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The drip lines used, both used a double line approach the control 

used surface drippers that emitted 4 gallons per hour per tree. 

The DRI lines emitted 3.5 gallons per hour per tree. These two 

sites are located 40 feet from each other to not interfere with each 

other. To keep a good baseline, both sites used 3 year old almond 

trees, located in Fresno California, at the California State Univer-

sity Fresno Farm. The almond field does not have any cover crops 

and both sites have spacing 10 feet from tree to tree and 20 feet 

from row to row. Figure 1. shows the site of the installation  

 

To test each of these sites, Dynamax’s EXO 25mm sap flow sen-

sors were used. Using the measurements of the entire tree the in-

formation from one 25 mm branch is extrapolated to find a multi-

plier. Applying the multiplier the data from the sap flow sensor is 

adjusted to produce data for the entire trees transpiration. These 

sensors were continually maintained and adjusted for tree growth 

throughout the entire season to maintain accuracy. The sensors 

record data every 15 minutes and is then transmitted wirelessly 

using a mobile communication system to upload to Dynamax’s 

grower homepage, Agrisensors.net.  

 

In addition Delta-T SM150 soil moisture probes were used to un-

derstand the relationship in how the different irrigation practices 

use water. These were placed at 6 inches and 24 inches for both 

applications and use units of percent moisture content. This data 

is transmitted wirelessly to Dynamax’s grower homepage.  

 

To calculate a stress factor we apply same principles of the Crop 

Coefficient (Kc) equation which is ETa (actual transpiration, sap 

flow) divided by the ETo from the California weather stations. The 

California irrigation management information system (CIMIS) 

collects weather data all over the state, including ETo. The ETo 

from CIMIS was uploaded to Dynamax’s grower website to adjust 

the stress factor each day. The  stress coefficient (Ks) utilizes both 

the EXO sap flow sensor as well as CIMIS to calculate how 

stressed the trees are throughout the season. 

California’s drought has lead many researchers to test methods to 

save irrigation water. This experiment tested the difference in wa-

ter consumption and stress of almond trees using two different ir-

rigation methods. Deep root irrigation (DRI) drip lines were com-

pared to the control which is a traditional double line surface drip 

lines. To validate the results of the experiment Dynamax’s EXO 

sap flow sensor was used in conjunction with soil moisture sensors 

and a weather station. During the course of this experiment an 

improved method of utilizing the sap flow sensors were created. 

Analysis of the data was to determine which irrigation method 

saves the most water. However, during this experiment sap flow 

methods were given the opportunity to improve performance on is-

sues related to young almond trees, and the ability of the tree 

branches to withstand water stress with sap sensors. 

 

DRI irrigation test results were staged at flow rates staged in an 

on-going test starting in 2016. A commercial DRI installation is 

usually performed with lower irrigation and different parameters 

as recommended by producer DRI, LLC.  The first year data does 

not necessarily reflect the performance or water saving potential 

in a commercial setting.  

In Figure 4. it can be seen the difference in results from the DRI 

and surface drip irrigation methods, which is summarized at the 

top. The results were conclusive that the surface drip used 9.05 

gallons per day throughout the entire season, and excluding the 

irrigation reduction dates, the trees used 8.75 gallons per day. In 

contrast the DRI application used 6.97 gallons per day on aver-

age for the entire season, and excluding the irrigation reduction 

dates the trees used 7.22 gallons per day. This is summarized in 

Chart 1. 

 

The stress factor was the first indicator that the trees were un-

der stress due to no water being applied through the emitter. 

Figure 5. shows that the resulting data throughout the season 

for the surface drip is 1.11 and without the emitter data is 1.19. 

The DRI data showed that the for the entire season its stress 

factor was 0.87 whereas, without the emitter data it was 0.97.  

 

The soil moisture sensors picked up a small difference in average 

water content. The control showed average water content of 

22.69% at the 6 inch layer, and 17.73 % at the 24 inch depth. 

Whereas the DRI application showed a water content of 21.20% 

at the 6 inch layer,  and 15.52% at the 24 inch depth.  The DRI 

treatment received 15% less water than the Control.  

Sap flow systems were able to show a significant difference in 

transpiration rates of young almond trees in water delivered be-

tween the surface drip and deep root irrigation systems .  Sap 

flow rates of the almonds trees were used to indicate periods of 

stress, whether the irrigation systems were delivering enough 

water, and whether trees were being damaged from the heat 

stress.  The researchers indicated the damage from the trees by 

remotely observing the Ks factors and the sap flow on the Agris-

ensors web site, and alerted the growers as to the irrigation is-

sues as well as the electronic technician for stress on the branch-

es. 

As irrigation was scheduled with normal manual methods, we 

discovered issues with the irrigation system causing extreme 

drought.  We were able to diagnose low transpiration and dry 

soil due to the emitter plugging and irrigation issues, recording 

the stress level of Ks .23 to .40.  Each issue with low transpira-

tion causes too high of heat from the stem heaters, the early 

growth branches to wither, and we found that an excess heat 

from the sap flow sensor was a contributing cause.  By regulat-

ing the heat with the new SapIP sap flow loggers we were able to 

remotely change the temperature with voltage regulators, and 

then required a night time power down cycle.    We concluded the 

new methods were required to provide long term monitoring dur-

ing the growth season on young trees without any further issues.  

We feel that new method will allow a season long observation 

during the growing season in 2017 and beyond.  As growth pro-

ceeds the DRI irrigation parameters will be adjusted to maxim-

ize the performance and track water application with sap flow. 

Abstract  

New methods were developed to apply forced Deep Root Irrigation (DRI) 

to young almonds trees at the California State University, Fresno re-

search farm.  The experiment contained three year old almonds trees, 

and each trial section had well-watered drip irrigation compared to deep 

root irrigation( DRI).   Heat balance sap flow sensors were installed in 

May 2016. Eight trees were tracked with sap flow sensors, four on con-

trol and four on DRI trees.  Data was up scaled with the extrapolated 

multiplier, and then compared with a CIMIS ETo weather station in-

stalled on the campus site.   Dynamax installed soil moisture sensors at 

two depths which also tracked volumetric soil water content and CSU 

tracked irrigation with pump pressure sensors.   

Discussion  

During this experiment a few lessons were learned in the use of 

sap flow sensors and dealing with stress on the young Almond 

trees. For the DRI experiment we saw a drastic decrease in sap 

flow as well as the stress indicating that not enough water was 

getting to the tree which started to begin on  July 28th. There 

were delivery issues on Aug 4 –11, 60 gal/week, (2 irrigations 

per week) that was previously 120 gal/week, (5 irrigations per 

week). Troubleshooting irrigation practices, driplines, equip-

ment performance were required.  In addition, a clogged emitter 

at the DRI location needed to be replaced and fixed in the last 

week of August. During Aug 4-11 the Delta-T SM150 sensors in-

dicated that Volumetric Soil Moisture dropped from 17.9% to 

15.6 % for the weekly average on the DRI treatment. By August 

12 it was resolved the DRI trees had started to yellow from the 

induced stress from lack of water and higher temperatures from 

the sensor heater. 

As the seasonal sap flow increases, 

the amount of sensor heat is adjust-

ed upward 10 % higher, an increase 

as shown here on July 5.  This is to 

avoid too low of a dT (difference in 

temperature), which causes the 

peaking sap flow at 9 to 10 am( a 

morning event).   The highest dT of sap increased from about 6 

to 7 degrees C.  Also, the night time sap temperature is 3 - 4 C 

and may increase stem stress. 

 

As the stress from irrigation issues and the higher temperature 

from the sensors showed branch yellowing, we moved sensors to 

new branches.  Then we proceeded to implement a new sensor 

power reduction mode to reduce night time stem temperature 

and the early morning dT increase. On August 19th we applied 

a Power Saving Mode which cuts the power off from 9:00 PM to 

4:00 AM which is seen in Figure 3. When the sun sets the plant 

stops transpiring, thus the heat is not necessary to gain data. By 

applying this method overall plant health is improved while the 

tree was under stress due to the summer heat with an unrelia-

ble water source.  We reduced the temperature at night to dT 

near zero, and reduced the dT morning peak by 30 to 40 %. 

Figure 1. Site of the DRI experiment in Fresno, CA 

Figure 3. Power saving mode is seen on the regulator output (AVRS- 

Blue) chart, and the overall stem dT peak is reduced significantly.  

Figure 4. Sap flow for the surface drip (Ctrl) and the deep root ir-

rigation (DRI) 

Figure 5. Stress factor for the surface drip (Ctrl) and the deep 

root irrigation (DRI) 

Figure 6. Sap flow and soil moisture for the surface drip (Ctrl) 

and the deep root irrigation (DRI) 

    Ctrl  DRI  

Whole season 
Sap flow (gallon/day) 9.05 6.97 

Crop Stress factor  Ks 1.11 0.87 

Irrigation withheld  

Aug 4 –11 

DRI Emitter Plugged  

Aug 21 –23 th 

Sap flow (gallon/day) 7.75 2.40 

Crop Stress factor  Ks 0.75 0.23 

Sap flow (gallon/day) 8.75 3.20 

Crop Stress factor  Ks 0.84 0.40 

Chart 1. Sap flow and stress factor data summarized by whole 

season and partial season 
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Figure 2. The location of the soil moisture sensors in relation 

to the tree with the DRI application  

Week 

Starting 

SM DRI SM Cont 

 

SF– DRI gal Contr—Gal 

Jul  24 20.6+15.3 

17.9% 

26.4+18.8 

17.6% 

9.7+9.3 

9.5 

11+12 

11.5 

Aug 4-11 16.8+14.4 

15.6% 

22.0+16.8 

19.4% 

2.1+2.6 

2.4 

6.7+8.8 

7.75 

Aug 21– 23 20.3+17.4 

18.9% 

23.5+17.5 

20.5 

2.2+4.1 

3.2 

7.5+10.0 

8.75 

     


