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Production Challenges in Forage Systems: Needs Assessment in 
Northeast California 

Abstract 

A thorough understanding of the local farming challenges and needs is critical for the 

success of agricultural extension services. A survey was conducted to identify the key 

challenges and demands of irrigated forage systems of the Pit River watershed (PRW) 

of California. The survey was disseminated through local workshops and digital 

platforms in the spring of 2024, gathering a total of 102 responses from various 

stakeholders, predominantly farmers and ranchers. Production cost (73%) and irrigation 

management (53%) were highlighted as the primary areas of concern by respondents. 

Soil management and knowledge related to irrigation emerged as priorities for most 

forage producers to continue sustainable crop production. Such findings underscore the 

significance of targeted interventions to enhance agricultural resilience and productivity 

in Northeast California, acknowledging the diverse needs across California's agricultural 

regions. Overall, these survey results underscore the need for (a) local needs 

assessment and (b) increasing the extension personnel to address the efficient water 

and soil management in forages while reducing the input costs in forage production 

areas in the US. 



Abbreviations: PRW, Pit River Watershed; UCCE, University of California Cooperative 

Extension 
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Introduction 

California agriculture’s combined commodities represent 10.4% of the U.S. cash farm 

receipts, led by the dairy industry producing 18.2 % milk of the total US share (California 

Department of Food and Agriculture, 2022). Hay production in California exceeded the 

value of a billion dollars in 2022 making it into the top 15 commodities in California 

(California Department of Food and Agriculture, 2022).  

The University of California Cooperative Extension (UCCE) serves farmers facing a 

multitude of issues due to changing agricultural and environmental regulations, 

unpredictable weather patterns, frequent droughts, and water shortages. It is important 

to understand the most important farm-related issues of producers and stakeholders to 

steer extension programs in the right direction. The knowledge about local farming 

practices and existing barriers to adoption (Rudnick et al., 2023) could assist with 

resource allocation, focusing on high-priority areas, and providing research and 

extension vision (Martins et al., 2019). 

Each region of California is different from another in terms of agricultural commodities, 

geographic conditions, weather patterns, cropping seasons, cultural and social 

practices, market access, etc. The northeast corner of California (Modoc, Lassen, and 

Shasta counties) is an important agricultural region producing about 12% of the hay 

crop (alfalfa and other dry hay) and >80% of the wild rice crop in California (USDA 

NASS, 2022). The Pit River Watershed (PRW), originating from Warner Mountains, is 

the primary source of agricultural water in a large part of the forage-producing regions of 

Modoc, Lassen, and Shasta Counties (Figure 1). The intermountain counties of Modoc, 

Lassen, and Shasta are known to produce high-quality hay due to their short growing 



season and cool night temperatures (Orloff, 1997). Rising nut crop prices and 

increasing water pumping costs have driven a shift from field crops to nut crops in 

California’s Central Valley, creating pressure on other regions - such as the PRW area – 

where forage production has recently increased as well to support California dairies 

(Gebremichael et al., 2021). 

Efforts have been made to conduct needs assessment surveys to help set priorities that 

can be county- (Harder et al., 2009), state- (Kanter et al., 2021; Martins et al., 2019), 

region-specific (Ahern et al., 2003; Pires et al., 2024), multi-state (Cuppari et al., 2024) 

or national (Singletary et al., 2007). As the scope (region) widens for a survey, the 

overall response rate typically plummets in each county. Understanding current needs 

and resource allocation for specific counties or localities requires local surveys. Such 

local surveys are generally not conducted throughout the state, leading to state-wide 

surveys with low local response rates guiding state-wide priorities that might not 

represent the local issues.  

Some multi-state surveys have documented not even a single response per county 

within the surveyed states (Pires et al., 2024), which might misrepresent the local 

community's needs and result in inefficient resource allocation. Kanter et al. (2021) 

documented significant survey responses throughout California for a needs assessment 

study, with more than 20 responses per county from the Central Valley but only eight 

responses from the PRW. A recent needs assessment survey on farmers’ perception of 

climate-smart agriculture represented the PRW region with only one response in the 

statewide survey with >300 total responses (Ikendi et al., 2024). Thus, a local needs 

assessment from the PRW is necessary to confirm the documented statewide needs 

assessment and identify local issues. 

The primary goal of this study was to conduct a local needs assessment of the 

agricultural community for the forage production region of the Pit River Watershed in 

California (Figure 1). The objectives of the study were to i) identify the major agricultural 

issues and management challenges faced by growers and ii) identify major 

needs/demands of the agricultural industry from UCCE. This study assessed the needs 



of local agronomic industry stakeholders to strengthen local research and extension 

efforts and efficient resource allocation.  

 
Figure 1. The map of California highlighting the study region is shown in red rectangle; 
the study region consists of Pit River watershed (shown in blue color), irrigated 
agricultural areas (shown in green color), three counties namely- Modoc, Lassen, and 
Shasta Counties with number of respondents (n) from each county. 

 

Materials and Methods 

The survey questionnaire consisted of 11 closed-ended questions (multiple choices, 

rank order) and one open-ended question to identify major commodities, farm 

challenges/issues, irrigation systems, interests in specific topics, and preferred 

education and outreach methods for the local agricultural stakeholders (Appendix A). 

The survey was reviewed by other UCCE advisors and specialists before the 

conceptualization and finalization. Also, the survey was reviewed and declared exempt 

by the University of California Institutional Review Board. 



During Spring 2024, the paper survey was disseminated through various local 

agricultural workshops and meetings organized by UCCE in McArthur (Shasta Co.), 

Alturas (Modoc Co.), Susanville (Lassen Co.), and Cedarville (Modoc Co.) (Appendix 

B). An email was sent to an extension email list of Modoc (232 contacts) and Lassen 

County (133 contacts) to participate in the survey through Qualtrics, with a reminder 

email sent later. A survey questionnaire was also mailed out to 48 stakeholders in 

Shasta County via the US Postal Service. No incentives were provided for survey 

completion. All the responses, including in-person surveys, were recorded in Qualtrics 

at the end of the survey, and the complete data set was downloaded in the Microsoft 

Excel program to run descriptive statistics. 

 

Results and Discussion 

A total of 102 responses were collected for the local needs assessment survey. The 

respondents worked in one or more counties, with 49% in Modoc County, 56% in 

Lassen County, and 22% in Shasta County, respectively (n = 102) (Figure 1). Our 

response rate for the email lists of the PRW was >12%. The response rate was more 

than double compared to recent state-wide needs assessment surveys (Ikendi et al., 

2024; Kanter et al., 2021), showing the significance of local surveys. The total number 

of respondents increased from 1-8 (Kanter et al., 2021; Pires et al., 2024) to >100 (this 

study), corresponding to >6% of the total producers from Modoc and Lassen Counties, 

indicating an extensive outreach by extension survey. The total number of producers in 

Modoc, Lassen, and Shasta Counties are 833, 865, and 2078, respectively (USDA 

NASS, 2022). Most survey respondents were in contact with UCCE, which might skew 

the results, considering the late responders may not have attended the in-person 

workshops and meetings.  

In this study, respondents were categorized as producers (84%), followed by 

governmental agencies (12%), irrigation managers (7%), Pest Control Advisors/Certified 

Crop Advisors (5%), professional agronomists (5%), and allied industry (1%). Most 

respondents worked with hay production [grass (76%) and alfalfa (63%)], followed by 



irrigated pasture (62%), small grains for both hay and forage (47%), and rice production 

(21%) (Figure 2). The spike in producers' participation in local needs assessments helps 

the local extension personnel serve better.  

 
 

 
Figure 2. Survey respondents’ profession and association with agricultural production (a); 
respondents producing different commodities (b). 
 

Challenges in contemporary farm practices 

The survey listed ten options to identify challenges or concerns prevalent in the crop 

production sector, along with an option to mention any other challenge besides the 

listed options. Production cost and irrigation management were the top two concerns 

chosen by 73% and 53% of respondents (n = 99), respectively (Figure 3). These results 

are similar to the statewide needs assessment that documented water use regulations 
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and costs as top concerns (Kanter et al., 2024, 2021). The factors beyond the farmer’s 

control, such as international trade and export markets, can lead to unstable hay prices 

that are concerning for growers (Carter et al., 2023). The unprecedented formation of 

local agencies to comply with regulatory requirements in California is mainly driven by 

farmer funds, such as local Groundwater Sustainability Agencies (GSAs) (Harter, 2020). 

Moreover, California’s frequent drought events greatly impact agricultural economics by 

reducing water availability and increasing crop water demands, hence increasing 

production costs (Escriva-Bou et al., 2022; Lund et al., 2018). 

Irrigation management was ranked second in the farm challenges or concerns by 53% 

of respondents. Water-related concerns were ranked highest in the recent statewide 

needs assessment surveys, reflecting the challenge in agricultural water management 

(Ikendi et al., 2024; Kanter et al., 2024, 2021). Irrigation water management becomes a 

priority for riparian water and groundwater in drought-prone Californian landscapes (Liu 

et al., 2022), especially in the alfalfa-producing Western US (Putnam and Orloff, 2016), 

when groundwater regulations are being imposed, other sectors compete for water 

supply (Hrozencik, 2021), and high variability of precipitation and shifts in its patterns 

occur (Pathak et al., 2018). 

Furthermore, 45% of respondents were concerned about nutrient management, 39% 

about pest management and commodity price, and 32% chose labor 

availability/regulations as a concerning factor (Figure 3). Nutrient management is 

necessary for optimizing crop yields, increasing nutrient use efficiencies, reducing 

environmental losses, and economic profitability (Singh et al., 2024b; Yadav et al., 

2019) depending upon existing soil conditions (Singh et al., 2025b). Coupled nutrient 

and irrigation management further reduces environmental losses while maintaining crop 

yields, resulting in increased economic profitability and resource (water and nutrient) 

use efficiencies (Di Paolo and Rinaldi, 2008; Kamran et al., 2022; Singh et al., 2025a). 

The studies performed in Northern California for nitrate-contaminated water excluded 

the PRW region due to no or little availability (<10%) of data points (Burrow et al., 

2013), leading to less focus on nutrient management in the PRW region.  



Figure 3. Percentage (%) of respondents highlighting the major challenges and concerns 
faced. 

Pest populations are becoming increasingly resistant to management practices in 

California (Brunharo and Hanson, 2018; Rodbell et al., 2022), partially due to 

restrictions on the use of certain chemicals in pest control in the past (EPA, 2021; 

Kanter et al., 2021). For example, the chlorpyrifos ban controlling alfalfa weevil and 

aphids, or glyphosate-resistant alfalfa in California, are major concerns in the alfalfa 

production system (Long et al., 2019; Loveland et al., 2023). Additionally, weeds are 

often the primary limitation to crop yields with considerable water consumption (Norris, 

1996; Singh et al., 2022). Seasonal farm labor needs are mainly (>70%) compensated 

for by unauthorized farm labor (Martin, 2017; Goodhue and Martin, 2014), which reflects 

the desperate challenges of farm labor in the state.  

The production challenges ranking below 17% were identified in the categories of water 

quality, consumer demand, changing climate, and market access. Our study found that 

88% of the farmers in the region do not have concerns about climate change, which is 

considerably (almost four times) higher than the state-wide survey by Kanter et al. 

(2021). Another statewide survey focused on climate-smart agriculture documented that 

67% of the farmers believe that climate change is happening, out of which 53% agree 

with acting against climate change (Ikendi et al., 2024) but had very low or negligible 

representation from the northeastern counties of California. The growers from Northern 
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California (including the PRW region) attribute the changing climatic conditions to 

weather cycles and harsh geographies with a strong denial of anthropogenic climate 

change (Peterson-Rockney, 2022). In contrast, evidence suggests that climate change 

can impact forage yield and quality, and soil conditions (Morgan et al., 2004; Singh et 

al., 2024a; Singh et al., 2025b; Thivierge et al., 2023). 

Irrigation management 

According to the survey responses for irrigation method, 71% of respondents utilize flood 

irrigation, making it the most common practice, followed by center-pivot systems at 53% 

of respondents, and wheel-line irrigation being used by 36% of respondents (n = 91). 

Dryland agriculture production is prevalent in the PRW region, where 37% of the 

respondents have dryland production (Figure 4). 

 
Figure 4. Different irrigation practices utilized by the percentage (%) of respondents 
(n=91). 

Efficient irrigation practices are necessary for agriculture as inefficient irrigation leads to 

economic losses in terms of both crop yield losses and energy costs. In terms of 

irrigation scheduling, personal experience ranked as the top metric used on when and 

how much to irrigate, i.e., 89% of the respondents (n = 89) (Figure 5). Soil moisture 

sensors (18%) and evapotranspiration (ET) data (16%) are used for irrigation decisions, 

while only half of the respondents measured the irrigation volume. This survey suggests 

that flood irrigation and overhead sprinkler systems are the primary irrigation methods. 

Water use efficiency of these systems can be improved through technical assistance as 
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(a) only half respondents measure irrigation volume, and (b) the distribution uniformity 

of flood irrigation is low. Crop productivity is directly impacted by soil spatial variability, 

and lesser measurements might lead to overapplication of water (Anderson et al., 2023; 

Singh, 2021; Singh and Kukal, 2024). 

Figure 5. Factors that drive the irrigation decision-making process for respondents. 

 

Outreach demand 

The respondents were interested in learning about better farm management, with soil 

management ranking on top, with 57% of respondents wanting more educational and 

extension efforts in the region (n = 82) (Figure 6). Holistic soil management is necessary 

through regenerative management practices for improving crop productivity, water 

quality, and soil health (Singh et al., 2023). A recent survey in Utah reports that 52% of 

crop advisors do not have the required information and answers regarding soil health 

practices (Petrzelka et al., 2024), indicating the need for training and information. In 

California, the governmental incentive programs focused on soil health might serve as 

motivation for the growers to educate themselves about soil management (California 

Department of Food and Agriculture, 2025). 

Following soil management, water-related practices were the desired topic of interest for 

learning among the respondents. Crop water requirements and irrigation scheduling 

ranked second among the topics backed by 57% of respondents, whereas innovative 

irrigation equipment (51%) ranked third in the list (n = 82) (Figure 6). This is a positive 
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sign for reducing irrigation water use in California, as Arizona has reduced the quantity of 

water used by 5% while increasing its irrigated cropland by 10% from 2007 to 2017 

(Mpanga and Idowu, 2021). Automated surface irrigation techniques can be beneficial in 

regions with flood irrigation as a primary distribution system to conserve water and reduce 

labor costs as compared to manual irrigation (Champness et al., 2023). 

 

Figure 6. Percentage (%) of respondents interested in future educational and 
outreach efforts related to agricultural operations. 

Other topics of interest included crop management and alternative forage crops; both 

being ranked as an important topic by 44% of respondents. From a crop management 

perspective, salinity and cultivar effects on alfalfa forage yield and nutritive value 

(Anderson et al., 2023; Singh, 2021) have been studied. Alfalfa decreases nitrate 

leaching potential and improves soil carbon, but at the cost of soil water (Singh et al., 

2023). Therefore, the need for research on alternate forage crops arises which is limited 

in California, but there are few promising studies in the western US to find alternate 

cropping practices due to the volatile crop prices of traditional systems (Wieme et al., 

2020). Deficit irrigation techniques and niche markets ranked low in the list, with <30% 

of the respondents showing interest in the region compared to other parts of California 

and the US (Montazar et al., 2020, 2016; Singh et al., 2025) and needs more attention 

as deficit irrigation improves water use efficiency and is not costly to adopt. As the 
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producers are 40% more likely to adopt practices supported by on-farm research than 

research conducted in university trials (Pires et al., 2024), local producer engagement in 

research should be continued. With the advancement and desire to adopt technology, 

social media can become a source of information and influence. According to Bagnall et 

al. (2023), mentoring from early adopters helps late adopters for easy adoption, as 

collaborative research is important for mutual learning among diverse stakeholder 

groups for adaptive management and efficient resource use (Hardie Hale et al., 2022). 

Careful considerations should be taken into account when implying the results from this 

survey to other regions, such as different geographic conditions, commodities produced, 

and production factors that might be different than the region surveyed in this study. 

This study underscores the importance of assessing the local needs for any agricultural 

region. 

 

Conclusions 

Our survey demonstrated that production cost and irrigation management are among 

the major challenges in the forage production systems of the Pit River watershed of 

California. Nutrient and pest management are also seen as major farming concerns in 

the region. These challenges are reflected in the grower’s desire to learn about soil 

management and water-related practices through local organizations. This survey 

covered ~6% of the total farmers in the region and found that locals do not prioritize 

water quality and climate change as the state-wise surveys suggest, while agreeing with 

the need for regenerative management practices (water, nutrients, pest) to increase 

resource use efficiency. In the face of ongoing farm challenges, need-based local 

education and extension outreach are necessary to provide growers with the required 

technical assistance for sustainable agricultural production. Local understanding of 

farming communities and industry is pivotal for efficient resource allocation and fruitful 

research and extension programs due to geographical diversity within state boundaries 

or regions. This study provides insights for the UCCE irrigated systems program in the 



PRW region to help improve resource (water and nutrient) management and soil health 

by collaborating with stakeholders (farmers, ranchers, industry, and others).  

 

Acknowledgements 

We acknowledge the support from Laura K. Snell, David F. Lile, and Larry C. Forero for 

providing the county email lists and support during the process. We appreciate the 

support from other local agricultural stakeholders. We also thank the four anonymous 

reviewers for their time and suggestions.  

 

Literature Cited 

Ahern, M.C., J. Yee, and J.S. Bottum. 2003. Regional trends in extension system 
resources. Agriculture Information Bulletin Number 781. 

Anderson, A.W., U. Gull, S.E. Benes, S. Singh, R.B. Hutmacher, E.C. Brummer, and 
D.H. Putnam. 2023. Salinity and cultivar effects on alfalfa forage yield and nutritive 
value in a Mediterranean climate. Grassland Research 2(3):153–166. 
Bagnall, D.K., W.A. McIntosh, C.L. Morgan, R.T. Woodward, M, Cisneros, M. Black, 
E.M. Kiella, and S. Ale. 2020. Farmers’ insights on soil health indicators and adoption. 
Agrosystems, Geosciences and Environment 3(1): e20066. 
Brunharo, C.A., and B.D. Hanson. 2018. Multiple herbicide–resistant Italian ryegrass 
[Lolium perenne L. spp. multiflorum (Lam.) Husnot] in California perennial crops: 
characterization, mechanism of resistance, and chemical management. Weed Science 
66(6): 696-701.  
Burrow, K. R., B.C. Jurgens, K. Belitz, and N.M. Dubrovsky. 2013. Assessment of 
regional change in nitrate concentrations in groundwater in the Central Valley, 
California, USA, 1950s–2000s. Environmental Earth Sciences 69(8): 2609-2621. 
California Department of Food and Agriculture. 2025. Healthy Soils Program. Accessed 
on March 14, 2025. https://www.cdfa.ca.gov/oefi/healthysoils/ 
California Department of Food and Agriculture. 2022. California Agricultural Statistics 
Review 2022-2023. Accessed on March 14, 2025. 
https://www.cdfa.ca.gov/Statistics/PDFs/2022-
2023_california_agricultural_statistics_review.pdf  

https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/Statistics/PDFs/2022-2023_california_agricultural_statistics_review.pdf
https://www.cdfa.ca.gov/Statistics/PDFs/2022-2023_california_agricultural_statistics_review.pdf


Carter, C.A., S. Steinbach, and X. Zhuang. 2023. Supply chain disruptions and 
containerized agricultural exports from California ports. Applied Economic Perspectives 
and Policy 45(2): 1051-1071. 
Champness, M., L. Vial, C. Ballester, and J. Hornbuckle. 2023. Evaluating the 
performance and opportunity cost of a smart-sensed automated irrigation system for 
water-saving rice cultivation in temperate Australia. Agriculture 13(4): 903.  
Cuppari, R.I., A.S. Fernandez-Bou, G. Characklis, M. Ramirez, M.A. Nocco, and M. 
Abou-Najm. 2024. Drivers of agrivoltaic perception in California and North Carolina. 
Environmental Research: Food Systems 1(2): 021003. 
Di Paolo, E., and M. Rinaldi. 2008. Yield response of corn to irrigation and nitrogen 
fertilization in a Mediterranean environment. Field Crops Research 105(3): 202-210. 
EPA (Environmental Protection Agency). 2021. Chlorpyrifos. Accessed on March 14, 
2025. https://www.epa.gov/ingredients-used-pesticide-products/chlorpyrifos.  
Escriva-Bou, A., J. Medellin-Azuara, E. Hanak, J. Abatzoglou, and J. Viers. 2022. 
Drought and California’s agriculture. Public Policy Institute of California. Accessed on 
May 05, 2025. https://www.ppic.org/wp-content/uploads/policy-brief-drought-and-
californias-agriculture.pdf  
Gebremichael, M., P.K. Krishnamurthy, L.T. Ghebremichael, and S. Alam. 2021. What 
drives crop land use change during multi-year droughts in California’s Central Valley? 
Prices or concern for water? Remote Sensing 13(4): 650.  
Goodhue, R.E., and P.L. Martin. 2014. Labor, water, and California agriculture in 2014. 
ARE Update 17(4):5-8. University of California Giannini Foundation of Agricultural 
Economics. Accessed on May 23, 2025. 
https://s.giannini.ucop.edu/uploads/giannini_public/6a/68/6a686c98-b0db-4d52-ab61-
96be2fa4bfe1/v17n4_2.pdf  
Harder, A., A. Lamm, and R. Strong. 2009. An Analysis of the Priority Needs of 
Cooperative Extension at the County Level. Journal of Agricultural Education 50(3): 11-
21. 
Hardie Hale, E., C.C. Jadallah, and H.L. Ballard. 2022. Collaborative research as 
boundary work: learning between rice growers and conservation professionals to 
support habitat conservation on private lands. Agriculture and Human Values 39(2): 
715-731.  
Harter, T. 2020. California’s 2014 sustainable groundwater management act–from the 
back seat to the driver seat in the (inter) national groundwater sustainability movement, 
pp. 511-536 In: (J.D. Rinaudo, C. Holley, S. Barnett, M. Montginoul, eds.) Sustainable 
Groundwater Management. Springer, Cham.  
Hrozencik, R.A. 2021. Trends in U.S. Irrigated Agriculture: Increasing Resilience Under 
Water Supply Scarcity, EIB-229, U.S. Department of Agriculture, Economic Research 
Service. Accessed on March 14, 2025. https://ssrn.com/abstract=3996325.  
 

https://www.epa.gov/ingredients-used-pesticide-products/chlorpyrifos
https://www.ppic.org/wp-content/uploads/policy-brief-drought-and-californias-agriculture.pdf
https://www.ppic.org/wp-content/uploads/policy-brief-drought-and-californias-agriculture.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/6a/68/6a686c98-b0db-4d52-ab61-96be2fa4bfe1/v17n4_2.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/6a/68/6a686c98-b0db-4d52-ab61-96be2fa4bfe1/v17n4_2.pdf
https://ssrn.com/abstract=3996325


Ikendi. S., N. Pinzon, V. Koundinya, N. Taku-Forchu, L.M. Roche, S.M. Ostoja, L.E. 
Parker, D. Zaccaria, M.H. Cooper, J.N. Diaz-Ramirez, S. Brodt, M. Battany, J.P. Rijal 
and T.B. Pathak. 2024. Climate smart agriculture: assessing needs and perceptions of 
California’s farmers. Frontiers in Sustainable Food Systems 8: 1395547.  
Kamran, M., Z. Yan, Q. Jia, S. Chang, I. Ahmad, M.U. Ghani, and F. Hou. 2022. 
Irrigation and nitrogen fertilization influence on alfalfa yield, nutritive value, and resource 
use efficiency in an arid environment. Field Crops Research 284: 108587.  
Kanter, J., N. Clark, M.E. Lundy, V. Koundinya, M. Leinfelder‐Miles, R. Long, S.E. Light, 
W.B. Brim-DeForest, B. Linquist, D.H. Putnam, R.B. Hutmacher and C.M. Pittelkow. 
2021. Top management challenges and concerns for agronomic crop production in 
California: Identifying critical issues for extension through needs assessment. Agronomy 
Journal 113(6): 5254-5270.  
Kanter, J., M. Leinfelder-Miles, N. Clark, M.E. Lundy, V. Koundinya, R. Long, S.E. Light, 
W.B. DeForest, B. Linquist, D.H. Putnam, R.B. Hutmacher, and C.M. Pittelkow. 2024. 
Setting research and extension priorities for agronomic crops in California. California 
Agriculture 78(2): 88-99. 
Liu, P. W., J.S. Famiglietti, A.J. Purdy, K.H. Adams, A.L. McEvoy, J.T. Reager, R. 
Bindlish, D.N. Wiese, C.H. David, and M. Rodell 2022. Groundwater depletion in 
California’s Central Valley accelerates during megadrought. Nature Communications 
13(1): 7825.  
Long, R., D.H. Putnam, and I. Grettenberger. 2019. The end of chlorpyrifos in California 
will profoundly impact alfalfa IPM and pest resistance: what are the alternatives? Alfalfa 
and Forage News. UC Division of Agriculture and Natural Resources. University of 
California. Accessed on March 14, 2025. 
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=38538 
Loveland, L.C., S.B. Orloff, M.A. Yost, M. Bohle, G.C. Galdi, T. Getts, D.H. Putnam, 
C.V. Ransom, D.A. Samac, and J.E. Creech. 2023. Glyphosate‐resistant alfalfa can 
exhibit injury after glyphosate application in the Intermountain West. Agronomy Journal 
115(4): 1827-1841.  
Lund, J., J. Medellin-Azuara, J. Durand, and K. Stone. 2018. Lessons from California’s 
2012–2016 drought. Journal of Water Resources Planning and Management 144(10): 
04018067. 
Martin, P. 2017. Immigration and farm labor: challenges and opportunities. University of 
California Agriculture and Natural Resources. Accessed on March 14, 2025. 
https://s.giannini.ucop.edu/uploads/giannini_public/dd/d9/ddd90bf0-2bf0-41ea-bc29-
28c5e4e9b049/immigration_and_farm_labor_-_philip_martin.pdf  
Martins, J.P.N., B.M. Karle, and J.M. Heguy. 2019. Needs assessment for cooperative 
extension dairy programs in California. Journal of Dairy Science 102(8): 7597-7607.  
Montazar, A., O. Bachie, D. Corwin, and D. Putnam. 2020. Feasibility of moderate 
deficit irrigation as a water conservation tool in California’s low desert alfalfa. Agronomy 
10(11): 1640. 

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=38538
https://s.giannini.ucop.edu/uploads/giannini_public/dd/d9/ddd90bf0-2bf0-41ea-bc29-28c5e4e9b049/immigration_and_farm_labor_-_philip_martin.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/dd/d9/ddd90bf0-2bf0-41ea-bc29-28c5e4e9b049/immigration_and_farm_labor_-_philip_martin.pdf


Montazar, A., J. Radawich, D. Zaccaria, K. Bali, and D. Putnam. 2016. Increasing water 
use efficiency in alfalfa production through deficit irrigation strategies under subsurface 
drip irrigation. Water Shortage and Drought: From Challenges to Solutions, USCID 
Water Management Conference 195-210. U.S. Committee on Irrigation and Drainage. 
Morgan, J.A., A.R. Mosier, D.G. Milchunas, D.R. LeCain, J.A. Nelson, and W.J. Parton. 
2004. CO2 enhances productivity, alters species composition, and reduces digestibility 
of shortgrass steppe vegetation. Ecological Applications 14(1): 208-219.  
Mpanga, I. K., and O.J. Idowu. 2021. A decade of irrigation water use trends in 
southwestern USA: The role of irrigation technology, best management practices, and 
outreach education programs. Agricultural Water Management 243: 106438.  
Norris, R.F. 1996. Water use efficiency as a method for predicting water use by weeds. 
Weed Technology 10(1): 153-155. 
Orloff, S.B. 1997. Introduction, pp. 1-2. In: (S.B. Orloff, ed.) Intermountain Alfalfa 
Management. University of California Division of Agriculture and Natural Resources 
Publication 3366, Oakland, CA. 
Pathak, T.B., M.L. Maskey, J.A. Dahlberg, F. Kearns, K.M. Bali, and D. Zaccaria. 2018. 
Climate change trends and impacts on California agriculture: a detailed 
review. Agronomy 8(3): 25. 
Peterson-Rockney, M. 2022. Social risk perceptions of climate change: A case study of 
farmers and agricultural advisors in northern California. Global Environmental Change 
75:102557.  
Petrzelka, P., J.D. Ulrich-Schad, M. Yost, and M.J. Barnett. 2024. Crop advisors in the 
intermountain west and the challenges of soil health. Agricultural and Environmental 
Letters 9(2): e20142. 
Pires, C.B., F.S. Krupek, G.I. Carmona, O.A. Ortez, L. Thompson, D.J. Quinn, A.F.B. 
Reis, R. Werle, P. Kovács, M.P. Singh, J.M.S. Hutchinson, D. Ruiz Diaz, C.W. Rice, 
and I.A. Ciampitti. 2024. Perspective of US farmers on collaborative on-farm agronomic 
research. Agronomy Journal 116: 1590–1602.  
Putnam, D.H., and S. Orloff. 2016. Agronomic factors affecting forage quality in alfalfa, 
pp 1-14. In Proceedings, California Alfalfa and Forage Symposium, Reno, NV. 
Accessed on March 14, 2025. 
https://alfalfasymposium.ucdavis.edu/+symposium/proceedings/2016/Putnam%20Forag
e%20Quality.pdf  
Rodbell, E.A., M.L. Hendrick, I.M. Grettenberger, and K.W. Wanner. 2022. Alfalfa weevil 
(Coleoptera: Curculionidae) resistance to lambda-cyhalothrin in the western United 
States. Journal of Economic Entomology 115(6): 2029-2040.  
Rudnick, J., S.D.S. Khalsa, M. Lubell, M. Leinfelder-Miles, K. Gould, and P.H. Brown. 
2023. Understanding barriers to adoption of sustainable nitrogen management practices 
in California. Journal of Soil and Water Conservation 78(4): 347-363.  

https://alfalfasymposium.ucdavis.edu/+symposium/proceedings/2016/Putnam%20Forage%20Quality.pdf
https://alfalfasymposium.ucdavis.edu/+symposium/proceedings/2016/Putnam%20Forage%20Quality.pdf


Singh, A., T. Afzal, B. Woodbury, C. Wortmann, and J. Iqbal. 2023. Alfalfa in rotation 
with annual crops reduced nitrate leaching potential. Journal of Environmental Quality 
52(4): 930–938.  
Singh, A., and M.S. Kukal. 2024. Uncertainty resulting from constant bulk density 
assumption when interpreting soil nutrient concentrations. Agricultural and 
Environmental Letters 9(1): e20129. 
Singh, A., S. Kumar, L. Chen, M. Maruf, P. Lawrence, and M.H. Lo. 2024a. Land use 
feedback under global warming – a transition from radiative to hydrological feedback 
regime. Journal of Climate 37(14): 3847-3866. 
Singh, A., D. Rudnick, D.D. Snow, C. Proctor, L. Puntel, and J. Iqbal. 2024b. Impact of 
split nitrogen applications on nitrate leaching and maize yield in irrigated loamy sand 
soils of Northeast Nebraska. Agrosystems, Geosciences and Environment 7(3): 
e20554.  
Singh, A., D. Rudnick, D. Snow, C. Misar, G. Birru, C. Proctor, L. Puntel, and J. Iqbal. 
2025a. Intra-and inter-annual variability of nitrogen and irrigation management effects 
on nitrate leaching and maize yield in the Bazile Groundwater Management Area, 
Nebraska. Agriculture, Ecosystems and Environment 381: 109463.  
Singh, H., S. Singh, and A. Singh. 2025b. Understanding soil nutrient availability. Crops 
and Soils 58(4). 
Singh, M., M.S. Kukal, S. Irmak, and A.J. Jhala. 2022. Water use characteristics of 
weeds: Aa global review, best practices, and future directions. Frontiers in Plant 
Science 12: 794090. 
Singh, S. 2021. Characterization of spatial and temporal variability of soil salinity in 
relationship to alfalfa productivity. California State University, Fresno ProQuest 
Dissertations and Theses. Accessed on March 14, 2025. 
https://www.proquest.com/openview/9c15570b4764f0513117119f2b50e20b/1?pq-
origsite=gscholar&cbl=18750&diss=y 
Singletary, L., M. Smith, G. Hill, and S. Daniels. 2007. Strengthening Extension's 
capacity to conduct public issues education programs: Results of a national needs 
assessment. The Journal of Extension 45(3): 2.  
Thivierge, M. N., G. Bélanger, G. Jégo, S. Delmotte, C.A. Rotz, and É. Charbonneau. 
2023. Perennial forages in cold‐humid areas: Adaptation and resilience‐building 
strategies toward climate change. Agronomy Journal 115(4): 1519-1542.  
USDA NASS (U.S. Department of Agriculture, National Agricultural Statistics Service). 
2022. 2022 Census Volume 1, Chapter 2: County Level Data. Accessed on March 14, 
2025. 
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapt
er_2_County_Level/California/ 
Wieme, R.A., L.A. Carpenter-Boggs, D.W. Crowder, K.M. Murphy, and J.P. Reganold. 
2020. Agronomic and economic performance of organic forage, quinoa, and grain crop 
rotations in the Palouse region of the Pacific Northwest, USA. Agricultural Systems 177: 
102709. 

https://www.proquest.com/openview/9c15570b4764f0513117119f2b50e20b/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/9c15570b4764f0513117119f2b50e20b/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_2_County_Level/California/
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_2_County_Level/California/


Yadav, G.S., R. Lal, R.S. Meena, S. Babu, A. Das, S.N. Bhowmik, D. Datta, J. Layak, 
and P. Saha. 2019. Conservation tillage and nutrient management effects on 
productivity and soil carbon sequestration under double cropping of rice in north eastern 
region of India. Ecological Indicators 105: 303-315.  
 
 



Appendix-A 

Q1. What is your primary profession? (please select all that apply). 

 Farmer/Rancher/Grower 
 Pest Control Advisor, Certified Crop Advisor 
 Crop Consultant/Professional agronomist 
 Irrigation Manager 
 Allied Industry (fertilizer, pesticide, seed) 
 Government agency 
 NGOs/Other organization 
 Other (please specify) _____________ 

Q2. In which counties do you do agricultural work in? (select all that apply) 

 Modoc  
 Lassen  
 Shasta 
 Other (please specify) ______ 

 
Q3. What are the major commodities/crops you work with? (select all that apply) 

 Alfalfa Hay 
 Grass Hay 
 Irrigated Pasture 
 Small Grains (including for hay or forage uses) 
 Wild Rice 
 Others (specify) _____________ 

 
Q4. What are the challenges/concerns of your farming operations? (select all that apply) 

 Irrigation Management 
 Water Quality 
 Insect/Pest Management 
 Nutrient/fertility management 
 Cost of Production 
 Labor availability/regulations 
 Consumer demand 
 Changing climate and weather 
 Commodity Price  
 Market Access 
 Other (please specify) ________________ 

 
 

 



Q5. What is your irrigation method? If more than one, check all and give approx. 
percentage of your land under that irrigation method.  
   Method    Percentage of land 

 Flood/Gravity/Ditch Irrigation   __________ 
 Sprinkler Irrigation    __________ 
 Wheel-line     __________ 
 Center-Pivot system   __________ 
 No Irrigation (Dryland)   __________ 
 Other (please specify)   __________ 

 
Q6. Where do you get your irrigation water? Please answer all that apply 

    Source  Percentage of total water 

 Surface Water   _________ 
 Groundwater   _________ 
 Other (specify)   _________ 

 
Q7. Which of the following do you use to decide when and how much to irrigate? Please 
select all that apply 

 Soil Moisture sensors 
 Evapo-transpiration data 
 Personal experience/observation 
 When the soil surface is dry 
 When the crop shows stress signs 
 Other (specify) ___________________ 

 
Q8. Do you measure your irrigation water (i.e., Flow meter or any other method)?  

 Yes 
 No 

 

Q9. Which irrigation topics are you most interested in learning about for managing your 
irrigated land? Please select all that applies 

 Irrigation equipment innovations 
 Crop water requirements & irrigation scheduling 
 Soil management 
 Crop management 
 Deficit irrigation approaches 
 Alternate forage crops 
 Niche markets 
 Other (specify) 

 
 



Q10. What is your near term and long-term agricultural needs from University of 
California Cooperative Extension? 
 Near-term Needs (<2-3 years)  Long-term/Future Needs (>3 years) 

_________________________  _______________________ 
_________________________  _______________________ 

 

Q11. How do you prefer to receive information and education material? Please rank 
from most desired to least. 

___ Extension Newsletter 
___ Online (Blogs, websites, webinars) 
___ Social Media (Youtube, Facebook, Instagram) 
___ Field days/In-person Workshops 
___ Radio Program 
___ Other (specify) __________________ 

 
Q12. What education delivery media would you prefer? Please leave your email for 
electronic media and address for the print media. 
 Electronic Media ______________________ 
 Print Media __________________________ 

 

 



Appendix – B 

I. Winter Ag Meeting. February 29, 2024 – 8:00 AM to 1:00 PM. George Ingram 

Hall, Intermountain Fairgrounds, McArthur, CA 96056. 

II. Newborn Beef Calf Health & Management. March 7, 2024. 5:30 PM to 8:30 PM. 

Brass Rail, 395 Lake View Dr., Alturas, CA 96101. 

III. Agronomic Crops Workshop. March 21, 2024. 10:45 AM to 2:35 PM. Side Iron 

BBQ, 724 Main Street, Susanville, CA 96130. 

IV. Modoc Ag Expo. March 22, 2024. 10:00 AM to 2:30 PM. Modoc District 

Fairgrounds. 1 Center St., Cedarville, CA 96104. 
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