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EXECUTIVE SUMMARY:  

This study was conducted to compare lamb growth and pasture production from solar pastures in 
agrivoltaic systems and traditional open pastures over 2 years in Oregon. Weaned Polypay lambs grew 
at 120 and 119 g head-1 d-1 in solar and open pastures, respectively in spring 2019 (P =0.90). The 
liveweight production between solar (1.5 kg ha-1 d-1) and open pastures (1.3 kg ha-1 d-1) were 
comparable (P =0.67). Similarly, lambs liveweight gains and liveweight productions were comparable in 
both solar (89 g head-1 d-1; 4.6 kg ha-1 d-1) and open (92 g head-1 d-1; 5.0 kg ha-1 d-1) pastures (all P >0.05) 
in 2020. The daily water consumption of the lambs in spring 2019 were similar during early spring, but 
lambs in open pastures consumed 0.72  L head-1 d-1 more water than those grazed under solar panels in 
the late spring period (P <0.01). No difference was observed in water intake of the lambs in spring 2020 
(P =0.42). Over the entire period, solar pastures produced 38% lower herbage than open pastures due to 
low pasture density in fully shaded areas under solar panels. The results from our grazing study 
indicated that lower herbage mass available in solar pastures was offset by higher forage quality, 
resulting in similar spring lamb production to open pastures. The profits from our grazing efforts show 
that grazing in combination with solar energy leasing could increase revenues by 46% compared with 
solar alone. Furthermore, our findings suggest that the land productivity could be greatly increased 
through combining sheep grazing and solar energy production on the same land. 

OBJECTIVES: 
 

1. Determine the seasonal and total annual dry matter yield and nutritive value of pastures under 
solar panels and in open areas (Yr1 and 2; 100% completed).  

2. Assess the carrying capacity and daily growth rates of lambs grazing in open pastures and under 
solar panels (Yr1 and 2; 100% completed).   

3. Asses the shade and shelter effect of solar panels on grazing behavior and welfare of lambs (Yr1 
and 2; 50% completed). 

 
PROCEDURES:  
The grazing experiment was carried out at the Oregon State University in Corvallis, OR (44° 34’ N, 123° 
18’ W 78 m a.s.l.) to test the effect of grazing pastures under solar panels vs. pastures in open fields on 



pasture production and lamb liveweight gains in spring 2019 and 2020. All procedures were approved by 
the Institutional Animal Care and Use Committee (ACUP# 5146) prior to the commencement of the 
experiment. Experimental plots were located within the Rabbit Hills Solar Farm, a 2.4 ha (6 ac), 1.4 MW 
agrivoltaic farm which combines sheep grazing with solar energy production. The 1.65 m wide 
photovoltaic panels are oriented east-west, and tilted south at an 18° angle. The lowest edge of the 
panel is 1.1 m above the ground, and rows of panels are 6 m apart. Weaned Polypay lambs (2.5 months 
old) were stratified by sex and liveweight (mean LW = 24.6 ± 4.1 kg in 2019 and 26.6 ± 3.0 kg in 2020) 
and allocated randomly to treatments in both years. Each treatment had a core group of 9 lambs 
(testers) with spare lambs (regulators) in spring. A put-and-take grazing system to match feed demand 
with changing supply. 

Herbage dry matter production (kg ha-1) was measured during active growth in spring, summer, and 
autumn under fully shaded, partially shaded and open areas. Herbage growth was measured from a 
rectangular quadrat (0.25 m2), harvested using electric hand clippers to a stubble height of 
approximately 3 cm. 
 
Liveweight gain (g head-1 d-1) was determined by weighing individual tester animals prior to and 
following each grazing period. Lambs were held overnight without food and water and weighed “empty” 
the following morning. 
 
Lamb foraging behavior was scored by visual scanning of each lamb at 5-minute intervals from 8 am to 
4 pm in early and late spring periods. Lambs’ activity in open pastures and under solar panels was scored 
for grazing, ruminating and idling parameters by three observers. 
 
Herbage mass (kg DM ha-1) was measured in each plot using a rising plate meter (PM; Jenquip, Feilding, 
New Zealand) by collecting 50 measurements on a weekly basis. Rising plate meter measurements were 
calibrated by regression against the herbage masses that were obtained from 12, 0.25-m2 quadrats. 
 
Blood and wool samples were collected at the beginning, halfway through, and at the end of each 
experimental period for the cortisol analyses as an indication of animal stress. 
 
Statistical analyses: Liveweight gain per head (g head-1 d-1) and per ha (kg ha-1 d-1) were analyzed by 
one-way ANOVA with repeated measures for each liveweight gain measurement period. Pasture 
production and water consumption of lambs (L/d) was analyzed by one-way ANOVA with three 
replicates at each date. Separation of treatment means declared significant by ANOVA were compared 
by Fisher’s method of protected least significant difference (LSD) at a P = 0.05. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 
 

• Lamb grazing study over two consecutive spring seasons was completed. Overall, all the 
activities listed in Obj. 1 and Obj. 2 were undertaken successfully. The data were collated, 
summarized and analyzed.  

• The activities related to animal foraging behavior and welfare in Objective 3 were partially 
completed (50%). Currently, wool and blood samples are being analyzed in the labs.  

• A manuscript (Herbage yield, lamb growth and foraging behavior in agrivoltaic production 
system) was submitted to Frontiers in Sustainable Food Systems. Reviewers recommended 
moderate revisions for this manuscript.   

 



ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
No additional funding was received except, the seeds were donated by Saddlebutte Ag. 
 
FUTURE FUNDING POSSIBILITIES: A second study to further evaluate the animal production in 
agrivoltaics system has been established. This new research has recently been funded by ARF.  
 


