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Feeding trials testing quality attributes of corn 

silage are nearly always confounded by natural, 

largely unavoidable variation of the quality 

attributes not being evaluated.

Example: Testing a practice or hybrid trait hypothesized 

to improve starch digestion will likely be confounded by 

variation in starch content, fiber digestibility, and others.
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Case Studies in Corn Silage Variability

Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.2 4.8 25.4 54.5 29.1 26.3 6.1 7.2 43.3 36.1 36.3 5.6 17.7 52.5 34.8 51.2 4.6 40.5 65.7 25.2

Hybrid A.1, Northeast U.S.A, 2020-2024 207 36.0 3.8 26.7 50.1 23.4 25.8 4.9 7.9 38.2 30.3 37.0 4.9 19.0 46.9 27.9 51.5 4.8 40.5 65.3 24.8

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 35.4 3.5 28.6 42.6 14.0 28.2 3.6 21.0 37.1 16.1 36.4 4.6 23.5 43.5 20.0 51.9 3.9 41.4 60.3 18.9

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 35.6 3.6 28.7 42.6 13.9 27.7 3.4 21.0 33.4 12.4 36.6 5.1 23.5 43.5 20.0 52.8 4.1 42.8 60.3 17.5

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 34.2 2.6 31.4 40.3 8.9 28.5 3.1 22.0 32.6 10.6 35.4 5.4 23.5 43.5 20.0 51.3 2.8 47.1 56.5 9.4

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.2 3.9 27.9 43.5 15.6 27.9 1.8 24.6 32.6 8.0 36.3 2.9 29.6 42.2 12.6 59.6 1.9 54.8 63.5 8.7 62.2 2.9 56.8 68.0 11.2

Hybrid A vs hybrids ±2%DM & ≥20 comps, U.S.A. 2020-202412 (313) -0.9 0.6 -1.7 0.4 2.1 0.2 1.6 -4.9 1.6 6.5 -1.0 1.1 -2.3 1.2 3.5 -1.2 1.4 -3.0 1.1 4.1

Hybrid B.1, <130 mile radius, MI, 2009 14 28.8 5.0 20 36.5 16.5 30.2 3.9 22.9 35.7 12.8 46.8 1.7 43.9 49.5 5.6

Hybrid B.2 (silo face grid), 60A field, 2d P/H, MI, 2010 7 31.3 0.4 30.7 32.0 1.3 30.8 1.1 28.9 32.9 4.0 47.0 3.4 41.6 51.0 9.4

>10 hybrids (silo face grid), >2,000 acres, 3wk P/H, MI, 2010 18 33.2 2.3 28.9 37.8 8.9 31.3 3.6 25.7 37.6 11.9 46.4 3.0 40.4 51.1 10.7

3 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 35.3 3.6 30.8 41.2 10.4 26.9 3.4 22.9 34.2 11.3 38.7 5.8 32.3 51.4 19.1 53.1 5.2 41.7 58.9 17.2 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 32.4 2.2 29.3 36.8 7.5 31.9 1.8 29.5 34.7 5.2 63.4 1.7 61.2 65.7 4.5 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 34.9 1.3 32.9 36.9 4.0 32.1 3.8 25.4 38.7 13.3 61.6 2.7 57.1 64.6 7.5 57.4 2.9 50.6 60.7 10.1

5
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.6 2.3 25.2 47.7 22.5 23.8 4.6 2.6 44.0 41.4 37.1 2.5 26.0 48.0 22.0

% Starch 

Fiber Digestibility 

(%NDFD24/30)

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

2

1

4

%DM Yield (tons/acre@35%DM)
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Case Studies in Corn Silage Variability

Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.3 5.6 17.7 52.5 34.8

Hybrid A.1, Northeast U.S.A, 2020-2024 207 37.0 4.9 19.0 46.9 27.9

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 36.4 4.6 23.5 43.5 20.0

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 36.6 5.1 23.5 43.5 20.0

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 35.4 5.4 23.5 43.5 20.0

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.3 2.9 29.6 42.2 12.6 62.2 2.9 56.8 68.0 11.2

2 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 38.7 5.8 32.3 51.4 19.1 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 31.9 1.8 29.5 34.7 5.2 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 32.1 3.8 25.4 38.7 13.3 57.4 2.9 50.6 60.7 10.1

4
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.1 2.5 26.0 48.0 22.0

% Starch 

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

1

3
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Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.3 5.6 17.7 52.5 34.8

Hybrid A.1, Northeast U.S.A, 2020-2024 207 37.0 4.9 19.0 46.9 27.9

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 36.4 4.6 23.5 43.5 20.0

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 36.6 5.1 23.5 43.5 20.0

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 35.4 5.4 23.5 43.5 20.0

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.3 2.9 29.6 42.2 12.6 62.2 2.9 56.8 68.0 11.2

2 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 38.7 5.8 32.3 51.4 19.1 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 31.9 1.8 29.5 34.7 5.2 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 32.1 3.8 25.4 38.7 13.3 57.4 2.9 50.6 60.7 10.1

4
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.1 2.5 26.0 48.0 22.0

% Starch 

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

1
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Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.3 5.6 17.7 52.5 34.8

Hybrid A.1, Northeast U.S.A, 2020-2024 207 37.0 4.9 19.0 46.9 27.9

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 36.4 4.6 23.5 43.5 20.0

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 36.6 5.1 23.5 43.5 20.0

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 35.4 5.4 23.5 43.5 20.0

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.3 2.9 29.6 42.2 12.6 62.2 2.9 56.8 68.0 11.2

2 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 38.7 5.8 32.3 51.4 19.1 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 31.9 1.8 29.5 34.7 5.2 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 32.1 3.8 25.4 38.7 13.3 57.4 2.9 50.6 60.7 10.1

4
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.1 2.5 26.0 48.0 22.0

% Starch 

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

1

3
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Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.3 5.6 17.7 52.5 34.8

Hybrid A.1, Northeast U.S.A, 2020-2024 207 37.0 4.9 19.0 46.9 27.9

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 36.4 4.6 23.5 43.5 20.0

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 36.6 5.1 23.5 43.5 20.0

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 35.4 5.4 23.5 43.5 20.0

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.3 2.9 29.6 42.2 12.6 62.2 2.9 56.8 68.0 11.2

2 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 38.7 5.8 32.3 51.4 19.1 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 31.9 1.8 29.5 34.7 5.2 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 32.1 3.8 25.4 38.7 13.3 57.4 2.9 50.6 60.7 10.1

4
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.1 2.5 26.0 48.0 22.0

% Starch 

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

1

3

Case 

Study Description

No. of 

samples Ave

Std.

Dev. Min Max Rng Ave

Std.

Dev. Min Max Rng

Hybrid A.1, U.S.A., 2020-2024 354 36.3 5.6 17.7 52.5 34.8

Hybrid A.1, Northeast U.S.A, 2020-2024 207 37.0 4.9 19.0 46.9 27.9

Hybrid A.1, 60 mile (96 km) radius, MI, 2020-2024 48 36.4 4.6 23.5 43.5 20.0

Hybrid A.1, 30 mile (48 km) radius, mid-MI, 2020-2024 26 36.6 5.1 23.5 43.5 20.0

Hybrid A.1, 2 mile (3.2 km) radius, Gratiot, MI, 2020-2024 11 35.4 5.4 23.5 43.5 20.0

Hybrid A.2, ~30A (12ha) field, Gratiot, MI, 2021-2023 48 36.3 2.9 29.6 42.2 12.6 62.2 2.9 56.8 68.0 11.2

2 Hybrid C, 30 mile (48 km) radius, MI, 2015-2016 9 38.7 5.8 32.3 51.4 19.1 57.7 5.1 49.5 64.2 14.7

Hybrid D, 155A (63ha) field, OH, 2016 8 31.9 1.8 29.5 34.7 5.2 61.2 2.0 58.3 65.6 7.3

Hybrid E, 120A (49ha) field, OH, 2016 8 32.1 3.8 25.4 38.7 13.3 57.4 2.9 50.6 60.7 10.1

4
Hybrid F, JD HarvestLab (~124 ft2, 11 m2 grids);                

32A (13ha) field, MI, 2024
12,924 37.1 2.5 26.0 48.0 22.0

% Starch 

Starch Dig., Pre-Ensiling 

(%IVSD7/%ISSD7)

1

3

4
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Case Study #5

32A (13 ha); 12,924 samples of ~124 ft2 (11 m2)
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Average Std. Dev. Min. Max.

Yield (DM T/A) 8.9 1.7 1.0 15.0

%DM 37.6 2.3 25.2 47.7

% Starch 37.1 2.5 26.0 48.0

Case Study of In-Field Variability*
32 acre field, 2 very similar highly productive, minimal slope soil-types

*John Deere HarvestLab NIRS.  Obviously errant values excluded. n=12,924

(13 ha)
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Variable 1 Variable 2 Correlation, R2

Yield (DM T/A) %DM 0.21

Yield (DM T/A) %Starch 0.33

%Starch %DM 0.53

32 acre field, 2 very similar highly productive, minimal slope soil-types

Case Study of In-Field Variability*

*John Deere HarvestLab NIRS.  Obviously errant values excluded. n=12,924

(13 ha)



13

Case Study #6: In-Field Variability - Starch

*Starch data imagery courtesy of John Deere

(30ha)
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Field variability 
patterns vary 

by growing 
season

Kharel, T.P., A. Maresma, K.J. Czymmek, E. K. Oware, 
and Q. M. Ketterings. 2019. Combining Spatial and 
Temporal Corn Silage Yield Variability for 
Management Zone Development. Agron. J. 111:1-9.
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Quality attribute Influencing factors Reduction practices 

Dry matter content 

(%DM)
Plant health, harvest timing, moisture stress

Starch content 

Moisture stress, K uptake & timing, N 

uptake & timing, plant health, harvest kernel 

maturity, harvest cut height

Fiber digestibility 

(%NDFD)

Plant health, harvest timing, K uptake & 

timing, N uptake & timing, moisture stress

Starch digestibility 

N uptake & timing, harvest kernel maturity, 

kernel processing, relative dry matter of 

fodder to grain

Protein content 
N uptake & timing, moisture stress, plant 

health

Field selection, assure ample fertility via current 

grid soil testing and variable rate fertilizer 

application, verify uniform seed bed preparation 

and planter unit functionality, alternating treatment 

strips in field, plant same date, harvest same date 

& time, strip orientation to sub-surface drainage, 

irrigation, foliar fungicides, in-season nitrogen 

management, use a highly dominant silage 

inoculant, scout field throughout growing season 

to document visual signs of variability (consider 

using Normalized Difference Vegetation Index 

imagery, NDVI)
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SUMMARY

• Compelling evidence does exist for confounding corn silage variability.

• Variation can be proactively reduced, but cannot be eliminated.

• Replication of silage production portion of experiments is obvious solution.
• Typically cost prohibitive, plus practical limitations.

SUGGESTED ACTIONS

• Expand experimental design to include production of silage treatments.
• Alternating treatments in-field (e.g. split-planter) likely most practical, effective option.

• Don’t assume a valid control corn silage.  
• Identify and acknowledge confounding quality differences in analyses and conclusions. 

• Adjust experimental diets for confounding corn silage quality variation.  
• For example, should diets be “fermentable starch neutral” like is done for other 

nutrients, like nitrogen, that are held equal in experimental design?



19

Dann Bolinger, M.S.
Pioneer Dairy Specialist

dann.bolinger@pioneer.com
517-388-1433
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