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47 Research Stations

Embrapa Wheat (28°15′ S, 52°24′W)
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2018 Soybean Production TourBrazil

Growers Penn Staters

Industry Agronomists

Picture: Fabiano Bastos





2018 Soybean Production TourBrazil



Soils

Highly weathered, acid soils: 

- Low  pH

- High Al content (toxic for plants)

- Low fertility: P, Ca, K, Mg, Zn ....



Cerrados

25 harvesting machines

17 sowing machines

No-Tillage System

50% of the cultivated area



23.500                                              2.916

Area Yield

(1000 ha) (kg/ha)

906                                                1.166

Soybean in Brazil

2006

1968

Breeding program + soil management +
pests and diseases control
+ BNF



+ 11 bu/ac



Santa Brígida Farms

100 days after the last rain

July 2010

Source: Luis Adriano M. Cordeiro



Horita Farms, West of Bahia

Foto L.Vilela, 13maio2009

Brachiaria Roots 







Area: 1.9 Billion Acres
Farm Land: 900 Million Acres
Crop Land: 350 Million Acres
Soy Land: 83 Million Acres

Area: 2.1 Billion Acres
Farm Land: 500 Million Acres
Crop Land: 140 Million Acres
Soy Land: 84 Million Acres



Yield relative to maximum
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US yields
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Historical gains in Soy yields (1923 to 2007):

• PAR Interception: canopy light 
interception

• Energy Conversion (RUE): light energy 
into Biomass

• Partioning Efficiencies (HI): biomass into 
seed

Koester et al. (2014)

Physiological Mechanisms associated with 
gains in Soy Yields

Yield Potential = PAR Intercept x RUE x HI
Monteith (1977)



20



Landisville 2015





Targeting sustainable soil management practices using crop 
modeling in soybean systems

2016 - Soil health and soybean yieldNESARE



Farms



Soybean 
Yield

- Temperature

- Precipitation

- Solar Radiation

- Relative Humidity

- Wind Speed

- Population

- Phenology

- Light Interception and NDVI

- Height and Lodging

- Biomass

- Test Weight and Protein

- Soil and Root Depth

- Soil Texture

- Bulk Density

- Soil Test and SOM

- Infiltration and Water 
Holding Capacity

- Cornell Soil Health Test

SOIL
WEATHER

PLANT















What is the most important 
soybean yield predictor?



Planting Date x Yield 
(21 Fields, 18 Planting Dates, 2016 and 2017)



Understanding and Increasing Soybean Yields

R.V. Roekel & L. Purcell  / Crop Insights Vol. 26 Nº 7 (2016) Dupont Pioneer

YIELD = (grain / area) * (grain mass)



Sunlight



Light Interception



PAR Interception x Yield 
(SEAREC and Rock Springs, 2016)

8-year average (36 – 96% range) in Rock Springs: 10% change in light interception at 

flowering represents an impact of 4.4 bu/ac in soybean yield!



Soybeans Remotely Sensed Variables Correlation by Date
Corn Belt – 2006 to 2011

D.M. Johnson / Remote Sensing of Environment 141 (2014) 116–128



Relationship between NDVI and Surface Temperature to Yield

D.M. Johnson / Remote Sensing of Environment 141 (2014) 116–128



How about the soil 
variables?



22 Fields – Centre and Lebanon 

Soybean 
Yield

Planting

Date Pop

Bulk 
Density 

Depth of 
A

Soil Depth

Organic 
Matter

pH

CECP

K

S

Ca

Mg

Zn

Cu



Factor x Yield – PCA Analysis



Take Home Message

• Lebanon Factor

• Soil Depth

Planting Early

Manure (P, K, Zn)

R2 = 0.79 



I thought he 
would talk 
about soil 
health…





PCA (Soil Health) – 0 to 6 inches

Soy 
Yield

Available 
Water 

Capacity Aggregate 
Stability

ACE 
Protein

Soil 
Respiration

Active 
Carbon

Cornell 
Score

Infiltration

Rock 
Mass

Root 
Depth



Multiple Regression (Soil Health)



Soil Health



Take Home Message

• Infiltration (ksat) and root depth are the main 
yield predictors, and they are related to each 
other;

• Root depth alone explains 54% of the 
soybean yield variation;

• The other soil health indicators were not 
good yield predictors.



Dual Head InfiltrometerNESARE
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Dual Head InfiltrometerNESARE



Infiltration
(Lebanon and Centre, 2017)
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54Rosemary & Kirkegaard, 2016

➢ Surface soil layers (< 2 feet): 
➢ 30 – 40% of roots clumped within pores and cracks;

➢ Subsoil (2 to 5 feet): 
➢ 85 - 100% in pores or cracks (44% in pores with at least 3 other roots).  



Final Comments

• Plant as early as possible – Every day matters!

• Focus on Light Interception at R1 - Manage 
population and row spacing based on your 
environment.

• After raising soil macro and micro to optimum 
levels, focus on raising your soil infiltration 
levels.

• Genotype x Soil x Climate interactions –
Understand you varieties.



giovani.fae@embrapa.br
gbs5118@psu.edu

Thank You!


