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Understanding the Role of Biological 
Products in Corn Nitrogen Fertilization 

Trial Objective
•	 Biological products may offer environmentally friendly and sustainable solutions to enhance crop productivity, 

improve soil health, and manage pests and diseases. These products include beneficial bacteria, plant extracts, 
beneficial viruses, and other compounds.

•	 The objective of this trial was to test emerging biological products that enhance nitrogen uptake by corn plants, 
thereby decreasing the plants’ synthetic nitrogen fertilizer needs. 

Experiment/Trial Design

•	 The trial was arranged as a randomized complete block design with three replications and two treatment factors 
(Figure 1):

	» Nitrogen Rates: 

	– 0 lb/acre 

	– 100 lb/acre

	– 200 lb/acre

	» Biological Nitrogen Products: 

	– no product

	– Pivot Bio biological product PROVEN® 40 On-Seed (biological fertilizer seed treatment) 

	– Sound Agriculture biological product SOURCE® (soil activator)

Location Soil Type
Previous 

Crop
Tillage 
Type

Planting 
Date

Harvest 
Date

Potential Yield  
(bu/acre)

Seeding Rate 
(seeds/acre)

Gothenburg, NE Hord Silt Loam Corn Conventional 05/21/2023 10/09/2023 220 32,000
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Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 

Figure 1. Aerial image of corn, nitrogen rates, and biological products trial in Gothenburg, 
NE. Note the light green strips where no nitrogen (N) was applied. Picture taken on 
August 11, 2023.

•	 Soil was conventionally tilled with no base fertilizer application.

•	 On May 20, 2023, corn PRE herbicides were sprayed consisting of Roundup PowerMAX® 3 Herbicide  
(30 fl oz/acre), atrazine 4L (1 lb/acre), Harness® herbicide (32 fl oz/acre), Diflexx® herbicide (8 fl oz/acre), and 
Corvus® herbicide (5 fl oz/acre). 

•	 211-11SSPRIB brand corn (111 relative maturity) was planted on May 21, 2023, at a rate of 32,000 plants/acre 
into 190 ft by 10 ft strips.

•	 PROVEN® 40 On-Seed seed treatment was applied to seed according to the manufacturer’s recommendation.
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•	 On June 7, 2023, corn POST herbicides were applied consisting of Roundup PowerMAX® herbicide  
(32 fl oz/acre), atrazine 4L herbicide (1 lb/acre), Harness® herbicide (24 fl oz/acre), Laudis® herbicide (3 fl oz/acre), 
Diflexx® herbicide (16 fl oz/acre) with high surfactant oil concentrate (HSOC) (0.5%), Volt-Edge™ a VaporGrip Xtra 
Agent volatility reduction agent (VRA) (0.5%), and a drift reduction agent (DRA) (0.5%). 

•	 Nitrogen fertilization was applied with Y-drop equipment at the previously described treatment rates on  
June 13, 2023, at approximately the V4 corn growth stage.

•	 SOURCE® soil activator was sprayed at 0.7 fl oz per acre in a 10 gal water mix when the crop reached the  
V10 corn growth stage.

•	 The total rainfall accumulated during the 2023 corn growing season was 12.63 inches. This trial was 
implemented in a linear irrigation system, and the total irrigation applied was 4 inches.

•	 Normalized Difference Vegetation Index (NDVI) was collected when corn reached V4 and V6 corn growth stages 
using a handheld sensor over the corn canopy.

•	 Corn stand counts and phytotoxicity ratings were collected on July 6, 2023.

•	 Drought and stay green ratings were collected close to harvest time.

•	 Total weight, test weight, and moisture content were collected with a plot combine on October 9, 2023, and  
yield per acre was calculated later. Corn yield components were collected from six random ears from each plot in 
one replication.

Understanding The Results
Normalized Difference Vegetation Index (NDVI):

0.43
0.39 0.39

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 100 200

Av
er

ag
e 

N
or

m
al

iz
ed

 
D

iff
er

en
ce

 V
eg

et
at

iv
e 

In
de

x

Nitrogen Rate (lb/acre)

b ba

Average NDVI Readings on V4 Corn Growth Stage 
by Nitrogen Rates

Gothenburg, NE, n = 9 (2023)

Figure 2. Normalized Difference Vegetation Index (NDVI) by nitrogen fertilizer rates averaged across  
all biological product applications. Letters indicate statistical difference at α = 0.1, n = 9, Gothenburg,  
NE, 2023.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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PROVEN® 40OS SOURCE®

•	 The 0 lb/acre nitrogen application had a greater NDVI than the 100 and 200 lb/acre nitrogen (Figure 2). 

•	 Average NDVI at the V4 corn growth stage was collected seven days after nitrogen fertilization, so corn biomass 
and plant health were likely unaffected by the added nitrogen at that time. 

•	 There was no significant difference in average NDVI between PROVEN® 40 On-Seed and SOURCE® treatments, 
though both products significantly reduced NDVI readings at the V6 corn growth stage compared to no product 
(Figure 3). 

•	 Average NDVI at the V6 corn growth stage was collected 14 days after nitrogen application, when the application 
rate treatments started to show differences in the corn canopy (Figure 3). 

Figure 3. Normalized Difference Vegetation Index (NDVI) by biological products averaged across all 
nitrogen fertilization rates. Letters indicate statistical difference at α = 0.1, n = 9, Gothenburg, NE, 2023.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Table 1. Corn stands, phytotoxicity, drought, and stay green readings by nitrogen fertilizer rate and 
biological product application. 

Nitrogen Rate  
(lb/acre)

Biological  
Product

Corn Population 
(plants/acre)

Product Phytotoxicity 
(1 to 10)

Drought Rating  
(1 to 10)

Stay Green Rating  
(1 to 10)

0 No Product 30,492 1 5.0 6.0 a

0 PROVEN® 40 On-Seed 31,654 1 3.7 3.3 c

0 SOURCE® 30,782 1 4.7 4.7 b

100 No Product 31,073 1 4.3 3.3 c

100 PROVEN® 40 On-Seed 32,815 1 4.3 4.0 bc

100 SOURCE® 32,525 1 4.0 3.3 c

200 No Product 31,654 1 5.0 3.3 c

200 PROVEN® 40 On-Seed 32,815 1 4.3 4.0 bc

200 SOURCE® 31,654 1 3.7 4.7 b

Abbreviations: Rating scales indicate 1 as very good and 9 as poor. Stay green numbers followed by letters indicate statistical difference at α = 0.1, 
and n = 3 replications. Other values had no statistically significant differences.

Corn Stands, Phytotoxicity, Drought, and Stay Green Ratings:

•	 No significant differences were found in average corn population, phytotoxicity, or drought ratings when 
comparing the nitrogen rates and the biological product applications (Table 1).

•	 When no nitrogen was aplied (0 lb/acre), corn treated with PROVEN® 40 On-Seed treatment had the best stay 
green rating, followed by corn treated with SOURCE® soil activator, and corn with no biological product applied 
had the worst stay green score.

•	 When 100 lb N/acre was applied, there was no significant difference in stay green score between the biological 
product applications. 

•	 When 200 lb N/acre was applied, corn with no biological product had a significantly better stay green score than 
corn with SOURCE® soil activator.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Figure 4. Corn canopy according to nitrogen fertilization rates and biological  
products used.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Corn Grain Yield Components:

Table 2. Corn grain yield components according to nitrogen fertilizer rates and biological product.
Nitrogen Rate (lb/acre) Biological Product Number of Kernel Rows/Ear Number of Kernels/Row

0 No Product 14.5 33.8

0 PROVEN® 40 On-Seed 14.3 36.3

0 SOURCE® 13.7 32.8

100 No Product 14.0 34.0

100 PROVEN® 40 On-Seed 13.3 36.8

100 SOURCE® 14 35.2

200 No Product 14.3 34.2

200 PROVEN® 40 On-Seed 13.7 37.5

200 SOURCE® 13.7 32.8

Corn Grain Yield:
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Figure 5. Corn grain yield and moisture by nitrogen fertilization rates averaged across all biological 
products used. Numbers followed by letters indicate statistical difference at α = 0.1, n = 9, Gothenburg, 
NE, 2023.

•	 Despite the lack of response in NDVI ratings, there was a positive corn grain yield response when nitrogen 
fertilization was applied at rates of both 100 and 200 lb/acre compared to the 0 lb/acre nitrogen treatment.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Figure 6. Corn grain yield and moisture according by biological product averaged across all nitrogen 
application rates. Numbers followed by letters indicate statistical difference at α = 0.1, n = 9, Gothenburg, 
NE, 2023.

•	 Corn with PROVEN® 40 On-Seed seed treatment and SOURCE® soil activator had lower corn grain yields 
compared to corn with no biological product applied.

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Figure 7. Corn ears according to nitrogen fertilization rates and biological products used, Gothenburg, 
NE, 2023.

Key Findings
•	 Both PROVEN® 40 On-Seed seed treatment and SOURCE® soil activator were not effective in increasing plant 

health, biomass, or corn grain yield.

•	 Applying nitrogen did increase yield. In this study corn yields decreased when either biological product  
was applied.

•	 Since they are live products, biologicals such as PROVEN® 40 On-Seed treatment and SOURCE® soil activator 
may respond to specific weather, management, and environmental conditions. 

Understanding the Role of Biological Products in 
Corn Nitrogen Fertilization 
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Legal Statements
The information discussed in this report is from a single site, replicated trial. This informational piece is designed to report the results of this demonstration and is not intended to infer any confirmed 
trends. Please use this information accordingly.

Bayer is a member of Excellence Through Stewardship® (ETS). Bayer products are commercialized in accordance with ETS Product Launch Stewardship Guidance, and in compliance with Bayer’s 
Policy for Commercialization of Biotechnology-Derived Plant Products in Commodity Crops. Commercialized products have been approved for import into key export markets with functioning regulatory 
systems. Any crop or material produced from this product can only be exported to, or used, processed or sold in countries where all applicable regulatory approvals have been granted. It is a violation of 
national and international law to move material containing biotech traits across boundaries into nations where import is not permitted. Growers should talk to their grain handler or product purchaser to 
confirm their buying position for this product. Excellence Through Stewardship® is a registered trademark of Excellence Through Stewardship.

ALWAYS READ AND FOLLOW PESTICIDE LABEL DIRECTIONS.

B.t. products may not yet be registered in all states. Check with your seed brand representative for the registration status in your state.

Performance may vary, from location to location and from year to year, as local growing, soil and environmental conditions may vary. Growers should evaluate data from multiple locations and years 
whenever possible and should consider the impacts of these conditions on their growing environment.

The recommendations in this material are based upon trial observations and feedback received from a limited number of growers and growing environments. These recommendations should be 
considered as one reference point and should not be substituted for the professional opinion of agronomists, entomologists or other relevant experts evaluating specific conditions.

IMPORTANT IRM INFORMATION: Certain products are sold as RIB Complete® corn blend products, and do not require the planting of a structured refuge except in the Cotton-Growing Area where corn 
earworm is a significant pest. Products sold without refuge in the bag (non-RIB Complete) require the planting of a structured refuge. See the IRM/Grower Guide for additional information. Always 
read and follow IRM requirements.

Roundup Ready® 2 Technology contains genes that confer tolerance to glyphosate. Plants that are not tolerant to glyphosate may be damaged or killed if exposed to those herbicides. Corvus® is a 
restricted use pesticide. Not all products are registered for use in all states and may be subject to use restrictions. The distribution, sale, or use of an unregistered pesticide is a violation of federal and/
or state law and is strictly prohibited. Check with your local dealer or representative for the product registration status in your state. Channel® and the Channel logo™ is a trademark of Channel Bio, LLC. 
Bayer, Bayer Cross, Corvus®, DiFlexx®, Harness®, Laudis®, RIB Complete®, Roundup PowerMAX®, Roundup Ready 2 Technology and Design®, Roundup Ready®, SmartStax® and VaporGrip® are registered 
trademarks of Bayer Group. Herculex® is a registered trademark of Dow AgroSciences LLC. Respect the Refuge and Corn Design® and Respect the Refuge® are registered trademarks of National Corn 
Growers Association. All other trademarks are the property of their respective owners. For additional product information call toll-free 1-866-99-BAYER (1-866-992-2937) or visit our website at www.
BayerCropScience.us. Bayer CropScience LP, 800 North Lindbergh Boulevard, St. Louis, MO 63167. ©2024 Bayer Group. All rights reserved. 1213_383954.
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