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Abstract: Broiler litter (BL) has the potential to be used as an alternative multi-nutrient source for
soybean (Glycine max L.) production. While previous research on soybean yield response to BL has
reported inconsistent results, the effects of BL application on soybean seed nutrient concentrations
are largely unknown or less studied. The objective of this two-year field study was to investigate
the effect of BL application on soybean yield and seed nutrient content in three different soil types
and production environments. To pursue the objective, a field experiment was established in 2018
in a Compass loamy sand with four BL rates (0, 2.2, 5.6, and 11.2 Mg BL ha−1). In 2019, the study
was expanded to include two additional soil types (Decatur silty clay loam and Dothan fine sandy
loam) totaling four site years. The experimental design at each site was a randomized complete
block with four replications. Application of BL had no impact on soybean yield in the first year,
regardless of application rate and soil type. In the second year of BL application, soybean yield was
43% higher overall compared to no BL plots on a Compass loamy sand. However, soybean yield with
the application of 5.6 or 11.2 Mg BL ha−1 was not statistically different from that at 2.2 Mg BL ha−1.
Soybean seed Ca and B concentrations changed significantly among the treatments; however, the
change was not consistent across the sites. Consecutive year application of 11.2 Mg BL ha−1 yr−1

produced the highest seed K and Cu concentrations. The results of this research suggest that repeated
BL application can boost soybean yield and potentially enrich seed with selected nutrients.

Keywords: poultry manure; application rate; soybean seed composition

1. Introduction

The broiler chicken (Gallus gallus domesticus) industry has expanded rapidly in the
United States from 10 billion pounds of broilers produced in 1968 to about 60 billion pounds
in 2018 [1]. The industry generates a by-product known as broiler litter (BL) which is a
mixture of chicken excreta and bedding material. Typically, 1.1 to 1.5 kg litter is generated
per broiler chicken [2]. Broiler litter is a valuable source of essential plant nutrients [3].
Much of the BL produced is land-applied as an alternative source of nitrogen (N), and to
improve soil organic matter in row crop production systems such as cotton (Gossypium
hirsutum L.) and corn (Zea mays L.). Typically, soils in the southeast USA are highly eroded,
low in organic matter, and have low water holding capacities. Addition of BL to such
soils increase the soil organic matter [4] improving soil physical, chemical, and biological
properties, and subsequently overall soil health [5,6].

Soybean (Glycine max L.), being a leguminous crop meets most of its nitrogen (N)
requirement through symbiotic N fixation eliminating the need for supplemental N. How-
ever, several studies have reported increased yield with N fertilization to soybean [7–10].
Schmidt et al. [11] found that average soybean yield was increased by 1.4 kg kg−1 of applied
available-N. Varvel and Peterson [12] found that soybean yielding 2.5 to 3.4 Mg ha−1 may re-
move up to 200 kg N ha−1 yr−1 reporting soybean as a net N sink. In addition to N, soybean
also requires a constant supply of phosphorus (P), potassium (K), and micronutrients for
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optimal growth and development [13]. Gates and Muller [14] reported a stronger symbiotic
association and greater N fixation in soybean with the addition of fertilizer containing N, P,
and sulfur (S). Since BL contains these nutrients, its application to soybean fields could be
beneficial long term by serving as a natural source of micronutrients for soybean plants.

Several studies have evaluated the effects of BL application on soybean yield [15–21],
but reported contradicting results. For example, Adeli et al. [16] observed 9% greater
soybean yield from BL application compared with conventional fertilizer due to the avail-
ability of secondary and micronutrients in the BL. Over the unfertilized control, Garcia
and Blancaver [22] found that BL increased soybean yield by 62%. In contrast, Quinn
and Steinke [19] reported that BL had no impact on soybean yield across traditional and
intensive management systems at all site years studied. Slaton et al. [20] found that eleven
out of twelve fertilization trails were unresponsiveness to BL application compared with
conventional fertilizer at equivalent rates of P and K.

Traditionally, soybean is planted for seed protein and oil content in the United States.
However, K deficiency in soybean lowers leaf photosynthesis and carbohydrates transport
by phloem [23] which may adversely affect seed oil content [24]. Application of BL to soil
can enhance the content of mineral elements such as P and K in the soil [6,25] influencing
the nutrient uptake and subsequent nutritional status of the soybean plants [16,20]. Further-
more, research has shown that greater availability of mineral nutrients has the potential to
increase the seed concentrations of minerals elements in soybean plants. Farmaha et al. [26]
observed high positive correlation (R2 > 0.90) of soybean seed P and K concentrations
with trifoliate leaf concentrations at R1 development stage. Enhanced mineral content of
soybean seed could affect its nutritional quality and use as a food crop, and for specialty
markets. For instance, seed calcium (Ca) content is critical for manufacturing a soy-based
food, natto [27].

Previous research with or without BL has largely focused on protein and oil concen-
trations in soybean seeds [28–33]. Only limited studies have investigated the effect of BL
application rates and their impact on soybean seed nutrient concentrations. Whether BL
applications at higher rates enriches the soybean seed with mineral elements warrants
further investigation. Therefore, the objective of this study was to evaluate the effects of
application rates of BL on soybean yield and seed mineral concentrations.

2. Materials and Methods
2.1. Study Sites and Treatment

Field experiments were conducted in 2018 and 2019 under rainfed conditions at three
sites in Alabama. These sites were Tennessee Valley Research & Extension Center (TVREC)
near Belle Mina, AL (34◦41′ N, 86◦53′ S), E.V. Smith Research Center (EVS) near Shorter, AL
(32◦25′ N, 85◦53′ S), and Wiregrass Research and Extension Center (WREC) near Headland,
AL (31◦22′ N, 85◦18′ S), representing three different production environment and soil types
of Alabama (north, central, and south, respectively). The TVREC and WREC research sites
were added in 2019 for a total of four site years data. The soil was a Decatur silty clay
loam (clayey, kaolinitic, thermic, Rhodic Paleudults) on a slope of 1 to 2% at TVREC, a
Compass loamy sand (coarse-loamy, siliceous, sub active, thermic Plinthic Paleudults) on
a slope of 1 to 3% at EVS, and a Dothan fine sandy loam (fine-loamy, kaolinitic, thermic
Typic Kandiudults) on a slope of 0 to 2% slope at WREC. The baseline soil properties at
the 0- to 15 cm depth are presented in Table 1. There was a large variation in the total
precipitation received during the growing seasons (June–November) of 2018 and 2019
at EVS. Total precipitation between June and November was 45% less (402 mm) in 2019,
compared to 736 mm in 2018 at EVS. Total growing season precipitation at WREC and
TVREC was 537 mm and 553 mm, respectively, in 2019. The 5-yr mean (2013–2017) growing
season precipitation at the experiment sites was 460 mm (EVS), 567 mm (WREC), and
524 mm (TVREC).
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Table 1. Initial soil chemical characteristics at 0- to 15 cm depth (Mehlich 1 extraction) before experiment initiation and
concentration of selected nutrients (on a fresh-weight basis) in broiler litter (BL) applied to soybean each year at the
experimental sites.

Location/Year pH Moisture Total C Total N P K Mg Ca B Zn Mn Fe Cu

% g kg−1 mg kg−1

Soil
EVS † 6.2 – 14.4 3.5 0.01 0.04 0.04 0.60 0.1 0.7 10.4 14.1 0.2
WREC 5.9 – 13.0 3.9 0.03 0.04 0.02 0.36 0.1 2.5 10.3 8.2 1.7
TVREC 6.2 – 16.7 4.3 0.02 0.12 0.07 0.98 0.34 2 50 5.7 0.7

Broiler litter
2018 – 26.2 351.1 26.7 8.8 16.4 6.0 11.8 26 174.7 227 1498 59.3
2019 – 26.7 300.0 31.8 20.2 28.1 4.1 17.6 25 250.0 400 600 300.0
† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research and Extension Center
(TVREC).

The experimental design was a randomized complete block with four replications.
Treatments included BL application at 0, 2.2, 5.6, and 11.2 Mg ha−1 on a fresh weight basis,
hereafter designated as control, BL2.2, BL5.6, and BL11.2, respectively. These rates were
selected to represent the commonly used BL management practices. Individual plots were
four-rows wide and 6.1 m long, maintained in a conservation tillage system.

2.2. Crop Management

The nutrient concentration of BL used in the study is presented in Table 1. The BL for
the respective application rate was surface broadcasted by hand without incorporation
before planting. All plots received a blanket application of phosphorus (P2O5) and potas-
sium (K2O) each year, surface-applied at a rate of 45 kg ha−1 based on soil test P and K
recommendations from the Auburn University Soil Testing Laboratory. These applications
masked the effects of P and K supplied with BL [34]. In actual practice, BL is primarily
applied as a soil builder for improving soil organic matter or to meet crop N demands.
Information on the soybean cultural practices adopted at the research sites is summarized
in Table 2.

Table 2. Cultural practices adopted in the study at the experimental sites.

Location Year Treatment
Application Cultivar Planting Harvest

EVS † 2018 5 July AG74 × 8 12 July 29 November
EVS 2019 4 June AG74 × 8 14 June 20 November

WREC 2019 11 June AG74 × 8 18 June 20 November
TVREC 2019 31 May AG52 × 9 14 June 3 October

† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research
and Extension Center (TVREC).

Herbicides were applied when necessary, to control weeds during each growing season.

2.3. Sample Collection and Nutrient Analysis

Baseline soil chemical characteristics were determined from the initial soil samples
taken on 25 June 2018 at EVS, 11 June 2019 at WREC, and 28 March 2019 at TVREC,
before BL application. Three to five soil cores (80 mm diameter) were collected at the
0–15 cm depth from the entire field, air-dried, and ground to pass through a 2 mm sieve.
Total carbon (TC) and total N (TN) in the soil and litter samples were determined by dry
combustion method using a LECO CN2000 analyzer (LECO Corp., St. Joseph, MI, USA).
Soil samples were extracted with Mehlich-1 extractant using 1:4 (w/v) soil to solution ratio
shaken for five minutes [35] and analyzed for P, K, Mg, Ca, S, B, Zn, Mn, Fe and Cu using
an inductively coupled plasma-atomic emission spectrometry (ICP-AES; Spectro Ciros,
Spectro Analytical Instruments Inc. Mahwah, NJ, USA). Soil pH was measured using a
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glass electrode in a 1:1 soil/water ratio. To determine the change in these nutrient elements
due to treatment effect, all plots were sampled (two soil cores at 0–15 cm depth) from the
middle two rows at the end of the experiment on 22 November 2019 at EVS, 16 December
2019 at WREC, and 17 December 2019 at TVREC.

Soybean yield was determined by harvesting the middle two rows of each plot after
physiological maturity and reported at a moisture of 130 g kg−1. A harvested subsample
(about 500 g) of soybean seed was collected from each plot, air-dried, and ground with a
Wiley Mill to pass a 1 mm screen. Concentrations of total P, K, Mg, Ca, S, B, Zn, Mn, Fe and
Cu in the seed and litter samples were determined by the ICP-AES (Spectro Ciros, Spectro
Analytical Instruments Inc. Mahwah, NH, USA) following dry-ashing and acid-digestion
of the samples [36]. Total N in the soybean seeds was determined by dry combustion
method using a LECO CN2000 analyzer (LECO Corp., St. Joseph, MI, USA). Soybean
nutrient uptake values were calculated from yield and seed nutrient concentrations [17].

2.4. Statistical Analysis

Data analyses were performed using the PROC GLIMMIX of SAS 9.4 as a randomized
complete block design [37] by individual location and year due to differences in soil types,
weather conditions, and BL used. The fertility treatments were treated as fixed effects and
blocks were considered as random effects. Treatment means were separated using the least
square means test at α = 0.05 unless stated otherwise [38].

3. Results
3.1. Soybean Yield

Application of BL regardless of the rate, did not produce significantly greater soybean
yield (p > 0.05) compared to no BL in the first year of application across sites (Table 3).

Table 3. Soybean yield as affected by fertilizer treatments at the experimental sites.

Yield (kg ha−1)

Treatment EVS † (2018) EVS (2019) WREC TVREC

Control 2843 814b 2087 1789
BL2.2 3394 1188a †† 2191 1819
BL5.6 2779 1082a 1998 1950
BL11.2 3498 1220a 2273 1957
p value 0.1832 0.0181 0.6693 0.2677

† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research
and Extension Center (TVREC). †† Means followed by the different letter within a column are statistically different
at p ≤ 0.05.

Repeating the BL application to the same plots in the succeeding year (i.e., at EVS in
2019) significantly increased soybean yield compared with control. The average soybean
yield from the BL-treated plots was 42% greater than the control plots in 2019; however,
the use of higher BL rates (5.6 or 11.2 Mg ha−1) had no positive impact on soybean yield
compared to 2.2 Mg BL ha−1. Averaged across treatments, soybean yield at EVS was 205%
greater in 2018 than in 2019 likely due to more rainfall during the 2018 growing season.

3.2. Seed Nutrient Concentration

The analysis of soybean seed nutrient concentration data indicated that in the first
year of BL application, seed nutrient concentrations did not differ among the treatments at
EVS; however, treatment difference was observed in seed Ca concentration at WREC and
seed B concentration at TVREC (Table 4).
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Table 4. Total seed nutrient concentrations of soybean fertilized with broiler litter (BL) measured across experimental sites.

Treatment N P K Mg Ca S B Zn Mn Fe Cu

g kg−1 mg kg−1

EVS † (2018)

Control 68.90 6.25 18.62 2.65 4.50 3.72 31.27 48.68 58.82 88.33 15.27
BL2.2 69.60 6.25 18.45 2.65 4.37 3.77 31.82 50.14 58.75 91.38 15.08
BL5.6 69.32 6.42 19.17 2.60 4.37 3.95 33.72 49.93 68.71 89.77 17.17

BL11.2 68.27 6.50 19.70 2.70 4.35 4.00 37.19 46.01 64.67 97.62 16.53
p value 0.5754 0.7249 0.2097 0.7473 0.9463 0.3650 0.0557 0.6163 0.5074 0.4204 0.2472

EVS † (2019)

Control 60.55 6.15 19.92b 2.67 3.67 3.75 29.50 56.25 58.75 72.50 14.25b

BL2.2 60.87 6.02 19.77b
†† 2.60 3.75 3.72 27.00 53.75 51.75 73.00 13.25b

BL5.6 61.02 6.27 20.80ab 2.67 3.57 3.67 26.50 51.50 51.75 69.50 14.75b
BL11.2 60.00 6.37 21.57a 2.67 3.60 3.72 28.75 51.50 53.25 74.75 16.50a
p value 0.9295 0.3880 0.0136 0.8661 0.1780 0.8571 0.4363 0.4186 0.1974 0.3738 0.0101

WREC

Control 65.12 6.17 22.10 2.52 3.75a 3.65 29.25 56.25 54.75 72.50 14.25
BL2.2 64.95 6.32 21.42 2.50 3.50b 3.67 26.50 56.50 52.75 70.25 14.00
BL5.6 65.00 6.20 22.20 2.52 3.55b 3.72 28.25 56.75 51.00 71.75 14.75

BL11.2 63.95 6.15 22.12 2.52 3.57b 3.75 27.50 57.00 51.25 76.00 14.50
p value 0.6177 0.5271 0.3539 0.8017 0.0155 0.4918 0.8134 0.9771 0.4230 0.1113 0.7938

TVREC

Control 61.70 5.92 20.32 2.32 4.00 3.25 42.25a 46.50 71.25 78.75 10.00
BL2.2 62.52 5.90 19.92 2.30 3.95 3.25 40.00ab 45.00 70.25 74.75 10.00
BL5.6 61.40 5.62 19.75 2.22 3.85 3.17 37.75b 44.25 59.75 80.50 10.00

BL11.2 63.02 6.05 20.87 2.30 3.82 3.30 37.75b 45.75 63.75 77.50 10.75
p value 0.2970 0.1910 0.0651 0.3373 0.2270 0.1097 0.0153 0.4303 0.3753 0.6883 0.2455

† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research and Extension Center
(TVREC). †† Means followed by the different letter within a column for the same year are statistically different at p ≤ 0.05.

Soybean seed Ca concentration from the plots which received BL irrespective of the
rate was lower than the control plots at WREC. The control treatment also had the highest
soybean seed B concentration at TVREC. In the second season (i.e., 2019) at EVS, treatment
difference was observed in seed K and Cu concentrations. The plots fertilized at 2.2 and
5.6 Mg BL ha−1 had similar seed K and Cu concentrations to those of the control plots
but the BL11.2 treatment had the highest seed K and Cu concentrations. Soybean seed
concentrations of N, P, Mg, S, Zn, Mn, and Fe were not affected by treatments at any
site-year.

3.3. Seed Nutrient Removal

No significant variability in nutrient removal rates was observed between treatments
in the first year of BL application (Table 5).

Although, treatments differed for some of the seed mineral element concentrations at
WREC and TVREC, accumulation of macro- and micro-nutrients in soybean seed was not
influenced by treatments. Seed nutrient uptake values were greater for BL than the control
plots in the second year of application at EVS.
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Table 5. Seed nutrient uptake of soybean fertilized with broiler litter (BL) at the experimental sites.

Treatment N P K Mg Ca S B Zn Mn Fe Cu

kg ha−1 g ha−1

EVS † (2018)

Control 201.2 17.5 52.4 7.5 13.3 10.7 86.5 147.4 152.4 244.3 42.3
BL2.2 236.7 20.4 62.2 8.9 14.4 12.7 106.0 166.2 192.4 311.0 50.4
BL5.6 187.1 17.5 52.7 7.2 12.1 11.1 98.9 129.4 171.3 247.7 48.1

BL11.2 232.5 22.4 68.1 9.2 13.6 13.9 126.9 156.9 204.2 360.8 56.4
p value 0.1648 0.2922 0.2817 0.1851 0.6263 0.3845 0.0801 0.5604 0.5180 0.2692 0.6198

EVS (2019)

Control 49.7b 5.1b 16.5b 2.1 3.0b 3.1b 23.0 46.3b 47.5 59.0b 11.3c

BL2.2 72.4a
†† 7.2a 23.5a 3.1 4.4a 4.4a 32.2 63.6a 60.8 86.8a 15.6b

BL5.6 66.0a 6.8a 22.5a 2.9 3.9a 4.0a 28.7 55.7ab 56.2 75.4ab 16.0b
BL11.2 73.0a 7.8a 26.3a 3.3 4.4a 4.5a 35.4 62.1a 64.6 91.6a 20.0a
p value 0.0107 0.0050 0.0201 0.0583 0.0077 0.0232 0.1154 0.0272 0.0883 0.0353 0.0030

WREC

Control 135.6 12.9 46.2 5.3 7.8 7.6 61.1 117.1 113.8 151.5 29.5
BL2.2 142.0 13.8 47.0 5.5 7.7 8.0 57.8 123.4 115.6 153.9 30.7
BL5.6 129.3 12.3 44.2 5.0 7.1 7.4 55.5 112.6 101.5 142.8 29.1

BL11.2 145.0 14.0 50.4 5.7 8.1 8.5 61.2 128.7 116.2 172.8 32.7
p value 0.7045 0.6035 0.6682 0.6411 0.6612 0.5236 0.7004 0.6038 0.7337 0.3272 0.4690

TVREC

Control 110.4 10.6 36.3 4.1 7.2 5.81 75.5 82.9 127.2 140.6 17.8b
BL2.2 113.7 10.7 36.2 4.2 7.2 5.91 72.6 81.7 127.8 136.0 18.2b
BL5.6 119.7 11.0 38.5 4.3 7.5 6.19 73.7 86.1 116.2 158.2 19.4ab

BL11.2 123.4 11.8 40.9 4.5 7.5 6.46 73.9 89.5 124.0 151.7 21.0a
p value 0.2454 0.3931 0.1685 0.4044 0.7482 0.2472 0.8888 0.1863 0.7053 0.4313 0.0387

† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research and Extension Center
(TVREC). †† Means followed by the different letter within a column for the same year are statistically different at p ≤ 0.05.

4. Discussion
4.1. Soybean Yield

Application of BL did not influence soybean yield in the first season at any of the three
sites. This could be because the treatments reflected similar soil M-1 extractable nutrient
concentrations as observed at WREC and TVREC (Table 6).

According to Welch et al. [39], it is challenging to obtain soybean yield benefits
from manure application in most soils with adequate levels of mineral elements to meet
plant nutrient requirements. For instance, Slaton et al. [20] observed no yield response
to BL fertilization in two out of four trials and attributed to sufficient soil P and K levels.
Any positive changes to soil nutrient levels or physical properties from BL fertilization
translating to yield gains likely did not occur due to short-term application of BL (i.e., one
year) [40,41]. Subsequent BL application at EVS significantly increased soybean yield
relative to control. Multiple studies have reported positive residual effects of BL on soybean
yield [17,18]. However, temporal change in soil test nutrient contents at EVS indicated
that 2.2 or 5.6 Mg ha−1 yr−1 BL was inadequate for increasing soil concentrations of M-1
extractable nutrients (except K with 5.6 Mg ha−1 yr−1 BL) at 0 to 15 cm depth over a two-
year period compared to control plots, but 11.2 Mg ha−1 yr−1 BL resulted in highest soil P,
K, Zn, and Cu concentrations. This was also consistent with Adeli et al. [17] who reported
increased levels of soil P, K, Zn, and Cu in plots which had received BL in the previous
year at a rate greater than 5.6 Mg ha−1 (i.e., 6.7 Mg ha−1). Werner [42] and Drinkwater
et al. [43] reported that nutrient loading of soils from periodic manure application is a
slow process and may take years until significant differences in available nutrients can be
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detected. Furthermore, since applied BL was left on the soil surface without incorporation,
ammonia (NH3) volatilization losses [44] and litter P losses via surface water runoff [45]
could be significantly higher reducing soil nutrient availability [46]. Subsurface banding of
BL could result in reduced runoff N, P, Zn, and Cu concentrations compared with surface
application [46]. These findings were evidence that the organic fraction of BL contributed
to a significant soybean yield benefit. The increased soybean yield with BL could be related
to the enhanced levels of soil fungal population [47] or other soil microorganisms including
actinomycetes and bacteria [48], and soil enzymatic activity [49], thus improving overall
soil quality. However, changes in microbial numbers due to BL addition and whether they
contributed to the better soybean yield were not determined in this study. In addition, there
was no significant difference in soybean yield among BL2.2, BL5.6, and BL11.2 treatments
at EVS in 2019 indicating that BL application at a rate >2.2 Mg ha−1 exceeded the crop N
demand in the second season.

Table 6. Soil pH, and Mehlich-1 extractable nutrients of soil samples (0–0.15 m depth) taken at the end of the study at the
experimental sites.

Treatment pH P K Mg Ca B Zn Mn Fe Cu

mg kg−1

EVS †

Control 6.05 7.25b 36.62b 42.12 494.63 0.11 0.44b 8.50 15.37 0.12b

BL2.2 6.37 11.87b
†† 49.00b 46.50 483.75 0.16 0.56b 9.25 14.87 0.25b

BL5.6 6.40 17.12b 66.62b 42.62 435.50 0.15 0.89b 9.00 13.75 0.39b
BL11.2 6.42 50.37a 99.87a 62.12 425.60 0.17 2.37a 9.12 17.62 1.19a
p value 0.4009 0.0240 0.0060 0.3664 0.8587 0.4168 0.0290 0.9502 0.2188 0.0107

WREC

Control 6.05 17.87 39.87 23.37 331.25 0.10 1.61 11.12 12.37 1.09
BL2.2 6.10 22.37 43.62 23.12 346.12 0.10 1.96 11.62 14.00 1.34
BL5.6 6.11 21.00 37.17 24.76 336.04 0.10 1.90 11.35 14.48 1.13

BL11.2 6.02 31.75 46.00 29.12 382.00 0.10 2.27 13.37 15.00 1.35
p value 0.9573 0.2232 0.6502 0.2384 0.4039 - 0.5692 0.4887 0.4858 0.7312

TVREC

Control 6.22 25.12 122.87 66.37 947.13 0.25 1.30 86.00 12.87 0.52
BL2.2 6.35 25.00 138.12 68.37 1088.88 0.25 1.25 83.25 12.75 0.74
BL5.6 6.35 29.00 163.12 75.12 952.50 0.27 1.92 85.87 13.00 0.87

BL11.2 6.20 49.62 189.13 91.25 983.13 0.35 3.56 93.25 14.12 1.54
p value 0.5930 0.5311 0.3118 0.6639 0.8287 0.3549 0.4575 0.7275 0.8509 0.4257

† E.V. Smith Research Center (EVS); Wiregrass Research and Extension Center (WREC); Tennessee Valley Research and Extension Center
(TVREC). †† Means followed by the different letter within a column for the same year are statistically different at p ≤ 0.05.

4.2. Seed Nutrient Concentration

The results suggest that one year application of BL had no consistent influence on
soybean seed nutrient concentrations. These results agree with Slaton et al. [20] who also
reported varied trends in soybean seed concentrations among nutrient sources, including
BL, at eight trials conducted from 2008–2010. Soybean seed nutrient composition can
be affected by several factors including genetic and environmental variability [50], soil
nutrient status, and fertilizer management practices [26,30,51]. Heckman et al. [52] reported
variable grain nutrient concentrations with a single corn hybrid grown at six different site
years. However, periodic application of BL at the higher rate may enrich soybean with
limited mineral elements as evidenced by seed K and Cu levels in the present study.
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4.3. Seed Nutrient Removal

Soybean seed nutrient removal followed similar trends as the seed yield at full matu-
rity. These results indicated that soybean seed nutrient removal was primarily a function of
seed yield rather than seed nutrient concentration. In line with our results, Adeli et al. [17]
reported that soybean seed N, P, and K uptake followed a pattern like that for seed yield
than for seed N, P, and K concentrations.

5. Conclusions

Broiler litter did not influence soybean yield in the first year of application. Although
BL significantly increased soybean yield in the second year compared to no BL control,
similar soybean yields were found among the 2.2, 5.6, and 11.2 Mg ha−1 BL application
rates. No residual effect of BL was observed on soil nutrient contents unless applied at the
rate of 11.2 Mg ha−1 yr−1. Soil test P, K, Zn, and Cu levels at the 0- to 15 cm soil depth
were significantly greater for 11.2 Mg BL ha−1 yr−1 than the 2.2 or 5.6 Mg BL ha−1 yr−1

following 2 yr of litter application. Our study indicated that a single application of BL has
no consistent or major effect on soybean seed nutrient composition. However, long-term
application of high rates of BL (>5.6 Mg ha−1 yr−1) may potentially enrich soybean seed
with some of the mineral elements, but further research is needed to verify the finding and
applicability to other locations.
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