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Welcome!

The Water bLog is the semi-annual 
newsletter of the Utah Center for Water 
Resources Research (UCWRR), housed 
at the Utah Water Research Laboratory.  

The Center supports the development 
of applied research related to water 
resources problems in Utah and 
promotes instructional programs 
that will further the training of water 
resource scientists and engineers.  

Each issue of The Water bLog reports on 
a small selection of current or recently 
completed research projects conducted 
at the center.  More information is 
available online at:

https://uwrl.usu.edu/research/ucwrr

Message from the Director

Agriculture couldn't exist in arid and semi-arid lands, such 
as Utah, without water, and we couldn't exist without 

agriculture—an industry that accounts for approximately 
85% of US consumptive water use. Given the importance 
of this sector of society, researchers at the Utah Center for 
Water Resources at the Utah Water Research Laboratory 
(UWRL) naturally engage in a wide range of agricultural 
research, some of which only indirectly touches on water. 

In this issue of the Water bLog, we highlight two agriculture-related projects. 
The first investigates how certain chemical additives may affect concentration 
and detection frequency of various pesticides in pollen samples. The samples 
were collected by beekeepers near large-scale agricultural crops, primarily 
almond trees. The team is looking for potential relationships between the 
additives and pesticide levels in pollens. Additional research will study the 
effects of the additives on bee behavior. The second project uses remotely 
sensed data from small drones to estimate crop yield for fields and pastures 
under deficit irrigation. The goal is to evaluate how well the remotely sensed 
spectral data, vegetation indices, and crop height correlate with variations in 
crop yield.

These projects represent only a fraction of the active research underway at the 
UCWRR aimed at solving water-related natural resources problems throughout 
Utah, the nation, and the world.

     Mac McKee, Director
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Bee gathering pollen
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Organosilicon adjuvants in pollen: 
A field survey of detection frequency  

and concentrations

Observed declines in bee populations 
have been linked to a variety 

of factors including pathogens and 
exposure to certain classes of pesticides.  
The combination of exposure to 
pesticides and viruses have also been 
shown to have synergistic impacts.  In 
addition, researchers have observed 
that trisiloxane surfactant (TSS) 
adjuvants, chemicals that are added 
to improve pesticide activity, can also 
affect bee behavior and health. 

What is the role of TSS?

Trisiloxane surfactant (TSS) adjuvants are 
used to improve the wetting, spreading, 
rainfastness, and plant penetration 
of active ingredient(s) in pesticide 
products. Most TSS containing adjuvants 
consist as mixtures of oligomers, with a 
hydrophobic trisiloxane backbone with 
hydrophilic side chains composed of 
ethylene oxide (EO) units (either hydroxy, 
acetoxy, or methoxy end groups). 

TSS adjuvants are assumed to 
be biologically inert and are not 
required to be EPA registered.  Yet 
these adjuvants are found in pollen, 
beeswax, and honey and have been 
shown to impair honeybee learning 
and interact synergistically with 
viral infections in bee larva. 

UCWRR and Utah Water Research 
Laboratory faculty member William 
Doucette and graduate student Autumn 
Slade are collaborating with Diana Cox-
Foster and Ellen Klinger at the USDA/

ARS Pollinating Insect Research Lab, 
with funding from the American Honey 
Producers Association, to determine the 
extent and frequency of TSS detections 
and concentrations in pollen samples 
collected by beekeepers.  The team is 
also looking for potential relationships 
between TSS and pesticide levels in 
pollens.

Pollen is a key food for bees and 
this research will help improve our 
understanding of the potential impacts 
of TSS on honeybees. The research team 
analyzed pollen samples for TSS and a 
small list of target pesticides in samples 
collected by beekeepers. Representative 
pollen samples analyzed in this study 
also will be used in future bee behavior 
experiments.

Pollen Collection

Sets of three blank pre-weighed 50 
mL centrifuge tubes with caps were 
sent to bee keepers, along with two 
commercial pollen samples (one clean 

“Greater understanding 
is the first step toward 
ensuring that bees 
continue to thrive 
and support vital 
agricultural 
processes.”
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The process to prepare pollen samples from beekeepers included grinding with N2 then extraction prior to analysis for TSS  
and pesticide levels (above), and preliminary results from initial pesticide analysis (below)
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PI: William Doucette 
Professor 

Utah Water Research Laboratory  
Utah State University  

william.doucette@usu.edu

Graduate Student: Autumn Slade  
 

Co-Authors: Diana Cox-Foster, USDA/ARS 
Pollinating Insect Research Lab

Collaborators: American Honey Producers 
Association (AHPA), Joe Stewart (UWRL), 
Dr. Ellen Klinger (USDA/ARS Pollinating 

Insect Research Lab), Dr. Julia Fine  
(Penn State University)

and one spiked with TSS standards).  
Beekeepers collected pollen samples 
from traps and sent them back to the 
UWRL. Almonds were the main crop 
associated with the pollen collected, 
with samples coming from California 
(88) Wisconsin (9) and Kentucky (2).

After arriving at the UWRL, individual 
samples were homogenized by grinding 
with liquid N2 with a mortar and pestle, 
solvent extracted using an EDGETM 
Automated Extraction System and 
analyzed by LCMSMS for both TSS 
surfactants and 65 target pesticides. 

Initial Results

 6 High concentrations of an acetoxy 
capped TSS-like compound were 
found in 15% of samples. 

 6 Hydroxy-capped TSS were found 
in 43% of the samples with 

concentrations in the low ng/g 
levels (Based on a sum of all 
hydroxy oligomers). 

 6 No methoxy-capped TSS were 
found above the method limit of 
quantitations (LOQs). 

 6 Freshly spiked pollen recoveries 
were 56–65%, while spikes 
mailed to the field and back had 
much lower recoveries (8–37%). 
Additional studies are being 
conducted to determine the 
cause of losses and improve TSS 
recoveries.  

 6 A preliminary screening analysis for 
over 65 pesticides was performed 
on each sample using LCMS-QQQ.  

 6 Of these samples, nine compounds 
were tentatively identified: 
azoxystrobin, Cyprodinil, 

Chlorpyrifos, diflubenzuron, diuron, 
fenpyroximate, flubendiamide, 
Methoxyfenozide, and Phoxim.

Future Work

With these initial findings, the team is 
ready to investigate further questions:  
How does TSS get into pollen?  How 
persistent are TSS adjuvants in the 
environment?  Is there a correlation 
between TSS and pesticide levels in 
pollen and does TSS influence the 
distribution of pesticides within plants? 
What additional pesticides can be 
confirmed and identified in pollen? 

The answers to these questions will 
help the team to better determine the 
potential impact of TSS on the on bee 
health and behavior. Greater under-
standing is the first step toward ensur-
ing that bees continue to thrive and 
support vital agricultural processes.
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The process to prepare pollen samples from beekeepers included grinding with N2 then extraction prior to analysis for TSS  
and pesticide levels (above), and preliminary results from initial pesticide analysis (below)



Keeping An Eye On Crop Yield:
using UAVs to estimate yield reduction under 

deficit irrigation for water conservation

How can increasing water demands 
be met?  It is a pressing question 

facing water users in Utah and around 
the world. Uncertainty about the effects 
of climate change on water supplies 
combined with increased demand could 
result in critical water shortages that 
dramatically impact all agricultural, 
municipal, and environmental users. 
Effective water conservation practices 
are needed to reduce consumptive use 
and make more water available to users. 

Deficit Irrigation as a 
Conservation Practice

Deficit irrigation (DI) is one such 
conservation practice in agricultural 
that aims to maximize water use 
efficiency while maintaining crop yield 
per unit of irrigation water applied. DI 
exposes crops to water stress either at 

specific growth stages or throughout 
the growing season. The water saved 
can then be diverted to other crops or 
uses, and, theoretically, any reduction 
in yield would be offset by the benefits 
gained through the water savings.

How UAV Data Helps Evaluate 
Effects on Crop Yield

Tracking the actual effects of DI on crop 
yield, however, can be a challenge, and 
researchers are seeking reliable ways to 
generate accurate estimates. Satellites 
data is one possibility, but resolution is 
too coarse and it is available only on a 
fixed schedule, while effective ground 
monitoring is costly in time and money. 

In a recent project funded by the 
Extension Water Initiative, and 
supported by the Utah Agriculture 

Experiment Station and USU's AggieairTM 
Unmanned Aerial Vehicle platform 
developed and managed by the Utah 
Water Research Laboratory, UCWRR 
researchers are using remotely sensed 
UAV data to evaluate the accuracy of 
crop yield estimates for irrigated fields 
and pastures. 

UAVs are useful because they can be 
flown over the entire field multiple 
times during the growing season to 
get a picture of what is happening on 
the ground at a much finer scale than 
satellite data and much faster and 
more detailed than would be possible 
with ground monitoring. The high-
resolution multispectral data from 
AggieAir UAVs, along with advanced 
methods for integrating remotely 
sensed data into biophysical modeling, 
are helping these researchers to better 
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understand the relationship between 
changes in spectral response and actual 
concentration of plant biomass. 

Research 

The study area included USU research 
farms in Lewiston and Panguitch, Utah. 
Both study areas included five irrigation 
treatments with four replications on 
pasture blocks of approximately 0.22 
acres and a buffer area, for a total area 
of about nine acres. Options included 
full season irrigation, no irrigation, and 
various irrigation shut off dates (~ July 1, 
Aug 1, and Sept 1). Three yield samples 
were harvested from each of the 20 
treatment plots, with the exact location 
of the harvested samples determined 
using precision GPS equipment. Leaf area 
index (LAI) was measured with a LAI-
2200C sensor.

AggieAir UAVs collected RGB, NIR, and 
thermal band data prior to crop yield 
sampling and harvest. A fixed wing UAV 
collected at a 6-inch pixel resolution, 
and a multirotor vertical take-off and 
landing (VTOL) UAV collected at 1-inch 
pixel resolution. To determine whether 
the information derived from 3D UAV 
imagery is an efficient estimator for yield 
models, yield was correlated with each 
of the spectral bands, vegetation indices 
(VI), canopy point cloud information 
derived from 3D UAV imagery, and in situ 
measurements of LAI. 

Results
The relationship between actual yield 
and the estimates based on spectral 
information (red, green, blue, NIR), 
VIs (NDVI, RVI, and LAI), and the crop 

height estimated from 3D high-resolu-
tion UAV imagery were evaluated. 

 6 Results indicate that variations in 
crop yield clearly translate into 
spectral data, VIs, and crop height.

 6 Most of the factors correlate non-
linearly to the yield.

 6 Among the VIs, RVI was most cor-
related, although the NDVI and LAI 
also showed a significant correla-
tion with the yield. 

 6 Among the individual bands, NIR 
had the strongest relationship 
with yield, and crop height was 
comparable to the VIs.

 6 NDVI and RVI were shown to be 
saturated for the LAI>2.5 and thus 
cannot be efficient estimators for 
well-developed canopy and should 
only be used for initial growth 
stages in yield models.     

In the future, the team plans to assess 
more vegetation indices for their 
correlation with yield. They are also 
exploring non-standardized VIs using 
artificial intelligence techniques and 
developing a yield model using data 
mining techniques. These high-tech 
analyses will help irrigators to make 
better-informed decisions and to 
manage limited water resources wisely. 
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Lewiston, UT study site, AggieAir Minion (fixed wing), AggieAir Matrice 600 Pro (VTOL), 
and a digital terrain model (DTM) of the Lewiston site.

 

Co-PI: L. Niel Allen 
Associate Professor 
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Co-PI: Alfonso Torres-Rua 
Assistant Professor 

Phone (435) 797-0397 
Email: alfonso.torres@usu.edu 

Utah Water Research Laboratory,  
Dept. of Civil & Environmental  

Engineering, Utah State University

PhD Student: Mahyar Aboutalebi
Collaborators: Intermountain Irrigated  

Pasture Research Farm, Extension Water 
Initiative Utah Agriculture Experiment Station
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L. Niel Allen 
Professor, Head of Irrigation,  
Civil and Environmental Engineering

Dr. Allen has extensive experience in irrigation business, 
Cooperative Extension, teaching, and consulting. 
His current research concerns deficit irrigation of 
pasture to provide water for critical water uses for 
the growing population and during droughts or water 
shortages. He is also interested in using remotely 
sensed information for estimating consumptive 
use for water administration and accounting.

Alfonso Torres-Rua 
Assistant Professor, Irrigation, 
Civil and Environmental Engineering 

A Peruvian native, Dr. Torres-Rua is passionate 
about practical solutions for agriculture and water 
management using remote sensing and data mining. 
His current research focuses on UAV-satellite remote 
sensing integration, beyond-visual-line-of-sight scientific 
UAV technology and applications, and high-resolution 
evapotranspiration and biomass monitoring.

Bill Doucette 
Professor, Environmental Engineering,  
Civil and Environmental Engineering

Dr. Doucette has extensive experience in 
phytoremediation and water quality research. Some 
of his research interests include analysis of organic 
contaminants in environmental samples, sorption 
of organics to soil/sediment, phytoremediation, 
plant uptake of organic contaminants, indoor 
air contamination by organic contaminants, and 
environmental fate of organic contaminants.
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Future Issues 

“Tracking and 
transforming toxic 
algae blooms”  

(AggieAir remote sensing and 
anaerobic digestion help to 
manage toxic algae blooms 
at Scofield Reservoir while the 
algae generates power)

“Next generation 
Archimedes screw” 

(Engineers are conducting 
full-scale tests on a unique 
water-powered turbine to 
provide new solutions for 
distributed energy needs)

Contact:

Utah Water Research Laboratory
Utah State University
Logan, UT 84322-8200 
(435) 797-3157

Director:  
Mac McKee
 
Associate Directors:
William J. Doucette &  
Blake P. Tullis

Publication Editor:  
Carri Richards

 
uwrl.usu.edu/research/ucwrr/
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In the News:
2019 UCOWR Conference

The 2019 UCOWR Annual Conference 
will be sponsored by USU on June 
11–13, 2019 at Snowbird, UT. The 
Universities Council on Water 
Resources (UCOWR) is an association 
of universities and other organizations 
leading out in water resources 
education, research, and public service. 
Seven of the eight USU delegates are 
UWRL/UCWRR faculty members.

See more details on the conference at: 
https://wrc.wsu.edu/2018/11/08/call-
for-abstracts-2019-ucowr-niwr-annual-
water-resources-conference/

Funded Research Opportunities 

Several UCWRR faculty are currently 
accepting applicants for a variety 
of funded water resources research 
opportunities. See https://uwrl.
usu.edu/news/main-feed/2018/
funded-research-opportunities for 
further information on these MS, 
PhD, and Post-Doc openings. 

Student Design Award

The USU student chapter of the Water 
and Environment Association of Utah 
tied for second place in the wastewater 
design category at WEFTEC 2018, the 
largest water conference in the nation. 
Their award-winning design helps 
Utah's wastewater treatment plants to 
increase their use of renewable energy 
using food waste as a biofuel feedstock. 

New Hydraulics Faculty

We are pleased to welcome two 
new faculty members in Hydraulics: 
Assistant Professor Dr. Brian Crookston 
(left) and Research Assistant Professor 
Dr. Zac Sharp (right). Both are familiar 
faces at the Utah Water Research 
Laboratory having completed their 
doctoral studies at USU, Dr. Crookston 
in 2010, and Dr. Sharp in 2016. 

AGU Fellowship Award

Veteran educator, engineer, and 
hydrologist Dr. David Tarboton 
has been named a Fellow of the 
American Geophysical Union. Only 
1 in 1000 members is elected to 
the AGU Fellowship each year.

ASCE Scholarship Award

Civil Engineering student Seth 
Thompson was one of only eighteen 
students nationwide to receive a major 
scholarship from the American Society 
of Civil Engineers (ASCE). Seth was also 
named the 2018 Outstanding Senior 
for his department and is continuing 
on at USU to pursue a MS degree 
in water resources engineering.

http://uwrl.usu.edu
uwrl.usu.edu/partnerships/ucwrr
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