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Some Challenges:g

• Nutrient management problemg p
Midwestern soils will likely in
tillage, increase the frequenc
harvest crop residues for biop

• The bio-fuels industry is curr
determine the amount of cropdetermine the amount of crop
the land to sustain both the fa
enterprises

• To provide more quantitative 
studies focusing on tillage, feg g
cover crops, and other manag

ms (esp. K and S) in ( p )
ncrease as producers reduce 
y of corn production, and/or 
-fuels productionp

rently using estimates to 
p residue that must remain onp residue that must remain on 
arming and ethanol production 

guidelines, soil management 
ertilizer rates and placement, p
gement questions are needed







Objectives for 2Objectives for 2

• To evaluate the perfo
fertilizers as S sourc
low organic matter s

• To initiate a compreh
nutrient managemen
removal study

20072007

ormance of several S 
ces for corn grown on 
oils in Iowa

hensive tillage, 
nt, and crop residue 



Sulfur Response: Sp
• Eroded side slopes
• Clarion loam/silt loam (Typic C a o oa /s t oa ( yp c

Haplaquolls)
• previous crop was soybean
• plot size 12.5 ft. (5 rows) x 250 ftp ( )

ft. in 2007)
• RCBD with 4 reps
• Spring tillage: disk + field cultiv
• N fertilizer applied at planting + 

wheel UAN (supplemental to 155
• Corn (Pioneer 36N71) planted 21

2006 at 30 000 plants/A2006 at 30,000 plants/A
• Corn (Fontanelle 4693) planted 2

2007 at 32,000 plants/A  

ite Characteristics

t. (x 90 (

ator
spoke 
5 lb/A)
1 April 

2 May 



S Fertilizer TreatmentsS Fertilizer Treatments

ControlControl
30 lb S/A; 13-33-0-15S; 2x3
30 lb S/A; 21-0-0-24S; 2x330 lb S/A; 21 0 0 24S; 2x3
30 lb S/A; 12-0-0-26S; 2x0



2006 Initial Soil 006 Initial Soil 
Soil Test Comp

Bray 1 P, ppm 35 (V

Exch. K, ppm 180 (

Exch. Ca, ppm 232

Exch. Mg, ppm 23Exch. Mg, ppm 23

Extractable S, ppm 3.

H 6pH 6.

Organic Matter*, % 2.

* Ignition Method

Test LevelsTest Levels
posite Range
VH) 15 (OPT) – 60 (VH)

(VH) 123 (OPT) – 304 (VH)

20 1881 – 2585

32 192 – 27532 192 275

.6 1 – 7

9 6 2 7 2.9 6.2 – 7.2

.2 1.9 – 2.5



2007 Initial Soil 007 Initial Soil 
Soil Test Comp

Bray 1 P, ppm 30 (V

Exch. K, ppm 123 (O

Exch. Ca, ppm 293

Exch. Mg, ppm 43Exch. Mg, ppm 43

Extractable S, ppm 8.

H 6pH 6.

Organic Matter*, % 3.

* Ignition Method

Test LevelsTest Levels
posite Range
VH) 13 (OPT) – 55 (VH)

OPT) 98 (L) – 146 (OPT)

33 2178 – 4052

37 322 – 54037 322 540

.5 7 – 13

2 5 5 7 4.2 5.5 – 7.4

.2 2.4 – 4.4
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Sulfur Response: Mp
• Stand counts

Wh l l t l t V• Whole-plant samples at V
• Ear-leaf samples at mid-

G i i ld d i t• Grain yield and moisture
• Stover yield (whole-plan

hand harvest)hand harvest)
• Statistical analysis with 

procedure of SASp

Measurements

V5V5
silk

e
t 

GLM 



Effect of 30 lb S/A on Whole
and P Tissue Concentr

Treatment Dry 
W i htWeight

g plant -1g p

Control 4.3b†

S (S )13-33-0-15S (SEF) 7.4a

21-0-0-24S (AMS) 6.1ab

12-0-0-26S (ATS) 5.8ab

†Values followed by the same letter are not signif†Values followed by the same letter are not signif

-Plant Dry Weight, and S, N, 
rations at V5 in 2006

Nutrient

S N P

-------------- % --------------

0.17b 3.13b 0.47a

0.21a 3.43a 0.46a

0.21a 3.49a 0.44a

0.23a 3.18b 0.42b

ficantly different at the 0 05 levelficantly different at the 0.05 level.



Effect of 30 lb S/A on Whole
and P Tissue Concentr

Treatment Dry 
W i htWeight

g plant -1g p

Control 6.0b†

S (S )13-33-0-15S (SEF) 8.9a

21-0-0-24S (AMS) 7.2ab

12-0-0-26S (ATS) 5.5b

††Values followed by the same letter are not signif

-Plant Dry Weight, and S, N, 
rations at V5 in 2007

Nutrient

S N P

-------------- % --------------

0.16b 2.89b 0.34a

0.20a 3.24ab 0.37a

0.19a 3.27a 0.31a

0.18a 2.94ab 0.33a

ficantly different at the 0.05 level.



Effect of 30 lb S/A on Corn 
and Stover Y

Treatment Grain Yield

bu/A

Control 170Control 170

13-33-0-15S (SEF) 177

21-0-0-24S (AMS) 172

12-0-0-26S (ATS) 17112-0-0-26S (ATS) 171

LSD (0.05) 7.5

LSD (0.10) 6.1
†Yields adjusted to 15.5% moisture.

 Grain Yield, Grain Moisture,
Yield in 2006

† Grain 
Moisture Stover Yield

% ton/A

14 5 2 6714.5 2.67

14.6 2.80

14.5 2.51

14 4 2 7914.4 2.79

0.54 0.62

0.44 0.53



Effect of 30 lb S/A on Corn 
and Stover Y

Treatment Grain Yield

bu/A

Control 176Control 176

13-33-0-15S (SEF) 186

21-0-0-24S (AMS) 186

12-0-0-26S (ATS) 18312-0-0-26S (ATS) 183

LSD (0.05) 13

LSD (0.10) 10
†Yields adjusted to 15.5% moisture.

 Grain Yield, Grain Moisture,
Yield in 2007

† Grain 
Moisture Stover Yield

% ton/A

14 9 2 9014.9 2.90

14.6 3.29

14.7 2.82

14 6 2 8014.6 2.80

0.4 0.78

0.3 0.67



Main Points:
• Based on two years of field tr
increased mean plant dry weightp y g
of S at the V5 growth stage. 
• At mid-silk, S concentration in
sufficiency range of 0 21% to 0sufficiency range of 0.21% to 0
had been applied.
• Corn grain and stover yields we

i t  t h t  t dmoisture at harvest was not red
application. 
• No one S fertilizer source out
• The cost of replacing S remov
relatively low.
• Eroded hill slopes  as found atEroded hill slopes, as found at
relatively low levels of soil organ

ials, application of 30 lb S/A 
t and whole-plant concentrations p

n the tissue was below the 
50%  even when S fertilizer .50%, even when S fertilizer 

ere not increased, and grain 
d d ( 0 05) b  S f tili  duced (p<0.05) by S fertilizer 

tperformed the others.p
ved with the grain and residue is 

 these sites  often have  these sites, often have 
nic matter and extractable SO-4





Whole Plant Removal Cob & Top 50% Removal



Macro-nutrient Remo
St  H t S

Stover Harvest Continuo

Stover Harvest S

Scenario (DeKalb DKC
N P

--

Whole plant 30 7 2 5Whole plant 30.7 2.5

Bottom 50% 7.8 0.8

Cob & top 50% 18.5 1.5

LSD (0 05) 3.6 0.5LSD (0.05) 3.6 0.5

oval through Various 
S i  i  2005
ous Rotated

Scenarios in 2005

C-52-45) (Fontanelle 5393)
K N P K

--------- kg ha-1 ----------

38 6 50 2 3 5 42 838.6 50.2 3.5 42.8

13.2 12.6 0.7 12.8

28.9 31.2 2.6 26.4

11.5 8.6 1.0 10.311.5 8.6 1.0 10.3



Total Nutrient RTotal Nutrient R
Stover Harvest Average fo

Scenario

$ ac-1

Whole plant $ 27.71

Cob & top 50% $ 18.47

Bottom 50% $ 7.39

†† Assumes 80 gal EtOH ton-1 biomass

Replacement CostReplacement Cost
or Three Hybrids (’05 & ’06)

$ ton-1 $ gal EtOH-1

$ 9.67 $0.121†

$ 9.49 $0.118

$ 10.10 $ 0.126

REAP



Bio-fuels ProjecBio fuels Projec

• Residue removal: 0, 50%
• Tillage: chisel plow, no-
• Nutrient management: s

high input (45K plants/A
Ch l 0 8700 lb/A 1• Charcoal: 0, 8700 lb/A, 1

• Cover crops: annual, pe

ct Treatmentsct Treatments

%, 90%
-till
standard (30K plants/A), 
A)
16 500 lb/A16,500 lb/A
erennial



Bio-fuels Projeect Plot Plan



What’s Next?

• Continue S research
• Move forward with co

nutrient managemennutrient managemen
removal study

omprehensive tillage, 
nt, and crop residuent, and crop residue 


