
Research Question:

How will the Tier 1 water restrictions being put into 
place impact Arizona farmers (who will lose 20%-40% 
of their water allocation), and will incorporating 
agrivoltaics on farms help mitigate the negative effects 
of water reductions?

Experimental Design
1. Fill each 6 foot trough with 1.8 cubic yards of lava rock 

and 3.6 cubic yards of soil
2. Plant 3 mature and 3 immature plant starters in each
3. Measure the soil moisture of each trough, and get the 

soil in the trough to ideal moisture (7 on the sensor)
4. Water plants daily as needed based on the moisture 

level of the PRIMARY trough, then the 20% and 40% 
restriction troughs. Measure and water TRUE NEED 
trough under panel daily

5. Take height/leaf measurements every other day

Data Analysis and Results

Conclusions
My hypothesis proved to be correct. By incorporating 
agrivoltaics into a setting with 20% and 40% less 
available water, I was able to reasonably mitigate the 
effects of water reductions. By planting the crops beneath 
the solar panels, I was able to use 37,500 mL less water 
than I would have used if the plants were under the sun. I 
was also able to increase the grams of biomass produced 
per mL of water used to feed the crops. However, plants 
grown under the sun had the densest biomass.

The True Need trough beneath the panel was able to save a 
substantial amount of water compared to the troughs under the 
sun. It also had the most efficient biomass to water used ratio. 
Plants grown under sun had densest biomass, however.

Agrivoltaics in the Time of Water Restrictions



Abstract

Agrivoltaics is the combination of agriculture and solar energy collection by planting under solar panels on 
the same land. The solar panels provide shade for the plants and the plants cool the solar panels through 
transpiration, helping them run more efficiently. For the past two years, I have experimented with agrivoltaics 
and showed that growing plants under photovoltaic solar panels allowed for both increased plant growth and 
increased voltage output of the solar panels. This year, my project is based on real world issues facing 
farmers in Arizona. In 2021, the U.S. Bureau of Reclamation declared a Tier 1 water shortage in the Colorado 
River. This means that farmers in AZ will be receiving 20%-40% less water than they usually do, a potentially 
catastrophic situation. For my science fair project, I wanted to test what impact this water reduction might 
have on crop yields, as well as how agrivoltaics might mitigate the impact of these water restrictions. To test 
this, I planted 4 different types of plants in 3 troughs under solar panels and in 3 troughs in direct sunlight on 
the roof of ENR2 at the University of Arizona. Two troughs got just the amount of water they needed (based 
on moisture levels), two troughs had a 20% restriction, and two troughs had a 40% restriction. My results 
were surprising. The plants grown under the sun, even the ones with water restrictions, ended up having 
higher biomass than the plants grown under the panels. However, the troughs under the panels required 
significantly less water, meaning agrivoltaics allows for more biomass per water delivered, which will become 
more and more important as water restrictions increase in Western states.



Experimental Purpose

In August of 2021, the U.S. Bureau of Reclamation declared a Tier 1 water shortage in the Colorado River. 
This declaration means that Arizona, along with California, Nevada, New Mexico, Utah, Colorado, and 
Wyoming, will receive 20% less water from the Colorado River than their normal allotment. Since cities get 
priority over farms when it comes to water allocations, farmers are facing potentially devastating water 
cuts of 30%-40%.

For my science fair project, I wanted to understand how these water reductions would impact the output of 
these farms. My hypothesis was that water reductions like this would greatly reduce the crop yields of 
farms in Arizona. Based on previous research that I have done in agrivoltaics (a mixed land use technique 
of farming under solar panels), I also wanted to see if installing solar panels on top of farmland would help 
reduce the amount of water needed to maintain crop yields.

I developed this experiment to show all of the different possible water reduction scenarios farmers may 
face due to this water shortage, and in a way that will allow me to see how agrivoltaics could possibly help 
these farmers not only save water, but also increase their crop yields and help run their farms more 
efficiently. 



Hypothesis and Variables
❖ Hypothesis

My hypothesis was that agrivoltaics would be able to mitigate the negative impact a 20% and 40% 
reduction in water would have on crops. I believed that the the water reduction would reduce my crop 
yield, and that incorporating agrivoltaics would help mitigate the effects of the reduction.

❖ Variables

❏ Independent Variables

Plant location under solar panels vs. under sun, level of water reduction (none, 20%, or 40%)

❏ Dependent Variables
Plant growth (leaf length), plant biomass, water needed (based on moisture level), soil moisture, 
water added, 

❏ Control Variables
Soil, location, weather, trough size and amount of soil and rock in troughs, soil temperature, high/low 
temperature, high/low humidity, high/average wind.



Materials
Planters:

● 6 above ground planters
● Seasonal plant starters (mature and immature)
● Lava rock
● Soil

Measurement Tools:
● Infrared temperature sensor 
● Moisture meter
● Ruler
● Measuring cup (with mL)
● Thermometer
● Humidity and temperature gauge



Procedures
Plant Beds
1. Fill each 6 foot trough with 1.8 cubic yards of 

lava rock and 3.6 cubic yards of soil
2. Water the soil down and let it sit overnight
3. Take the immature and mature plant starters 

and plant 3 mature and 3 immature in each 
trough

4. Take the moisture sensor and measure the 
soil moisture of each trough. Give the plants 
water until the soil moisture sensor reaches 
a 7 (ideal moisture). For every 0.5 below on 
moisture sensor add 500mL

5. Water plants daily as needed based on the 
moisture level of the PRIMARY and TRUE 
NEED troughs

6. Take height measurements every other day

Daily Data Collection
1. Record the weather, temperature (high/low), 

humidity (high/low), and wind speed (high/avg)
2. Measure the soil surface temperature
3. Measure the moisture of the PRIMARY trough 

under the sun and give it whatever amount of 
water needed (for every 0.5 on the moisture scale 
500mL is given)

4. Give the second trough 80% of the water added to 
PRIMARY and give the third trough 60% of the 
water given to PRIMARY. Give the same water to 
the corresponding 80% and 60% troughs under 
panels

5. Measure the soil moisture of the TRUE NEED 
trough (under panel) and water as needed if 
below moisture level of 7

6. Measure the biggest leaf length on each plant
7. Measure the vertical height of all plants weekly



Data: Growth rates of kale and chard in all 6 conditions
● The kale and chard in the primary 

trough along with the 80% trough 
(under sun) took about 1 week 
longer to start growing than the kale 
and chard in the other troughs. The 
two plants have a very similar 
growth pattern. This indicates that 
they are similar seasonal pants.

● The primary, 60% (under panel), 
and 60% sun ended at 
approximately the same height. 
Both the 60% troughs had very 
similar growth rate throughout the 
entire experiment, and the primary 
caught up at the very end. The 80% 
trough (under sun) seams to be the 
outlier because the kale in all the 
rest of the troughs had very similar 
leaf heights in the end.



Data: Growth rates of lettuce and green onion in all 6 conditions
● Both the lettuce and the green onions have a 

very similar growth pattern. Both of the plants 
grew their best earlier in the experiment and 
started to die and shrink as time went on. 
Both the green onions and lettuce also did 
much better under the panel than they did 
under the sun. This tells me that both these 
plants are susceptible to the cold and wind, 
which is why they grew faster when it was 
warmer and less windy in the beginning of 
the experiment and why they grew much 
better beneath the panels.

● The lettuce in the primary trough, 80% trough 
(under sun), 60% trough (under sun) all died 
roughly around the same time just before 
1/30. The 60% trough under the panel was 
growing pretty well until just before 1/30 when 
the leafs started to wilt, and it died at about 
2/6. The only remaining lettuce at the end of 
the experiment was the 80% trough (under 
panel) along with the lettuce in the true need 
trough.
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Data: Plants grown under solar panels create much more 
biomass (in grams) per mL of water than plants grown in the sun

In farming, one of the biggest 
expenses is water, and a farmer’s 
main goal is to produce high crop 
yield since produce is sold by 
weight. The kale and chard grown 
in direct sun ended up having 
more leaf density than the plants 
grown under the panel. However, 
as this chart shows, because the 
TRUE NEED trough under the 
panels needed so little water, the 
amount of biomass per mL of 
water was much greater under the 
solar panels.



Some plants developed much 
longer roots than others. The 
plants which had longer roots 
also usually had less leaf 
density. This was especially 
noticeable in kale with the 40% 
water reduction. Under the 
panels, it had very long roots 
and short leaves, while under 
the sun, it had shorter roots 
and much longer leaves. I 
believe this is because the 
plant was putting all its energy 
into making the roots, and the 
leaves were not able to grow as 
much.

Data: Root length has an inverse relationship to biomass
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Data: It took 1/20th of the water to maintain ideal moisture 
under the solar panels as it did in direct sun

Out of all the different troughs, 
the TRUE NEED trough required 
dramatically less water. 
Throughout the entire 
experiment, the true need trough 
only required 2000 mL of water, 
or the amount I was adding to 
troughs like the PRIMARY on a 
daily basis. Considering the fact 
that the plants in that trough 
grew better than most of the 
others, this is an impressive 
finding. Being under the solar 
panels meant this trough was 
shaded all day, which likely 
prevented the evaporation 
caused by the strong Arizona 
sun.

Water based on 
measured 

moisture need

Water added based on 
PRIMARY allocation



Data: Plants under the sun grew less upright than plants 
grown under the solar panels

One of the most interesting things 
I saw happen in this experiment 
was the plants under the sun 
“grounded” in order to buy a little 
bit more protection from the wind 
and cold. On the roof of ENR2, 
the plants under the sun were 
much less protected from high 
winds, and under the panel, the 
winter night temperatures were 
moderated. At first I thought the 
plants were just getting blown 
over, but then I learned that the 
plants were doing this 
intentionally. This phenomena 
seemed to occur mostly in the 
chard and a little in the kale.
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Results
Water Usage

● The most surprising result relating to water usage is clearly how little water the true need trough required. 
Throughout the entire experiment, the true need plant only received 2000 mL of water. The soil moisture of the 
true need trough only fell beneath optimal moisture two times throughout the entire testing period (28 days) as 
opposed to the primary trough, which received 39500 mL of water throughout the experiment. From this data 
alone, I can say that the solar panels helped the soil in the true need trough retain moisture better than the 
primary trough under the sun.

Plant Growth

● In this experiment, there was not really a clear winner in terms of growth. The data I collected did not really show 
that one trough which did  much better than all the other ones. The true need trough was the most consistent 
given how little water it needed throughout the experiment. 

Plant Density

● Plant density was very important to measure because the experiment is simulating a farm, and increased crop 
yield is a farmer’s main goal. For plant density, it is clear that the true need plants did the best. When looking at 
the grams of biomass produced per mL of water used, it becomes clear that the true need trough was the most 
successful in terms of saving water while producing crop yield.



Conclusions
Hypothesis:

My hypothesis proved correct. By incorporating agrivoltaics into a setting with 20% and 40% less available 
water, I was able to reasonably mitigate the effects of the water reduction. By planting the crops beneath the 
solar panels, I was able to use 37,500 mL less water than I would have used if the plants were under the 
sun. I was also able to increase the grams of biomass produced per mL of water used to feed the crops. 
This ratio of biomass to water used would make a very significant difference in the farming industry, 
especially when it comes to the cost of water and the amount of income farms bring in for their crops.  

Research Significance:

● This research shows that agrivoltaics could result in a massive reduction of water use by agriculture 
which is very important in AZ particularly given the current historic drought

● Agrivoltaics will increase efficiency of farms both cost wise and production wise 
● In addition to generating more food on the same amount of land using less water, agrivoltaics has the 

advantage of producing clean energy, benefiting the environment in multiple ways
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