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Preface 

In horticultural production, water supply is a crucial and, in many cases, a rare resource. 

In postharvest, water plays an important role considering the quality of produce and 

sustainable process management. Excessive water losses may lead to unnecessarily 

reduced freshness, increased waste, and, hence, economic and social problems. Pre-

cise knowledge on the physiological role of all aspects of plants water status as well as 

improved techniques to evaluate water use efficiency and the actual water needs of 

plants are essential for sustainable horticultural supply chains. Comprehensive under-

standing of produce water status may also help to optimise postharvest handling during 

harvest, in storage, and during processing. 

The present symposium on SENSING PLANT WATER STATUS will provide a platform 

to exchange findings on established and new methods - considering the fundamentals 

of the methodology as well as helpful hints achieved in applications. Various ISHS 

groups will be involved such as the Commission Irrigation and Plant Water Relations, 

the Workgroup Water Supply and Irrigation and the Workgroup Water Relations. Main 

issues will be classical and recent techniques of sensing plant water status, from the 

cell to the orchard, and their application in horticultural science. Hence, this symposium 

will bring together researchers from the diverse fields of plant water relations study. 

The ISHS symposium on SENSING PLANT WATER STATUS is organized by an en-

thusiastic group of people of the Leibniz Institute for Agricultural Engineering and Bioe-

conomy (ATB) in close collaboration with Sascha Oswald and his colleagues from the 

University of Potsdam, the Humboldt University Berlin, and the Beuth University of Ap-

plied Sciences Berlin. It will be held at the Campus Griebnitzsee of the University of 

Potsdam. 

The symposium comprises of three plenary talks, eighteen sessions capturing 49 lec-

tures, in addition > 20 poster will be presented, all covering four major topics 1) physio-

logical processes, 2) quality/process control, 3) stress detection, and 4) irrigation. The 

symposium will provide a wide field for scientists, professionals, and students to present 

their latest findings and discuss their current work related to basic and applied aspects 

of all issues of plant water status. 

We are very proud to welcome you all in Potsdam and we wish you successful presen-

tations, interesting discussions, and a happy stay in beautiful town. 

 

 

Werner B. Herppich, Manuela Zude-Sasse, and the entire organizing team. 
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UP Umweltanalytische Produkte GmbH is specialized in the development, produc-
tion, marketing and sales of environmental analytical products in the areas of soil-
physics, hydrology, plantphysiology and meteorology. We offer single measurement
devices and sensors as well as complete ready-to-go measurement-systems together
with the related services (installation, launch, introduction, maintenance).

We are
 a team of physicists, engineers, technician and office workers based in Ibben-

bueren  (near  Hamburg)  and  a  branch-office  in  Cottbus  (near  Berlin)  from
where we cooperate with our world-wide customers and business-partners
(UK, USA, Japan).

 trying to continually improve and extend the capabilities of the offered instru-
ments, using the most up to date theory and technologies. 

 used to do r&d-projects completely in-house, but others take the form of col-
laborative projects with leading institutions in Germany and Europe.

 Distributor of Delta-T Devices, Apogee-Instruments, Skye-Instruments 
 
We offer

 customized sapflow-sensors based on the development of Dr. Andre Granier,
INRA Nancy, and Dr. Jinchen Liu

 ready-to-go  sapflow-measurement  systems  including  data-transmission  and
specialized  versions  to  compensate  (natural-temperature  gradient  (NTG)  /
CHD) based on our C-Log-Datalogger

 wireless-datatransmission solutions between sensors (dendrometers, meteo-
rological sensors, soilmoisture-sensors, ...) and base-unit

 monitoring and evaluation of logger-/sensor-data (WebVIS) with easy access
via Webbrowser



 
 

 
 

Delta-T Devices are previewing their  

prototype FT-1 Dielectric Tensiometer 

The FT-1 aims to offer an unprecedented level of performance  
in the measurement of soil water potential for popular growing  
media such as coir and peat. For the first time it will be possible  
to obtain accurate water potential values in the critical range  
enabling precision closed-loop irrigation. 
 

In tests it has been demonstrated that the FT-1 can  
deliver stable readings with repeatable resolution  
better than ± 0.05kPa 

 

 

Established in 1971, Delta-T Devices specialises in sensors and instruments to 
measure plant water status. Their range includes moisture sensors and data 
logger/controllers to measure volumetric water content and conductivity in all 
substrates and soils. Together they can be used together to regulate irrigation 
scheduling and fertigation. 

 
Delta-T also offers the WET Sensor, which provides instantaneous sampling of the 
build up of dissolved salts and pollutants within the pores of the substrate. Other 
Delta-T instruments measure stomatal conductance (AP4 Porometer), 
LAI (SunScan and HemiView) and heathy/diseased leaf area (WinDIAS). 

www.delta-t.co.uk 

Soil Moisture, Data Logging, 

Meteorology and Plant Science 



 

 

MMM tech support GmbH & Co KG, Weigandufer 18, 12059 Berlin. www.mmm-tech.de 

 
 

 

MMM tech support GmbH & Co KG 
 

 
Our work is dedicated to the responsible and sustainable use of 

natural resources, especially water. 

MMM tech support GmbH & Co KG is active in development, 

production and distribution of measurement instruments for 

plant production. We have a focus on the needs of practical 

growers, so one of our objectives is to provide simple to handle 

and easy to understand instrumentation. 

Consequently our company offers a wide range of instruments, 

from simple and low cost hand-held meters to complex high end 

solutions, to be able to adapt our offering always optimal to the 

individual site situation and measurement task. 

 
Since foundation of our company in 2003 it has steadily 

developed to a well-known and important player on the market 

with an offering of measurement instruments for soil water 

potential, soil water content, irrigation automation, leaf water 

potential, dendrometers, light- and radiation measurement, 

frost- and temperature alert systems based on SMS, various 

weather station models, suction lysimeters, nutrient analysis 

instruments and pH and EC measurement. 
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WWW.NETAFIM.COM

NETAFIM GREENHOUSE 
SOLUTIONS FOR:

• Heating systems
• Control Systems
• Irrigation Systems
• Fertilizer Dosing Systems
• Project Design, Integration 
 and Installation
• Drainage water recycling
• Greenhouse Accessories

DRIP IRRIGATION



NETAFIM GREENHOUSE SOLUTIONS

Netafim‘s greenhouse irrigation systems‘ portfolio comprises a wide range of sensors and 
equipment for determining a plants‘ water requirements including: Light, measurments,
tensiometers, capacitance sensors, lysimeters and meteorological stations.

Designing greenhouse irrigation systems based on water and nutrient plant demands:  

 • Accurate water and nutrient applications will affect plant growth and development.  
 • The system enables the grower to adjust water and fertilizer applications
  according to changing plant needs.
 • Operating accuracy, reliability, functionality and convenience are the main
  pillars of Netafim‘s irrigation systems.

Netafim Greenhouse Irrigation Systems are world renowned for their accuracy, reliability 
and flexibility. Irrigation system design and its components are usually determined 
according to the grower‘s strategy which is generally in accordance with the quality 
required by the market.

Irrigation strategy is determined by:

 • Climate conditions, substrate properties
 • Plant development status, water quality

PLEASE CHECK YOUR CONTACT AT 

WWW.NETAFIM.COM DRIP IRRIGATION



Decagon built a thermal and electrical conductivity probe 

for NASA's Phoenix Scout Lander mission to Mars 

 

 

Instrumentation for Applied Research 

Decagon Devices designs, manufactures, and markets scientific instruments, specializing in soil moisture sensors and 
equipment. The applied research division focuses on measuring water, light, and heat in the soil-plant-atmosphere 
continuum. Our instruments are used throughout the world in universities, research and testing laboratories, government 
agencies, vineyards, farms, and industrial applications. 

Still Researching 

Decagon was founded in 1983 by Dr. Gaylon Campbell, a renowned soil scientist at Washington State University. Dr. 
Campbell was (and is) an old-school physicist. When he wanted to measure something, he built an instrument to measure it. 
Other people wanted his creations, and eventually he couldn't keep up with the demand. Decagon was formed to build and 
sell his instruments. 

More than 30 years later, Decagon (decagon.com) is a thriving company where research scientists still work to build what 
they and their colleagues need to do great research. Our goal: to get the data you need into your hands in the most efficient 
and accurate way possible. 

Interesting Decagon Facts: 

 Decagon built a thermal and electrical conductivity probe for NASA's Phoenix Scout Lander mission to Mars. The 
probe successfully gathered thermal and electrical properties data in addition to measuring atmospheric humidity 
and wind speed. 

 Decagon collaborated with horticultural researchers at the University of Maryland and the University of Georgia 
(among other places) on a 5 year, $5.2 million USDA grant to increase the efficiency of water and nutrient use by 
ornamental growers. 

 Decagon also makes instruments for the food industry. 80% of the top 100 food companies use Decagon's AquaLab 
to check water activity in their products.  

 Decagon scientists conduct ongoing research both in an on-site soils lab and at several agricultural research sites. 
They collaborate with outside scientists on research projects and teach the Introduction to Environmental Biophysics 
course at Washington State University. 

 The Grant A. Harris Research Fellowship provides $30,000 worth of Decagon research instruments to graduate 
students studying environmental or geotechnical science. Our blog, environmentalbiophysics.org, highlights their 
research, along with other research topics. 

 Decagon is located in Pullman, Washington, USA, home of Washington State University. Decagon also recently 
merged with the UMS company in Munich, Germany.  

Here are two extra photos if you need them: 

Decagon Employees 

Decagon Employees 
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Plant Gas Exchange 
 

The iFL is a new, fully automated, combined  
Gas Exchange/Chlorophyll fluorescence system. 

 
 

 

Sap Flow 
 

The new Exo Skin Sap Flow Sensor is a Heat 
Balance sensor with different layers of insulations 

and shield for an easier and better installation. 

 
 

 

Chlorophyll Fluorescence 
 
The new Plant Stress Kit consists of the compact 

and affordable Y(II) and Fv/Fm meters. 

 
 

 

Soil 
 

The new EGA60 is a Multi-sample soil respiration 

system featuring a combined and integrated CO2 
IRGA and gas multiplexer. 

 

 

Leaf Area Meter 
 
The AM350 portable leaf area meter has an 

extended range of parameters. 
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Sensing and responding to water limited conditions: a com-
bination of both plant and horticultural perspectives 

Ken Shackel 

Plant Sciences Department, UC Davis, Wickson Hall 
Corresponding author: kashackel@ucdavis.edu 

 

For both the plant and the horticulturist, it is important to distinguish between measures 

of water stress on the one hand and plant responses to water stress on the other. Most 

textbooks on water management typically assert that the objective of irrigation, which is 

under the horticulturist’s control, is to satisfy crop water demand, or that the objective is 

to maintain soil water availability at some acceptable level. The published literature con-

tains many examples of using plant water stress measurements based on these criteria 

(e.g., %ETc, soil moisture content, or soil matric potential). However, these measure-

ments are only indirectly related to the real objective of irrigation management. The real 

objective of irrigation management is to manipulate water availability (typically, but not 

necessarily, in the soil) so that the plant produces an economic crop, recognizing that 

crop production is the net result of many independent physiological responses to water. 

Based on an engineering analogy, the measurement of a relative change in any of 

these physiological responses (i.e., a change in growth, photosynthesis, yield, quality, 

etc.) can be considered a measure of physiological strain (analogous to the change in 

length of a material), whereas measurement of what we believe to be the mechanistic 

cause of the strain (analogous to the force that causes the material to change in length), 

is a measure of the stress. In biology it can be difficult to clearly separate cause from 

effect, but most of the current plant-based approaches to sensing/measuring water 

stress for irrigation management (e.g., sap flow, dendrometry, canopy temperature) 

measure the result of one or more physiological process. These approaches can pro-

vide a measure of physiological strain when the values obtained are compared to val-

ues that would be expected under non water-limited conditions. Similarly, in some horti-

cultural species the water potential of a non-transpiring leaf (i.e., midday stem water 

potential, SWP) can be compared to non-water-limited (baseline) values. However, 

SWP alone has also been found to be closely related to many horticulturally and biolog-

ically important plant stress responses, without reference to a baseline, and so it ap-

pears to be a good candidate for a direct measurement of water stress in plants. SWP is 

most easily measured using the pressure chamber, which is a relatively robust field 

method when used properly. However, there are a number of common misconceptions 

in the literature, and in some cases in operation manuals and current textbooks, con-

cerning the physical basis of function of the pressure chamber and the errors that may 

be associated with different aspects of methodology. For instance, re-cutting or trim-

ming a petiole or stem after the initial excision from the plant has often been cited as an 

important source of error, but we have found no evidence for such an error, and little or 
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none is expected, based on the physics of pressure chamber function. By the same to-

ken, protecting leaves from post-excision water loss is often ignored as a source of er-

ror, but attention to this factor is critical for obtaining reliable and reproducible values. 

Other aspects of methodology that have been proposed as limiting the accuracy and 

reproducibility of pressure chamber values, such as operator subjectivity in judging the 

endpoint and the need for consistency in the rate of chamber pressurization, have not 

been found to be of importance once the operator has a clear understanding of the ex-

pected behavior of the water that appears at the cut surface when the endpoint pres-

sure is reached. An important assumption common to all measurements of water poten-

tial is that the tissue being measured should be in internal water potential equilibrium 

(i.e., that water potential is uniform throughout). A corresponding practical advantage of 

measuring the water potential of a non-transpiring leaf (SWP) is that the leaf should al-

ways be close to internal equilibrium. Since within-leaf gradients in water potential occur 

during transpiration and can be substantial, a potential biological advantage of measur-

ing SWP is that the value of water potential obtained should consistently indicate the 

water potential of the xylem and nearby vascular tissue in most leaves, regardless of 

environmental conditions. Another recently commercialized system for measuring SWP 

(directly on stems or on non-transpiring leaves) is the temperature compensated in-situ 

stem psychrometer. One advantage of these devices is a more-or-less continuous and 

automated measurement of SWP over time. In most cases these devices have shown 

diurnal patterns that are consistent with expectations based on diurnal patterns in plant 

transpiration, and in some cases shown good agreement for different sensors on the 

same plant and good agreement with pressure chamber measured SWP. However, in 

most cases, despite what appear to be reasonable diurnal patterns, SWP values ob-

tained using these sensors have been substantially more negative than pressure cham-

ber values, reaching values that are inconsistent with apparent plant health. Some fun-

damental problems in the basic theory of psychrometer calibration for environmental 

temperature effects have been identified and solved, giving an error of calibration of 

about ± 0.05MPa when individual psychrometers are calibrated at multiple water poten-

tials and temperatures. However, the source(s) of the additional errors that are associ-

ated with in-situ operation of these devices remain(s) to be identified. 

 

Keywords: Methodology, review, sensor, water status 
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Pilot operation and evaluation of a meteorological data fed 
water budget model for turfgrass 

Ioannis Tsirogiannis1, Nikolaos Malamos2, Antonis Christofides3, Stavros Anastasiadis4, 
Christos Koliopanos5, Konstantina Fotia6, Penelope Baltzoi6 

1 TEI of Epirus, Dept. Floric. & Landscape Architecture, TEIEP Kostakii Campus,  
47100 Arta, Greece 
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3 NTUA, Iroon Politechniou 5, Zografou, 15780 Attiki Athens, Greece 

4 Chios, Greece 
5 Peiferiaki Odos, 47100 Arta, Greece 

6 TEIEP Kostakii Campus, 47100 Epirus Arta, Greece 
Corresponding author: itsirog@teiep.gr 

 

In Mediterranean countries –and not only- irrigation consists the major water consumer. 

In this framework, the development of tools for real time data based estimation of crops’ 

water needs and automatic generation of recommendations for improved irrigation 

schedules is of great importance. This paper present the evaluation results for a rele-

vant web-based system that covered the whole plain of Arta, Greece (45,329 ha) using 

data from 6 agrometeorological stations. The system was tested on turfgrass, during the 

irrigation period of 2015. The reference treatment was a sprinkler irrigation system 

equipped with a controller that used water budget periods. The other two treatments 

consisted of a) manually activated irrigation the followed exactly the system’s recom-

mendations and b) automatically operated irrigation based on the integral of solar ener-

gy at the site, as provided by the system. Irrigation water volume, soil moisture, vegeta-

tion growth (cuttings weight) and canopy reflectance were monitored. The latter provid-

ed data to calculate NDVI and PRI, which were used as quality indicators. Results 

showed a significant drop regarding water consumption. For the manually activated sys-

tem, it was -26.43% and -41.46% for sprinkler and underground drip irrigation, respec-

tively, and for the automatic system -22.32% (only sprinkler irrigation was available). In 

qualitative terms, no statistically significant differences were found among treatments. 

These results are very promising as they document the possibilities of a system that 

uses only the flow meter as locally installed sensor. At the other hand, it strongly de-

pended on the adequate calibration of the system for each situation. 

 

Keywords: irrigation scheduling, flow meter, NDVI, PRI, open source software 
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A novel dielectric tensiometer enabling precision irrigation 
control of polytunnel grown strawberries in coir 

Martin Goodchild, Malcolm Jenkins 

Delta-T Devices Ltd, 130 Low Road, Burwell, CB25 0EJ Cambs Cambridge, United Kingdom 
Corresponding author: martin.goodchild@delta-t.co.uk 

 

The benefits of closed-loop irrigation control have been demonstrated in grower trials, 

which show the potential for improved crop yields and resource usage. Managing water 

use by controlling irrigation in response to soil or substrate moisture changes to meet 

crop water demands is a popular approach but requires substrate specific moisture 

sensor calibrations and knowledge of the moisture levels that result in water stress or 

over-watering. The use of water tension sensors removes the need for substrate specif-

ic calibration and enables a more direct relationship with hydraulic conductivity. 

In this paper, we present a novel dielectric tensiometer that has been designed specifi-

cally for use in soil-free substrates such as coir, peat and Rockwool, with a water ten-

sion measurement range of -0.7 kPa to -2.5 kPa. This new sensor design has also been 

integrated with a precision PID-based (drip) irrigation controller in a small scale coir 

substrate strawberry growing trial, 32 strawberry plants in 4 coir growbags under a poly-

tunnel. 

Data presented illustrates that excellent regulation of water tension in coir can be 

achieved, which delivers robust and precise irrigation control - matching water deliver to 

the demands of the plants. During a 30 day growing period vapour pressure deficit 

(VPD) and daily water use data was collected and the irrigation controller set to main-

tain coir water tension at the following levels: -0.90kPa, -0.95kPa and -1.00kPa for at 

least 7 consecutive days at each level. For each set-point, the coir water tension was 

maintained by the irrigation controller to within ±0.05kPa, the polytunnel VPD varied 

diurnally from 0 to maximum of 5kPa over the trial period. Furthermore, the combination 

of the dielectric tensiometer and the method of PID-based irrigation control resulted in a 

linear relationship between average daily VPD and daily water use over 11 days during 

the cropping period. 

 

Keywords: Precision irrigation control, VPD, soil-free substrate, coir 
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Investigating continuous measures of plant stress for  
avocado trees to guide irrigation 

Miriam Morua, Jochen Schenk 

800 N. State College ave, Fullerton, CA 92831, United States of America 
Corresponding author: mmorua@fullerton.edu 

 

Regions with Mediterranean climates regularly experience water shortages due to peri-

odic droughts, which cut availability of irrigation water for agricultural and horticultural 

production. There is an urgent necessity in such regions for new irrigation strategies to 

minimize water use. Such strategies currently largely rely on atmospheric measures to 

determine plant water needs, but plant-based measures are hypothesized to be a better 

guide for assessing water needs of orchard trees. The aim of this study is to identify 

plant-based measures of water stress in avocado, Persea americana, that can be con-

tinuously monitored to guide irrigation decisions. The experiment is conducted in a 

Fuerte avocado orchard at the Fullerton Arboretum in southern California. Irrigation is 

mostly kept at a level that meets the trees’ demands, but Avocado trees are subjected 

to temporary drought conditions for two-week intervals, during which several water 

stress parameters are monitored. The state of water stress is determined directly using 

destructive measurements of leaf water potentials. In addition, responses to water 

stress are measured continuously by measuring maximum daily trunk shrinkage 

(MDTS), trunk water potential via stem psychrometry, volumetric wood water content 

using frequency domain reflectometry sensors, and sap flow using heat-ratio-method 

sap flow sensors. Soil water status is also monitored continuously using soil moisture 

and soil water potential sensors. To determine the best continuous plant- and/or soil-

based measures for irrigation scheduling, correlations are assessed between the differ-

ent continuous measures and discrete mid-day leaf water potentials. Preliminary results 

show leaf, soil, and trunk water potentials declining after withholding water. MDTS in-

creases with increasing stress, whereas wood water content slightly decreases. These 

initial findings suggest that using these measures in combination can reliably infer avo-

cado water status to guide irrigation decisions. The study is ongoing through the sum-

mer of 2016 and the newest results will be presented. 

 

Keywords: irrigation scheduling, leaf water potential, maximum daily trunk shrinkage, 

sap flow, wood water content, trunk water potential, soil water potential 
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Deriving soil moisture threshold from plant water status  
sensors for irrigation scheduling in clementine trees 

Amparo Martínez Gimeno1, Marta Castiella Ona2, Simon Rüger2,  
Diego Intrigliolo Molina1, Miguel Angel Jiménez Bello3, Luis Bonet Pérez de León4,  

Carlos Ballester Lurbe5 
1 CEBAS-CSIC, Universidad de Espinardo, Espinardo, 30100 Murcia, Spain 

2 YARA ZIM Plant Technology GmbH, Hennigsdorf, Germany 
3 Inst. Water and Environmental Engineering, Polytechnic University of Valencia,  

Valencia, Spain 
4 Valencian Inst. for Agricultural Reseach, Valencia, Spain 

5 Centre for Regional and Rural Futures, Deakin University, Griffith,2680, NSW,  
Valencian Inst. for Agricultural Researc, Australia 

Corresponding author: magimeno@cebas.csic.es 

 

Precision irrigation allows saving water without harming yield and quality by meeting the 

crop’s water specific requirements. Three important parameters to monitor plant water 

status are the soil water content (θ), the stem water potential (ψs) and more recently the 

leaf turgor pressure (LTP). The aim of this work was to study the relationships between 

θ and ψs during different periods of the growing season in order to define an adequate θ 

threshold and optimize irrigation in clementine trees. Four clementine trees were 

equipped with one Frequency Domain Reflectometry probe (FDR) and two plant-based 

magnetic probes (Yara ZIM-probe) each, located at the east side of the canopy. The 

Yara ZIM technology measures the pressure (Pp) transfer function through a patch of an 

intact leaf, which is inversely correlated with the LTP. Midday ψs was measured with a 

Scholander pressure chamber in three leaves of each tree every week throughout the 

season. Additionally, hourly stem water potential measurements were performed on 

three days in spring and summer. The selected trees were subjected to three periods of 

water withholding throughout the growing season. Results show that once the drought 

cycles started, ψs decreased in parallel with θ. These data enabled to set the critical soil 

water content (θcrit) when ψs reached values considered as mild stress for the plants 

(-1.2 MPa). This θcrit varied depending on the growing period ranging from 24% in winter 

to 35% in summer. The ψs had a good correlation with Pp during the drought cycles with 

coefficients of determination that reached values of 0.80. In conclusion, results show 

that the Yara ZIM-probes enabled plant water status telemonitoring on real-time in 

clementine trees. The soil water content measurement and the use of the Yara ZIM-

probes could be an optimal coupling for irrigation scheduling in clementine trees. 

 

Keywords: Citrus, drought stress, leaf turgor, pressure sensors, stem water potential, 

soil moisture 
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Irrigation and seed-type effects on tuber yield, culinary  
attributes, and economic performance of French fry,  

chipping, and fresh market potato under short growing  
conditions of the Canadian prairies 

Jazeem Wahab1, Benoit Bizimungu2, Edmund Mupondwa1, Greg Larson3 

1 AAFC Saskatoon Research and Development Cen, 107 Science Place,  
Saskatoon Saskatchewan S7N 0X2, Canada 

2 AAFC Fredericton Research Development Cen, 85 Lincoln Road, PO Box 20280,  
Fredericton New Brunswick E3B 4Z7, Canada 

3 Canada-Saskatchewan Irrig. Diversific. Cent, 902 McKenzie Street South,  
Outlook Saskatchewan S0L 2N0, Canada 

Corresponding author: Jazeem.Wahab@agr.gc.ca 

 

Potato (French fry, Chipping, and Fresh Market) production is a dominant horticultural 

crop on the Canadian Prairies, and currently valued at $480 million (40% of Canada’s 

potato production). Suitable cultivars and production practices are required to optimize 

yield, quality, and economic returns under the prevailing cool and short growing envi-

ronment. This project examined advanced breeding clones and recently released culti-

vars of French fry, chipping, and fresh market potato, planted using whole, longitudinal-

cut, and transverse-cut seed grown under irrigated and dryland production in compari-

son to industry standards. The growing season experienced favourable rainfall and 

temperature that resulted in above average yields. The French fry cultivar ‘AAC Alta 

Strong’ produced the highest marketable yield of 61.6 t ha-1, outyielding the industry 

standard ‘Russet Burbank’ by 56%. Chipping cultivar ‘Vigor’ produced the highest yield 

of 49.6 t ha-1 and out-yielded the industry standard ‘Atlantic’ by 17%, and ‘Snowden’ by 

39%. Fresh market cultivars and breeding clones produced similar yields averaging 

47.4 t ha-1. Irrigation produced higher yields of French fry potato, but had no effect on 

Chipping or Fresh market types. Cut seed-pieces produced higher marketable yields 

than whole seed for French fry and Chipping potato, whereas, seed type had no effect 

on Fresh market yields. Tuber quality attributes were variable among the culti-

vars/clones. ‘CV04144-1’, ‘Snowden’, and ‘Milva’ produced higher quality French fries, 

Chips, and Fresh market potato respectively. Tuber quality attributes were similar be-

tween irrigated and dryland production for all three market classes. These improve-

ments in agronomic and quality traits translate into significant economic value-chain 

impact at three levels: producers (lower production cost, increased yield, and contractu-

al premiums for quality attributes demanded by processors relative to the industry 

standard); processors (higher quality raw material for value-added products - French 

fries, chips, dehydrated, and canned); and consumers (quality and price). 

 

Keywords: Potato, irrigation, seed type, yield, tuber quality, economics, value-chain  
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Irrigation and mulching effects on the raspberry leaf  
temperatures measured by thermal imaging camera 

Milos Pavlovic1, Marija Cosic1, Ruzica Stricevic1, Nevenka Djurovic1, Ivan Bogdan2 
1 Nemanjina 6, 11080, Zemun, Serbia 

2 Squaree of Maria Trandafil 7, 21000 Novi Sad, Serbia 
Corresponding author: aquaprotecting@gmail.com 

 

The paper presents the results of leaf temperature measurements in raspberry or-

chards, recorded by thermal imaging camera. Raspberry orchards were formed in 

spring 2014, while the experiment was set up in spring 2015, which was the first yield 

year. The orchards are located in the south-western part of Republic of Serbia (Ivanjica 

region). This mountain region is characterized by limited water resources. During the 

experiment, three irrigation treatments were applied: deficit irrigation (N), deficit irriga-

tion with hay mulch (NM), and rainfed condition (NN). Measuring of the leaf temperature 

was carried out with thermal camera (FLIR, T335), six times during fruit development. A 

total of 30 measurements was carried out on each treatment for calculating the average 

values for leaf temperature. Soil water content was continuously measured by TDR 

sensors (in the N and NM treatments). Automatic weather data were set up near the 

experimental field. Results of measurements show the warmest plants were in the NN 

treatment, followed by plants in the N treatment. The coldest plants are those in the NM 

treatment. The leaf temperature values for NN treatment are mainly higher than air tem-

perature values, while the N and NM treatments show higher values just in one of six 

days of measurements. However, soil moisture values reflecting the eventual changes 

in leaf temperature. The values of soil moisture in the NM treatment were the closest to 

the field capacity, while the values in N treatment were the closest to the wilting point. A 

positive impact mulch has to the irrigation water can be assumed according to the ex-

periments’ results, and that is very important note for this region. Difference in air and 

leaf temperature vs. vapour pressure deficit shows linear relationship. The average val-

ues of CWSI for N, NM and NN treatments obtain clear differences. 

 

Keywords: deficit irrigation, mulching, thermal imaging, raspberry 
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From theory to practice - success in implementing drip irriga-
tion in commercial mushroom (A. bisporus) cultivation 

Ofer Danay1, Paul Van den Berg4, Dov Raz2, Yoram Engel2, Eran Kobi3, Ilana Barski3, 
Dan Levanon1 
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Corresponding author: ofer@migal.org.il 

 

In today's practice, mushrooms are watered by spraying systems. To avoid quality 

damage, watering has to be stopped from the "pin setting" stage until all first flush 

mushrooms are picked. After the second flush, during the "No irrigation" periods, casing 

and compost humidity decreases to a level that prevents development of first class 

mushrooms. This makes it unfeasible to pick the third flush and reduce the profitability 

of mushroom cultivation. Drip irrigation was developed to overcome these obstacles of 

the spray watering systems. Since water is applied below the mushrooms it does not 

cause any quality damage. In the last year, experiments with the new watering system 

were carried out on three commercial mushroom farms, in three different countries with 

both the one layer system and the standard six shelves growing technique. Controls 

were watered conventionally by spraying with water. Special device was developed for 

the introduction of the drip tube lines into the casing and collection at the end of the 

growth cycle. With this system, installing drip irrigation in mushroom cultivation rooms 

became fully automatic. The drip lines can be used for few growing cycles. Drip irriga-

tion kept casing and compost humidity as needed even with 30% reduced thickness of 

the casing layer. Optimal compost and casing humidity was achieved by a newly devel-

oped computerized irrigation controller, with an algorithm that use input from compost 

and casing humidity sensors and the climate controller. Due to the "water shortage" of 

the spray irrigated rooms, the second flush mushrooms’ mass/size ratio was higher with 

drip irrigation, i.e. for the same diameter, less but heavier and better mushrooms. This 

also enables reduction of picking costs. The quality of drip-irrigated third-flush mush-

rooms was much higher (85% class A) than that of spray irrigated machine-picked 

mushrooms (0% class A). Increased in relative humidity in the spray irrigated rooms is 

avoided with drip irrigation, decreasing the energy needs for drying the rooms. De-

creased bacterial blotch incidence, due to dryer drip-irrigated mushrooms, also en-

hanced produce quality. Total higher mushroom quality: 95% class A, as compared to 

only 79% class A, of the entire yield, using drip instead of spray irrigation increased the 

entire crop value. These results indicate that introduction of this new technology can 

improve profitability of mushroom growing.  

Keywords: Algorithm, irrigation, mushrooms, quality  
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Numerical simulation of root zone dynamics of water  
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Asparagus (Asparagus officinalis L.) is a perennial vegetable grown in the north eastern 

part of Belgium. Asparagus is grown on sandy soils with low water holding capacity. 

Asparagus has been reported to be sensitive to water stress, with reduced stomatal 

conductivity and assimilation rate at high soil and plant water potential. On the other 

hand the root system has been known to be extensive which should permit extracting 

water form a large soil volume. In 2015 a field experiment was conducted with as aim 

gaining insight in the root zone dynamics of water uptake by asparagus under four dif-

ferent drip irrigation treatments. Crop development and gravimetric soil moisture obser-

vations were collected in four replications. Per treatment one plot was equipped with 6 

Watermark granular matrix sensors to observe the variation in soil water potential. In the 

autumn the Watermark sensors were removed and at the same place root samples 

were collected to determine the fine root distribution. In total from 117 samples roots 

were washed from the soil using fresh water. The acquired root distribution, in combina-

tion with in situ observed water retention characteristics and saturated hydraulic con-

ductivity was fed into the HYDRUS 2D model in order to numerically describe the water 

extraction pattern of asparagus. With this calculation the relation between soil water 

potential and plant water status was identified in relation to the subjected drip irrigation 

treatment.  

 

Keywords: Soil water potential (Ψsoil), soil water content, Watermark sensor, HYDRUS 
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Predawn water status for irrigation scheduling - Proof of 
concept for Asparagus officinalis L. as model crop 

Jana Zinkernagel, Norbert Mayer, Bettina Artelt 
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For an economically and environmentally-sound vegetable production in open field, irri-

gation scheduling has to meet the demand of yield and quality assurance, resource-

efficiency and user-friendliness through automation. Plant-based irrigation scheduling 

systems are promising approaches which potentially face these requirements. Predawn 

water status of plants (ψPD) is a widely used, sensitive indicator for soil drought induced 

water stress. Since its measurement is not really feasible in practice, irrigation schedul-

ing models exist with parametrized ψPD, intending to replace its frequent determination. 

However, the efficiency of ψPD–based irrigation scheduling systems depends on the 

accuracy of ψPD-thresholds initiating irrigation. Thus, the objective of this investigation is 

to establish how ψPD-thresholds signaling water stress differ, if determined with physio-

logical parameters (e.g. assimilation rate, xylem hydraulic conductivity, RWC) or with 

morphological (yield-related) parameters. For proof of concept of ψPD as irrigation sig-

nal, we furthermore aim at evaluating a preliminary ψPD-threshold in an open field ex-

periment with different irrigation regimes. 

Two successive three-year experiments with Asparagus officinalis L. cv. Gijnlim were 

conducted on different open field sites. In the first, asparagus was grown in well-

irrigated and non-irrigated plots in sandy loam in Geisenheim, Germany (3 replications, 

randomized block design). The second consisted of four different irrigation treatments in 

sandy soil in Ingelheim, Germany (4 replications, randomized block design). ψPD, gas 

exchange, plant growth and spear yield were analysed in respect to water supply and a 

preliminary threshold. 

The ψPD-threshold derived from physiological parameters (-0.15 MPa) lies above those 

found morphologically. Distinctive limitations of shoot growth and spear yield emerged 

with ψPD = -0.37 MPa. Thus, ψPD-thresholds derived with physiological parameters may 

overestimate asparagus’ sensitivity towards drought stress in terms of crop manage-

ment. Hence, proof-of-concept studies addressing crop parameters are inevitable for 

using plant water status for irrigation scheduling. 

 

Keywords: drought stress, herbaceous perennial plant, plant-based-irrigation schedul-

ing, predawn water potential, stress threshold 
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Can plants "sense" irrigation frequency? 

Ian Dodd, Jaime Puertolas, Richard Boyle, Stephen Anderson 
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Decreasing the frequency of irrigation may allow water savings without limiting crop 

yield and/or quality, but many studies have varied both irrigation frequency and irrigation 

volume. To determine whether irrigation frequency per se affects plant water use effi-

ciency (WUE) and physiological responses to suboptimal soil moisture, greenhouse ex-

periments with containerised plants supplied less water than full crop evapotranspiration 

(ET), but at different frequencies. Some plants were irrigated daily (in aiming to supply 

50% of ET or to maintain a semi-constant soil moisture content, θ) while others periodi-

cally received the same cumulative irrigation volume (thus imposing distinct soil drying 

and re-wetting cycles). In Pelargonium x hortorum grown in conventional pots in peat, 

daily irrigation at 50% ET increased shoot biomass by 15% compared to distinct soil 

drying and re-wetting cycles. Moreover, daily irrigation increased leaf water potential 

and decreased leaf xylem ABA concentration at the same θ. In Helianthus annuus 

grown in soil columns in an organic loam, maintaining a semi-constant soil moisture 

content by daily irrigation increased stomatal conductance and whole plant transpiration 

compared to plants from which water was withheld (at the same θ). This increased gas 

exchange was associated with lower shoot xylem ABA concentration and a pronounced 

inverted gradient in soil moisture (wet upper soil layers, dry lower soil layers). In Lyco-

persicum esculentum grown in soil columns in peat, decreased leaf and root xylem ABA 

concentration could be partially explained by accounting for water uptake (and ABA ex-

port from) from the different soil layers. Moreover, root ABA accumulation was attenuat-

ed in frequently irrigated plants due to higher root water potential at the same θ. The 

significance of these changes in root ABA export in mediating WUE will be assessed by 

exposing ABA-deficient and wild-type plants to different irrigation frequencies. 

 

Keywords: ABA, root-to-shoot signaling, stomatal conductance, deficit irrigation 
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Whole-canopy gas exchange chambers to accurately  
estimate canopy water use of 'Tempranillo' grapevines  
('Vitis vinifera' L.) under various irrigation regimes in a  

semi-arid climate 
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An accurate estimation of grapevine water use is vital for efficient irrigation water man-

agement in vineyards, particularly in regions dependent on the availability of freshwater, 

and in light of increasing freshwater scarcities in arid and semi-arid regions globally. 

Using custom-built whole-canopy chambers coupled to a portable infrared gas analyser, 

we estimated the daily water requirements of mature grapevines (Vitis vinifera L. ‘Tem-

pranillo’) in the field under high environmental demand (vapour pressure deficit) and 

several irrigation regimes (full irrigation at 100% of crop evapotranspiration or ETc; regu-

lated deficit irrigation and sustained deficit irrigation ranging between 30-50% of ETc). 

Environmental conditions, soil moisture, and vine water status (midday stem water po-

tential) were measured simultaneously, and ETc was calculated using the Penman-

Monteith relationship for comparison with the whole-canopy measurements. Our results 

indicate that mature fully-irrigated grapevines in the field use over 30 L of water per day 

during the peak of the summer. In the same vines, night transpiration represented 32% 

of the total daily water use, which was not accounted for in ETc measurements, there-

fore having implications for irrigation scheduling and lowering canopy water use effi-

ciency (WUE). Canopy WUE was highest early in the morning perhaps due to the rela-

tively higher proportion of diffuse light at that time and, consequently, lower transpiration 

rates. Daily water use was lower in the reduced irrigation treatments and with negligible 

nocturnal water loss. Whole-canopy gas exchange chambers built for and used in this 

study have proven to be a valuable tool for the quantification of plant water use and 

therefore irrigation scheduling in vineyards. 

 

Keywords: irrigation, water use, Vitis, transpiration 
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Continuous 'in situ' measurements of crop water stress in 
Shiraz grapevines using a thermal diffusivity sensor 
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A new measure of crop water stress (CWS) using a thermal diffusivity sensor was eval-

uated under field conditions in southern Australia in early 2014 in mature Shiraz grape-

vines over a two-month period. The trial tracked the correlation between thermal diffu-

sivity (TD) of xylem (sap and tissue) and vapour pressure deficit (VPD) as a measure of 

CWS. In-canopy VPD measurements were used as a surrogate for atmospheric de-

mand. Matric potential sensors in the soil profile below the vine were used as an inde-

pendent measure of potential water stress. The TD vs. VPD correlation coefficient was 

derived from 96 quarter-hourly readings over each day, starting at 6am daily when the 

vine was expected to have reached hydraulic equilibrium with the soil. Correlation coef-

ficients were around 0.9 under well-irrigated conditions but dropped to around 0.6 be-

fore each irrigation was applied. As the soil profile dried over the course of the season 

and tissue rehydration levels increasingly failed to recover after high-stress summer 

days where sap flow was low, TD did not correlate as well with VPD. The sensor output 

closely tracked irrigation cycles. 

 

Keywords: Water stress, irrigation, VPD, sap flow, thermal diffusivity 
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Water management in Space - monitoring of plant water  
status in small and closed environments 
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The movement of water in, across and out of the plant is a key factor when growing 

plants as part of a closed regenerative life support system. Under microgravity condi-

tions, it has been proved that transpiration rate of leaves is suppressed by retarding the 

water vapour transfer due to restricted free air convection. Previous experiments on the 

International Space Station (ISS) have illustrated the importance of monitoring the water 

status of plants in space. A frequently reported cause for loss of seedlings due to wilting 

is technical issues with hardware, which could possibly have been avoided if a better 

tool for monitoring the water status in plants were available. Currently, experiments in 

existing growth facilities on the ISS, as well as new hardware are being designed to as-

sess and monitor plant water uptake and transport in microgravity. However, suitable 

methods for monitoring plant water status in space facilities have proven to be challeng-

ing due to the confined environment and the limited volume of available water. Technol-

ogies used in previous experiments, lessons learned and future prospects will be pre-

sented. 

 

Keywords: irrigation, sensors, relative humidity, monitoring technologies, imaging 
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Temperature correction of substrate moisture measurements 
made in coir in polytunnel-grown strawberries 
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The aim of this work is to assess the use of temperature corrected soil moisture data to 

improve the relationship between environmental drivers and the measurement of sub-

strate moisture content in high porosity soil-free growing environments such as coir. 

Substrate moisture sensor data collected from strawberry plants grown in coir bags in-

stalled in a table-top system under a polytunnel illustrates the impact of temperature on 

capacitance-based moisture measurements. Substrate moisture measurements made 

in our coir arrangement possess the negative temperature coefficient of the permittivity 

of water where diurnal changes in moisture content oppose those of substrate tempera-

ture. The diurnal substrate temperature variation was seen to range from 7°C to 25°C 

resulting in a clearly observable temperature effect in substrate moisture content meas-

urements during the 23 day test period. A temperature correction algorithm is presented 

in this work that has been derived from the Complex Refractive Index Model (CRIM) 

equation, which was easily calibrated for coir and applied to the substrate moisture and 

temperature data. The diurnal variations seen with the temperature compensated sub-

strate moisture data now align very well with the expected diurnal water demands of the 

strawberry plants. To further evaluate the relationship between environmental drivers of 

solar radiation and vapour pressure deficit with substrate moisture, the temperature cor-

rection algorithm was programmed within a GP2 data logger. The GP2 was also collect-

ing solar radiation, air temperature and relative humidity data. The resulting comparison 

of substrate moisture responses to environmental drivers illustrates a significantly im-

proved correlation with temperature corrected substrate moisture measurements. We 

conclude that this new temperature correction algorithm addresses the effect of temper-

ature on the relative permittivity of water, which will affect all capacitance based sensor 

measurements in high porosity soil-free growing substrates such as coir. 

 

Keywords: Substrate moisture temperature correction algorithm, Coir, VPD, Solar radi-

ation 
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Smart phones contain a variety of sensors, which have the potential to monitor the sur-

rounding environment and provide an aid to decision making across a range of indus-

tries from medicine through to agriculture. Smart phones have a number of advantages 

over specialist monitoring systems including ubiquity, price, user familiarity and the ease 

of implementing updates; they also contain sufficient computing power that the analysis 

and support software can be contained within the phone. 

A range of methods have been developed for the assessment of vine water status – 

however none currently meet the portability and ease of use requirements for wide 

scale adoption. A wide range of sensors could potentially be interfaced with smart 

phones in order to assess vine moisture status. The aim of this project is to evaluate a 

range of smart phone based tools for measuring vine water status and to develop the 

most promising tool into a smart phone application that can be easily used by vineyard 

managers. 

Potential systems that are being evaluated include: 

 An infrared camera that is integrated into or connected directly to the smart 
phone and uses established techniques for the analysis of thermal imagery to 
assess water status  

 A portable NIR spectrophotometer that interfaces with the phone and measures 
reflectance across wavelengths for the calculation of water status indices 

 A 3D camera that is integrated into or connected to the phone via WiFi and can 
use image analysis to assess the shape or orientation of the leaves  

 A microscope attached to the smart phone camera or as a separate portable unit 
that can be used to measure stomatal number and aperture and then calculate 
stomatal conductance  

Most of these systems will rely on the completion of some form of image analysis on the 

smart phone; therefore, the ability of this analysis to be completed quickly and accurate-

ly on the phone will also be assessed. 

A trial site with a range of irrigation deficit treatments applied to Chardonnay and Cab-

ernet Sauvignon grapevines has been established in the Riverland of South Australia. 

Water status measurements from the smart phone based sensors described above are 

being benchmarked against conventional methods including stem water potential and 

stomatal conductance. 

 

Keywords: Water Status, Grapevine, Smart Phone, Infrared, NIR, Leaf Imaging, Sto-

matal Aperture  
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Stem heat balance method: A new consistent sap flow  
baseline-correction approach 
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A widely used sap flow technique to determine the transpiration and water demand of 

plants is the stem heat balance method (SHB). Its accuracy depends highly on the cor-

rection and calibration of the recorded heat input. Some often applied correction ap-

proaches are highly questionable. 

We compared the night value subtraction approach (NVS) with direct weighing and 

measurements on cut plant stems. We found that sap flow directly depends on the wa-

ter vapour pressure deficit (VPD) at night (no photosynthetically active radiation) and 

that the constant of the linear regression (VPD vs. recorded heat input) represents the 

unintended heat loss of the measuring system (fictitious flow). 

Our results from an outdoor climbing plant stand show that the measured daily net wa-

ter uptake is underestimated by up to 33% when applying the NVS correction compared 

to direct gravimetric measurements (planted lysimeter). In contrary, the physical con-

sistent baseline-correction VPD approach under- and overestimates the net water up-

take by only 5 to 10%. 

As relative humidity and air temperature should be recorded anyway, the VPD approach 

can be used to retrospectively improve the quality of the interpretation of already rec-

orded data. 

Our results suggest that SHB - sap flow data, which is corrected using the VPD ap-

proach gives a reliable estimation of daily transpiration and net water uptake of plants. 

 

Keywords: heat balance, sap flow, vapour pressure deficit 
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There is very little in the literature concerning seasonal information relating fruit growth 

to plant water status to yield in horticultural crops. This paper analyses information rec-

orded in 2014 from the end of cytokinesis (early July) on Abbè Fetel trees grafted on 

four different rootstocks (Farold, Sydo®, MH and MC) grown in the Fratelli Navarra 

Foundation Experiment Farm, in Ferrara, Italy. Trees were irrigated according to the 

Irriframe scheduling system designed by the “Consorzio per il Canale Emiliano Ro-

magnolo (CER)” of the Emilia-Romagna Region based on the water balance method. 

Soil moisture was calculated from the water inputs (rainfall and irrigation) and outputs 

identified as the crop evapotranspiration (ETc). For each rootstock, three treatments 

with two irrigation systems (drip and sprinkler) were studied: fully irrigated following the 

Irriframe scheduling, or 50 and 0 percent of the recommended water volume. Remarka-

ble information of plant development, fruit growth and leaf water status were recorded. 

In addition, a new approach for measuring plant activity, called IPL index, was under-

taken. This index involves chlorophyll fluorescence, carboxylative activity RuBisCo, air 

and leaf temperature. 

In high-quality pear production systems, water management is a must, but growers lack 

an objective methodology for assessing management decisions. The data collected 

have been used to provide assistance in management decisions taken by the growers 

and/or the consultant throughout the season. The goal was to assist the growers in im-

proving the efficacy of crucial decisions along the fruit growth, to help and ensure high 

production levels without losses in quality. The work presented is also intended as a 

proof of concept of this methodology, whose satisfactory results signal that it may not be 

far from large-scale adoption. 

 

Keywords: Fruit Growth, Chlorophyll fluorescence, Tree crops 
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Rapid data analysis of field data 
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Digital plant phenotyping is the complete and extensive measuring of properties, geom-

etry and function in high resolution. With the rise of high throughput imaging systems on 

laboratory and greenhouse scale, data acquisition using a large variety of sensors in 

high resolution is quite common and a gap in high throughput data analysis routines can 

be defined. Especially with the construction of field phenotyping systems carrying a 

wide range of non-destructive sensor equipment such as RGB-, IR-, hyperspectral- and 

fluorescence cameras huge datasets have to be acquired, transported, saved to the 

database, exported and analysed. 

An efficient tool LemnaGrid for high throughput and automated plant image analysis has 

been introduced by LemnaTec GmbH. This software enables the generation of an ar-

chetypical processing pipeline. Different single image processing elements containing 

edge detection, thresholding, segmentation or machine learning algorithms can be con-

nected and represent an image processing pipeline to measure specific parameters of 

the plant. The single work steps can be evaluated and be adapted to the plant type and 

the experimental focus. The processing pipeline can be automated to process a huge 

variety of plant images in high throughput. Applications such as the automated parame-

terization of shape and colour within RGB images of greenhouse plants as well as for 

images of microtiter plates within a laboratory application or images coming from a field 

phenotyping platform are possible. Established processing pipelines can be easily 

transferred to experiments with a different focus and different plant types. 

This work will show a deeper look of the processing of field data coming from the new 

Scanalyzer Field, a crane based phenotyping platform carrying different kinds of sen-

sors, produced by the LemnaTec GmbH. Observations from a 10mx100m field were 

processed and analysed using this graphical programming interface. First results were 

shown for the hyperspectral data analysis regarding its connection between the reflec-

tion intensity and the availability of nitrogen. 

The image analysis software LemnaGrid (LemnaTec GmbH, Aachen) provides a pro-

fessional tool that enables the intuitive connection of different image processing algo-

rithms. It is adaptable for different plant types and on different scales from the micro-

scopic scale to the field scale. In this process, the data processing can use different 

sensor data coming from RGB, 3D, hyperspectral or fluorescence imaging. 

 

Keyword: image analysis, field scale, phenotyping platform 
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Spain is the major strawberry production area in Europe, and ranks fourth worldwide 
after the US, Mexico and Turkey. The major strawberry production area in Spain is cen-
tered in Huelva province (South-western Spain), with over 7,500 ha cultivated with drip 
fertigation under plasticulture production, in sandy soils with low cation-exchange ca-
pacity. Prior research in 2015 with a farmer has greatly increased the efficiency of drip 
irrigation by pulsing short (15-20 min) irrigation events during the day, increasing yields 
by more than 20 g per plant, with an increased income of 1300 € ha-1 in 2015. We have 
implemented the latest soil-moisture sensor-control technology (PlantPoint™, Decagon 
Devices, Inc.) to see if we can further improve on this efficiency. A sensor network was 
installed in Nov., 2015 in two production tunnels, one to monitor the pulse irrigation 
events made by the grower, the other on sensor-based irrigation control. Sensor-
controlled irrigation is initiated when the average soil volumetric water content (VWC) 
decreases below a set-point of 19% that optimizes VWC throughout the 35 cm bed 
depth. Soil moisture is monitored in each tunnel with three radio dataloggers, each with 
10-HS sensors at 10 cm and 20 cm depths in the root zone. One of these dataloggers 
enables control by averaging the 10-HS sensor VWC readings, and by opening and 
closing a l2V-DC latching solenoid (Netafim) via a relay on the node. Water applications 
in each tunnel are also monitored with real-time flow meters. Additionally, soil matric 
potential is monitored at 10 cm (in the root zone) and electrical conductivity (EC) for nu-
trient leaching at 35 cm (MPS-6 and GS3 sensors respectively, Decagon Devices). All 
sensor data is logged and transmitted to a computer and base station on the farm, 
which is connected to the internet with an air-card modem. All data is integrated into a 
sophisticated graphical database program (Sensorweb™, Mayim, LLC) that also allows 
real-time communication with the control nodes to adjust irrigation events, if needed. 
The Sensorweb software provides micro-pulse (1-5 min) irrigation control capabilities, 
which further optimizes irrigation water applications. During the first 45 days of control 
(28 Jan - 12 March, 2016), the grower applied 254,975 L of irrigation water in 1-4 pulses 
per day, compared to 130,510 L applied with sensor-based control (49% less water). 
Matric potential in the root zone averaged -10kPa, with minimal leaching of nutrients 
below 35 cm for the sensor-controlled irrigation. Further increases in irrigation and nu-
trient application efficiency are likely during the upcoming harvest period (March through 
May). A full analysis of grower versus sensor-controlled irrigation applications and crop 
yields will be given for the 2016 season. 

Keywords: plasticulture, strawberry, sensor-controlled irrigation, micro-pulse, volumet-
ric water content, soil matric potential  
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Intra-vineyard variability description through satellite-derived 
spectral indices as related to water status and other vine 

physiological indices 

Enrico Borgogno-Mondino1, Vittorino Novello2, Andrea Lessio1,  
Luigi Tarricone3, Laura de Palma4 

1 Dip. DISAFA, Università degli Studi di Tor, Largo P. Braccini, 2, 10095 Grugliasco, Italy 
2 Dip. Sc. Agrarie, Forestali e Alimentari , Largo P. Braccini 2, 10095 Grugliasco TO, Italy 

3 2CREA-UTV, Via Casamassima 148, Turi -BA, Italy 
4 Dip. SAFE, Università degli Studi di Foggi, Via Napoli 25, Foggia, Italy 

Corresponding author: vittorino.novello@unito.it 

 

In the Castel del Monte DOCG area, focusing on a vineyard of Moscato Reale (syn. 

Moscato Bianco), a long time series of Landsat 8 OLI multispectral data ground reflec-

tance calibrated were collected for the period April 2013 – February 2016. NDVI, EVI 

and SAVI spectral indices were calculated from the available bands to generate indices 

time series useful to describe, at pixel level (30 x 30 m), local vineyard phenology. The 

NDWI (Normalized Difference Water Index) index was also calculated as proxy of sur-

faces water content. The vineyard physiological behaviour was explored along different 

growing seasons looking to integrate satellite-derived information with ground parame-

ters, measured in different vineyard zones, related to vegetative, reproductive, and 

physiological grapevine activity with special regard to water status, and to berry quality. 

Correlations between satellite-derived spectral indices and physiological indices, includ-

ing water status, were individuated. 

We found that, at vineyard level, middle resolution multispectral imagery from satellite, if 

properly acquired and elaborated, is an effective tool for describing physiological behav-

iour and comparing it among different seasons; moreover, since start data are free, the 

entire process is economic enough to be consistent with cost and incoming of farms. 

 

Keywords: NDVI, EVI, SAVI, NDWI, ecophysology 
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Opportunities and pitfalls in the use of thermal sensing for 
monitoring water stress and transpiration 

Hamlyn G Jones 

School of Life Sciences, University of Dundee, Dundee, Scotland 
and School of Plant Biology, University of Western Australia, Perth, Australia 

 

This paper will review recent progress in the development of thermal sensing (both in-

field and remotely from UAVs, aircraft or satellites) as a tool for the study of plant water 

relations and for estimating stomatal conductance and transpiration from crops. Oppor-

tunities for future applications in horticulture using both single point sensors and im-

agers will be emphasised with discussion of the use of field phenomobiles, remotely 

piloted aircraft systems and fixed sensor networks. Particular challenges limiting the 

wider uptake of thermal sensing including the treatment of mixed pixels and the use of 

reference surfaces for absolute estimates of evaporation will be discussed. 

 

Keywords: infrared thermography, stomatal conductance, transpiration, UAVs 
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Automated sensor-control strategies for drip irrigation of 
containerized Chrysanthemum 

John Derek Lea-Cox1, Andrew Ristvey2, Bruk Belayneh1, Julie Iferd3 
1 Department of Plant Science and Landscape Arch, 2120 Plant Sciences Building,  

University of Maryland, College Park, MD 20742-4452, United States of America 
2 University of Maryland Extension, Wye Research and Education Center,  
124 Wye Narrows Drive, Queenstown MD 21658, United States of America 
3 Catoctin Mountain Growers, 8051 Sixes Bridge Rd, Keymar MD 21757,  

United States of America 
Corresponding author: jlc@umd.edu 

 

Precision irrigation control of containerized plant material is essential to not only reduce 
the frequency of irrigation events of plants grown in porous soilless substrates, but also 
to reduce nutrient runoff to containment ponds and surface water bodies. We are inves-
tigating source reduction strategies as part of an integrated national project (i.e. to re-
duce, remediate and recycle irrigation water, SCRI-Water3). Commercial production fa-
cilities are integral to understanding how sensor-based technologies and decision strat-
egies can be implemented at scale. From May through Sept. 2015, two blocks of Chry-
santhemum in a commercial operation were each monitored with a sensor network con-
sisting of four EM50R (monitoring) and one nR5 (prototype control) nodes (Decagon 
Devices, Inc., Pullman WA). Five GS1 sensors (per node) were inserted vertically 
though the side wall of individual 5L (35 cm diameter) containers into the peat-based 
substrate. The major objectives of this initial study were to (1) understand the variability 
of the drip irrigation system and soil moisture at various positions in each production 
block and (2) determine the specific placement of monitoring nodes, to minimize the 
number of nodes and sensors required for making a good irrigation decision, based up-
on a set-point substrate volumetric water content (VWC). The VWC set-point for the 
sensor-controlled (SC) block was set just below container capacity at 39%, so as to not 
compromise plant size and quality. In addition, minimizing the pulse-time of individual 
irrigation events (to no more than 4 minutes per pulse) optimized the distribution of irri-
gation water to all plants within the block, even at the furthest laterals from the solenoid 
valve. The variability of daily substrate VWC in the grower-controlled (GC) block was 
significantly greater than in SC block, as the grower typically only irrigated 1-3 times per 
day (with 15 min irrigations), compared to the SC block which typically irrigated 3-4 
times per day (each with three 4-minute pulses). Sensor-controlled irrigation only saved 
from 9 - 22% of total monthly water applications, compared to GC irrigation (total study 
savings of 13%), but there were no significant differences between plant canopy dry 
mass (or canopy volume / number of flower buds) between treatments. This was in spite 
of GC plants being in water deficit (< 20% VWC) for significant lengths of time each day 
during August. The experiment will be repeated during 2016, with lower SC set-points 
(± 30% VWC), using only two monitoring nodes (10 sensors) per block. It is apparent 
that Chrysanthemum is more tolerant of low substrate VWC during the day, as long as 
those periods of temporary water stress do not lead to visible signs of wilt. Lowering 
substrate set-points should allow us to increase water savings, without any significant 
effect on production time, or crop quality. 

Keywords: container-production, sensor networks, volumetric water content  
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Determining plant available water to practically implement 
deficit irrigation strategies in Strawberry production 

Bruk Belayneh, John Derek Lea-Cox 

Department of Plant Science and Landscape Arch, 2120 Plant Sciences Building,  
University of Maryland, College Park, MD 20742-4452, United States of America 

Corresponding author: jlc@umd.edu 

 

A field experiment was conducted at the University of Maryland Wye Research and Ed-

ucation Center in 2015 to study deficit irrigation (DI) in strawberry (Fragaria X ananas-

sa) production. A wireless sensor network consisting of nR5-DC control nodes (Deca-

gon Devices, Inc., Pullman, WA) independently irrigated replicate plots, based on soil 

volumetric water content (VWC) measurements. Soil water retention curves for the 

study site were developed using a Hyprop apparatus (UMS, Germany); soil matric po-

tential (SMP) values were determined for a control (-30 kPa) and three DI treatments  

(-40 kPa, -50 kPa and -60 kPa). Corresponding VWC values for the SMP levels were 

then determined by fitting the Mualem-van Genuchten (1980) model to the soil moisture 

retention data. These VWC values (36.7%, 33.5%, 32.1% and 30.2%, respectively) 

were used as threshold values/set-points in SensorwebTM software (Mayim, LLC., Pitts-

burgh, PA). Irrigation events were triggered when the average VWC from duplicate 

10HS soil moisture sensors (Decagon Devices, Inc.) placed in the root-zone of plants in 

each plot was lower than the corresponding threshold value. In-situ field SMP data for 

each treatment were measured using MPS-6 matric potential sensors (Decagon Devic-

es, Inc.) in each plot. Daily Irrigation application volumes for each plot were also meas-

ured using flow meters (Badger Meters, Milwaukee, WI). Significant decreases in irriga-

tion volumes were observed for the DI treatments, together with decreased fruit num-

bers and yield, indicating the sensitivity of strawberry plants to changes in plant availa-

ble water (PAW) within the relatively narrow SMP range imposed in the study. We are 

repeating the study during spring 2016, to further validate soil moisture and SMP meas-

urements using T8 field tensiometers (UMS, Germany) and more accurately quantify 

PAW for the control and DI treatments. Understanding responses of strawberry plants to 

changes in SMP and PAW is essential to identify effective DI strategies, to improve irri-

gation water use-efficiency and reduce potential nutrient leaching from strawberry pro-

duction. 

 

Keywords: Strawberry, sensor networks, deficit irrigation, tensiometer, matric potential, 

volumetric water content 
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Basis for the fine tuning of deficit irrigation regimes in olive 
trees based on a novel water stress indicator from sap  

flow related measurements 

Antonio Díaz Espejo, José Enrique Fernández, Celia Rodriguez-Dominguez,  
Rafael Romero, Virginia Hernandez-Santana 

IRNAS, CSIC, Avda. Reina Mercedes, 10, 41012 Sevilla, Spain 
Corresponding author: adiaz@irnase.csic.es 

 

The expected climate conditions in the Mediterranean area demand an increasing use 

of sustainable water practices in agriculture, such as deficit irrigation (DI). The correct 

use of the most successful DI strategies, such as regulated deficit irrigation (RDI) re-

quires both a good understanding of main physiological mechanisms involved in the 

response of plants to water stress, and the use of reliable and sensitive indicators of 

water stress. Stomatal conductance (gs) is a good plant-based indicator for irrigation 

purposes. Besides gs quick response to increasing water stress, stomatal closure limits 

photosynthesis and thus, it has important implications for plant function, growth and 

yield. However, difficulties on monitoring gs curtails its use for irrigation scheduling pur-

poses. Recently, our research group demonstrated that there is a robust correlation be-

tween the changes in sap flux density measured in the outer sapwood section of mature 

olive trunks and gs dynamics in the tree canopy, both in response to soil and air water 

deficit. Stomatal conductance of both sunny and shaded leaves can be reliably estimat-

ed from radial sap flux density. A biochemical model of photosynthesis was coupled to 

the estimated gs to determine the net CO2 assimilation rates (AN) along the season. As 

expected, our results show that plant growth (leaf area evolution was used as proxy) 

and yield were highly related to AN, and our approach was confirmed to be very sensi-

tive to air and soil water deficits. However, our results show that the main determinant of 

yield was leaf area and not AN, although both are correlated and markedly affected by 

RDI. The use of our water stress indicator based on sap flux density appears to be a 

sensitive tool to schedule a RDI strategy in fruit tree orchards intended to control both 

vegetative growth and yield by imposing a certain degree of water stress to the trees. 

 

Keywords: sap flow, stomatal conductance, photosynthesis model, yield 
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Influence of irrigation scheduling using thermometry on 
peach tree water status under different irrigation systems 

Huihui Zhang, Dong Wang 

Water Management System Research Unit USDA, Fort Collins, United States of America 
Corresponding author: Huihui.Zhang@ARS.USDA.GOV 

 

Remotely-sensed canopy temperature from infrared thermometer (IRT) sensors has 

long been shown effective for detecting plant water stress. To help alleviate water 

shortage, a field study has been conducted at the USDA ARS San Joaquin Valley Agri-

cultural Sciences Center in California to develop and validate algorithms for determining 

degrees of water stress and scheduling postharvest deficit irrigation for peach using 

canopy temperature. The experiment used a 1.6 ha early maturing peach orchard and a 

total of 18 IRT sensors were used to control six irrigation treatments that included fur-

row, surface drip, and micro spray irrigation systems with or without postharvest deficit 

irrigation. During the postharvest period in 2012-2013 and 2103-2014 growing seasons, 

midday stem water potentials (ψ) of well irrigated trees were maintained at a range of -

0.5 to -1.0MPa while ψ of deficit irrigated trees declined to extremely low values. Soil 

water contents in deeper depths were relatively low in surface drip irrigation than those 

in furrow and micro spray irrigation plots. Number of fruits and fruit weights from trees 

under postharvest deficit irrigation treatments were less than well irrigated trees, but no 

statistical significant reduction in fruit size or quality was found for trees irrigated by sur-

face drip and micro spray irrigation systems (p<0.05). At least 50% of water was saved 

by using deficit irrigation during postharvest seasons. Our results suggest the feasibility 

of using IRT to control full and deficit irrigation for early maturing peach trees.   

 

Keywords: irrigation, peach 
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Effect of variable fetch on flux-variance estimation of whole 
canopy sensible and latent heat fluxes in a pepper  

screenhouse 

Josef Tanny1, Ori Achiman2, Yuval Mazliach2, Victor Lukyanov2,  
Shabtai Cohen2, Yehezkel Cohen2 

1 Inst. Of Soil, Water & Env. Sciences, ARO, PO Box 6, 50250 Bet Dagan, Israel 
2 Agricultural Research Organization, POB 6, Bet Dagan 50250, Israel 

Corresponding author: tanai@volcani.agri.gov.il 

 

Knowledge of crop evapotranspiration (ET) is important for accurate irrigation. The area 

of cultivation under screens has rapidly increased in Israel and worldwide. ET data is 

well documented for many crops grown in open fields, but for crops under screens or in 

screenhouses it's rather scarce. Consequently, research on methods to measure and 

estimate ET in protected cultivation systems has increased. We have shown that the 

eddy covariance (EC) technique can measure whole canopy ET in screenhouses. How-

ever, it requires expensive equipment and complex data analysis; hence it is for re-

search only. Aiming at developing a low-cost and simple method that will be available 

for day-to-day use by growers, we investigated here the flux-variance method (FV), 

which is based on high frequency measurements of air temperature near the canopy top 

by a miniature thermocouple. Air temperature standard deviation is calculated and fol-

lowing Monin-Obukhov similarity theory, sensible heat flux is estimated. Additional 

measurements of net radiation and soil heat flux allow extraction of ET from energy bal-

ance closure analysis. Since air temperature can be measured near the canopy top we 

hypothesize that fetch requirements can be relaxed relative to those for EC and a rela-

tively small fetch is sufficient for reliable flux measurements by FV. 

In the present study, the FV technique was examined in a pepper crop in an insect-

proof screenhouse in southern Israel. Five miniature thermocouples were installed 

above the canopy at various distances from screenhouse edges, providing variable 

fetch from 30 to 150 m, depending on external wind direction. Measurements of stem 

sap flow in 10 pepper plants provided data on the latent heat flux. Net radiation and soil 

heat flux were measured to analyse energy balance closure and an eddy covariance 

system above the canopy measured sensible heat flux. Sensible heat flux from FV was 

regressed against reference data from the EC. Results showed that the FV similarity 

constant, CT, varied between 3.5 and 4.4 and was independent of fetch. ET extracted 

from FV and energy balance closure was regressed against values calculated from 

stem sap flow measurements. Results showed deviations of up to 23% between FV and 

sap flow based ET, with reasonable coefficients of determination, mostly above 0.56. 

We conclude that in the insect-proof pepper screenhouse (i) the FV technique was reli-

able in estimating ET and (ii) CT was nearly independent of fetch. 

Keywords: Evapotranspiration, Eddy covariance, sap flow. 
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Advanced experimental and modelling methods for better  
estimation of field capacity, permanent wilting point  

and the total available soil water in the root zone 

Francesc Ferrer1, Mireia Fontanet1, Gema Rodrigo1, Leo Rivera2,  
Colin Campbell2, Doug Cobos2 

1 LabFerrer-Decagon, CFerran el Catòlic 3, 25200 Cervera- LLeida, Spain 
2 Decagon Devices, Pullman WA 99163, United States of America 

Corresponding author: francesc@lab-ferrer.com 

 

Advanced experimental methods and modelling techniques are now more accessible to 

researchers. These methods can be used to conduct a more realistic characterization of 

soil water storage and movement and the availability to plants, in order to enhance the 

accuracy of simulations that may mimic soil moisture dynamics, calculate the water bal-

ance and assess the plant response to water stress. Total Available Water (TAW) in the 

root zone is commonly defined as the amount of water that can be hold in the soil that is 

available to plants, that is, the difference between the water content at Field Capacity 

(FC) and permanent Wilting Point (PMP). If the Soil Moisture Release Curve (SMRC) 

and the Unsaturated Hydraulic Conductivity Curve (UHCC) can be determined experi-

mentally with high resolution and accuracy, moisture content values could securely be 

related to water potential and hydraulic conductivity. This provides a new approach to 

obtain more realistic in-situ values of water content at Field Capacity (FC) and Perma-

nent Wilting Point (PWP), and eventually, relate the atmosphere evaporative demand, 

plant water status and moisture availability in the root zone. Historically, laboratory, 

field, and modeling approaches have been used to measure or estimate FC, PWP and 

available water in the soil. In recent years, a combination of the evaporative and vapor 

pressure methods has been put together as a bench-top instruments suite (HypropÒ + 

WP4CÒ). This system allows generating, simultaneously, high resolution SMRC and 

UHCC, with undisturbed and disturbed samples, as well as adjusting different mathe-

matical models to the experimental data. In this work, these curves are used to para-

metrize Hydrus-2D to simulate the wetted volume under a dripper, obtaining 2D water 

content and matric potential dynamic values. The derived analysis of the SMRC & 

UHCC and the 2D soil moisture dynamics allow for a much better estimation of FC, 

PMP and TAW, in comparison with estimated values from pedo-transfer models. 

 

Keywords: Total Available Water, Field Capacity, Permanent Wilting Point, Moisture 

release Curve, Unsaturated Hydraulic Conductivity, Soil Moisture 
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Application in produce quality: Manipulating fruit dry matter 
content through plant water status 

Kerry Walsh, Nicholas Andersen 

Plant Sciences Group, Central Queensland University, Bruce Highway,  
North Rockhampton QLD 4702, Australia 

Corresponding author: k.walsh@cqu.edu.au 

 

Handheld shortwave near infrared spectroscopy is used in the Australian mango indus-

try to non-invasively monitor fruit dry matter content (DM) on tree, with a 15% DM rec-

ommended for the dominant varieties as a specification on harvest maturity and as a 

level that translates into a consumer acceptable taste upon fruit ripening (with conver-

sion of starch to sugars). Plant water status is one tool available to a farm manager to 

influence DM during fruit development. Examples of management manipulations of 

plant water status to alter the trajectory of fruit DM will be discussed. 

 

Keywords: dry matter, Mangifera, NIRS 
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How to measure stomatal conductance of lettuce  
leaves via thermography 

Martin Sandmann, Rita Grosch, Jan Graefe 

Theodor-Echtermeyer-Weg 1, 14979 Grossbeeren, Germany 
Corresponding author: sandmann@igzev.de 

 

Infection of lettuce plants by a soil-borne pathogen such as Rhizoctonia solani can re-

sult in different response by the plant, e.g. a lower stomatal conductance. Possible ex-

planations for this response might be a reduced water transport capacity from roots to 

leaves and resulting water stress or a hormonal long range effect caused by the fungus. 

One way of measuring such changes in stomatal conductance non-destructively can be 

thermography. In this work, the relationship between stomatal conductance and leaf 

temperature from thermography is studied. Therefore, lettuce (Lactuca sativa var. capi-

tata ‘Tizian’) is grown in standard cultivation substrate. A range of stomatal conductance 

values is generated by different soil water target tensions between 100 and 800 hPa. 

Thermographic images are obtained from a VarioCAM high resolution system. Refer-

ence values of stomatal conductance are gained from gas exchange measurements 

using the LI-6400 portable photosynthesis system. To estimate stomatal conductance 

directly from thermography, additional dry and wet references are necessary to get 

knowledge about minimum (all stomata closed) and maximum (all stomata with maxi-

mum degree of opening) stomatal conductance. Several approaches are conceivable to 

realize those references. Two strategies are tested here: (a) real plants, which are 

sprayed with water (wet reference) or sprayed with petroleum jelly (dry reference) and 

(b) technical references consisting of metal pads painted with a color having the same 

absorptance as real lettuce leaves. The effect of petroleum jelly is to occlude all stoma-

ta, which prevents most of the leaf transpiration. Reference objects are always captured 

together with the test plant on the same thermal image. The presented outcome of this 

study will be (a) a correlation between stomatal conductances derived from gas ex-

change measurements and thermal images and (b) a comparison of real plants and arti-

ficial surfaces as reference objects with respect to adequacy, feasibility and effort. 

 

Keywords: lettuce, thermography, stomatal conductance 
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Drought - challenge of the future for tress and science 

Rainer Matyssek, Michael Goisser, Manuela Baumgarten,  
Christian Blanck, Karl-Heinz Häberle 

Technische Universität München, Ecophysiology of Plants, Hans-Carl-von-Carlowitz-Platz 2, 
85354 Freising, Germany 

Corresponding author: matyssek@wzw.tum.de 

 

Climate change may foster intensity and duration of drought in southern Germany. 

Mean annual air temperature would need, in the long term, to increase by about 2°C 

only, and annual precipitation decrease by 200 mm to prevent persistence of closed-

canopy forests. Such fluctuations have occurred sporadically, as e.g. in 2003, when 

both European beech and Norway spruce distinctly declined in productivity, staying in-

hibited even for another three years of “regular climate”. 

Obviously, drought challenges trees – albeit also science, as uncertainty about species-

related die-off processes hinders management strategies to reliably provide for silvicul-

ture in a warming, water-limited future. Two experimental studies will be highlighted in 

overcoming knowledge deficits, on (i) reforestation upon wind-throw with juvenile beech, 

being under light stress and competitive drought by residual spruce trees; and (ii) 

mechanisms of drought-associated die-off in neighbouring maturing beech and spruce 

trees through an automated rain exclusion experiment. Explored are extents and com-

plementarity of isohydric versus anisohydric strategies in trees’ control of water short-

age. Drought response is intermingled today, however, with such to enhanced ground-

level O3 regimes, requiring whole-tree dose assessment. Derivation is demonstrated (iii) 

to be achievable through sap flow measurement, valuing O3 impact on productivity and 

water-use efficiency in interaction with drought. 

Will tree performance be driven in the future by facilitation rather than competition? Is 

“over-yielding” of mixed-species forests relative to monocultures an indication already 

on resource-poor sites? Understanding of biotic and abiotic interaction principles is inev-

itable for meeting silvicultural challenges of the future. 

 

Keywords: Fagus sylvatica, Picea abies, Drought, Competition, Facilitation, Over-

Yielding, Ozone Impact 
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Lysimetry for whole-tree water balance and `Sensing´ of  
effects of plant size, climate and physiological processes  

on transpiration 

Alon Ben-Gal 
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Organization, Mobile Post Negev 2 85280, Israel 

Corresponding author: bengal@agri.gov.il 

 

Drainage-weighing lysimeters allow monitoring of water balance components. Whole 

plant evapotranspiration is affected by plant (canopy) size, weather conditions, water 

availability, phenological stage, and stress causing factors. Olive (Olea europaea 'Bar-

nea'j) trees were used to demonstrate full tree monitoring of transpiration while alterna-

tively analysing short term drought, salinity and fruit load. Techniques to process accu-

mulated time-course data in order to differentiate between effects of stress-causing fac-

tors, tree growth, and weather conditions governing potential evapotranspiration are 

demonstrated. 

The concept of a normalized “effective transpiring canopy area” (m2 tree-1) calculated 

using actual ET (L tree-1 day-1) using weight data of whole trees divided by reference ET 

(mm d-1) is introduced. This results in precise, dynamic measurement of relative plant 

size. Additional normalization by dividing ETa by canopy area allows determination of 

influence of physiological processes on water status and consumption. 

Results emphasize the value of actual water balance measurement. The feasibility of in-

situ use of lysimeters as sensors in the field will be discussed. 

 

Keywords: water balance, evapotranspiration, fruit trees, olive 
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NIR spectroscopy as a new plant phenotyping technology for 
static and on-the-go assessment of grapevine water status 

under field conditions 

Maria Paz Diago-Santamaria1, Juan Fernandez-Novales1, Salvador Gutierrez1,  
Daniel Sepúlveda2, Javier Tardaguila1 

1 ICVV Univ. de La Rioja, CSIC, Gob. La Rioj, Finca La Grajera, Ctra Burgos km 6,  
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2 Universidad Talca. CITRA. Avda. Lircay sn, Talca, Chile 
Corresponding author: mpaz.diago.santamaria@gmail.com 

 

In recent years, effective high-throughput phenotyping platforms (HTPPs) have started 

to be developed, and used in controlled environments to capture detailed, non-invasive 

information of main agronomical and physiological traits of the plant throughout its life 

cycle. However, results obtained under restraint scenarios have not replicated under 

field conditions, as plants experience more heterogeneous situations in the field, includ-

ing environmental changes and competition from adjacent plants. 

In this work, a new plant phenotyping technology, based on NIR spectroscopy is pre-

sented and compared with traditional, destructive methods to address a key grapevine 

trait: the plant’s water status. Experimental data were acquired in seasons 2012 and 

2015 in three commercial vineyards of Tempranillo, in La Rioja (Spain). NIR spectra 

were manually acquired with a portable device covering the range of 1600 to 2400 nm 

in 60 leaves, while on-the-go spectral acquisition was conducted with a NIR spectrome-

ter (1200 – 2100 nm) operating at 30 cm distance from the canopy (both sides were 

measured), mounted on a quad moving at 5 km h-1. Stem water potential (stem) was 

also measured and used as reference method. All measurements were carried out in 

leaves of the mid-upper part of the shoots at solar noon, between 1 and 3 pm. Regres-

sion models were built using partial least squares and other data mining techniques. 

Values of R2=0.92 and RMSE=0.098 were obtained for the prediction of stem using the 

manual portable device, while R2 equal to 0.81 and 0.85 and RMSE equal to 1.54 and 

1.36 MPa were achieved using the on-the-go acquired NIR spectra from the shaded 

and sunny sides of the canopy, respectively. 

These results are promising and evidence the potential of non-invasive, NIR spectros-

copy to become a helpful phenotyping tool to appraise the vineyard water status, either 

statically or on-the-go, and to become a practical tool to drive irrigation scheduling deci-

sions in viticulture in the short term. 

 

Keywords: water stress, irrigation scheduling, stem water potential, in-field phenotyping 
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Hydraulic and stomatal factors affecting water transport 

Bartolomeo Dichio, Giuseppe Tataranni, Evangelos Xylogiannis, Giuseppe Montanaro 

Università degli Studi della Basilicata, DICEM, Via S.Rocco, 75100 Matera, Italy 
Corresponding author: bartolomeo.dichio@unibas.it 

 

Water uptake and transport are complex processes affected by root hydraulic conduct-

ance and water utilization, as mediated by leaf. Arbuscular mycorrhizal (AM) fungi may 

colonize roots and regulate stomatal behaviour contributing to the overall water econo-

my of the tree. This study test whether AM colonisation has a beneficial effect on total 

root hydraulic conductance and leaf gas exchange parameters in olive trees both well 

irrigated and under drought. 

Approx. 20 2-year old potted olive trees were inoculated with Glomus intraradices, 10 

inoculated trees were kept well irrigated (WI) while the remaining were droughted (D) till 

a value of -2 MPa predawn leaf water potential (). Additional 20 trees were not inocu-

lated and served as control. Hydraulic conductance (K, kg s-1 MPa-1) was determined by 

a HCFM (Dynamax, Inc. USA) (0.1-0.5 MPa of applied pressure). Leaf transpiration (E), 

assimilation (A) and stomatal conductance (gs) was appraised through the LI-6400 (Li-

Cor Inc., NE, USA). 

Drought in non-inoculated trees induced a decline of midday K from 1.1±0.1 (SE) to 

0.9±0.1 kg s-1 MPa-1, AM fungi maintained K stable or even higher at 1.3±0.1 kg s-1 

MPa-1 (inoculated D trees). A positive impact on hydraulic transport (~23% increase of 

K) was also detected in mycorrhizated WI trees. In WI trees, average daily A remained 

similar in control and mycorrhizated trees (~ 4 µmol CO2 m
-2 s-1), concomitantly it was 

registered a significant reduction of E and gs in mycorrhizated WI trees compare to non 

mycorrhizated WI. In D trees, a similar response of E and A was detected, while gs was 

not clearly affected by AM. 

This study revealed that AM may regulate both K and some gas exchange parameters 

in both WI and D olive trees and that the fungi improved the water use efficiency at leaf 

scale. It could be concluded that knowledge and improvement of soil biodiversity (in-

cluding AM) through sustainable practices may be in favour of an optimal water use in 

agriculture. 

 

Keywords: Glomus intraradices, water transport, water stress, mycorrhyzas, gas ex-

changes 
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Water repellency as a main factor influencing evolution of 
physical properties of peat and plant development 

Jean-Charles Michel 

Agrocampus Ouest, 2 rue Le Notre, 49045 Angers, France 
Corresponding author: jean-charles.michel@agrocampus-ouest.fr 

 

Recent studies have shown that growth period largely affected physical properties of 

substrates, and therefore irrigation management has to be revised according to these 

changes in order to avoid poor irrigation. This study aimed to analyse the respective 

effects of root development and irrigation strategies on the physical and hydraulic prop-

erties of a peat substrate within a culture of Rosa x hybrida 'Radrazz' grown with and 

without plants during four months, for which watering was managed in three different 

ways: (1) water potential always maintained at container capacity, (2) irrigation triggered 

when water potential reached -10 kPa or (3) -30 kPa. Also, another experiment was 

conducted with another peat substrate with or without wetting agent incorporated, from 

which irrigation was managed with a minimum -30 kPa threshold, in order to identify the 

influence of peat wettability on the evolution of physical properties of the substrate and 

on the plant development. 

Root volume, total volume, air and water retention properties, hydraulic conductivity, 

relative gas diffusivity, and wettability were evaluated at the beginning and at the end of 

the experiment. The study showed important changes over time, mainly due to the hy-

dric history, leading to large and higher modifications of pore size distribution, tortuosity 

and wettability as a function of the intensity of the drying/wetting cycles. Changes in 

wettability, and notably, more hydrophobic properties of the coarser porosity due to its 

drainage during the drying processes was suggested for explaining the general physi-

cal/hydraulic behavior of growing media, and the decrease in shoot dry mass and root 

content with the intensity of irrigation regimes. Although they were with weaker ampli-

tude to those resulting of the hydric history, positive effects of the root system were 

shown, increasing pore connectivity, relative gas diffusivity and limiting the decrease in 

total pore volume, and moreover, limiting the degradation in wettability. 

 

Keywords: wettability, relative gas diffusivity, pore tortuosity, water retention, air filled 

porosity 
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Calculating and verifying canopy temperature, stomatal  
conductance and transpiration from remotely-sensed  

plant parameters 

Louise Comas1, Katie Willi1, Jason Young1, Jon Altenhofen2, Huihui Zhang1,  
Sean Gleason1, Jose Chavez3, Kendall DeJonge1 

1 2150 Centre Ave, Bldg D, Suite 320, USDA-ARS, Fort Collins CO 80526,  
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2 Northern CO Water Conservancy District, P.O. Box 679, Loveland CO 80539,  
United States of America 

3 Colorado State University, Fort Collins, Fort Collins CO 80523, United States of America 
Corresponding author: louise.comas@ars.usda.gov 

 

Remote sensing of plant canopy temperature has tremendous potential for estimating 

water and carbon fluxes in plants. Data from continual plant monitoring, whether 

ground-based or aerial, can be used for estimations of plant water use and stress sta-

tus. Such data, thus, can allow for plant-based irrigation scheduling (timing and amount 

required), and yield estimations. Currently, indirect estimations of plant water require-

ments from soil moisture content involve complex equipment and many steps. Similar 

determinations from empirical crop coefficients such as crop water stress index (CWSI) 

may work for producers located near reliable weather stations but have limited applica-

bility under cloudy and windy conditions. Calculating plant water needs from simple and 

direct plant monitoring methods of canopy temperature and ground cover may provide 

an effective and less empirical alternative. Here, we calculate canopy stomatal conduct-

ance (gc) and transpiration with the Penman-Monteith (PM) procedure using weather 

and oblique-angled infrared thermometer (IRTs) data, and compare against gc and tran-

spiration determined from heat-balance type sap flow gages installed on field plants. We 

also calculate plant canopy temperature using PM and weather data, and compare 

against IRT data. Efforts here verify ET calculations determined from PM against ET 

determined from plant measurements of sap flow. 

 

Keywords: Sap flow, Plant transpiration, Plant ecophysiology, Irrigation scheduling 
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Sap flow-dendrometer interactions as an avenue  
for plant drought stress detection 

Kathy Steppe 

Laboratory of Plant Ecology, Faculty of Bioscience Engineering, Ghent University 
Coupure links 653, 9000 Gent, Belgium 

Corresponding author: kathy.steppe@UGent.be 

  

High-resolution dendrometer and/or sap flow data are widely used as drought stress 

indicators. We often use these data simultaneously and in combination with a mecha-

nistic plant model to quantify hydraulic functioning and growth of stems. Automated data 

processing using a cloud service enables instant visualization of water movement and 

radial stem growth, and real-time plant modelling makes displaying the mechanisms 

underlying plant responses to drought possible. A central quantity that emerges from 

this promising measuring-modelling approach is turgor. Turgor, or the positive pressure 

in living cells, intimately links tissue water and carbon balances through osmotic pres-

sure. It is also the exclusive driving force for cell wall expansion and growth, and con-

trols cell formation, deposition and assembly of new cell wall material. Understanding 

dynamics in turgor is thus critical to understand growth and drought physiology of 

plants. Turgor not only decreases with intensified drought as predicted by the Höfler 

diagram, but also changes dynamically within a day, because living cells act as internal 

water reserves that are depleted daily and subsequently replenished overnight to over-

come temporal imbalances between water loss by leaf transpiration and water uptake 

by roots. Water released from living cells serves as a buffering system for smoothing 

abrupt changes in xylem water potential. Vulnerability of a plant to drought stress thus 

hinges on the interplay between drought-induced cavitation and the capacitive function 

of the tissues in the stem.  

The role of green tissues beneath the bark is often ignored in this intense debate on 

drought mechanisms, but may have far-reaching implication of how plants cope with 

water deficit. Refixation of respired CO2 by photosynthesis in these chlorophyll-

containing cells provides carbon locally. This so-called woody tissue photosynthesis has 

recently been emphasized to become increasingly important under drought, when sup-

ply of photosynthate from leaves decreases due to stomatal closure and impaired phlo-

em translocation.  

The goal of this keynote talk is to provide an overview of fascinating new findings about 

the functioning of stems during limited water availability, and the contribution of woody 

tissue photosynthesis toward maintenance of the functional integrity of xylem in plants. 

The role of sap flow sensors and high-resolution dendrometers in these new discoveries 

will be highlighted.  

Keywords: dendrometer, review, sap flow, sensor  
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Effects of mild water shortage on water relations, leaf gas 
exchanges, fruit growth and vascular flows of two  

different cherry cultivars 

Brunella Morandi, Luigi Manfrini, Alexandra Boini, Federico Ponzo,  
Luca Corelli Grappadelli 

Department of Agricultural Sciences, Università di Bologna, Viale Fanin 44,  
40127 Bologna, Italy 

Corresponding author: brunella.morandi@unibo.it 

 

Cherry trees of the cultivars ‘Black Star’ and ‘Vera’ were subjected to two different irriga-

tion regimes: commercial control and 30% reduced irrigation. The daily patterns of stem, 

leaf and fruit water potentials, leaf gas exchanges as well as fruit vascular flows were 

monitored before (pit hardening stage) and after (cell expansion stage) veraison. Also, 

fruit growth was monitored during the whole season and growth rates calculated weekly. 

In both cultivars, pre-veraison fruit growth was characterized by high xylem and transpi-

ration flows with the phloem accounting for about the 30% of the fruit total daily inflows. 

At this stage, all parameters monitored were not affected by reduced water supply, ex-

cept for stem water potential, which showed reduced values in ‘Black Star’ but not in 

‘Vera’. At post-veraison, an increase in fruit daily growth rates and in the phloem contri-

bution (reaching up to 70% of fruit total inflows) was recorded in both cultivars. Howev-

er, ‘Vera’ showed 40% higher fruit phloem inflows and daily growth rates compared to 

‘Black Star’. Also, at this stage, the two cultivars showed different responses to reduced 

irrigation: ‘Black Star’ showed decreased stem water potentials and afternoon leaf gas 

exchanges, but no difference in fruit vascular flows and fruit growth, while ‘Vera’ main-

tained similar stem water potentials and leaf gas exchanges but decreased fruit water 

potential, fruit phloem inflow and fruit growth rates. These results lead to conclude 

that: i) cherry sensitivity to mild water stress increases from pre- to post-veraison; ii) at 

post-veraison, ‘Vera’ can be considered more sensitive to water shortage due to its 

need to sustain higher fruit growth rates compared to ‘Black Star’; iii) different sensitivi-

ties to water shortage among cultivars may depend both on the amount of resource re-

quired by their growing fruit and on the tree ability to decrease stem water potential. 

 

Keywords: Fruit growth, Leaf gas exchanges, Phloem, Prunus avium L., Xylem, Water 

potential 
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Drought induced cavitation in juvenile beech and spruce 
trees: which are their water use strategies and margins  

for embolism repair? 

Martina Tomasella1, Karl-Heinz Häberle1, Andrea Nardini2, Rainer Matyssek1 
1 Technische Universität München, Hans-Carl-von-Carlowitz Pl. 2, 85354 Freising, Germany 

2 University of Trieste, Via L. Giorgieri 10, Trieste, Italy 
Corresponding author: martina.tomasella@tum.de 

 

Shifts in precipitation patterns and increasing temperatures associated with global cli-

mate change are assumed to cause widespread decrease in forest area. Water limita-

tion can put at risk the survival of European beech and Norway spruce, tree species of 

high economic and ecological importance in Central Europe, where droughts are pre-

dicted to increase in duration and severity. 

When beech and spruce are subjected to drought, there’s a need of clarification of:  

1) their species-specific water use strategies 2) their capability to recover after drought 

and the relative mechanisms and factors involved. 

In potted beech and spruce juvenile trees, subjected to progressive drought in a green-

house, leaf water potential, gas exchange, percentage loss of stem conductivity (PLC), 

stem non-structural carbohydrates (NSCs) have been measured during the drought pe-

riod and after having resumed irrigation. 

Our data: 1) support the hypothesis of a more conservative water use in spruce, limiting 

water loss and protecting the xylem from cavitation, but an evidence of use of carbohy-

drates reserves; a more risky strategy in beech, with limited regulation of water uptake 

and rapid drop in water potentials and related PLC; 2) discuss the extent to which re-

covery and embolism repair occur and the related involvement of soluble sugars and 

starch in the stem. 

These findings, underline the importance of understanding water use mechanisms of 

trees, whether used in silviculture or horticulture, as the shortage of water will also in-

crease the significance of water management for horticulturally grown plants. Moreover, 

NSC content should be taken into account, as also involved in determining productivity, 

growth, survival and recovery of plants under drought conditions. 

 

Keywords: Fagus sylvatica, Picea abies, drought, greenhouse, cavitation, water rela-

tions, isohydric, anisohydric, recovery, embolism repair, NSC 
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Morphological adaptation of apple trees due to spatially  
occurring drought stress 

Jana Käthner1, Ronit Rud2, Victor Alchanati2, Dominique Fleury3, Antje Giebel1,  
Jörn Selbeck1, Oswald Blumenstein4, Manuela Zude-Sasse1 
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Corresponding author: jkaethner@atb-potsdam.de 

 

Precision fruticulture addresses site, or tree-adapted crop management. In the present 

study, we analyzed the soil’s apparent electrical conductivity (ECa) and plant water sta-

tus in apple production (Malus x domestica 'Gala Brookfield'/Pajam1). Our 2-years anal-

ysis targeted the spatial characterization of the plant water status. 

The experiment was carried out in a commercial apple production with 1180 5-years old 

trees located in temperate climate, 430 m elevation, with an average precipitation of 

906 mm (Prangins, Switzerland, over 30 years). The trees planted in 1 m distance with-

in the row, were covered by hail net in 3.5 m height. The soil texture captures 26% clay, 

29% silt, and 45% sand. During the 2-years experiment, treatment with 100%, 50%, and 

zero irrigation was applied. The soil ECa was measured using an equidistant (0.5 m) 

Wenner array with the centre at the tree stem using a resistivity meter. Osmotic poten-

tial of leaf and stem water potential [MPa] were recorded on 33 trees. Canopy tempera-

ture was recorded using FLIR A655sc Infrared camera with 640 × 480 micro-bolometer 

sensors of LWIR (long wave infrared) spectral range (7.5-13 µm, 0.05 ⁰K sensitivity) 

and IR (infrared) lens (f = 24.6 mm, 25°). The light detection and ranging, LiDAR, tech-

nique was applied using the laser scanner mounted on a tractor to obtain point clouds in 

side view of the 1180 trees. Fruit quality was measured at the harvest date including the 

analysis of the chlorophyll pool capturing chlorophyll a, -b, and pheophytin. Finally, we 

performed statistical analyses using the statistical package for MATLAB® (R2015B, 

MathWorks, U.S.) and the free algorithms for spatial analysis. 

The soil ECa showed very low variability in the range 0 to 4 mS/m. Based on these val-

ues spatial pattern were found in the hot spot analysis (hot spots = 14 and cold spots = 

40 spread over all treatments). The CWSI values expressed some variability of spatial 

pattern (non-significant differences) reflecting irrigation treatments. In the LiDAR read-

ings, the number of hits per tree ranged from 919 to 7261 considering all trees, showing 

significant (F=2.61, p<0.0001) differences between non-irrigated and irrigated zones. 

Fruit pheophytin, a chlorophyll degradation product, was enhanced in drought stress 

zones. 

Keywords: Apple, CWSI, hot-spot-analysis, LiDAR 
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Sensing of crop reflectance for water stress  
detection in greenhouses 

Nikolaos Katsoulas1, Ageliki Elvanidi1, Thomas Bartzanas2, Constantinos Kittas1 
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Corresponding author: nkatsoul@uth.gr 

 

Water stress is one of the most important growth limiting factors in crop production. 

Several methods have been used to detect and evaluate the effect of water stress on 

plants. The use of remote sensing is allowed particularly and practically suitable for as-

sessing water stress and implementing appropriate management strategies because it 

presents unique advantages of repeatability, accuracy, and cost-effectiveness over the 

ground-based surveys for water stress detection. The objectives of this study were to 1) 

determine the effect of water stress on greenhouse crop using spectral indices and crop 

temperature readings and 2) evaluate the reflectance spectra using the classification 

tree (CT) method for distinguishing water stress levels/severity. For this reason, two 

different irrigation treatments were imposed in tomato plants grown in slabs filed with 

perlite, namely tomato plants under no irrigation for a certain period; and well-watered 

plants. Hyperpsectral camera and infrared thermography were used to provide remotely 

plant reflectance and temperature measurements during the periods with the normal or 

the low substrate water content. Classification tree (CT) was developed to investigate 

the relationship between the categorical data and determine the variables affecting oth-

er independent variables. The advantage of tree-based classification includes that it 

does not require the assumption of probability distribution, specific interactions can be 

detected without previous inclusion in the model, non homogeneity can be taken into 

account, mixed data types can be used and dimension reduction of hyperspectral da-

tasets is facilitated. A large number of vegetation and water indices has been compiled 

in order to measure plant vigor and other biophysical parameters using the remotely 

sensed data. 

 

Keywords: hyperspectral imaging, infrared; vegetation index, reflectance index 
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Xylem tension, lower apoplastic water content and high  
tissue rigidity improves supercooling capacity during winter 

Nadia Soledada Arias1, Sandra Janet Bucci1, Fabián Scholz1, Guillermo Goldstein2 
1 National university of Patagonia San Juan Bosco (UNPSJB), Ruta Prov. N1 km4,  

Comodoro Rivadavia 9000, Argentina 
2 Ciudad Universitaria, Buenos Aires, Argentina 
Corresponding author: ns_arias@yahoo.com.ar 

 

Olive is an evergreen tree considered highly drought resistant and moderately resistant 

to low temperatures. Olive tissues do not tolerate ice formation and present supercool-

ing as a mechanism to resist low temperatures. The aim of this work was to evaluate 

water relations and the mechanisms involve in the frost resistant in five olive cultivars 

growing in pots during winter and summer in the patagonian steppe in Southern Argen-

tina. We determined leaf pressure volume curves and measured midday (Ψmin) and pre-

dawn (Ψmax) leaf water potentials, ice nucleation temperature (INT) and flux density (δ) 

at the base of the trunk. All cultivars exhibited Ψmin and Ψmax significantly lower in winter 

than in summer. In winter Ψmin varied between -2.68 MPa and -3.21MPa, while in sum-

mer none cultivars presented Ψmin lower than -2.1 MPa. Bulk elastic modulus (e) in-

creased in winter in all cultivars. The apoplastic water fraction (AWF) was lower in win-

ter compared to summer in three of the study cultivars. In winter the observed range of 

leaf osmotic potential at turgor loss point (π0)was -1.2 to -1.7 MPa, but in summer the 

range was of -4.1 to -4.7 MPa. During winter INT ranged between -10°C and -13°C, 

while in summer ranged between -2°C and -6°C. We found strong correlations between 

INT and Ψmin, e, AWF and π0. Flux density was significant lower in winter compared to 

summer. The results suggest that the maintenance of water in an unfrozen state in ol-

ives trees during winter is the consequence of the low apoplastic water content, sub-

stantially high xylem water tension and tissue rigidity which contribute to improve super-

cooling capacity. 

 

Keywords: Olive, Flux density, Water potentials, frost resistance 
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Investigating the relationship between root and soil water  
potentials to elucidate root-to-shoot signalling  

responses to soil water deficit 

Sarah M. Donaldson1, Ian Dodd1, A.P. Whitmore2 
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2 Rothamsted Research, Harpenden 

Corresponding author: s.donaldson1@lancaster.ac.uk 

 

In the face of changing climate and increasing incidence of extreme weather events, it 

will be crucial to understand the factors influencing plant resource acquisition and use 

efficiency. Cultivation of agricultural soils has decreased soil structure, impacting on soil 

water holding capacity, porosity and soil strength. This may negatively impact plant wa-

ter uptake and growth, and thence crop yields. 

Abscisic acid (ABA) is a phytohormone known to regulate gas exchange and water loss 

by inducing stomatal closure. ABA is synthesised in response to a variety of abiotic 

stressors in soil, particularly water deficit. Root water potential is a better predictor of 

xylem ABA concentration across a range of soil textures than soil matric potential. How-

ever, the impacts of soil management practices (e.g. cultivation, compaction, organic 

matter addition) on the relationship between root water potential and xylem ABA con-

centration, when texture is held constant, has not been investigated. 

A loam-based growing substrate was compressed to three bulk densities (1.1, 1.3 and 

1.4 g cm-3) in pots designed to fit in a Scholander-type pressure chamber, allowing the 

water potential of the bulk root system to be measured. After measuring root water po-

tential, additional pressure was applied to collect root xylem sap at flow rates that 

matched transpirational flow. This allowed accurate determination of ABA concentra-

tions and delivery. Increasing bulk density de-sensitised the relationship between root 

water potential and xylem ABA concentration. Low bulk density enhanced the increase 

in xylem ABA concentration as root water potential declined. Further study is required to 

determine whether changes in soil structure due to management regimes will alter the 

relationship between root and soil water potential. 

 

Keywords: Abscisic acid, Scholander pressure chamber 
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Effect of regulated deficit irrigation on vegetative growth and 
production of apple grown in an open field gully system 

Marinus Peter Rien van der Maas 
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Lingewal 1, 6668 LA Randwijk, The Netherlands 
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The majority of apple varieties grown in the Netherlands are grafted on rootstock M.9. 

The vegetative growth of trees on M9 tends to be too high. Still, in many cases irrigation 

water is applied in the vegetative growth period. Results of experiments in the first or 

second growth year with apple grown in covered 30 liter pots showed the potential of 

regulated deficit irrigation (RDI). Maintaining the soil suction level at about 50 kPa dur-

ing four to six weeks in the vegetative growth period resulted in reduced growth levels of 

40 to 50% and no or limited (up to 5%) reduction of fruit weight depending on the num-

ber of weeks with water deficit. Reduction of vegetative growth increased the amount 

and the quality of flowers after pruning in the following winter. Recently a fruit production 

system was designed and tested to overcome severe soil problems and to increase the 

application potential of RDI in moderate sea climates. In this system apples were grown 

in 30 cm wide gullies coated with plastic, with drainage pipes at the bottom and filled 

with loamy sand, providing each tree approximately 120 liter rooting volume. Results of 

RDI in the second growth year confirmed the findings of the pot experiments. The im-

proved flowering resulted in increased production without loss of fruit weight in the fol-

lowing year. Repetition of RDI in the third year showed similar effects. The results also 

showed that increased soil suction levels were needed in later growth years to achieve 

the same reduction in vegetative growth.  

 

Keywords: Apple, regulated deficit irrigation 
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Non-invasive analysis of root-soil interaction using  
complementary imaging approaches 
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Plant roots are known to modify physical, chemical and biological properties of the rhi-

zosphere, thereby, altering conditions for water and nutrient uptake. We aim to capture 

the dynamic processes occurring at the soil-root interface in situ. 

A combination of neutron (NI), magnetic resonance (MRI) and micro-focus X-ray tomog-

raphy (CT) is applied to monitor the rhizosphere of young plants grown in sandy soil in 

cylindrical containers (Ø 3 cm). A novel transportable low field MRI system is operated 

directly at the neutron facility allowing for combined measurements of the very same 

sample capturing the same hydro-physiological state.  

The combination of NI, MRI and CT provides three-dimensional access to the root sys-

tem in respect to structure and hydraulics of the rhizosphere. The high spatial resolution 

of neutron imaging and its sensitivity for water is exploited to analyze the 3D architec-

ture of the root system and the three-dimensional water content in the immediate root 

vicinity and bulk soil. MRI can yield complementary information about the mobility of 

water, which can be bound in small pores or in the polymeric network of root exudates 

(mucilage layer). Additional CT measurements provide information on the pore structure 

of soil, which is affected by the mechanical interaction of roots and soil, e.g. soil com-

paction or formation of cracks and macropores.  

We co-register the NT, MRI and CT data to integrate the complementary information 

into an aligned 3D data set. This allows, e.g., for co-localization of compacted soil re-

gions or cracks with the specific local soil hydraulics, which is needed to distinguish the 

contribution of root exudation from mechanical impacts when interpreting altered hy-

draulic properties of the rhizosphere. Differences between rhizosphere and bulk soil can 

be detected and interpreted in terms of root growth, root exudation, and root water up-

take. Thus, we demonstrate that such a multi-imaging approach can be used as power-

ful tool contributing to a more comprehensive picture of the rhizosphere. 

 

Keywords: Imaging, root, sensor, soil 

 



 
Session 16 – 17 Physiological processes 

 Bornimer Agrartechnische Berichte  Heft 90 
 ISSN 0947-7314 
 Leibniz-Institut für Agrartechnik und Bioökonomie e.V. (ATB) 

68 

Development of a simple, mobile MRI plant imager 

Marco Meixner1, Martina Tomasella2, Petra Först1, Carel W. Windt3 
1TU München, Chair of process systems engineering, Gregor-Mendel-Strasse 4,  

Freising, Germany 
2TU München, Chair for Ecophysiology of Plants, Hans-Carl-von-Carlowitz-Platz 2, 

Freising, Germany 
3Forschungszentrum Jülich, IBG-2 Plant Sciences, Leo Brandt street 1, 52425 Jülich, Germany 

Corresponding author: m.meixner@tum.de 

 

The application of non-invasive imaging technologies has had a large impact on the 

study of plant water relations. Magnetic Resonance Imaging (MRI) has made it possible 

to image the presence of water or the appearance of emboli in the xylem, or to meas-

ure, visualize and quantify flow. However, due to the cost, size and specialized nature of 

the MRI equipment, so far the method has only been applied to plants by a few labora-

tories world-wide. To make the method more accessible, but also make it available for 

use in the greenhouse or field, we constructed a basic, mobile MRI imager for plants, 

maximizing for making it cheap and simple to use. 

At the basis of this work was the construction of a mobile 0.25 T, 45 mm gap, C-shaped 

permanent magnet with a weight of about 16 kg, suitable for MR imaging of objects up 

to 20 mm diameter. The magnet was fitted with a set of custom built plane-parallel im-

aging coils, designed for maximum field of view and image resolution, while still offering 

open access for plant stems. Using a permanent magnet is beneficial due to low pur-

chase and running costs, since neither any power nor liquid gases are required to run it. 

In a first demonstration experiment we investigated the effect of drought stress on 

young spruce and beech trees during a 40 day dry down experiment. Considering the 

simplicity of the setup and the small size of the magnet, surprisingly highly resolved im-

ages could already be acquired with the very first prototype. By means of this data that 

was obtained weekly over the whole dry down period, insights could be gained on 

where emboli occur first in the stems of the two species. 

 

Keywords: magnetic resonance imaging, mobile MRI, non-invasive measurement, 

drought stress, embolism detection 
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Water content and dry matter content are two of the most basic parameters to describe 

plant performance. Yet, most methods to it are either destructive, or indirect and impre-

cise. Nuclear magnetic resonance (NMR) does not have these drawbacks. It can be 

used to quantitatively detect protons in water and organic compounds, and is able to 

distinguish between liquids and solids. NMR relaxometry thus has become a standard 

method to measure parameters such as solid fat content or moisture content in seeds – 

but, until recently, only post-harvest and in a laboratory setting. 

In this contribution we present a mobile NMR device that can be used as an on-line 

sensor, to measure dynamic changes in the water- and dry matter content in the living 

plant. It currently is suitable for plants of up to 30 mm in diameter, but could be scaled 

up to 100mm without becoming immobile. The apparatus can be operated in the field, 

and allows automated, uninterrupted measurements over periods of weeks, with a time 

resolution of less than a minute. Further, with the addition of a few pieces of hardware, 

the non-spatially resolving NMR sensor can be used as a fully-fledged small scale mo-

bile NMR imager. 

We demonstrate these capabilities by means of experiments on a number of model sub-

jects. In legumes and cereals we used the sensor to measure the diurnal dynamics of 

leaf water content, as well as diurnal dynamics of grain filling, in response to various 

osmotic and abiotic stimuli. The method proved surprisingly sensitive and was able to 

measure water content variations as small as 0.1%. In imaging mode, the durability and 

utility of a first prototype of the device was proven in the course of a 40 day drought ex-

periment, imaging the trunks of a population of young beech and spruce trees with 

weekly intervals as they dried down. 

 

Keywords: NMR, MRI, magnetic resonance, imaging, water content, dry matter con-

tent, sensor 
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Visual images of water movement through plant tissues will help to understand plant 

water status and related physiology. To visualize plant water movements, large-scale 

and expensive devices, such as neutron radiography and magnet resonance imaging, 

have used so far. In this study, we developed a method to visualize plant water move-

ment by using near infrared spectroscopy combined with deuterium oxide (D2O) tracer. 

To examine D2O can be used as an alternative water tracer in plant systems, we first 

measured the D2O uptake speed in rice (Oryza sativa) seedling. The average D2O up-

take speed was as small as 70% of water (H2O) uptake speed. Thus, the different up-

take speed between D2O and water should be taken into consideration when D2O is 

used as a tracer. The imaging device consisted of a near infrared camera with a band 

pass filter. Near infrared images of rice seedlings were obtained for both reflected and 

transmitted light. The difference in near infrared absorbance between D2O and water 

depicted the respective bright and dark areas in the images. The area where water was 

replaced by D2O became brighter. For rice leaves the near infrared images for reflected 

light detected successfully D2O uptake. On the contrary for roots grown in glass beads 

the images for reflected light did not detect clearly D2O uptake because of the disturb-

ance caused by glass bead refraction. Instead, the images for transmitted light detected 

the D2O uptake in this case. Our results revealed that the reflected-light image was 

suitable to visualize D2O movement in plant stems and leaves whereas the transmitted-

light image was suitable in plant roots grown in soil. 
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Water transport in plant tissues is often associated with deformation of the tissues. The 

ability to visualize and model this deformation is an integral part of better understanding 

of the relevant parameters involved. Traditional imaging techniques are both time con-

suming and destructive, this makes them unsuitable for visualizing the tissue defor-

mation process, as both time and environmental conditions are critical parameters. 

However, even with the use of nondestructive imaging techniques such as X-ray micro 

computed tomography (micro-CT), visualizing the dehydration process is difficult due to 

the unstable nature of the samples as well as limitations imposed by accuracy of con-

ventional image reconstruction of deforming objects. As a result, micro-CT images of 

deforming tissues  can often not be processed easily. Here, we applied micro-CT with a 

novel 4D iterative reconstruction algorithm to more accurately visualize the deformation 

of apple cortex samples during dehydration such that the deformation process can be 

quantified. 

Outer cortex samples of Kanzi apples of approximately 5 mm in diameter were dehy-

drated in a controlled environment of 22°C and 30% RH via a interleaved high resolu-

tion micro-CT scanning process along with the advanced reconstruction technique to 

obtain images at 3 µm voxel size. The reconstructed images allowed us to create a time 

series of high resolution 3D renderings of the changes in the cellular structure of apple 

cortex samples through the first six hours of the dehydration process. The differential 

shrinkage rates of the outer and inner cell layers of the samples were analysed, as well 

as the size and positional changes of cells within the dehydrating samples in reference 

to the center axis. We expect such quantitative description of cell and cell layer defor-

mation to be useful in enhancing the accuracy of hygro-mechanical models of plant tis-

sues. 

 

Keywords: Apple, X-ray micro computed tomography 
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In the light of climate change impacts on plant physiology, optimising water usage is 

crucial for crop management. In recent years, optical sensing techniques have been 

widely spread since they allow the non-invasive evaluation of water stress in a timely 

fashion. This study combines eco-physiological and optical sensing measurements us-

ing a range of platforms, with the aim of testing innovative support systems to farmers 

for optimising irrigation scheduling. The experimentation, carried out in two vineyards 

located in Usini and Arzachena (Sardinia, Italy), consisted of four treatments: i) two irri-

gation treatments applied according to specific leaf water potential thresholds (HIGH 

and LOW); ii) two reference irrigation treatments (DRY, no irrigation, and WET, irrigation 

at field capacity). An experimental campaign using the Mikrokopter Okto drone took 

place on August 2015. The drone was equipped with multispectral and thermal camer-

as. Since the canopy temperature is an indicator of water stress, crop water stress in-

dex (CWSI) values were calculated as the temperature differences between the cano-

pies of the LOW and HIGH treatments and the canopies of the reference treatments. In 

addition, an automated digital imaging system collected high-resolution vegetation im-

ages at daily intervals and the changes in plant colour coordinates (RGB) due to chang-

es in vine phenological stage and water status were detected. The indices obtained 

from optical sensing observations were then compared with stem water potential, pho-

tosynthesis, and fluorescence measurements. Preliminary results indicate that the pho-

tosynthesis rate, as well as the efficiency of light use by photosystem PSII, declined un-

der stress conditions and when CWSI values increased. On the other hand, there were 

no significant differences in efficiency in darkness. This result indicates that the grape-

vines under our experimental water stress conditions can easily recover their efficiency 

during the night, activating a defense mechanism that protect themselves from irre-

versible damages to photosystem 

 

Keywords: Vineyards, Water stress dynamics, Optical sensing technique, Drone, Digi-

tal image systems, Ecophysiology, Vine water stress conditions 
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This work presents an experimental study and modelling of seasonal actual evapotran-

spiration (ETa) of an orange orchard, with drip irrigation, in the semi arid region of 

Tensift Al Haouz (Central Morocco). The experimental study consists of the measure-

ments of different fluxes (mainly latent heat) exchanged between soil-plant-atmosphere 

continuum. The modelling of ETa is based on the modified Penman Monteith equation 

by introducing a simple empirical relationship between the bulk surface resistance (rs) 

and surface temperature (Ts). The proposed model was initially calibrated based on 

four-years of Eddy Covariance measurements, collected over an orange orchard, and 

then validated by an independent database collected over four different years. The 

comparison between measured and modeled ETa showed that the proposed model cor-

rectly estimates ETa with an error less than 20%. The proposed approach (relationship 

between rs and Ts) employed in the Penman Monteith model holds great potential for 

estimating crop water requirements and crop water stress on an operational basis and 

at a regional scale, since surface temperature and water status are intimately linked. 

 

Keywords: Evapotranspiration, Penman-Monteith, crop water stress, bulk surface re-

sistance, surface temperature 
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A rice-chaff (75% by volume) and soil (25% by volume) composite (RCSC) is known to 

prevent root rot disorder under moist conditions and is successfully used in flooding cul-

ture of vegetable crops where their deep root zones submerging under water even with 

salt. The plant survival ratio was significantly higher in RCSC pots (83%) than in normal-

soil pots (11%) when salt solutions at concentrations equivalent to that of seawater (3%) 

were supplied to flooding water. The large water-salt content gradient across the vertical 

profile of RCSC was caused by its low-capillary features. Furthermore, fresh water was 

pumped up to the upper layers of the RCSC through hydraulic lift of the roots from the 

bottom layer. These phenomena may provide a suitable environment for root growth 

under flooding. We evaluated capillary force and water-retention capacity of three dif-

ferent culture media—RCSC, RCSC prepared using crushed rice chaff (crushed 

RCSC), and Toyoura sand. The capillary fringe of Toyoura sand was the highest and 

that of RCSC the lowest of the three culture media, whereas crushed-RCSC had the 

highest water-retention capacity and Toyoura sand the lowest. We examined Komatsu-

na growth in a salt solution at concentrations of 2% and 3%. We grew Komatusna 

plants (Brassica rapa var. perviridis) in the three culture media; some plants were grown 

best in crushed RCSC, whereas all died in Toyoura sand. The high water-retention ca-

pacity of crushed RCSC facilitated root growth at the upper layers of the culture media. 

However, small particles in crushed RCSC increased the capillary fringe, causing the 

salt solution to rise to the surface and thus some Komatsuna plants did not survive. The 

low capillary fringe and high water-retention capacity are minimum requirements for 

plant growth in a salt solution. 
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Residential and commercial landscapes are routinely overwatered to ensure plants re-

main vibrant and visually pleasing. Plant and soil instrumentation, like soil water poten-

tial and canopy reflectance, now allow real-time detection of in situ and remotely sensed 

parameters to better inform models like the classic Penman-Monteith evapotranspiration 

calculation. However, these approaches are routinely discounted in commercial soft-

ware offerings, preferring instead simple user-generated model inputs; a choice that has 

the potential to waste precious freshwater resources. The objective of this study was to 

combine inexpensive but research-grade instrumentation into an actively managed turf 

farm to optimize water use and reach a net-zero water loss below zone. The study uti-

lized a three-pronged approach to ensure all aspects of plant growth were considered. 

Soil water potential and water content sensors were collocated in and below the turf root 

zone to assess both available and applied water and unutilized water seeping to the 

ground water. Spectral reflectance of both normalized difference vegetation index 

(NDVI) and photochemical reflectance index (PRI) were taken over the plant canopy to 

sense the onset of stress and estimate crop coefficients. And, a microenvironment mon-

itoring station was placed next to the turf to evaluate local meteorological conditions and 

determine water loss. Results from the ongoing experiment show basic turf manage-

ment applies water well in excess of plant needs; an expected result. Unexpectedly, 

collocation of soil sensors provided a rich picture of water availability, soil type, and hy-

draulic conductivity and has the potential to improve water use models by avoiding user-

based inputs. Spectral reflectance measurements proved more challenging as data re-

quired intense filtering. Still, key inputs of crop coefficient estimates again offer the pos-

sibility of removing this user-generated value. Local ET estimates from the microenvi-

ronment monitor showed a much-improved estimate of latent heat flux due to the chal-

lenging advective conditions that are common in urban areas. In all, this study shows an 

exciting opportunity to save scarce freshwater resources using sensor-driven decision-

making backed by plant and soil water relations. 

 

Keywords: in situ moisture characteristic curve, plant available water, normalized dif-

ference vegetation index, evapotranspiration 
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Xylem sap flow and water budget of an old beech forest  
during four years of different drought conditions 
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The purpose of the study was the comparison of the hydrological behaviour of an old 

beech forest stand in three years differing in their meteorological conditions. A warm/dry 

year (2003) was compared with three other years with cool/wet (2002) or moderate 

weather (2004, 2005). Investigations were carried out in a 117 years old beech forest in 

the Northeast German lowlands on sandy soils. 

Precipitation, stand precipitation including sap flow, and soil water content were moni-

tored continuously over the whole measurement period. Xylem sap flux measurements 

were performed during the vegetation period using thermal dissipation probes in differ-

ent depths in trunks of 10 representative trees. A radial distribution model of the sap 

flow density pattern was used to compute whole tree and stand transpiration. Increment 

of stem diameter was measured bi-weekly. Simulations on the water budget were con-

ducted using Biome-BGC in a modified version, which is a process based forest ecosys-

tem model containing a water budget module. Observations were used for model cali-

bration. Simulations resulted in reasonable values compared with observations. 

The total canopy transpiration during the seasons 2002, 2003, 2004, and 2005 was 

205 mm, 237 mm, 235 mm, and 278 mm, with precipitation sums of 815 mm, 467 mm, 

645 mm, and 629 mm, respectively. Reductions of xylem sap flux under summer 

drought could be assigned to restricted soil water content and were indicated by de-

creasing stem increment. In the warm/dry year suppressed trees contributed to a higher 

fraction to whole canopy transpiration of the forest stand. The reduction in transpiration 

apparently resulted from stomata closure due to an increased vapor pressure deficit, 

which predominantly affects exposed crown parts. The share of soil water uptake from 

lower layers was decreased during drought. 

 

Keywords: sap flow, water budget, drought, beech, simulation 
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Longer drought periods and heavier rainfalls are predicted to be part of future global 

climate change. In consequence, yields of various crop plants are expected to decrease 

in the near future. The effects of continuous abiotic stress on plant traits have been well 

investigated over the last decades. However, still little is known about the consequenc-

es of intermittent stress on plants and their interactions with herbivorous insects. In a 

greenhouse experiment, we investigated the responses of spring wheat (Triticum aes-

tivum ‘Tybalt’) to continuous versus intermittent drought stress. Within both water re-

gimes, plants were exposed to different levels of water availability. Plant stress status 

was assessed via chlorophyll fluorescence measurements over time. Morphological pa-

rameters and relative water contents were measured at final harvest. Plant responses 

depended on the magnitude of drought stress and differed between continuously and 

intermittently watered plants. These drought-induced plant responses might also influ-

ence the interactions of wheat plants with their herbivores, thereby further modulating 

plant performance and yield. 
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sessile oak (Quercus petrea Liebl.) 
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In the presented study we compared young sessile oak of generative and coppice origin 

in terms of biomass production, transpiration and leaf water potential in relation to water 

availability. The study was conducted in two sessile oak stands (high forest and cop-

pice), located in the South Moravia, Czech Republic, during the growing season 2015. 

Sap flow was measured on eighteen seedlings and stump sprouts and analysed with 

biometric and microclimatic data, including soil water limitations. Leaf water potential 

was measured simultaneously in two stands, during three full days with contrasting 

weather and soil water conditions. After the growing season, sample trees were har-

vested in order to conduct dendrometrical analysis. Inventory data were used to calcu-

late biomass production and to up-scale the sap flow to the whole stand level. 

Sprouts had significantly higher height, basal diameter and plant leaf area as compared 

to seedlings of the same age. This confirmed higher biomass production of sprouts dur-

ing first years of life. Transpiration of the whole stand was higher in coppice than in high 

forest during the whole measurement period, despite of its lower leaf area index and 

stand density. Leaf-scale transpiration was not different in the whole season, however 

during drought seedlings transpired significantly less. Higher transpiration and leaf wa-

ter potential of sprouts during drought indicated better water availability and less water 

stress for sprouts, which resulted in higher biomass production of coppice than of high 

forest during early development stage. 

Therefore, coppice may be an appropriate method of tree regeneration to be adopted 

on sites characterised by significant water limitations. Moreover, this management sys-

tem could be beneficial when facing climate changes, as more frequent and severe 

drought periods are presumed. 
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We measured water status of watermelon (Citrullus lanatus (Thunb.) Matsum. et Nakai) 

fruit by using an isopiestic psychrometer. Distributions of water status in a large size 

fruit such as watermelon were not investigated frequently. By using isopiestic technique, 

we investigated the water potential gradients inside watermelons. For this study, we had 

2 experiments. In Experiment 1, we considered the changes of water status during fruit 

growth. We measured the fruit at 0-45 days after pollination. At primary stage, there is 

no water potential difference between the fruit tissue at the center of the fruits and that 

near the rind. But at ripening stage, we detected big differences, and the direction of 

water potential gradient is from the center part to the rind. Turgor of the fruit tissue was 

almost zero at ripening stage. In experiment 2, we considered the difference of water 

status between seeded and seedless watermelon fruit. Because seeds might play a role 

as sink, which induces and accumulates photosynthate for many plant species, water 

status might be influenced by seeds in a fruit. We also measured the water status for 

both varieties of the fruit at 0-45 days after pollination. In result, water potentials of the 

center tissues of and that around seed dramatically decreased as watermelons matured 

and water potential gradients showed similar pattern whichever fruit contain seeds or 

not. We will discuss these measurements at the presentation. 

 

Keywords: Isopiestic psychrometer, Watermelon, Water potential gradient 
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Water potential measurements are widely considered the gold standard for determining 

plant water status and drought stress in nature and horticulture. Plant water potentials 

are routinely measured destructively using Scholander pressure chambers, but that 

method is labour-intensive and the resulting data are discrete in time. Stem psychrome-

ters allow monitoring plant water potentials continuously, but they are notoriously tem-

perature-sensitive, with a gradient of 1°C between plant and instrument temperature 

causing a deviation in water potential of up to 8 MPa. To quantify potential effects of 

thermal gradients in sapwood on stem psychrometry we chose two deeply-rooted chap-

arral shrubs in southern California as our study systems, laurel sumac (Malosma lauri-

na) and toyon (Heteromeles arbutifolia). Depending on the time of day, sap ascending 

from deep roots can potentially be much colder or warmer than the air surrounding a 

stem, thereby creating thermal gradients at the sapwood surface. These gradients were 

measured with small thermistors placed at different distances from the exposed sap-

wood surface, while sapwood water potentials were measured with stem psychrome-

ters. Substantial thermal gradients were detected in both species, in some cases ex-

ceeding 0.1°C mm-1, with sapwood temperature fluctuating diurnally from being warmer 

or colder than the outside air. Effects of these gradients on psychrometric water poten-

tial readings were complex and varied with the time of day and the direction of the gra-

dient, causing false readings deviating by more than 2 MPa from correct values deter-

mined by concurrent pressure chamber measurements. Attempts to simultaneously 

measure and correct for these gradients were unsuccessful, but placement of stem psy-

chrometers far away from the stem base largely alleviated the problem by allowing 

sapwood temperatures to equilibrate with air temperatures. We therefore recommend 

installing stem psychrometers as far away from the stem base as possible and always 

compare initial readings to pressure chamber measurements for validation. 

 

Keywords: pressure chamber, sapwood water potential, stem psychrometers, thermal 

gradients 
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The investigation on growth related with sap flux density of 5 hybrid clones of rubber 

tree was studied. These clones were bred from the original clones: RRIM600 (female) 

and RRII105 (male). This study was conducted during June-July 2015 (rainy season) at 

rubber plantation in the Nong Khai Rubber Research Center, northeast Thailand. The 3 

years old of 5 hybrid clones (code 7, 85, 91, 161, 172) were selected and compared 

with mother clone (RRIM600). The experimental design was randomized completely 

block design (RCBD) with 6 clones (treatment) and 3 periods (block). The xylem sap 

flow was measured by the transient thermal dissipation method with Granier’s probe. 

The result showed that the trunk diameter of 6 clones was significantly differed 

(P<0.05). The clone code 91 was a smallest (3.88 cm) and the clone code 161 (5.92 

cm) was a biggest of trunk diameter. The maximum sap flux density had no difference 

of all clones. However, the tendency of relationship between maximum sap flux density 

and trunk dimeter was a positive trend (P<0.05). It indicated that the high value of tran-

spiration had positively affected to the tree growth.  

 

Keywords: sap flux density, Hevea brasiliensis, trunk diameter 
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Dormant stem water potential responds to cycles of  
hydration as well as changing environmental  

conditions in deciduous tree crops 
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Pressure chamber measurement of midday stem water potential (SWP) during the 

growing season has become a practical and widely adopted tool for irrigation manage-

ment in many annual and perennial crops, but this technique has not been applied to 

perennial crops during dormancy. Indeed, the reliability of pressure chamber readings 

on twigs of dormant trees has been questioned due to concerns that a low percent of 

living tissue and/or a high level of embolism may cause inaccurate results. Psychrome-

ter measurements of water potential are made in the vapor phase and do not depend on 

the degree of embolism or the percent of living tissue, and hence should be useful in 

evaluating the accuracy of pressure chamber measurements in dormant trees. Meas-

urements of water potential using both pressure chamber and thermocouple stem psy-

chrometer methods were compared on dormant branches exposed to different levels of 

hydration in the laboratory. A very highly significant (Pr < 0.0001) linear regression was 

found between the two methods over a wide range of SWP values (0 to about -2 MPa) 

in almond, cherry, and walnut, with r-square values of 0.98, 0.91 and 0.90, respectively, 

and in the case of almond and cherry the slope of the regression was close to 1:1. Field 

measurements on dormant almonds in two winter seasons with contrasting rainfall 

showed systematically lower SWP during a dry winter compared to a wet winter, and 

during a third season, SWP was found to increase in response to a winter irrigation. 

This evidence strongly supports the validity of pressure chamber measured SWP as a 

reliable indicator of dormant tree water status, and hence its use as a tool to evaluate 

the need for winter irrigation in dormant tree crops.  

 

Keywords: stem water potential, embolism 
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Biospeckle imaging is a non-invasive technique based on optical phenomenon which 

occurs during the illumination of a samples surface by coherent light such as laser. The 

wavefronts of scattered rays interfere with each other and form random, granular pat-

terns consisting of dark and bright spots, visible on the observation plane. The diffrac-

tion pattern depends on the geometry of the system, the wavelength of the laser and the 

aperture of lens of capturing device. Composed of dark and light spots, the speckle pat-

tern is static for a non-living matter. In biological samples, the intensity distribution pat-

tern evolves and fluctuates in time. It was shown that processes such as cytoplasmic 

streaming, organelle movement, cell growth and division during fruit maturation and bio-

chemical reactions are responsible for certain biospeckle activity. Besides those, the 

biospeckle fluctuations depend on the chlorophyll and starch content, fungal infections 

and temperature of the investigated plant sample. 

So far, applications of biospeckle technique in agriculture include determination of quali-

ty and maturation degree of fruits and vegetables, analysis of seed or detection of plant 

roots bioactivity changes. In all cases biospeckle activity changed with the state of in-

vestigated sample. Currently, the most common and most effective methods of bio-

speckle activity analysis are the Laser Speckle Contrast Analysis and the method de-

veloped by Fujii. These methods are based on a quantitative evaluation of local chang-

es in the brightness of pixels, measuring the biospeckle activity in terms of the amount 

of changes rather than their dynamics. Recently, novel methods of analysis of speckle 

time varying patterns based on frequency analysis were introduced. The frequency 

analysis allows the mapping of activities associated with specific biological or physical 

processes that only occurs at certain frequencies in the sample. 

In the proposed method, the biospeckle activity is determined on the basis of the fre-

quency spectrum of temporal changes of brightness of individual pixels. The resulting 

spectrum shows the amplitude of the signal components at different frequencies. Initial 

data pre-processing includes illumination field flattening, background separation, identi-

fication and reduction of the local static component of the signal and data normalization. 

Decomposition of the signal into frequency bands allows studying the biospeckle activity 

for individual biological processes, including changes in tissue water status. Water 

transport and cytoplasmic streaming are two possible sources of biospeckle dynamics. 

Water moving in xylem vessels can cause vibration in the conductive elements and sur-

rounding tissues because of cavitation. Organelles, as well as dissolved macromole-

cules moving with the flow are acting like scattering centers. Therefore, biospeckle ac-

tivity seems to be a promising tool for monitoring of changes in tissue water status.  

Keywords: Biospeckle imaging, FFT, frequency analysis   
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Crop Water Stress Index (CWSI) has shown to be a good indicator of water deficits in 

field associated to canopy environmental conditions but has hardly been used in prac-

tice because data operating, calculation and its interpretation are not user-friendly for 

farmers. In this approach, a portable-assembled device with infrared, humidity and air 

temperature sensors is used to monitor simultaneously Tc, VPD and Ta, respectively. 

The data were transferred into an Android application via Bluetooth interface to calcu-

late the CWSI index based on verified equations on cell-phone. The lower and the up-

per limits criterion and the CWSI threshold were obtained for wheat, sugarcane and pis-

tachio tree based on previous investigations. The device can be programmable and it is 

also able to predict the yield based on water deficit for different growth stages according 

to research data. The results showed that this technique can be used for precision agri-

culture and enhancing water use efficiency specifically in arid areas due to easy perfor-

mance and right irrigation time. 

 

Keywords: CWSI, water deficit, orchards, device, VPD, Irrigation 
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The effects of two different irrigation methodologies, partial root drying (PRD), and defi-

cit irrigation (DI) on grapevines (Vitis vinifera L., cv. Mavrodafni) physiological and bio-

chemical parameters were studied using split-rooted potted plants. Five irrigation treat-

ments were applied: fully irrigated (FI) at both parts of the root zone to soil capacity; def-

icit irrigated (DI50 and DI25) receiving 50% and 25% irrigation water of FI plants, re-

spectively, to the entire root zone and partial root drying (PRD50 and PRD25) receiving 

50% and 25% irrigation water of FI plants, respectively, which was successively applied 

to one and the other part of the root zone. Compared with DI50, PRD50 plants exhibited 

higher stomatal conductance, sap flow and photosynthetic rate maintaining more favor-

able plant water status throughout the experimental period. On the contrary, no signifi-

cant differences in physiological and water relation parameters between PRD25 and 

DI25 plants were observed, suggesting that irrigation amount could influence different 

irrigation methodologies effects on plant’s performance. Leaf abscisic acid (ABA) con-

centration at the end of the drought period was significantly higher in DI compared to 

PRD plants while the opposite trend was evident concerning cytokinins (Cks) concentra-

tion. Irrespective the irrigation amount applied, stomatal conductance (gs) in DI plants 

exhibited the strongest correlation with leaf abscisic acid concentration among the 

treatments but this relationship was significantly weakened when gs was regressed 

against ABA/CKs ratio. PRD plant’s stomatal conductance was also strongly correlated 

with leaf abscisic acid concentration but this relationship was markedly improved when 

ABA/CKs ratio was used. These results imply a more pronounced role of CKs in mediat-

ing stomatal responses in PRD plants. In contrast in DI grapevines ABA concentration 

seemed to dominate stomatal responses to drought.  

 

Keywords: water relations, gas exchange, Irrigation methodoloigies 
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California and the western United States have been experiencing a prolonged drought 
since 2012, which led to mandated irrigation water cuts of 25% for agricultural produc-
ers in San Diego County, and throughout CA in 2015. Mellano and Company have been 
using precision drip irrigation and irrigation techniques for over 20 years, but until now 
sensor-based information has been expensive to gather and difficult for growers to in-
terpret with any degree of confidence. In late 2014, a system of cellular nodes (EM50G, 
Decagon Devices, Inc.) was deployed in Oceanside, CA, with the intent of providing 
managers with soil moisture (volumetric water content, VWC) and electrical conductivity 
(EC) data, to aid in day-to-day irrigation and salinity management decisions. The objec-
tive was to achieve the mandated water conservation measures without affecting the 
yield or quality of the various cut-flower crops grown, many which are long-lived (4-7 
year) perennial blocks. To date, more than 15 nodes and sensors in eight different cut 
flower crops have been deployed in various production blocks. Data are logged every 
30-min from GS1 (VWC) and GS3 (EC) sensors at two depths (typically 15 cm and 
30 cm) and transmitted by EM50G nodes to a cloud server, four times per day. All data 
is integrated into a sophisticated graphical database program (Sensorweb™, Mayim, 
LLC), which is accessible to anyone with an internet connection and access to the 
password-protected website for the company. In order to rationalize the information that 
growers receive, a standardized protocol was implemented, starting in 2016. Firstly, 
VWC sensors are placed at two depths in the crop rooting zone (influenced by crop de-
velopment and longevity), to understand how irrigation durations are influenced by daily 
crop water use. An additional EC sensor is typically placed at 45 cm, just below the ac-
tive rooting zone, to monitor both fertigation events and the build-up of salinity. The in-
tent is to actively manage irrigations without significant leaching, except when salts be-
come excessive. Secondly, the specific field capacity (FC) for each soil is determined 
after a saturating rainfall event, as an upper threshold for irrigation so that excessive 
irrigation durations are avoided. A threshold VWC content for each crop and soil type is 
then set (typically 20-30% of FC). Threshold alerts for the root-zone sensors in each 
block are created in Sensorweb™, which then texts the cell phone of the irrigation man-
ager, when that set-point VWC is reached. In this manner, growers are able to fine tune 
irrigation durations (to not exceed FC and increase leaching) and reduce the frequency 
of irrigation events, according to daily plant water use and crop development. Water 
savings of about 40% were achieved with Solidago in 2014, and 50-60% for Myrtle 
through the fall / winter of 2015. In this way, Mellano and Company has been able to 
achieve targeted irrigation reductions, without compromising crop yield or quality. 

Keywords: Myrtle, Alstroemeria, Ranunculus, EM50G, large-scale, soil volumetric wa-
ter content, electrical conductivity  
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In southern Mediterranean region water consumption has significantly increased over 

the last decades, while available water resources are becoming increasingly scarce. In 

Morocco, irrigation is highly water demanding: it is estimated that 83% of available re-

sources is dedicated to agriculture with efficiency lower than 50%. In the semiarid re-

gion of Tensift Al-Haouz (center of Morocco), typical of southern Mediterranean basin, 

crop irrigation is inevitable for growth and development. In this situation, and to preserve 

water resources, the rational management of water irrigation is necessary. This objec-

tive is one of the priorities of the research program SudMed and the Joint Mixed Labora-

tory TREMA , installed in Marrakech since 2002 and 2011, respectively. 

In these two programs, the scientific approach adopted, to monitor water transfers in 

soil-plant-atmosphere system, is based on the synergistic use of the in situ data, the 

satellite observations and the mathematical modelling. 

For the in situ measurements, from 2002 to date, seven intensive experiments on domi-

nant horticultural orchards in the region (olive, orange and apricot) were performed, for 

both drip and flooding irrigation. Focus had been put on the evaluation of the crop’s wa-

ter demand and the partition of water between soil evaporation, plant transpiration and 

deep percolation. Thus, different terms of water and heat balances exchanged between 

land surface and atmosphere are controlled with different devices (Eddy Covariance, 

sap flow system, lysimeter, TDR, heat flux plate, CNR01, thermo-radiometers, ...). Re-

sults showed that the water losses by evaporation can reach 28% of water inputs for the 

flooding irrigation site and are obviously lower (about 18-20% on average) for the drip 

irrigation sites. Concerning the deep percolation, results are surprising: water losses for 

the drip irrigation are in the range 29-41% of water input, whereas theses losses are 

between 26 and 31% for flooding irrigation. In the same context, the adequacy of the 

water supply to the crop requirement was evaluated by using two performance indices: 

soil depleted fraction and relative evapotranspiration. The result confirms that drip irriga-

tion sprinkles much excessively. 

Keywords: Horticultures, semi-arid, water balance, measurement, drip irrigation, flood 

irrigation  
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The present study investigated the impact of grey or recycled water to the physiological 

status of tall fescue turf, based on reflectance indices. The study was conducted from 

May to October 2014 at the Technological Educational Institute of Epirus near the city of 

Arta, at the northwest coastal area of Greece. It comprised of 9 containers of 

2 x 2 x 0.22 m which were filled with loamy sand soil and were irrigated either by tap 

water (TW) that served as a control, or grey water (GW) or recycled water (RW). All 

treatments were irrigated using a subsurface microirrigation system which was installed 

at a depth of 7 cm. Measurements included the determination of volumetric water con-

tent (VWC) of the soil using capacitance sensors, turfgrass visual ratings and cumula-

tive clipping’s dry weight, normalized difference vegetation index (NDVI) with a multi-

spectral radiometer and green turf cover (GTC) using photographs and specialized 

software. It was found that turfgrass exhibited higher GTC when irrigated with tap water 

on 2 out of 8 sampling dates while at the end of the study period treated water provided 

higher GTC values compared with grey and tap water. Nevertheless, GTC remained at 

high percentages for all treatments during the study, indicating that grey or recycled wa-

ter were able to provide sustainable growth for the turfgrass. Similarly, NDVI values 

were higher than 85% for all treatments during the study period and were in accordance 

with visual quality ratings. Cumulative clippings dry weight was increased in the tap wa-

ter irrigation treatment compared with grey and recycled water. Based on the findings of 

the current study, tall fescue can be efficiently irrigated with either grey or recycled wa-

ter, without affecting either the reflectance indices or its growth and visual quality. In 

addition a beneficial reduction of biomass production was observed using grey and re-

cycled water that did not have an impact on turfgrass quality. 

 

Keywords: normalized difference vegetation index, green turf cover, clippings dry 

weight, tall fescue 
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An experiment was arranged as factorial that the first factor included different levels of 

topping times with 3 levels (after fruit set, un-ripe stage and veraison stage), and the 

second factor involves the cut-off irrigation treatments on three levels (control, 70, 80 

and 90 days after full bloom) in a randomized complete blocks design with four replica-

tions in Dena (Sisakht) region during 2013-2015. Quantitative factors included the single 

berry weight, berry volume, average cluster weight and yield. Also shoot length and di-

ameter were measured. The data, analyzed with statistical software MSTATC and were 

compared with Duncan test. Results showed that the effect of topping treatment had 

significant effect (P≤0.01) on most of quantitative characteristics such as weight of a 

single berry, berry volume. Effect of cut-off irrigation treatments had significant effect 

(P≤0.01) all quantitative characteristics. The interaction of topping and cut-off irrigation 

treatments showed that significantly effect on the single berry weight, berry volume. Re-

sults of mean comparison showed that the topping treatment hadn’t significant effect on 

yield compared to control, but in cut-off irrigation treatment, the yield reduced compared 

to control. The lowest yield was observed with 70 and 80 days after full bloom. The 

highest of shoot length and diameter were related to control and non cut-off irrigation 

treatment and the lowest shoot length was observed with topping treatment in veraison 

stage and cut-off irrigation treatment in 90 days after full bloom. 

 

Keywords: Askari table grape, Shoot topping, Cut-off irrigation, shoot length, yield 
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In fresh fruits and vegetables, mechanical properties are very important but complex parame-

ters of produce quality. They are closely related to both the physical and chemical cell wall 

properties, and to the tissue water status. In any produce, water status, overall tissue structure 

and physiological product status, all affect various mechanical properties such as elasticity, 

toughness, strength and others and often to a different degree. In addition, maturation and rip-

ening, senescence or decay, in storage or in retail may affect produce strength and stiffness. 

Exact knowledge of the effects of the above parameters on mechanical properties of a produce 

may help to diminish quality losses in fresh vegetables. A better understanding of the physiolog-

ical basis of water status effects on mechanical properties may also improve minimally pro-

cessing, prevent unnecessary tissue damage and reduce the risk of pathogen infection. It, thus, 

can increase shelf life and reduce economic losses of minimally processed fresh products. In 

particular, tissue elasticity is interdependently determined by water status and cell wall mechan-

ical properties. Short-term changes under unfavourable storage conditions mainly result from a 

decline in water potential or water volume while cell wall elastic properties remain unchanged. It 

is known that bruising, splitting or breaking susceptibility of fresh fruits and vegetables may in-

crease at high produce water contents. A positive correlation between relative tissue turgor and 

cutting energy or elasticity has been found in many produce. Produce development and growth 

may, however, largely influence these relationships. Comprehensive and systematic studies on 

these effects on processing related mechanical properties are rare and the published results are 

equivocal. In the presented study, the acoustic impulse-response technique, force-deformation 

measurements and cutting-strength measurements were, thus, combined with pressure-volume 

measurements to study the above interactions in fresh small radish (Raphanus sativus L.) as 

model produce. Radish tubers own a relative simple tissue structure mainly consisting of thin-

walled xylem parenchyma. The aim of this investigation was to characterize the fundamental 

effects of produce development and water status on the elastic properties and toughness of 

whole intact fresh radish tubers at various developmental stages. 

 

Keywords: Development, mechanical properties, Raphanus sativus L., stiffness, strength, 

toughness 
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High hydrostatic pressure treatments (HHP) are considered as alternatives for tradition-

al chemical preservation to enhance the safety of fresh convenience products. This 

technique is known to preserve vitamins, pigments, and flavour components but may, 

e.g., alter the functionality of enzymes or affect the overall tissue structure of produces. 

Information about the potential impact of HHP on metabolic activity of fresh produce is 

rare. The few published studies, however, indicated HHP effects on physiological ca-

pacity. These effects were highly product specific due to pronounced variations in both 

pressure sensitivity and stress responsivity. Biomembranes, however, generally seem 

to be major physiological targets of HHP treatments. Cell turgor inevitably requires fully 

intact cell membranes. Turgor has important impacts on the fresh appearance of fresh 

produces, among others, influencing texture. Up to now, there is no investigation avail-

able that directly evaluated the effects of HHP treatments on turgor of fresh vegetable 

tissue. In this study, the pressure probe technique was applied to comprehensively ana-

lyse the turgor of red cabbage tissue by directly measuring the hydrostatic pressure of 

individual cell. The effects of HHP on cell turgor were tested at pressure in the range 

between 150 MPa and 250 MPa applied to the tissue for 5, 10 15 and 20 min. As pro-

nounced changes in pressure are closely related to those in temperature, the effects of 

temperature (35°C to 55°C) on turgor also characterised separately. In general, HHP 

treatments and temperature increases as well as the duration of treatments interactive-

ly, pronouncedly and directly affected cell turgor of red cabbage leaves. 

 

Keywords: hydrostatic pressure treatments, cell pressure probe, turgor, temperature 
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Does increasing tissue water deficit affect postharvest  
transpiration in radish and carrot tubers? 

Werner B. Herppich, Manfred Linke, Karin Hassenberg 

Department of Horticultural Engineering, Leibniz Institute for Agricultural Engineering (ATB), 
Max-Eyth-Allee 100, 14469, Potsdam, Germany 

Corresponding author: wherppich@atb-potsdam.de 

 

In perishable horticultural products, postharvest water losses due to unfavourable stor-

age condition may rapidly result in a complete loss of saleability. The products wilt, be-

come soft, lose their gloss, and change colour; they simply become unattractive. Con-

sequently, minimizing water losses during the entire postharvest chain by optimizing 

humidity control is essential to maximize quality maintenance. Transpiration properties 

of different produces and their sensitivity against water deficits are highly diverse. Be-

sides the water vapour partial pressure deficit, the driving force of transpiration, these 

properties highly depend on structure and thickness of dermal tissues. Potentially, they 

are also affected by produce water status. Hence, transpiration properties may change 

during differentiation of products and during storage and shelf life. While transpiration 

properties of many products are quite well studied, information on interactions between 

water loss and water status, and the potential dynamics in this relationship during post-

harvest is scarce. Exact knowledge of these interactions is essential to improve produce 

specific climate management in storage and in sale, and for a meaningful parameterisa-

tion of predictive and control models. The potential relations between water release and 

water status was evaluated in fresh and stored radish and carrot tubers. Transpiration 

rates (JH2O) were determined by repeatedly weighing of tubers during dehydration under 

strictly environmental control. JH2O, produce and air temperature and humidity were 

used to calculate the total surface conductance for water vapour transfer (gH2O), an indi-

cator of water vapour permeability of dermal tissues. Mean water potentials of intact 

tubers were measured with a pressure chamber, water potential at tissue levels with a 

dew-point hygrometer. Pressure-volume analysis was applied to “translate” water poten-

tial into its component and in relative water deficits. Neither in radish nor in carrot tubers 

did gH2O change during a rapid increase in water deficit under simulated shelf condi-

tions. Although water potential of dermal tissues tended to be more negative than the 

inner tissue, no pronounced water potential gradient over either tubers was measured. 

In optimally stored carrots, gH2O did not change for several months. In contrast, during 

slow water losses of carrots stored under humid conditions, gH2O declined beyond a wa-

ter loss of approx. 4% and finally obtained a more or less constant value at further in-

creased water deficit. 

Keywords: surface conductance for water vapour transfer, water potential, pressure 

potential, water deficit, pressure–volume analysis 
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Comparing and evaluating ∆Tmax determination approaches 
for Granier-based sapflow estimations on  

different time scales 

Inken Rabbel 
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Corresponding author: irabbel@uni-bonn.de 

 

Estimating sapflow using Granier-type thermal dissipation probes requires determining 

the maximum temperature gradient (∆Tmax) between the heated probe and the refer-

ence sensor below. ∆Tmax represents a state of zero sap flux, which was originally as-

sumed to occur each night leading to a ∆Tmax determination on a daily basis. However, 

researchers have proven that, under certain conditions, sapflow may continue through-

out the night. Therefore alternative approaches to determining ∆Tmax have been devel-

oped. Multiple ∆Tmax approaches are now in use; however, sapflow estimates remain 

imprecise because the empirical equation that transfers the raw temperature signal (∆T) 

to sapflow density (Fd) is strongly sensitive to ∆Tmax. So far, this source of uncertainty of 

sapflow estimates, which is related to the ∆Tmax determination approach, has not been 

quantified. By analyzing the effects of different ∆Tmax approaches on sapflow density 

estimations of three spruce trees, we quantify the uncertainty of sapflow measurements 

on sub-daily, daily and (intra-)seasonal scales. We show that the ∆Tmax determination 

procedure has a major influence on absolute ∆Tmax values and the respective sapflow 

density computations. Particularly systematic ∆Tmax approaches produce synthetic flows 

that (1) significantly raise absolute sapflow density estimations on the sub-daily, daily 

and (intra-)seasonal scales, (2) affect sub-daily and daily sapflow density dynamics, and 

(3) reduce data plausibility in terms of climate feedbacks on the daily scale. We there-

fore conclude that the use of alternative ∆Tmax approaches may be a significant source 

of uncertainty in sapflow estimations. To improve absolute sapflow density estimations, 

future research should focus on the development of applicable measuring approaches 

that allow for absolute nocturnal flow detection and respective recalibration of the Gra-

nier formula. 

 

Keywords: Granier, sap flow, spruce tree 
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Effect of irrigation systems on vegetative growth, fruit yield, 
quality and irrigation water use efficiency of tomato plants 

(Solanum lycopersicum L.)  
grown under water stress conditions 

Mohamad Ragab1, Yasser Arafa1, Omaima Sawan2, Zakaria Hassan2, Sameh El-sawy2 
1 Faculty of Agriculture, Ain Shams University Shubra Gardens, P.O.Box 68, 11241 Cairo, Egypt 

2 Vegetable Research Department, National Research Center, 12622 Giza, Egypt 
Corresponding author: mohamedragab99@hotmail.com 

 

Field experiment was conducted during the two growing seasons of 2012/2013 and 

2013/2014, at Bani Salama region, El-Giza Governorate, Egypt, in order to investigate 

the effect of deficit irrigation (DI) treatments: 100% (control), 85%, 70% and 55% of ET0 

(Reference evapotranspiration) and two irrigation systems: Surface drip irrigation (SDI) 

and subsurface drip irrigation (SSDI) (20.0 cm soil depth) on vegetative growth, chemi-

cal constituents, flowering, fruit yield and quality of tomato plants (Marwa hybrid), grown 

under sandy soil conditions. Results revealed that DI treatments significantly decreased 

the vegetative growth, flowering, fruit yield parameters, photosynthetic pigments (chl a, 

b and carotenoids), leaves mineral content (N, P, K and Fe, %), leaf relative water con-

tent (LRWC) and membrane stability index (MSI) of tomato plants, compared to control 

treatment (100% ET0). Water stress treatments improved leaves proline content, irriga-

tion water use efficiency (IWUE) and some fruit quality characteristics for tomatoes. Us-

ing SSDI system significantly increased plant length, number of leaves per plant, total 

leaves area per plant, number of flowers and fruits per plant, marketable fruit yield of 

tomatoes, LRWC and MSI. There were no significant differences observed on the TSS 

of tomato fruit with both irrigation systems. Regarding the effect of interaction between 

DI treatments and irrigation systems, the results illustrated that application of irrigation 

water with 100% ET0 by SSDI system produced the highest significant vegetative 

growth, flowering, fruit yield and quality parameters. It could be also concluded that the 

vegetative growth and flowering parameters, as well as fruit and quality of tomato plants 

grown under DI treatments (85%, 70% and 55% ET0), can be improved by using SSDI 

system. 

 

Keywords: Deficit irrigation, subsurface drip irrigation system, leaf relative water con-

tent, membrane stability index, IWUE 
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Effect of municipal wastewater irrigation and soil  
texture on vegetative growth and mineral nutrient  

uptake in Festuca rubra  

Mehdi Hosseini Farahi1*, Hoshang Faraji2, Nahid Afshoon3 
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In order to study the effects of soil texture and municipal wastewater irrigation on the 

growth characteristics of lawn (Festuca rubra) in Yasooj, a split-plot experiment was 

conducted in a randomized complete block design with three replications, in 2011. The 

main factor irrigation was in three levels (I1- irrigation with normal water, I2- interval irri-

gation with normal water and wastewater, I3- irrigation with wastewater during growth 

season) and sub-main factor soil texture including (S1-sandy soil, S2-silty soil and S3-

clay soil). Results showed that kind of irrigation water and soil texture had significant 

effect on plant height, chlorophyll content, dry and fresh weight of plant and elements 

absorption. The highest plant height was obtained in plants cultured in silty soil and irri-

gated with interval wastewater municipal and water. The highest phosphorus, potassi-

um, zinc and iron were obtained in plant irrigated with I2 (interval irrigation with normal 

water and wastewater until end of plant growth). Resulting, using wastewater interval 

with water and silty soil for improvement of lawn Festuca in Yasooj landscape is useful.  

 

Keywords: lawn, silty soil, elements absorption, waste water 
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Physiological regulation of onion dormancy as influenced by 
pre-harvest irrigation and post-harvest  

ethylene supplementation 

Ikenna C. Ohanenye, M. Carmen Alamar, Andrew J. Thompson, Leon A. Terry 
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Corresponding author: i.c.ohanenye@cranfield.ac.uk 

 

Onion is one of the most cultivated vegetables with the current global production at 85 

million tons per year. Although onion grown for bulb production is cultivated seasonally, 

the demand for onion bulbs is all-year-round. To meet this demand and ensure continu-

ous supply, the onion industry relies on storing onion bulbs for up to nine months. Bulb 

re-growth (sprouting) is one of the major causes of storage losses. Continuous ethylene 

supplementation during bulb storage is known to suppress sprouting. It is hypothesized 

that sprouting, although a postharvest occurrence, might be regulated by pre-harvest 

irrigation. However, the interaction between pre-harvest irrigation and continuous eth-

ylene supplementation during onion bulb storage is not known. 

Onion cultivars ‘Sherpa’ (seeds) and ‘Red baron’ (sets) were planted in John Innes No. 

3 compost and grown in the glasshouse for five months. Plants were exposed to differ-

ential irrigation from bulb initiation until harvest. The control and test plants were sub-

jected to 100% and 50% replenishment of the control treatment evapotranspiration, re-

spectively. Irrigation was scheduled using soil moisture sensors (ThetaProbe type: HH2 

ML2x, Delta-T) and gravimetric methods. Bulbs were harvested at 100% fall-down, 

cured for six weeks and stored at 1°C. Bulbs were subjected to either continuous eth-

ylene supplementation at 10 µL L-1 or air, with three replicates per treatment. Bulbs 

were assessed for sprout emergence and elongation throughout storage.  

The results showed that, pre-harvest irrigation as a single factor did not significantly in-

fluence sprouting. However, under continuous ethylene supplementation, sprout elonga-

tion was suppressed by a quarter in the bulbs grown under deficit irrigation when com-

pared to the bulbs grown under full irrigation and stored in air. 

In conclusion, there is a potential to use deficit irrigation in combination with continuous 

ethylene supplementation to manipulate the mechanism of sprouting in onion to improve 

bulb storage qualities. 

 

Keywords: Allium cepa, evapotranspiration, dormancy 
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Sensing for deficit irrigation management of oil olives:  
integrating stem water potential, fruit water content and trunk 

diameter changes 

Alon Ben-Gal, Eugene Presnov, Isaac Zipori, Ido Bar-Av, Uri Yermiyahu, Arnon Dag 

Environmental Physics and Irrigation, Gilat Research Center, Agricultural Research  
Organization, Mobile Post Negev 2 85280, Israel 

Corresponding author: bengal@agri.gov.il 

 

A four-year field trial examining regulated deficit irrigation strategies in olive was con-

ducted on two modern varieties (Barnea and Askal) in Israel. Results from the study 

implied that water productivity could be significantly increased with little or no effect on 

yield or oil quality by reducing irrigation during the beginning of the irrigation season in 

the spring and during pit hardening in the summer. We propose an integrated approach 

to irrigation scheduling based on stem water potential and fruit water content thresholds. 

Trunk diameter dynamics were monitored with dendrometers and attempts at calibration 

to stem water potential and automation of irrigation will be presented. Results suggest 

that threshold values determined experimentally may not be universally applicable to all 

places, conditions and seasons. The challenge for continuous evaluation of legitimacy 

of thresholds and their subsequent irrigation regimes will be discussed. 

 

Keywords: olives, midday stem water potential, dendrometer, fruit water content, irriga-

tion scheduling, thresholds 
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Rapid drops of soil water content in pot trials affect the pre-
diction of drought tolerance determined in field trials 
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Dirk Hincha1, Karin Köhl1 

1 Max-Planck-Institut für molekulare Pflanzenphysiologie, Pflanzenanbau und Transformation, 
Am Mühlenberg 1, 14476 Potsdam OT Golm 
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Corresponding author: Haas@mpimp-golm.mpg.de 

 

Experiments for the assessment of drought tolerance are performed in pots under con-

trolled conditions to achieve high reproducibility. However, for field grown crops, toler-

ance assessments from pot trials poorly predict field performance. The poor correlation 

of performance in both systems may result from the small size of the pots, which limits 

yield under optimal conditions and thus results in an overestimation of tolerance as rela-

tive yield under stress. Moreover, small pot size can result in an artificially rapid change 

in soil water content at the onset of drought treatments compared to field grown crops. 

The extent of this effect depends on the evapotranspiration rate and thus on the vapour 

pressure deficit (VPD) of the atmosphere. To overcome these limitations, we conducted 

drought stress experiment on potato cultivars in large volume-growbags under semi-

controlled conditions and compared the tolerance assessed in this system to tolerance 

rates determined in pot trials under controlled conditions and under field conditions. The 

change of soil water content after water supply was assessed by continuously measur-

ing the soil water content with Plantcare soil sensors. In parallel, VPD was determined 

from continuously measured relative humidity and temperature of the atmosphere. We 

present the variation in decrease rates of soil moisture and VPD in the different experi-

mental systems to decide whether grow bag systems may mimic field trials for drought 

tolerance efficiently. 

 

Keywords: soil water sensors, pot trials, field trials, drought tolerance 
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