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Abstract
Agronomic cropping systems in many regions face growing economic and manage-

ment challenges as well as new regulations designed to address negative environmen-

tal and social externalities. At the same time, public support for agricultural education

and extension is decreasing. Hence, new approaches are necessary to understand the

most pressing on-farm issues and help prioritize critical needs. With a diversity of

agronomic crops and new regulations for water and nitrogen, California is an impor-

tant case study for other regions. The objective of this study was to identify major

grower and industry concerns, management challenges, and motivations in making

management decisions. In 2020, 483 growers, consultants, and allied industry of

agronomic crop production responded to an online survey. The crops most widely

grown by respondents included rice (Oryza sativa L.), alfalfa (Medicago sativa L.),

wheat (Triticum aestivum L.), and corn (Zea mays L.). Four out of the five top con-

cerns were related to water. Weed control and irrigation/water management were pri-

mary management challenges, though differences occurred by crop and region. The

highest priorities considered in grower management decision-making were water,

profitability, and land stewardship. Crop rotation benefits were a primary reason for

growing agronomic crops, with profitability and tradition ranking closely behind.

This study highlights opportunities to guide research and extension efforts based on

critical needs identified by growers and industry, while also informing larger policy

and institutional decisions regarding new programs and funding to address key issues

in agronomic crop production.

Abbreviations: NSJV, northern San Joaquin Valley; SGMA, Sustainable Groundwater Management Act; SSJV, southern San Joaquin Valley; UCCE,

University of California Cooperative Extension.
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1 INTRODUCTION

Agronomic crops are the basis of our world’s food, feed,

and fiber production systems. To better balance economic,

social, and environmental outcomes, regulations are being

introduced in many regions to account for negative exter-

nalities associated with crop production. However, govern-

ment approaches to improve agricultural sustainability differ

considerably, for example with more regulations in Europe

than the United States, and there is an opportunity to learn

from these experiences (Hutchins, 2021). California is unique

because of new regulations for water and nitrogen inputs,

making it an important case study for highly productive agri-

cultural regions in the United States and beyond (Lubell et al.,

2020; Rudnick et al., 2021). It is unclear how increased reg-

ulations will impact grower priorities and decision-making at

the farm-level, particularly in relation to existing crop man-

agement challenges and other recent changes in farm eco-

nomics, market demand, land use, labor availability, and pres-

sures to conserve natural resources. In the changing con-

text of California agriculture, adaptive research approaches

are required to (a) better understand the concerns and man-

agement challenges of growers and others working in agro-

nomic crop production, and (b) identify critical needs to

inform the development of multi-faceted research and exten-

sion programs that are responsive to environmental and

regulatory pressures.

Agronomic crops, also known as field crops, represent a

significant share of irrigated land area in the Central Valley of

California (Hanak et al., 2019; Johnson & Cody, 2015). Agro-

nomic crops including small grains (e.g., wheat [Triticum
aestivum L.] and barley [Hordeum vulgare L.]), rice (Oryza
sativa L.), corn (Zea mays L.), dry bean (Phaseolus vul-
garis L.), sorghum (Sorghum bicolor L.), oilseeds {e.g., sun-

flower [Helianthus annuus L.] and safflower [Carthamus tinc-
torius L.], cotton [Gossypium spp.], and forage [livestock

feed] (e.g., alfalfa [Medicago sativa L.] and other irrigated

pastures} were planted on an average of 1.6 million ha annu-

ally from 2000 to 2020, occupying more land than fruit, nuts,

or vegetables (USDA, NASS, 2020). Therefore, production of

these crops has large implications for agricultural sustainabil-

ity in terms of land, water, and agrochemical use, but their

economic value is much lower, estimated at US$3.3 billion

compared to $21.5 billion for fruit and nuts in 2019 (Cali-

fornia Department of Food and Agriculture, 2020). However,

forage crops also support a $7.3 billion dairy industry, the sin-

gle most valuable commodity in the state (California Depart-

ment of Food and Agriculture, 2020). California’s agricultural

landscape is changing as higher value tree crops are replacing

traditional agronomic crops. Since 2000, area planted to agro-

nomic crops has declined by more than 40,000 ha per year,

with a corresponding shift towards greater planting frequency

of high revenue perennial tree crops such as almonds [Prunus

Core Ideas
∙ Water-related issues are of greatest concern while

weed control is top challenge for agronomic crops

in California.

∙ Availability of water, profitability, and land stew-

ardship were the highest priorities in management

decisions.

∙ Crop rotation benefits and profitability were the

primary reasons for growing agronomic crops.

∙ Extension must balance immediate needs with

long-term education to adapt to future challenges.

dulcis)(Mill.) D. A. Webb], pistachios (Pistacia vera L.), and

walnut (Julans californica S. Wats.) (USDA, NASS, 2020).

The future of farming in California will be shaped by

forces that develop beyond the farm level, and there is a

pressing need to understand how these forces intersect (Baur,

2020). Examples of new legislation and regulation that impact

farming include the Sustainable Groundwater Management

Act (SGMA), which is the state’s first law regulating col-

lective groundwater use, nitrogen use reporting for the Irri-

gated Lands Regulatory Program and the reissued Dairy Gen-

eral Order regulated by the California Water Quality Control

Board, the Salt and Nitrate Control Program approved by the

California Water Quality Control Board, and new or impend-

ing agrochemical regulations. Meanwhile, farms face grow-

ing economic challenges including increasing costs of inputs,

land, and labor in combination with unpredictable markets.

Documenting the concerns and motivations of growers, con-

sultants, and allied industry can highlight the most important

topics for research and extension, and serve as a guide for

policymakers and administrators regarding where resources

should be allocated.

As part of the University of California’s Division of Agri-

culture and Natural Resources, University of California Coop-

erative Extension (UCCE) is responsible for agricultural

research, education, and outreach throughout the state. The

mission of UCCE is to solve applied problems and dissem-

inate practical information to stakeholders, wherein UCCE

Advisors and Specialists serve as a valuable link between

land-grant universities and growers by developing programs

that address stakeholder needs (Garst & McCawley, 2015).

However, land-grant universities continue to face declining

support, which has affected UCCE programming by reducing

staff and internal budgets of core resources such as research

farms and matching grant programs. Given the diversity of

crops and production regions in California, combined with

reduced numbers of UCCE personnel, it is important to under-
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stand the most pressing on-farm issues facing growers and

industry to inform extension efforts.

Needs assessments help demonstrate program value and

set priorities for future programming based on input

from a range of stakeholders (McClure et al., 2012;

Seevers & Graham, 2012). Needs assessment generally

refers to methods, efforts, and activities involved in or used

for identifying needs of a target group, providing a method

for UCCE personnel to learn what is already known and what

gaps in knowledge remain (McCawley, 2009; Royse et al.,

2009). In many cases, needs assessments are surveys used

to identify stakeholders’ challenges and concerns, helping

UCCE understand how they can improve delivery of pro-

grams and services (Garst & McCawley, 2015). While UCCE

Advisors have conducted regional needs assessments for local

clientele, to our knowledge there have been no prior efforts

to comprehensively gather statewide information for agro-

nomic crop production in California. Gathering such informa-

tion is an important step in directing future UCCE programs,

while gaining greater support for these programs will require

a robust coalition of agricultural interests and the demonstra-

tion of meaningful outcomes and impacts.

The primary goal of this study was to conduct a needs

assessment for agronomic crop production in California

based on feedback and input from growers, consultants, and

allied industry professionals. The specific objectives were

to (a) identify top concerns and management challenges

for different crops and regions and (b) understand the pri-

mary reasons for growing agronomic crops and priorities

considered in management decisions. This needs assess-

ment identifies critical opportunities to improve regional and

statewide research and extension efforts by providing insights

into the decision-making processes of agronomic crops

clientele and supporting program planning and allocation

of resources.

2 MATERIALS AND METHODS

2.1 Survey development

The needs assessment was an online survey developed by a

team of UCCE Advisors and University of California-Davis

faculty working in agronomic crop production and admin-

istered using Qualtrics survey software (Qualtrics). We fol-

lowed recommended protocols for conducting an agricultural

extension needs assessment based on existing literature (Don-

aldson & Franck, 2016; Koundinya et al., 2020; Martins et al.,

2019). The first step in developing questions was to collect

and summarize previous needs assessments shared by indi-

vidual UCCE Advisors and Specialists. Based on overarching

themes from past needs assessments and the objectives of this

collaborative effort, questions were drafted covering the areas

of management challenges, concerns for the agronomic crops

industry, grower motivations for implementing management

practices, importance of extension topics and associated level

of satisfaction with UCCE efforts, and extension preferences

(i.e., who respondents communicate with about crop produc-

tion practices and how they prefer to receive information).

The final survey included a total of 21 questions and was

estimated to take 15–20 min to complete. The full list of sur-

vey questions is included in the Supplemental Material. The

first three topics – concerns, management challenges, and

motivations – are the focus of this paper. Results regarding

importance and satisfaction of extension topics, as well as

communication and information preferences, will be shared

in additional publications and used internally by UCCE to

improve programming. The survey was reviewed by the Uni-

versity of California Institutional Review Board who deter-

mined that the survey questions posed “minimal risk” to

participants and was approved as “exempt” as defined by fed-

eral regulation 45 CFR 46. Prior to launching the survey, it

was piloted by 10 growers and other industry professionals to

ensure questions were clear and garnered reliable responses.

Often these individuals had collaborated with UCCE, were

considered to be representative of the target audience, and

were willing to dedicate their time to providing a thorough

review and discussion of questions.

The needs assessment was a cross-sectional census sur-

vey attempting to collect responses from anyone currently

involved in the agronomic crop production in California

(dissemination information below). We included a screen-

ing question asking respondents if they grow, consult on,

or work in allied industry of agronomic crops in Califor-

nia to improve the accuracy of clientele representation. If

respondents replied “yes,” they were prompted to take the

survey, but if they responded “no,” they were not able to

continue. The first question on the survey (following the

screening question) asked respondents to identify their pri-

mary vocation (defined as taking up 75% or more of their

work time) between “grower,” “consultant” (example, Certi-

fied Crop Advisor [CCA] or Pest Control Advisor [PCA]),

“allied industry” (example, Input supplier, processor, etc.),

or “other.” This allowed management-related questions to be

directed only to growers while still gaining broader insights

from consultants and allied industry.

To identify concerns and challenges, respondents were

asked to rank their level of concern (very concerned, some-

what concerned, or not concerned) from a list of 15 top-

ics. Next, respondents who identified as growers or consul-

tants were asked to select their highest priority management

challenges from a list of eight common management chal-

lenges identified by our internal team of UCCE Advisors and

Specialists. To understand the motivations for growing agro-

nomic crops and priorities considered in management deci-

sions, we asked respondents who identified as growers and
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consultants to rank how often certain factors affect their man-

agement decisions for agronomic crop production (always,

often, sometimes, rarely, or never). We also asked growers

to select their primary reasons for growing agronomic crops

from a list of nine commonly cited reasons, as determined by

our internal team.

2.2 Survey dissemination

The dissemination strategy for our online survey was to

encourage as broad of participation as possible from grow-

ers, consultants, and allied industry of agronomic crop pro-

duction in California. Because no comprehensive list of such

individuals exists, the initial dissemination effort was focused

on UCCE contacts representing different crops and produc-

tion regions. A centralized contact list was compiled from

individual UCCE Advisors and Specialists working in agro-

nomic crops and duplicates were removed. While this central-

ized contact list (n = 4,813) contained statewide representa-

tion, one aim was also to reach people who UCCE might not

already be serving. Therefore, to expand the representation

of respondents in our survey, influential groups or organiza-

tions external to UCCE were also contacted to help distribute

the survey. This list included commodity boards, crop asso-

ciations, Farm Bureaus, County Agricultural Commissioners,

third-party Water Quality Coalitions, and input distributors.

These partner stakeholders were provided with an anonymous

link to the survey if they agreed to share it with their clien-

tele. The geographic distribution of partner stakeholders who

shared the survey is in the Supplemental Material. The survey

software (Qualtrics) was able to track which responses came

from the original centralized contact list and which responses

came from the anonymous link. However, with the anony-

mous link, the response rate could not be measured. Since our

goal was to gather responses from a wide range of partici-

pants, we accepted this limitation in our methodology. While

online surveys provide flexibility and the potential to reach

many individuals through different networks and organiza-

tions, they also have drawbacks such as possibly underrepre-

senting important demographics (e.g., those with poor inter-

net access or less familiar with technology). Other important

strengths and weaknesses of our methodology are discussed

in the Supplemental Material.

In July 2020, stakeholders on the centralized contact list

(n = 4,813) and external organizations were sent an email

invitation to complete the online survey. The survey was open

from 23 July 2020 until 1 Sept. 2020 with three reminders sent

to those on the centralized contact list, as suggested by the

Dillman method to maximize response rate (Dillman, 2007).

The first 100 participants to complete the survey were offered

an incentive of a $10 gift certificate. As stated on the survey,

all information was kept anonymous, and respondents were

informed that the survey would be used to better guide UCCE

research and extension efforts by highlighting the most impor-

tant issues facing agronomic crop production in California and

helping set priorities for future programming.

It is important to consider how the timing and method of

survey distribution may have influenced results. Crop pro-

duction activities occur year-round in California, especially

for the range of different crops considered here (e.g., growers

manage both winter small grains and summer irrigated crops).

Given this, we chose late summer to administer the survey, as

this is a slower time for many field activities prior to harvest

for summer irrigated crops and our chance to get the maxi-

mum participation in our study. However, it is possible that

some individuals may have been managing their fields dur-

ing this period, which could slightly decrease the represen-

tativeness of the survey population. While there is a chance

that response rate could have been higher if the survey was

administered during winter, the number of responses we got

is consistent with the other surveys conducted by UCCE. Sim-

ilarly, there are limitations to distributing the survey through

UCCE contact lists and external organizations. Our goal was

to achieve broad participation beyond UCCE’s participant

lists in order to identify concerns and challenges that could be

addressed through research and extension. From a method-

ology standpoint, this is a different research objective than

characterizing the entire population of those working in agro-

nomic crop production in California. Therefore, all interpre-

tation of results and conclusions from this study apply to the

data collected, and we do not attempt to generalize the find-

ings to the broader population of California agriculture, but

instead use them for designing our own extension and edu-

cation programs to meet the identified needs. To evaluate the

representativeness of responses, we analyzed the survey popu-

lation in terms of geography, economic value produced, crops

grown, and age as compared to agricultural census data from

USDA, NASS (2020) in the Supplemental Material.

2.3 Data analysis

The data were cleaned by removing duplicate responses

using IP address information collected by Qualtrics.

Unanswered questions were considered missing data and

were excluded from analysis of the particular question, but

all other responses from that individual were still included

for the remaining questions. Results were either analyzed at

the state level or disaggregated by crop or region. Responses

were categorized according to seven distinct geographic

regions: Sacramento Valley, northern San Joaquin Valley

(NSJV), southern San Joaquin Valley (SSJV), Low Desert,

Intermountain, Coastal, and Sierra Nevada. The counties

within each region are displayed in the Supplemental Mate-
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rial. Only growers were asked about management challenges,

priorities considered in management decisions, and primary

reasons for growing agronomic crops. When questions were

asked to all respondents, data was presented as an aggregation

of all responses, due to the fact that little variation was seen

when separating data among growers, consultants, and allied

industry respondents.

The purpose of this research was to characterize responses

and identify needs, thus frequency distributions were used to

analyze responses for each question. This approach is consis-

tent with other recent studies (Koundinya et al., 2020; Mar-

tins et al., 2019) and allows for clear and direct interpretation

of data following established methods and recommendations

for needs assessments (Donaldson & Franck, 2016). The fre-

quency distribution does not represent a mean value with an

associated variation for different groups. Inferential statistics

would be helpful if the objective was to make conclusions that

extend beyond the specific data sample (Milton et al., 2021).

Similarly, inferential statistics are necessary when testing a

hypothesis (e.g., comparing responses between two groups).

However, these were not the goals of our survey. For each crop

and region, the level of concern for agronomic crop produc-

tion was further converted into a numeric value by calculating

means for each category using the following scale: very con-

cerned = 3, somewhat concerned = 2, or not concerned = 1.

Within each group, concerns were ranked based on means,

with the highest mean corresponding to the greatest concern

(Supplemental Tables S1 andS2). Because individuals man-

aged multiple crops/regions and could select multiple topics

of concern within each crop/region, responses are not fully

independent and do not satisfy requirements for analysis of

variance.

3 RESULTS

3.1 Demographics

The survey garnered a total of 483 responses: 320 responses

from the centralized contact list (6.6% response rate) and

163 responses from the anonymous link, for which response

rate could not be calculated. Respondents represented all

seven regions of California with some level of participation

in every county (Figure 1a). The most responses came from

San Joaquin County (n = 89) and the least responses came

from Plumas County (n = 11). Of the 483 respondents, 51%

identified as growers, 26% as consultants, 18% as allied indus-

try, and 5% as connected to California agronomy but not as

a grower, consultant, or allied industry, respectively (Figure

1b). This latter “other” category included regulatory agencies,

research or nonprofit organizations, Resource Conservation

Districts, landowners, managers, and aerial applicators.

T A B L E 1 Demographic information of respondents.

Demographic questions were optional, with 80% of respondents

providing answers

Category Respondents
Proportion
of total

no. %

Age

25 yr and under 5 1

26–34 yr 47 12

35–44 yr 97 25

45–54 yr 80 21

55–64 yr 81 21

65–74 yr 53 14

75 yr and over 15 4

Prefer not to say 6 2

Race

White or Caucasian 317 78

Black or African American 5 1

Hispanic or Latino 22 5

Asian or Asian American 4 1

American Indian or Alaska Native 7 2

Native Hawaiian or Pacific Islander 1 0.25

Other 22 5

Gender identity

Male 308 81

Female 58 15

Identity not listed 1 0.25

Prefer not to say 15 4

Years of experience

2 yr or less 6 3

3–9 yr 35 19

10–19 yr 56 30

20–29 yr 30 16

30+ yr 60 32

Demographic questions related to age, gender identity, and

race were optional, and 80% of respondents provided answers

(Table 1). Notably, the age of respondents appeared to be

centrally distributed with 67% of respondents indicating they

were between the ages of 35 and 64 yr. Respondents over-

whelmingly identified as male (81%) and white or Caucasian

(78%).

Hectares managed by growers ranged from 0.4 to 4,249

ha (average = 596 ha; median = 279 ha; standard devia-

tion = 891), with 56% of these hectares being owned and
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Grower
51%

Consultant
26%

Other
5%

(b)(a)

80
60
40
20

Number of
respondents

Allied 
Industry

18%

F I G U R E 1 (a) Geographic distribution of survey respondents across California and (b) primary vocation of respondents. Results represent all

data. The Central Valley had the most respondents and is where the majority of agronomic crop production is located. The Central Valley includes

the regions of southern San Joaquin Valley (SSJV), northern San Joaquin Valley (NSJV), and the Sacramento Valley (see Supplemental Material for

which counties are included in each region)

F I G U R E 2 Crops grown by respondents identifying as growers.

Growers selected the top three crops grown in the last 3 yr based on

greatest land area

44% of these hectares leased (Table 2). Only 78% of grow-

ers answered this question about how many hectares they

managed. The average area devoted to field crops out of a

growers’ total cropland was 59%, while other crop categories

include tree and vine crops (22%), vegetable crops (16%),

and other (3%). The five agronomic crops most frequently

grown by respondents whose primary vocation was “grower”

included rice, alfalfa, wheat (grain), corn (grain), and corn

(silage), representing 48% of total responses (Figure 2). The

next five crops most frequently grown were dry bean, cotton,

sunflower, barley, and small grain silage, representing 25% of

total responses.

3.2 Concerns and challenges

When asked about their concerns for field crop production,

65% of respondents were very concerned about regulations

on water use, 61% were very concerned about water costs,

and 59% were very concerned about regulations on chem-

ical use (Figure 3). In contrast, the topics that ranked low-

est for “very concerned” included changing weather and cli-

mate, market access, and soil degradation. Respondents were

given the opportunity to write in other concerns that did not

fall into the above categories. Written responses included con-

cerns around pesticide restrictions and lack of tools (n = 3),

pesticide nontarget impacts (n = 2), crop changes (n = 3), loss

of agricultural knowledge (n = 2), economics and consolida-

tion (n = 4), politics and non-agricultural perceptions of agri-

culture (n = 2), and COVID-induced problems (n = 1).

Grower and consultant concerns varied by crop and region

(Supplemental Tables S1 and S2, respectively). For instance,

the topics with the greatest level of concern for those work-

ing in rice were regulations on chemical use (2.54 ± 0.43)

and input costs (2.51 ± 0.39), while the top concerns for

alfalfa included regulations on water use (2.78 ± 0.61) and

water costs (2.68 ± 0.56) (Supplemental Table S1). For wheat

(grain) the top concern was the commodity price of the crop

(2.60 ± 0.43), while for corn (grain) it was labor availabil-

ity (2.55 ± 0.38). Regulations on chemical use ranked as

the second greatest concern for both wheat (grain) and corn

(grain) (2.53 ± 0.39 and 2.51 ± 0.38, respectively). Reg-

ulations on water use was a top concern for corn (silage)

(2.88 ± 0.71), dry bean (2.59 ± 0.44), cotton (2.59 ±
0.43), and sunflower (2.67 ± 0.51). Commodity price was

also a top concern for dry bean (2.75 ± 0.56) and cot-

ton (2.59 ± 0.45), while input costs was a top concern for

sunflower (2.59 ± 0.44).

In all seven regions, “regulations on water use” and

“water costs” were ranked as the top concerns (Supplemental

Table S2). Based on mean responses, the greatest concern for
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Soil degradation
Market access

Changing weather and climate
Consumer demand

Land tenure/cost
Regulations on air quality

Labor availability
Regulations on labor

Input costs
Commodity price of crops

Regulations on water quality
Water availability/quality

Regulations on chemical use
Water costs (delivery or pumping)

Regulations on water use

Percentage of responses

Very concerned Somewhat concerned Not  concerned

F I G U R E 3 Concerns for agronomic crop production in California, ranked by highest percentage of responses for “very concerned.” Results

represent all respondents

T A B L E 3 Top management challenges and primary reasons for growing agronomic crops. Respondents were able to select more than one

response for each category. Topics are ranked highest to lowest according to the frequency of responses. Management challenges were identified for

each of the top three crops for respondents identifying as growers and consultants (n = 389), thus numbers may exceed the total number of

participants. Primary reasons for growing agronomic crops were identified by growers only (n = 244)

Top management challenges Respondents Primary reasons Respondents
no. no.

Irrigation/water management 409 Crop rotation benefits 218

Weed control 386 Profitability 201

Insect pest control 342 Crop traditionally grown on my farm 193

Nutrient management 342 Stable markets 183

Labor 301 I am limited by farm resources 182

Soil management 300 Capacity for deficit irrigation or fallowing 149

Disease control 278 Supports wildlife habitat 143

Harvest operations 255 Soil is not suitable for other crops 137

regulations on water use was in the SSJV (2.84 ± 0.83), the

Intermountain region (2.81 ± 0.78), and the NSJV (2.80 ±
0.77). In addition, the greatest concern for water cost was

observed in the same three regions – SSJV (2.80 ± 0.75),

Intermountain (2.71 ± 0.66), and NSJV (2.66 ± 0.62). The

third highest ranking concern of the NSJV, SSJV, and Low

Desert regions was “water availability/quality,” while “regu-

lations on water quality” was the third highest ranking con-

cern for the Intermountain region. The third highest rank-

ing concern for the Coastal and Sierra Nevada regions was

“regulations on chemical use.” The category of “input costs”

ranked in the top three concerns for the Sacramento Valley

only.

When growers were asked about management chal-

lenges for each of the top three agronomic crops they

grow, weed control and irrigation/water management were

highest (Table 3). Soil management, disease control, and har-

vest operations ranked lowest. When broken down by the top

eight agronomic crops managed by survey respondents, the

highest-ranking management challenges differed (Figure 4).

Irrigation/water management was the top management chal-

lenge for alfalfa and corn silage, while weed control was the

top management challenge for dry bean, sunflower, and cot-

ton. For rice, irrigation/water management and weed control

were tied as the top management challenge. Nutrient manage-
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Percentage of responses
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Insect Pest Control Soil Management
Labor Harvest Operations

F I G U R E 4 Top management challenges for the primary agronomic crops grown by respondents identifying as growers (n = 244). The greatest

management challenge for each crop is outlined in red
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F I G U R E 5 Top priorities considered in management decisions by growers (n = 244)

ment was the top management challenge for wheat and corn

grown for grain.

3.3 Priorities and motivations

Regarding on-farm decision making, the highest priorities

considered in management decisions were the availability of

water (49%), profitability (46%), and land stewardship (41%)

(Figure 5). The lowest priorities considered in management

decisions were natural resource conservation (24%), ease of

implementation (22%), and availability of extension informa-

tion (13%).

When asked about their primary reasons for growing agro-

nomic crops, crop rotation benefits ranked as the top rea-

son, while profitability and tradition rank closely behind
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F I G U R E 6 Primary reasons for growing agronomic crops by respondents identifying as growers (n = 244). The top eight crops grown by

respondents are included, and the biggest motivation for growing each crop is highlighted in red

(Table 3). Primary reasons for growing agronomic crops dif-

fered slightly by crop grown (Figure 6). Crop rotation ben-

efits were the primary reason for growing alfalfa, cotton,

wheat, corn (grain and silage), and dry bean. Another pri-

mary reason for growing alfalfa included stable markets,

while another primary reason for growing cotton included

being limited by resources to grow other crops. Tradition was

also ranked as a primary reason for growing corn for grain.

Profitability was the primary reason for growing rice and

sunflower.

4 DISCUSSION

4.1 Water is the key concern

Water-related issues were clearly the most prominent in our

survey, representing four out of the top five concerns listed

by respondents. Specifically, regulations on water use and

water costs were the two issues that had the greatest number

of respondents expressing that they were “very concerned”.

Signed into law in 2014, SGMA requires groundwater-

dependent regions to stop overdrafting groundwater and

develop plans to balance withdrawals and recharge (AB 1738,

SB 1168, and SB 1319). This is the first time Califor-

nia has legislated the collective management of groundwa-

ter and growers are concerned about upcoming changes and

the uncertainty it brings. Recent research highlights many

challenges of implementing SGMA in terms of stakeholder

cooperation, participation, and representation in collective

management and variable governance structures (Lubell et al.,

2020). Groundwater contributes 38% of California’s water

supply in an average year, and up to 46% or more during dry

years, while some agricultural and disadvantaged communi-

ties rely on groundwater for up to 100% of their water sup-

ply (California Department of Water Resources, 2020). This

suggests that tensions will grow in the future as pumping reg-

ulations are enacted to prevent groundwater overdraft. Water

is an essential input for crop production in this region, and

therefore impacts on cost, availability, or quantity will limit

the capacity of growers to manage this resource.

More than one-third of the country’s vegetables and two-

thirds of the country’s fruits and nuts are grown in Califor-

nia (California Department of Food and Agriculture, 2020). A

decrease in water availability because of new regulations has

implications for maintaining the same area under irrigation

into the future and could mean completely rethinking land

use and resource management in California and food systems

in the greater United States. Impacts of groundwater decline

were already being felt before SGMA was signed into law.
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Due to the increasing incidence of prolonged drought, Cal-

ifornia saw a decline of more than 80,000 ha of irrigated

land between 2004 and 2006, while nearly 100,000 ha had

to be idled in 2014 alone (Ayars et al., 2015). It is projected

that an additional 200,000 ha of land in the San Joaquin Val-

ley may have to be retired to address groundwater overdraft

issues under SGMA, representing around 5–10% of current

irrigated area (Hanak et al., 2019). Uncertainty and difficulty

around water resource planning and management is amplified

by increasing unpredictability of weather patterns and insuffi-

cient storage (including groundwater recharge) to capture sur-

face water during wet years. Annual rainfall varies greatly in

California – more notably than in other parts of the country –

which makes predicting rainfall year-to-year a challenge (Cal-

ifornia Department of Water Resources, 2015; Dettinger et al.,

2011). The Sacramento Valley has higher rainfall than the San

Joaquin Valley, and SGMA is going to impact the SSJV much

more. For these reasons, it was unsurprising that irrigation

and water management were ranked as top management chal-

lenges for survey respondents and that regulations on water

use were the greatest concerns in the San Joaquin Valley.

While there is uncertainty around the future of water in Cal-

ifornia, agronomic crops can provide some flexibility in land

use that permanent crops cannot provide. For instance, fields

can transition in and out of production based on available

water. In addition, land under summer annual crops could be

used for groundwater recharge during winter periods, which

entails flooding agricultural fields intentionally when fresh-

water is available to increase capture and storage in depleted

aquifers. This practice has gained attention to help balance

levels of pumping and recharge for groundwater basins under

SGMA (Hanak et al., 2019; Waterhouse et al., 2020). Prelim-

inary research indicates this may also be possible in perennial

field crops such as alfalfa, with few negative effects occur-

ring for crop productivity in a short-term study (Dahlke et al.,

2018). However, water quality is also a factor to consider

when practicing managed aquifer recharge, and caution is par-

ticularly needed to prevent nitrate and salt leaching leading to

groundwater contamination (Waterhouse et al, 2020). At the

same time, research suggests that agronomic crops that are

part of a flooded area for recharge can serve as intermittent

wetlands for migratory birds (Shuford et al., 2019). Given the

increasing importance of groundwater recharge in California,

evaluating the benefits and risks for agronomic crops repre-

sents an area for future research.

4.2 Concerns around chemical use

A large portion of respondents (59%) expressed that they are

“very concerned” about regulations on chemical use, such

as pesticides, fertilizers, and herbicides. California agricul-

ture is more regulated than any state in the country. Given

new or impending bans on agrochemicals in the state, it

makes sense that growers are concerned about losing tools

and finding alternatives. California’s recent ban on chlorpyri-

fos – an inexpensive and effective pesticide used nationwide

since 1965 – highlights this issue. Chlorpyrifos exposure has

been linked to harmful health effects, including neurodevel-

opmental disorders (Gómez-Giménez et al., 2017; Gómez-

Giménez et al., 2018; Rauh et al., 2011; Silva et al., 2017).

California, along with Hawaii and New York, banned chlor-

pyrifos despite the U.S. Environmental Protection Agency

(USEPA) removing the ban at the federal level in 2019. Cali-

fornia users were required to stop using this active ingredient

on 31 Dec. 2020 while other states continue to use this prod-

uct, although this is still an active issue and future changes are

likely. Approximately 1 yr after this survey was disseminated

(August 2021), the USEPA revoked all food tolerances for

chlorpyrifos nationwide, meaning applications to food com-

modities will no longer be allowed if registered food uses are

canceled.

The ban on chlorpyrifos has, and will likely continue to be

noticed, where it was most heavily used. This includes Fresno,

Tulare, Kern, and Kings counties, all of which have strong rep-

resentation in our survey. The period between 1991 and 2012

saw large increases in chlorpyrifos use in these four counties

(up to 97%) (Bale, 2014). Effects will also be felt heavily in

alfalfa production since chlorpyrifos is the most popular wide-

spectrum insecticide for management of key alfalfa pests, such

as alfalfa weevil (Hypera postica) and aphids (Long et al.,

2019). In our survey, 65% of alfalfa growers and consultants

said that they were “very concerned” about regulations on

chemical use.

There are also impending regulations on neonicotinoids in

California, which are commonly used on cotton, corn, and

grains. Neonicotinoids have become the most widely used

class of insecticide in the world (Casida & Durkin, 2013;

Jeschke et al., 2011). However, recent evidence has linked

these chemicals to honeybee (Apis mellifera) colony collapse

and declining pollinator health (Henry et al., 2012; Wood &

Goulson, 2017). Also, because of the high solubility of neon-

icotinoids in water, they readily leach into water bodies and

can persist over multiple years, which has implications for

aquatic species (Gupta et al., 2008; Tisler et al., 2009). In

July 2018, the California Department of Pesticide Regulation

(DPR) announced that they would not consider applications of

any new uses of neonicotinoid insecticides until re-evaluation

of these chemicals is completed (DPR, 2021). An addendum

was published in January 2019, and the investigation is ongo-

ing (DPR, 2021).

In addition to chemical bans, there are significant chal-

lenges with getting new products registered in California. Cal-

ifornia is unique in that tens of thousands of residents live

near farmland and agricultural production requires laborers

throughout the year. Therefore, the effects of pesticide use at
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the agricultural-urban boundary and the potential effects on

farmworkers are key evaluation factors for product registra-

tion by the California DPR, (DPR, 2017). In contrast, fed-

eral pesticide law (Federal Insecticide, Fungicide, and Roden-

ticide Act, FIFRA) mandates that the USEPA consider the

economic benefits of a pesticide when deciding whether to

register it, whereas the financial advantages of using a pes-

ticide cannot outweigh the health risks of use under Califor-

nia law. This is beneficial for communities, farmworkers, and

consumers – yet California growers and input suppliers are

disadvantaged when market competitors have access to chem-

icals not available for crop production in California.

Another challenge that is unique to agronomic crops in Cal-

ifornia, such as wheat, is that the market for new crop pro-

tection products is relatively small compared to other regions

where higher acreage crops like corn, soybean [Glycine max
(L.) Merr.], or wheat is produced. This reduces the finan-

cial incentive for chemical companies to support the research

and regulatory processes necessary to register new products

in the state. Limiting the availability of different chemistries

or modes of action results in challenges with pesticide man-

agement since the overuse of individual products increases

the likelihood of pests developing resistance. Accordingly, the

decreasing efficacy of a product might cause certain pesti-

cides to be used less frequently by growers faster than reg-

ulatory bans.

4.3 Weed management challenges

Weed control was ranked as the top management challenge by

growers and consultants. Weed control as a category in our

survey was broad and could mean many things – new weed

species, herbicide resistance, drift issues, or regulating the use

of certain herbicides. Total weed control costs in the United

States are more than $11 billion a year, most of which is spent

on herbicides (Koleva & Schneider, 2009). The direct annual

cost to monitor and control invasive weeds in California is

estimated at around US$82 million (Brusati, 2009). Herbicide

resistance is a growing concern in cropping systems through-

out the state, particularly in rice (Hanson et al., 2014).

Weed management is a broad and complex issue, and

UCCE must work directly with agronomic crop producers to

determine future directions of weed management research.

Knowledge is continually developing about how to effectively

conduct research and outreach for greater impact. For exam-

ple, the “co-production” of knowledge between “experts” and

“users” is especially important in weed research, which is

strongly impacted by crops and regions (Kettenring & Adams,

2011; Matzek et al., 2015; Roux et al., 2006). Without prac-

titioner insight, researchers might produce studies with lim-

ited relevance to local management conditions (Esler et al.,

2010; Kettenring & Adams, 2011; Matzek et al., 2015). Addi-

tionally, UCCE has seen a reduction in regional weed control

specialists and the UC Division of Agriculture and Natural

Resources has not hired a weed specialist for agronomic crops

since the last specialists’ retirement in 2013. Not replacing

UCCE personnel who retire is perhaps why loss of agricul-

tural knowledge was listed as a concern by respondents.

4.4 Raising awareness around climate
change

It is notable that when asked about concerns for agronomic

crop production, a quarter of the respondents (24%) stated

they were not concerned about changing weather and cli-

mate. Yet, the Salinas Valley and the San Joaquin Valley –

particularly the corridor between Fresno and Merced – as

well as the Imperial Valley – are predicted to be some of

the most vulnerable agricultural regions to climate change

(Pathak et al., 2018). The increased rate and scale of weather

variability in California today is unprecedented for farmers

and ranchers, and there is a wealth of evidence that chang-

ing weather and climate will impact agronomic crops (Hat-

field et al., 2014; Natural Resources Agency, 2014). There-

fore, despite this issue not ranking as a high-priority con-

cern among respondents, UCCE should consider program-

ming around education on the predicted impacts of climate

change, which will bring unprecedented challenges and needs.

An earlier study using process-based crop models predicted

that heat waves in May will become common in the state,

causing yield losses of 1–10% for corn, rice, and sunflower,

while heat waves in June will affect corn and sunflower pro-

duction (Hatfield et al., 2014). The effects of elevated CO2

concentration have been associated with reduced nitrogen and

protein content in some agronomic crops, causing a reduction

in grain and forage quality (Morgan et al., 2004).

Climate change will also impact the other management

challenges discussed above. Water resources, particularly sur-

face water supply derived from snowpack, are projected

to decline significantly (California Department of Water

Resources, 2015; Pathak et al., 2018). Weed management

will also experience new challenges. For instance, while

glyphosate has been projected to lose its efficacy on weeds

as CO2 levels rise, there are also predictions that increased

atmospheric CO2 concentrations will have a positive impact

on several weed species, which may contribute to increased

risk of crop loss due to weed pressure (Vilá et al., 2021).

As a result, both herbicide use and costs are expected to

increase as CO2 levels rise (Koleva & Schneider, 2009). In

a recent survey for California rangelands, practitioners over-

whelmingly recognized an increase in weed problems in the

past 5–10 yr and acknowledged a negative effect of Califor-

nia drought on weed management given the invasive nature

of weeds (Yue et al., 2020). To help deal with impacts of cli-
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mate change on agronomic crop production, UCCE should

think critically about how to raise awareness around predicted

climate impacts and focus on adaptation strategies, like test-

ing new varieties adapted to warmer climates. This is a good

example in needs assessments where growers are not nec-

essarily requesting education on climate change, and it may

have limited short-term benefits in terms of management, but

the evidence about negative impacts on agronomic crops sug-

gests more weight should be given to this issue. Our conclu-

sions about education will depend on whether climate change

is incremental or transformative, meaning immediate drastic

effects will occur. If incremental, then allied industries may

be able to develop technologies to adapt, whereas education

is more necessary if climate change is transformative.

4.5 Priorities and motivations

Results indicate that growers’ priorities in management deci-

sions often reflect more immediate than long-term challenges.

For instance, pressures such as water resources and eco-

nomic viability of farming operations appear to take priority

over longer-term adaptations to a changing climate. There-

fore, it is crucial that UCCE is conscious of this tension in

developing programs, and efforts are made to balance imme-

diate priorities (e.g., crop yield and quality), while helping

growers adapt to broader future challenges like evaluating

drought or heat-tolerant crop varieties.

Water availability was not only the key concern, as dis-

cussed above, but also the highest priority consideration for

grower management decisions. Profitability ranked second

as a priority but also as a primary reason for growing agro-

nomic crops, immediately following the benefits of crop rota-

tion. We did not define crop rotation benefits in our survey,

thus grower perceptions could include economic or ecolog-

ical dimensions. Common benefits include economic prof-

itability, as well as helping to manage pests, diseases, and

weeds, or improving soil health and on-farm biodiversity (Li

et al., 2020; Liebman & Dyck, 1993; Rusch et al., 2013).The

economics of rotations depend not only on long-term prof-

its but risk management, timing of operations, and other

system-level factors (Hendricks et al., 2014). In California,

the sequence of crops grown in different regions is flexible

and variable, but often agronomic crops, which tend to be

lower in value, are rotated with higher-value crops. There-

fore, agronomic crops may not be expected to show profits

on their own, but only in the context of the rotation, espe-

cially if the agronomic crop contributes positively to the pro-

duction of other crops, for example by reducing pest manage-

ment costs of subsequent crops. Agronomic crops also provide

other practical opportunities for field management and logis-

tics. For instance, producing wheat in the last year of the life of

drip tape allows wheat to be harvested in mid-summer, provid-

ing several months to replace the irrigation system before the

start of fall rains. From an ecological perspective, however,

the benefits of crop rotation are not always immediately evi-

dent, and current economic pressures could discourage rota-

tion with lower value agronomic crops.

Land stewardship was another priority in management

decisions for growers. Land stewardship was not explicitly

defined in our survey and it can mean different things to dif-

ferent people. Care for the land can be motivated by economic

returns, social norms, and farmer values (Mills et al., 2017).

Growers may view land stewardship in economic terms,

where investments in soil and water resources (e.g. subsurface

drip irrigation) are important for maintaining profitable pro-

duction over the long-term. Land stewardship has also been

described in an ethical context as a “deeply held inner convic-

tion that compels and inspires people to be responsible care-

takers of the land entrusted to them” (Nelle, 2017). Interest-

ingly, while 41% of growers said that they always consider

land stewardship when making management decisions, only

24% said that they always consider natural resource conser-

vation.

On the surface, land stewardship and natural resource con-

servation appear to be similar in their goals to conserve

resources for future generations. However, land stewardship

likely encompasses broader values with more flexibility, pro-

viding greater autonomy for growers to make decisions based

on their specific experiences and farm needs (e.g., planting

cover crops to improve soil health or implementing practices

to address nutrient management, compaction, or soil cracking

concerns to support future gains in production). The motiva-

tion for land stewardship has also been described as “present

benefits to the landowner; benefits to future generations; and

the benefits that accrue to society outside the boundary of

the land” (Nelle, 2017). In contrast, several important natu-

ral resource conservation issues in California, such as water

and nitrogen management, are increasingly managed by state

agencies under a regulatory framework with strict compliance

and reporting protocols that represent a challenge for growers.

Thus, an important distinction that may be influencing grower

decision-making is that natural resource conservation is more

of a public value that does not provide individual economic

gains.

To achieve broader environmental goals and provide pub-

lic goods associated with agronomic crop production in Cal-

ifornia, it may be effective for UCCE to leverage the concept

of land stewardship in extension efforts. This is also impor-

tant for policymakers in thinking about expanding economic

incentive programs for land stewardship, such as the Healthy

Soils Program administered by the California Department

of Food and Agriculture, or various conservation programs

offered by USDA-NRCS. However, if incentive programs are

to be attractive to growers, they must be developed with an

understanding that building healthy soil is a long-term invest-
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ment and immediate impacts may not be observed. Address-

ing economic challenges to conservation practices is key, as

several studies have found that farmers’ ethical drive for land

stewardship appears to decline as economic pressures increase

(James & Hendrickson, 2008; Stuart, 2009). It has also been

argued that dependencies on agricultural markets limit farmer

choice, including the “freedom to make ethical decisions”

since farmers will do what they can to reduce risk (Hendrick-

son & James, 2016). Thus, to support growers in their land

stewardship practices, providing long-term economic support

is necessary to obtain public environmental benefits.

Finally, land tenure is an important consideration in sup-

porting land stewardship in management decisions. Almost

half of respondents in this survey (44%) farm on leased land. If

conservation practices are implemented, the ecological gains

will not necessarily benefit the producer who dedicates time

and resources to achieve them, and the tenant’s autonomy may

be limited by the landlord (Dula, 2017). Meanwhile, landown-

ers might be interested in returns only, and not support long-

term investments in the farm, such as compost or cover crops.

As the loss of family farms and consolidation of land con-

tinues, the trend toward tenant farming is increasing. Uncer-

tainty over how long a farmer will continue to farm-leased

land could make it difficult to make long-term investments in

the land without support from the landowner.

5 CONCLUSION

In this study we identified critical issues and factors influ-

encing decision-making for growers, consultants, and allied

industry working in agronomic crop production in a rapidly

changing context. Results highlight that growers and indus-

try face many environmental and economic uncertainties in

California, which has implications for other regions consid-

ering increased regulations. Water-related issues stood out

as both the greatest concern and primary management chal-

lenge. Agricultural water resources are under threat from a

changing climate and decreasing water supply, particularly

under the new legislation of SGMA. Weed control is also

a primary management challenge and the future of certain

agrochemicals in California is uncertain. Currently, there are

only a few weed UCCE advisors and no statewide weed spe-

cialist working in agronomic crops. Together these findings

indicate UCCE needs to devote more people and resources

to practical solutions for water/irrigation and weed man-

agement. While economic profitability and availability of

water were important priorities in management decisions,

results also demonstrate that growers highly value crop rota-

tion benefits and land stewardship, which represent areas for

future research and potential integration into outreach efforts.

The scope of this paper was to generate statewide conclu-

sions, but there was important variability in results given

the diversity of crops and production regions. Such differ-

ences should be accounted for in developing or adapting

future UCCE programs, in combination with other forms of

needs assessments and individual experience. To address the

challenges and priorities identified here, UCCE must con-

tinue developing innovative and cost-effective extension pro-

grams while working closely with growers to develop applied

information that integrates practitioner knowledge and is

relevant to the realities and constraints of agronomic crop

production.
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