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N pollution from agriculture to the environment

• Satellite image of the Gulf of 
California, one month after start 
of crop season

• Link

• Further information:
Michael Beman, J., Kevin R. Arrigo, and Pamela A. 
Matson. "Agricultural runoff fuels large 
phytoplankton blooms in vulnerable areas of the 
ocean." Nature 434, no. 7030 (2005): 211-214.

https://visibleearth.nasa.gov/images/56882/seawifs-phytoplankton-bloom-in-the-gulf-of-california
https://visibleearth.nasa.gov/images/56882/seawifs-phytoplankton-bloom-in-the-gulf-of-california


N cycle & Biological Nitrification Inhibition (BNI)
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A short history of BNI research

2021 PNAS papers published
2022   JIRCAS introduced NNF to CIMMYT

2024    CropSustaiN “BNI Mission”



BNI capacity confirmed with bioassay (Subbarao et al. 2021)



BNI expression confirmed for alkaline soil & high N 
fertilizer application

Manuscript submitted to 

Field Crops Research

Decision on acceptance expected within Sep 2025

• First observation of BNI-expression in an alkaline soil (pH 8.6-8.7) under high N fertilization (250 kg N ha-1)
• BNI expression in terms of lower soil nitrate in the field 
• Reduced potential nitrification rates from incubation studies in soil collected one week after N 

application
• Indications that Lr#N SA has a secondary effect of significant higher nitrate uptake from the soil
• Yield quantity and quality stability in two of three experiments. However, harvest index of +BNI line were 

always lower than the HI from ROELFS
• Delayed anthesis and flowering due to the translocation were observed

• Quality analysis suggests that ROELFS-BNI BC5 needs more backcrossing



CropSustaiN
New innovative crops to reduce the nitrogen footprint from agriculture

Seeding the green transition via a natural phenomenon called BNI that 

works through plant root-soil interaction

15-20%
Potential reduction in nitrogen fertiliser usage

Depending on geography and soil nitrogen 

environment

Uses conventional 

breeding

Easily distributable

Seed-based innovation 

Partnerships

Mission

1) Verify global potential of BNI technology to reduce the nitrogen 

footprint from wheat-based agriculture​

2) Enable plant breeders to provide BNI-wheat seeds to farmers globally

3) Generate the 'pull’ for adopting BNI technology in existing value 

systems from farmers, policymakers, and influencers



CropSustaiN: Hypothesis on the table

• BNI functionality enhances N uptake & utilization of limited N by plants in 
low nitrogen environments.

• BNI mitigates N loss in high nitrogen environments by reducing leaching 
and N2O emissions, leading to nitrogen savings.

• Environmental and field management conditions can support consistent 
and predictable BNI effects. 

• BNI performance depends on GxExM interactions (incl. soil pH, soil 
structure, temperature). Such variance represents a major opportunity for 
breeding- and agronomy-based solutions.

• If N is used more efficiently, plants will mineralize less N, potentially leading 
to increased accumulation of soil C.
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Track 1. Establish and refine a common framework that harmonizes methodologies

Track 2. Evaluate BNI trait agronomic effectiveness and stability and transfer translocations 

to new elite lines

Track 3. Perform field-based assessment of BNI environmental impacts

Track 4. Explore the feasibility of incorporating BNI activity into winter wheat

Track 5. Develop molecular markers associated with Leymus BNI activity

Track 6. Investigate biochemical mechanisms of BNI activity with microbial ecology

Track 7. Investigate innovation ecosystems and scaling for impact co-creation

CropSustaiN Research Tracks



Multi-location field trials

• Track 2: Stability yield quality and quantity of BNI-Wheat (8 pairs/12pairs*)

• N applied as ammonium sulphate in 2 split applications: 0, 75, 150 and 225* kg N ha-1

– Mexico* (El Batan, Toluca, Obregon) 

– South Asia (India, Pakistan, Nepal)

– East Africa (Kenya, Ethiopia) 

– South America (Uruguay)

– …

= 14 trials/year

• Track 3: N loss quantification in BNI-Wheat systems (2 pairs)

– Mexico

– India

– Ethiopia

= 4-5 trials/year



Field Layout Yield Trial+: Genotype x N rate

1. VOROBEY

2. VOROBEY + Lr#n-SA

3. BORLAUG

4. BORLAUG + Lr#n-SA

5. ROELFS

6. ROELFS + Lr#n-SA

7. NAVOJOA

8. NAVOJOA + Lr#n-SA



Methodology Yield Trial+

Root zone soil 
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• Yield stability regardless of the introduction of the LR#N 
short arm to chromosome 3B

• Measurement of soil nitrate and ammonium after the 
second N fertilization (KCL): NO3

-, NH4
+, Nmin, NO3

-:NH4
+, 

leaf NO3
- (Nitrachek)

• Yield quality (protein and N% in grains), yield x N% = N 
uptake 

• Soil incubation to determine potential nitrification rates 
(PNRs)

PNRs



Trial establishment CropSustaiN YEAR 1

Ethiopia
India

Nepal Mexico Pakistan



Mineral N determination during BNI/nitrification peak



Yield Trial + Obregon (MEXICO) 2024/25

• N rate strongest effect on yields

• Genotypical yield differences (p=0.0852)
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BLUE = recurrent parent (control)

RED = BNI line

Same letters indicate no sig. difference between BNI and Control 



Yield Trial + Ludhiana (INDIA) 2024/25
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• N rate had the strongest effect on yield (p < 0.0001), 

followed by significant effects of genotype (p = 0.0003) 

and BNI treatment (p = 0.0052).

• The BNI × Genotype interaction was highly significant 

(p < 0.0001), showing that genotypes responded 

differently to the introduction of the Lr#N segment.

• Interactions between N_rate × Genotype (p = 0.0213) 

and BNI × N rate× Genotype (p = 0.0753) suggest 

genotype-specific responses to the combined effect of 

nitrogen levels and BNI.

Data provided by Dr. Pradeep Kumar Bhati

BLUE = recurrent parent (control)

RED = BNI line

Same letters indicate no sig. difference between BNI and Control 



Thank you for 
your interest!

h.karwat@cgiar.org

mailto:h.karwat@cgiar.org
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