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Abstract 

There is currently little information on the use of existing sensor-based technologies for in- 
season application of nitrogen (N) to spring wheat (Triticttm aestivztm L.) in the northern Great 
Plains. Over the past decade researchers in the southern Great Plains have developed the 
Greenseeker as a tool for on-the-go N application to winter wheat. Field experiments were 
established in Brookings and Gettysburg, SD to evaluate the Greenseeker Hand Held optical 
sensor (NTech Industries, Ukiah, CA) for measuring in-season N status on spring wheat. Five N 
rates were applied pre-plant as ammonium nitrate. Sensor readings and plant biomass samples 
were collected at Feekes 6 and Feekes 10 growth stages. The sensor measures reflectance in the 
red and near infrared (NIR) regions of the electromagnetic spectrum and calculates the 
normalized difference vegetation index (NDVI). The ability of the sensor readings to measure 
biomass, plant N uptake, and predict grain yield and protein for each sampling date was 
determined. In general, in-season plant biomass, plant N concentration, and grain yield 
increased with increasing N rate. Sensor readings (NDVI) collected at Feekes 6 and Feekes 10 
showed a significant relationship with plant biomass, N uptake and grain yield, with readings 
collected at the later growth stage having higher correlation compared to the early sampling date. 
Initial results suggest that existing sensor-based variable nitrogen technology developed for 
winter wheat could be utilized in the northern Great Plains for estimating in-season N need for 
spring wheat, but additional testing is necessary. 

Introduction 

During the last 10-20 years there has been a rapid increase of research in the area of precision 
agriculture. Precision agriculture can be defined as assessing and understanding the spatial and 
temporal variability within a field and applying management decisions based on this variability. 
The variability within a field can lead to non-uniform yields andlor uneven yield potential, 
resulting in areas of the field that should be managed differently for economical andlor 
environmental reasons. Spatial variability within a field exists for a number of different reasons; 
including soil types, landscape positions, past management practices. or other factors (Kincheloe, 
1994). 

Previous management decisions frequently have been based on an average condition for a 
particular field or on the needs of the most limiting area. This management approach has 
resulted in some areas receiving more or less input tlian needed for optimum yield, which could 
contribute to increased environmental pollution due to over-fertilization, increased leaching, and 
runoff of nutrients. Precision agriculture has the potential to explain and overcome some of the 
spatial variability problems withm fields. Tools now exist to help identi@ and manage different 

North Central Extension-Industry Soil Fertility Conference. 2006. Vol. 22. Des Moines, IA. Page 80 



spatial zones according to the best management practice for each area, thereby decreasing the 
potential for environmental pollution. 

One such technology is currently being marketed for topdress N fertilizer for winter wheat in the 
southern and central Great Plains. Additional research is needed to advance this technology to 
other production systems, such as spring wheat in the northern Great Plains. Early research 
found that reflectance measurements (NIR/red ratios) could be used to estimate leaf dry matter or 
leaf area in spring and winter wheat (Aase and Tanaka, 1984). Reflectance in the green region of 
the visible portion of the electromagnetic spectrum is a good indicator of N concentration in 
crops including corn (Zea mays L.), wheat, and bermudagass (Cynodon dactylon (L) Pers.) 
(Blackmer et al., 1994, Walburg et al., 1982, Aase and Tanaka, 1984, and Blackmer et al., 1996). 

Raun et al. (2001) demonstrated that in-season measurements of canopy reflectance explained 83 
percent of the variability in measured winter wheat grain yield. In-season sensor readings 
(NDVI) collected every 1 m2 area with a hand-held instrument, when used as a basis for variable 
rate applications of topdress N fertilizer in winter wheat, resulted in increased crop N use 
efficiency (Raun et al. 2002). Use of this in-season canopy measurement and variable rate 
application technology also has the potential of decreasing the environmental risks due to over- 
fertilization by applying N only where it is needed and/or at the locations most llkely to respond 
to fertilizer N. Plant N use efficiency was increased by 15 % for fertilizer applied based on 
sensor readings compared to traditional methods. m s  research was conducted primarily in the 
southern Great Plains in winter wheat production systems; additional information is needed to 
expand this technology to other regions and production systems. The objective of our research 
was to evaluate this technology for predicting in-season N status and grain yield spring wheat in 
the northern Great Plains. 

Approach 

The experiments were located near Brookings, South Dakota during the 2003 and 2004 growing 
season whle  in 2005 the experiments were located near Gettysburg, SD. The experimental 
design was a randomized complete block design with four replications. The treatments consisted 
of five N rates (0, 34, 68, 102, and 136 kg N ha") applied pre-plant as ammonium nitrate. Plots 
were 3 m X 3 m with 0.18 m row spacing. Sensor readings were collected at Feekes 6 and 
Feekes 10 growth stage (Large, 1954) with a Greenseeker Model 505 Hand Held optical sensor 
@Tech Industries, Ukiah, CA). Sensor readings (NDVI) were collected at a height of 
approximately 1 meter. A 0.3 m by 0.6 m area was scanned at each growth stage and samples 
were taken for biomass production and N concentration. A separate 0.3 m X 0.G m area was 
scanned at Feekes 6 and Feekes 10 that was left for grain yield estimation. 

Biomass samples were dried in a forced-air oven at 60°C, and then weighed to obtain dry matter 
production. Samples were ground to pass a 2 mm sieve. Total N concentration was determined 
using dry combustion (Schepers et al., 1989). Nitrogen uptake was estimated by multiplying 
total N analysis and dry plant biomass. Grain yield was estimated by hand harvesting the 0.3 m 
by 0.6 m area scanned in-season at both growth stages. Grain yield was calculated and corrected 
to 130 g kg-' moisture. Statistical analysis was performed on plant biomass, plant N 
concentration, plant N uptake and grain yield using the GL-M procedure and correlation 
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coefficients between sensor reading and plant measurements were calculated using the CORR 
procedure (SAS, 1988). 

Spring wheat response to application of N was significant for all plant components measured and 
grain yield, increasing with increasing N applied (data not shown). The relationship between 
sensor reading and in-season plant components were better for 2003 and 2005 compared to 2004 
regardless of sampling date (Table 1 and 2). 

Table 1. Siniple correlation coefficient for sensor readings with plant biomass (kg ha-'), N 
concentration (g kg") and N uptake (kg ha-') by variety, location and year, collected at Feekes 6 
growth stage, Brookings and Gettysburg, SD 2003-2005 

2003 ----------------------------------------- 
Variety Biomass Plant N N uptake 
Ingot 0.59 ** 0.62 ** 0.64 ** 
Oxen 0.84 ** 0.89 ** 0.91 ** 

Walworth 0.72 ** 0.74 ** 0.73 ** 
Combined$ 0.72 ** 0.70 ** 0.73 ** 

Variety Biomass Plant N N uptake 
Briggs 0.03 -0.24 -0.04 
Ingot 0.33 -0.0 1 0.30 
Oxen 0.62 ** 0.1 1 0.61 ** 
Russ -0.13 -0.23 -0.17 

U'alworth 0.34 -0.08 0.35 
Combined 0.05 -0.13 0.02 

................................ 2005 ---------------------------------------- 
Location Biomass Plant N N uptake 
Forgey 0.27 0.53 * 0.46 * 

Halzworth 0.59 * 
Combined 0.48 
All years 0.60 ** -0.5 1 0.39 

f .  combined ysar correlation coefficient, **, * significant at the 0.0 1 and 0.05 probability level, respectively 

In general correlation coefficients were higher for readings collected later in the growing season 
compared to the earlier sampling date (Table 1 and 2). One possible explanation could 
differences in ground cover at the time the readings were collected. Percent ground cover is 
limited at the early growth stage compared to later in the growing season, as illustrated by Figure 
1. This difference could have contributed to the lack of correlation between the sensor readings 
at Feekes 6 and better correlations obtain later in the growing season (Feekes 10). Sensor 
readings collected during the 2004 growing season only resulted in significant correlation 
coefficients for Oxen at both sampling dates, readings collected later in the growing season 
having a higher correlation compared to the earlier sampling date (Table 1 and 2). 
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Figure 1. Photos collected prior to sensor readings for the Feekes 6 (a) and Feekes 10 (b) sampling 
dates for Gettysburg 2005. 

Table 2. Simple correlation coefficient for sensor readings with plant biomass (kg ha-'), N 
concentration (g kgm') and N uptake (kg ha-') by variety, location and year, collected at Feekes 10 
growth stage, Brookings and Gettysburg, SD 2003-2005. 

---------------------------------7003----------------------------------------- - 
Variety Biomass Plant N N uptake 
Ingot 0.65 ** 0.71 ** 0.71 ** 
Oxen 0.76 ** 0.79 ** 0.83 ** 

Walworth 0.65 ** 0.72 ** 0.72 ** 
Combinedf 0.60 ** 0.65 ** 0.68 ** 

................................. 7004---------------------------------------- - 
Varietv Biomass Plant N N u~ti3ke 
Briggs 0.10 0.2 1 0.19 
Ingot 0.34 0.12 0.36 
Oxen 0.63 ** 0.04 0.59 ** 
Russ 0.08 0.68 ** 0.43 

Walworth 0.15 0.1 1 0.23 
Combined 0.59 ** 0.04 0.61 

--------------------------------- 2005---------------------------------------- 
Location Biomass Plant N N uptake 
Forgey 0.81 ** 0.51 * 0.85 ** 

Halzworth 0.91 ** 0.66 ** 0.85 ** 
Combined 0.86 ** 0.50 * 0.83 ** 
All years 0.63 ** 0.14 0.68** 

f ,  combined year correlation coefficient, **. * significant at the 0.01 and 0.05 probability level: respectively 

There were similar relationships for the sensor readings and grain yield, with the 2003 and 2005 
season having higher correlations compared to the 2004 readings, and the Feekes 10 readings 
having higher correlations for all years regardless of variety or location (Table 3-4). The highest 
correlations were obtained during the 2005 growing season (Feekes lo), with correlation 
coefficients greater then 0.80 for grain yield and grain N uptake (Table 4). This was a marked 
improvement over correlations for the earlier growth stage averaging around 0.50. 
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Table 3. Simple correlation coefficient for sensor readings with grain yield (kg ha-'), grain N 
conceritratiou (g kg-') and N uptake (kg ha-') by variety, location and year, collected at Feekes 6 
growth stage, Brookings and Gettysburp, SD 2003-2005. 

--------------------------------- 2003---------------------------------------- 
Variety Grain Yield Grain N N uptake 
Ingot 0.40 0.3 1 0.48 
Oxen 0.43 0.42 0.50 

Walworth 0.72 ** 0.1 1 0.58 * 
Combined$ 0.40 0.29 0.44 

................................. 2004 -------------------------------------- 
Variety Grain Yield Grain N N uptake 
Briggs 0.50 0.3 1 0.54 
Ingot 0.24 0.55 0.07 
Oxen 0.83 ** 0.5 1 0.74 ** 
Russ 0.12 0.05 0.09 

Walworth 0.66 ** 0.22 0.61 ** 
Combined 0.19 0.15 0.19 

................................ 2005 ---------------------------------------- 
Location Grain Yield Grain N N uptake 
Forgey 0.43 0.14 0.39 

Halnvorth 0.52 0.33 0.53 
Combined 0.48 0.16 0.44 
All years 0.46 0.22 0.39 

2, combined year correlation coefficient, **, * significant at the 0.01 and 0.05 probability level. respectively 

Table 4. Simple correlation coefficient for sensor readings with grain yield (kg ha-'), grain N 
conce~ltratiou Ig kg") and N uptake (kg ha-') by variety, location and year, collected at Feekes 10 
growth stage, Brookings and Gettysburp, SD 2003-2005. 

Variety Grain Yield Grain N N uptake 
Ingot 0.45 * 0.36 0.55 * 
oxen 0.37 0.35 0.42 

Walworth 0.76 ** 0.22 0.68 ** 
Combined$ 0.4 1 0.3 1 0.46 

................................. 2004---------------------------------------- 
Variety Grain Yield Grain N N uptake 
Briggs 0.52 ** 0.33 0.57 * 
1n6t  0.35 
Oxen 0.85 ** 
Russ 0.3 1 

Walworth 0.49 
Combined 0.60 ** 0.3 1 0.57 ** 

2005 ---------------------------------------- 
Locat ion Grain Yield Grain N N uptake 
Forgey 0.85 ** 0.49 0.83 ** 

~ialz i for th  0.84 ** 
Combined 0.84 ** 
All years 0.67 ** 0.07 0.67 ** 

$, combined year correlation coefficient. **. * significant at the 0.01 and 0.05 probability level. respectively 
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Initial results on estimated grain yield reported here were not as promising as previous research 
in winter wheat production systems in the southern Great Plains, and suggest that additional 
testing is needed to properly evaluate thls sensor for determining the impact on N use efficiency 
and its suitability in more northerly growing conditions. Future research will evaluate the sensor 
at different growth stages (Feekes 6, 10, and 10.5), and several different locations (Artas, Bath, 
Cresbard, Gettysburg) throughout South Dakota. 
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