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INTRODUCTION


Environmental and economic demands make it necessary for farmers to adopt management systems that improve Nitrogen Use Efficiency (NUE). As the costs for manufacturing N fertilizers increase it becomes increasingly important to monitor the effectiveness with which N is used by wheat and other crops. Nitrogen Use Efficiency is a term used to indicate the grain production per unit of available Nitrogen in the soil (Moll et al. 1982). In other words, the nitrogen use efficiency implicates fertilizer recovery in a production system. 

Raun and Johnson (1999) note that N fertilizer losses due to gaseous plant emission, soil denitrification, surface runoff, volatilization and leaching are main contributors to the low NUE in cereal grain production worldwide. In essence, loss of N occurs when fertilizer N is applied in excess of what the crop needs. This in turn raises environmental issues and unjustifiable additional expenses for farmers. The year to year variability in the nitrogen balance and the changes in yield response cause variability in nitrogen use efficiency. Producers tend to apply the same amount of nitrogen year after year without considering this variability.  

Precision agriculture practices now create the possibility to apply N fertilizer more precisely, matching the variable plant needs across the landscape (Raun et al. 1999).  
Oklahoma State University research on N management focuses on using optical sensors in red and near infrared bands for yield prediction and incorporate that information in an algorithm to estimate the fertilizer need (Raun et al. 2005).
This algorithm uses the predicted yield potential (YP0) and an estimated response index (RI) to predict the yield potential when N is applied (YPN). The fertilizer recommendation is then determined by dividing the difference in grain N uptake of YPN and YP0 by an estimated use efficiency (Raun et al. 2005). 

Grain protein in cereal grains is receiving increased attention because of premiums being paid to producers. Protein is a very important quality component of cereal grains and an important attribute in the market place. Woolfolk et al. (2002) stated that the protein goal of wheat depends on the type or the use of wheat. Bread flour, certain foods and animal feeds require a high protein content (12-16%), while for soft red winter wheat low protein contents ranging from 8-11% are favored (Woolfolk et al. 2002; Hunter and Stanford, 1973). 

Research in Colorado has shown that grain protein content is a reliable indicator to determine if nitrogen was limiting for the production of wheat (Goos et al. 2008). Nitrogen is a critical component of protein as it is part of the basic structure of amino acids (Brown, 2000).
If N supply remains constant, increased yield usually results in a decrease in protein content due to the use of N by larger biomass (Gauer et al. 1992, Campbell et al. 1977, Clarke et al. 1990)
Cassman et al. (1992) notes that the complexity of N fertilizer management in wheat results from considerable differences of grain yield and grain protein responses to Nitrogen supply. 
According to Cassman et al. (1992) factors such as plant dry matter, accumulation of nitrogen, partitioning of dry matter and nitrogen between vegetative biomass and grain determine grain yield and N concentration or grain protein.

Working with sensors has become increasingly important in agricultural production. 
Wright et al. (2003) notes that the grain protein content or the nitrogen status of crops can be effectively evaluated by using crop spectral reflectance. Work by Stone et al. (1996) showed a high correlation between plant nitrogen spectral index (PNSI) and the total Nitrogen uptake of wheat forage.

This study was proposed to investigate whether NUE and grain protein of winter wheat could be predicted mid season using Greenseeker and SPAD-502 readings and by evaluating previous NDVI readings. 






LITERATURE REVIEW

Importance of NUE 
When discussing efficient nitrogen fertilization and crop development, NUE is an important topic. Various definitions can be found for NUE. Nielsen, (2006) defines it as the relative balance between the amount of fertilizer N taken up and used by the crop versus the amount of fertilizer N lost. Van Sanford and MacKown (1986) define NUE as grain dry weight or grain nitrogen as a function of N supply. In essence NUE measures fertilizer N recovery in plants and a high NUE is preferable. Moll et al. (1982) states that the efficiency of uptake and the efficiency with which the N absorbed is utilized to produce grain, are the two primary components of N use efficiency. The effectiveness in which crops use N fertilizer is becoming an increasingly important issue as N fertilizers prices rise. 

Factors affecting NUE
The world cereal grain NUE is estimated at about 33%, with NUE’s of 42 and 29% in developed and developing countries, respectively (Raun and Johnson 1999). Several factors influence Nitrogen Use Efficiency. Nielsen (2006) mentions the health of the crop and the combination of the frequency and severity of nitrogen loss as the two major factors that affect the nitrogen use efficiency. Many 15N recovery experiments have reported losses of fertilizer N in cereal production from 20 to 50%. These losses are combined effects of denitrification, volatilization and or leaching (Raun and Johnson 1999, Francis et al., 1993, Olson and Swallow, 1984, Karlen et al., 1996, Wienhold et al., 1995; Sanchez and Blackmer, 1988). Francis et al. (1993) also mentions loss through the plant canopy as a cause of nitrogen loss, while Fageria and Baligar (1995) list surface runoff as another process that causes loss of N. 

Plant losses
A loss of N through above ground biomass is a significant factor that has to be taken into account when discussing the plant-soil Nitrogen cycle. Yet, not until recently have scientists documented that cereal plants release Nitrogen from above ground biomass, mainly as NH3 (Raun and Johnson 1999, Francis et al., 1993, Harper et al., 1987).
Francis et al. (1993) notes that most plant losses occur after anthesis and are greater at higher levels of soil Nitrogen.
N fertilizer recovery studies utilizing isotopic techniques suggests that apparent N losses from aboveground biomass or plant tissue ranged from 45 to 81 kg N ha-1(Francis et al, 1993). 
Various studies have been conducted to determine post-anthesis N loss from foliage of different crops. Daigger et al. (1976) found losses for wheat ranging from 25 to 80 kg N ha-1. Stutte and Weiland (1978) report an estimated loss of at least 45 kg N ha-1 for soybean over the growing season. 

Leaching
Nitrogen applied in excess of the plants need could result in the downward movement of nitrate into the groundwater, where it becomes a concern to the environment. According to Holland and Schepers (2010) groundwater used for irrigation and drinking water had already exceeded the safe drinking water standard of 10 mg per liter of nitrate, by the mid- 70s. Barry et al. (1993) marks the leaching of nitrate as a fundamental component of the total N mass balance. 

Denitrification 
The conversion of nitrate-N (NO3-N) to gaseous forms of N occurs under anaerobic conditions by autotrophic bacteria. These conditions mainly occur when the soil is flooded or severely compacted (Malhi et al., 2001). The denitrification process is influenced by various soil properties such as pH, soil water content and temperature (Davis et al., 2003, Pu et al., 1999). 
Eichner (1990) also lists a number of management practices that affect the occurrence and rate of denitrification such as type of fertilizer, the rate and technique and the time of application,. 
Gaseous losses due to denitrification from applied fertilizer have been reported to be 9.5% in winter wheat (Raun et al., 1999, Aulakh et al., 1982). Adding plant residues to the soil increases the loss of N through denitrification (Pu et al., 1999). Aulakh et al. (1984) notes that the addition of straw to the soil as mulch or by incorporating it, can result in a twofold increase in gaseous N loss. 





Surface run off and Volatilization
When urea fertilizers are applied to the soil surface without incorporation, losses of N as ammonia (NH3) can be more than 40% (Raun and Johnson, 1999; Fowler and Brydon, 1989; Hargrove et al., 1977). Volatilization increases with increasing soil and air temperature and high wind speeds. This means that applying urea in cool, wet conditions would reduce loss through volatilization. Annual run off N losses of 11.9, 18.3 and 198 kg N ha-1 were reported for grassland, upland rice fields and potato fields in China (Zhu and Chen, 2002; Peng et al. 1995).

Improving NUE
Raun and Johnson (1999) list several management practices that can result in increased NUE. These management or production practices tackle the environmental conditions that cause N losses. The NUE of fertilizer N in winter wheat decreases with increasing N levels and varies due to several factors such as year, site and preceding crops (Sieling et al., 1998; Fischbeck et al., 1992; Johnston et al., 1994). Bertic et al. (2007) found that nitrogen efficiency varied with growing year. Hatfield and Prueger (2004) note that the NUE of a crop depends on its response to nitrogen- and soil water supply.
Blankenau et al. (2002) found that increased N availability to the crop at critical growth stages could increase the NUE. Zhu and Chen (2002) list a number of management practices for China that could improve the use efficiency of nitrogen fertilizer such as optimizing the application rate, deep placement of fertilizer, match the N application with the crops demand and use of nitrification inhibitors and controlled release N fertilizers.

Precision sensing and NUE

Developments in crop canopy sensing technology have increased the possibility to use remote sensing instruments in N management (Li et al., 2009). Work by Raun et al. (2001) has shown that yield potential could be successfully estimated using mid season canopy reflectance measurements registering the Normalized Difference Vegetative Index (NDVI). Continued research resulted in further improvement of this work where the in season estimated yield (INSEY) was modified by dividing a single NDVI measurement by the growing degree days, where GDD> 0 (Raun et al., 2005; Raun et al., 2002). The sensor – based in season N prediction algorithm used at the Oklahoma State University employs the predicted yield potential without additional N (YP0) and an estimated response index (RI) to predict the yield potential when N is non-limiting (YPN) (Raun et al. 2002). The grain N uptake without additional N (PNGYP0) and the grain uptake with added N (PNGYPN) are then calculated. Consequently the recommended N rate is then calculated by subtracting PNGYP0 from PNGYPN and dividing it by an assumed nitrogen use efficiency level (Raun et al., 2005; Li et al., 2009)


Grain Protein
The quality of wheat is mainly judged according to the grain protein content. The premium paid to producers has farmers striving for maximum grain protein levels (Wright et al., 2003). According to Kramer (1978) the protein content of wheat grains approximately ranges from 8 to 20%. Nitrogen is critical in the synthesis of amino acids which are the building blocks of all protein (Brown, 2000). Shewry (2007) reports protein percentages of 5.8-7.7% for rice on a dry weight basis (as cited by Champagne et al. 2004), 8-15% for barley (Shewry, 1993) and 9-11% for corn (Zuber and Darrah, 1987).

Factors affecting Grain protein
Research has shown that grain protein levels are mainly affected by N availability (Woolfolk et al., 2002; Daigger et al., 1976). In other words the availability of nitrogen is critical to achieve optimum protein levels. 
Cassman et al. (1992) stresses the importance of time of fertilization as an influential factor on yield goal and grain protein content. Split application increases the efficiency with which the crop utilizes applied fertilizer (Woolfolk et al., 2002, Boman et al., 1995, Mascangi and Sabbe, 1991). According to Ellen and Spiertz (1980) nitrogen availibilty late in the season increases grain protein and yield. Gauer et al. (1992) noted that applying higher N rates to increase the grain protein content is relatively inefficient, especially under dry soil conditions. Nitrogen addition early in the season in excess of what the plant needs to achieve a projected yield goal is also inefficient in raising the protein content (Cassman et al., 1992). Work by Wright et al. (2003) has shown that midseason N application at anthesis increased grain protein content by 0.3-0.4% in Hard Red Spring wheat. 
Besides N fertilization and time of application, protein concentrations in wheat are also affected by variety, fertility, water and temperature (Wright et al., 2003, Terman et al., 1969, Stark et al., 2001). 

Precision sensing and Grain protein 
Research has found that remote sensing could be an effective tool to evaluate the nitrogen status over large areas and manage the protein content in wheat (Wright et al., 2004; Filela et al., 1995; Westcott, 1998). Remote sensing has been used by various researchers to estimate different crop parameters such as leaf chlorophyll (Wright et al., 2004; Thomas and Gausman, 1977; Curran et al., 1991; Munden et al., 1994), leaf area index (LAI) (Wright et al., 2004; Asrar et al., 1985), plant greenness (Wright et al., 2004; Pinter et al., 1987), total dry-matter accumulation (Wright et al., 2004; Tucker, 1981) and many more crop properties. 
Several other crop parameters such as protein, moisture, fat and oil have been measured by using near-infrared diffuse reflectance spectrophotometry (Stone et al., 1996; Wetzel, 1983). Work by Fox et al. (2001) has shown that chlorophyll measurements at the one-fourth milk line growth stage (MLGS) was a good indicator of N concentrations in corn.
Other research has shown that there is also high correlation between field chlorophyll measurements and N concentrations in corn at V10 using the SPAD-502 chlorophyll meter (Stone et al., 1996; Wood et al., 1992). 











Objective
The objective of this study is to determine if NUE and grain protein can be predicted using in season Greenseeker NDVI and SPAD-502 chlorophyll meter readings.

Materials and Methods
Three winter wheat field experiments were established to evaluate NUE, grain protein, and N uptake as a function of rate and timing. These experiments are located at Lake Carl Blackwell, Lahoma and Hennessey. The experimental site at Lake Carl Blackwell is on a Port silt loam; fine-silty, mixed, thermic Cumulic Haplustolls. The experimental site at Lahoma is located on a Grant silt loam;   fine-silty, mixed, superactive, thermic Udic Argiustolls  and the site at Hennesey is located on a  Bethany silt loam;  fine, mixed, superactive, thermic Paleustoll. All sites were planted in the fall of 2010 using a 3 meter Kincaid drill with a row spacing of 15.24 centimeter. The planting dates and wheat varieties are as follow: the site at Lake Carl Blackwell was planted on September 29, 2010 with ‘Centerfield’; the Hennessey site was planted on October 1, 2010 with ‘Centerfield’ and the Lahoma site was planted on October 6, 2010 using ‘OK Bullet’.  Plots are 6.096 m long and 3.048 m feet wide. The treatment structure is a randomized block design with four replications and 14 treatments (figures 1, 2 and 3). Treatment 2 through treatment 14 all received a pre-plant treatment with Urea Ammonium Nitrate (28-0-0) (N-P-K) ranging from 28kg/ha to 227 kg/ha. The UAN was applied with an ATV sprayer with a 3m boom. Treatments 4, 5, 6, 7, 8 and 9 received an additional top dress treatment at rates of 28, 57, 85, 113 and 142 kg N ha-1. Greenseeker and SPAD- 502 readings will be collected at Feekes 3, 4, 5 and 7.  At maturity, plots will be harvested using a Massey Ferguson 8XP self propelled combine. A grain subsample from each plot will be collected for total nitrogen analysis using a LECO Truspec CN dry combustion analyzer (Schepers et al., 1989). 
Nitrogen Use Efficiency will be calculated by using the formula [(Grain N uptake treated- Grain N uptake check)/N rate applied]. Sensor readings collected at all stages, combined with the use of climatological data available via the Mesonet (Oklahoma mesonet) will be evaluated for their use in predicting NUE and final grain protein contents. Various indices using a combination of sensors will also be developed and evaluated for predicting protein, NUE, and final yield. 
Statistical analysis will be done using SAS (SAS institute, 2003)





Figure 1: Treatment structure for the LCB site                                Figure 2: Treatment structure for the Lahoma site













Figure 3: Treatment structure for the Hennessey site
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		9		50		50		100		

		10		100		0		100		 

		11		50		0		50		

		12		75		0		75		

		13		125		0		125		

		14		200		0		200		



REGIONAL NUE WINTER WHEAT TRIAL

  Lake Carl Blackwell

Plot size: 10’ x 20’

Alley: 10’



Total Trial Area:

140” x 110’







W

N

E

S

																																

		Rep 3				1		3		13		10		9		5		8		7		6		2		12		14		4		11

																																



																																

		Rep 2				7		6		12		14		4		11		13		2		3		5		8		10		9		1

																																



																																

		Rep 1				8		10		3		11		7		2		14		6		12		1		13		9		5		4

																																



																																

		Rep 4				14		7		12		8		4		13		11		6		10		1		5		2		3		9
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REGIONAL NUE WINTER WHEAT TRIAL

Lahoma

Plot size: 10’ x 20’

Alley: 10’

Total Trial Area:
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Microsoft_PowerPoint_Slide2.sldx
		Treatment		N Preplant (lbs N/ac) 		N Topdress (lbs N/ac) 		N Total (lbs N/ac) 		Method of Application

		1		0		0		0		Check

		2		150		0		150		N Rich Strip

		3		25		0		25		

		4		25		25		50		

		5		25		50		75		

		6		25		75		100		

		7		25		100		125		

		8		25		125		150		

		9		50		50		100		

		10		100		0		100		 

		11		50		0		50		

		12		75		0		75		

		13		125		0		125		

		14		200		0		200		
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		Rep 3				6		8		3		13		4		12		1		7		14		10		2		9		11		5

																																



																																

		Rep 2				14		11		6		3		1		12		10		4		7		2		8		9		13		5

																																



																																

		Rep 1				6		1		7		4		12		8		13		3		14		2		11		5		9		10

																																



																																

		Rep 4				9		8		12		10		7		4		3		14		11		13		2		1		5		6
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Treatment

N Preplant

(lbs N/ac) 

N Topdress

(lbs N/ac) 

N Total (lbs 

N/ac) 

Method of 

Application

1 0 0 0 Check

2 150 0 150 N Rich Strip

3 25 0 25

4 25 25 50

5 25 50 75

6 25 75 100

7 25 100 125

8 25 125 150

9 50 50 100

10 100 0 100

11 50 0 50

12 75 0 75

13 125 0 125

14 200 0 200

REGIONAL NUE WINTER WHEAT TRIAL
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Plot size: 10’ x 20’

Alley: 10’

Total Trial Area:

140” x 110’

Rep 3 1 3 13 10 9 5 8 7 6 2 12 14 4 11

Rep 2 7 6 12 14 4 11 13 2 3 5 8 10 9 1
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Rep 4 14 7 12 8 4 13 11 6 10 1 5 2 3 9
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Microsoft_PowerPoint_Slide3.sldx
		Treatment		N Preplant (lbs N/ac) 		N Topdress (lbs N/ac) 		N Total (lbs N/ac) 		Method of Application

		1		0		0		0		Check

		2		150		0		150		N Rich Strip

		3		25		0		25		

		4		25		25		50		

		5		25		50		75		

		6		25		75		100		

		7		25		100		125		

		8		25		125		150		

		9		50		50		100		

		10		100		0		100		 

		11		50		0		50		

		12		75		0		75		

		13		125		0		125		

		14		200		0		200		
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Total Trial Area:

140” x 110’





																																

		Rep 3				1		3		13		10		9		5		8		7		6		2		12		14		4		11
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		Rep 1				8		10		3		11		7		2		14		6		12		1		13		9		5		4

																																



																																

		Rep 4				14		7		12		8		4		13		11		6		10		1		5		2		3		9
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REGIONAL NUE WINTER WHEAT TRIAL

Lake Carl Blackwell

Plot size: 10’ x 20’

Alley: 10’

Total Trial Area:

140” x 110’
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