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ABSTRACT  

Phosphorus (P) placement and tillage interactions have been extensively studied for corn 
and soybean production in the Midwestern states of the US.  A meta-analysis was conducted 
including publications from 1980 to the present with studies in the Midwest region to evaluate 
the effects of P placement and tillage interaction on corn and soybean yield.  Five databases 
(Wiley International Science, Springer Link, Web of Science, Science Direct, and ACSESS 
Digital Library) were searched with standard keywords across all database.  Coding criteria were 
set to include site identification information, background soil test, tillage practice, fertilizer P 
rate, placement, and source, and statistical information. Preliminary results show generally lower 
overall yields for no-till for the region of this study. Fertilizer placement showed a generally 
lower yield for band placement, however this was not statistically significant. This suggest no 
placement effect on yield with application rates evaluated in this study. Furthermore, band 
placement may provide a yield increase only if the rates are limiting (<40 lbs/acre in our study), 
or in soil testing very low in which the broadcast rate is very low and deficient. Perhaps in this 
case banding near the seeding could increase yields and additional studies with lower application 
rates may be required. However, the practical application of low fertilizer rates via broadcast 
may be questionable for the producer. Perhaps the largest overall benefit to P placement may 
come from reduction in runoff loses.  
 
 
INTRODUCTION 

Phosphorus placement and interactions with tillage has been evaluated extensively for 
corn and soybean in the US. Results suggest that placement of P fertilizer can play an important 
role in early P plant uptake and yield as well as potential P loses to surface water for some soils 
and tillage conditions. The rate of P uptake per unit of root in corn decreases throughout the 
vegetative growth phase (Mengel and Barber, 1974); and therefore early season P fertilizer 
applications and placement can be particularly important for optimum plant growth.   

Broadcast application can result in a more uniform distribution and likely affecting more 
soil volume. Crops have shown a response for various levels of soil test, including low soil test P 
(STP) conditions (Bordoli and Mallarino, 1998) and medium to high STP (Mallarino et al., 
1991).  However, accumulation of P near the soil surface may result in higher lost potential with 
runoff; and possible decreased P availability due to increased soil-fertilizer interaction in soils 
with high P sorption capacity.  Broadcast application may be more practical for some producers 
and suitable for some soils and tillage conditions. However, soils and tillage conditions and the 
interaction with P application methods should be evaluated with larger datasets and across 
different soils and environments. Potential P loses with water runoff can be affected significantly 
by phosphorus placement and tillage (Kimmell et al., 2001). Many studies in the US evaluated 
water runoff and P loses as affected by tillage and fertilizer. However studies often show 
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different results, which may be due to differences in soils, rainfall amounts and intensities, slope, 
moisture content, and infiltration rate. Evaluation and summary of the existing literature can help 
to identify factors contributing to potential P loses in addition to tillage and fertilizer placement.  

Crop response and P loss potential can be affected by the interaction between soil and 
tillage factors with P fertilizer placement. Accurate evaluation of these interactions would 
require large dataset that comprise a variety of soils, tillage and placement combinations. Meta-
analysis is considered a quantitative systematic review of published and unpublished 
literature/datasets with the use of statistical methods (Philibert et al., 2012; Wang and Bushman, 
1999). Meta-analysis can be more powerful than simple narrative reviews of a series of studies, 
because it summarizes data in a quantitative manner and makes it possible to assess the between-
study variability (Doré et al., 2011). However, meta-analyses should be completed following 
sound methods and quality control (Philibert et al., 2012).  

The objectives of the study were to (1) find, analyze, and summarize published and 
unpublished field-based data on corn and soybean response to P placement and the interaction 
with tillage; (2) Complete a data review on yield response and phosphorus loses with surface 
runoff as affected by P placement and tillage interaction; (3) Include data review of estimated P 
use efficiency with placement and tillage interactions; and estimate the economic return 
associated with different systems.  
 
 
MATERIALS AND METHODS 

Some key components of meta-analyses suggested by several authors include: (1) Correct 
description of the bibliographic search procedures; (2) Listing of the references of the selected 
individual studies used in the meta-analysis; (3) Analysis of the variability of the results of 
individual studies, including estimation of variability between the selected individual studies 
and, when relevant, investigation of the sources of between-study variability; (4) Analysis of the 
sensitivity of the conclusions to any change in the dataset and/or in the statistical method used to 
analyze the data; (5) Assessment of the publication bias; (6) Data weighting. When the results 
reported in the individual studies differ in their levels of accuracy; (7) Availability of the dataset; 
and (8) Availability of the program used for statistical analysis (Borenstein et al., 2011; Gates, 
2002; Roberts et al., 2006; Sutton et al., 2000; Wang and Bushman, 1999). 

This meta-analysis was developed using the steps described by Philibert et al., 2012, and 
with especial attention to the quality of the meta-analysis procedure. A database search for all 
publications that included yield data for corn and soybean was conducted within Wiley 
International Science, Springer Link, Web of Science, Science Direct, and ACSESS Digital 
Library databases.  The primary search criteria was set to include publications from 1980 to the 
present and studies conducted in the Midwest or Great Plains region of the US (Colorado, 
Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Montana, Nebraska, North 
Dakota, Ohio, Oklahoma, South Dakota, and Wisconsin).   

Published articles were selected based on key criteria for quality of information and 
relevance. Coding parameters were set to include site information (location and study year), 
background soil (soil series, classification, soil test method, soil sampling depth, STP, and soil 
test potassium), management practice (tillage type, P fertilizer rate, application method, and P 
source), crop information (corn hybrid, soybean cultivar, crop yield), and statistics (number of 
replications, means, standard error (SE), coefficient of variation (CV)).  Soybean data was 
categorized as “residual” when fertilizer was applied before corn in a corn-soybean rotation with 
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no additional fertilizer applied to soybeans or “fertilized” when fertilizer was applied before 
soybean planting.  Double cropped soybeans were not include in the analysis.  Studies involving 
manure applications that contained an inorganic fertilizer and control treatments were included in 
the analysis. 

The response ratio was estimated based on the ratio between the response variables (yield or 
P loses) from plots with contrasting treatments (i.e. band placement vs broadcast), and used to 
evaluate the effect of P fertilizer application under different tillage systems (Hedges et al., 1999). 
The response ratio was presented primarily as relative responses ([treatment-control)/control] × 
100). Statistical analysis was completed using MetaWin and SAS (Rosenberg et al., 2000; SAS 
Institute, 2010), and following methods described by (Wang and Bushman, 1999).   
 
 
RESULTS AND DISCUSSION 

The number of studies selected at various stages is shown in the flow diagram in Fig 1. 
The number of publications included in the meta-analysis was 247. This included both “gray 
literature” and peer-reviewed publications, and additional selection criteria may include 
separating these categories. In recent years several review papers have summarized 
“unpublished” datasets, showing the value of this information with proper assessment of the 
quality of the data (Tremblay et al., 2012). However, the use of only peer-reviewed publications 
may provide additional assurance regarding the quality of the studies and the data included.  

 
Figure 1. Selection of studies for inclusion in the meta-analysis 

 
The selection criteria for this meta-analysis required studies from 15 US states. A total of 

11 states were include (Colorado, Illinois, Indiana, Iowa, Kansas, Minnesota, Missouri, 
Nebraska, Ohio, South Dakota, and Wisconsin); and 4 states did not met the criteria (Michigan, 
Montana, North Dakota, and Oklahoma) (Fig 2).  
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US states considered as seletcion critaria (15) US states that met the selction criteria (11) 

 
Figure 2. US states included in the selection criteria and states that met the criteria 
 

The dataset developed with this search were analyzed using different categories. For 
tillage, the studies were categorized in two (no-till and conventional tillage). The conventional 
tillage included strip-till and minimum tillage. Phosphorus placement categories were defined as 
broadcast and band; the band category included different types of subsurface and surface band 
placement and data shown here only include fertilizer rates with 40 lbs P2O5/acre or more. 

Response ratio of tillage showed overall lower yields with no-till (Fig 3). These results 
agree with previous studies, and no-till systems seems to provide relatively higher yields under 
arid conditions. Previous studies showed that yields can be lower under humid conditions such as 
the area for this study in the USA (Brouder and Gomez-Macpherson, 2014; Pittelkow et al., 
2015a; Pittelkow et al., 2015b). However, is also possible that the current body of literature 
comparing no-till versus conventional tillage is not providing a “fair” evaluation of both tillage 
systems. Some researchers suggest that no-till “system” comprise many factors that are essential 
for no-till, and just the lack of tillage cannot be considered no-till system (Derpsch et al., 2014). 
This may require some revision of the methodology used for current tillage system research. 

Yield response to tillage and P place (%)

-5 -4 -3 -2 -1 0 1 2 3

No-till

Band (2,045 / 56)

(3,362 / 78)

 
Figure 3. Overall response ratio to tillage and P fertilizer placement.   
 

Yield response to band phosphorus fertilizer application showed a generally lower yields 
when compared to broadcast application, however this was only statistically significant for no-
till system (Fig 3 and 4). Is important to emphasize that this analysis was completed for 
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phosphorus application rates above 40 lbs P2O5/acre. Is possible that lower fertilizer application 
rates would show higher efficiency (higher yields) with band application compared to broadcast. 
Relatively higher yield for broadcast under NT system may be due to relatively higher surface 
moisture and therefore root activity under NT compared to conventional tillage (Farmaha et al., 
2012). 

Yield response to band application (%)

-4 -3 -2 -1 0 1 2 3 4

Conventional

No- till

 
Figure 4. Response ratio to band versus broadcast fertilizer application for two tillage categories. 
Fertilizer application rates were at 40 lbs P2O5/acre or higher. 

 
Figure 5. Response ratio to band versus broadcast fertilizer application across tillage categories, 
for four soil test categories. Fertilizer application rates were at 40 lbs P2O5/acre or higher. 
 

The preliminary analysis for different soil test categories showed generally higher yields 
for broadcast application at lower soil test P levels (Fig 5 and 6). These results may require 
additional evaluations and verify that other confounding factors such as fertilizer application 
rates are not affecting these values creating a possible bias in the results. Accurate evaluation of 
these soil test categories may require the inclusion of more studies, likely from outside the 
original criteria for geographic region.  
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Yield response to band application (%)
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Figure 6. Response ratio to band versus broadcast fertilizer application by tillage and soil test 
categories. Fertilizer application rates were at 40 lbs P2O5/acre or higher. 
 
 
SUMMARY 

The work focusing on the evaluation of phosphorus loss with different tillage and P 
placement interactions is relatively limited, especially comparing to work evaluating agronomic 
aspects. The majority of the previous work on P loss focus on P from manure source, and a large 
amount of work was completed in the East and North East region of the U.S. leaving limited 
number of papers meeting our selection criteria for the P loss component. Therefore we are 
currently expanding the geographic area covered for this meta-analysis, and including the entire 
US.  

During the literate search, many issues were identified as related to data 
presentation/availability in peer-reviewed papers, including differences and inconsistences 
among journals and papers within journals (i.e. background soil information, soil sampling 
methods and limited detail on fertilizer sources used). Future improvements in data stewardship 
are clearly needed to increase access and improve the use of published data on this topic. This 
literature search show that some database (i.e. The Digital Library) are better suited for an 
effective meta-analysis search. Very limited amount of work is available on the long-term effect 
of specific management systems used by producers for tillage and/or placement on potential P 
loses to surface water. Furthermore, some specific states in the US have limited amount of 
published data on the overall topic of tillage by P placement interaction for both agronomic and 
environmental implications. 

Two manuscripts on this topic are currently under preparation, the component on 
environmental P loss required additional literature search, and the criteria of geographic area was 
expanded to include the entire US. These manuscripts will be included as thesis chapter for 
Cristie Edwards, the graduate student working on this project. Results of this study will be 
presented at the American Society of Agronomy international meeting in 2015. 
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