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Introduction

Early leaf and tiller development in wheat is
crucial since the number of tillers per plant is a
critical yield component (Friend et al., 1962;
Klepper et al., 1982; Thiry et al., 2002). Fall
tillers can contribute up to 87% of grain yield
(Tilley et al., 2019); therefore, if tiller densities
are not sufficient at Zadok’s Growth Stage 25
(GS 25) in late January/early February, then
nitrogen (N) should be applied to optimize and
stimulate tiller growth. If tiller density is less
than 50 tillers per square foot at GS 25, then a N
application is recommended. However, if tiller
density is greater than 50 tillers per square foot,
no nitrogen should be applied until GS 30
(Alley et al., 2019). Although manually
counting tillers to determine tiller density is an
effective method in determine N need, the use
of aerial spectral indices to determine tiller
density is now available.

Using Spectral Indices as a
Proxy for Tiller Density

Normalized difference vegetative index (NDVI)
is a spectral index that utilizes the near infrared
band of the spectrum to assess crop reflectance.
In the near-infrared (NIR) spectrum, reflectance
of a green healthy plant is higher than a nutrient
stressed or dead plant (Chandel, 2023).
Research conducted at Virginia Tech from
2018-2023 examined the relationship between
tiller density and NDVI. This research used
small plots to determine the relationships and
build a model between NDVI and tiler density.
Large on-farm strip trials were then used to
validate the model and confirm that aerial NDVI
is an excellent proxy for tiller density in wheat

(Oakes et al., 2024). From this research, a model
was developed to calculate tiller density from
aerial NDVI:

Tiller Count = 0.00071NDVla + 0.26231
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where NDVla is aerial NDVI extracted from
aerial multispectral images at an altitude of 164
feet collected with a MicaSense RedEdge
Sensor. Using this equation, we can determine
wheat N needs based on aerial NDVI, instead of
having to manually count tillers. For instance,
an aerial NDVI of 0.62 corresponds to 50 tillers
per square foot (table 1). Therefore, if aerial
NDVI values are greater than 0.62, a N
application is not needed (at GS 25). Table 1
breaks down the N rate needed when using
aerial NDVI instead of tiller density (Lee &
Oakes, 2023; Oakes et al., 2024).

Table 1. Nitrogen rate recommendations for tiller
density and aerial NDVI at GS 25.

Tillers Ibs. N NDVI Ibs. N per
per sq. per acre acre
ft.
50+ No N 0.62+ No N
40-49 40 0.55-0.61 40
30-39 50 0.48-0.54 50
20-29 60 0.40-0.47 60




Tools Needed

A few pieces of technology are needed to
correctly use aerial NDVI to determine N need
in wheat. The most important is a multispectral
camera with NIR and red bands (Figure 1).
These bands enable the user to extract NDVI
[(NIR-Red)/(NIR+Red)] from the images. The
multispectral camera must be mounted on a
suitable drone or UAYV that has the payload to
carry and is able to correctly collect the images.

Figure 1. An example of a multispectral camera that
can be mounted on a drone. (AgEagle Aerial
Systems Inc)

After the flight images must be merged,
analyzed, and NDVI extracted into an NDVI
map (Figure 2). There are many types of
multispectral image management software that
can perform this.

Figure 2. NDVI map generated with multispectral
images.
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Making Management

Decisions

Using aerial NDVI as a proxy for tiller density
Is a quick and accurate method to determine N
need in a wheat field. The collected images can
be turned into NDVI prescription maps that can
be converted into GIS-based shapefiles and
transferred into a GPS-equipped sprayer, which
can apply the N at variable rates across the field
based on the NDVI. A grower without a GPS-
equipped sprayer can still use this tool to get an
overall idea of average tiller density in a field
and apply N accordingly. The increasing
accuracy of satellite-based aerial NDVI is also a
possibility to achieve a NDVI-based
prescription map (Figure 3). Research is
currently on-going that compares satellite-based
and drone-based NDVI; however, differences
are minimal.
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Figure 3. A satellite-based NDVI zone map.

Ultimately, aerial NDVI is an excellent proxy
for tiller density that enables growers to
determine tiller density and N requirements at
GS 25 without having to manually count tillers.
This is a powerful tool that growers can utilize
to save on time and fertility costs.
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