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We just described how the numerator of the 
Recommended Irrigation Water equation above 
(ETo x Kc) tells you how much water your plants 
need based on their developmental stage, your 
location and environment.
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Figure 1. Table of crop coefficients for agricultural crops. From: https://www.fao.org/3/X0490E/x0490e00.htm 

need to multiply it by a crop coefficient called 
Kc, which varies with your crop and its           
developmental stage. The rationale behind this 
model is that ETo accounts for location and 
weather, while Kc accounts for the crop type 
and growth stage, and by multiplying the two 
you get the quantity of water used by that crop 
in that environment. Unfortunately, there are 
no Kc values available for nurseries. Below you 
can see a table with Kc values reported in the 
legendary FAO 56 manual for almost any crop 
you can think of. Note that the highest Kc value 
for any crop in the table is 1.2 and for open 
water is 1.25.

In San Diego County most nurseries irrigate 
with municipal water that costs between $2000 
and $2500 per AcFt. In the Central Coast, one 
AcFt of water costs about $250, while in Imperial 
County it costs about $50. San Diego growers 
pay amongst the highest price of water in the 
state. Over-irrigating is not only a bad idea 
because water is expensive, but it also produces 
runoff, which creates another (larger) headache 
with compliance with water quality regulations. 
The question that we are asked most often is: 
Am I over-irrigating? This question is challenging 
to answer without accurate measurements in the 
field, but in this article, we propose a simple way 
to make an educated guess. First and foremost, 
this method is only an approximation and is 
based on numerous assumptions but we are big 
fans of generalizations and rules of thumb.    
Voltaire said that perfect is the enemy of good;  
though this method is not perfect, we hope that it 
is good enough for you to gain  insight on your 
irrigation management as a first-pass method.         

   
The equation below shows the method that 

we use to calculate the depth of irrigation water 
needed by a crop. ETo is reference              
evapotranspiration, expressed in inches as a 
depth of water; this can be thought of as the 
“evaporative demand of the atmosphere”. ETo 
varies with location and time of year. Reference 
evapotranspiration values can be found online 
(https://cimis.water.ca.gov/) and tell you how 
much water a uniform, well-watered surface of 
grass would have used under the meteorological 
conditions at a given site. This reference is 
used as a standard that accounts for the effects 
of location and environment. While not exact, 
think of ETo as the depth of water that would 
evaporate from a bucket left outdoor for a 
period of time. To adjust ETo for your crop, you 

How to Estimate Whether 
you are Over-Irrigating 
in Nurseries: a quick and 
dirty method



Getting the teaching bug

After graduating with a B.S. in biology from 
the University of Utah, Middleton was accepted 
into the University of Minnesota where he 
earned his Ph.D. in entomology. In his doctoral 
program, Middleton got the opportunity to 
create and teach an entirely new undergraduate 
course.

“For a semester, I designed and taught a 
course on “Insect Warriors,” which consisted of 
the various ways insects fight each other and 
how they have been used in human warfare,” 
Middleton said, noting that fleas were infected 
to carry bubonic plague and flies to spread 
cholera during World War II and that the 
Romans launched beehives from catapults to 
disrupt enemy troop formations. 

Middleton also had the students run and 
jump, then compared their results first to the 
world records for humans and for insects. “Of 
course, the insects always perform much better 
given their weight and size,” he said. “That was 
a great and unique experience and was a ton of 
fun.” 

The support of his parents, teachers and 
other mentors along the way helped to develop 
Middleton into a leader passionate about          
understanding the natural world. “While I think 
bugs and agriculture are very interesting and 
important, the thing I am most passionate about 
is how we come to understand things and how to 
rigorously test to make sure we actually            
understand them.”

Collaborating with growers on research

Today, Middleton collaborates on integrated 
pest management research and helps Southern 
California growers establish IPM practices in 
their crops. 

Middleton is currently working on four main 
projects. The first project is a study on agave 
mites and how best to manage them in ornamental 
agave production. The second project is a      

The path to entomology 

Middleton was born in Salt Lake City, Utah, 
to scientist parents whom he considers the        
biggest influence on his career. More so than 
teachers, his parents were the ones who molded 
his interest in academics and science. At a 
young age, Middleton became interested in the 
scientific process and was intrigued by questions 
that nobody knew the answers to.

However, his path to a career in entomology 
was not always clear. “For quite a while I 
thought I would be a herpetologist because I 
liked snakes, but I didn’t have a specific goal in 
mind for what I wanted to do.” In late high 
school and early college, Middleton dreamed 
about being a stuntman, but never seriously 
considered it as a career.

Middleton came to a crossroads with the 
trajectory of his career at his undergraduate 
college orientation at the University of Utah. He 
knew he wanted to be a scientist of some kind 
and that he enjoyed several different scientific 
disciplines, but the pressure was on to choose a 
major when orientation staff were dividing 
people into groups based on the major they 
wanted to pursue. 

“Biology majors this way, psychology majors 
that way,” they directed students. Interested in 
both biology and psychology, Middleton 
momentarily froze, mentally contemplating the 
gravity of his next decision. It was a very literal 
“choose which direction you want your life to 
go” moment, Middleton said. As the two groups 
began walking in different directions, he was 
forced to make his choice, and ultimately 
walked away with the biology group. 

Looking back at this moment which many 
young scholars experience, Middleton knows 
that he could have been happy in several different 
areas of study as long as he was still practicing 
science. Of course, Middleton is very content 
with where he ended up. “I’m glad I went with 
the biology group which ultimately led to       
entomology.” 

community-participation science project with 
the UC Master Gardeners to determine if         
African tulip trees have a negative impact on 
native pollinators in Southern California. 

His biggest and third project is a USDA 
National Institute of Food and Agriculture 
grant-funded study on small-scale urban         
agriculture. The goals of this project are to 
determine if small-scale, urban production is 
economically feasible for people trying to make 
money, and to figure out scale-appropriate pest, 
water and nutrient management. 

Middleton’s latest project is studying the 
ability of predatory Amblyseius mites to control 
agave mites. 

While the impacts of his service at UC 
Cooperative Extension have been invaluable, 
there is always more work to be done, according 
to Middleton. “There is simply too much need for 
me to meet. Lots of people need help with pest 
management, and there are so many different 
areas that I could devote huge amounts of time 
to. It’s pretty hard to say ‘no’ and to prioritize 
only the most important things or the things I 
think I can help the most with.”

Outside of work, Middleton’s main hobby is 
running obstacle courses. “I’ve always loved 
climbing on things and running amok, so it was 
a great fit for me. I’ve been lucky enough to get 
to compete on the TV show American Ninja 

Warrior every year since I started getting into 
obstacle courses back in grad school. That has 
been a crazy experience, both very fun and very 
stressful. But one of the most fun parts has been 
getting to share my love of entomology on a 
national stage and getting the two hosts, Matt 
and Akbar, to eat cooked insects if I complete 
the obstacle courses. Getting to compete and do 
so well on American Ninja Warrior is a very big 
source of pride. It was something I never would 
have thought was possible growing up, and also 
fits well with my pipe dream of being a stuntman.”

Middleton, a recent addition to UC Cooperative 
Extension since 2022, is already aiding Southern 
California growers in agave and aloe mite    
management due to his fervor for entomology. 
Stay informed about his research on thrips, 
mealybugs, and spider mites in ornamental   
production by subscribing to his YouTube channel 
(https://www.youtube.com/@emiddleton_ucce) or 
following him on Instagram (https://www.insta-
gram.com/dungbeetlestrong). Discover his seminars 
on best management practices for invasive pests 
on the UCCE San Diego events calendar 
(https://cesandiego.ucanr.edu). Also, catch him 
conquering obstacle courses on NBC's American 
Ninja Warrior in 2024.
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The leaching fraction you need to apply 
depends on the salinity of your irrigation water 
for which you can reference the table below: the 
“EC applied” reported in the rows refers to your 
irrigation water (after you added liquid fertilizer) 
and the “EC leached” in the columns is the salinity 
that you want to obtain in the leachate; this     
typically is kept at 6 or 9 dS/m. Consequently, if 
the EC of your irrigation water is around 2 dS/m 
like I measured in the picture below, your leaching 
fraction will be 0.33 or 0.22. If you picked a value 
of 0.25, (1-LF) will be 0.75.

Let’s consider  a worst-case-scenario, if we 
plug these values into the equation, using a 
week in April in Escondido, when ETo was 1 
inch, a Kc of 1.2 (highest reported for any 
crop1), our sprinkler DU was 0.75 and our 
leaching fraction was 0.25, we get: 

When he’s not swinging over pools of water 
or navigating past other obstacles on American 
Ninja Warrior, Eric Middleton, UC integrated 
pest management advisor for San Diego, 
Orange and Los Angeles counties, can often be 
found examining plants for insect pests.

Middleton, known as Bug Ninja on the TV 
competition, studies biological control in         
ornamental plant production. Insects chew on 
nursery plants, robbing them of their beauty so 
they can’t be sold.  He is comparing the efficacy 
and cost of using beneficial arthropods and 
pathogens in place of chemical pesticides and 
conventional management practices so he can 
share the findings with the growers and      
communities he serves. 

Many people supported him on his road to   
success as a well-rounded scientist, Middleton 
said.

The denominator [DU (1-LF)] has two 
factors that increase the quantity of irrigation 
water that you need to apply; these factors are 
distribution uniformity (DU) and leaching    
fraction (LF). Both DU and 1-LF are smaller 
than one, so dividing the numerator by them 
makes the result larger. In other words, we need 
to apply more water than our plants use, for two 
reasons: one is that irrigation systems do not 
apply water uniformly and, in order to ensure all 
plants receive sufficient water, we need to           
irrigate a little more. The second reason is to 
leach some salts that have been applied with the 
irrigation water, or over time the salts will          
accumulate in the soil media and kill the plant. 
You can learn about leaching fraction by watching 
the following videos:  

https://youtube.com/playlist?list=PLzSpUZOE1aiPigJqI0jUoH49ThvLc1I_n.

Distribution uniformity is generally around 
0.7 for sprinklers and around 0.9 for drip. You 
can learn about it by watching this seminar: 

https://www.youtube.com/watch?v=66H5cOA8dgQ. 

lot of water, or you have less than ideal DU, or 
you need to leach a lot of salts, you should not 
be using much more than twice ETo.

Based on this worst-case-scenario example, 
you can use this method to estimate whether 
you over-irrigate or not. Take the water use per 
week or per month reported by your flowmeter 
or your utility company (commonly shown in 
gallons). Convert it into acre-inches, by dividing 
gallons by 27,154. If it comes in acre-foot, divide 
by 12 to convert to acre-inch. If it comes in 
another unit, you may call your local Cooperative 
Extension advisor for help. To convert this 
volume of water into depth of irrigation 
applied, divide it  by the acres of planted area 
that you irrigate. This planted area is         
sometimes difficult to obtain; take your best 
guess. By dividing a volume of water in 
acre-inch by a surface in acres, you will obtain 
a value in inches that represents the depth of 
water applied in that time period. Typical 
values for San Diego County are 2 to 7 inches 
per month or 0.5 to 1.6 inches per week, 
depending on the season. If your numbers are 
not in this range, your calculations may be off 
and you should give us a call. If your numbers 
are in this range, go to the CIMIS website and 
download ETo data for the station closest to 
you for the same period that your water bill or 
flowmeter data refers to. Now divide the depth 
of applied irrigation water by the ETo you got 
from CIMIS.

If the number you obtain is between 0.5 and 
2, you probably are okay. If you are using drip, 
you probably shouldn’t be above 1, since you 
apply water only to the containers, and not in 
the space in between like if you use overhead 
sprinklers. If you use sprinklers, and you use 
about 1.5 times ETo, you are probably doing an 
okay job. If you are close to 2, you may be over-
irrigating, but it just could be that you are using 
salty water (it is likely if you are in San Diego) 
or that your irrigation system has a less than 
ideal distribution uniformity. If you are between 
2 and 4 you are most likely over-irrigating and 
you should give us a call, so we can come to 
your nursery and help you improve your         

irrigation management. If the number you 
obtain is larger than 4, you may have made a 
mistake in the math somewhere and you also 
should call us.

In conclusion, there are four main factors 
that influence how much water you need to 
apply. One is obtainable from CIMIS and for 
the other three we can use worst-case-scenario 
values. This way you can estimate quickly 
whether or not there is potential for large 
improvements in your irrigation system and 
management. If you have any questions,       
contact Gerry Spinelli, gspinelli@ucdavis.edu

Figure 2. Table to estimate the required leaching fraction. From: Container Nursery Production and Business Management 
Manual https://anrcatalog.ucanr.edu/Details.aspx?itemNo=3540

1. Note that here we are using a Kc based on the area that each container occupies in the field based on spacing, i.e. the total field area divided 
by the number of plants. We are not using the area of the container mouth or the projected canopy area like other researchers have in the 
literature (e.g. D. W. Burger et al., 1987; R. C. Beeson, 2010). This makes the Kc smaller than if it was calculated on the container area and more 
suited for this exercise. It is also easier to measure the whole planted area than the container area. 

Consequently, we have good reason to 
believe that even if you grow plants that need a 

“Ninja Warrior” IPM 
Advisor Creates Buzz 
About Insects
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Getting the teaching bug

After graduating with a B.S. in biology from 
the University of Utah, Middleton was accepted 
into the University of Minnesota where he 
earned his Ph.D. in entomology. In his doctoral 
program, Middleton got the opportunity to 
create and teach an entirely new undergraduate 
course.

“For a semester, I designed and taught a 
course on “Insect Warriors,” which consisted of 
the various ways insects fight each other and 
how they have been used in human warfare,” 
Middleton said, noting that fleas were infected 
to carry bubonic plague and flies to spread 
cholera during World War II and that the 
Romans launched beehives from catapults to 
disrupt enemy troop formations. 

Middleton also had the students run and 
jump, then compared their results first to the 
world records for humans and for insects. “Of 
course, the insects always perform much better 
given their weight and size,” he said. “That was 
a great and unique experience and was a ton of 
fun.” 

The support of his parents, teachers and 
other mentors along the way helped to develop 
Middleton into a leader passionate about          
understanding the natural world. “While I think 
bugs and agriculture are very interesting and 
important, the thing I am most passionate about 
is how we come to understand things and how to 
rigorously test to make sure we actually            
understand them.”

Collaborating with growers on research

Today, Middleton collaborates on integrated 
pest management research and helps Southern 
California growers establish IPM practices in 
their crops. 

Middleton is currently working on four main 
projects. The first project is a study on agave 
mites and how best to manage them in ornamental 
agave production. The second project is a      

The path to entomology 

Middleton was born in Salt Lake City, Utah, 
to scientist parents whom he considers the        
biggest influence on his career. More so than 
teachers, his parents were the ones who molded 
his interest in academics and science. At a 
young age, Middleton became interested in the 
scientific process and was intrigued by questions 
that nobody knew the answers to.

However, his path to a career in entomology 
was not always clear. “For quite a while I 
thought I would be a herpetologist because I 
liked snakes, but I didn’t have a specific goal in 
mind for what I wanted to do.” In late high 
school and early college, Middleton dreamed 
about being a stuntman, but never seriously 
considered it as a career.

Middleton came to a crossroads with the 
trajectory of his career at his undergraduate 
college orientation at the University of Utah. He 
knew he wanted to be a scientist of some kind 
and that he enjoyed several different scientific 
disciplines, but the pressure was on to choose a 
major when orientation staff were dividing 
people into groups based on the major they 
wanted to pursue. 

“Biology majors this way, psychology majors 
that way,” they directed students. Interested in 
both biology and psychology, Middleton 
momentarily froze, mentally contemplating the 
gravity of his next decision. It was a very literal 
“choose which direction you want your life to 
go” moment, Middleton said. As the two groups 
began walking in different directions, he was 
forced to make his choice, and ultimately 
walked away with the biology group. 

Looking back at this moment which many 
young scholars experience, Middleton knows 
that he could have been happy in several different 
areas of study as long as he was still practicing 
science. Of course, Middleton is very content 
with where he ended up. “I’m glad I went with 
the biology group which ultimately led to       
entomology.” 

community-participation science project with 
the UC Master Gardeners to determine if         
African tulip trees have a negative impact on 
native pollinators in Southern California. 

His biggest and third project is a USDA 
National Institute of Food and Agriculture 
grant-funded study on small-scale urban         
agriculture. The goals of this project are to 
determine if small-scale, urban production is 
economically feasible for people trying to make 
money, and to figure out scale-appropriate pest, 
water and nutrient management. 

Middleton’s latest project is studying the 
ability of predatory Amblyseius mites to control 
agave mites. 

While the impacts of his service at UC 
Cooperative Extension have been invaluable, 
there is always more work to be done, according 
to Middleton. “There is simply too much need for 
me to meet. Lots of people need help with pest 
management, and there are so many different 
areas that I could devote huge amounts of time 
to. It’s pretty hard to say ‘no’ and to prioritize 
only the most important things or the things I 
think I can help the most with.”

Outside of work, Middleton’s main hobby is 
running obstacle courses. “I’ve always loved 
climbing on things and running amok, so it was 
a great fit for me. I’ve been lucky enough to get 
to compete on the TV show American Ninja 

Warrior every year since I started getting into 
obstacle courses back in grad school. That has 
been a crazy experience, both very fun and very 
stressful. But one of the most fun parts has been 
getting to share my love of entomology on a 
national stage and getting the two hosts, Matt 
and Akbar, to eat cooked insects if I complete 
the obstacle courses. Getting to compete and do 
so well on American Ninja Warrior is a very big 
source of pride. It was something I never would 
have thought was possible growing up, and also 
fits well with my pipe dream of being a stuntman.”

Middleton, a recent addition to UC Cooperative 
Extension since 2022, is already aiding Southern 
California growers in agave and aloe mite    
management due to his fervor for entomology. 
Stay informed about his research on thrips, 
mealybugs, and spider mites in ornamental   
production by subscribing to his YouTube channel 
(https://www.youtube.com/@emiddleton_ucce) or 
following him on Instagram (https://www.insta-
gram.com/dungbeetlestrong). Discover his seminars 
on best management practices for invasive pests 
on the UCCE San Diego events calendar 
(https://cesandiego.ucanr.edu). Also, catch him 
conquering obstacle courses on NBC's American 
Ninja Warrior in 2024.
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When he’s not swinging over pools of water 
or navigating past other obstacles on American 
Ninja Warrior, Eric Middleton, UC integrated 
pest management advisor for San Diego, 
Orange and Los Angeles counties, can often be 
found examining plants for insect pests.

Middleton, known as Bug Ninja on the TV 
competition, studies biological control in         
ornamental plant production. Insects chew on 
nursery plants, robbing them of their beauty so 
they can’t be sold.  He is comparing the efficacy 
and cost of using beneficial arthropods and 
pathogens in place of chemical pesticides and 
conventional management practices so he can 
share the findings with the growers and      
communities he serves. 

Many people supported him on his road to   
success as a well-rounded scientist, Middleton 
said.
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Workshops Empower 
San Diego County 
Families to 
Self-su�ciency

Beginning February this year, UCCE San 
Diego County began offering a program 
instructed by UC ANR volunteer Master    
Gardeners and Master Food Preservers. These 
volunteers were trained with an accelerated 
program and utilized scientifically accurate 
research. The principles of this training were 
implemented in the Basic Gardening and 
Beginning Food Preservation workshops and 
tailored to under-served members of the     
community. The Basic Gardening and Beginning 
Food Preservation workshops are intended to 
be an opportunity for families to develop food 
self-reliance.

In a new collaboration between the County 
of San Diego via HHSA funds and UC Cooperative 
Extension, administrators worked to establish 
a program coordinator in preparation to train 
volunteers to lead Basic Gardening and Beginning 
Food Preservation workshops. UC Cooperative 
Extension successfully trained 20 people to 
become UC Master Food Preservers to lead 
these workshops for the first time in San Diego 
County. The extensive and accelerated training 
was unique to UC and practiced the mission to 
keep California safe as well as use culturally 
appropriate, researched-based practices to 
safely preserve food in the home, reduce food 
waste, increase food security, and provide 
engaging ways for Californians to explore 
healthy food.

Our no-cost, hands-on, Basic Gardening 
and Beginning Food Preservation workshops 
have been demonstrated to assist families in 
becoming more knowledgeable and gaining 
practical skills to reduce food insecurity. These 
workshops lend attendees the opportunity to 
learn how to be food-secure through hands-on 
experiences include growing and preserving 
foods for one’s families, to increase connection 
to one’s local community gardens and promote a 
better quality of life.

This program has been an important     
milestone for San Diego County. An immense 
amount of effort was put forth to initiate this 
program in collaboration with the UC Master 
Gardeners and was an important opportunity to 
utilize a cross-over of UC programs. As a result 
of this programming, newly established Master 
Food Preservers said they are committed to 
continue to work with the community to impart 
life skills and knowledge acquired through their 
training.

Initiation of this program was a two-year 
process in which administrators worked to 

establish funding as well as the program 
framework. Once funding was received, 
administrators were given 7 months to         
complete the contract’s deliverables where 
many successes and additional needs have 
since been identified. Currently, with   growing 
popularity, additional funding as well as a 
coordinator is needed to sustain this program. 
Statewide, the Master Food Preservers program 
is continually growing, and San Diego County 
now holds a decent number of UC trained 
volunteers to continue its mission.

The strong positive response from the       
community is the best indication that we need 
to establish more funding to present 
skills-based content and workshops to the  
community. In the meantime, our UC trained 
Master Gardeners and 20 UC Master Food  
Preservers plan and hope to have more      
workshops soon! It has been shown that the 
public is hungry for this knowledge and   
simultaneously deserves and requires more 
training and help to sustain and stretch their 
limited food dollars for feeding their families. 
Empowering the community to grow and     
preserve their own food leads to better options 
in life and the development of a strong, positive 
mindset of self-worth and accomplishment.

We find it very important to continue working 
with the County of San Diego to receive funding 
so UC Cooperative Extension can maximize 
our program collaboration to continue serving 
the community of San Diego County with these 
very important workshops.
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Contact Us:  9335 Hazard, Suite 201, San Diego, CA 92123  (858) 822-7711
https://cesandiego.ucanr.edu/ 
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Meet the Team

https://lp.constantcontactpages.com/su/fP3mGp8/ExtensionConnectionSD
https://www.instagram.com/cesandiego/?igshid=YmMyMTA2M2Y%3D
https://www.youtube.com/c/UCCESanDiego
https://www.facebook.com/sandiegoucce/



