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SPECIFICATIONS
SOIL MOISTURE & TEMPERATURE PROBES FOR ANNUAL IN FIELD DEPLOYMENT FOR THE ARC BIOTECHNOLOGY PLATFORM


Introduction 
The Biotechnology Platform (BTP) would like to obtain offers for a fully functional system that uses several soil moisture and temperature probes, including all the supporting devices, parts, and software, to enable live capturing and storage of readings, at different soil levels, under field conditions and at multiple sites. The solutions must allow cheap and sustainable long-term operations, with preferably, no annual fees if possible. The whole document should be used as the specification. 

Installation sites’ descriptions 

1. FieldScan system (ARC Grains Crop Campus, Potchefstroom)

The ARC, with NRF’s NEP fund, has installed an infield digital plant phenotyping platform (FieldScan from Phenospex) at their Grains Crops unit, Potchefstroom (Figure 1). The FieldScan system moves several scanners along the length (110m) of the field while taking RGB and LiDar images (Figure 2) of the plants underneath. The 4-meter-tall system moves a gantry with the scanners on along two metal rails mounted on concrete slabs on the sides of the field, thereby providing a stable platform for imaging the plants planted in 8.5m rows. The concrete slabs contain 15mm electrical pipe sleeves that acted as spacers during their pour. Each rows’ scan is started and ended by reading metal barcodes with known heights (750mm) and distance apart (8.5m), thereby allowing to accurate height and length dimensions to be determined. Barcodes (Figure 3) must always remain visible from the top to ensure scanner registration. The scanners capture everything above the soil surface up to 1m tall, with the scanning heads moving at 1.2m. All installations must be below this height under the scanner. 
 
Operations - All irrigation, barcodes and other items are removed at the beginning of the season for field preparation (ploughing, seedbed preparation, etc.). Experiments are planted in blocks (B1-B12, Figure 4) consisting of 10 rows (orange shaded area (B12), Figure 4) throughout the year/season. Planting is usually project specific and may take several months to complete throughout the summer growth season, e.g. time trials with plantings in Oct, Nov, Dec, Jan and Feb. Multiple experiments may also take place on the same block each season, e.g. two summer crops or summer and winter plantings. Irrigation and barcodes are returned for each planting after soil preparation. This usually takes place ±1week prior to a planting date, weather permitting. Soil is often rotovated to preparation a seedbed later in the season. 

[image: ]
Figure 1. The FieldScan scanning plants in the field, Potchefstroom (2021/22 season). The 3-ton gantry runs on metal tracks that are mounted on cement blocks. This allows it to move along the length (110m) of the field while scanning a 10m wide (as 1m individual rows) field below.   
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Figure 2. LiDar images of sunflower scanned in the field by the FieldScan instrument. Three dimensional (3D) images are obtained from each plant (top) under the machine daily. The 3D images can be used to obtain top view (middle) and side views (bottom) for measurements. The image is of a single block (1 x 8m) where 8 plants was planted in 1m square blocks. 
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Figure 3. A row of 10 barcode stands (A) between a block of ripening sunflower and maize. The barcode stands are ±900 mm tall with a base plate at the bottom to ensure consisted installations. Drip irrigation is also visible on the soil surface (A). The gantry track is visible at the end of the line (A), to the right (B) and between the field (C). The control room (white box) is seen top right (B & C).
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Figure 4. Site map (not to scale) around, and field layout under, the FieldScan. Plants are scanned from the right to left, i.e. starting from the gantry start. Solid grey lines on the sides are the concrete with the gantry tracks with “block numbers, B1-B12” indicated. Each numbered block (orange shaded) represents 10 rows that area 8.5m long and 1m wide. The control room with weather station (white box in Figure 3C) are also indicated. The whole system is surrounded by electrical fencing.

Drip irrigation is used to establish the seedlings in dryland experiments and watering may vary depending on soil moisture and other weather conditions. Scanning starts a couple of days after planting. The scanners send their data via CAD5 cables to the network switch in the infield control room. The control room (white box, Figure 3C) is aircon cooled and houses an UPS for the scanners. A complete weather station is connected to the network switch and via a fibre, to the server in the Grains Crops’ server room. The field next to the control room, outside the fence, is also often used as part of the field trials.

2. Variable sites on ARC Grains crops and other fields across SA

We often run field trials in parallel with the FieldScan system, either on the ARC’s Potchefstroom Campus, farmers’ fields in Lichtenburg, Bloemfontein, Cedara, Bloemfontein, etc. or in collaboration with our university partners, e.g. University of Pretoria or UFS. The same measuring system/probes should be used within these trials. We’ll include these probes in our request for five such sites, should the budget allow. 

3. Specifications

The aim of the soil probes is to obtain accurate data that is comparable between sites, with probes at an affordable price point to acquire and operate, as well as easy to install and remove. However, data points from different sites and different installations needs to be comparable for our experiments. The only way we could see this as a possibility was if 1. Probes are fully self-calibratable, irrespective of the growth medium and temperature, or 2. If probes are normalized to a mobile, probe that is calibrated and temperature insensitive – and even if this calibration probe is out, all the normalised probe readings could still be compared since the same reference probe was used. We therefore require a portable, infield calibration/normalisation method/device and recommend another technology than capacitance that can provide a practical solution to measure absolute volumetric soil water percent (VSW%) for the probes in the substate, e.g. standing wave.

We also require an automated method to install the probes, e.g. petrol auger, and safe and easy to use “probe retrieval method/device” since probes will be installed and removed frequently. 

Though we’re looking for a solution that will allow cheap and sustainable long-term operations, and we prefer no annual fees, it might be cheaper to acquire and run a system if there are some minimal annual fees. We consider a minimal fee to be <R200 per probe p/a. If bidders have an option where there are no annual fees involved and the system is still affordable and comparable in costs with their annual minimum fee solution, we will welcome such. Else, both types of systems could be offered for us to compare with the understanding that fees >R200 per probe p/a will not be considered. 

Provide a clear, line itemized quote in line with the requirements stipulated in this document AND numbered as in table 1 (below). Training and installation must be included as part of your quote. Feel free to add extended warrantees and service agreements, per year, for year 2, 3, and 4 - which will be considered as optional in the comparisons but might be included pending budget availability. Lastly, indicate clearly whether parts and support are locally available and what the expected turnaround would be for these on average.  
Table 1. Table of Compliance and Details to Offer: Mandatory specifications including the rest of the document

	
	Feature/Specification
	No Required
	Offer:
Yes/No
	Page no. in bid on Details of Offer
	Line no. on itemised quote

	1
	FieldScan system solution, Potchefstroom 

The ARC wants a solution with as little as possible annual costs, especially around the Phenospex system. To this end, bidders are encourage to indicate their solution(s) for around the infield scanner and, most likely, another solution for remote sites (below). 
The control room in the middle of the field can be made available for a computer / WiFi receiver to allow a cheaper “online system” which users can access via the ARC’s LAN. This connection point must allow the connection of the 12 probes under the machine, the 5 probes next to the machine to the control room. This solution must allow operations to continuously download data without annual fees, e.g. software, data costs, etc. \
Bidders to provide all equipment needed for this solution including site specifications for installation. Please include power surge plugs for protection of sensitive equipment. 

	


1x complete local solution for downloading data to an onsite point preferably with no annual charges unless it is cheaper to operate with minimal (<R200 per probe p/a) charges. Data to be “partially life”

	
	 
	

	2
	FieldScan system solution, Potchefstroom: Probes
An experiment or treatment in each block will require a soil probe site for each of the 12 scanning blocks (12 probe sites for under the machine). 
The above soil parts of the probes must be lower than 1.2m. (<1.2m) to prevent interference with the scanner when passing over blocks.
The field is at a slope and two (2) additional “probe sites” are for permanent installation next to the device. 
The field adjacent to the control room should also be connectable to the solution. Here an additional three (3) probe sites should be provided for possible installation. 
An additional probe (1) will be kept as a backup probe.  
A lot of our work is on annual summer crops, e.g. maize, sunflower, beans, etc. so 600 mm depth should be covered. 
Should capacitance be proposed, measurements should be every 10 cm as the minimum required. Other technologies must read at least 3 levels within 600 mm and indicate the min an max depths.
All probes must be new and measure both moisture and temperature at the different levels.
	

18x new reinstall-able probes, 
Capacitance probes of at least 600mm in length and sensors every 10cm, (i.e. six sensors) or volumetric enable probes that can provide these measurements at 3 levels 
	
	
	

	3
	Remote sites (5 different sites, budget dependent)
Provide a solution for five (5) different remote installation sites that can:
1. Be installed in remote sites away for the installation above,
2. Will allow access to date remotely from
3. Allow multiple probes to be installed at the site in the future. 2 additional probes are the minimum.
The probes must be easily installed and removed for annual workflows! 
The same probe requirements are needed here as indicated under the field scan (rows 1-2 above). 
Provide the solution for five (5) locality sites (quoted separately) that can link two or more probes that covers 600mm in depth at least. A single probe site must be supplied by probe(s) as indicated in rows 1-2 above, i.e. 1 capacitance probe or multiple probes to cover the range. This must be provided for each locality site that is linked to the online system for data download. 
	Remote solution to connect multiple probes for data download.
Provide this solution for five (5) locality sites. Probes for single probe site for each of the locality sites – i.e. probe(s) for 1 probe site per locality). 

	
	
	

	4
	Probe information
Provide the following information on all probes offered:
1. Measuring technology used, e.g. capacitance, standing wave, etc. 
2. Sensor resolution (in bits)
3. Installation method(s), including shaft diameter and time to accurately report after installation. Preferences will be given to probes that can provide accurate data faster. 
4. Save removal method(s)/system. 
5. Accuracy of measures, i.e. for temperature and moisture
6. Rate of measurements, e.g. every 5min 
7. Days of data storage. A minimum of 25-30 days on probe data storage is mandatory 
8. Communication interface(s), e.g. RS-485, wifi, etc.
9. Open access to other loggers, provide info.
10. Battery life must be at last 12 months of usage – minimum. Indicate total estimated battery life
11. Probe life expectancy: 10 years minimum life expectancy is required. 

	

Mandatory to provide details requested.

Minimum requirements mandatory. 
	
	
	

	5
	Calibration 
ALL probes must be calibrated to allow comparative readings between proves. 
All probes must be:
1. Calibrated with proof of calibration provided
2. The ARC must be able to calibrate or verify calibrations themselves in field. A handheld, portable system is envisioned to compare and act as a reference reading for normalisations between probes in different soil conditions.  Provide a SOP to do this. 
3. Provide information on how your probes are calibrated to allow consistent readings between probes under different temperatures and substrates. 
4. Volumetric probe calibration would be preferred, if not available, provide details on how to make these conversions from infield installed probes.  
	
Confirm all probes are calibrated and provide certificates and SOP on how to perform calibrations.

Provide portable reference probe system (see earlier in doc) to allow normalisation between probes, sites and substrates. 
	
	
	

	6
	Probe installation devices
All probes must allow for easy self-installation by the ARC fields team annually, without damage. 
A new, automated installation device, including all components and parts, must be offered as separate line itemised items in the quoted. Provide both an petrol driven auger device and an secondary manual system, e.g. auger, peg, etc. 
All associated parts for installing of the total number of probes, must also be indicate as line items in the quote. 
	1x automated installation device, preferably a petrol driven auger. 
1x manual device.
Details to be provided on each. 
	
	
	

	7
	Removal device/solution
All probes must allow for easy self-removal by the ARC fields team annually, without damage. 
New removal device, including all components and parts, must be offered as separate line itemised items in the quoted. 
[bookmark: _GoBack]All associated parts for the removal of the total number of probes, must also be indicate as a line item in the quote. The solution must allow easy and safe removal of installed probes WITHOUT damaging them.
	1x removal device(s), with all parts required – to allow safe removal of probes without damaging. Details to be provided.
	
	
	

	8
	Operational costs. 
The ARC wants a solution with as little as possible annual costs, especially around the Phenospex system. To this end, bidders are encourage to indicate their solutions for around the infield scanner and, most likely, another solution for infield remote sites. In both cases, a backup, manual download of data by a handheld device/solution, is mandatory (see below - manual download solution).  

The ARC will take operational costs into account when deciding on a service provider. Provide details on the following operational costs for the different probe types:
1. Annual per probe power costs, e.g. battery costs/replacement, PV panels, etc. 
2. Annual per probe running costs, e.g. sim card costs (where needed)
3. Annual licensing fees on software, online access, etc. 
	

Providing details on annual costs are mandatory and will be used in the selection. 
	
	
	

	9
	Manual download solution
A handheld logging/download device/solution  should be included that is capable to download data from installed probes manually should the network be compromised. 
Should such a device not be required, please indicate why not – e.g. wifi from laptop could be used so no device needed and software to do this is free, or a “laptop dongle” is provided to accomplish this, etc
Provide a line item quote for a mandatory handheld downloading device that can be used to download probed stored data in the field. 
1. The device must include ALL cables, batteries, conversion devices to make it USB compatible (mandatory), software, etc. to make it fully usable on MS Widows OS and, preferably, on MAC OS too. 
2. Clearly provide the minimum and optimal computer requirements for the device software licences, e.g. RAM, storage, OS version, etc. 
3. Licenced software must allow multiple ARC computer installations WITHOUT annual fees for operation, i.e. the fee must be once off and allow future, indefinite usage. 
4. It must be compatible to download the results in .csv or excel format to PC and/or Mac OS.
	

Mandatory line-item quote for a handheld downloading device/solution with information and fees as requested. 
	
	
	

	10
	Software
Provide details, with screen shots, on your software where needed. Describe:
1.  Software functions and applications.
2. The software must include ALL requirements to make it fully usable on MS Widows OS and, preferably, on MAC OS too. 
3. Clearly provide the minimum and optimal computer requirements for the software, e.g. RAM, storage, OS version, etc. 
4. Licenced software must allow multiple ARC computer installations WITHOUT annual fees for operation, i.e. the fee must be once off and allow future, indefinite usage. 
5. Please note; The ARC is interested in obtaining / datalogging the temperature and moisture readings only in .csv or excel format (mandatory). Additional features will be addons.
	
Details on software and costs. 
	
	
	

	11
	All equipment 
All equipment must be new with at least 12 months warranty. 
Longer warranties will be taken into account when two bidders are close in pricing.
	
Mandatory new equipment.
	
	
	

	12
	Quote
Provide a line itemise quotes for the following, should budgets permit:
1. A 2nd year service contract/extended warrantee, including seal and battery replacements, for 1.1. Phenospex probes, 1.2. Remote field probes and any annual costs for either item (to be itemised and described in offer). All support for this year should be included, e.g. telephonic support if needed. 
2. A 3rd year service contract/extended warrantee, including seal and battery replacements, for 1.1. Phenospex probes, 1.2. Remote field probes and any annual costs for either item (to be itemised and described in offer). All support for this year should be included, e.g. telephonic support if needed.
3. Annual battery replacement cost per probe, including al seals etc. 
4. Annual data costs, if any, per probe. 
	

Line item for 2nd year service contract and/or extended warranty

Line item for 3rd year service contract and/or extended warranty
	
	
	

	13
	Support while under warranty
Free service support for the extend of the warranties, including additional years, are mandatory. 
This includes support calls regarding its operation, etc.
	Mandatory that support is provided while warrantees are in place. 
	
	
	

	14
	Training and installation
Installation and training will take place on the ARC Grains Crops site, 114 Chris Hani Street, Potchefstroom. Training material should include a manual that covers:
1. SOP for installation of probes
2. SOP for removal of probes
3. SOP on probe calibrations
4. SOP on probe maintenance, including battery replacement
5. Manual downloading of data from probes
6. Software and accessing the data online (e.g. ARC LAN) 
7. Clear instructions (and possible scripts) to download the data in MS Excel or .csv file formats
8. Four printed copies of the manual and two digital copies (on USB drives) must be provided with the training. 
Training would cover four ARC staff members.
	
Manual and training at installation site – mandatory for bid winner. 

Documents may be (optional) presented if available already. 
	
	
	

	15
	Other costs
Provide any additional costs as line itemised items, e.g. callout fees to the site, support fees (hourly), etc.  
	
All costs to be line itemised and described 
	
	
	

	16
	Provide an itemised quotation with your offering that clearly list and provides details on the items on offer and where they are required. Budgets might result in selection of items, e.g. warrantees, etc. 
	Itemised quote with components grouped together required for functionality. 
	
	
	


Note: 
1. Systems that do not meet the above specifications will not be considered. 
2. ARC BTP reserves the right to make purchases to fit the budget.
3. Suppliers are required to complete all items in Table 1 - Table of Compliance and Details to offer. Information should be provided in every column for all lines items detailing compliance and details on offer. Any columns left empty will constitute an incomplete and non-compliant quotation.
4. Suppliers are required to supply product information brochures as evidence for the specifications on offer.
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