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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

e 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.
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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)

N N,O global warming gas

- (300 times worse effect than CO,)
fertilizer

Pollution on rivers and lakes
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A short history of BNI research

1983  CIAT observed Brachiaria pasture soil showing low nitrate level

1995  JIRCAS initiated collaborative research with CIAT in Brachiaria pasture = " 2
2003 Dr. Subbarao reported soil nitrification inhibition in Brachiaria pasture (Plant and So:l)
2005 1stphase, BNI research project at JIJRCAS (2005-10)

2006 Introduction of the BNI concept for further crop development (Critical Reviews in Plant Sci.)
2009 Confirmation of BNI in Brachiaria pasture (PNAS)

2010 2 phase, BNI research project (2010-15), initiating sorghum BNI with ICRISAT

2012  Confirmation of BNI in sorghum (Plant and Soil)

2015 349 phase, BNI research project (2015-20), initiating wheat BNI with CIMMYT

2018 Initiating maize BNI, and obtaining several BNI compounds (Biology and Fertility of Soil)
2020 Confirmation of BNI effect in BNI-enabled wheat at field level (PNAS)

2021 PNAS papers published
2022 JIRCAS introduced NNF to CIMMYT

2024 CropSustaiN “BNI Mission”
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Table 3. BNI capacity of elite wheat genetic stocks and BNI elite wheats (5/ Appendix, Study 5a)
BNI activity released from
intact plant roots (ATU - g™
root dry wt. - d7")
Serial no. Wheat genetic stock Mean SE
1 ROELF5S 86.5% 12.8
2 BNI-ROELFS (CSMONQ3B/3/CS/LE.RACS/4/CSph/5/5*ROELFS(N) 162.2° 16.8
SE of Least Square Mean (P < 0.001) (based on two-way analysis 6.99 (P < 0.005)
General Linear Model using SYSTAT 14.0)
3 MUNAL 92.7¢ 12.1
4 BNI-MUNAL (CSMONQO3B/3/CS/LE.RASCS/A/CS/ph/5/5* MUNAL(N) 181.7° 223
SE of Least Square Mean (P < 0.001) (based on two-way analysis 17.9 (P < 0.05)
General Linear Model using S5YSTAT 14.0)
5 NAVOJOA 91.2* 22.4
6 BNI-NAVOJOA(CSMONQO3B/3/CS/LE.RA/CS/4/CS/ph/a/4*NAV AJOA(N) 119.2° 14.2
SE of Least Square Mean (P < 0.001) (based on two-way analysis 22.42™
General Linear Model using SYSTAT 14.0)
7 QUAIU 70.2% 49
8 BNI-QUAIU CSMONO3B/3/CS/LE.RA/CS/4/CSph/5/5* Quaiu(N) 126.4" 11.8

SE of Least Square Mean (P < 0.001) (based on two-way analysis
General Linear Model using SYSTAT 14.0)

11.19 (P < 0.05)

Holm-Sidak method

letters represent values that are significantly different (P < 0.05). Values are means + SE of four replications.
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e First observation of BNI-expression in an alkaline soil (pH 8.6-8.7) under high N fertilization (250 kg N ha™')

e BNl expression interms of lower soil nitrate in the field

e Reduced potential nitrification rates from incubation studies in soil collected one week after N
application

e |ndications that Lr#N SA has a secondary effect of significant higher nitrate uptake from the soil

e Yield quantity and quality stability in two of three experiments. However, harvest index of +BNI line were
always lower than the HI from ROELFS

e Delayed anthesis and flowering due to the translocation were observed

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

Manuscript submitted to
] .
é: Fle I d Cro ps Res ea rCh 1 Nitrogen dynamics and yield performance of an elite bread wheat line with BNT capacity
\ 2

2 expressed in an alkaline soil

3 Hamnes Karwat'", Masahiro Kishn®, Mana Elena Cardenas-Castaiieda’, Mana Itna Ibba'. Victor

De cision on acceptan ce expected Wlthln Sep 2025 4 Kommerell', Alison R Bentléy?, Haris-Joachim Braun!, Ivén Ortiz-Monasterio
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CropSustaiN .

New innovative crops to reduce the nitrogen footprint from agriculture

2
Seeding the green transition via a natural phenomenon called BNI that )

works through plant root-soil interaction
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15-20%

Uses conventional Potential reduction in nitrogen fertiliser usage

breeding

Depending on geography and soil nitrogen
environment

novo nordisk
foundation

Mission

Verify global potential of BNI technology to reduce the nitrogen
footprint from wheat-based agriculture

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

Generate the 'pull’ for adopting BNI technology in existing value
systems from farmers, policymakers, and influencers

Easily distributable

Saggd-iased innovg’gion
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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 N20 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. 10vo nordisk
foundation
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CropSustaiN Research Tracks

Track 2. Evaluate BNI trait agronomic effectiveness and stability and transfer translocations
to new elite lines

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

Track 6. Investigate biochemical mechanisms of BNI activity with microbial ecology
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« 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 ha1
— 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
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Border| I I | | I | | I | |
150 N| | 8 6] 3 68 5 870 2 68 69| 70 71} 72| |
REP3 75N | | 2 6] 6 63 4 2] 5 61 60| 59/ 58] 57| |
ON | [ 7 4] 8 s0] 1 sl 2 s2] 53] 54| 55] 56] |
Border| I I | | I | | I | |
150 N| | 1 48] & a7] 5 48] 4 45| 44/ 43| 42| 41/ |
REP2 75N | | 2 33] 5 34 8 35] 4 38 37| 38| 39| 40/ |
ON | [ 3 a2l 5 31 1 a0 7 29 28] 27| 26] 25| |
Border| I I | | I | | I | |
150 N| [ 1+ 7] 3 18] 8 13] 5 20 21/ 22| 23| 24/ |
REP1 75N | | 4 1] 5 15/ 2 1] 3 13] 12| 11 10] 9|
ON | HE 1] s 2l 7 3l 8 4 5| 6| 7| 8| |
Border| I I | | I | | I | |
Plot width: 240cm
GIP name 29.4m
| I

2m

Waterchannel

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
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Methodology Yield Trial+

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): NO5-, NH,*, N..., NO5:NH,*,
leaf NO5 (Nitrachek)

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

min’

Flag leaf

Soil incubation to determine potential nitrification rates

Grain yield, grain N%, grain protein
(PNRs) 2nd N application
(NH,")
1stN appllcatlon (NH,")

v v Vv

Root zone soil
NO; & NH,*
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Trial establishment CropSustaiN YEAR 1
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Yield Trial + Obregon (MEXICO) 2024/25

Grain Yield (BNI vs Control) — Obregon 202412025 BLUE = recurrent parent (control)
GEMOTYPE = BORLAUG GEMOTYPE = NAVOJOA RED - BNI I|ne

6000 Same letters indicate no sig. difference between BNI and Control

5000

4000 Source DF‘ Type lll 55‘ Mean Square| F'uf'alu&‘ Pr = F|
3000 - BNI 1 69848417 69848417 2.66 01077
2000 - N_rate 3 21274837.51 709161250 | 27.03 =<.0001
%:”’U“ GENOTYPE 3 1813987.09 60466236 230 0.0852
_};; ° =TS e BNI*N_rate 3 130208.60 43402.87 017 0.9193
-:DE s000 BNI"GENOTYPE 3 1610417.52 536805.84 205 0.1163
5000 N_rate*GENOTYPE 9 3244661.19 360517.91 1.37 0.2186
40004 BNI*"N_rate*GENOTYPE | 9 1757799.32 195311.04 0.74 0.6670

3000 4

2000 | » N rate strongest effect on yields

«  Genotypical yield differences (p=0.0852)

1000

0 75 150 225 0 75 150 225

M Rate (kg M/ ha)
BMI W Control B +Lr#HN-SA
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Grain Yield (kg / ha)

6000 -

4000 |

2000

6000

4000

2000

Grain Yield (BNI vs Control) — Ludhiana 2024/2025

GEMOTYPE = BORLAUG

GEMOTYPE = NAVOJOA

smpa 3 T823.3

2oG3.3 23287

GEMOTYPE = ROELFS

57433

23633 2438.7

GEMOTYPE = VOROBEY

G300

0 75 150

N Rate (kg M / ha)
BNl B Control B +Lr#h-SA

Yield Trial + Ludhiana (INDIA) 2024/25

BLUE = recurrent parent (control)

RED = BNl line

Same letters indicate no sig. difference between BNI and Control

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 x 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 x Genotype (p =0.0213)
and BNI x N ratex Genotype (p = 0.0753) suggest
genotype-specific responses to the combined effect of

nitrogen levels and BNI.
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Data provided by Dr. Pradeep Kumar Bhati



Thank you for
your interest!

h.karwat@caqiar.org
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