A Bacterial Biosensor for Detecting Early-Season
Nitrogen Health in Cereal Crops
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Introduction Methodology and Results

Fertilization with nitrogen is necessary for high corn yields. Growers commonly The objective of the field experiment was to determine if GInLux biosensor readings locations (Figure 5) in which multiple rates of N fertilizer were applied pre-plant. Plant
provide a large, single dose of nitrogen (N) fertilizer to fields at or just before taken during the growing season correlate with N application rate and various leaf tissue was sampled for biosensor analysis at four different growth stages: V3, V6,
planting. However, because young corn plants do not have the capacity to absorb measurements of end-season crop health including yield, dry biomass, biomass N%, V12, and V14 (Figure 6). At location #1, commercially-available side-dress

large amounts of N, much is removed from the field as runoff prior to plant uptake and harvest index (Table 1). In 2014, the experiment consisted of two corn field recommendation methods were also tested at several growth stages (Figure 7).
resulting in economic and environmental losses (Figure 1A). If a grower practices
split-N application (i.e. “side-dressing”), a second application is supplied to the
field later in the season when the plants are between knee-height and flowering.
At this point in the season the plant has a well-developed root system, and a
higher demand for N (Figure 1B).

Side-dressing may result in greater profit for growers and less environmental
damage, but only if the rate and timing of the side-dress is carefully selected
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Figure 1. Image comparing the relative rates of N uptake by the plant
(represented in green) and N runoff (red) when N is supplied as a single A B
application (A) versus a side-dress later in the growing season (B).

B
o

Growth
Growth
O Silking
o V12

Biosensor output (RLU)
Biosensor output (RLU)

<& V12

The GlnLux Biosensor

extracts to 96-well plate

< V6

O V6
50 100 150 200 50 100 150 200 250

AV8 N application rate (kg/ha) N application rate (kg/ha)

Reporting Index
Reporting Index

..“vvvvvvvv

, / 00000000000
-GlInLux cells are grown in nutrient- Q.q'..‘.".
rich media (LB), then transferred to “4..“‘.‘+*

nutrient-poor media (M9) to deplete “‘.‘.““‘.‘ C F| g ure 7 Current CommerCia”y'available
endogenous Gln and lower 100V 000000000

oo e eeeeoes Tissue GIn level methods of side-dress recommendation including
GreenSeeker™ (A), Greenlndex™ (B), and
SPAD measurements (C) did not correlate well
. . . . - 50 100 150 200 50 100 150 200 250
Growth Wlth N appllcatlon rate a.nd N avalla.blllty- These N application rate (kg/ha) N application rate (kg/ha)
© Silking measurements were performed on location #1 in

:;2 2014. Figure 8. Preliminary data from location #1 during the 2015 growing
Ve season. Corn plants were sampled with the GInLux biosensor protocol
at V3 (A), V6 (B), V12 (C), and V14 (D). Data points represent the mean
of four replicates sampled from an RCBD, each replicate consisting of six
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growth stage (B). R?values of non-linear models are displayed.
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Figure 2. Methodology for estimation of tissue free-GlIn levels using N application rate (kg/ha)
GlInLux. Tissue samples are prepared from small, circular leaf punch

disks, and then co-incubated with GInLux cells at 37° C after which their
luminescence Is quantified with a luminometer.

Conclusions and Future Experiments

As shown in Table 1, Figure 7, and Figure 8, the GInLux biosensor is more reflective of correlations (preliminary data shown in Figure 8), after which a DSS will be designed.
soll nitrogen status, plant health, and end-season yield potential than currently available The biosensor will also be developed into a commercial test or kit, to be used by farmers
predictors including GreenSeeker™, Greenindex™, and SPAD measurements. GInLux of cereal grains, to whom a priori knowledge of the output of their fields would provide
data correlates with pre-sidedress soil nitrate levels (Table 1). The correlation between economic advantage. Such advantages include being able to predict the revenue
biosensor data and these end-season measurements appears to become stronger as the obtained from a crop, and predict commercial agricultural costs associated with
season progresses, with significance first observed at the V6 growth stage (Table 1, harvesting, transporting, and storing the grain. The grower may also have the capability
Figure 8). The current cost of one GlnLux test is ~$1 USD including labor and reagents. to enter into contracts dependent upon certain yield goals (e.g. with an ethanol
production facility) with a greater degree of confidence.

We have designed a new side-dress recommendation test which evaluates the
Internal nitrogen health of young corn plants at the side-dress growth stage
(Figure 2). N iIs assimilated into amino acids (primarily glutamine, Gln) after
uptake by roots (Figure 1B) for growth and shuttling to different tissues. Our lab
has engineered and patented a strain of Escherichia coli, named the GInLux
biosensor [2], to detect GIn within plant tissue. GInLux is an auxotroph that has
an absolute requirement for exogenous GIn to grow, upon which it luminesces due
to an introduced lux operon. When the biosensor is exposed to free Gln from leaf
tissue punches, it releases light (Figure 2). Light intensity has been shown to

correlate with N application rate and yield (Figures 3,4). The GInLux leaf punch
test enables inference of plant health and a side-dress rate recommendation. Based on these data, we believe that the GInLux biosensor protocol may be incorporated

Into a decision support system (DSS) to assist farmers in determining the nitrogen needs
of their crops. Future experiments will focus on completing the second year of
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