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Why should we use Crop Models?

ÅIt is a great tool to 
help you think over 
several agronomic 
questions

ÅIt helps you to obtain a 
more refined 
understanding of the 
situation

ÅIt allows you to answer 
questions that are 
almost impossible to 
assess in the field      
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Talk Messages

ÅSoybean yield overview

ÅEach location has its own yield potential

ÅHow Cycles works

ÅYield Simulations: soil depth, planting date, 
Brazil, population, cropping systems

ÅSoil health and yield

Å2018 International Soybean Production Tour
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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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Yield gap

R2: 320 bu/ac !?

R5: 222 bu/ac!?

Pires et al, 2005
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Radiation and Transpiration
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Growth

Recall that:

- Radiation drives photosynthesis and plant water use

- H2O and CO2 leave and enter through stomata

http://www.plantsciences.ucdavis.edu/plantsciences_faculty/gilbert/main/stomata_

water_use_research.htm

https://plantstomata.wordpress.com



Radiation, Temperature, Humidity

11

Growth

0

5

10

15

20

25

30

35

0 50 100 150 200 250 300 350

R
a

d
ia

tio
n

 L
o

a
d

, 
M

J/
m

2

Day of the Year

Radiation

Radiation Corrected by Temperature

Radiation Corrected by Humidity



Compare with Urbana, IL
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PA

Variable Lebanon, PA St.College, PA Urbana, IL

ThermalTime, Cd* 2460 2120 2670

Days of Growth 197 183 202

Radiation, MJ/m 2 3540 3200 3660

Radx Temp, MJ/m 2 2640 2300 2860

Radx Vapor,  MJ/m 2 2280 2010 2410

wŜƭŀǘƛǾŜ ά¸ƛŜƭŘέ95 83 100

*(Tb = 6°C)
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Weather

2016 
Weather
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The coupled cycles of energy, water, 

carbon, and nitrogen, interacting with the 

environment over time, in the context of 

agricultural crop production

Energy

Solar Radiation

Photosynthesis

Evaporation

Heat gain/loss

Water

Precipitation

Evaporation

Runoff

Infiltration

Drainage

Carbon

Photosynthesis

Crop Yield

Residue Inputs

Respiration

Soil Storage

Nitrogen

N Fixation, Fertilizer Additions

N Mineralization, Crop Uptake

N Leaching and Gas Losses

Crop Production Over Time
Crop Rotations and Management Practices

Cycles Model



A weather file formatted for CyclesWeather

PP = precipitation in mm

TX = maximum temperature in C

TN = minimum temperature in C

SOLAR= solar radiation MJ/m2

RHX= Maximum Relative Humidity (%)

RHN=Minimum Relative Humidity (%)

WIND= Wind Speed in m/s



Weather Variables Control Crop GrowthWeather
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Transpiration* Transp. Use Efficiency (θVapor Pressure Deficit )



Radiation or Transpiration limited growth
,

Since GR and GT can be different, each day we select the 
minimum of the two

Sunny day: limited by transpiration

Cloudy day: limited by radiation



A soil profile formatted for CyclesSoil Profiles



Soil Depth

11 Inches 8 Inches





Location: Lebanon, PA

Climate: 1984 ï2012 daily time series

Soils: silt loam to clay loam, 2 ft and 4 ft deep

Crops: Corn and Soybean

Management: Irrigation included to estimate yield potential

Simulations using model Cycles
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Yields PA



Soybean
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Yields PA

Yield
bu/A

CV
%

Irrigated 75 7

Rainfed 65 13

4 ft deep soil

1/2 of years rainfed soybean was 

within 95% of potential

Yield
bu/A

CV
%

Irrigated 75 7

Rainfed 58 19

2 ft deep soil

1/4 of years rainfed soybean yield 

was within 95% of potential
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Laboratory for Interdisciplinary Statistical 

Analysis

Collaboration
From our website request a meeting for 

personalized statistical advice

Great advice right now:

Meet with LISA before collecting your data

Short Courses
Designed to help graduate students 

apply statistics in their research

Walk-In Consulting
MondayðFriday* 12-2PM for questions 

requiring <30 mins

*MonðThurs during the summer

All services are FREE for VT researchers.  We assist with researchðnot class projects or homework.

LISA helps VT researchers benefit 

from the use of Statistics

www.lisa.stat.vt.edu

Experimental Design Å Data Analysis Å Interpreting Results

Grant Proposals Å Software (R, SAS, JMP, SPSS...)

Increasing Yields and Profitability for 
Mid-Atlantic Double-Crop Soybean

Tidewater Agricultural Research
& Extension Center

Inventing Double Croppingôs Future

USB Project #1620-832-8273

Source: Rasel Parvej_ASA 2016
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August3rd 2016

July12th 2016

Planting Date Study - Landisville

25October7th 2016
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Diviner 2000

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

V
o

lu
m

e
tr

ic
 W

a
te

r 
C

o
n
te

n
t

 10cm  20cm  30cm  40cm  50cm  60cm  70cm  80cm



0

20

40

60

80

0.4 0.6 0.8 1

Y
ie

ld
 (

b
u

/a
c
)

Fi R1/R2

R² = 0.78

AccuPARLP-80



GreenSeeker



June 29th

R3

93.3%

0.73

July 6th

R2/R3

91%

0.71

July 12th

R2

84%

0.62

July 19th

R1

57.4%

0.46

Plant. Date:

Stage:

PAR Inter.:

NDVI:

Canopy Cover on August 19th 

Landisville, PA



VE - R1/R2 VE - R8

26-May 682 1898

27-Jun 667 1589

6-Jul 625 1489

12-Jul 591 1402

19-Jul 531 1281

Thermal Time (°Cd)
Planting Date

Soybean Thermal Time
Landisville, PA_2016



Double-Crop Soybean Yield Response to 
Planting Date
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Observed Yield (2016) = 40.8 ς0.01 day2

R2 = 0.95; P < 0.02

Simulated Yield (36 years) = 52.2 ς0.03 day2

R2 = 0.99; P < 0.007



Simulated Cumulative Transpiration 
and Water Stress
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2016 Landisville

33

30

40

50

60

70

30 40 50 60 70

S
im

u
la

te
d

 Y
ie

ld

Observed Yield

30

35

40

45

50

55

60

65

70

264 269 275 286 288 290 292 293 294 293 294 296 298 300 302

S
o
yb

e
a

n
 Y

ie
ld

 (
b

u
/a

c)

R8_doy

Obs_Yld Sim_Yld

R² = 0.95



34



Guarapuava_Brazil
Double-Cropping 2013/2014
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Compare Crop Production Systems
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Landisville, PA ςComparing Production Systems
Crop Yield ςbushels/acre (1980 ς2016)

Commodity Corn_Soy Corn_Wheat_Soy

Corn  164 162

Wheat 0 118

Soybean 61 41

Total (bu/ac) 225 321



Landisville, PA ςManaging Carbon
Corn ςWheat ςSoybean System
Soil Profile: 2 inches 
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Landisville, PA ςManaging Carbon
Corn + Wheat + Soybean x Corn + Soy Soil 
Profile: 2 inches (No-till)
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Landisville, PA ςManaging Carbon
Corn + Wheat + Soybean x Corn + Soy
Soil Profile: 2 inches  (No-till)
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Landisville, PA ςManaging Water 
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Friendly visualization of 

operations

Crop 

sequence
Quick menu to add 

operations (tillage, 

manure application)

1) Identifying a land 

parcel of interest brings 

the soils and weather 

files to the menu

2) Tabs menu allows 

manipulating and saving 

rotation settings

3) Live simulation 

provides outputs in 

seconds. 



Why should we use Crop Models?

ÅIt is a great tool to 
help you think over 
several agronomic 
questions

ÅIt helps you to obtain a 
more refined 
understanding of 
the situation

ÅIt allows you to answer 
questions that are 
almost impossible to 
assess in the field      
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Targeting sustainable soil management practices 

using crop modeling in soybean systems




