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Foreword 

The research conducted in this project underpins rice crop nitrogen management in south east 

Australia. Insufficient or excess nitrogen can reduce rice grain yields and profitability. The NIR 

Tissue Test service is a critical tool used by rice growers to determine mid-season nitrogen 

topdressing rates.  

Rice growers benefit from this research through improved nitrogen management of their rice crops 

which leads to increased grain yield, water use efficiency and profitability which all result in a 

competitive rice industry in Australia. Numerous rice research projects also benefit from low cost 

sample analysis using NIR which results in efficient use of research dollars. 

The NIR Tissue Test service is providing accurate and timely nitrogen topdressing recommendations 

to growers. Due to the growers increasing age and often multiple landholdings, the growers are 

becoming increasingly reluctant to collect physical samples from their crop, which is required in the 

current system.  

Investigations into predicting the nitrogen status of rice crops from remotely sensed data are 

encouraging. If this can be achieved with a suitable level of accuracy, reliance on physical sampling 

of rice crops to provide accurate nitrogen topdressing recommendations is reduced.  

Further research will be conducted into using remotely sensed data to predict rice crop nitrogen 

status. Provided the accuracy of the prediction is acceptable, progress will be made towards making 

this management tool available to rice growers and agronomists in the future. 

This project was funded from industry revenue to RIRDC which is matched by funds provided by the 

Australian Government 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 

part of our Rice R&D program, which aims to improve the productivity and sustainability of the 

Australian Rice Industry through the organisation, funding and management of research, 

development and extension program that is aligned with industry reality and stakeholder needs.  

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at. 

Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 

Managing Director 

Rural Industries Research and Development Corporation 
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Executive Summary 

What the report is about 

This report discusses the NIR Tissue Test service and maintaining the accuracy of the rice crop 

nitrogen uptake predictions for growers to receive timely and accurate nitrogen recommendations. 

The research in this project is of significant value as it also investigates the potential to measure 

nitrogen uptake of the rice crop at panicle initiation using remote sensing. With further research this 

has the potential to alleviate the requirement for growers and agronomists to physically sample rice 

crops at PI.   

Who is the report targeted at? 

The report is targeted at rice growers, rice researchers and agribusiness servicing the rice industry. 

Where are the relevant industries located in Australia? 

The rice industry is primarily based in the irrigated South-West region of NSW. Around 1000 

agricultural businesses produce rice with the major production areas around the towns of Leeton, 

Griffith, Coleambally, Finley and Deniliquin. 

The irrigated rice based farming system is a major enterprise in southern NSW with all rice growing 

businesses directly benefiting from this project. The rice industry has the capacity to produce more 

than one million tonnes of rice a year from around 100,000 ha. The farm gate value of the industry is 

$300 million with total value including export earnings exceeding $1 billion. Australia exports rice 

to 70 major international destinations including the Middle East, Japan and Hong Kong. 

Background 

The NIR Tissue Test service provides rice growers with a mid-season measure of their rice crops 

growth and nitrogen status. This is very valuable as insufficient nitrogen results in reduced rice grain 

yield and profit while excessive nitrogen levels can lead to increased floret sterility and lodging 

which also reduce yield and profit. Currently growers collect nine physical plant samples from each 

rice field at panicle initiation and measure fresh weight. They microwave dry a sub-sample and send 

it to the Sunrice laboratory in Leeton where plant nitrogen content is measured by NIR. Using the 

fresh weight and plant nitrogen data a nitrogen topdressing recommendation based on the rice variety 

is created and sent to the grower. 

Rice growers are an increasingly aging population who are often managing multiple holdings. These 

factors, combined with their lack of experience in crop sampling, are resulting in growers finding it 

difficult to physically sample their crops for the NIR Tissue Test. Therefore many are estimating 

their rice crops nitrogen requirements without any measured data which results in an increased risk 

of inaccurate fertilising of their crops, leading to reduced grain yield and profit. Rice growers and 

agronomists are very keen for a method to be developed which accurately determines crop nitrogen 

requirement at PI without the need for physical sampling.    

Aims/objectives 

The aims of the project include maintaining the NIR instrument and its calibrations to ensure it 

provides accurate rice tissue nitrogen results allowing rice growers to receive timely and accurate 

nitrogen recommendations from the NIR Tissue Test service. The project promotes the benefits of 

the NIR Tissue Test service to growers while also investigating the potential of hyperspectral remote 

sensing to predict rice crop nitrogen uptake with the aim of reducing the need for farmers to 

physically sample their crops at panicle initiation. 
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Methods used  

The NIR Tissue Test has been supported by maintaining the NIR instrument, updating the 

calibrations and ensuring growers receive timely and accurate nitrogen recommendations. Many field 

days and presentations were conducted to improve grower competence in sampling and give them a 

better understanding of the benefits of using the NIR Tissue Test service. Several rice variety 

nitrogen rate experiments were established and scanned with a hyperspectral spectrometer and an 

imaging instrument to assess if remote sensing could be used to predict PI nitrogen uptake at a 

satisfactory level of accuracy. 

Results/key findings 

The NIR instrument and all of its calibrations have been maintained annually with new samples and 

varieties incorporated to keep the calibrations robust. Growers and research projects received 

accurate and timely results from the NIR instrument and the NIR Tissue Test Service. 

Considerable effort was undertaken to improve skills at collecting plant samples for the NIR Tissue 

Test Service and promote the benefits of undertaking the test. Over the three years of this project, 

2243 farmers attended meetings, discussions or field days where the NIR Tissue Test service was 

promoted. 

Initial tests to predict PI N uptake by remote sensing were encouraging. This line of research is 

continuing with the aim of reducing the need for growers to physically sample their crops at panicle 

initiation.  

Implications for relevant stakeholders 

The implications of the successful completion of this project are improved nitrogen management of 

rice crops by growers. Good rice nitrogen management leads to increased grain yield, water use 

efficiency and profitability which all result in making the rice industry in Australia more 

competitive.  

The use of the NIR to analyse rice samples for numerous rice research projects at low cost provides a 

major advantage for the Australian rice industry. This allows more efficient use of rice research 

funds allowing more research for the same investment. 

Recommendations 

The results from this project should be communicated to the rice industry. 
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Introduction     

The accurate determination of a rice crop’s nitrogen requirement is critical to rice growers achieving 

consistently high yields and profits. Farmers use their knowledge and field history to determine pre-

permanent water nitrogen application rates. They then sample their crops at panicle initiation (PI) for 

analysis by the NIR Tissue Test service to determine the optimal topdressing nitrogen rate to apply 

mid-season. Currently over 35% of rice crops in NSW have their nitrogen status assessed by the 

SunRice NIR Tissue Test Service which has been in operation since 1996.  

Growers sample their rice crops at PI and send sub samples of dried plant tissue and fresh weight data 

into the SunRice lab for testing. The plant tissue sample is ground before being analysed for nitrogen 

content using a Bruker Fourier-Transform (FT-NIR) instrument. The FT-NIR instrument is also used 

to analyse rice samples including shoot tissue, paddy grain, milled grain and straw for numerous 

research projects. The FT-NIR instrument is fast and provides accurate results that are much cheaper 

than standard laboratory techniques. The FT-NIR instrument and calibrations are maintained to ensure 

the rice shoot, grain and straw nutrient estimates are accurate. 

With the average age of rice growers generally increasing, and many growers owning multiple 

properties and growing rice in numerous fields each season, many are reluctant to go into the flooded 

fields and collect plant samples for NIR Tissue Testing. Many growers apply nitrogen at panicle 

initiation based on their “gut feel” which can lead to inefficient use of nitrogen, lower profits and 

increased risk of cold induced sterility. Whitworth et al. 2007 surveyed non users of the NIR Tissue 

Test and reported they felt a quicker easier sampling method was required. 

The use of remote sensing to predict crop nitrogen uptake at panicle initiation has potential to reduce 

the need for farmers to physically sample their crops at PI while still being able to accurately 

determine the crops mid-season nitrogen requirements. 

Normalised difference vegetation index (NDVI) images/maps are popular with growers and are 

commonly used to determine where in the field to collect samples for nitrogen determination by the 

NIR Tissue Test. Some growers have used NDVI maps directly to estimate their PI N requirements but 

this is not recommended as NDVI is a poor estimator of biomass and a very poor estimator of canopy 

nitrogen content (Ciavarella et al., 2007).  

Preliminary research was conducted using an experimental hyperspectral sensor (Hyperion) that used 

wavelengths in the same 400-2500 nm range as the NIR instrument (Ciavarella et al. 2006). This 

research showed promising calibrations with rice plant nitrogen and crop nitrogen uptake but the 

Hyperion sensor is no longer providing research data and no other commercial hyperspectral satellites 

using similar wavelengths have been commissioned. 

Current satellites have sensors that generally measure reflectance at wavelengths below 1750 nm. 

Good relationships have been found for rice nitrogen uptake at 950 and 660 nm measured with a 

radiometer on the ground (Zhu et al., 2007). Various studies have showed adequate prediction of 

nitrogen content within a single crop year, but to be useful a nitrogen prediction model must be 

applicable over several years. Airborne hyperspectral data between 400 to 1000nm has been used to 

model rice nitrogen content at panicle initiation over 3 seasons with a high degree of accuracy 

(r
2
=0.88) (Ryu et al., 2009).  

By using handheld and airborne hyperspectral sensors the wavelengths that are most closely related to 

the rice nitrogen uptake can be determined and used to create an inexpensive filter instrument. The 

filter instruments could then be mounted in aircraft or unmanned aerial vehicles and used to scan rice 

fields when crop and weather conditions are suitable. 
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Objectives    

 

1) To maintain the Bruker FT-NIR instrument and rice shoot, grain and straw nitrogen calibrations. 

2) Ensure the instrument is providing accurate rice plant nitrogen results and rice growers receive 

timely and accurate nitrogen recommendations from the NIR Tissue Test service. 

3) Promote the benefits of the Tissue Test service to growers and increase the percentage of rice crops 

that use the test to determine nitrogen topdressing rates. 

4) Investigate the potential of hyperspectral remote sensing to predict rice crop nitrogen uptake with 

the aim of reducing the need for farmers to physically sample their crops at panicle initiation. 
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Methodology     

This project consists of two components;  

1) Maintain the NIR instrument and calibrations, support and promote the NIR Tissue Test 

service and ensure growers receive accurate PI nitrogen topdressing recommendations.  

2) Investigate the potential of hyperspectral remote sensing to predict rice crop nitrogen uptake. 

Maintain the NIR instrument and calibrations 

To enable accurate nutrient predictions over varying seasons the NIR calibrations need to be 

maintained. The PI shoot nitrogen and other nutrient calibrations used for the Tissue Testing service 

contain over 700 samples including all varieties over 10 seasons and covering the range of nutrient 

concentrations. Each season 50 to 60 new samples are selected based on their nutrient content and 

variety from the previous seasons NIR Tissue Test Service samples. They are sent for Leco and ICP 

analysis to determine accurate nitrogen and nutrient concentrations. The samples are then incorporated 

into the calibrations with new rice shoot tissue calibrations developed each season for nitrogen, 

magnesium, sulphur, phosphorus, zinc and potassium. 

The instrument is monitored daily during the period the Tissue Testing service is running to ensure the 

accuracy of the predictions are maintained. Instrument diagnostics are conducted daily and two rice 

standard samples of low and high nitrogen content are scanned with every carousel of samples 

analysed. The nitrogen predictions obtained from the standards are monitored to ensure the instrument 

provides accurate results.  

The data obtained from the Tissue Test service along with research experiment results are used to 

monitor the nitrogen recommendations provided to growers. The data is also used in extension 

activities with farmers to encourage best nitrogen management practice thus improving better use of 

resources and increased productivity. 

All of the grain and straw calibrations used for sample analysis in the numerous research projects are 

also updated annually. Fifty samples of each calibration type are selected from the previous seasons 

samples based on nutrient concentration and variety and sent for conventional laboratory analysis. 

These samples are then incorporated into the calibration set with new calibrations for each sample type 

and nutrient type developed each year. 

The NIR instrument is located at the Yanco Agricultural Institute when the NIR Tissue Test service is 

not being provided and the calibrations are updated during the off season. All scanning of research 

samples is also conducted at this time. In early December the instrument is moved into the SunRice 

appraisals lab and the NIR Tissue test program is setup to ensure the instrument is providing results 

into the program and output is available to be sent to the growers. 

Investigate the potential of hyperspectral remote sensing to predict 
rice crop nitrogen uptake at panicle initiation. 

In each season, experiments were established at Leeton Field Station (LFS) and Yanco Agricultural 

Institute (YAI). In the 2012/13 and 2013/14 seasons the rice varieties Reiziq and Sherpa were grown 

with several nitrogen rates applied pre-permanent water to provide a range of nitrogen uptakes at PI. In 

both seasons 208 plots, 7.2 m by 7.2 m in size, were established over a range of sowing dates to 

provide plots of rice with a spread of PI dates. In the 2014/15 season, four commercial varieties were 

grown, Reiziq, Sherpa, Langi and Topaz with a reduced number of nitrogen rates. This resulted in 176 

plots, 7.2 m x 7.2 m in size. 
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Figure 1. Variety by nitrogen experiments at YAI in December 2012 

 

As the rice in each experiment reached PI, reflectance spectra were collected from each plot using a 

hand held hyperspectral spectroradiometer mounted 1 m above the canopy on a four wheel motor bike. 

The scans were collected with a Spectra Vista Corporation HR-1024 hand held spectroradiometer 

which measures 1024 wavebands in the 400 to 2500 nm wavelengths range, similar to the lab NIR 

instrument. The hand held hyperspectral sensor provides accurate spectral reflectance data over a large 

range of wavelengths without the errors that occur when measuring reflectance through the 

atmosphere. 

 

 

Figure 2. Scanning the rice canopy with the hyperspectral scanner 

 

Canopy spectra were collected using natural sun illumination using a 1 degree field of view foreoptic 

at 1 m above the canopy between 10am and 2pm ensuring that the canopy is exposed to full sunlight. 
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Within each plot ten spectral samples were taken and averaged to give a representative spectrum for 

the canopy. White reference and dark reference calibrations were performed before each plot was 

measured. Each spectrum was collected using an identical process to maintain consistency. 

Direct contact measurements were also taken of the plant leaves using a bifurcated optic fibre angled 

at 45 degrees to the target to minimise specular reflections using a contact probe.  

Each time reflectance data was obtained physical samples of the rice crop were collected in a 1 m
2
 

quadrat from the exact location the scans were taken from with plant nitrogen content and crop 

biomass measured and nitrogen uptake calculated. This allowed correlations to be undertaken between 

the reflectance data and the physical plant measurements. 

The reflectance data (R) were transformed to Log 1/R and both the reflectance and Log 1/R data sets 

pre-processed and subset into wavelength regions that directly relate to known nitrogen absorption 

features. A number of pre-processing procedures were evaluated to discern their impact on the 

correlation between nitrogen absorption features and tissue tests. Partial Least Squares (PLS) 

regression was used to assess how well the nitrogen absorption features correlate with the plant 

nitrogen content and nitrogen uptake for both the canopy and leaf data sets, using PLSToolBox 

running under Matlab. 

In the 2014/15 season additional sources of remotely sensed data were also collected for all of the 

experiments. Other commercially available sources of remotely sensed data were acquired so their 

accuracy in predicting rice nitrogen uptake at PI could be compared to each other and to the results 

achieved from the canopy scans with the hyperspectral scanner mounted on the four wheel motor bike. 

Three sources of remotely sensed data were acquired and these included aerial NDVI, Worldview 3 

multispectral satellite imagery and Hymap aerial hyperspectral imagery. 

Aerial NDVI data was sourced from a commercial provider using a Geovantage Build III 4 band 

instrument, with blue (410 – 490 nm), green (510 nm – 590 nm), red (610 – 690 nm) and NIR (800 – 

900 nm) wavebands. 

Worldview-3 satellite was launched by DigitalGlobe in August 2014. It has a 2 m spatial resolution for 

visible and Near- infrared bands and 8 multispectral and Panchromatic bands were used in this study. 

The bands included Coastal: 400-450 nm, Blue: 450-510 nm, Green: 510-580 nm, Yellow: 585-625 

nm, Red: 630-690 nm, Red Edge: 705-745 nm, Near- IR1: 770-895 nm and Near- IR2: 860-1040 nm.  

HyVista Corporation operates a HyMap™ hyperspectral scanner manufactured by Integrated 

Spectronics Pty Ltd. The HyMap provides 128 bands across the reflective solar wavelength region of 

450 – 2500 nm with contiguous spectral coverage (except in the atmospheric water vapour bands) and 

bandwidths between 15 – 20 nm. The Hymap provides a signal to noise ratio (>500:1) with image 

quality that is setting the industry standard. 

All experiments were sampled for nitrogen and dry matter to match the timing of PI and the handheld 

hyperspectral scanner data acquisition. When the timing of the aerial NDVI, Worldview 3 and Hymap 

data acquisitions were more than two days from this sampling time the experiments were resampled 

and that data was used in the correlations. 

 

http://www.intspec.com/
http://www.intspec.com/
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Chapters      

Maintaining NIR instrument and calibrations 

The Bruker FT-NIR instrument is serviced annually by a qualified Bruker technician to maintain its 

reliability and ensure it provides accurate results. 

Each season new samples are added to the calibration set and older samples and some samples from 

redundant varieties removed. Details of the PI tissue nitrogen (N) calibrations for the three seasons of 

this project are presented in Table 1. 

Table 1. Details of the PI tissue nitrogen content calibrations for 3 seasons of the project. 

Season New 

samples 

Removed 

samples 

Total 

samples 

Calibration 

set 

Validation 

set 

R
2
 RMSEP 

2012/13 

2013/14 

2014/15 

57 

150 

100 

55 

27 

102 

620 

746 

741 

410 

492 

494 

210 

245 

247 

0.98 

0.98 

0.99 

0.0976 

0.0989 

0.0978 

 

Details of the samples included in the 2014/15 nitrogen calibration set are presented in Table 2. It is 

important for the robustness of the calibration that samples from several seasons and varieties are 

included and the range of constituent values is well represented across all levels. 

Table 2. The distribution on %N, year and sampling and varieties in the calibration set used to develop 

the 2014/15 season PI N calibration for the Bruker FT-NIR instrument. 

%N 

min 

%N 

max 

Number 

samples 

 Year Number 

samples 

 Variety Number 

samples 

0.75 1 63  2002 0  Amaroo 65 

1.01 1.25 111  2003 34  Doongara 4 

1.26 1.5 83  2004 25  Illabong 27 

1.51 1.75 74  2005 42  Jarrah 41 

1.76 2 65  2006 36  Koshi 45 

2.01 2.25 73  2007 73  Kyeema 35 

2.26 2.5 58  2008 43  Langi 88 

2.51 2.75 49  2009 44  Topaz 2 

2.76 3 54  2010 76  Opus 82 

3.01 3.25 40  2011 66  Quest 63 

3.26 3.5 49  2012 54  Reiziq 133 

3.51 3.75 15  2013 148  Sherpa 119 

3.76 4 7  2014 100  unknown 37 

  Total 741  Total 741  Total 741 

 

The calibration sample set is divided into separate calibration and validation sets with approximately 

65% of the samples included in the calibration set and the remainder in the validation set (Table 1). 

The calibration for each nutrient is created using the calibration set and its ability to predict is 

determined using the validation set. This method provides confidence that the calibration can 

accurately predict nutrient values of unseen samples, as occurs when it is in use. Figure 3 shows the 

ability of the 2014/15 PI N calibration to predict the N concentration of independent samples. 
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Figure 3. Validation set prediction accuracy for the 2014/15 PI N calibration. X axis is the laboratory 

measured (Leco) %N and Y axis is the NIR predicted %N concentration 

Each season PI tissue calibrations were also developed for sulphur, phosphorus, potassium, zinc and 

magnesium which are used in the Tissue Test service. 

Other calibrations are updated each season for several rice components and used in numerous RIRDC 

funded research projects, these include; nitrogen calibrations for paddy grain, white grain and straw 

and sulphur for white grain (Table 3). 

Table 3. Details of other calibrations developed for the 2014/15 season. 

Calibration Total 

samples 

R
2
 RMSEP RPD 

Paddy grain nitrogen 

Rice straw nitrogen 

Milled grain nitrogen 

Milled grain sulphur 

682 

624 

270 

167 

0.97 

0.97 

0.98 

0.94 

0.0435 

0.0354 

0.0331 

0.0035 

6.03 

6.27 

7.66 

3.52 
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Monitor NIR instrument and ensure accurate PI N predictions 

During the NIR Tissue Test service the two standard samples included on every carousel of samples 

were scanned and the nitrogen concentration predicted 75 times in the 2014/15 season. The nitrogen 

concentration results and statistics for the 2014/14 season are presented in Table 4.  

Table 4. Minimum, maximum, average and standard deviation of the nitrogen prediction for 2 standard 

samples scanned 75 times during the 2014/15 season tissue test service. 

 

 Std. 1 Std. 2 

Min. 1.06 2.72 

Max. 1.21 2.86 

Average 1.13 2.78 

Std Dev. 0.027 0.029 

 

At the end of the season samples that cover the range of nitrogen concentrations and varieties are 

selected from the Tissue Test service sample set and are added to the next seasons calibration. These 

samples are analysed for nitrogen in the laboratory by Dumas combustion (Leco) method. The 

comparison between the NIR predictions and the laboratory results for the 48 samples (Figure 4) 

provides us with confidence in the nitrogen prediction accuracy of the NIR Tissue Testing service. 

 

  

Figure 4. Relationship between the NIR predicted and Laboratory Leco nitrogen results. 
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Promote benefits of NIR Tissue Test to growers 

PI Tissue Test farmer meetings 

Prior to panicle initiation farmer field PI meetings have been conducted across the Murrumbidgee and 

Murray valleys. Over the 3 years of the project, 20 meetings were held where the tissue test was 

discussed and/or promoted and information and training was provided with 463 farmers/agronomists 

attending. 

December 2012 - NIR Tissue Test demonstrations were conducted at 6 locations to promote the NIR 

Tissue Test and Brian and Tina Dunn provided information and demonstrations of PI identification 

and sampling techniques. Meetings were held at Gogeldrie, Willbriggie, Coleambally, Moulamein, 

Deniliquin and Finley with 130 farmers and agronomists attending. 

December 2013 - NIR Tissue test was heavily extended to farmers with Brian Dunn presenting the 

how and why of NIR tissue testing at 7 farmer group meetings. The meetings were held at Tullakool, 

Bunaloo, Deniliquin, Finley, Willbriggie, Gogeldrie, north and south Coleambally. Over 125 farmers 

and agronomists attended the field demonstrations. 

In 2014 meetings were held between Brian and Tina Dunn and the RIRDC funded Rice Extension 

Team and information and resources on the NIR Tissue Test, PI identification and sampling techniques 

were presented to Gae Plunkett and Troy Mauger.  Gae and Troy ran 7 meetings across the Murray and 

Murrumbidgee valleys with over 208 farmers/agronomists attending. 

 

Figure 5. PI demonstration meeting with farmers at Finley in December 2012 

 

Rice pre-season meetings and rice field days 

Each season presentations were given at the 6 rice pre-season rice meetings held at Whitton, Griffith, 

Coleambally, Wakool, Deniliquin and Finley. The presentations included information on nitrogen 

management and the NIR Tissue Test results and the benefits of using the Tissue Test service.  

Rice pre-season meeting – 18 meetings – 785 farmers/agronomists attended 

Rice Field Days – 7 field days (5 in 2012) – 995 farmers/agronomist attended (Appendix 1,2 and 3) 
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NIR Rice Tissue Test service 

Each season the NIR Rice Tissue Test service is provided free to rice growers. 

The NIR instrument is re-located to the Sunrice appraisals lab where the processing of all the growers 

samples occurs during the PI period. 

After growers collect the samples from the field, weigh them and microwave dry a sub-sample, the 

dried samples and completed crop data sheets are dropped off at designated pickup sites. The samples 

are delivered to the appraisal centre where the dried sub-samples are ground and analysed using the 

NIR instrument.  

Within 24 hours of the sample arriving at the appraisal centre results, which include the crops nitrogen 

uptake and recommended nitrogen topdressing rates, are either faxed or emailed to the growers or their 

desired agronomist. 

The number of fields that utilised the NIR Rice Tissue Test service in each of the last three seasons is 

shown in Table 5 and the average crop PI N uptake, N% and fresh weights. 

 

Table 5. The NIR Rice Tissue Test Service details for the three seasons of this project. 

Year 2012/13 2013/14 2014/15 

No. Fields 864 720 477 

Avg. PI N uptake 122 123 137 

Avg. N % 1.77 1.78 1.80 

Avg. FW (0.2 m
2
) 604 610 672 

 

The reduced number of fields tested by the NIR Tissue Test service in the 2014/15 season may be due 

to the smaller area of rice grown in that season due to reduced water availability and also how early PI 

was in this season. Due to warm temperatures in the first half of the 2014/15 season many crops 

reached PI as early as Christmas which surprised many growers and they subsequently missed the 

opportunity to sample their crops. 
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Measuring the error in PI Tissue Test crop sampling 

Some farmers struggle with collecting samples for the NIR Tissue Test. It is a process they only do 

once a year and appear to have difficulty collecting samples that accurately represent areas within their 

fields. 

In order to help determine what level of accuracy would be necessary for a remotely sensed prediction 

of rice PI N uptake to be beneficial, an experiment was designed to determine the variation in 

measured PI N uptake that occurs between samplers using the PI Tissue Test sampling protocol.  

In January 2015 three fields were sampled by a group of eight samplers using the recommended crop 

sampling protocol for the NIR Tissue Test. Two fields were aerial sown and therefore sampled with a 

0.2 m
2
 ring while the third field was drill sown and a measuring length of row was sampled to equal 

0.2 m
2
. In each field a single bay (approx. 2 ha in size) was selected to represent a sampling zone and 

each sampler collected three samples within the zone, as occurs with the NIR Tissue Test protocol. 

Eight 1 m
2
 quadrats were also sampled across the bay by the most experienced samplers to get a better 

representation of the actual PI N uptake of the zone.  

The results from the three sampling experiments are presented in Table 6. In each field there were 

considerable differences in the PI N uptake values obtained by the different samplers. 

Table 6. Minimum, maximum, average and standard deviation of the PI N uptake for a zone (bay) 

determined by each sampler using standard PI Tissue Test protocol (3 x 0.2  m
2
) and average using 1 m

2
 

sample size. 

 fresh weight 

(g/0.2 m
2
) 

Plant 

tissue N% 

PI N uptake 

(kg N/ha) 

Field 1. 

Min 

Max 

Average  

Standard Deviation 

Average 1m
2
 samples 

 

534 

828 

697 

96 

685 

 

1.40 

1.92 

1.65 

0.16 

1.72 

 

118 

172 

132 

19 

134 

Field 2. 

Min 

Max 

Average  

Standard Deviation 

Average 1m
2
 samples 

 

824 

1215 

974 

121 

1019 

 

1.53 

2.13 

1.81 

0.21 

1.66 

 

155 

251 

204 

40 

194 

Field 3. 

Min 

Max 

Average  

Standard Deviation 

Average 1m
2
 samples 

 

664 

990 

811 

113 

846 

 

2.04 

2.54 

2.25 

0.17 

2.31 

 

167 

289 

212 

43 

207 

 

In Field 1 the measured range of PI N uptake was 54 kg N/ha and standard deviation 19 which was the 

lowest of all three fields which was surprising as visually it appeared to have the largest level of 

variability. The measured PI N uptake range in Fields 2 and 3 was 96 and 123 kg N/ha respectively 

while their standard deviations were 40 and 43.  

In all fields the zone average was similar between the samplers using the standard PI Tissue test 

protocol (3 x 0.2 m
2
 rings) and sampling using large 1 m

2
 quadrats. 
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Six of the eight samplers had considerable PI rice sampling experience this season prior to these 

experiments though few had experience using the 0.2 m
2
 rice ring. The other two samplers had 

negligible rice sampling experience. 

Given the experience of most of the samplers and the large range in PI Tissue N%, most of the 

variability appears to be in selection of the location where the samples were collected, rather than 

inaccurate collection of the samples. 

The potential success in using remote sensing to replace the physical sampling of the current system 

depends on the level of accuracy of the PI N uptake prediction. Given the large variability shown to 

occur in sampling with the current PI Tissue Test protocol a prediction error of less than 30 kg N/ha 

may be as good as the current system. 

An added advantage of a remotely sensed PI N uptake prediction is that it can measure the crop 

spatially across the field thus giving a better indication of field variability and potentially allow 

variable rate topdressing to even up the crop. 

 

 

Figure 6. Measuring the fresh weight of the collected samples 
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Nitrogen experiments used for remote sensing 

2012/13 Experiments 

In the 2012/13 season four experiments were established. Two at Leeton Field Station (LFS) on a self-

mulching clay soil and two at Yanco Ag Institute (YAI) on a red-brown earth.  

Reiziq and Sherpa were grown with several pre-PW N rate treatments and 4 replications. The seed was 

sown at 150 kg/ha with 18 cm row spacing in October and November. The nitrogen treatments were 

applied as urea spread onto the dry soil surface prior to PW. In the LFS Nov and YAI Oct experiments 

nitrogen rates of 0, 60 and 120 kg N/ha was applied at panicle initiation across all pre-PW N 

treatments. 

Establishment was excellent in all experiments with over 240 plants/m
2
. The main experimental results 

for each experiment in 2012/13 are presented in Tables 7 to 10. 

Table 7. LFS October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 501 1.91 99 1906 146 11.00 0.52 83 

Sherpa 568 1.91 108 2183 157 12.26 0.51 84 

l.s.d.(P<0.05) n.s. n.s. n.s. 113 n.s. 0.34 n.s. n.s. 

         

0 PW N 315 1.23 38 1242 80 7.30 0.53 88 

30 PW N 445 1.31 57 1600 102 9.32 0.53 86 

60 PW N 473 1.61 76 1861 117 10.81 0.53 85 

90 PW N 543 1.76 94 2057 144 11.79 0.52 84 

120 PW N 583 1.98 113 2255 170 12.71 0.51 81 

150 PW N 604 2.29 132 2325 181 13.34 0.52 81 

180 PW N 704 2.36 158 2506 210 13.63 0.49 82 

210 PW N 611 2.74 160 2509 210 14.13 0.51 80 

l.s.d.(P<0.05) 52 0.17 14 90.0 12.5 0.52 0.01 2.1 

 

Table 8. YAI October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full 

Florets (%) 

Reiziq 712 2.03 143 2557 201 13.60 0.49 76 

Sherpa 733 1.95 142 2600 192 13.71 0.48 79 

l.s.d. (P<0.05) n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

         

0 PW N 562 1.62 88 2105 177 11.63 0.50 78 

30 PW N 628 1.61 100 2310 187 12.79 0.50 80 

60 PW N 749 1.80 135 2651 245 13.73 0.47 75 

90 PW N 744 1.94 139 2608 224 14.28 0.50 80 

120 PW N 768 2.15 160 2824 282 14.77 0.48 75 

150 PW N 782 2.30 172 2724 264 14.20 0.47 79 

180 PW N 824 2.51 202 2830 280 14.20 0.46 76 

l.s.d. (P<0.05) 47 0.15 17 125 26 0.70 0.02 3.9 
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Table 9. LFS November sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI 

Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kgN/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index Full Florets 

(%) 

Reiziq 492 1.98 97 1863 137 10.68 0.52 81 

Sherpa 477 1.95 94 1975 142 11.69 0.53 84 

l.s.d. (P<0.05) n.s. n.s. n.s. 94 n.s. 0.55 0.007 1.7 

         

0 PW N 245 1.14 27 993 64 5.70 0.52 86 

30 PW N 391 1.42 53 1531 96 8.99 0.53 86 

60 PW N 471 1.66 74 1765 110 10.40 0.53 86 

90 PW N 499 1.81 86 1885 125 11.11 0.53 86 

120 PW N 518 2.12 104 2096 149 12.28 0.53 83 

150 PW N 577 2.22 123 2201 162 12.94 0.53 84 

180 PW N 591 2.59 144 2432 202 14.12 0.53 78 

210 PW N 583 2.74 155 2449 208 13.86 0.51 74 

l.s.d. (P<0.05) 43 0.23 12 88 9.2 0.57 0.008 2.1 

 

Table 10. YAI November sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake 

 (kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 605 1.98 124 2512 225 12.92 0.47 71 

Sherpa 619 1.99 121 2604 237 14.10 0.49 75 

l.s.d. (P<0.05) n.s. n.s. n.s. n.s. n.s. 0.76 n.s. n.s. 

         

0 PW N 465 1.57 74 2053 174 11.60 0.51 75 

30 PW N 528 1.60 85 2285 156 13.21 0.52 79 

60 PW N 616 1.86 105 2586 231 13.98 0.49 77 

90 PW N 633 1.98 125 2697 234 14.42 0.48 74 

120 PW N 664 2.18 146 2817 278 14.33 0.46 69 

150 PW N 654 2.35 154 2709 244 13.68 0.46 72 

180 PW N 722 2.38 172 2758 269 13.39 0.44 67 

l.s.d. (P<0.05) 47 0.17 16 127 21.5 0.76 0.02 5.1 

 

Sherpa yielded significantly more than Reiziq in three of the four experiments when averaged across 

pre-PW N treatments. The YAI site has a higher level of soil nitrogen. The LFS soil required 90 kg 

N/ha pre-PW to achieve yield levels similar to those achieved by the zero N treatment at YAI. 
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2013/14 Experiments 

The experiments at both locations were located on the same site as the 2012/13 experiments with the 

varieties and N rates located in exactly the same position. In the LFS November and YAI October 

experiments nitrogen rates of 0, 60 and 120 kg N/ha was applied at panicle initiation across all pre-PW 

N treatments. 

Establishment was excellent in all experiments with over 230 plants/m
2
.  

The variety and pre-permanent water experimental results for each experiment in 2013/14 are 

presented in Tables 11 & 12 (LFS) and 13 & 14 (YAI). 

Table 11. LFS October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 392 1.53 62 1384 93 8.29 0.54 84 

Sherpa 317 1.58 51 1449 83 8.71 0.54 92 

l.s.d. (P<0.05) n.s. n.s. 10.8 n.s. 4.8 n.s. n.s. 2.5 

         

0 PW N 150 1.13 17 667 45 3.94 0.53 85 

30 PW N 288 1.16 33 1006 63 5.94 0.53 87 

60 PW N 346 1.31 45 1212 70 7.16 0.53 89 

90 PW N 358 1.46 52 1438 89 8.58 0.54 89 

120 PW N 396 1.57 62 1618 97 9.79 0.55 89 

150 PW N 409 1.83 75 1627 101 9.81 0.55 89 

180 PW N 488 1.77 86 1905 119 11.36 0.54 89 

210 PW N 402 2.21 87 1858 120 11.43 0.56 89 

l.s.d. (P<0.05) 45 0.08 7.3 85 6.1 0.48 0.01 2.3 

 

Table 12. LFS November sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 346 1.52 56 1468 103 8.88 0.54 87 

Sherpa 353 1.54 58 1530 95 9.49 0.55 92 

l.s.d. (P<0.05) n.s. n.s. n.s. 44 3.3 0.19 0.01 0.8 

         

0 PW N 128 1.10 14 659 44 4.14 0.56 89 

30 PW N 222 1.10 24 931 60 5.79 0.55 91 

60 PW N 283 1.18 33 1207 73 7.55 0.55 92 

90 PW N 376 1.38 52 1433 87 8.81 0.55 90 

120 PW N 381 1.56 59 1581 101 9.92 0.56 91 

150 PW N 443 1.80 79 1888 125 11.77 0.55 88 

180 PW N 458 1.98 90 2109 144 12.53 0.53 88 

210 PW N 504 2.12 107 2186 157 12.93 0.52 86 

l.s.d. (P<0.05) 54 0.17 8 68 7.0 0.43 0.01 1.7 

 

Table 13. YAI October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 
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Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake  

(kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 583 1.43 85 2090 172 11.77 0.51 84 

Sherpa 593 1.36 83 2107 163 12.12 0.52 87 

l.s.d (P<0.05) n.s. n.s. n.s. n.s. n.s. n.s. n.s. 1.6 

         

0 PW N 407 1.16 47 1627 123 9.43 0.52 86 

30 PW N 476 1.15 55 1822 131 10.34 0.51 86 

60 PW N 590 1.32 78 2054 158 11.80 0.52 86 

90 PW N 556 1.30 73 2073 160 11.83 0.52 86 

120 PW N 686 1.43 98 2320 195 13.20 0.52 84 

150 PW N 702 1.60 112 2362 191 13.44 0.51 86 

180 PW N 698 1.82 127 2430 217 13.57 0.51 84 

l.s.d (P<0.05) 47 0.11 11 107 12 0.78 n.s. n.s. 

 

Table 14. YAI November sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM) for 0N PI treatments. 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Total N uptake 

 (kg N/ha) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Full Florets 

(%) 

Reiziq 589 1.42 86 2220 164 11.99 0.49 86 

Sherpa 645 1.39 93 2275 157 12.69 0.51 92 

l.s.d (P<0.05) 30 n.s. n.s. n.s. n.s. n.s. 0.01 1.3 

         

0 PW N 454 1.07 50 1812 118 10.45 0.52 90 

30 PW N 496 1.15 57 2067 135 11.57 0.51 91 

60 PW N 582 1.27 75 2149 154 12.15 0.51 90 

90 PW N 645 1.40 90 2334 166 12.92 0.50 89 

120 PW N 726 1.66 121 2496 187 13.29 0.48 88 

150 PW N 724 1.71 124 2417 185 12.83 0.48 86 

180 PW N 693 1.58 109 2456 180 13.16 0.49 88 

l.s.d (P<0.05) 43 0.13 10.5 134 10 0.83 0.01 2.5 

 

Sherpa yielded more than Reiziq in all of the experiments when averaged across pre-PW N treatments 

but the difference was only significant in one experiment. 

The YAI site has a higher level of soil nitrogen. The LFS soil required approximately 120 kg N/ha pre-

PW to achieve yield levels similar to those achieved by the zero N treatment at YAI 
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2014/15 Experiments 

In the 2014/15 season the experiments were located in different bays to the previous two seasons. Four 

current rice varieties, Reiziq, Sherpa, Langi and Topaz were sown and top dressed prior to permanent 

water with several N rate treatments. Three replications were used in the YAI experiments and 4 

replicates at LFS. There were no PI N treatments applied in this season. 

Establishment was excellent in all three experiments with over 200 plants/m
2
 established for all 

varieties in all experiments 

The variety and pre-permanent water experimental results for each experiment are presented in Tables 

15 (LFS) and 16 & 17 (YAI). 

 

Table 15. LFS October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM). 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Langi  

Reiziq 

Sherpa 

Topaz 

506 

504 

519 

446 

1.26 

1.33 

1.31 

1.31 

66 

70 

70 

63 

1828 

1776 

1924 

1645 

10.70 

10.30 

11.37 

9.08 

0.52 

0.52 

0.54 

0.50 

l.s.d. (P<0.05) n.s. n.s. n.s. 132 0.72 0.01 

       

0 PW N 259 1.09 28 1163 6.99 0.54 

60 PW N 411 1.16 48 1553 9.41 0.54 

120 PW N 496 1.18 58 1750 10.35 0.53 

180 PW N 624 1.40 87 2149 12.13 0.50 

240 PW N 679 1.69 115 2351 12.93 0.48 

l.s.d. (P<0.05) 32 0.09 7 74 0.58 0.01 

 

Table 16. YAI October sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM). 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Langi  

Reiziq 

Sherpa 

Topaz  

582 

541 

609 

548 

1.38 

1.49 

1.47 

1.46 

81 

82 

91 

81 

1911 

2182 

2149 

1882 

9.86 

11.92 

12.00 

9.59 

0.47 

0.50 

0.50 

0.46 

l.s.d. (P<0.05) n.s. n.s. n.s. 212 1.10 n.s. 

       

0 PW N 441 1.36 60 1579 7.91 0.45 

60 PW N 531 1.40 75 1958 10.77 0.50 

120 PW N 609 1.40 82 2153 11.93 0.50 

180 PW N 698 1.46 115 2435 12.75 0.47 

l.s.d. (P<0.05) 57 0.12 13 140 0.84 0.02 
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Table 17. YAI November sown experiment plant observations at panicle initiation (PI) and physiological 

maturity (PM). 

Treatment  

PI DM 

(g/m
2
) 

PI 

N% 

PI Nuptake 

(kg N/ha) 

PM DM 

(g/m
2
) 

Grain Yield 

(t/ha@14%) 

Harvest 

Index 

Langi  

Reiziq 

Sherpa 

Topaz 

531 

486 

522 

468 

1.68 

1.62 

1.68 

1.70 

90 

79 

88 

81 

2358 

2249 

2372 

2182 

12.49 

12.25 

14.01 

11.55 

0.49 

0.50 

0.52 

0.47 

l.s.d. (P<0.05) n.s. n.s. n.s. n.s. 1.04 0.02 

       

0 PW N 412 1.58 66 1985 10.97 0.49 

60 PW N 474 1.52 73 2247 12.65 0.50 

120 PW N 512 1.82 93 2422 13.10 0.49 

180 PW N 609 1.76 106 2506 13.56 0.49 

l.s.d. (P<0.05) 53 0.10 11 126 0.71 n.s. 

 

Sherpa was the highest yielding variety in all experiments and yielded significantly higher than all 

other varieties in the LFS October and YAI November experiments. Topaz was the lowest yielding 

variety with Reiziq and Langi in between when averaged across pre-PW N treatments. 

All experimental sites had higher demand for fertiliser nitrogen than in the previous season. When 180 

kg N/ha was applied pre-permanent water PI nitrogen uptakes of only 87, 115 and 106 kg N/ha were 

achieved at the LFS October, YAI October and YAI November experiments respectively.  

 

 

Figure 7. The 2014/15 YAI October and November variety by nitrogen experiments. The dark gaps in the 

plots are where samples were collected at PI to correlate crop growth and N content with the remotely 

sensed data. 
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Nitrogen applications at panicle initiation 

In the 2012/13 and 2013/14 rice seasons, in some experiments the pre-permanent water nitrogen 

treatments were split into three with urea spread into the water at panicle initiation with nitrogen 

applications rates of 0, 60 and 120 kg N/ha.  

Grain yield increased as more nitrogen was applied pre-permanent water until a PI N uptake of 

approximately 140 kg N/ha was achieved, after which grain yield started to plateau before a slight 

decline (Figure 8). When high PI N uptake levels are combined with cold temperatures during the 

reproduction period you can expect grain yield to start to decline due to cold induced floret sterility. 

Temperatures during the reproductive period in both the 2012/13 and 2013/14 seasons were warm so 

cold temperature damage was not experienced in these experiments.  

 

 

Figure 8. Grain yield (t/ha) when 0, 60 and 120 kg N/ha is applied at PI to plots with a range of PI N 

uptakes. Each symbol represents the mean of varieties Reiziq and Sherpa and four replicates. 

 

All the treatments topdressed with nitrogen at PI yielded higher than the non-topdressed plots (Figure 

8), but at higher PI N uptake levels the PI nitrogen topdressing may not have provided an economic 

benefit. It can be seen in Figure 8 that as PI N uptake increases, the yield increase from topdressing 

decreases, and the difference in increased yield between the 60 and 120 kg N/ha topdressing rates 

come together. 

The maximum grain yield increase achieved in all the experiments by topdressing with nitrogen at PI 

was 2.8 t/ha (Figure 9). This was achieved at a very low PI N uptake with a total yield of only 7 t/ha 

achieved.  

At a PI N uptake of 50 kg N/ha grain yield was increased by 1.1 and 1.7 t/ha when 60 and 120 kg N/ha 

respectively was applied at PI (Figure 9). When the PI N uptake was 100 kg N/ha grain yield was 
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increased by 0.7 and 1.0 t/ha for the 60 and 120 kg N/ha topdressing rates and 0.5 and 0.6 t/ha when 

the PI N uptake was 150 kg N/ha.   

 

 

Figure 9. Increase in grain yield (t/ha) with the addition of 60 and 120 kg N/ha applied at panicle 

initiation. Each symbol represents the mean of varieties Reiziq and Sherpa and four replicates. 

 

In the past when growers were aiming for 10 t/ha grain yields, the application of nitrogen at PI was 

often enough to increase grain yields to that level when insufficient nitrogen was supplied from the 

soil or pre-permanent water nitrogen. But now we require yields of 12 to 14 t/ha, so extra nitrogen 

must be applied pre-permanent water as nitrogen applications at PI will not increase grain yield 

sufficiently to compensate for nitrogen deficiency during tillering.   

To achieve a high grain yield (12 to 14 t/ha) sufficient nitrogen must be applied pre-permanent water 

to reach a PI N uptake of 100 kg N/ha or grain yield potential will be reduced.  

If the crop didn’t receive sufficient nitrogen at pre-permanent water for a nitrogen uptake of 100 kg 

N/ha to be reached by PI, then it may be beneficial for the crop to be topdressed with nitrogen at mid 

to late tillering.  
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Prediction of PI N uptake using remote sensing 

Hand held SVC HR-1024 spectroradiometer mounted on four wheel motorbike. 

The data from the first two growing seasons (2012/13 and 2013/14) for leaf and canopy spectra were 

analysed separately and as a combined years data sets, thus a total of six data sets were used for the 

construction of regression models. A summary of the statistics for the calibration and test sets is 

included in Table 18. Analysis of the 2014/15 data set was not complete at the time of writing this 

report. 

Table 18.  Summary statistics of PI N uptake for calibration and independent test sets used for predictive 

modelling of nitrogen uptake. 

  

Calibration 

Set 

Test  

Set 

 

 

Calibration 

Set 

Test 

Set 

Canopy 2013    Leaf 2013  

 Min 21.5 25.0   25.0 21.5 

 Max 229.6 232.1   220.8 232.1 

 Mean 115.9 126.0   118.1 117.2 

 Standard Deviation 46.8 45.5   46.6 50.0 

 Number of samples 265 89   153 78 

        

Canopy 2014    Leaf 2014  

 Min 10.2 14.1   10.2 12.2 

 Max 185.8 147.1   159.9 185.8 

 Mean 71.4 70.8   72.2 68.8 

 Standard Deviation 34.5 33.0   33.9 33.7 

 Number of samples 158 81   159 81 

        

Canopy 2012/13 and 2013/14     Leaf 2012/13 and 2013/14  

 Min 10.2 14.1   10.2 12.2 

 Max 229.6 232.1   220.8 232.1 

 Mean 94.8 99.9   93.4 95.3 

 Standard Deviation 47.0 48.6   46.3 49.6 

 Number of samples 333 171   312 159 

 

 

Figure 10. Leaf and canopy mean reflectance spectra and 95% confidence interval for combined 2013 and 

2014 data sets.  
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The leaf and canopy mean reflectance spectra and the combined 95% confidence interval for the 

combined 2012/13 and 213/14 data sets are shown in Figure 10. It can be seen that the canopy data has 

greater variance in all regions of the spectrum than the leaf data. 

Samples were allocated to either a calibration or independent test set representing two thirds and one 

third of the total samples respectively. 

Predictive models for nitrogen uptake were constructed based upon previously published methods 

(Schmidtke, et al. 2012, Smith, et al. 2014). Calibration and test data sets were pre-processed using 

SNV, or multiplicative scatter correction (MSC) scaling followed by first or second derivative. 

 

 

Figure 11.  Predictive model for nitrogen uptake (kg N/ha) for combined 2012/13 and 2013/14 leaf and 

canopy data sets. 

 

In all models there is a trend for residuals to increase with higher levels of nitrogen uptake.  Residual 

errors appear to increase most substantially above a nitrogen uptake of approximately 150 kg N/ha in 

all models (leaf and canopy) (Figure 11). As PLS is attempting to fit a linear regression model any 

non-linear behaviour observed in the plants will be poorly modelled. The increase in prediction error 

above 150 kg N/ha may not be a problem as the current PI nitrogen topdressing recommendations do 

not recommend the application of nitrogen to rice with a PI N uptake above 140 kg N/ha. 

From the combined 2013/14 canopy data the PLS process identified three areas as important spectral 

regions. These wavelengths regions are 700-720 nm red edge, 740-760 nm red-edge and 840-860 nm 

NIR high - note these areas don't correspond to nitrogen wavelengths in the literature. 

The accuracy obtained for the canopy PI N uptake prediction (Figure 11) for two varieties over two 

seasons is very encouraging with a RMSEP of 19.2 kg N/ha for canopy measurements. If similar 

measurements can be achieved using airborne hyperspectral images of the rice canopy then prediction 

of rice crop nitrogen uptake using airborne imagery may be possible leading to an automated method 

for broad scale nitrogen uptake predictions. 
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Prediction of PI N uptake using Greenseeker (NDVI) and Yara N-tester 
(chlorophyll meter) 

In the 2013/14 season the GreenSeeker sensor was used to scan NDVI from 207 plots in four 

experiments. The Yara N-tester™ (based on the Minolta SPAD 502 chlorophyll meter), which gives a 

value proportional to total chlorophyll, was used to test 30 leaves (youngest leaf fully extended) per 

plot from 110 plots from two experiments. In each plot a 1m
2 
plant sample was collected after 

scanning for determination of dry matter and a subsample tested for N content using Dumas 

combustion (Leco). Correlation between instrument readings and measured values were determined. 

 

 

 

 

 

 

 

 

 

 

Figure 12. GreenSeeker correlated against Leco N%, dry matter & N uptake at panicle initiation 
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The GreenSeeker was poor at estimating plant N% but good at estimating PI dry matter (Figure 12). 

While the Yara N-tester was better than the GreenSeeker at estimating plant N%, it was very poor at 

estimating PI dry matter (Figure 13). The GreenSeeker NDVI was well correlated with PI N uptake 

overall but at high PI N uptake levels NDVI was saturated resulting in a poor relationship. 

 

 

 

Figure 13. Yara N-tester™ correlated against Leco N%, dry matter & N uptake at panicle initiation 

Both the GreenSeeker and Yara N-tester™ do not measure crop N content or N uptake as accurately as 

the current physical sampling method. However, the potential for the GreenSeeker to collect data 

across the field would allow a better measure of crop spatial variability than physical sampling. This is 

important to allow variable rate PI N applications to be used to maximise rice grain yield and increase 

profitability. Further research is needed to determine the applicability of both instruments.  
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Results     

All of the project objectives have been achieved. 

Objective 1: To maintain the Bruker FT-NIR instrument and rice shoot, grain and straw nitrogen 

calibrations. 

The NIR instrument and all of its calibrations have been maintained annually with new samples and 

varieties incorporated to keep the calibrations robust. A qualified Bruker technician services the NIR 

instrument annually and ensures it is working within the required specifications. Each year new PI 

tissue calibrations for nitrogen, sulphur, phosphorus, potassium, zinc and magnesium were developed. 

Calibrations for several other rice components were also updated annually, these include; nitrogen 

calibrations for paddy grain, white grain and straw and sulphur for white grain. Numerous RIRDC 

funded research projects have benefited from sample analysis using the NIR, these include the 

breeding program with 2702 samples analysed for grain nitrogen and sulphur in the last three years.  

Objective 2: Ensure the instrument is providing accurate rice plant nitrogen results and rice growers 

receive timely and accurate nitrogen recommendations from the NIR Tissue Test service. 

Prior to the PI season starting the NIR is set up in the SunRice appraisals lab and connected to the 

program software. Tests are conducted to ensure accurate nitrogen recommendations results are sent to 

growers. Two standard samples were included on every carousel of samples analysed during the NIR 

Tissue Test service in each season. The variability of the nitrogen prediction from the standards 

showed the NIR instrument had excellent precision and repeatability. Each season samples that cover 

the range of nitrogen concentrations and varieties are selected from the Tissue Test service sample set 

and are added to the next season’s calibration. The comparison between the NIR predictions and the 

laboratory results for these samples also provides us with confidence in the nitrogen prediction 

accuracy of the NIR Tissue Testing service. 

Objective 3: Promote the benefits of the Tissue Test service to growers and increase the percentage of 

rice crops that use the test to determine nitrogen topdressing rates. 

During the project considerable effort was undertaken to improve farmer and agronomist skills at 

collecting plant samples for the NIR Tissue Test Service and promote the benefits of undertaking the 

test. In each season meetings were held just prior to PI where information, training and resources were 

provided aimed at improving farmer and agronomists skills and confidence. The 20 meetings were 

attended by 463 farmers/agronomists. The benefits of using the NIR Tissue Test were also presented at 

pre-season meetings and rice field days with 25 events attended by 1780 farmers/agronomists. Over 

the three years of the project, 2243 farmers attended meetings, discussions or field days where the NIR 

Tissue Test was promoted. 

Over the last 3 seasons 2061 fields were analysed by the NIR Tissue Test Service. The number of 

crops analysed was lower in 2014/15 season caused primarily by less rice being grown due to reduced 

water availability and some growers may have been too late to sample due to an early PI. 

Objective 4: Investigate the potential of hyperspectral remote sensing to predict rice crop nitrogen 

uptake with the aim of reducing the need for farmers to physically sample their crops at panicle 

initiation. 

Research is continuing into using remote sensing to predict rice crop nitrogen uptake with the aim of 

reducing the need for farmers to physically sample their crops at panicle initiation. Results from the 

2014/15 experiments are still being processed but results from hyperspectral data collected in the first 

two seasons are very encouraging. They are indicating the regions of the visible-Infrared spectra which 

contain most information about PI N uptake. Once analysis of the current seasons results are 



 

26 

completed all options for a system suitable for large scale use will be discussed and testing will begin 

in the 2015/16 season. 

Addition research was conducted by applying PI nitrogen applications to the variety x nitrogen 

experiments required for the remote sensing investigations. This has provided valuable nitrogen 

management information for rice growers and agronomists which has been extended to them through 

meetings, field days and newsletter articles. 

 

Implications     

The outcomes of this project improve the nitrogen management of rice crops by growers. Good rice 

nitrogen management leads to increased grain yield, water use efficiency and profitability which all 

result in making the rice industry in Australia more sustainable and competitive. 

The NIR Tissue Test service maintains good nitrogen management of rice crops on a field scale, while 

predicting PI N uptake with remote sensing has the potential to significantly increase grain yields due 

to the opportunity to manage rice crop nitrogen on a spatial level across the field.  

The use of the NIR instrument to analyse samples for several rice research projects at low cost is a 

major advantage to the Australian rice industry. This allows more efficient use of research dollars 

allowing more research for the same investment. 

The remote sensing experiments are identifying key wavelengths and suggest that a simple, filter 

instrument may be capable of estimating N uptake at PI. 

 

Recommendations  

It is important that the current NIR Tissue Test service be maintained so growers can continue to 

receive PI nitrogen recommendations. 

The use of the NIR instrument to analyse samples at a low cost for other rice research projects should 

be continued as it provides cost effective sample analysis allowing better returns on research funds. 

Further research into the potential to predict rice PI N uptake using remote sensing is essential. This 

research should determine the prediction accuracy that can be obtained from all potential remote 

sensing options and provided the accuracy is acceptable develop it for commercial availability to the 

rice grower.   
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Appendices    

Appendix 1) - Rice Field Day 2013 - poster 
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Appendix 2) - Rice Field Day 2014 - poster 
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Appendix 3) - Rice Field Day 2015 - poster 
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