8-cm) tall, plastic basin filled 
with distilled (DI) water to 0.4 in (1 cm) above the sieve 
for 5 minutes. Following slaking, the sieve and soil were 
oscillated for 2 minutes by manually moving the sieve up 
and down 50 times at a 1.2-in (3-cm) amplitude in the water. 
Soil retained on the 0.01-in sieve was transferred to a pre-
weighed metal pan, floating organic material was decanted, 
then dried for 24 h at 105 ˚C to obtain the macro-aggregate 
fraction weight. The remaining soil in the plastic basin was 
transferred onto a 0.002-in sieve, placed in another 3.1-in 
(8-cm) tall plastic basin, upon which the sieving procedure 
was repeated. The soil remaining on the 0.002-in sieve was 
transferred onto a pre-weighed metal pan and then dried for 
24 h at 105 ˚C to obtain the micro-aggregate fraction weight. 
The difference in weight from the initial soil batch minus the 
macro- and micro-aggregate fraction weights was assumed 
to be the silt-clay mineral fraction.. 

Due to confounding logistical constraints, the irriga-
tion and wheat residue burning treatments were unable to 
be simultaneously statistically evaluated. As a result, two 
separate three-factor analyses of variance (ANOVAs) were 
conducted using PROC MIXED in SAS (version 9.4, SAS 
Institute, Inc., Cary, N.C.) to evaluate the effects of tillage, 
burning, and residue level, (and their interactions) and till-
age, irrigation, and residue level, (and their interactions) on 
the three soil POM aggregate fractions [i.e., macro-aggre-
gate (> 250 µm), micro-aggregates (> 53 to < 250 µm), and 
silt-clay (< 53 µm)].  Significance was judged at P ≤ 0.05. 
When appropriate, means were separated by least significant 
difference at the 0.05 level.

Results and Discussion

Results for Tillage-Burn-Residue Level Treatment Com-
binations. Averaged across irrigation, tillage, and residue 
level, the macro-aggregate size fraction was greater (P 
= 0.05; Table 1) when non-burned (62.2%) compared to 
when burned (58.0%), contrary to the hypothesis. Burning 
removed above-ground plant residue, a necessary compo-
nent for the formation of aggregates, thus likely reducing 
macro-aggregates concentration over time in the long-term 
rotation. In addition to the effect of burning, averaged across 
burn and irrigation, macro-aggregate percentage was greater 
(P ≤ 0.05) under CT in both high- and low-residue levels 
(65.8 and 63.1%, respectively), which did not differ, com-
pared to under NT in both high- and low-residue levels 

(54.1% and 57.4%, respectively), which differed between 
them (Fig. 1). A greater macro-aggregate concentration as a 
result of tillage was contrary to the hypothesis. An increase 
in tillage can cause an increase in macro-aggregation due to 
increasing plant residue incorporation and soil contact, thus 
increasing the potential for macro-aggregate formation.

Averaged across tillage, burn, and residue-level treat-
ments, micro-aggregate percentage was greater (P < 0.03) 
under NT (29.2%) than CT (21.0%). This result supports the 
concept of soil aggregate turnover rates, whereby tillage re-
sults in the physical disintegration of macro- into micro-ag-
gregates prior to attaining micro-aggregate stability, thus 
resulting in a lower micro-aggregate percentage over time 
(Six et al., 2000).

The silt-clay fraction can provide a useful measurement 
to assess the aggregated versus non-aggregated amount of 
soil. Averaged across irrigation and tillage treatments, the 
silt-clay percentage was 1.3% greater (P < 0.02) in the 
burn-low-residue than in the other three burn-residue-level 
treatment combinations, which did not differ (Fig. 2). Res-
idue burning coupled with the low-residue (i.e., non-fertil-
ized) condition likely contributed to lower plant residue in-
puts, thus reducing aggregate formation.

Results for Tillage-Irrigation-Residue Level Treatment 
Combinations. Under a loess-derived soil with a silt-loam 
surface texture in the Lower Mississippi River Delta region 
of eastern Arkansas, irrigation did not affect macro- or mi-
cro-aggregate concentration. However, averaged across irri-
gation and burn treatments, micro-aggregate percentage was 
greater (P ≤ 0.04) under the NT-high-residue (31.0%) than 
each of the other three tillage-residue-level treatment combi-
nations, while the NT-low-residue (27.4%) was greater than 
both the high- and low-residue levels under CT, which did 
not differ (20.5% and 21.5%, respectively; Fig. 1). Greater 
micro-aggregate percentage is likely attributed to increased 
aggregate stability resulting from reduced soil disturbance 
and greater plant residue from NT and N fertilization creat-
ing a high-residue environment, respectively, over several 
years of consistent management.

Averaged across tillage and burn treatments, the silt-clay 
percentage (i.e., the non-aggregated portion of the soil) was 
greater (P < 0.01) under the irrigated-low- (15.6%) than 
under the irrigated-high-residue levels (13.6%), while the 
silt-clay percentages from the non-irrigated-residue-level 
treatment combinations, which did not differ and averaged 
15.0%, were intermediate between the two irrigated-resi-
due-level treatment combinations (Fig. 2). A greater silt-
clay percentage under irrigated soybean production can be 
attributed to increased slaking of unstable aggregates in 
addition to greater microbial activity, although greater plant 
residue likely results in greater aggregation due to increased 
plant residue (Six et al., 2000). In addition, averaged across 
burn and residue level, the silt-clay percentage was greater 
(P < 0.01) under the NT-irrigated (15.1%) than under the 
CT-irrigated (14.1%) treatment combination, while the silt-
clay percentage from the CT- and NT-non-irrigated, which 
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did not differ and averaged (15.0%), was intermediate be-
tween the CT- and NT-irrigated treatment combinations 
(Fig. 2). No-tillage, in combination with irrigation, likely 
increased silt-clay percentage, the non-aggregated fraction, 
due to increasing favorable conditions for microbial decom-
position, coupled with a lack of plant-residue-to-soil-particle 
contact attributed to CT that would otherwise likely increase 
aggregate formation. These results are consistent with wa-
ter-stable-aggregate observations made following 10 years 
of consistent management in the same field study (Smith et 
al., 2014). 

Practical Applications

Greater overall POM, and subsequent macro- and mi-
cro-aggregate fractions, will lead to improved soil structure 
and increased porosity, thus likely increasing root penetra-
tion, water infiltration, and potential groundwater recharge. 
Additionally, an increase in POM will increase soil health 
and, therefore, increase the natural resiliency of soils to sus-
tain crop yields in the Lower Mississippi River Delta region 
of eastern Arkansas. Sustainable management practices in a 
wheat-soybean, double-crop production system in eastern 
Arkansas, such as NT and non-burning of crop residues, 
compared to the traditional practices of CT following resi-
due burning, provide alternative management practices that 
can potentially reduce the dependency on external inputs, 
including irrigation and nutrient inputs. 
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Table 1. Summary of the effects of tillage, residue level, and burning, (and their interactions) and tillage, 
residue level, and irrigation, (and their interactions) on macro- and micro-aggregate and silt-clay 

particulate organic matter fractions following 14 complete cropping cycles in a wheat-soybean, double-crop 
production system on a loess soil in eastern Arkansas.

Source of Variation Macro-aggregate Micro-aggregate Silt-Clay
P

Tillage 0.03 0.03 0.13
Residue Level 0.81 0.45 0.15
Burn 0.05 0.16 0.25

Tillage × Residue Level 0.05 0.13 0.06
Tillage × Burn 0.15 0.20 0.83
Burn × Residue Level 0.65 0.50 0.02

          Tillage × Burn × Residue Level 0.60 0.72 0.40
Tillage 0.03 0.03 0.13
Residue Level 0.81 0.36 0.02
Irrigation 0.31 0.25 0.77

Tillage × Residue Level 0.01 0.04 0.11
Tillage × Irrigation 0.47 0.74 < 0.01
Irrigation × Residue Level 0.48 0.24 < 0.01

          Tillage × Irrigation x Residue Level 0.32 0.26 0.90
 

Fig. 1. Tillage-residue-level management practice combination effects 
on macro- (top) and micro-aggregate (bottom) percentage.  Bars with 
different letters are significantly different at the P < 0.05 level. Treat-
ment abbreviations are defined as follows: conventional tillage (CT), 

no-tillage (NT), and high (H) and low (L) residue level.
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Fig. 2. Burn-residue level (top), irrigation-residue level (center), 
and tillage-irrigation (bottom) management practice combina-

tion effects on silt-clay percentage. Bars with different letters are 
significantly different at the P < 0.05 level.  Treatment abbre-

viations are defined as follows: burned (B) and non-burn (NB) 
residue, high (H) and low (L) residue level, conventional tillage 

(CT), no-tillage (NT), irrigated (IR), and non-irrigated (NI).
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Evaluation of a Rapid, In-Field Method for Assessing Soybean 
Potassium Nutritional Status

N.A. Slaton1, D.A. Sites1, D.D. Cox1, T. Richmond1, J. Hardke2, T.L. Roberts1, and J. Hedge3

Abstract

Assessing plant potassium (K) sufficiency using plant sap may allow growers to examine crop K needs in the 
field rather than having to use traditional plant analysis to diagnose or monitor plant K sufficiency. The objectives 
of this experiment were to evaluate weekly petiole sap analysis as a tool for monitoring soybean [Glycine max. 
(L.) Merr.] K nutrition as compared to traditional tissue analysis.  Leaf and petiole tissue K concentrations were 
compared to petiole-sap K concentrations for samples collected throughout the soybean reproductive growth phase 
from different K fertilizer rates in four trials. The tissue K concentrations from soybean leaves, petioles, and sap 
collected showed similarities as each decreased linearly across time, tissue and sap K concentrations were linearly 
related with one another, and all methods measured increased K concentrations as K fertilizer rate increased. Sap-K 
concentration as measured on a handheld device appears to be a promising and rapid method that can be used in 
the field to monitor soybean nutrition. 

Introduction

Plant tissue analysis in production agriculture has his-
torically been used to diagnose nutrient-related maladies or 
eliminate nutrients as a possible cause after plants express 
symptoms. The now defunct (in Arkansas) cotton (Gossyp-
ium hirsuturm L.) petiole monitoring program was one of 
the few examples of a weekly tissue analysis program to 
monitor a crop for the nutritional status of selected nutrients 
(NO3-N, P, K, and S; Sabbe and Zelinski, 1990). Tradition-
al plant tissue analysis methods usually require at least 24 
hours for sample preparation, analysis and result reporting 
with more time needed if samples must be mailed. In-field 
nutrient assessments are an alternative to traditional plant 
analysis but these rapid tests have limited application since 
research has been conducted primarily in vegetable crop 
production systems (Rosen et al., 1996; Hochmuth, 2015).
The rapid, in-field methods require that sap be extracted 
from plant tissue, usually petioles. After extraction, the sap 
is placed on a small handheld instrument, with the first in-
strument used for this purpose known as the ‘Cardy meter’. 
The original Cardy meter is no longer available but Horiba 
Scientific (Kyoto, Japan) has developed a series of ion-spe-
cific, handheld instruments including one for potassium (K). 
One limitation for the use of in-field sap analysis as a crop 
nutrition-monitoring tool is that not all crops are well-suited 
for sap extraction. The objectives of this experiment were to 
evaluate weekly petiole sap analysis as a tool for monitoring 
soybean [Glycine max (L.) Merr.] K nutrition and to com-
pare petiole-sap K, petiole K, and trifoliolate leaf K concen-
trations during the growing season.

  Procedures

Soybean grown in two long-term K rate trials and two 
K application timing trials were used to achieve the objec-
tives of this experiment. The long-term trials included a 
16-year trial at the University of Arkansas System Division 
of Agriculture’s Pine Tree Research Station near Colt, Ark.  
(PTRS-LTK, Calhoun series) and a 10-year trial at the Rice 
Research and Extension Center neat Stuttgart, Ark. (RREC-
LTK, Dewitt series), which each include annual K rates of 
0 to 160 lb K2O/acre and are cropped to a rice-soybean ro-
tation. The RREC-LTK trial was drill seeded (7.5-inch row 
spacing) into a no-till seedbed on 17 May with Armor 47-
R13 soybean. The PTRS-LTK trial was drill seeded (15-
inch spacing) into a no-till seedbed on 11 May with Pioneer 
49T09 soybean. The two K timing trials were both located 
at the PTRS in fields that will be referred to as I-10 (Callo-
way series, Pioneer 47T36R) and F3 (Calhoun series, Armor 
47-R70). Only two treatments in each trial were used for 
the objectives of this report and included preplant applica-
tions of 0 and 180 lb K2O/acre. A summary of soil chemical 
properties including pH (1:2 soil-water mixture) and select-
ed Mehlich-3 extractable nutrients before fertilizer treatment 
application is listed in Table 1. Selected data from these four 
trials will be used in this report. 

No yield data from these trials is reported here since 
we were interested only in examining the trends in sap-K 
concentration among the different levels of K nutrition and 
comparing sap-K concentration (mg K/L) as determined 
with the Horiba B-731 LAQUAtwin Compact K Ion Meter 
with leaf-K and petiole-K concentrations determined via tra-
ditional analytical methods. 

1Professor, Graduate Assistant, Graduate Assistant, Graduate Assistant, and Research Assistant Professor, respectively, Department of 
Crop, Soil and Environmental Sciences, Fayetteville.

2Rice Extension Agronomist, Rice Research and Extension Center, Stuttgart.
3Program Technician III, Pine Tree Research Station, near Colt.
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Tissue samples consisting of two sets of petioles and tri-
foliolate leaves were collected on five or six different weeks 
from each trial (Table 2). The first set of tissue was digested 
with concentrated HNO3 and 30% H2O2, and analyzed for K 
by inductively coupled plasma spectroscopy. The second set 
of tissue was used for sap extraction from petioles following 
the removal of trifoliolate leaves. The petioles were cut into 
0.5-inch long pieces, placed in a handheld garlic press to 
extract the sap into a 3-mL plastic vial, and the vials were 
frozen until the analysis was conducted in the lab. This pro-
cedure generally extracted 0.50 to 0.75 mL sap.

The replicate K concentration data (n = 54) from petiole 
sap, petiole analysis, and leaf analysis from PTRS-LTK were 
regressed against the number of days after planting (DAP) 
using a model that initially included linear and quadratic 
terms of DAP which were allowed to depend on fertilizer-K 
rate. The relationship was refined by sequentially removing 
the most complex non-significant (P > 0.15) model terms 
and running the new model until a final model was reached. 
The relationships among the three K concentrations (petiole 
sap, petiole, and leaf) were determined using linear and qua-
dratic models using data from all four trials (n = 81 or 96) 
that were available at the time this report was prepared. 

Results and Discussion

The tissue K concentrations from soybean leaves, pet-
ioles, and sap collected from the PTRS-LTK trial showed 
some similarities as each decreased linearly across time 
(Figs. 1-3). Petiole-sap K (Fig. 1) and petiole-K (Fig. 2) con-
centrations each decreased at a uniform rate across time and 
depended on K fertilizer rate. Leaf-K concentration (Fig. 3) 
also decreased linearly across time but both the intercepts 
and slopes depended on K application rate. The R2 of the 
three relationships was greatest for petiole-K (R2 = 0.89, CV 
= 14.2%), intermediate for leaf-K (R2 = 0.74, CV = 15.8%), 
and lowest for petiole-sap K (R2 = 0.60, CV = 30.8%). The 
results indicate that sap-K is the most variable of the three 
measurements, which is not surprising since this is the first 
time we have extracted sap from tissue. The sap extraction 
process yielded different volumes of sap among sample 
times and may be related to soil moisture and plant hydra-
tion differences and the fact that the size of petioles changes 
during the season. A more efficient tool for extracting sap 
may improve the relationship and increase the speed and 
ease of sap extraction from petioles. 

Data from all sample times and all four K trials were used 
to evaluate the relationships among sap-K, trifoliolate-leaf 
K, and petiole-K concentrations (not shown). The relation-
ship between trifoliolate-leaf K and petiole-K concentrations 
was the strongest with an R2 value of 0.79 and described by 
a linear relationship of petiole-K% = 2.45x – 0.68 where x 
is %K in the trifoliolate leaves. Petiole-K concentration was 
approximately two times greater than the K concentration 
in the upper leaves. Predictions were least accurate when K 
concentrations were very low, such as late (R5.5 stage) in 

the growing season. Petiole-K concentration (R2 = 0.45; mg 
sap-K L-1 = 0.067x + 0.020 where x is % petiole-K) was 
a slightly better predictor of sap-K concentration than tri-
foliolate-leaf K concentration (R2 = 0.42; mg sap-K L-1 = 
0.15x – 00.014 where x is % leaf-K). Although the linear 
relationships involving sap-K were significant, the strength 
of the relationships was relatively weak. Further statistical 
analysis with more data, partitioning data into crop growth 
stages, and/or examining alternative methods of measuring 
the sap K are needed before sap can be used to assess soy-
bean K nutrition. Rosen et al. (1996) reported that diluted 
sap provided stronger relationships for K concentration than 
undiluted sap. However, the need to dilute sap increases the 
complexity of the measurement and opportunity for error, 
especially for making in-field measurements.

Practical Applications

Preliminary information regarding a rapid method of as-
sessing soybean K nutritional status using a handheld instru-
ment was successful in showing the general trend for sap-K 
to decline across time and differences among K rates. Undi-
luted petiole-sap K concentrations were more variable than 
the traditional plant tissue analysis methods but it has the po-
tential advantage of being done in the field and providing a 
rapid and economical indication of the plant’s K status. Ad-
ditional research will show whether the rate of petiole-sap K 
concentration decline across time is predictable and uniform 
across research locations. Despite the greater variability in 
petiole-sap K concentrations, the method shows. 
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Table 1. Selected soil test information for four sites used for evaluating petiole-sap K trends across time.
Site a Trialb K Rate pH P K Ca Mg

lb K2O/acre -----------------ppm-----------------
Pine Tree PTRS-LTK 0 8.0 35 60 2720 544

40 7.9 35 64 2586 545
80 7.9 33 85 2322 511

120 8.0 33 92 2616 541
160 7.9 31 111 2352 515

Pine Tree PTRS-I10 0 7.6 13 64 1664 298
Pine Tree PTRS-F3 0 8.1 10 46 2022 324
Rice Research RREC-LTK 0 5.4 44 85 998 109

40 5.5 41 97 987 108
80 5.3 43 111 928 103

120 5.3 41 123 898 97
160 5.4 44 148 920 99

a The University of Arkansas System Division of Agriculture’s Pine Tree Research Station, PTRS; Rice Research and 
Extension Center, RREC.

b LTK, Long-term potassium, and I-10 and F3 are abbreviations for field names.

Table 2. Planting date, sample dates and average soybean growth stage when tissue samples were collected for 
petiole-sap K extraction at four fields in 2016.

Event Growth Stage a
Field

PTRS-LTK PTRS-I10 PTRS-F3 RREC_LTK
---------------------------------Month / day ----------------------------------

Plant date -- May 11 May 7 May 5 May 17
Sample 1 R2 July 12 -- -- July 12
Sample 2 R2-3 July 19 July 19 July 19 July 20
Sample 3 R2-4 July 26 July 27 July 26 July 26
Sample 4 R4-5 Aug 2 Aug 2 Aug 2 Aug 3
Sample 5 R5 Aug 10 Aug 10 Aug 10 Aug 10
Sample 6 R5.5 Aug 17 Aug 17 Aug 17 Aug 18

a The listed growth stage represents the stage range for all four sites.
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Fig. 1. Petiole-sap K concentration during reproductive growth of soybean receiving 
three different annual fertilizer-K rates from a long-term trial at the University of 

Arkansas System Division of Agriculture’s Pine Tree Research Station in 2016.
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Fig. 2. Petiole-K concentration, as determined by traditional digestion and lab analysis, 
during reproductive growth of soybean receiving three different annual fertilizer-K 

rates from a long-term trial at the University of Arkansas System Division of  
Agriculture’s Pine Tree Research Station in 2016.

Fig. 3. Leaf-K, as determined by traditional digestion and lab analysis, concentration 
during reproductive growth of soybean receiving three different annual fertilizer-K 

rates from a long-term trial at the University of Arkansas System Division of  
Agriculture’s Pine Tree Research Station in 2016.
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Why Does Variability Exist among Variety Soybean Chloride Ratings?
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R.E. DeLong1, and J. Hedge2

Abstract

Research is conducted annually to rate commercial soybean cultivars for their tolerance to chloride (Cl).  The re-
search objective was to examine the leaf-Cl concentration of a population of individual plants from several varieties 
to determine whether individual plants exhibit consistent Cl uptake (Cl inclusion or exclusion). Leaf tissue from 48 
individual plants of eleven varieties representing maturity groups 4.7 to 5.3 were sampled and analyzed for Cl con-
centration. Leaf-Cl concentration means for each variety ranged from 221 to 3309 ppm Cl with standard deviations 
of 55 to 2092 ppm Cl indicating large differences in individual plant Cl concentrations for some varieties. Results 
show that many soybean varieties may be a mixture of plants with either the includer or excluder trait, which par-
tially explains why Cl ratings from five-plant greenhouse assays are sometimes inconsistent.

Introduction

Research is conducted annually to assign a chloride (Cl) 
trait rating of includer or excluder to commercial soybean 
varieties.  The soybean variety screening program in Arkan-
sas assigns a rating to soybean varieties based on the leaf-Cl 
concentration of five individual plants grown in the green-
house that are subjected to relatively high Cl concentrations 
and compared to known Cl-includer and Cl-excluder check 
varieties (Green and Conatser, 2014).  The information from 
this screening method sometimes produces inconsistent an-
nual ratings, which is frustrating and sometimes costly for 
growers that may need a Cl-excluding variety.  

Arkansas soybean growers possess limited tools for deal-
ing with Cl toxicity, which highlights the importance of ac-
curate Cl-trait ratings.  Our research objective was to exam-
ine the leaf-Cl concentration of a population of individual 
plants from several varieties to better understand whether 
individual plants within each variety exhibit consistent Cl 
uptake (Cl inclusion or exclusion).  We anticipated that most 
soybean varieties would be a population of Cl includer and 
excluder plants rather than a pure population of plants that 
had similar leaf-Cl concentrations.  

Procedures

A field trail was established at the University of Arkansas 
System Division of Agriculture’s Pine Tree Research Station 
during 2016 on a Calloway silt loam. Selected mean soil 
chemical properties from composite soil samples (0- to 4-in 
depth) included 6.3 pH, 88 μmhos/cm for soil electrical con-
ductivity (1:2 soil weight to water volume mixture), 22 ppm 
Mehlich-3 P, 106 ppm Mehlich-3 K, 256 ppm Mehlich-3 
Mg, 1161 ppm Mehlich-3 Ca, and 15.8 ppm water-soluble 
Cl.  No fertilizers or soil amendments were added to the field 
prior to or during the growing season. The field had been 
fallow for at least two years.

The eleven varieties listed in Table 1 were selected for 
this study to represent maturity groups (4.7 to 5.3) common-
ly grown in Arkansas with some of the varieties having in-
consistent Cl ratings (Table 1).  From the most recent Cl 
ratings available for each variety, three varieties were rated 
as Cl-excluders, three were rated as mixed, and five were rat-
ed as Cl-includers.  The Cl-ratings for the selected varieties 
may not be consistent with company ratings or ratings given 
in previous years of the Arkansas Cl screening trial.

Each variety was planted (130,000 seed/acre) in an 8-row 
strip that was 500 ft long with rows on the top center of 
beds spaced 30 inches apart.  Beginning 100-ft inside the 
west border of the field, where polypipe was positioned for 
irrigation, three 50-ft blocks spaced 50-ft apart were estab-
lished. Within each block at the V6 growth stage, 16 individ-
ual plants (48 plants/variety) from the two middle rows of 
each strip were identified with a flag and plants on either side 
of the flagged plant were pulled to avoid confusion about 
which plant was selected for the study. Soybean manage-
ment in regard to pest control and irrigation closely followed 
the University of Arkansas System Division of Agriculture 
Cooperative Extension Service production guidelines. Soy-
bean was furrow irrigated with surface-water from a nearby 
pond (61 mg Cl/L when sampled on 2 Aug. 2016). 

At the R2-R3 growth stage, trifoliate leaf samples (leaf 
and petiole) were collected by removing the top four fully 
matured leaves and petioles from each plant.  The sampled 
tissue was oven-dried, weighed, ground, extracted with wa-
ter (Kalra, 1998), and extracts were analyzed for Cl con-
centration using inductively coupled plasma spectroscopy 
(Spectro Analytical Instruments Inc., Mahwah, N.J.).

The experiment was a strip trial design containing 11 va-
rieties.  The mean and standard deviation of leaf-Cl concen-
tration were calculated for each variety using the MEANS 
procedure of SAS (v. 9.4, SAS Inst., Cary, N.C.). The 
MIXED procedure was used to determine if location in the 
field (block) had a significant effect on leaf-Cl concentra-

1 Graduate Assistant, Professor, Research Assistant Professor, Graduate Assistant, Graduate Assistant, and Program Associate II, respec-
tively, Department of Crop, Soil and Environmental Sciences, Fayetteville.

2 Program Technician III, Pine Tree Research Station, near Colt.
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tion to address the potential for spatial variability.  For this 
analysis, variety and block were treated as fixed effects and 
significance was interpreted at the 0.10 level. 

Leaf-Cl concentrations were allocated into six categories 
including low (<500 ppm), moderately low (501-1000 ppm), 
moderate (1001-2000 ppm), moderately high (2001-3000 
ppm), high (3001-4000 ppm), and very high (>4000 ppm 
Cl) to represent the range of leaf-Cl concentrations.  The Cl 
concentrations that define each category in this research are 
somewhat subjective (i.e., dependent on site and environ-
ment) and different Cl concentration ranges might be needed 
for an environment with different amounts of Cl. The per-
centage of plants within each Cl concentration category was 
summarized across all varieties and then by variety.  Linear 
regression analysis was performed to evaluate the relation-
ship between mean leaf-Cl concentration and individual 
leaf-Cl concentrations of each variety. 

 Results and Discussion

This study aimed to answer two questions; do individual, 
field-grown plants of a single variety have similar leaf-Cl 
concentrations, and, more comprehensively, why are vari-
ety Cl ratings inconsistent among years or screening times?  
The block main effect addressing leaf Cl spatial variabili-
ty was not statistically significant (P = 0.33) indicating that 
numerical differences in mean leaf-Cl concentration among 
blocks were due to the different behavior of individual plants 
(n =16) in each variety to accumulate Cl and not on the loca-
tion in the field, Cl movement with irrigation water, or soil 
properties. 

Leaf-Cl concentrations averaged across plants within a 
single variety ranged from 221 to 3309 ppm Cl (Table 1).  
Across the 11 varieties in our trial, the leaf Cl categories in 
decreasing order of percentage of the total plant population 
followed the order of low, moderate, moderately high, mod-
erately low, high and very high (Table 2). The distribution of 
plants among Cl concentration categories was clearly vari-
ety dependent (Table 2). The all-variety distribution does not 
likely represent that of all commercially available varieties 
since many of these 11 varieties were picked for specific rea-
sons. 

Pioneer 49T80R, rated as a Cl-excluder, had 100% of its 
plants with low leaf-Cl concentrations, which is behavior ex-
pected from a true Cl-excluding variety in this environment.  
Armor 47-R70 had over 90% of plants with leaf-Cl concen-
trations >1000 ppm Cl, which is consistent with the Cl-in-
cluder variety.  Varieties labeled as mixed (Asgrow 5233, 
Progeny 4900RY, and Progeny 5333RY) had 43%, 85%, and 
79% of plants with low leaf-Cl concentrations (<500 ppm) 
and 47%, 8%, and 17% of plants with leaf-Cl concentrations 
>1000 ppm, respectively.  The remaining includer varieties 
(Armor 47-R13, Asgrow 4934, Dynagro S52RY75, and Pi-
oneer 49T09BR) had no plants with low leaf-Cl concentra-
tions (<500 ppm) and all, except Asgrow 4934, had >90% 
of the plants with leaf-Cl concentrations >1000 ppm.  The 

two remaining excluder varieties (GoSoy 4914GTS and NK 
S48-D9) produced 13% and 50% of plants with leaf-Cl con-
centrations <500 ppm and 15% and 44% with >1000 ppm, 
respectively. The majority of the GoSoy 491GTS plants had 
moderately low Cl concentrations suggesting it behaved as 
a Cl excluder. 

A preliminary configuration for a new rating system was 
examined using plant mean leaf-Cl concentrations and Cl 
distribution data. We summarized the 11 varieties into two 
categories including the percentage of plants with low Cl 
(< 500 ppm Cl) and plants having moderate and greater 
Cl concentrations (>1000 ppm Cl, Tables 1 and 2).  The 
mean leaf-Cl concentration (dependent variable, Table 1) 
regressed against the percentage of plants having low leaf-
Cl concentrations (independent variable, Table 2) showed a 
relatively weak relationship (R2 = 0.57, not shown).  Howev-
er, the relationship between mean leaf-Cl concentration and 
the percentage of plants having moderate and higher leaf-
Cl concentrations was positive, linear, and relatively strong 
(Fig. 1). 

Based on the relationship in Fig.1, a preliminary rating 
system on a 1-10 scale could possibly be developed using 
composite leaf samples from field-grown variety trials.  For 
example, varieties having less than 10% of its plants with 
leaf-Cl concentrations >1000 ppm for this field environment 
would be assigned a rating of 1 and represent a strong Cl-ex-
cluder (e.g., 2 = 11-20%, 3 = 21-30%, 4 = 31-40%, etc…).  
Additional research is needed to confirm the consistency of 
these results using more varieties and different locations.

Practical Applications

The results of our study showed that many soybean va-
rieties may be a mixture of plants with either the includer 
or excluder trait and explains why Cl ratings are sometimes 
inconsistent. The ratio of includer to excluder plants in the 
population of a single variety likely influences the overall 
performance of the variety in the presence of high Cl con-
centrations and the mean leaf Cl concentration of field grown 
plants appears to be well correlated with the percentage of 
Cl-including plants in the population. Our trial did not fully 
examine whether plants have a range of abilities to include 
or exclude Cl, but a wide range of leaf-Cl concentrations 
were measured. The fact that most varieties likely contain a 
mixture of includer and excluder plants may be the primary 
reason for a single variety having different Cl-trait ratings 
from the annual five-plant greenhouse screening. Research 
to characterize the ratio of includer and excluder plants of 
more varieties with different maturity groups and herbicide 
tolerance technologies is warranted and needed to devel-
op a more robust and accurate Cl-trait rating system. The 
data from this trial will also provide insight as to how many 
plants of each Cl rating (includer, excluder and mixed) vari-
eties are needed to provide reasonably accurate assessments 
of the population.  
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Table 1. Varieties, Cl-rating category, leaf Cl means and standard deviations, 
and percentage of plants in two categories for each variety from the field trial conducted 

at the University of Arkansas System Division of Agriculture’s Pine Tree Research Station in 2016.  
Cl Rating (Cl Screening Trials) Leaf-Cl Concentration Percentage of Plants

Variety 2013 2014 2015 Mean SDa <500 ppm     >1000 ppm
------ppm Cl----              --------------%-------------

Pioneer P49T80R Excluder Mixed Excluder 221 55 100 0
Progeny P4900RY - Excluder Mixed 400 670 85 8
Progeny P5333RY Excluder Excluder Mixed 437 522 17 17
GoSoy 4914GTS Mixed Excluder Excluder 759 253 13 15
NK S48-D9 - Includer Excluder 875 837 50 44
Asgrow AG5233 Mixed Mixed Mixed 1045 906 43 47
Asgrow AG4934 Includer Includer Includer 1319 456 0 66
Armor 47-R70 - - Includer 1693 513 0 96
Armor 47-R13 Includer Includer - 2225 1124 0 94
Pioneer P49T09BR - - Includer 2350 1397 0 100
Dynagro S52RY75 - Mixed Includer 3309 2092 0 100

a SD, Standard deviation 

 

Table 2.  Distribution of leaf-Cl concentration using all varieties from the 2016 soybean chloride population trial conducted at 
the University of Arkansas System Division of Agriculture’s Pine Tree Research Station in 2016.

Variety

Leaf Cl Concentration Range
Low

0-500 ppm
Moderately Low 

501-1000 ppm
Moderate 

1001-2000 ppm
Moderately High 
2001-3000 ppm

High 
3001-4000 ppm

Very High 
>4000 ppm

----------------------------------------------------------------% of plants----------------------------------------------------------
Pioneer 49T80R 100 0 0 0 0 0
Progeny 4900 RY 85 7 0 6 2 0
Progeny 5333RY 79 4 15 2 0 0
GoSoy4914GTS 13 72 15 0 0 0
NK S48-D9 50 6 33 11 0 0
Asgrow AG5233 43 11 32 13 2 0
Asgrow AG4934 0 34 62 4 0 0
Armor 47-R70 0 4 71 23 2 0
Armor 47-R13 0 6 50 27 8 8
Pioneer 49T09BR 0 0 44 48 4 4
Dyna-Gro 
S52RY75 0 0 21 44 17 18

All Varieties 34 13 31 16 3 3
 

http://arkansas-ag-news.uark.edu/pdf/642.pdf
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Fig. 1.  Mean leaf chloride (Cl) concentration (n = 48) regressed across percentage of plants with 

leaf Cl concentrations greater than 1000 ppm Cl.  Data taken from soybean Cl population  
trial conducted at the University of Arkansas System Division of Agriculture’s Pine Tree  

Research Station in 2016.




