In this version of the presentation the slides with transitions are presented as separate
slides with relevant notes beneath each slide.
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Verbal expansion
eLEAF: has been developing the data sources and models over 20-plus years.
PiM converts raw satellite and local weather data into quantified information.
Delivery at weekly or longer intervals provides time series of data components
such as biomass production, evapotranspiration and water productivity.
eE: runs campaigns for seasonal or annual data, builds applications for data
delivery and interpretation and works with clients to integrate into business
processes to realise value.
SQR: Develops and supports CanePro, a sugarcane specific agricultural management
solution used widely in Africa and abroad to manage large commercial sugar operations.
The three companies have been collaborating in the delivery of data from April 2014 at
Nchalo in Malawi and we present here some early results of the collaborations.
The work for Nchalo that we show is done under a campaign is funded as an internal
project of the Amalgamated British Sugar Cane Centre Of Eecellence with substantial
support from Illovo HO and the Nchalo management team

2

3

Each type of vegetation has it’s own ‘signature’ of absorption and reflectance across the
electromagnetic spectrum.
The spectral signature of different plants can be captured and isolated within the
background reflectance. The values are normalised in each image into a 0 – 1 scale, so
have no objective value.
The data remains subjective and can show a progression of values through a season
This very simple type of data can support field scouting and sampling, but interpretation
is required to extract meaning of the data for operations. Only one data type is provided
in the normalised scale so the value remains as ‘best to worst’. And must be supported
by other inputs for support of agronomic practices or for water management.
Associations have been developed for estimating relationships between NDVI and
biomass and yield, but they remain interpretations from the single point data.
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This slide shows that there is a difference between qualitative NDVI and quantitative
PIM data.
In a single image both produce a temporal and spatial set of data.
Processing of atmospherically corrected imagery is required for accurate NDVI; the
results are comparable if correctly processed but are dimensionless and so cannot be
used for calculations such as accumulation.
For PiM data each pixel carries a calculated objective data value and data values can be
delivered for many data components with their respective calculated values, hence the
name ‘Pixel Intelligent Mapping’, shortened to PiM. We use 8 data components for
irrigated cane and deliver data in kilograms per hectare for biomass and in mm for ET.
The opportunity now presents itself to present the data through systems that are not
just GIS mapping but are designed to support interpretation and use of the data in the
office or more importantly, in the field. In particular, data values can be accumulated
through a growing cycle to relate the calculated progression of performance in each
pixel, in each field, on a farm, estate or in a region.
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#1: PiM data uses NDVI as only one of many inputs and the energy balance equitation is
solved for ET.
#2: Total radiation is determined taking reflected energy into account. Total radiation is
used to heat the ground, heat the air and perform evapotranspiration as a physical
process.
#3: The energy usage is translated to ET. Incoming shortwave radiation is used for
photosynthesis, which combined with crop stress is the cornerstone #4 of biomass
production.
The data is delivered as objective – that is, measured – values in mm and kg/ha
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Data components (DC) can be delivered at 20m, 30m and 250m resolutions and at temporal
intervals from 1 week to a month.
We deliver 8 data components at 20m for irrigated cane, at bi-weekly intervals. This provides a
balance between the volume of data, costs and absorption of the data into business processes.
Actual biomass production: calculated as the response of vegetation based on
satellite data, soil moisture stress, weather conditions and related stresses
Biomass potential : Related to the response of vegetation based on satellite, weather
conditions and related stresses with no soil moisture stress.
Biomass deficit : Defined as the difference between expected and actual biomass
production. Hence the assumption is that soil moisture stress is manageable and
therefore causing deficit.
Actual evapotranspiration : Quantity the water that is actually removed from the land
surface through evaporation of water from the soil and plan canopies plus transpiration
by the plant.
Evapotranspiration deficit : Difference between the actual evapotranspiration and
potential evapotranspiration. It reflects crop´s shortfall in what can be potential achieved
under ideal conditions.
Biomass water productivity : The biomass water productivity shows how much
biomass has been produced per unit of water.
Nitrogen top leaf : The nitrogen content of the plant canopy (kg/ha).
LAI: The ratio of total area of leaves divided by the surface area of the land. This includes
different leaf layers. It is a dimensionless value that usually ranges between 0 for bare soil and 6
for a dense forest.

7

Data has value that can be used at a range of scales, from wide area down to field and
intra-field.
Wide area data is valuable for discerning and monitoring trends as well as the detail of
crop performance and water use and efficiencies.
This image shows heterogeneity of LAI in one image of 30.000 ha under sugarcane in
one mill supply area.
Differences in data values indicate fields in different phases of the growth cycle as well
as differences between fields in the same phases as each other.

8

These images cover a very wide area and show biomass production for one week in
summer for South Africa processed for field crops into individual fields.
There are approximately 250,000 fields that cover 4 million hectares in a gross area of
nearly 200,000km2. The PiM data remains objective and is spatially scaleable.
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These images cover a very wide area and show biomass production for one week in
summer for South Africa processed for field crops into individual fields.
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These images cover a very wide area and show biomass production for one week in
summer for South Africa processed for field crops into individual fields.
There are approximately 250,000 fields that cover 4 million hectares in a gross area of
nearly 200,000km2. The PiM data remains objective and is spatially scaleable.
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This data is derived from the sugarcanelook project that was run under the auspices of
the South African Water Research Commission and Department of Agriculture, Forestry
and Fisheries with data and funding support from the EU WatPLAN project and the
South African Sugar Research Institute and is the referenced work of assessment by
Jarmain et al in our abstract.
This project covered just less than 25,000 ha of irrigated cane in 2 mill areas, weekly at a
resolution of 30m. Under a limited budget the data was ‘cookie cut’ to field boundaries
and delivered in a web interface for 4 data components: biomass production; biomass
water use efficiency; ET; and ET deficit. The slider along the top was used to select image
dates. This slide shows biomass production in late March and early April 2012, which is
at the start of the harvest season in this region.
#1: This image shows a range of weekly biomass production and confirms the varying
performance of fields in different phases of their 12 month growth cycle, ranging from
no production to around 1,600 kg/ha for the week. Just keep an eye of the pivot at
bottom right. It is in advanced stage of dry out. At this scale we are able to discern
heterogeneity (that is, variability) in biomass production within fields. From this data we
do not know which fields are in the same phases of growth, so comparison between
fields is not easy.
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#2: The following week we see a lower range in biomass production in this area, ranging
up to around 1,000kg/ha. Biomass production is lower for all fields and so in the
absence of supporting weather data we conclude that the week experienced lower
temperatures, more cloud, perhaps some rain, or a combination of these. There was less
PAR and so lower biomass production. We continue to see heterogeneity within fields.
We see that the pivot continues to reduce biomass production, but is still producing
biomass. It was performing at around 700gk/ha in the first week and less than 500kg/ha
in this week.
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#3: in this week the biomass production has recovered but not to the levels of the first
week.
We can see from the biomass production in the pivot that it has dropped to zero with a
homogeneous data value. We can conclude it has been harvested and we can see there
are other fields with PiM data on biomass production that confirm that they too have
been cut in this week.
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Although it was designed as a demonstration project with limited functionality
sugarcanelook was able to provide for data extraction per field, albeit in a laborious
process. We have selected 2 pivots and 2 fields that have different harvest dates.
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These are the same fields with the October 25th week image of weekly biomass
production. This is towards the end of the harvest season in this region.
We can see heterogeneity in fields and fields with very different levels of performance
indicating they are in different stages of growth.
The key to understanding the data is to track performance over several delivery periods
in order to distinguish the trends.
From a single observation it is not possible to distinguish late emerging fields with lower
canopy cover from fields in dry off, while maybe a third of the fields are at full canopy
with weekly biomass production of around 1,000kg/ha dry matter. Data was extracted
manually for each field for each week of the sugarcanelook project.
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#1The top graph plots the data as weekly biomass values.
The fields show considerable variability in weekly biomass production through the season. All
fields follow similar patterns and the impact of variability of weather conditions is seen in the
weekly data results. Integration of local weather data further assists interpretation and analysis.
In addition to the weekly variability of performance we can discern two additional trends.
One is the seasonal cycle of warm and cooler weather biomass production.
The second is the annual cycle for each field, indication dates of harvest and emergence. We can
measure the periods between harvest and emergence and relate them to the season of harvest.
The two fields were cut in mid-winter and cooler temperatures result in slower emergence
#2 The second graph presents the data as accumulated biomass.
The harvest weeks for 3 of the fields again show clearly. The different times to emergence for
fields cut in different months are apparent.
Pivot 2(red) appears to have been dried off for a December harvest but was not cut for some
reason. It could have been rain preventing harvest, the effects of the local transport stoppage at
that time, or another cause. In the top graph the field shows a slow recovery, taking longer than
harvested fields to regain vigour, but then produces sudden very strong biomass production. As
a carry over field it closes the period of observation with increased accumulated biomass.
From these example we confirm the value of PiM data as an objective measure of performance
measurable from each pixel upwards in scale.
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Sugarcane specific agricultural managements solution.
In addition to the standard features such as resource capture (manpower, materials,
vehicles), field records, agronomy records, CanePro offers specialist decision support
tools to assist operational management decisions.
A process level crop simulation tool based on the CANEGRO crop simulation model is
utilized to address issues such as harvest planning and yield estimation, irrigation
scheduling and reticulation management, yield performance benchmarking, replant
planning
CanePro is widely used throughout Africa and abroad
For the purposes of this project CanePro can be considered the repository of field-level
actuals.
Disposition - what is physically on the ground (variety, irrigation system,
ratoon age, soil type etc)
Actual operations – harvest dates, dry off dates, irrigation applications,
weed control operations etc
These actuals provide the context for interpreting within field spatial information
provided by the imagery.
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Stand alone tool integrated with CanePro database. This provides access to not only
current disposition and harvest dates, but also historical field performance.
RCM is a web based tool using a local geo-server to serve up raster imagery to the web
application. Imagery is served up using tiles as in Google earth. Limited band width at
the local site prevents the use of a full internet based solution
User tools such as editing and charting functionality to allow users to manipulate and
interpret imagery
PiM data metrics presented at pixel level to allow for within field comparisons and
interpretations, but also at field level thematics to allow for between-field comparisons.
PiM data metrics are combined with simulation models to partition biomass between
components of yield, allows us to estimate cane yield for direct comparisons with
harvest results.
Corrective action functionality allows users to highlight problem areas, identify the area
concerned with a polygon, assign responsibility and follow up the issue.
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#1: Users selects pixel level imagery from a range of Data components, and a range of
image periods (expanded). Field level information provided through the integrated link
with the CanePro database. Draw attention to items such as the disposition type
information(variety, soil type), harvest planning-type data (dates, estimated yield,
harvest ages etc), and integration with CanePro’s irrigation scheduling module (soil
parameters etc)
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#2: Split screens to allow user to view succession of images to assist with identifying
trends or changes in pixel values due to operational events or management issues. User
can select to animate, view time series, or view field-level average thematics over a
user-defined set of images. In this example we are showing 4 successive Biomass
images. Pixel changes due to dryoff and harvest are obvious.
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#3: Field level image data presented using charts. Whole field variability comparison to
assist management identify problem fields.
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#4: Biomass related imagery is presented alongside historical performance data. This
allows management to compare current yield accumulation trends with past
performance.

23

#5: Water/Et related data components are compared with CanePro’s irrigation
scheduling output. This allows the user to reconcile imagery back to the timing of
irrigation applications and rainfall events.
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#6: Corrective actions. Allows user to identify areas of concern by surrounding the area
with a polygon and categorizing the offending issue. The issue an be assigned to users
within the CanePro management responsibility hierarchy for further action and follow
up. This ensures conclusive management of an issue and a permanent record of the
ameliorative action.
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These fields are flood irrigated with furrow running from left to right in the image.
#1: These fields were harvested in period 29 (25 /04/2015). Prior to harvest the ET and
biomass production data showed homogeneous performance within and between the
fields. At this image there is no biomass production. We observe some increase in ET in
the eastern side along the end drain.
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#2: ET parameter in the next period has a range from 0 to 40 mm/biweekly.
Waterlogging is assessed for areas with ET >20 mm/biweekly. From this observation and
scouting we have a data measure for indication of likely waterlogging at this stage of
emergence under this type of irrigation. With this data the system can become a
‘learning system’. The poor drainage is indicated at the tail drain which was subsequently
improved as well as along the furrow on the left.
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#3Additional work on the furrow can be assessed on a full season result for post harvest
work. The full season data can be used to assess the relative impact on final yield of
early waterlogging relative to the contribution to final results of water retention in dry
periods. The data and the RCM allow for demarcation of the area of waterlogging and
precise calculations of production and accumulated production using the actual
biomass, biomass potential and biomass deficit data components.
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These are the same fields over the same period. With a focus on Biomass Production
and Biomass Water Use Efficiency the data reveal relative performance in the fields
reflected in the heterogeneity of data.
#1: The biomass production time series shows heterogeneous growth from early
emergence in addition to the impacts of waterlogging discussed above.
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#2: The Biomass WUE indicates a drop on biomass per unit of water applied in the
southern and northern part of the block. This can be translated into a low plant density
or issues related to pests or diseases.
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3#: The two red circles indicate areas that have been gap filled. The work was done
earlier than usual using past season data for diagnosis and to identify areas of concern;
the early start means less PAR competition from standing cane and a full season of
growth in the plant cane, so increased contribution to final tonnage in the field. The
black circle is an area of mild aphid infestation that has been sprayed and can be
monitored through the remainder of the season. For both actions the area of work is
known and so calculations of actual value can be made leading to and after harvest.
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In this slide there is a sequence of 3 bi-weekly images for the DC ET for both boxes
during the periods from end of April to early June 2015. There is an overall reduction of
the ET from the first to the second period. This can be explained by a change in weather
conditions. However, in the second period there is an increased heterogeneity for the
fields within the red box. In the third period there is improving homogeneity but still a
discernible difference from the black box.
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The heterogeneity described in the pervious slide for the box in red is depicted in the
biomass component for the same period. However, the heterogeneity depicted in the
middle period is still evident in the last period.
The cause for the change in performance was breakage of one of the lift weirs in the
feeding canal for the fields to the left with a delay in repair for the time covered by the
second and third images.
A quantified value of reduced biomass production due to the interruption in irrigation
can be made from the biomass potential data for the same period. This allows for
economic assessment of operations to be made to improve future decision making.
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An example of the use of LAI on this estate is illustrated in this field that was flooded
under 3m of water. After flooding data was used to assess damage and recovery
potential before field access was possible. The cane was fatally damaged and cynodon
and broad leaf weeds emerged vigorously as is seen in periods 28 & 29.
The efficacy of controls is seen in periods 29 and 30. By period 31 a depression was
holding moisture and broad leafed weeds remained prior to plough out. The depression
was identified for corrective work.
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For different periods it is possible to check the response in biomass production for dry
off practices. For example, in fields outlined with the red box there is an evident
reduction of the biomass over the four periods. However, the quality of the dry off is
different.
The stress for the two fields on the right is recurrent for the final two periods. However,
for the fields in the left the stress is depicted in the third of the four periods but it is
followed by a positive response in the biomass production for final period.
The two fields on the right are the same variety, two other varieties in left side fields.
Data is being used to assess balance between potential and attainable yields and final
full season data will be used to consider different dry out treatments per variety in terms
of length of stress, strength of ripeners if used and quality of application.
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This is known as a highly saline field. The data allow determination of the location and
extent of saline soils and their effects on production. Is the salinity impacting the entire
field or a localized issue. The data observed with the biomass production DC was
confirmed by long time field observation - that the shortage of biomass is localized in
the right side of the field.
Planned actions are to create a drain on the east side to drain to the south. After harvest
will install sub-surface drain and apply gypsum to leach salts. As with the post harvest
waterlogging example, this field will be tracked through to 2016 harvest to quantity field
response.

36

37

38

