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ABSTRACT

Phosphorus (P) fertilizer placement can affect P plant uptake during the growing
season and yield at harvest; in addition, sub-surface placement of P fertilizer can provide
environmental benefits by minimizing losses. The objective of this study was to evaluate
the yield response and plant uptake to surface and sub-surface P fertilizer application in
soybean. This study was conducted in 2022 at two locations (Scandia and Manhattan,
Kansas). The average soil P level (Mehlich 3), was 17 ppm in Manhattan and 3 ppm in
Scandia. Phosphorus fertilizer was applied before planting at 0, 40, 80, and 120 Ibs P205
/acre. Two placements included surface broadcast and sub-surface with the drill (7.5
inches spacing). Rates and placement were arranged in a complete factorial combination
of treatments. Measurements included P uptake at the V4 stage, trifoliate P concentration
at the R3 stage, and seed yield. Statistical analysis was performed with the R software.
In Manhattan, the early season P uptake (V4) showed a statistically significant response
to rates and placement. Higher values were attained with sub-surface placement. In
Scandia, soybean P uptake at V4 showed no significant response to placement, with a
numerically higher value for the sub-surface placement. Trifoliate P concentration at the
R3 stage showed a statistical difference for P rates in Scandia, with a higher P
concentration for the high rates of P fertilizer of 80 and 120 Ibs. P205 acre™. In
Manhattan, with higher soil test P (17 ppm) there was a general trend for a clearer
placement response in the early season; whereas in Scandia, with very low soil test P (3
ppm), there was a significant response to P fertilizer rates regardless of placement.

INTRODUCTION

Phosphorus fertilizer placement can influence the nutrient absorption by the plant
and can change the dynamics and availability due to its interaction with the soil (Arruda
Coelho et al., 2019). Phosphorus management can affect soybean yield by influencing
plant nutrient uptake and, in some cases modifying plant root development (Hansel et al.,
2017). Furthermore, Phosphorus placement is essential for improving nutrient use
efficiency and reducing the risk of loss when applied in sub-surface (Preston et al., 2019).

Phosphorus placement via broadcast is the easiest method of applying phosphorus
(Randall and Hoeft, 1988). However, applying subsurface phosphorus can have some
advantages (Hansel et al., 2017b). The objective of this study was to evaluate the yield
response and plant uptake to surface and sub-surface P fertilizer application in soybean.



MATERIALS AND METHODS

This study was conducted in 2022 at two locations (at the North Central Kansas
Experiment field in Scandia, KS, and at the North Agronomy Farm in Manhattan, KS).
The field in Scandia was irrigated while Manhattan was on dryland. In Manhattan, the
soybean was planted into wheat residue, and in Sandia, it was planted into corn residue,
both with no prior tillage. Before fertilizer application, soil samples were collected at a
depth of 0 to 6 inches using a hand probe. The average soil P level (Mehlich 3), was 17
ppm in Manhattan and 3 ppm in Scandia.

Treatments included a control with no P application and three P rates of 40, 80, and
120 Ibs P205 /acre, using mono-ammonium phosphate (MAP). The P rates had two
different placements: surface broadcast and sub-surface with the drill (7.5 inches
spacing). Rates and placement were arranged in a complete factorial combination of
treatments.

Measurements included plant biomass at the V4 stage, P uptake at the V4 stage,
trifoliate P concentration at the R3 stage, and seed yield at harvest. The plant tissue
samples were digested using nitric-perchloric acid digestion and analyzed using
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). Statistical
analysis was performed with the R software version 4.2.1.

RESULTS AND DISCUSSION

Early-season phosphorus uptake (V4) showed a significant response to the highest
phosphorus rate when applied via sub-surface in Manhattan (Figure 1A). There were no
statistically significant differences in Scandia as the P fertilizer rates were increased, but
there were greater uptake values when the fertilizer was applied subsurface (Figure 2B).
This increase in P uptake when the fertilizer was applied via sub-surface is perhaps due
to the proximity of the nutrient and the root, improving P availability for the plants (Borkert
and Barber 1985).

There was an increase in the trifoliate P concentration with higher fertilizer rates in
Scandia, with no statistical difference between placements (Figure 2B). There was likely
an increase in P uptake by the plant multiple days after fertilization (Comerford et al.,
1987). Therefore, the increase in the concentration of P in the trifoliate when higher P
rates are applied in Scandia is likely due to the lower soil test P value (3 ppm). Resulting
in a greater P uptake when P fertilizer is applied. In Manhattan, with a higher soil test P
value (17 ppm), there was no difference in trifoliate P concentration for both rates and
placement (Figure 2A). Seed yield followed trends similar to P concentration in R3 for
both Manhattan (Figure 3A) and Scandia (Figure 3B).

In Manhattan, with higher soil test P (17 ppm) there was a general trend for a
placement response in the early season, whereas in Scandia, with very low soil test P (3
ppm), there was a significant response to P fertilizer rates regardless of placement.
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Figure 1: Phosphorus uptake (g plant™) as affected by different P placement and rates
in Manhattan (A) and Scandia (B). Values followed by different letters indicate significant

differences at the p< 0.05 probability level.
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Figure 2: Phosphorus Concentration (%) as affected by different P placement and rates
in Manhattan (A) and Scandia (B). Values followed by different letters indicate significant
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differences at the p< 0.05 probability level.
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Figure 3: Seed yield (bushels acre™) as affected by different P placement and rates in
Manhattan (A) and Scandia (B). Values followed by different letters indicate significant
differences at the p< 0.05 probability level.



REFERENCES

Arruda Coelho MJ., Ruiz Diaz DA, Hettiarachchi GM, Dubou Hansel F, Pavinato PS,
(2019). Soil phosphorus fractions and legacy in a corn-soybean rotation on Mollisols in
Kansas, USA. Geoderma Reg. 18, 1-11.

Borkert CM and Barber SA (1985) Soybean Shoot and Root Growth and Phosphorus
Concentration as Affected by Phosphorus Placement. Soil Science Society of America
Journal 49: 152-155.

Comerford NB, Mollitor AV, and McFee W (1987). Late Season Changes in Fascicle
Nutrient Content, Weight, and Phosphorus Uptake by Slash Pine1. Soil Science Society
of America Journal, 51(3), 806.

Hansel FD, Amado TJC, Ruiz Diaz DA, Rosso LHM, Nicoloso FT and Schorr M (2017a)
Phosphorus fertilizer placement and tillage affect soybean root growth and drought
tolerance. Agronomy Journal 109: 1091- 1099.

Hansel FD, Ruiz Diaz DA, Amado TJC, Rosso LHM (2017b). Deep Banding Increases
Phosphorus Removal by Soybean Grown under No-Tillage Production Systems.
Agronomy Journal 109, 1091-1098.

Preston CL, Ruiz Diaz DA, and Mengel DB (2019). Corn Response to Long-Term
Phosphorus Fertilizer Application Rate and Placement with Strip-Tillage. Agronomy
Journal 111:1-10.

Randall GW, Hoeft RG (1988). Placement Methods for Improved Efficiency of P and K
Fertilizers: A Review. J. Prod. Agric. 1, 70-79.



