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Sorgoleone release determines the hydrophobic-BNI capacity in sorghum root systems 
 

Nitrification and denitrification are the two most important processes that contribute to 
greenhouse gas emissions and the inefficient use of nitrogen. Suppressing soil nitrification 
through the release of nitrification inhibitors from roots is a plant function, termed 
‘Biological Nitrification Inhibition (BNI)’. Sorghum releases two categories of nitrification 
inhibitors from roots: hydrophilic BNIs and hydrophobic BNIs. Our earlier published work 
on sorghum mostly focused on characterizing hydrophilic BNI release. Here we report the 
characterization of hydrophobic-BNI release in sorghum. The functional role and contribution 
of sorgoleone release to hydrophobic-BNI function and the existence of genotypic variability 
for sorgoleone release is the focus of this investigation. Three sorghum genotypes 
(Hybridsorgo, IS 41245 and GDLP 35-5-5-3) were evaluated for their capacity to release 
sorgoleone in hydroponic, in soil culture, and under field environments. Sorgoleone released 
from roots is measured using a high performance liquid chromatograph (HPLC) and BNI 
activity is determined using a luminescent recombinant Nitrosomonas europaea assay. 

Sorgoleone was found to be the dominant and major component of hydrophobic-BNI 
activity released from sorghum roots, and there were significant genotypic differences for 
sorgoleone release (Fig. 1). Sorgoleone release and BNI-activity release in sorghum roots are 
closely associated, i.e., 1 µg of sorgoleone released is equivalent to 1 ATU activity in the 
bioassay (Fig. 2). Sorgoleone genotypes release varying quantities of sorgoleone. GDLP 
34-5-5-3 and Hybridsorgo have higher capacity for both sorgoleone release and BNI activity 
than IS41245. In soil culture, GDLP 34-5-5-3 released significantly higher quantities of 
sorgoleone into the rhizosphere, had higher BNI activity, and suppressed soil nitrification 
better than IS41245 (Fig. 3). Purified sorgoleone inhibited Nitrosomonas activity in the 
bioassay; when amended to soil, sorgoleone suppressed nitrification, improved NH4

+ 
availability, and reduced NO3

- formation in soils during a 60-day incubation study (Fig. 4). 
These results demonstrate genetic differences for sorgoleone release and its functional link to 
hydrophobic-BNI release and BNI capacity in sorghum. 

Sorgoleone release contributes significantly to BNI capacity in sorghum. The 
significant genetic differences for sorgoleone release from sorghum roots suggest that there is 
potential for genetic improvement to improve sorgoleone release and BNI capacity in 
sorghum. Higher BNI capacity is critical to the development of low-nitrifying sorghum 
production systems and the results presented here suggest the feasibility of this approach. 
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Fig. 1. Chemical structural formula of 

sorgoleone 
Fig. 2. The relationship between total 

sorgoleone concentration (µg) and BNI 
activity (ATU) in root–DCM wash of 
three sorghum genotypes 

 
 
 

 
Fig. 3. Nitrification rate at 30-day incubation 

period along with NH4
+ inoculation of 

rhizosphere soil collected from two sorghum 
genotypes (IS1245 and GDLP 34-5-5-3) 
grown up to heading stage in potted soil. 
Control pots were included with bare soil 
without plants but handled the same way like 
pots with plants. As positive control, soils 
taken from control treatments were also 
incubated with DCD addition at 25 ppm (a 
known synthetic inhibitor) as a reference.  

Fig. 4. Concentration of inorganic N 
(NO3

− and NH4
+) in soil samples 

incubated after adding different 
concentrations of sorgoleone (0, 10, 20, 
30, 40, and 100 µg g−1 soil) for 60 days 

  


