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METHODS (Continued)

RATIONALE, HYPOTHESIS & OBJECTIVES
AOB Characterization

RATIONALE
Why Climate - Smart Farming?
Ø Agriculture is the largest source of nitrous oxide (N2O) in the atmosphere (80% in
the U.S.)
Ø The global lifetime of N2O is ~ 114 years and its global warming potential is 250 –
300 times of CO2 on a 100-year timescale
Ø N2O is the largest threat to the stratospheric ozone layer in the 21st century
Ø Excess nitrogen (N) from agricultural fields is the leading cause for deterioration
of water quality around the globe
Addressing the N problem in Agriculture
Ø N is essential for agriculture, so we cannot
eliminate its use
Ø Current nitrogen use efficiency (NUE) is only 30 to
50% (Coskun et al., 2017)
Ø Our research focuses on discovering and
advancing a trait called biological nitrification
inhibition (BNI) in cereal crops especially grain
sorghum
Ø BNI is the ability of some plants to release specific
root exudates with BNI compounds that inhibit the
activity of ammonia-oxidizing bacteria (AOB) in
soils.
Ø By inhibiting AOB and nitrification, BNI plants can
ensure the availability of N as NH4+ for longer
periods of time.

Sorgoleone – main
hydrophobic root exudates
(90% BNI activity)

METHODS
Experimental Setup: in a greenhouse

Ø 3.79 L size pot filled with 2.80 kg of soil.
Urea N (100 kg N/ha) was applied in split
doses: 20% at planting and 80% at 20
days after emergence (DAE).
Ø Destructive plant and soil sampling was
done 53 DAE.
Ø Soil samples were immediately stored at
-80 °C until further analysis.

Ø 9 days incubation study was conducted using rhizosphere soil from
greenhouse experiment using Hart el al (1994) procedure in a shaking
incubator at 25 oC and 140 rpm.
Ø In total 8 treatments including 6 from greenhouse experiment. The two
additional treatments were positive control + a synthetic nitrification inhibitor
and negative control + a synthetic nitrification inhibitor. Synthetic nitrification
inhibitor used was 2-Cyanoguanidine (DCD).

RESULTS AND DISCUSSION

OBJECTIVES
Ø To investigate the impact of BNI activity on AOB population in rhizosphere soil
Ø To test the effectiveness of BNI activity of selected TAMU sorghum genotypes in a
typical field soil

1. High BNI line from Texas
(Genotype 1)
2. High BNI line from Texas
(Genotype 2)
3. Low BNI line from Texas
(Genotype 3)

Potential Nitrification Study

Ø 5 ml of sample was extracted daily and centrifuged at 2500 rpm for 15
minutes and flittered it. Samples were analyzed for NH4+ and NO3- contents.

HYPOTHESES
Ø Certain sorghum (Sorghum bicolor L.) genotypes can suppress AOB by releasing
sorgoleone, a major BNI compound in sorghum.
Ø Rhizosphere soils of BNI-positive plants have high NH4+ concentration compared
to NO3-.

Greenhouse Experiment
Ø Soil: Weswood Silt Loam
having soil pH 8.
Ø Randomized Complete Block
Design with 6 treatments and
three replications.
Ø Genotypes selected based on
JIRCAS’s Study in Japan.

Ø amoA gene (~491bp) targeting primer used to enemurate AOB populations
from the rhizospheric soil

Ø The positive control (High BNI producing
genotype) resulted lowest AOB gene
count compared to other genotypes and
negative control (~ 60% lower than Low
BNI lines from Texas).

Ø Although, there was a great differences of
AOB gene count in sorghum lines,
nitrification was relatively similar except
DCD, which changed the nitrification
dynamic of the soil.
Ø In the present study, sorgoleoneproducing lines are ineffective against soil
nitrification. The reason is potentially
compromised root growth - a swirling
pattern around the periphery of pot observed in our study which might have
impaired plant inhibitory secretion
functionality.

CONCLUSIONS

4. Low BNI line from Texas
(Genotype 4)
5. Positive control
(High BNI producing genotype)
6. Negative control
(No plants)
Rhizosphere soil collection

Ø This study shows that the BNI producing lines can suppress the soil nitrifier
population and may be able to mitigate the soil nitrification. It shows of
breeding for the BNI trait in modern varieties to improve NUE.
Ø In our green house study, roots were growing in a swirling pattern around the
periphery of the pot, which might have prevented root exudates mixing up with
the soil. We are repeating the study where sorghum seedlings are grown in
pvc pipe columns.
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