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Recurring Benefits of Spatial 

Agriculture and Digital Biology
Richard Carey

grapegrowing
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B O X  1 : Pascal (Pa) a Standard International unit (SI) unit of 
pressure. Pounds per square inch (psi) is a non-SI unit of pres-
sure commonly used in the United States. 

To convert pascal to psi, you can use the following conversion      
formula: 
  1 psi = 6894.75729 Pa. or 6.89 MPa.

Therefore, 1 Pa is equal to 0.000145037738 psi. You may see this 
number representing the pressure of one atmosphere of pressure. 



30 | September 2023  WBM

The Need for a Digital 
Pressure Bomb
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F I G U R E  1 : This detailed design shows a microtensiometer with functional parts.

Recurring Benefits of Spatial Agriculture and Digital Biology
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F I G U R E  2 : An example of the continuous stem potential measurements with the microtensiometer in a grapevine in California with concurrent pressure 
chamber stem potential readings (dots). A direct field calibration of the sensor was made with the first two pressure chamber readings after installation. 

Sensor installation made by M. Santiago and pressure chamber data from K. Shackel and V. Volkov.

processing, bottling, labeling and more for wine, beer, spirits, & cider

https://www.criveller.com/
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Transition to Spatial 
Agriculture
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3+))"#-"+G"-&*(7"?,&-"3#-"*,+"4&%-*"-9-*+5"*1".+"0+6+)12+0"*,#*"'1()0"#''(%#*+)9"
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3&*,"$%#/*"4(/0-"&/*1"#"'155+%'&#)"2%10('*7"?,+"$%1(2"41%5+0"#"'152#/9!"
K)1%#O()-+!"*1"-*#%*"'155+%'&#)"&52)+5+/*#*&1/"14"*,&-"0+6&'+7"?,+"%+-+#%',"
'&*#*&1/-",+%+"#%+")&-*+0"#-"#"$%1(2!"3&*,"#"4+3"+G*%#-"41%"4#-'&/#*&/$"%+#0&/$"
41%"*,+"*+',/&'#))9L&/')&/+07I!"E!"B!"h!"T!"f!"d"

F I G U R E  3 : An installed FloraPulse microtensiometer on a grapevine

F I G U R E  4 :  A FloraPulse microtensiometer installed on a grapevine with 
its protection materials and its connection with the data collection and 

transmission equipment.

707-431-2000   WWW.CARLSENASSOCIATES.COM

For all of your winery equipment needs

Recurring Benefits of Spatial Agriculture and Digital Biology

https://carlsenassociates.com/
https://www.fiordisole.com/
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Microtensiometer 
Development
@&/#9"O#$#9"+*"#)7"b"%-*"2(.)&-,+0"*,+".#-&'"'1/'+2*"14"*,+"*+/-&15+*+%"*,#*"
'1()0".+"(-+0"*1"5+#-(%+"3#*+%"21*+/*&#)"'1/*&/(1(-)9"&/"EFIh7I"?,+"*+/-&L
15+*+%"3#-"(20#*+0" &/" EFEF".9"[&/-*1/"X)#':" +*" #)7E"?,+" '1/'+2*" 14" *,+"
5&'%1*+/-&15+*+%"3#-"510+)+0"#i"+%"-1&)"2%1.+-!".(*"*,+"$1#)"3#-"*1"0+6+)12"
1/+"*,#*"'1()0"$+*"*1"#/"+G*+/0+0"%#/$+"14")&/+#%&*9"#/0"5+#-(%+"3#*+%"21*+/L
*&#)")+6+)-"PΨR"41(/0"&/"'%12-7"C/"EFIh!"*,+"0+6&'+"3#-"'#2#.)+"14"5+#-(%&/$"
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F I G U R E  5 :  Seasonal patterns of (a) vapor pressure deficit (VPD), (b, 
c) total water incident (irrigation + precipitation), (d) soil moisture (as 

volumetric water content, VWC) and (e) trunk water potentials (trunk) for 
Cabernet Sauvignon and Shiraz grapevines during the 2020-21 season. 
Approximate phenological stages are shown on top of VPD graph: FL = 

flowering; BC = bunch closure; V = veraison; PH = approximately one week 
pre-harvest. • Bottle Cleaning, Sparging

& Gravity Filling
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F I G U R E  6 : Diurnal patterns of VPD, PAR, trunk, stem, leaf water potentials and leaf stomatal conductance (gs) on low- and high-VPD days for Shiraz (SHI) 
and Cabernet Sauvignon (CAS) grapevines.

Orion is an artisan cooperage in partnership with Bayard Fox, Franck 
Monteau and Christophe Garcia, producing exceptional French oak 
barrels from the finest wood provenances, with full traceability.

BAYARD FOX SELECTIONS
www.tonnellerieorion.com   
707.812.4554 • bayard@bayardfoxselections.com 
707.548.2752 • megan@bayardfoxselections.com

2B FermControl is the specialist for alternative, naturally derived 
fermentation products for all your winemaking needs. 2B products 
have superior kinetic performance, enhanced organoleptic 
benefits and are all naturally and organically derived!
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BAYARD FOX SELECTIONS
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707.548.2752 • megan@bayardfoxselections.com

have superior kinetic performance, enhanced organoleptic 
benefits and are all naturally and organically derived!

https://2bfermcontrol.com/


September 2023 WBM |  35

F I G U R E  7 : The photo on the left is the original size FloraPulse microtensiometer. The center image shows the new microtensiometer in position on 
a grapevine that is connected to the data transmitter. The right has the small unit installed.
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Complete Winery Software Solutions
available on cloud and server platforms

• Vineyard and harvest
• Grower contracts
• Winery operations
• Bulk wine sales contracts and allocations
  • Bulk wine purchase contracts 

  • Brandy and spirits
  • Barrel bar code or RFID tracking

  • Bottling and MRP
  • Warehouse location tracking
  • Case good sales and distribution
 • Financial management

www.vintnersadvantage.com
sales@miscorp.com

References

1. Pagay, V., M. Santiago, D. A. Sessoms, E. J. Huber, O. Vincent, A. Pharkya, T. N. 
Corso, A. N. Lakso and A. D. Stroock. (May 2014) “A Microtensiometer Capable of 
Measuring Water Potentials Below -10 MPa.” Royal Society of Chemistry.

2. Black, II, W. L., M. Santiago, S. Zhu and A. D. Stroock. (July 2020) “Ex Situ and 
In Situ Measurement of Water Activity with a MEMS Tensiometer.” Analytical 
Chemistry .2020, 92, 716-723.

3. Lakso, A. N., S Zhu, M. Santiago, K. Shackel, V. Volkov and A. D. Stroock. (2022) “A 
Microtensiometer Sensor to Continuously Monitor Stem Water Potenials in Woody 
Plants – Design and Field Testing.” Acta Hortic. 1335. ISHS 2022. DOI 10.17660/
ActaHortic.2022.1335.39.

4. Pagay, V.. (2021) “Evaluating a Novel Microtensiometer for Continuous Trunk Water 
Potential Measurements in Field-grown Irrigated Grapevines.” Irrigation Science 
2022, 40:45-54.

5. Blanco, V., L. Kalcsits (2021) “Microtensiometers Accurately Measure Stem Water 
Potential in Woody Perennials.” Plants 2021, 10, 2780. https://dpo/prg/10.3390/
plants10122780

6. Luo, Y., C-L. Ho, B. R. Helliker and E. Katifori. (2021) “Leaf Water Storage and 
Robustness to Intermittent Drought: A Spatially Explicit Capacitive Model for Leaf 
Hydraulics.” Frontiers in Plant Science 12:725995, doi: 10.3389/fpls.2021.725995.

7. Jain, P., W. Liu, S. Zhu, C. Y-Y. Chang, J. Melkonian, F.E. Rockwell, M. A. Gore and A. 
D. Stroock. (2021) “A Minimally Disruptive Method for Measuring Water Potential 
in Plants Using Hydrogel Nanoreporters.” PNAS 2021. 118, 23, e2008376118. https://
doi.org/10.1073/pnas.2008276118 

https://www.vintnersadvantage.com/
https://www.ironheartcanning.com/
https://www.gusmerenterprises.com/wine/

	003_Portocork_FP_Feb21 ad OK
	007_Lafitte 1-23 FP ad OK 
	009_ScottLabs 6-23 FP ad OK
	011_SonomaCastStone 9-23 FP ad OK
	039_Verallia 5-23 FP ad OK  
	047_CorkSupply_InnoCor 9-23 FP ad OK
	051_Maverick 9-23 FP ad OK
	053_ACIC_March2022 FP ad OK 
	055_Eastern Winery Expo 9-23 FP ad OK
	083_DeepNet 9-23 FP ad REV2 OK
	087_Winejobs dot com 9-23 FP ad OK
	089_SommCon 8-23 FP ad 4c OK
	091_Vinventions 2-23 FP ad REV OK
	092_ETS Labs 1-23 FP ad OK

