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Abstract

Sustainable agricultural development has reduced nitrogen fertilizer consumption and resulted in
nitrogen biofertilizers accounting for 70% of the global microbial market. The complexity and high
cost of conventional methodologies remain major challenges for screening diazotrophic bacteria;
therefore, simple, precise, and low-cost techniques should be introduced. In this research, a novel
colorimetric method was developed by converting spectrophotometric data into RGB and HSV
values using the smartphone Color Grab application to estimate biological nitrogen fixation. Twelve
Bacillus subtilis isolates and Azotobacter chroococcum were screened for nitrogen fixation based on
the color change of NFB medium containing bromothymolblue. Nitrogen concentration was
quantified using a standard curve obtained from spectrophotometric data. Converting spectroscopic
data into smartphone colorimetry values enables fast, accurate, and low-cost monitoring of nitrogen-
fixing strains. According to the colorimetric results, the S index (R? < 0.97) in both open and closed
systems was successfully used for standard curve drawing in the range of 0 to 18 pg ml? to estimate
different nitrogen concentrations. Based on the NFB medium color shift, all bacterial isolates except
A15d and g33b strains were able to produce ammonia. The nitrogen fixation capacity of the bacterial
isolates ranged from 1.65 pg mi*to 13.32 pg ml2. Strains g191 and W exhibited the highest nitrogen
concentrations, estimated at 13.32 and 12.49 ug ml?, respectively. The high concordance between the
spectroscopic and colorimetric data substantiated the efficacy of the employed method for precise and
streamlined screening of diazotrophic bacterial strains.
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Figure 2. Color Change of the NFB medium from green to blue with a gradual increasing in the ammonium

hydroxide concentrations (0 to 1230 umol) (A), standard curve for quantitative nitrogen fixation based on
nitrogen concentrations (pg/ml) versus absorbance at 610 nm (B).
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Table 1. The effect of reading time on the absorbance of NFB culture medium at 610 nm after the addition of
various concentrations of ammonium hydroxide (0 to 1230 uM)

The absorbance of NFB culture medium at 610 nm

NHsOH(uM) 0 (min) 10 (min) 20 (min) 30 (min) 40 (min) 50 (min) 60 (min)
0 0.15 0.15 0.15 0.15 0.15 0.15 0.15
122 0.16 0.17 0.17 0.17 0.17 0.18 0.18
245 0.18 0.18 0.19 0.19 0.19 0.19 0.19
368 0.21 0.21 0.21 0.21 0.22 0.22 0.22
488 0.23 0.24 0.23 0.24 0.24 0.24 0.24
614 0.26 0.26 0.26 0.26 0.25 0.25 0.25
736 0.28 0.28 0.28 0.28 0.27 0.27 0.27
860 0.3 0.3 0.3 0.3 0.29 0.29 0.29
982 0.32 0.32 0.32 0.31 0.31 0.31 0.31
1105 0.33 0.33 0.33 0.33 0.32 0.32 0.32
1230 0.34 0.34 0.34 0.34 0.34 0.33 0.33
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Figure 3. Standard graph obtained from measuring HSV (Hue, Saturation, Value) and RGB (Red, Green,
Blue) indices in two closed and open system against various nitrogen concentrations (ug ml) using Color
Grab software. The measured indices in the open system are indicated with index one.
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Table 2. Estimation of quantitative nitrogen fixation (ug mIY) in bacterial strains using spectrophotometry
(610 nm wavelength).

. . oD Nitrogen concentration
Bacterial strain (610nm) (ug M) ODeso
B. subtilis g19L 0.31 13.33
B. subtilis W 0.3 12.49
A. chroococum 0.22 5.83
B. subtilis K53L 0.2 4.16
B. subtilis g6L 0.19 3.33
B. subtilis A51b 0.19 3.33
B. subtilis g19b 0.18 2.49
B. subtilis g2q 0.17 1.66
B. subtilis H13h 0.17 1.66
B. subtilis K40b 0.17 1.66
B. subtilis M 0.17 1.66
B. subtilis A15d 0.15 0.00
B. subtilis g33b 0.14 0.00
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Figure 4 . Heatmap of the quantitative estimation of nitrogen fixation in the bacterial strains Bacillus subtilis
and the standard strain Azetobacter chroococcum, based on the absorbance of the NFB culture medium
containing a 48-hour culture of the studied bacterial strains at 610 nm, using the standard curve.
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Table 3. Estimation of nitrogen fixation (ug mlt) using standard curves based on spectrophotometric data at
600 nm and also index S using digital colorimetry for the standard strain Azetobacter chroococcum, Bacillus
subtilis strain A51 (positive strain) and B. subtilis strain g33b (negative strain)

. . . N (ug ml?) N (ug ml?)
Bacterial strain OD 610 S index ODe1o S index
A.chroococcum 0.22 15 5.83 5.33

B. subtilis A51b 0.19 11 3.33 3.44

B. subtilis g33b 0.14 7 0.00 1.56
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