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COVER: When scutellata-hybrid (“Africanized”) honey 
bees arrived in California in 1994, experts were 
concerned about the potential impact they could 
have on agriculture. However, research suggests that 
pollination services provided by managed honey bees 
appear to have been relatively unaffected by the influx 
of scutellata-hybrid bees (Zarate et al., page 15). Photo: 
Krystle Hickman.

Research and review articles
4	 Long-term reduced tillage and winter cover 

crops can improve soil quality without depleting 
moisture
Gomes et al.
Long-term reduced-disturbance tillage and winter cover 
cropping can improve San Joaquin Valley soil quality 
without depleting soil moisture.
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A tractor mows a cover crop 
of radish, Phacelia, vetch and 
triticale. Benefits of cover 
cropping include increased water 
infiltration and soil aggregate 
stability. Photo: Jeffrey Mitchell.

RESEARCH ARTICLE

Long-term reduced tillage and winter cover 
crops can improve soil quality without 
depleting moisture
Long-term reduced-disturbance tillage and winter cover cropping can improve San Joaquin Valley 
soil quality without depleting soil moisture.

by Anna Gomes, Alyssa J. DeVincentis, Samuel Sandoval Solis, Daniele Zaccaria, Daniel Munk, Khaled Bali, Anil Shrestha, Kennedy Gould and Jeffrey Mitchell 

Online: https://doi.org/10.3733/ca.2023a0001

During the 2012–2016 drought, California farm-
ers, particularly those in the San Joaquin Val-
ley, were confronted with higher water prices 

and frequently turned to finite groundwater reserves 
to meet crop water demands (Hanak et al. 2017). The 
economic repercussions of prolonged water shortages 
in the region raise concerns about how to meet crop 
water requirements without degrading the environ-
ment. These concerns contribute to farmers’ hesitation 
to adopt winter cover cropping and reduced-distur-
bance tillage (which relies on leaving crop residue on 
the field and can refer to either no tillage or reduced 
tillage). Although cover cropping (CC) and reduced-
disturbance tillage (RD) improve soil quality and 
benefit ecosystems (Mitchell 2019; Yao et al. 2000), the 
hydrological impacts of these combined practices have 
not been well documented. At a time when groundwa-
ter sustainability agencies (GSAs) under California’s 
Sustainable Groundwater Management Act (SGMA) 

Abstract 
California farmers who use reduced-disturbance tillage and winter cover 
cropping can boost production and improve soil health. However, some 
farmers are hesitant to try these conservation practices due to uncertainty 
about whether planting winter cover crops will deplete soil moisture in 
already drought-stricken regions. Our study addresses these concerns by 
looking at how long-term reduced-disturbance tillage and winter cover 
cropping, compared to fallowed soils with standard tillage, affected soil 
moisture. Although we found a statistical difference in total soil water 
content, the difference was only about 0.3 inches of water per foot of soil. 
On average, the soil water content of the top 0–96 inches was highest for 
the reduced-disturbance fields with winter cover crops. This was especially 
evident during our driest field season, from November 1, 2017, to March 15, 
2018, when cumulative rainfall was only 1.9 inches. Our findings show that 
winter cover cropping and reduced-disturbance tillage can improve soil 
without depleting soil water levels in row crops.
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are meticulously tracking water use, including rainfed 
winter cover crops, there’s a knowledge gap regard-
ing the hydrologic impact of conservation agriculture 
practices. Simultaneously, irrigation districts are grap-
pling with the fate of fallowing farmland and leaving 
some acreage unplanted (Hanak et al. 2021). Research 
addressing the combined impacts of winter cover 
cropping and reduced-disturbance tillage on soil mois-
ture will play an important role in farmers’ planting 
decisions. 

Cover cropping has been widely studied for its 
agronomic and ecosystem benefits. These include 
improving soil porosity (Basche and DeLonge 2017), 
increasing water infiltration into the soil profile and 
reducing soil erosion (Dabney et al. 2001; Fageria et al. 
2005), suppressing early-season weeds (Teasdale 1996), 
increasing microbial diversity (Schmidt et al. 2018), 
biomass and activity (Duchene et al. 2017; Fageria et al. 
2005; Fernandez et al. 2016), mitigating net greenhouse 
gas emissions (Abdalla et al. 2019), reducing nitrogen 
leaching (Abdalla et al. 2019), and minimizing water 
quality degradation (Harter et al. 2012). 

RD minimizes physical disturbance of the soil pro-
file following the harvest of one crop and before the 
establishment of a subsequent crop, while leaving crop 
residues on the soil. Keeping the surface covered with 
residues is an important principle of soil health and 
is central to conservation agriculture (Mitchell et al. 
2019). Reducing tillage and maintaining soil cover has 
been shown to increase soil water-holding capacity and 
to prevent top layer compaction and sealing, especially 
in dry climates (Basche and DeLonge 2017). These ben-
efits have been observed under both irrigated (Klocke 
et al. 2009; van Donk et al. 2010) and rainfed or other-
wise water-limited conditions (Unger and Baumhardt 
1999; Unger and Parker 1976). Residues left on the soil 
surface reduce direct soil evaporation through the 
mulching and shading effect, which reduces surface 
soil temperature, ground heat storage, and direct wind 
effects on evaporation (Klocke et al. 2009; Ranaivoson 
et al. 2017).

Current adoption is low
Financial incentives from state and federal programs 
have promoted both cover cropping and reduced-
disturbance tillage as multi-benefit conservation agri-
culture practices. However, their implementation into 
cropping systems can be complex. As a result, adop-
tion rates vary widely across agroecological systems. 
In California, although rates have been increasing, 
reduced-disturbance tillage is only practiced on 7.1% 
of cropland acreage, compared to the U.S. average of 
34.6%, and only 4.8% of California cropland acreage is 
cover cropped, compared to the U.S. average of 10.7% 
(LaRose and Myers 2019). 

Understanding what drives farmers to change 
their agricultural practices depends on local condi-
tions. Some consistent trends driving adoption of 

conservation practices include access to informa-
tion, perceived costs and benefits (Bergtold et al. 
2012; Knowler and Bradshaw 2007), understanding 
that short-term costs can lead to long-term benefits 
(DeVincentis et al. 2020), and social networks influenc-
ing norms of practice. Additionally, risk perceptions 
and acceptance, environmental attitudes, access to 
financial incentives for adaptation (including conserva-
tion programs such as USDA-NRCS EQIP and CDFA 
Healthy Soils Program), and a host of demographic 
variables specific to the operation and the farmer (e.g., 
farm size, crop type, soil type, farm income, years of 
farming experience, level of education, land tenure, 
etc.) (Knowler and Bradshaw 2007; Prokopy et al. 2008) 
play an important role. 

While we can learn about adoption from similar 
research in other locations, these findings cannot pro-
vide a complete picture of farmer decision-making in 
California, where water limitations are unique. Due 
to the dynamic nature of soil and its slowly changing 
characteristics (Six et al. 2004), long-term research 
studies are critical to addressing questions of agricul-
tural resource management, including the use of prac-
tices such as cover cropping and reduced-disturbance 
tillage. Long-term studies on soil water are particularly 
important in light of concerns that cover crops could 
exacerbate the depletion of soil moisture during the 
winter period due to evapotranspiration (Mitchell et al. 
2015; Unger and Vigil 1998). 

This study expands on earlier work that identified 
trade-offs between soil improvement and soil water 
depletion as a result of winter cover cropping (Mitchell 
et al. 2015) and is aligned with recent findings that 
cover crops do not cause significantly different soil 
moisture or evapotranspirative losses compared to con-
trol plots across 10 sites in California’s Central Valley 

Twenty-year (1999–2019) 
field study site at the 
UC West Side Research 
and Extension Center 
with surface residue 
preservation (center 
plots), cover cropping 
(green strips), and clean 
cultivation fallow plots 
(on the periphery of the 
photo). Photo: Jeffrey 
Mitchell.
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(DeVincentis et al. 2022). Our 2016–2019 study builds 
on 17 years following the inception of the conservation 
agriculture treatments of reduced-disturbance till-
age and winter cover cropping at a field site in the San 
Joaquin Valley. The focus of this research is to address 
a common scientific question from the local agricul-
tural production and regulatory communities: “Do the 
combined soil conservation practices of winter cover 
cropping and reduced-disturbance tillage have an ob-
servable impact on soil moisture in San Joaquin Valley 
agricultural fields?” 

This study addresses information gaps related to 
actual water use in cover cropping and how cover crops 
and reduced-disturbance tillage affect soil moisture. 
The setting is an annual crop sequence that has been 
underway since 1999. Our goal was to quantify and 
document changes in winter soil water storage due to 
cover crops and reduced-disturbance tillage. 

Long-term field site
In 1999, the National Research Initiative (NRI) – Con-
servation Agriculture Systems Project (CASP) was 
created to evaluate reduced-disturbance tillage as a 
possible practice to reduce particulate matter emissions 
from the intensive soil disturbance tillage in a cotton-
tomato rotation system. Located at the University of 
California’s West Side Research and Extension Center 
(WSREC) in Five Points, California, the CASP study is 
the only study site in the state that has incorporated all 
critical soil health principles in its experimental design. 
For the reduced-disturbance tillage plots, the RD sys-
tem fully transitioned to no tillage (NT) in 2012, with 
the only soil disturbance happening during seeding or 
transplanting. The site thus provides a unique resource 
that permits researchers to quantify the long-term 
impacts of consistently implemented alternative man-
agement practices on soil biodiversity and functions 
(Mitchell et al. 2017). 

Since the initiation of the long-term research site, 
the objectives have been broadened to measure changes 
in soil chemical, physical, and biological properties 
under reduced-disturbance tillage and cover cropping 
management in the historically highly productive San 
Joaquin Valley. Previously published information from 

the site has documented improvements in several soil 
health indicators, including soil aggregate stability and 
water infiltration (Mitchell et al. 2017), abundance and 
diversity of soil macrofauna (Kelly et al. 2021), and soil 
porosity and water-holding characteristics (Araya et al. 
2022). 

Throughout the CASP’s duration, the impacts of 
reduced-disturbannce tillage and cover cropping on 
crop yields have varied by crop. Half of the experimen-
tal field was in a tomato-cotton rotation and the other 
half was in a cotton-tomato rotation with both crops 
grown in each year from 1999 to 2014, followed by 
garbanzo (Cicer arietinum), sorghum (Sorghum bicolor 
L.) (2015 to 2018) and tomato and garbanzo in 2019. 
Tomato yields were 9.5% higher in RD versus standard 
tillage (ST) systems but were 5.7% higher in no-cover 
crop (NO) than in CC systems. The cotton yields were 
10.0% higher in ST than RD and 4.8% higher in NO 
than CC systems in the early years of the study, largely 
due to problems encountered in establishing crop 
stands with no tillage. Sorghum yields in 2016 and 2017 
were similar between RD and ST, while cover crops had 
no effect on sorghum yields in either year. Garbanzo 
yields were higher in RD than ST in 2016 and 2017, but 
similar in 2018. Tomato yields in 2018 were lower in the 
RD-CC system, due to problems that year with cover 
crop regrowth. In general, the yield results between 
treatments need to be viewed cautiously, as they reflect 
the inherent learning curve challenges and mistakes of 
experiment station work.

Experimental design
The 8.8-acre research site consists of 32 plots, each 33 
feet wide by 328 feet long, with a 33-foot border plot 
(buffers) between treatments and six 5-foot buffers 
between rows (fig. 1). See the online technical appendix 
for cover crop mixes, planting and termination dates, 
and irrigation quantities with dates. The soil type is a 
Panoche clay loam with a fine-loamy texture, mixed, 
superactive, and thermic Typic Haplocambids. This soil 
is characterized as being well-drained with moderate 
permeability and formed by alluvial fans in flood plains 
(Mitchell 2015). 

Our study consisted of four combinations of till-
age and cover crop systems, arranged as a randomized 

FIG. 1. Entire experimental field layout for season 1 of our study, consisting of four treatments, two cash crops, and several buffer/border rows. From 
2015 to 2017, the cash crops were sorghum and garbanzos (rotated), in 2018 tomatoes and garbanzos, and in 2019 melons and tomatoes. CC = cover 
crop, NO = no cover crop, RD = reduced-disturbance tillage, ST = standard tillage.
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complete block design in a typical row crop field in the 
San Joaquin Valley. The four combinations were (1) 
reduced-disturbance tillage with winter cover cropping 
(RD CC), (2) standard tillage with winter cover crop-
ping (ST CC), (3) reduced-disturbance tillage without 
winter cover cropping (RD NO), and (4) standard till-
age without winter cover cropping (ST NO) (fig. 1). 
The cash crops were rotated between seasons to main-
tain variability, while the soil management practices 
within each plot remained consistent. Standard tillage 
practices included surface residue shredding, multiple 
diskings to incorporate the residues from 8 inches to 10 
inches, subsoil ripping to about 14 inches, and an addi-
tional disking, followed by bed shaping using a Wilcox 
Performer implement (Wilcox Agriproducts, Walnut 
Grove, Calif.). 

Plot treatments remained consistent through-
out the study, including management practices such 
as fertilizer and pest management interventions. 
Cover crops were planted by early November of each 
year and terminated in mid-March by mowing and 
spraying the standing residue with 2% glyphosate 
(N-(phosphonomethyl) glycine) for the RD treatments. 
Afterwards, the cover crop residues were disked into 
the soil for ST. Spraying the cover crop decreased the 
lag time between the termination of the cover crop and 
planting of the cash crops. Irrigation water was ap-
plied through a subsurface drip system, installed at the 
field site in 2013, with 1.5-inch diameter tape buried 
12 inches in the center of each 60-inch-wide planting 
bed. Each year of the study the same amount of fall 
pre-plant irrigation water was applied to all of the treat-
ment plots equally (3 inches in 2016, 3.5 inches in 2017, 
and 4 inches in 2018; see technical appendix). 

Probe collects moisture data 
Data for the study were collected between November 
and March for the years 2016 to 2019. Soil moisture was 
measured using a field-calibrated Campbell Nuclear 
Model 503 Hydroprobe (Campbell Pacific Nuclear, 
Martinez, Calif.) neutron probe depth gauge (503 DR 
Hydroprobe). Measurements were taken at 10 different 
depths (6, 12, 24, 36, 48, 60, 72, 84, 96, and 106 inches 
beneath the soil surface), with one access tube per plot. 
Previous research conducted at the same study site had 
shown that one access tube per plot is sufficient to cap-
ture the soil moisture of the entire treatment plot (Is-
lam et al. 2006) given the homogeneity of soil hydraulic 
properties across the experimental plots. 

On average, the neutron probe sampled a 26.4– 
to 26.8-inch radius of soil moisture at each depth. 
Neutron probe readings (counts of slow neutrons due 
to the interaction with soil water molecules) were re-
corded during the winter periods. The neutron probe 
data set included soil moisture data collected approxi-
mately weekly over three winter seasons from four 
treatments, from November 12, 2016 to April 20, 2017; 
November 7, 2017 to March 26, 2018; and October 17, 
2018 to March 12, 2019. 

The percent canopy cover (the proportion of the soil 
surface area covered by cover crop foliage) was deter-
mined during the 2017–2018 cover crop growing season 
using Canopeo (https://canopeoapp.com), an app that 
measures fractional green canopy cover based on im-
ages captured by a smartphone camera (Patrignani and 
Ochsner 2015). Canopeo separates the green plant area 
from soil surface background and provides an esti-
mated percentage of canopy coverage. 

We used these data to assess the variations of water 
content in the soil profile between cash crop seasons, 
from November to March. This is a critical period 
to capture water from rainfall, because California’s 
Mediterranean climate brings rain almost exclusively 
during the winter months. Neutron probe raw counts 
were manually recorded and then digitized, with the 
values checked for consistency by two research team 
members. The data set included 13,760 observations 
collected over 43 days, down 10 individual soil depths, 
and using 32 neutron probe access tubes. In order to 
compare the treatments over the same time period for 
the three winter seasons, the data set was truncated 
from November 1 to March 15 for each season, result-
ing in 10,880 observations after removing data from 
the 6-inch and 106-inch depths due to concerns about 
surface-atmospheric interactions and missing data, 
respectively. 

The cumulative precipitation each season, from 
November 1 to March 15, was 6.3, 1.9, and 7.1 inches, 
respectively, and the average air temperature for 
November through March for each of the three seasons 
was 50.1°F, 50.1°F, and 49.8°F (CIMIS station no. 2, 
located on site in Five Points, Calif.; https://cimis.water.
ca.gov/WSNReportCriteria.aspx). The average daily 
reference evapotranspiration (ETo) value obtained with 
the Penman-Monteith method (ASCE-EWRI 2005) 

NRCS soil health coordinator training at the NRI Project site in Five Points, Calif. Photo: 
Jeffrey Mitchell.
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from November 1 to March 15 for each season was 
0.07, 0.08, and 0.07 inches, respectively. The average 
ETo (PM) from January 1st, 2016 through December 31, 
2019 is 0.18 inches (https://cimis.water.ca.gov/). For the 
purposes of this experiment, we treated the plots within 
the NRI field as comparable, because fall irrigation, 
soil type, and weather conditions remained constant 
among treatment plots, with cash crops being rotated 
each year. The plots that received tillage (ST) and win-
ter cover crops (CC) have remained constant since the 
experimental field started in 1999, regardless of which 
rotational row crop was grown during the summer cash 
crop period.

Data analysis was conducted using R statistical 
software (R Core Team 2020, version 4.4.1). The raw 
neutron probe counts were transformed to volumetric 
water content (VWC) using a calibration equation 
that relates count ratios to percent soil moisture using 
linear regression. The raw neutron probe counts were 
transformed into a count ratio to minimize the impacts 
caused by changes in the probe functionality due to ag-
ing and decay. Count ratios were calculated by dividing 
each raw count by the average of the standard counts 
taken each day of neutron probe readings in the field 
(7127). The calibration equation (VWC% = 22.619x − 
1.587, R2 = 0.96; technical appendix fig. A) was created 
by regressing neutron probe counts and gravimetric 
soil data that was simultaneously collected. In-situ field 
calibration of the 503 Hydroprobe was done by taking 
count readings using the standard calibration feature 
of the probe at a given soil depth, collecting three 2.25-
inch diameter cores at the same depth adjacent to the 
access tube, weighing the soil, drying the sample for 24 
hours at 105°C, weighing the sample again to determine 
the gravimetric water content, and then converting 
gravimetric water content to VWC using the soil bulk 
density values determined from samples that were col-
lected in 2013. 

After every soil neutron probe count was converted 
into VWC (%) using the calibration equation, then 
converted to inches of water per foot of soil (e.g., ​​30% 
× 12 inches = 3.6 inches of water per foot), these val-
ues were compared individually (ANOVA), and then 
averaged and compared (Tukey test of means). Prior 
to conducting an analysis of variance (ANOVA) test, 
the statistical assumptions were tested. A two-factor 
ANOVA test was performed, comparing the tillage and 
cover factors on each date-depth combination from the 
three field seasons. The date-depth analysis is based on 
the method proposed by DeVincentis et al. (2022). Of 
the 1,032 ANOVA tests, 16% (193) observations showed 
significantly different (P < 0.05) soil water content. We 
removed the data sets that were collected on three date-
depth combinations that showed significant interaction 
(tillage: cover) between Feb. 28, 2017 and March 10, 
2017. The remaining analysis was conducted with the 
final data set of 10,784 individual winter soil water con-
tent values from 43 days of observation (over three field 
seasons), four treatments, and eight depths. 

A post-hoc Tukey test was then performed with all 
the data to determine whether there were differences 
between the average soil water content values of the re-
spective treatments. Two main comparisons were con-
ducted: (a) the average value (inches of water per foot 
of soil) for each of the four treatments across the three 
seasons (depth aggregated), and (b) the average value 
at each depth for each of the four treatments (depth 
resolved). Then, in order to estimate the differences in 
soil water storage between various treatments, the aver-
ages from part (b) above were summed across the mea-
sured soil depth along the depth of measurement (0–96 
inches) for each treatment. 

Depth aggregated: soil water content comparison 
between treatments

W
T
 = d=1Σ43

z=1Σ8
r=1Σ4

d,z,rWT

Nd × Nz × Nr

Depth resolved: soil water content comparison 
between treatments

W
T
 = d=1Σ43

z=1Σ8
r=1Σ4

d,z,rWT

Nd × Nr
z

where WT is the mean water content of treatment T; 
subscripts d, z, and r represent indices of the measure-
ment day, depth, and replication number; W

T
  z  is the 

mean water content of treatment T at depth z; �����
��  

represents an individual water content measurement 
on day d, depth z and replication number r; and d, z, 
and r represent the total number of measurement days, 
depths and replicates, respectively (i.e., d = 43, z = 8, 
and r = 4). Following the calculation, we ended up with 
a total of 4 WT means, one for each treatment, and 4 × 
8 = 32 means, one for each treatment-depth pair.

Less tillage, more moisture 
We found that the plots with combined reduced-dis-
turbance tillage and winter cover crops had the highest 
average winter soil moisture from 2016 to 2019. After 
conducting a pair-wise test, all treatment averages are 
statistically different from each other (P < 0.05). How-
ever, the differences between the four combinations 
were minimal. Measured in inches of water per foot 
of soil, the differences were less than 0.5 inch (fig. 2), 
which is a small fraction of the average seasonal tomato 
water requirements (about 30 inches) in the southern 
San Joaquin Valley (Turini et al. 2018). For instance, 
when comparing ST NO to RD CC, there is on average 
0.3 in/ft less water in the standard tillage, no cover crop 
treatment than in the treatment with both soil conser-
vation practices. The main takeaway is that the ST NO 
to RD CC comparison of means is the farthest from the 
zero line in figure 2, and hence has the largest differ-
ence in soil water content.

Translating this further, the results show that, on 
average throughout the November 1–March 15 season, 
there is more water in the plots under RD with winter 
cover crops, compared to the plots under ST without 

Winter cover 
cropping 
and reduced-
disturbance 
tillage can 
improve soil 
without depleting 
water levels in 
row crops.
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winter cover crops. When comparing the effect of till-
age and cover crops on soil water content, CC has less 
of an impact on the soil moisture than the choice of 
tillage system (i.e., ST NO–ST CC and RD NO–RD CC 
have the least difference in mean levels). In short, com-
pared to fallow or clean-cultivated soil, the cover crops 
are not depleting the soil moisture. 

According to the Tukey test of means, there is a sta-
tistically significant difference between the aggregated 
four treatments (fig. 3). For the ST NO treatment, the 
distribution of observations peaks at the low end of the 
soil moisture spectrum, i.e., around 1–2 inches of water 

per foot of soil, indicating that this treatment generally 
had the least soil water (fig. 3). In contrast, both the 
reduced-disturbance treatments (RD CC and RD NO) 
have distributions that are concentrated farther to the 
right compared to standard tillage treatments (ST CC 
and ST NO), around the upper end of the soil moisture 
spectrum (2–3 inches) (fig. 3). This behavior indicates 
a tendency toward higher soil moisture in reduced-
disturbance treatments.

The conservation agriculture practice of reduced-
disturbance tillage coupled with winter cover cropping 
shows a combined positive impact on soil moisture, 

FIG. 3. Soil moisture (in/ft soil) density distribution. The overall trend in the dataset illustrates that there is a high degree of overlap between soil 
moisture comparing the four treatments. CC = cover crop, NO = no cover crop, RD = reduced-disturbance tillage, ST = standard tillage. (A) Average 
wintertime soil moisture from 2016 to 2019. Means followed by a common letter are not significantly different according to the Tukey test. (B) Density 
distribution of wintertime soil moisture from 2016 to 2019. (C) Density distribution per individual treatment.
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wise confidence level). Soil water content differences between the treatment means (in/ft) as a result of the Tukey test 
of means. The results are averaged across the entire soil profile (0–96 inches) grouped by treatment. Error bars indicate 
standard errors. ** signifies that differences are statistically significant at P < 0.05. CC = cover crop, NO = no cover crop, 
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FIG. 4. Soil moisture 
response and precipitation 
patterns over the winter 
cover crop growing season. 
(A) Daily sum of average 
wintertime soil moisture 
in top 96 inches. (B) 
Cumulative precipitation 
between Nov. 1 and Mar. 
15 in Five Points, Calif.
CC = cover crop, NO = no 
cover crop, RD = reduced-
disturbance tillage, ST = 
standard tillage. 
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most prominently during drought conditions. In relat-
ing our results to precipitation patterns, despite the 
low precipitation (1.9 inches) during the second season 
(November 1, 2017 to March 15, 2018), the RD CC 
treatment plots showed higher soil moisture content 
throughout the winter season compared to the other 
three treatments (fig. 4). For all three seasons, despite 
the water used to grow cover crops during the winter 
season, there was no noticeable difference in winter soil 
water content between the cover cropped plots and the 
fallow or clean-cultivated plots at the end of the cover 
crop season in March (fig. 4). 

The four treatments differed slightly in behavior 
among the three seasons. The most distinctive dif-
ferences in soil water content down the profile can 
be highlighted in the 2017 drought season, when the 
reduced-disturbance plots had a higher sum of aver-
age soil water content compared to the standard tillage 
plots (fig. 5). When examining the differences in soil 

moisture across depths along the soil profile, water 
down the soil profile follows a similar pattern across 
treatments, with a greater amount of soil water in the 
top and around 72 inches depth (fig. 6). Comparing soil 
water at the same depths in the profile among treat-
ments, again we find that reduced-disturbance tillage 
plots had more soil water than standard tillage plots for 
most of the depths, regardless of the presence of cover 
crops (fig. 6). Additionally, the ST NO plots consis-
tently show the lowest soil water (in water/ft soil) down 
the profile across the three seasons (fig. 6). 

Extensive cover crop canopy
The cover crops were typically seeded by November 
15 of each fall and terminated around March 15 of the 
following spring. This time accounts for a period of 
actively growing biomass, or “solar energy-capturing 
green ground cover,” allowing for about 120 additional 
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FIG. 5. Sum of average wintertime soil moisture in top 96 inches. This data represents the sum of the averages at each 
depth, allowing for understanding the distribution of water throughout the depth of the profile for each treatment, 
and any differences among seasons. CC = cover crop, NO = no cover crop, RD = reduced-disturbance tillage, ST = 
standard tillage.
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days of living roots in the soil during the year relative 
to the NO systems, which were instead fallow during 
that time. The percent canopy cover, measured dur-
ing the 2017–2018 winter, showed that the cover crop 
increased steadily to over 90% canopy cover during the 
87-day period from November 12 through February 7.

Previous studies have shown that, depending on 
rainfall, climate, and the duration of the growing pe-
riod, cover crops use water for growth and may create 
a water deficit for farmers (Mitchell et al. 2015; Unger 
and Vigil 1998). By contrast, our results suggest that, 
despite the water used by the cover crops, numerous 
benefits can be obtained from these conservation agri-
cultural practices without depleting soil moisture from 
the active rootzone, provided the cover crop growth is 
terminated before periods of higher evapotranspira-
tion demand, i.e., beyond March 15. Our results for the 
aggregated 2016–2019 winter seasons indicate that the 
reduced-disturbance tillage and cover crops (RD CC) 

plots had the most total soil water. This was especially 
evident during the drought of November 2017–March 
2018, with the lowest cumulative rainfall of the three 
seasons of our study — only 1.89 inches, compared to 
6.28 and 7.08 inches during the first and third season 
(fig. 4). 

 The tradeoff outlined in Mitchell et al. (2015) be-
tween winter cover crop growth and soil water deple-
tion was based on the same field site as our study, in 
the 2013 and 2014 seasons. That study found that, 
compared to the fallow soils, cover crops depleted 2.1 
inches of water in 2013 and 0.26 inches in 2014. We hy-
pothesize that this tradeoff has now been overcome due 
to the extended period of reduced-disturbance tillage, 
and the accompanying benefits, including high surface 
residue and retainment of soil moisture. Furthermore, 
Mitchell et al. (2015) measured the soil water content 
only from 0–35 inches of the soil profile, and from 
early January to late March. By comparison, this study 

FIG. 6. Seasonal average wintertime soil moisture along the soil profile. CC = cover crop, NO = no cover crop, RD = 
reduced-disturbance tillage, ST = standard tillage.
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measured 0–106 inches of the profile with soil water 
data from mid-November to mid-March. Estimating 
the water content at the end of the study period (mid-
March) is critical to analyzing our data.

The power of living cover
Our study illustrates the effects of winter soil cover 
from living biomass (cover crops) and surface residues. 
In the 2017–2018 winter cover crop season, the RD 
plots started the winter cover crop growing season 
with noticeably more water (fig. 3). This is most likely 
due to post-summer 2017 retention of soil water from 
higher water infiltration combined with higher water 
retention. This aspect can be further explained by the 
comparable summer 2017 cash crop yields and the lack 
of precipitation in October 2017 (CIMIS station No. 2; 
https://cimis.water.ca.gov/WSNReportCriteria.aspx).

As the cash crop yields have remained high 
(Mitchell et al. 2022), we hypothesize that the higher 
soil moisture results from the higher profile-level water 
storage and water availability following irrigation of 
these plots (Araya et al. 2022), developed over several 
years of consistent reduced tillage (Burgess et al. 2014; 
Busari et al. 2015). Combined, these practices lead to 
improved soil water infiltration with increased soil wa-
ter holding capacity, due to the avoidance of soil com-
paction from machinery passes, the additional water 
held by surface residue, and the relatively higher levels 
of soil organic matter in the RD CC plots. Cover crops 
have a mulching effect, lowering soil temperatures and 
reducing soil water loss through evaporation. By com-
bining reduced-disturbance tillage with winter cover 
cropping, the increased water held in the soil profile 
in the reduced-disturbance tillage plots can allow for 
growth of cover crops without depleting soil moisture 
for the subsequent cash crop. 

Our results are in line with similar studies measur-
ing the impact of these practices on soil water content. 
Villamil et al. (2006) found that the combined effect 
of no tillage and winter cover crops increased plant-
available water in an Illinois corn and soybean rota-
tion. Blanco-Canqui et al. (2011) found improved soil 
physical properties, including aggregate stability, and 
hence soil water infiltration, after 15 years of cover 
cropping with no-till. Basche and DeLonge (2017) 
found that total soil porosity and soil water held at field 
capacity increased after 10 years of continuous living 
soil cover, suggesting cover crops as a practice that can 
mitigate the effects of rainfall variability due to climate 
change. Rankoth et al. (2021) found that cover crop 
treatments had higher soil water in the top 12 inches of 
the soil profile, compared to plots without cover crops. 
DeVincentis et al. (2022) found that the differences 
in soil water content between the cover cropped and 
fallowed soil were minimal, aligning with our conclu-
sion that conservation practices do not deplete the soil 
water. 

Our study further supports the conclusions of 
Araya et al. (2022), whose research was conducted at 
the same site at WSREC in Five Points, that combining 
reduced-disturbance tillage with winter cover crops 
increases water capture and retention in the soil profile. 
The complexity of the wintertime soil water dynamics 
must include the shading and mulching effects of cover 
crops, which reduce the soil temperature; this reduces 
the heat transfer into the ground, thus decreasing soil 
evaporation losses (Mitchell et al. 2012). 

Future research should include monitoring the 
response-to-rain of these treatments in order to under-
stand the benefits to infiltration and overall increasing 
soil moisture, ensuring that the soil system can “catch 
and store every drop” of rain or irrigation where it falls 
(USDA 1938). The role of living cover crop biomass in 
capturing, condensing, and percolating moisture from 
fog and dew, in addition to monitoring soil moisture 
and actual ET in cover cropped and clean cultivated 
grounds through the end of April, should be included 
in future investigations of the on-farm water-related 
implications of conservation tillage with winter cover 
crops.

Cost savings vs. new costs 
Translating our results for soil water into economic 
terms, we found that the RD CC had on average 0.3 in/
ft more soil water than the ST NO treatments (fig. 3), 
which summed to 2.4 inches of water for the 8-foot (96 
inches) soil profile. For garbanzo production in ETo 
Zone 15, where seasonal net water requirements are 
19.8 inches (Long et al. 2019), and considering an aver-
age root depth of 5 feet, our suggested practices could 
allow about 6.5% in water saving for farmers. This was 
calculated assuming an average irrigation application 
efficiency of 85%, which results in a seasonal gross wa-
ter demand of 19.8/0.85 = 23.3 inches. The water saving 
using RD + CC equals 0.065 × 23.3 inches = 1.5 inches 
(0.12 acre-foot). Considering an average cost of water 
of $400 per acre-foot during normal years, and $2,000 
per acre-foot during dry years, the resulting economic 
savings range from $50/acre (normal year) to $240/acre 
(dry years). 

Reduced water application would also result in 
tangible energy savings. California agriculture relies 
on energy for lifting, filtering, and pressurizing water. 
From this perspective, the additional soil water storage 
capacity of conservation agriculture plots could result 
in measurable benefits to farm budgets and the envi-
ronment (i.e., reductions in water diversions/extrac-
tions, energy usage, and greenhouse gas emissions). 

However, our economic considerations do not in-
clude the cost to farming operations to establish and 
terminate the cover crops, compared to standard tillage 
and clean cultivated ground. New farm management 
practices will require new farm machinery, as well as 
possible changes in labor demands, irrigation practices, 
and land ownership. The timing of winter cover crop 

Reduced water 
application 
would also 
result in tangible 
energy savings.
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termination or cash crop planting needs to be assessed 
to determine technical and economic viability. Our 
long-term perspective may help address farmers' un-
certainty by illustrating the returns from the financial 
investments required.

Different farming systems
In organic farming systems, winter CC and RD may 
pose additional complications. The NRI field site is set 
up as a conventional farming system, using herbicide 
spray to terminate the winter cover cropping before 
planting the cash crops. Terminating the cover crops 
with herbicides greatly shortens the transition time 
between cover crops and cash crops due to the fast de-
composition time of residues from the terminated cover 
crops. For organic farms, mowers, crimpers, or other 
farm machinery can be used to terminate the cover 
crops, and may have weed reduction benefits (Wort-
man et al. 2013), but these represent a significant capital 
expenditure. 

Regarding specialty crops in California, DeVincentis 
et al. (2020) conducted an extensive cost-benefit analy-
sis of winter cover cropping. That study found that the 
long-term benefits depend on several factors, including 
irrigation, water savings due to soil properties, financial 
subsidies, the cropping system, and finally the impacts 
of climate change. Future research should include a 
cost-benefit analysis of the transition from standard till-
age and fallow field treatment to reduced-disturbance 
tillage and winter cover cropping for row crops. The 
implementation of such practices is currently supported 
in California through financial subsidies provided 
by state programs such as the Healthy Soil Initiative 
(CDFA-HSP). 

Our research conclusions may hold in similar 
Mediterranean climate cropping systems, with cash 
crops other than grain sorghum, garbanzo, and to-
matoes. With a focus on drought-tolerant cash crops 
in combination with winter cover cropping, we have 
shown that reduced-disturbance tillage and winter 
cover crops can be implemented together without com-
promising the available soil moisture. 

Capturing every drop
Understanding how winter cover crops affect water 
balance and water management is critical, as climate 
change increases both the frequency and intensity of 
California droughts (Diffenbaugh et al. 2015) and their 
alternation with wet years and flooding. A report by the 
California Department of Water Resources (DWR 2015) 
found that California is expected to be 15% to 35% drier 
by 2100, with snowpack under a high warming scenario 
likely to be reduced by 65%, jeopardizing our surface 
water supply in a state where groundwater is also scarce. 

Even if rain does fall during the winter season, 
the intensity or amount of rain over a given period of 
time is projected to increase (Pathak et al. 2018), which 

emphasizes the need to build soil that can capture every 
drop and hold this moisture in the profile. The com-
bined use of winter cover crops with reduced-distur-
bance tillage can be a strategy for improved economic 
water productivity, with more marketable product per 
unit of consumptive water use within the San Joaquin 
Valley water portfolio options (Hanak et al. 2021), and 
should be politically and financially incentivized for 
farmer adoption.

Twenty years of continuous reduced-disturbance 
tillage coupled with winter cover crops have provided 
evidence that these practices can be implemented in 
unison without depleting soil moisture levels in the 
drought-prone San Joaquin Valley. Going forward, 
these findings will hopefully encourage farmers to 
implement conservation practices that help foster viable 
production and healthy soils despite very challenging 
circumstances.
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REVIEW ARTICLE

Three decades of “Africanized” honey bees 
in California
Hybrid bees appear to pose little threat to California agriculture but may compete with native 
pollinators for resources.

by Daniela Zarate, Dillon Travis, Amy Geffre, James Nieh and Joshua R. Kohn

Online: https://doi.org/10.3733/ca.2023a0004

Now a common feature of California ecosystems 
and commercial agriculture, honey bees are 
not native to the American continents, having 

been first introduced in the early 1500s. German, Ital-
ian, Iberian and Carniolan honey bee subspecies were 
the most commonly introduced. We broadly refer to 
these subspecies and the mixtures of these lineages as 
European honey bees (EHBs). These subspecies were 
adapted to temperate climates and did well in the 
northern latitudes, but in some cases, fared poorly in 
the tropical regions of the Americas. To fortify man-
aged honey bee populations, Brazilian geneticists 
interbred African and European lineages. They hoped 
to create an improved hybrid that combined the tropi-
cal hardiness of African honey bees with the honey 
production capabilities and less defensive nature of 
European subspecies (Schneider et al. 2004). To this 
end, in 1956 scientists imported 47 queens of Apis 
mellifera scutellata from South Africa and Tanzania to 
São Paulo, Brazil, for experimental breeding. 

Abstract 
“Africanized” honey bees (AHB) have been part of California’s agricultural 
and natural landscapes for nearly three decades. Prior to their arrival in 
1994, leading honey bee experts expressed concern over the potentially 
disastrous impact of AHB on California agriculture and public safety. 
Despite these concerns, the state’s agricultural production has not 
been significantly impacted by AHB. However, some evidence suggests 
that the abundance of AHB in natural habitats can have negative 
consequences for native pollinators. At the same time, AHB may 
provide a genetic resource for improving managed honey bee health. 
We recommend updating the term “Africanized” honey bees to more 
accurately reflect their biology and to avoid unfortunate connotations. 

In California, pollination services 
provided by managed honey bees 
appear to have been relatively 
unaffected by the influx of scutellata-
hybrid honey bees. Photo: Three Spots, 
iStock.com.
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These African honey bee queens and their mixed 
offspring were inadvertently released from research 
apiaries and quickly established themselves in the 
surrounding regions, where they interbred with pre-
existing European lineages. “Africanized” honey bees 
rapidly replaced pre-existing European honey bees 
with hybrid bees, in which most genes came from A. m. 
scutellata. From their Brazilian origin, “Africanized” 
honey bees expanded their range at a rapid rate (160–
500 kilometers/year), extending south into parts of 
Argentina and north throughout the rest of South and 
Central America and Mexico (Schneider et al. 2004). 

Time for a name change
While the term “Africanized” honey bee has become 
commonplace, it is due for revision. “Africanized” as a 
descriptor is frustratingly broad and fails to accurately 
reflect the diversity of geographic lineages that a hybrid 
honey bee of the American continents can encompass. 
In addition, there exist more than a dozen African honey 
bee subspecies exhibiting a diverse range of behavioral 
and life history traits distinct from those of the subspe-
cies A. m. scutellata from which the “Africanized” honey 
bee originated. Perhaps more alarming is the association 
of aggressive behavior with the term “Africanized.” This 
is confounding and inaccurate because certain African 
subspecies (e.g., Apis mellifera monticola, the Ethiopian 
highlands honey bee), and some populations of “African-
ized” honey bees are well known for their docile natures 
(Acevedo-Gonzalez et al. 2019; Ruttner 1988). Thus, the 
term “Africanized” can lead to problematic and mislead-
ing generalizations regarding the larger African honey 
bee taxonomic group (Ruttner 1988). In fact, it can be 
argued that the term reflects a larger Western cultural 
consciousness that perceives the African continent as a 
monolithic entity and associates negative characteristics 
(e.g., aggression, violence, otherness) with African iden-
tity (Welch 2007). Thus, the term “Africanized” is of-
fensive to many people, and we should move away from 
its use because it resonates with racist human tropes. 

Considering this, researchers have begun to use a label of 
greater phylogenetic specificity: “scutellata-hybrid” (Cal-
fee et al. 2020). We use this term hereafter. 

Initial alarms
As scutellata-hybrid honey bees spread north, their im-
pending arrival into California caused great concern. 
Page (1992), writing in this journal two years before the 
arrival of these bees, declared that the “imminent arrival 
of Africanized honey bees in California . . . threatens the 
foundation of the honey bee pollination service indus-
try and those agricultural commodities that depend on 
bees. Once feral Africanized honey bees arrive in Cali-
fornia, it will be extremely difficult to maintain hives 
with . . . European honey bees — and Africanized bees 
are not amenable to commercial methods of transporta-
tion.” Scutellata-hybrid honey bees appeared to pose 
a looming threat for California agriculture and public 
safety. Scientists and beekeepers feared that genes from 
A. m. scutellata would spread into domesticated, largely 
European, commercial stock and cause substantial 
economic impacts. This concern was based in part on 
the assumption that the heightened defensive behaviors 
of scutellata-hybrid honey bees would make it difficult 
to use them in large-scale husbandry or to transport 
them in trucks for agricultural pollination. Page (1992) 
warned that, with scutellata-hybrid bees present in 
California, apiarists from states outside the range of the 
scutellata-hybrids would be reluctant to send their hives 
to California for fear of genetic mixing. Page (1992) also 
expressed some concern for public safety, given that 
scutellata-hybrid bees exhibit high levels of nest defense 
and had caused multiple human fatalities in Central and 
South America. (See table 1 for an overview of trait dif-
ferences between scutellata-hybrid and EHB.)

Range of hybrid bees 
The first scutellata-hybrids in the United States were 
identified in Texas in 1990 and reached California in 

TABLE 1. A comparison of scutellata-hybrid and European honey bees

Trait Scutellata-hybrids European honey bees References 

Genetic ancestry Admixed genetic ancestry from Apis mellifera 
scutellata and other (mostly) European 
honey bees 

Apis mellifera ligustica, Apis mellifera carnica, 
Apis mellifera mellifera

Calfee et al. 2020; Ruttner 1988; Schiff and 
Sheppard 1996; Zarate et al. 2022

Defensiveness Higher Lower Schneider et al. 2004 and references within 

Genetic diversity Higher Lower Harpur et al. 2012; Themudo et al. 2020; 
Zarate et al. 2022

Hygienic behavior Greater rates of removing Varroa-infected 
brood

Lower rates of removing Varroa-infected 
brood

Aumeier et al. 2000; Invernizzi et al. 2015

Swarming and 
absconding 

Higher rates of swarming and absconding Lower rates of swarming and absconding Schneider et al. 2004 and references within 

Usurpation Higher rates of usurping a colony and lower 
rates of accepting a usurping queen.

Lower rates of usurping a colony and higher 
rates of accepting a usurping queen

Schneider et al. 2004 and references within

Note that we do not compare morphological traits. While un-admixed A. m. scutellata and European honey bees can be distinguished morphologically using wing and body size measurements (Ruttner 1988), these 
measurements fail to reliably distinguish between scutellata-hybrid and European honey bees in California (Calfee et al. 2020; Kono and Kohn 2015).
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1994. Scutellata-hybrids are thought to require warmer 
winter temperatures than European honey bee races 
(Schneider et al. 2004), and their northern range limit 
is of considerable interest. All feral honey bees sampled 
in Southern California now have approximately 40% 
A. m. scutellata genomic content, with their remaining 
ancestry coming from several different European and 
Middle Eastern lineages (Calfee et al. 2020; Zarate et al. 
2022). The frequency of feral bees with African ances-
try, as well as their amount of African genomic content, 
declines with increasing latitude and reaches its Cali-
fornia limit in Napa and Sacramento counties (Calfee 
et al. 2020; Kono and Kohn 2015; Lin et al. 2017). Rapid 
range expansion has ceased, although further, slow 
northern expansion may be expected under warming 
climate conditions (Calfee et al. 2020; Harrison et al. 
2006; Kono and Kohn 2015; Lin et al. 2017; Schneider et 
al. 2004). Interestingly, scutellata-hybrids in Southern 
California have only about half as much A. m. scutel-
lata genomic content as those from Mexico and Central 
America or scutellata-hybrids from U.S. states such as 
Texas and Arizona (Calfee et al. 2020; Pinto et al. 2005; 
Zarate et al. 2022). 

Modest effects so far
California beekeepers anticipated that the arrival of 
scutellata-hybrids would impair honey production, 
as occurred in several South and Central American 
countries when scutellata-hybrids became the domi-
nant managed honey bee (Guzman-Novoa et al. 2020). 
While California honey production decreased slightly 
the first year scutellata-hybrids were discovered in the 
state, a subsequent quick rebound of production sug-
gests that other factors such as disease, weather and 
reduced honey demand caused the downturn (Livanis 
and Moss 2010). Additionally, in the years following 
the arrival of scutellata-hybrids, California beekeepers 
did not purchase more European colonies, suggest-
ing that scutellata-hybrids had a negligible effect on 
the maintenance of managed colonies (Livanis and 
Moss 2010). Further, the presence of scutellata-hybrids 
may not increase requeening costs. Beekeepers in 
areas with scutellata-hybrids regularly requeen their 
colonies (Schneider et al. 2004) to maintain their Eu-
ropean ancestry, but this occurs even in areas without 
scutellata-hybrids because of declining honey bee 
queen longevity. 

Pollination services provided by managed honey 
bees also appear to have been relatively unaffected 
by the influx of scutellata-hybrid honey bees. Annual 
yields of nuts, fruits, vegetables and seeds that require 
commercial bee pollination have steadily increased 
from 1994 to the present, despite the presence of fe-
ral scutellata-hybrids in the southern Central Valley, 
where many of these crops are grown (California 
Department of Food and Agriculture 2020). Almonds, 
one of California’s most profitable crops, use more 
than 60% of all U.S. commercial honey bee colonies to 

produce expected yields (Sáez et al. 2020). In the last 
25 years, the state’s almond production has increased 
more than eightfold, with perturbations in annual 
production primarily attributed to poor weather dur-
ing the plant’s short flowering period (USDA 2021). 
The success of almond production in California sug-
gests that importation of commercial hives from states 
outside the current range of scutellata-hybrids has not 
been seriously affected.

The main impact of California scutellata-hybrids on 
apiculture (beekeeping) has been on hive management 
in Southern California, where scutellata-hybrids domi-
nate the feral bee population. Jurisdictions in Southern 
California enacted policies regulating both hobbyist 
and commercial beekeepers, with the aim of prevent-
ing the spread of genes from feral scutellata-hybrids 
into managed bee populations. In general, colonies are 
expected to be requeened frequently with queens that 
are produced and mated in regions outside the range 
of scutellata-hybrids (Schiff and Sheppard 1996). There 
has been little study of how effective these measures 
have been in keeping the gene pools of managed and 
feral bees separated, though Kono and Kohn (2015) 
reported that mitochondrial DNA from the scutellata 
lineage, found in most feral bees in San Diego County, 
was rare in hobbyists’ hives. However, beekeepers in 
Southern California often report their hives becom-
ing increasingly defensive as time passes from the last 
requeening. Presumably this is due to the death of the 
original queen and the mating of the next queen to 
drones from feral scutellata-hybrid colonies or, less 
commonly, due to nest usurpation by feral scutellata-
hybrid swarms (Schneider et al. 2004).

With respect to public safety, following the arrival 
of scutellata-hybrids in the American continents, there 
have been more than 1,000 human fatalities associ-
ated with honey bee attacks and thousands more on 
pets and livestock (Schneider et al. 2004). While the 
great majority of these have occurred in Central and 
South America, there have been fatalities in Southern 
California (California Department of Public Health 
2018). The general concern that such incidents cause, 
and the use of the term “killer bees” in accompanying 
press reports, have served to keep public fear of these 
bees high — even if attacks by bees are relatively rare. 

Pollinator competition
While agricultural production and commercial apicul-
ture have been largely unaffected by the arrival of scu-
tellata-hybrids, both European and scutellata-hybrid 
honey bees are non-native. Therefore, their prevalence 
in California’s habitats may have negative consequences 
for native species. Much of the state is in the California 
Floristic Province, a biodiversity hotspot that extends 
from central Oregon to northern Baja California, 
Mexico. California is home to about 6,500 species of 
vascular (water-transporting) plants and over 1,600 
species of bees, many of which are endemic. Multiple 

The main impact of 
California’s scutellata-
hybrids on beekeeping 
has been on hive 
management in Southern 
California, where the 
hybrids dominate the feral 
bee population. Photo: 
Anita Galeana.
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pollinators are in decline due to a variety of threats, in-
cluding pollution, habitat destruction, climate change, 
and, potentially, resource competition from exotic spe-
cies, particularly from introduced honey bees, whether 
European or scutellata-hybrid (Thomson 2006). 

Today, scutellata-hybrid honey bees dominate the 
feral bee population in Southern California (Kono and 
Kohn 2015; Lin et al. 2017; Zarate et al. 2022). Unlike 
their primarily arboreal nesting European relatives, 
scutellata-hybrid colonies often nest in cavities found 
in rocks or in the ground, as well as in anthropo-
genic structures (e.g., irrigation boxes, attics, cinder 
block walls, etc.). Their nesting habits may be among 
the traits facilitating their abundance. In San Diego 
County, feral scutellata-hybrids are the dominant floral 
visitor to native vegetation, accounting for 75% of all 
flower visitors, even though there are more than 600 
species of native bees in the county (Hung et al. 2018). 
This degree of honey bee dominance of the pollinator 
community in natural vegetation is among the high-
est reported anywhere in the world (Hung et al. 2018). 
Feral scutellata-hybrids are even more dominant, ac-
counting for over 90% of all visitors on the most abun-
dantly blooming plant species in wildlands (Hung et 
al. 2019). Thus, the great majority of pollen and nectar 
resources gathered by insect pollinators in San Diego’s 
wildlands likely go to feral scutellata-hybrid honey 

bees. It is not clear whether the population densities of 
feral honey bees in Southern California have increased 
since the arrival of scutellata-hybrids, because baseline 
data are scarce. However, Cumberland (2019) surveyed 
pollinators visiting wild sunflower (Helianthus annuus) 
populations that were originally surveyed in the 1970s. 
This study found that honey bees, nearly entirely absent 
in earlier population surveys, are now the dominant 
pollinator in California, Arizona and New Mexico 
sites, while the numbers of native pollinators visiting 
this plant have decreased over the same period.

It is difficult to directly assess the effect that re-
source competition with honey bees may have on na-
tive bee populations. During one summer season, a 
strong managed EHB hive in wildlands can collect 10 
kilograms (kg) of pollen, enough to feed 110,000 prog-
eny of an average native solitary bee species (Cane and 
Tepedino 2017). Impressively, scutellata-hybrid honey 
bees remove even more pollen from the environment 
than their EHB counterparts, because they allocate 
more foragers to collect pollen rather than nectar 
(Schneider et al. 2004). 

While there is debate as to the extent to which 
native pollinator populations are limited by floral re-
sources, evidence suggests that, when honey bees are 
present at high densities, they compete with other in-
sects for pollen and nectar. Research conducted across 
a variety of environments has shown that wild bee 
diversity and abundance decreases where honey bees 
are present in wildlands (Mallinger et al. 2017; Torné-
Noguera et al. 2016; Valido et al. 2019). Wild bees 
and other pollinators are often displaced from their 
preferred floral resources when honey bees are pres-
ent, reshuffling their diets to presumably lower-quality 
resources and potentially decreasing the number or 
fitness of their offspring (Magrach et al. 2017; Portman 
et al. 2018; Roubik and Villanueva-Gutierrez 2009). 
Large, social pollinators such as bumble bees may be 
particularly susceptible to competition with honey bees 
because of significant niche overlap and their higher 
energy requirements compared to smaller, solitary 
bees (Thomson 2006). This is of concern in California, 
where native bumble bees are important pollinators 
of both agricultural and native plants. In a California 
study, placing honey bee colonies near bumble bee 
nests resulted in bumble bees collecting less pollen and 
producing smaller and fewer offspring, indicating sig-
nificant resource competition (Thomson 2004).

Bee-to-bee diseases
In addition to resource competition with native bees, 
honey bees serve as disease reservoirs, spreading patho-
gens among managed and feral populations, as well 
as among native bees, mediated by the flowers they all 
visit (Alger et al. 2019; Burnham et al. 2021; Graystock 
et al. 2015). While generally of good health, feral honey 
bees harbor several viral diseases, such as deformed 
wing virus, which can infect multiple pollinator species 

A swarm of scutellata-
hybrids. Traits such as 
higher swarming rates 
and smaller colony sizes 
may reduce the impact of 
diseases and parasitism. 
Photo: Ashley Kim.
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(Alger et al. 2019; Geffre et al. 2021; Graystock et al. 
2015; López-Uribe et al. 2017). The degree to which 
native bees and both feral and managed honey bees 
transmit pathogens among each other, and the effects 
of these pathogens on native bee species, deserves fur-
ther study. 

Currently, managing the health of European honey 
bee colonies is a major challenge for beekeepers and 
adds to the time and expense of maintaining colonies. 
Because mite-borne pathogens are a serious threat to 
honey bees, beekeepers often use a variety of anti-mite 
treatments. However, feral honey bees, such as the 
scutellata-hybrid honey bees of Southern California, 
achieve high densities without such human interven-
tion, even though they carry several viral diseases at 
levels similar to those found among managed honey 
bees (Geffre et al. 2021). Several traits of scutellata-hy-
brids may account for their ability to thrive in the face 
of exposure to diseases that currently plague the honey 
bee industry.

Useful genetic diversity?
Due to their hybrid origin, scutellata-hybrid honey bees 
harbor higher levels of genetic diversity than the Eu-
ropean honey bee strains currently used by beekeepers 
(Harpur et al. 2012; Themudo et al. 2020; Zarate et al. 
2022). Genetic diversity in any population allows more 
evolutionary flexibility in response to environmental 
challenges but has been decreasing in managed honey 
bees. Thus, the input of genetic variation from feral 
populations could be beneficial, particularly for com-
bating diseases.

In comparison with European honey bees, scu-
tellata-hybrids can exhibit higher levels of hygienic 
behavior (Aumeier et al. 2000), including success-
ful grooming to remove Varroa mites (Invernizzi 
et al. 2015), which are a vector for multiple viruses. 
Scutellata-hybrids also exhibit other behaviors that, 
while perhaps not beneficial to commercial beekeep-
ing, may reduce the impact of diseases and parasitism 
(table 1). Such traits include higher swarming rates, 
smaller colony sizes, and enhanced defensive behaviors 
(Schneider et al. 2004). The higher swarming rates are 
particularly intriguing because swarming induces a 
broodless period that decreases the population of brood 
parasites such as Varroa mites. In fact, broodlessness 
induced by colony cold storage is being studied as a way 
to control Varroa (Kulhanek 2017). 

Feral honey bees may generally harbor useful 
genetic variation because they have been subject to 
natural selection. Like scutellata-hybrids, feral honey 
bees elsewhere in the United States outside the range 
of scutellata-hybrids are more robust to environmental 
and disease stressors than their managed counterparts 
(Locke 2016; Seeley et al. 2015). For example, feral bees 
of European descent have adapted to resist the nega-
tive effects of Varroa mites and now thrive unaided 
in areas where commercial beekeepers use a variety 

of preventative measures but still suffer considerable 
hive mortality from Varroa (Seeley et al. 2015). Further 
research on the traits associated with robust health in 
feral honey bee populations, including scutellata-hy-
brids, may shed light on how these insects mitigate the 
impact of pests and pathogens. Such knowledge can in-
form honey bee breeding programs, possibly allowing 
for the development of new varieties that combine the 
genetic diversity and health associated with scutellata-
hybrids with desirable behavioral qualities associated 
with European varieties (e.g., low defensiveness and 
absconding rates, and higher honey production).

However, scutellata-hybrids’ presumed heightened 
defensiveness raises concerns about breeding them 
with European varieties. So far there have been no 
quantitative studies comparing the defensive behaviors 
of California scutellata-hybrids and European honey 
bees. The relatively low A. m. scutellata genomic con-
tent of Southern California feral bees in comparison 
with other scutellata-hybrid populations could cor-
respond to reduced defensive behavior. As an example, 
non-defensive scutellata-hybrid bees, which have 
similarly low levels of A. m. scutellata ancestry, are 
known to occur in Puerto Rico (Acevedo-Gonzalez 
et al. 2019). The discovery of scutellata-hybrids with 
desirable traits and low defensiveness in Southern 
California could strengthen the argument for breeding 
with European varieties. C

D. Zarate is UC Chancellor’s Postdoctoral Research Fellow, UC 
Riverside; D. Travis is Ph.D. Candidate in Professor Kohn’s laboratory, 
UC San Diego; A. Geffre is Entomologist, USDA Emerging Pests and 
Pathogens Group, Cornell University; J. Nieh is Professor and J.R. 
Kohn is Professor, Department of Ecology, Behavior, and Evolution, 
School of Biological Sciences, UC San Diego.

Because both European 
and scutellata-hybrid 
honey bees are non-
native, their prevalence 
in California’s habitats 
may have negative 
consequences for native 
pollinators. Photo: Panom, 
iStock.com.
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The Bees cards contain gorgeous 
color photographs and a description 
of appearance, flight season, foraging 
and nesting habits, and floral hosts 
for each of the 24 featured bees. Also 
included are a glossary, bibliography, 
and online resources so you can  
delve deeper into the lives of these  
fascinating social insects.

The Plants cards contain descriptions 
of 32 native and a select group of 
non-native plants, from blanket flower 
to yarrow. Descriptions include each 
plant’s common, genus, and family 
names; most frequent bee visitors;  
floral resources; bloom time; height 
and width; and growing information. 
You’ll also learn tips on attracting bees 
including garden design, soil types 
best for ground nesting bees, and 
what to look for in a bee house.

Nearly 1600 species of native bees can be found in California’s 

rich ecosystems and these colorful pocket-sized card sets will 

help you identify common bees and select plants for your garden 

or landscape to support bee populations year-round.

https://anrcatalog.ucanr.edu
Bees: ANR Publication #3552-2
Plants: ANR Publication #3557

These 31/2" x 51/4" card sets are spiral bound and printed on sturdy 
laminated paper designed to hold up to rough service in the field.
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RESEARCH ARTICLE

Economic damages of food-safety incidents 
in complex markets: 2018 E. coli outbreak and 
romaine lettuce
Processors lose the most from leafy greens food-safety incidents because they incur the 
most financial burden for product that cannot be harvested or sold.

by Ashley Spalding, Rachael E. Goodhue, Kristin Kiesel and Richard J. Sexton

Online: https://doi.org/10.3733/ca.2023a0002

Food-safety incidents are pervasive and have 
widespread effects on supply chain participants. 
After identifying an outbreak (two or more epide-

miologically related incidents), the U.S. Food and Drug 
Administration (FDA) and Centers for Disease Control 
and Prevention (CDC), in coordination with state and 
local health agencies, investigate foodborne illness 
outbreaks to determine the source of the outbreak and 
prevent additional illnesses linked to that outbreak. 
Public health agencies issue advisories to identify ac-
tions to protect consumers, such as avoiding selling or 
consuming foods linked to the outbreak. In instances 
where a product from a specific firm is identified, a 
recall may be initiated, either voluntarily by the firm, 
or as requested by the FDA. This causes supply chain 
participants to lose revenue from product that cannot 
be sold, and also from reduced consumer demand due 
to food-safety concerns. 

Abstract 
Food-safety incidents are costly for everyone in the leafy greens industry. 
However, it is challenging to estimate the size and distribution of these 
costs in today’s complex supply chains. Extensive use of formal contracts 
in markets such as leafy greens obscures prices and other terms of trade 
from the public view. Using proprietary data on prices and sales from 
a major leafy greens processor operating in the retail and food-service 
sectors, we are able to separately estimate short-run damages associated 
with the November 2018 romaine Escherichia coli advisory for grower-
shippers, processors, retailers, and food-service operators. Due to fixed 
prices in grower-processor contracts, growers were only minimally 
impacted by the advisory. Processors, meanwhile, lost approximately $55.3 
million from price and quantity impacts. Retailers incurred $14.1 million in 
losses after pulling product from distribution channels and shelves. Food-
service operators were less impacted because lower prices offset losses 
from destroying potentially contaminated products. Moving forward, 
the best way to mitigate losses during food-safety incidents is fast and 
efficient traceability.

Results from an analysis of the 2018 
E. coli outbreak suggest that in leafy 
greens supply chains, provisions in 
grower-processor contracts largely 
shielded growers from economic losses. 
Photo: iStock.

22  CALIFORNIA AGRICULTURE  •  VOLUME 77, NUMBER 1

https://doi.org/10.3733/ca.2023a0002


California produces approximately 75% of the na-
tion’s lettuce and leafy greens, the produce category 
most frequently linked to food-safety outbreaks (CDFA 
2021). As a result, California growers are often impli-
cated in and/or affected by outbreaks of foodborne 
illnesses. From 1996 through 2016, the California 
Department of Public Health, Food and Drug Branch 
(CDPH-FDB) identified 46 outbreaks related to 
California leafy greens (Turner et al. 2019). From 2016 
through September 2021, FDA and CDC investigated 
36 Escherichia coli (E. coli) and salmonella outbreaks 
associated with fruits, vegetables, or nuts. Nine were 
traced back to California entities, resulting in two ad-
visories and seven recalls of varying size (FDA 2021). 
Table 1 summarizes these nine outbreaks. 

While some recalls have been narrow in scope, 
other outbreaks have been characterized by uncertainty 
and lack of information for regulators and market par-
ticipants as to the extent of implicated products and 
regions. A study of the economic implications of these 
outbreaks will aid in understanding how the scope of 
an advisory impacts the distribution of resulting losses. 
The November 2018 and November 2019 E. coli out-
breaks, ultimately traced to romaine lettuce, resulted in 
broad advisories impacting production that was later 
determined not to have been implicated in the incident. 
The result was widespread industry damages. 

Researchers have sought to quantify the economic 
damages to industry members from food-safety 
incidents. The challenge has been in obtaining the 
information necessary to determine the full scale of 
damages. For a public company, changes in stock prices 
may be used (McKenzie and Thomsen 2001; Pozo and 
Schroeder 2015). However, many companies in the 
agro-food chain are privately held, limiting the scope of 
this approach. Spot-market prices are publicly reported 
by the U.S. Department of Agriculture (USDA), but for 
many commodities these represent only a small portion 
of the market. 

In this paper, we address how the expansion of con-
tract production in industries such as leafy greens over 
the past half century complicates the measurement of 

damages and their diffusion across supply-chain par-
ticipants. Using a combination of proprietary price and 
sales data from an industry partner, retail scanner sales 
data from Nielsen, and publicly available spot prices, 
we estimate damages to grower-shippers and proces-
sors, retailers, and food-service operators resulting 
from the November 2018 romaine E. coli advisory and 
its aftermath. We then discuss how government regula-
tion and industry collective action can limit damages 
from food-safety incidents. 

Contracts assign risks
The structure of produce supply chains has changed 
dramatically in past decades in ways that may affect 
how damages from food-safety incidents are transmit-
ted to industry participants, how participants respond, 
and their incentives to avoid such incidents going for-
ward. Increasingly, exchange in the produce industry is 
governed by formal contracts. Nearly one-third of the 
value of agricultural production was governed by con-
tracts in 2019 compared to just 11% in 1969 (MacDon-
ald 2015; USDA ERS 2020). The share under contract 
varies significantly across commodities and commod-
ity groups (fig. 1).

TABLE 1. Public health advisories from investigations of E. coli and salmonella foodborne illness outbreaks traced to 
California produce, 2016–2021

Date Product Pathogen Total illnesses Recall Advisory

Apr 2021 Cashew brie Salmonella 20 Yes No

Dec 2020 Leafy greens E. coli 40 No No

Fall 2020 Leafy greens E. coli 18 Yes No

Aug 2020 Peaches Salmonella 101 Yes No

July 2020 Onions Salmonella 1,127 Yes No

Dec 2019 Salad mix E. coli 10 No No

Nov 2019 Romaine E. coli 27 Yes Yes

Nov 2018 Romaine E. coli 62 Yes Yes

Mar 2016 Pistachio Salmonella 11 Yes No

Source: FDA, CDC.

FIG. 1. Percent of U.S. agricultural production under 
contract by commodity or commodity group in 2019. 
Source: USDA ERS 2020.
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Growers/Grower-Shippers 
for Retail and Food Service

Processors

Food-Service Operators Retailers

• By season or year
• Fixed price per acre planted
• Processor has right to determine 
 if crop is harvested or plowed under
• Processor pays harvest costs

• Specify a minimum purchase quantity
• Base price and trigger price
• If spot prices exceed the trigger price,
 the price for the contract increases

• One to two years in length
• Fixed price
• Retailer has some �exibility to determine
 the quantity purchased each week

Uncontracted produce not produced under verti-
cal integration or sold directly to consumers is sold 
through shipping point (spot) markets. Shipping points 
are the first stage in the post-farm supply chain for 
spot sales; the concept refers to the district from which 
produce is originally shipped to processors, retailers, 
or distributors. The USDA’s Agricultural Marketing 
Service (AMS) reports crop prices at shipping point 
and terminal markets across the United States and in 
parts of Mexico, making spot prices readily available.

In a supply chain that relies exclusively on spot 
sales, the incidence of damages is relatively easy to as-
sign. Growers bear the costs of plowing under crops 
that cannot be sold and of harvested product for which 
the processor has not taken delivery. The processor 
bears the cost of product that cannot be marketed from 
the time it takes delivery to the time the retail or food-
service buyer receives the product. The retail or food-
service buyer bears the cost of unmarketable product 
in its possession. The loss due to reduced consumer 
demand due to avoidance of the impacted product is 
distributed across supply chain members according to 
the relative price responsiveness of the buyers’ demand 
functions and sellers’ supply functions.

Contracted product is more easily traceable than 
spot-sale product in the event of a food-safety incident; 
however, the private nature of contracts makes it diffi-
cult to compute the full scope of damages or determine 
who incurs them. From the point of view of researchers 
and public agencies, contracts obscure prices paid and 
received and may stipulate cost-sharing practices and 
product liabilities that are not obvious to outside ob-
servers. In many instances, contracting processors as-
sume partial or full responsibility for the variable costs 
of growing and harvesting the product. Contracts may 
also specify who is liable for product that cannot be 
delivered due to recalls and/or safety advisories. These 

terms vary across commodities and contract partners. 
For many commodities, the structure of specific con-
tract terms may be similar across contracts accounting 
for a significant share of production. Figure 2 sum-
marizes common contract terms for the leafy greens 
industry. 

Nearly all leafy greens are procured from growers 
or grower-shippers through contracts with processors; 
industry sources estimate that spot markets account 
for only about 10% of sales. Most often, contracts are 
for a season/year. Contract terms vary, but it is com-
mon in the leafy-greens industry for grower-processor 
contracts to have fixed prices, as shown in figure 2. 
Grower-processor contracts for romaine often stipulate 
that growers will be paid a fixed price per acre planted 
rather than by weight or other product characteristics. 
Once the crop is planted, the processor has the right 
to determine whether it is harvested or plowed under. 
This arrangement enables the processor to adjust har-
vest schedules as needed based on projected demand 
and respond to unanticipated changes in demand 
post-planting.

Another type of contract less commonly used 
involves both the grower and the processor bearing 
some of the risks associated with a recall. Contracts 
also define which party is responsible for harvest costs. 
Typically, the buyer pays rather than the grower. A 
single processor may use different contracts with differ-
ent growers, and the processor’s ability to set contract 
terms rather than negotiate can vary, depending on 
such factors as the acreage/volume the grower can sup-
ply and the harvest season for the grower’s output. 

Contracts between processors and retailers are gen-
erally negotiated between the two parties and signed 
for one or two years. Most often, prices are fixed, 
while the retailer has some flexibility to determine its 
purchase quantity. In contrast, contracts negotiated 
between processors and food-service buyers include a 
minimum quantity purchased and a two-part pricing 
mechanism: a base price and a “trigger” price linked 
to the spot price. If the trigger price is reached or ex-
ceeded, then the price for contract deliveries increases 
above the base price. 

The impact of food-safety incidents on participants 
in the leafy greens supply chain is very strongly influ-
enced by the nature of contracting at every level of the 
supply chain, i.e., between grower-shippers and proces-
sors and between processors and their downstream 
buyers in retail and food service. At the farmgate level, 
only spot-market sellers are fully exposed to the forces 
of supply and demand in effect during a food-safety 
incident. Processors bear losses for contracted product 
that cannot be harvested or is not profitable to harvest 
due to a food-safety incident. They also incur losses 
based on the volume of harvested product in their pos-
session at the time of the incident that cannot be sold, 
due either to a recall or to reduced consumer demand 
in response to the incident. Losses to retailers and 

FIG. 2. Common contract terms in the leafy greens industry.
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food-service buyers depend on the amount of unsalable 
product in their possession at the time of the incident. 

November 2018 outbreak
On November 1, 2018, U.S. and Canadian health and 
regulatory agencies, including the CDC, the FDA, and 
various state partners, launched an investigation into 
an outbreak of E. coli O157:H7 infections spanning 
multiple states and provinces, reported from October 
8 through October 31. On November 20, 2018, health 
agencies in both countries issued a food-safety advi-
sory, calling on consumers not to eat and restaurants 
and retailers not to serve or sell any romaine lettuce 
or salads containing it. At the time of the advisory, 50 
people from 11 states and two provinces had reported 
illnesses, only one of whom had been hospitalized.

Figure 3 illustrates how the geographic scope of the 
advisory for romaine production in California evolved 
over time. The advisory initially covered all romaine 
production in California and elsewhere. CDC updates 
issued on November 26 and December 6 reduced the 
geographic scope of the advisory until, on December 
13, only romaine from Santa Barbara, San Benito, and 
Monterey counties remained subject to the advisory. 

That day, investigators located the outbreak strain in 
a reservoir on a farm owned by Adam Bros. Farming, 
Inc. (a grower-shipper of leafy greens in Santa Barbara 
County), but did not rule out other sources of con-
tamination (FDA 2019). The company had not shipped 
romaine since November 20 but voluntarily recalled 
all red leaf lettuce, green leaf lettuce, and cauliflower 
harvested between November 27 through November 
30 out of an abundance of caution (FDA 2018). While 
the investigation continued for several weeks, no addi-
tional sources were identified. 

Estimating economic damages
We estimated economic damages associated with the 
advisory and its aftermath using the methodology 
described in Spalding et al. (2022). Note that the after-
math is the short-run period following lifting of the 
advisory. In the longer run, growers may need to rotate 
land out of lettuce due to reduced demand, and buyers 
in both channels may move away from using romaine, 
either of which could result in additional economic 
damages. Specific firms could also incur reputational 
damage.

 We separately estimated losses to growers, proces-
sors, retailers, and food-service operators, as well as 
losses to consumers and providers of inputs to the 
industry. The broad scope of this analysis is facilitated 
by access to proprietary data on prices and sales within 
the leafy greens supply chain from a cooperating pro-
cessor who serves both food service and retail.

Similar to Spalding et al. (2022), the proprietary 
data used to study the food service includes the proces-
sor’s cost of acquiring romaine from growers, pounds 

shipped, wholesale price obtained, and the processor’s 
cost of labor per pound. Data regarding the retail chan-
nel included weekly pounds sold and revenues obtained 
from romaine and iceberg products identified by stock-
keeping unit (SKU), as well as monthly procurement 
costs for romaine and iceberg lettuce. 

Processing costs are likely quite similar across ma-
jor firms because contracting practices are quite uni-
form across the industry for each marketing channel, 
and the technology of the processing plants producing 
bagged-salad products is rather basic and common 
among them. In addition, the processing facilities 
are all located in relatively close proximity within the 
localized producing regions. Accordingly, using these 
proprietary firm-specific data should allow a reasonable 
estimation of industry-level damages. We combined 
these data with public data on spot-market prices pro-
vided by the USDA-AMS and scanner data on national-
level retail prices and sales for prepackaged salads by 
universal product code (UPC) from Nielsen. 
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Losses in each stage 

Damages to supply-chain actors from the incident and 
its aftermath include both price and quantity effects. 
The price effects result from disruptions to supply 
and demand. The quantity effects are caused not only 
by removal of the romaine product under advisory 
from the supply chain, but also from reduced demand 
for romaine product not covered under the advisory. 
Quantity-based damages from removing product from 
the supply chain depend on the product’s stage in the 
supply chain at the onset of the advisory. Each unit 
of harvested romaine removed from the supply chain 
already had incurred most or all production and han-
dling costs, creating losses for processors, retailers, and 
food-service operators who were responsible for the 
product under their control but could not recoup costs 
through product sales. Losses per pound were lower for 
romaine that was planted but removed from the supply 
chain prior to harvest due to reduced demand, because 
harvest and post-harvest costs were not incurred.

We used multivariate regression analysis to predict 
what prices and sales would have been absent the E. coli 
advisory. This analysis detected the incident’s impacts 
on the market for up to 12 weeks after the advisory was 
lifted. Comparisons of these counterfactual prices and 
quantities to the actual prices and quantities during the 
advisory period and the 12 weeks immediately follow-
ing it, henceforth known as the aftermath period, yield 
estimates of impacts from price changes and lost sales. 

Safe product earned premium
Results indicate that farmgate spot-market prices for 
romaine hearts and romaine heads and leaf increased 
for the first several weeks of the advisory period, rela-
tive to their counterfactual values. Grower-shippers 
and processors who had safe romaine to sell earned a 
premium in these early weeks due to the significant 
reduction in supply, but eventually faced reduced de-
mand due to the incident, which caused prices to fall. 
Prices decreased beginning in week 7 of the 8-week ad-
visory and remained lower for as long as an additional 
12 weeks in the aftermath of the advisory. Conversely, 
spot prices for iceberg lettuce increased throughout the 
advisory relative to counterfactual values, consistent 
with statements by multiple industry stakeholders that 
buyers sought to replace romaine with iceberg.

Figures 4 through 6 illustrate the estimated spot-
market price changes for each week of the outbreak 
and its aftermath. Green bars indicate that the point 
estimates underlying the estimated percentage price 
changes were statistically significant at the 5% level. 
Conversely, blue bars represent weeks in which the 
estimated price effect was not statistically significant 
at the 5% level. For a given variable, we concluded that 
the effect of the advisory had dissipated if the estimated 
effects of the weekly indicator variables were not statis-
tically significant for three consecutive weeks. In such 
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FIG. 4. Percentage change in average North American farmgate spot-market price for 
romaine hearts associated with each week of the advisory and aftermath relative to 
the counterfactual.

FIG. 5. Percentage change in average North American farmgate spot-market price for 
romaine heads/leaf associated with each week of the advisory and aftermath relative to 
the counterfactual.

FIG. 6. Percentage change in average North American farmgate spot-market price for 
iceberg lettuce associated with each week of the advisory and aftermath relative to 
the counterfactual.
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instances, we set the estimated effects for those weeks 
and all later weeks to zero. We included all estimated 
effects prior to the three-week period, or throughout 
the entire aftermath period if no three-week period ex-
isted, regardless of their significance level.

The effect of the advisory on the processor’s acquisi-
tion costs varied by supply channel and week. We esti-
mate that the processor that provided our data incurred 
higher weekly acquisition costs that ranged from 21% 
to 29% in the retail channel throughout the study 
period. In the food-service channel, the processor’s 
weekly acquisition costs increased by between 83% and 
124% across weeks 2–4 of the advisory before return-
ing to around the same levels as in the counterfactual. 
Because prices received by contract growers are typi-
cally fixed in the retail channel, increases in acquisition 
costs reflect loss of harvested product due to the advi-
sory and costs associated with plowing under unsalable 
product or harvesting product at suboptimal times due 
to the advisory. Contracts in the food-service channel 
may have built-in price triggers, so cost increases in 
this channel reflect a combination of these costs as well 
as price increases.

Price paid to processors
Compared to the no-outbreak counterfactual, the price 
paid to processors by food-service operators increased 
in the early weeks of the outbreak before modestly 
decreasing in the remaining weeks of the advisory and 
aftermath, likely because of reduced demand. In the 
retail channel, prices received by processors for bagged 
products containing romaine (e.g., kits and blends) 
decreased by 25% to 37% in the first full week of the 
advisory (week 2) followed by modest decreases (< 8%) 
for blends through week 6, 11% increases for premium 
classics through week 6, and small increases (< 10%) 
for kits throughout the study period, reflecting the 
fixed-price aspect of most retail contracts. Similarly, 
prices charged at retail for bagged products contain-
ing romaine were consistent across the study period. 

Consequently, retailers’ margins on bagged products 
remained relatively stable. 

Romaine sales fell
We estimated changes in sales volume associated with 
the advisory using an econometric model and Nielsen 
retail sales data and data on sales to food-service opera-
tors from our cooperating processor from January 2017 
through December 2019. Processor sales of romaine 
leaf to food-service operators decreased 73% in the 
initial week of the advisory and sustained more mod-
est decreases through week 10 of the aftermath. Retail 
sales for all romaine products decreased dramatically 
in the initial weeks of the outbreak due to product be-
ing removed from shelves. The largest decreases, 97%, 
occurred in week 2, the first full sales week after the 
advisory. Sales for romaine hearts remained lower 
through the remaining weeks of the advisory and 11 
weeks of aftermath (fig. 7). Sales for other romaine 
products followed a similar pattern, indicating con-
sumers avoided romaine even after it was deemed safe 
to consume. Across the entire study period, according 
to our estimate, retail sales decreased by about 25% for 
romaine hearts and 26% for premium classic salads. 
We estimated a somewhat smaller sales decrease in the 
range of 16% to 18% for salad blends and kits contain-
ing romaine.

FIG. 7. Percentage change in average North American retail sales for romaine hearts 
associated with each week of the advisory and aftermath relative to the counterfactual.

Overall, the romaine lettuce industry incurred damages of 
roughly $70 million due to the advisory and its aftermath. 
Photo: Elena Zhukova.
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Processors hit hardest

Overall, the romaine lettuce industry incurred dam-
ages of roughly $70 million due to the advisory and its 
aftermath. About 85% of losses occurred in the retail 
channel; however, the distribution of damages within 
the two channels differed at times, as shown in figures 
8 and 9. Growers were minimally impacted by the ad-
visory due to contract terms that largely insulate them 
from loss in a food-safety event, including in many in-
stances payment by the acre rather than by the volume 
of lettuce delivered, with processors bearing the cost of 
product that is plowed under. This finding of minimal 
grower losses is particularly notable because the food-
safety incident originated at this level. Only grower-
shippers selling on the spot market were exposed to the 
full impact of the incident. Significantly, spot sellers 
gained in the early weeks of the advisory due to rising 

spot prices. Some of those gains were transferred to 
processors operating in the food-service channel due to 
contract trigger prices tied to spot prices.

Processors were hit hardest by the incident, losing 
approximately $55.3 million, with profits down 28.1% 
and 13% in the food-service and retail channels, re-
spectively, compared to the same period a year prior. 
This amount was due entirely to lost sales on harvested 
product during the initial weeks of the outbreak, and 
to planted romaine under processors’ control that was 
not harvested or sold due to reduced demand later in 
the advisory period and its aftermath. Processors also 
gained a few million dollars on net from price move-
ments caused by the incident. 

Retailers also incurred a significant share of the 
total losses, $14.1 million, mostly due to pulling prod-
uct in the early weeks of the advisory. However, this 
amount is small compared to the estimated $1 billion 
in romaine retail sales in the 20 weeks prior to the 
advisory. Food-service operators were impacted to a 
lesser degree because the loss associated with destroy-
ing implicated product at the outset of the advisory was 
offset by lower net costs to acquire romaine during the 
advisory and aftermath periods. 

Including losses to consumers and providers of 
inputs such as labor in the supply chain, we estimate 
that societal losses from the November 2018 incident 
were in the range of $275 to $343 million, depending 
on how responsive the quantity of romaine demanded 
is to changes in price. The more responsive the quantity 
demanded is to price, the smaller are societal losses. As 
with industry damages, the bulk of societal losses oc-
curred in the initial weeks of the advisory. 

Mitigating economic damages
The first and most obvious way to reduce damages as-
sociated with food-safety outbreaks is to reduce their 
occurrence. Since the turn of the century, industry 
members and government agencies have implemented 
policies to reduce the likelihood of microbial contami-
nation. The California leafy greens industry established 
the first commodity-specific food safety program in 
2007, the Leafy Greens Marketing Agreement (LGMA), 
in response to the 2006 E. coli outbreak linked to 
fresh spinach produced in San Benito County, which 
resulted in three deaths. Arizona produce operators 
followed suit, creating their own LGMA. These vol-
untary programs establish minimum safety standards 
for on-farm practices that are verified by third-party 
auditors. Members of the agreements produce roughly 
90% of the leafy greens grown in the U.S (Latack and 
Ozeran 2021). 

The 2006 outbreak also prompted the federal 
government to pass the Food Safety Modernization 
Act (FSMA) in 2011. The FSMA authorizes the FDA 
to order recalls of contaminated food products and 
set minimum safety standards for growing, harvest-
ing, packing, and holding fruits and vegetables; the 

FIG. 8. Weekly damages by supply-chain participant and net losses in the retail channel. 

FIG. 9. Weekly damages by supply-chain participant and net losses in the food-service 
channel. 
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standards are based on scientific research and good agri-
cultural practices (GAPs). The standards, as established 
by the Produce Safety Rule (PSR) in 2016, were phased 
in from 2017 through January 2020. A 2017 change 
in LGMA rules aligned the California and Arizona 
standards with the PSR’s on-farm standards, such that 
LGMA certification is equivalent to PSR compliance.

After a series of E. coli outbreaks in the preceding 
years, including three originating in California between 
November 2018 and December 2019, and in tandem 
with its FSMA implementation efforts, the FDA re-
leased the 2020 Leafy Greens STEC Action Plan, where 
STEC stands for Shiga-toxin producing E. coli. The FDA 
rolled this plan into the broader New Era of Smarter 
Food Safety Plan, the blueprint for which was released 
in July 2020.

Informed by the FDA’s implementation of FSMA, the 
New ERA plan establishes an overarching goal to create a 
safer food system with improved traceability. Relying on 
smarter technologies and new management approaches, 
the FDA, in partnership with industry, has announced 
its intention to standardize tracking data and develop a 
system to trace contaminated food to the source in min-
utes (FDA 2020). While such a goal is ambitious, and its 
success remains to be seen, our analysis indicates that 
improvements in traceability have the potential to drasti-
cally reduce industry and societal damages associated 
with future outbreaks by narrowing the initial scope of 
public health advisories and helping restore consumer 
confidence in the safety of the impacted products. 

Improved traceability is key
Our analysis of the November 2018 E. coli outbreak as-
sociated with romaine lettuce highlights the importance 
of considering contracted output and specific contract 
terms when estimating damages resulting from food-
safety incidents and apportioning those damages to 
supply-chain participants. To do this, it is necessary to 
understand the implications of contract terms for risk 

distribution. Our findings show that, in leafy greens 
supply chains, provisions in grower-processor contracts 
largely shielded growers from economic losses during 
and after the advisory. Additionally, leafy greens proces-
sors instead incurred the largest share of damage for 
products that could not be harvested or sold during and 
after the incident.

Further, the distribution of damages over time indi-
cates the potential for curtailing losses by more quickly 
identifying the source of outbreaks and limiting the geo-
graphic scope of associated advisories. Most economic 
damages associated with the 2018 romaine advisory were 
concentrated in the initial weeks of the advisory, when 
romaine from all growing regions was pulled from retail 
shelves and menus. This is likely the case in other inci-
dents in which there is prolonged uncertainty surround-
ing the outbreak’s source, resulting in broad advisories. 
Santa Barbara County, the source of the 2018 outbreak, 
is home to less than 8% of California’s lettuce acreage. 
Limiting the initial advisory to romaine grown in Santa 
Barbara County, instead of to the entire country, would 
have kept a substantial portion of romaine on retail 
shelves and in restaurants, thereby reducing damages to 
processors, retailers, and food-service operators, as well 
as consumers and suppliers of inputs to the industry. 
Even if quick pinpointing was not initially feasible, any 
narrowing of the advisory would have reduced losses to 
some extent. This means that the FDA’s recent efforts to 
require firms to improve traceability may yield substan-
tial benefits in reducing both illnesses and economic 
damages associated with future outbreaks. C

A. Spalding is Research Agricultural Economist, U.S. Department 
of Agriculture, Economic Research Service (ERS); R.E. Goodhue is 
Professor and Department Chair, K. Kiesel is Associate Teaching 
Professor, and R.J. Sexton is Distinguished Professor, Department of 
Agricultural and Resource Economics, UC Davis. This research was 
conducted prior to Spalding joining ERS and does not represent 
official USDA determination or policy.
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UC 4-H programs bolster youths’ public 
speaking confidence
4-H helps young people practice public speaking. Leaders can help by offering feedback, speaking 
venues, and “how to present” materials.

by Steven M. Worker, Roshan Nayak, Yu Meng and Nicole Marshall-Wheeler

Online: https://doi.org/10.3733/ca.2023a0003

The ability to communicate information in front 
of an audience is an essential skill in the work-
force (Zekeri 2004). Professionals are expected to 

demonstrate strong communication skills and confi-
dence when speaking in front of groups. However, most 
people dread public speaking. “Nearly 90% of people 
reported feeling shy or uncomfortable speaking in front 
of others at some time in their lives” (McCain 2012). 
Lack of confidence and fear of speaking to large audi-
ences are some of the most common reasons for public 
speaking anxiety (Raja 2017). While practice can help 
alleviate anxiety, to become more confident over time, 
young people should begin developing their public 
speaking skills at an early age. 

Young people may practice public speaking in their 
school classrooms, but these opportunities are usually 
few and far between. Also, these opportunities are often 
in groups, and can be full of tension due to high-stakes 
environments (Anderson 1997; Kellam 2018). There is 
a lack of published K-12 communication research and 

Abstract 
Public speaking is an essential skill for the workforce, yet many 
professionals lack confidence when speaking in front of an audience. 
While the 4-H Youth Development Program helps young people learn and 
practice public speaking, little is known about which specific 4-H activities 
foster these skills. We conducted a study to explore 4-H members' public 
speaking confidence and to identify specific 4-H activities that bolster 
young people’s public speaking confidence. Quantitative and qualitative 
survey analyses revealed that, regardless of age, the longer 4-H members 
spend in the program, the more their self-confidence in public speaking 
improves. The 4-H program offers unique opportunities for public 
speaking at club meetings and formal presentations. There is room to 
expand these opportunities by offering youth more instructional “how to 
present” materials and increasing low-stakes speaking venues.

Youth speak at a 4-H club meeting. The 
low-stakes environment is an essential 
component in helping boost young 
people's public speaking confidence. 
Photo: National 4-H Council.
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curriculum, and few educators are trained in commu-
nication. Those who teach communication education 
courses have few opportunities to learn best practices in 
their teaching credential program (Hunt et al. 2014). 

Building confidence
While developing communication skills involves learn-
ing content, practicing skills, and improving attitudes, 
one of the most essential goals of any public speaking 
education program is to strengthen confidence itself. 
Building confidence is key, as a lack of confidence is 
the one of the most common reasons for anxiety in 
public speaking (McCain 2012). Confidence may be 
investigated using the concept of “self-efficacy,” de-
fined by Bandura (1997) as the individual’s belief in 
their skills and ability to perform, “the conviction that 
one can successfully execute the behavior required to 
produce outcomes” (Bandura 1997). We use the terms 
confidence and self-efficacy interchangeably, while ac-
knowledging theoretical distinctions: “Confidence is a 
catchword rather than a construct embedded in a theo-
retical system” (Bandura 1997).

Public speaking self-efficacy can be described as 
the belief in an individual’s own skill to successfully 
present a speech with effective content, structure and 
delivery (Tucker and McCarthy 2001). There are four 
primary sources hypothesized to influence self-efficacy 
(Bandura 1997; Bandura 2010): (a) mastery experiences 
(i.e., positive or negative public speaking experiences), 
(b) vicarious experiences (i.e., observing others give suc-
cessful or inferior presentations), (c) social persuasion 
(i.e., positive or negative encouragement and feedback 
from peers and adults), and (d) affective state (i.e., psy-
chological factors such as one’s anxiety about public 
speaking). These sources of self-efficacy have remained 
prevalent in the scholarly literature since the inception 
of self-efficacy theory (Phan and Ngu 2016). Previous 
research has suggested that mastery experiences are the 
most impactful in influencing self-efficacy (Bandura 
1997). Mastery experiences have the highest correlation 
with public speaking confidence, while the other three 
sources tend to have little to no influence (Warren 2011).

Mastery leads to confidence 
Public speaking programs have been a cornerstone of 
the 4-H Youth Development Program since its inception 
(Wessel and Wessel 1982). Participation in 4-H public 
speaking events has immediate and long-term impacts, 
such as improved self-confidence, knowledge of subject 
matter, and life skills (Silliman 2009). Alumni of the 
4-H program report that participation in 4-H was more 
helpful in developing their communication skills than 
participation in other youth organizations (Maas et.al. 
2006; Radhakrishna and Doamekpor 2009). 

The University of California 4-H Youth 
Development Program encourages 4-H members to 
give presentations in multiple venues: project meetings, 

club meetings, community projects, formal presenta-
tion days, and many others (Borba et al. 2019). Every 
4-H member is encouraged to give a presentation in 
front of a live audience each year. There are multiple op-
portunities for youth to experience positive mastery ex-
periences and build their public speaking self-efficacy. 
Annually, thousands of 4-H youth members participate 
in an organized event at the county, region (multi-
county), and state level to present and receive feedback 
from a panel of three external raters (University of 
California 4-H Youth Development Program 2021; 
Worker et al. 2020; Worker et al. 2021). 

While the outcomes of 4-H public speaking pro-
grams are acknowledged, there is a lack of empirical 
data exploring sources of self-efficacy and specific 4-H 
program activities that support youth in improving 
their public speaking. Our previous work (Marshall-
Wheeler et al. 2022) showed that positive mastery expe-
riences have the greatest 
correlation with high 
levels of public speak-
ing self-efficacy. That is, 
successful presentation 
experiences were related 
to more positive self-
efficacy beliefs, while 
negative experiences 
were related to lower self-
efficacy beliefs (Tucker and McCarthy 2001; Warren 
2011). Marshall-Wheeler et al. (2022) demonstrated that 
4-H members report high levels of confidence in their 
public speaking abilities (mean = 4.6 on a 5-point scale), 
while successful presentation (mastery) experiences 
have the greatest relationship with public speaking con-
fidence (β = 0.435; P < 0.001; n = 125); we also found a 
positive (albeit small) positive correlation between pub-
lic speaking self-efficacy and ratings given by external 
evaluators on the youth’s 4-H presentations (ρ = 0.191; 
n = 126; P = 0.034). We advocated for more research to 
determine which mastery experiences influence public 
speaking self-efficacy. Identifying specific factors has 
the potential to inform program practice so that the 
most promising opportunities are leveraged to support 
youth in building their public speaking self-efficacy. 

Surveying youth
The present study sought to explore relationships 
between 4-H membership and public speaking confi-
dence, and to identify 4-H program activities members 
report as helping them improve their confidence.

Both 2020 and 2021 surveys included demographic 
information (age, years in 4-H, gender, race/ethnicity). 
The surveys also included a public speaking self-efficacy 
scale consisting of 10 items assessing speech content, 
structure, and delivery, with five items adapted from 
Warren (2011) and five items adapted from Karnes and 
Chauvin (2000). The 2021 survey included three open-
ended questions asking youth where they practiced 

Professionals are expected to dem-
onstrate strong communication 
skills and confidence when speak-
ing in front of groups. However, 
most people dread public speaking.
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public speaking (in 4-H and other settings) and asked 
about specific 4-H public speaking experiences. 

We conducted this study with youth who par-
ticipated in the virtual 2020 and 2021 State 4-H 
Presentation Days and a 2021 County 4-H Presentation 
Day. We administered Qualtrics surveys sent via email 
to all participants. Out of 299 participants in the 2020 
State 4-H Presentation Day, 176 responded to the pub-
lic speaking self-efficacy questions in the post-event 
surveys, a response rate of 59%. For the 2021 State 4-H 
Presentation Day, 117 responded to public speaking 
self-efficacy questions, a response rate of 32%. For 2021, 
47 youth responded to the survey at a 2021 County 4-H 
Presentation Day. The completed surveys were com-
bined and checked for duplicate responses and missing 
data. If a youth had participated in multiple events, only 
their response to the 2021 State 4-H Presentation Day 
was considered for analysis. The combined dataset was 
composed of responses from 310 youth participants. 
Participants were 9 to 18 years of age, with an average 
age of 12.8 ± 2.5, and had been a 4-H member for a me-
dian of 5 years (mean = 4.8 with a standard deviation of 
2.5). With regard to event participation, 61% of youth 

reported that this was their first time at either the 2020 
or 2021 State 4-H Presentation Day. Nearly 67% identi-
fied as female, 32% as male, and 2% as preferring not to 
respond; 78% identified as White, 32% as Hispanic, 14% 
as Asian, 4% as American Indian or Alaskan Native, 2% 
as Black, and 2% as Native Hawaiian. 

For the quantitative data, we computed Cronbach’s 
alpha to calculate reliability (internal consistency) of 
the 10-item public speaking self-efficacy scale (α = 
0.89). We created a composite variable using the mean 
of all items (missing data from items were dropped and 
the remainder of the items averaged). Using statistical 
software packages SPSS and R, we calculated correla-
tions (Pearson’s r), analysis of variance (ANOVA), and 
linear regression models (findings shared later in the 
manuscript), including scale reliability scores. We also 
standardized the public speaking self-efficacy com-
posite variable as well as the five individual items from 
Warren (2011) using percent of maximum possible 
(POMP) (Fischer and Milfont 2010). POMP expresses 
scores in terms of the maximum possible score (e.g., 6 
on Warren’s 2011 survey and 5 on the present study’s 
survey). Formula = ((Variable-Minimum Score)/
(Maximum Score-Minimum Score)) * 100.

The qualitative data was analyzed using an induc-
tive thematic analysis (Braun and Clark 2006). First, 
two coders independently coded 40 longest-word 
county responses to the three questions, came to con-
sensus on code application, and developed a code list. 
A decision was made to combine questions 1 and 2 
because of similarity in code sheets. Coder 1 (first au-
thor) coded responses to the first two questions; Coder 
2 (fourth author) coded responses to the third question. 
On the first two questions, there were 304 code appli-
cations on 124 responses (22 responses with one code 
application, 52 responses with two codes, and 50 re-
sponses with three or more codes). On the third ques-
tion, there were 166 code applications on 122 responses 
(88 responses with one code application, 29 responses 
with two codes, and five responses with three or more 
codes applied). 

Confidence grows over time
The number of years in 4-H was positively correlated 
with public speaking self-efficacy (Pearson’s r = 0.29, 
n = 270, P < 0.001), indicating that the more years a 
young person participated in 4-H, the higher was pub-
lic speaking self-efficacy on average (fig. 1). Addition-
ally, age was positively correlated with public speaking 
self-efficacy (Pearson r = 0.17, n = 297, P = 0.003), in-
dicating that older youth, on average, reported higher 
levels of public speaking self-efficacy (fig. 2). 

A plausible hypothesis was that older youth were 
more confident due to their development and maturity 
rather than being influenced by participation in 4-H. 
To examine this, we computed three linear regression 
models with public speaking self-efficacy (dependent 
variable). Model 1: only years in 4-H (independent 

FIG. 1. Correlation scatter plot for years in 4-H versus public speaking self-efficacy (n = 270)

FIG. 2. Correlation scatter plot for age versus public speaking self-efficacy (n = 297)
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variable); Model 2: only age (independent variable); and 
Model 3: combined years in 4-H and age (using both as 
independent variables). 

As separate models, age and years in 4-H were 
statistically significant (see table 1, Models 1 and 2). 
However, when combined into the same model, years 
in 4-H had the greatest effect (Standardized B) and was 
statistically significant, while age was not statistically 
significant (see table 1, Model 3). These results provided 
evidence for our claim that 4-H youth members report 
higher levels of public speaking self-efficacy the more 
years they have participated in 4-H, even when control-
ling for age. 

 Note that we also tested for, and did not find, a sta-
tistically significant difference in public speaking self-
efficacy on gender or race/ethnicity.

Comparing to college students
We compared our findings to a study conducted by 
Warren (2011), who surveyed college students. The 4-H 
members in our sample reported higher scores when 
we compared findings for the entire scale and on the 

five individual items that were consistent between both 
studies. On average, 4-H members reported 89% public 
speaking self-efficacy compared to college students 
from Warren’s (2011) sample reporting 75% public 
speaking self-efficacy. On individual item comparisons, 
4-H members reported higher on all items than the col-
lege comparison sample. See table 2.

Formal presentations
We asked youth where in 4-H they practiced public 
speaking and which 4-H experiences had helped them 
grow their public speaking skills. Through a qualitative 
analysis of their open-ended responses, we found that 
67% reported public speaking at 4-H club meetings 
(e.g., project reports, committee reports, practice pre-
sentations), and 64% at formal 4-H presentation days 
(fig. 3). Only 35% reported practicing at 4-H project 
meetings or other events (e.g., countywide events, fairs, 
being a workshop facilitator). A lesser number, 22%, 
reported practicing at club meetings due to their officer 
role, and 15% in other leadership roles, such as being a 
county 4-H ambassador. 

TABLE 2. Comparisons of public speaking self-efficacy between Warren (2011) college student sample and California 4-H member sample

Warren (2011) (n = 510) Present study (n = 293) Difference

Mean† Mean†

Entire scale* 75.0% 88.8% +13.8

I can deliver an organized speech 82.0% 89.8% +7.8

I can speak so that others can understand me 82.0% 90.0% +8.0

I can use emotion to make my speech better 77.6% 87.0% +9.4

I can fully support my main ideas with evidence 81.4% 90.0% +8.6

I can use creative ways to express my emotions 77.6% 87.0% +9.4

* Comparisons must be made cautiously; Warren’s (2011) scale consisted of 19 items and Marshall-Wheeler et al. (2022) consisted of 10 items, only five from Warren (2011) (shown in table 2). 
† Standardized mean using percent of maximum possible (Fischer and Milfont 2010).

Model 3: Years in 4-H and Age versus public speaking self-efficacy

Variable Unstandardized B Std. error 95% CI of B  Standardized β t-value P-value

Constant 4.14 0.15 27.42 < 0.001

Age 0.01 0.01  [−0.01, 0.04] 0.07 0.96 0.340

Years in 4-H 0.05 0.01 [0.02, 0.08] 0.26 3.64 < 0.001

Adjusted R2 = 0.082; F = 13 on Df (2, 267), P = 0.0001

Model 2: Age versus public speaking self-efficacy

Variable Unstandardized B Std. error 95% CI of B Standardized β t-value P-value

Constant 4.12 0.14 28.86 < 0.001

Age 0.03 0.01  [0.01, 0.05] 0 .17 2.96 0.003

Adjusted R2 = 0.026; F = 8.75 on Df (1, 268), P = 0.003

TABLE 1. Linear regression models for public speaking self-efficacy versus years in 4-H and age

Model 1: Years in 4-H versus public speaking self-efficacy

Variable Unstandardized B Std. error 95% CI of B  Standardized β t-value P-value

Constant 4.27 0.06 71.4 < 0.001

Years in 4-H 0.06 0.01 [0.03, 0.08]  0.29 5.0 < 0.001

Adjusted R2 = 0.082; F = 25 on Df (1, 268), P = 0.0001
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Besides school, young people do not have many op-
portunities to practice or grow their public speaking 
skills. Thus, 4-H is providing a valuable service focus-
ing on public speaking.

When we asked youth where else they practiced 
public speaking besides 4-H, the overwhelming re-
sponse — 80% of respondents — was at school (fig. 4). 
None of the other categories, as developed through 
qualitative analysis of the open-ended responses, came 
close. Only 21% of respondents reported the next high-
est category, which was other youth development or 
nonprofit organization. 

Low-stakes opportunities needed
Our research suggests that the longer youth partici-
pate in 4-H and have opportunities to practice public 
speaking, the more confident they become. Presenting 
in front of real-life audiences increases confidence and 
public speaking skills (Marshall-Wheeler et al. 2022). 
While 4-H alumni consistently report 4-H helped them 

develop their public speaking skills (Radhakrishna and 
Doamekpor 2009), there has not been any published 
empirical literature exploring the contributing factors.

Our study revealed two primary program activities 
where youth say they are offered mastery experiences: 
4-H club meetings and presentation days. This is not 
surprising considering these are the two recommended 
venues for public speaking in 4-H. What is interest-
ing is that these two venues offer divergent mastery 
experiences. Club meetings are comprised of adults 
and young people who know each other, which lends a 
sense of familiarity and belonging. There are typically 
no awards or scored rubrics on performance. Club 
meetings are low-stakes environments where youth 
practice presenting in front of friendly audiences. 

In contrast, presentation days are formalized events 
with several clubs and county programs where youth 
may not know each other. These events have panels of 
adult evaluators who use standardized rubrics to score 
and provide written feedback. Presentation days are 
higher-stakes venues, and youth — typically younger 
youth — may have some anxiety before presenting. 

We argue that both low-stakes, friendly venues 
(such as club meetings) and formal higher-stakes set-
tings (presentation days) are needed to provide youth 
with a comprehensive set of mastery experiences. If 
young people present at only one or the other type 
of venue, it may not be enough to bolster their public 
speaking self-efficacy to the same degree. We acknowl-
edge our explanation needs further testing, with data 
collected from youth who participate only in one venue 
or the other. 

Given our findings, we offer several practical rec-
ommendations. First, 4-H professionals, in partnership 
with 4-H volunteer educators, should continue to host 
4-H presentation days (at the county, regional, and 
state levels), while also providing low-stakes speaking 
opportunities at club meetings and other 4-H meet-
ings. Professionals need to encourage 4-H club leaders 
to provide more speaking opportunities for members, 
especially for newer and/or younger youth. Second, 
there is a need for additional public speaking support 
materials (extension publications) to support youth and 
4-H volunteers. Specifically, 4-H professionals need 
to design fact sheets and templates for 4-H youth on 
“how to present” that focus on content, structure and 
mechanics. Project and 4-H club leaders also need to 
offer more encouragement, support, and constructive 
feedback. We also need to investigate public speaking 
self-efficacy of all 4-H members, not only those who 
choose to participate in formal presentation days. It 
would also be helpful to conduct additional research to 
explore the differences in public speaking self-efficacy 
by race/ethnicity and gender. 

One limitation to this study was that the re-
gression models did not include several variables 
that could potentially help predict public speak-
ing self-efficacy — for example, mastery skills and 

@ Club meetings

@ Presentation days

@ Project meetings

@ Other events

@ Club meetings (as club o�cer)

Leadership roles

@ Community service and festivals 
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FIG. 3. 4-H experiences members report as helping them practice their public speaking.

FIG. 4. Places 4-H members reported practicing public speaking besides 4-H.
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different types of 4-H public speaking experiences. 
Additionally, there was only a limited list of demo-
graphic variables for which the variation in public 
speaking self-efficacy was tested. The presence of 
additional variables in the regression model might 
change the effect of years in 4-H on the public speak-
ing self-efficacy scores. Furthermore, the response 
rates were relatively low, given the number of youth 
who participated in either of the state 4-H presenta-
tion days. The response rate may have introduced 
systematic error into the results, perhaps biasing the 
resulting public speaking self-efficacy scores higher 
(or lower). We recommend repeating this study with 
larger groups of 4-H members. 

In closing, numerous studies of 4-H alumni have 
demonstrated that 4-H strengthens both confidence 
and efficacy in public speaking, which are critical 

skills for succeeding in the workforce. The 4-H Youth 
Development Program plays a vital role in provid-
ing opportunities for young people to grow, practice, 
and improve their public speaking. It is important 
that 4-H professionals realize the important role they 
play in these successes and continue providing young 
people with the opportunities to expand their public 
speaking skills. C

S.M. Worker is 4-H Youth Development Advisor, UC Cooperative 
Extension, Marin, Napa and Sonoma counties; R. Nayak is 4-H 
Evaluation Coordinator, UC ANR; Y. Meng is Youth, Family and 
Community Advisor, UC Cooperative Extension, Riverside, Imperial 
and San Bernardino counties; N. Marshall-Wheeler is 4-H Youth 
Development Advisor, UC Cooperative Extension, Butte, Colusa and 
Glenn counties.
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2801 Second Street 
Room 181A 
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Phone: (530) 750-1223
Fax: (530) 756-1079

Visit us online:
calag.ucanr.edu

 @Cal_Ag
www.facebook.com/CaliforniaAgriculture

UC ANR Classes and Events
Blue Oak Management Field Day
https://ucanr.edu/2023blueoaks 

Date: June 3, 2023 
Time: 8:30 a.m. to 2:30 p.m.
Location: McKenzie Table Mountain Preserve, 22477 Auberry Road, Clovis
Contact: Billy Freeman, billy@sierrafoothill.org

Drone Camp 2023
https://dronecampca.org/ 

Date: June 26–30, 2023
Time: 8:30 a.m. to 5:00 p.m.
Location: CSU Monterey Bay and online (Zoom)
Contact: info@dronecampca.org 

AG-VENTURE Day Camp
https://surveys.ucanr.edu/survey.cfm?surveynumber=39549 

Date: July 2023
Time: 8:00 a.m. to 5:00 p.m.
Location: Sutter County Ettl Hall, 1333 Butte House Road, Yuba City
Contact: UC Cooperative Extension Sutter-Yuba, sutteryuba@ucanr.edu or 530-822-7515  
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