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AGENDA  
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I. Opening Procedures 
A. Roll Call 

B. Review Agenda 
 

II. Public Comments 
This is an opportunity for members of the public to address the EWG. Comments will be 
limited to three minutes per commenter. If you wish to comment, please join the meeting five 
minutes early to request to speak (verbally or via GoTo meeting Chat feature). 

 
III. Biological Restoration of Fallowed Lands ……………………………………………………………………. Page 2  

A. Introduction and Fallowed Farmland Overview (Land IQ) 

B. Reference Natural Habitat and Sand Fence Design (UCI) 

C. Farmland Rehabilitation Strategies and Prioritization (Land IQ) 

 
IV. Public Comments (time permitting).  

This is an additional opportunity for members of the public to address the EWG. Comments 
will be limited to three minutes per commenter, time permitting.  

 
V. Future Meetings 

 
VI. Adjournment 
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To:   Environmental Working Group (EWG) 

From:  Travis Brooks (Land IQ) and Andy Malone (Watermaster Technical Consultant)   

Date:  January 24, 2023 

Subject: Biological Restoration of Fallowed Lands 

 

Background 

To maintain a viable water supply for current and future beneficial uses and users of groundwater in 
the Borrego Springs Subbasin (Basin), the Borrego Springs Watermaster’s Groundwater Management 
Plan (GMP) defines a sustainability goal of operating the Basin within its sustainable yield in a manner 
that does not exhibit undesirable results by 2040. Achieving this goal requires implementation of an 
aggressive pumping rampdown of approximately 75 percent over the next twenty years. The GMP 
lists several projects and management actions (PMAs) that are intended to support the reduction of 
groundwater pumping demands. The GMP recognizes that fallowing of agricultural lands will be a 
primary tool to reduce groundwater demands, but that there are several adverse impacts that could 
be associated with land fallowing, including airborne emissions through wind-blown dust, the 
introduction or spreading of invasive plant species, and changes to the landscape that could adversely 
affect visual quality. 

The Watermaster’s Environmental Working Group (EWG) contends that biological restoration of 
current and future fallowed lands could be a solution for addressing the potential adverse impacts 
associated with land fallowing, and could be helpful in protecting human health, the environment, and 
the socioeconomic wellbeing of the Borrego Springs community during GMP implementation. 
However, the land use changes that have occurred in the past have created various barriers to the 
establishment of native habitat on fallowed lands, and not all land parcels will have equal habitat 
value.  

To help meet these goals, the Department of Water Resources (DWR) has funded a Proposition 68 
grant to conduct a concept feasibility study for the biological restoration/rehabilitation of fallowed 
lands (Project). The Project is being implemented by Land IQ and UCI under the supervision of the 
EWG and under contract with the Watermaster. The Project will: characterize historical and current 
conditions of the northern agricultural area in the Basin; explore the feasibility of various biological 
restoration/rehabilitation techniques; and develop guidance for future biological restoration projects 
on current and future fallowed lands within the Basin. The long-term goals of 
restoration/rehabilitation are: reduce water consumption; manage airborne dust emissions; increase 
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natural biodiversity and habitat value; and maintain or enhance values pertinent to the Anza Borrego 
State Park and the residents of Borrego Springs. 

Discussion 

At the EWG meeting, the scientists at LandIQ and UCI will present key findings from the Literature 
Review document, which fulfills Task 1, Review and Analysis of Existing Data. The Literature Review 
compiles information on current agricultural crops and practices in the Subbasin, land retirement from 
agriculture in arid regions globally, predictive indicators of fallowing outcomes in the Subbasin, natural 
vegetation communities in Borrego Valley, and potential strategies for land rehabilitation. Ultimately, 
this information will be used, along with results of the Project Task 2 and 3 field studies, to identify 
criteria for prioritizing land fallowing areas (Project Task 4) and develop specific strategies for land 
rehabilitation in each of those areas (Project Task 5). 

The EWG will have the opportunity to ask questions and provide feedback to Land IQ and UCI both in 
person during the meeting and in writing following the meeting.  

Next Steps 
The EWG may submit written comments or questions to Land IQ by emailing Travis Brooks, 
tbrooks@landiq.com, and cc’ing Andy Malone, amalone@westyost.com. We ask that all comments 
be submitted by February 10, 2023, before we finalize the Literature Review document for submission 
to DWR. 

Enclosures 

1. Literature Review, Rehabilitation of Fallowed Farmlands in Borrego Valley, California (136 pp) 

2. Appendix A, Vegetation Suitability Models for Borrego Valley 

3. Appendix B, Historic Topographic Maps and Aerials for the Borrego Springs Groundwater 

Subbasin 
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1 INTRODUCTION 
The Borrego Springs Groundwater Subbasin (Subbasin) has a surface area of approximately 98 square 
miles or 62,776 acres in San Diego County (Figure 1-1). It overlies the Borrego Valley, where the sole 
source of water for the community of Borrego Springs and surrounding areas, including citrus farms and 
golf courses is groundwater (Figure 1-2).  

In July 2020 the Borrego Water District, the public water district serving the Subbasin, entered into a 
settlement agreement to adjudicate the groundwater rights of the critically-overdrafted Subbasin. This 
settlement action resulted from litigation associated with the Groundwater Sustainability Plan process 
required by the Sustainable Groundwater Management Act (SGMA). The settlement agreement includes 
a proposed solution and Groundwater Management Plan (GMP) intended to assure the Subbasin 
reaches sustainability no later than 2040. Following the adjudication, a stipulated judgment that 
comprehensively determines and adjudicates all rights to extract and store groundwater in the Subbasin 
was approved in April 2021.  

1.1 PROJECT BACKGROUND 

The Borrego Springs Watermaster is a committee charged with managing and implementing the Borrego 
Springs Groundwater Management Plan, which includes a sustainability goal that requires reducing 
groundwater pumping by 75% over the next 18 years (until 2040) within the Subbasin. To meet this 
requirement, it will be necessary to fallow agricultural land, which will also introduce potential adverse 
environmental consequences such as dust emissions, invasive plant species establishment and spread, 
and degradation of the landscape’s aesthetic value. 

1.2 PROJECT GOAL 

The Borrego Water District received funding from the California Department of Water Resources to 
implement the Borrego Springs Subbasin Project (Project). Component 6 of the Project is Biological 
Restoration of Fallowed Lands, which aims to mitigate potential adverse effects of fallowing and 
rehabilitation of native landscapes through the development and synthesis of databases, information, 
and prioritization criteria. Overall, the goal of Component 6 is to prioritize and develop a strategy for 
fallowing farmlands within the Project area that will reduce water consumption and avoid or minimize 
potential adverse impacts. 

1.3 PROJECT TASKS AND CONTEXT OF LITERATURE REVIEW 

Specific tasks of the Biological Restoration of Fallowed Lands component include the following: 

Task 1. Review and Analysis of Existing Data 
Task 2. Existing Fallowed Farmland and Reference Natural Habitat Field Study 
Task 3. Brush Pile Wildlife Sand Fence Case Study 
Task 4. Farmland Fallowing Rehabilitation Strategies 
Task 5. Farmland Fallowing Prioritization 
Task 6. Watermaster’s Environmental Working Group Meetings 
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This Literature Review document fulfills Task 1, Review and Analysis of Existing Data. Its purpose is to 
collect and review existing databases and information in the scientific literature that will inform the 
implementation of Tasks 2 through 5. Specifically, the literature review will compile information on 
current agricultural crops and practices in the Subbasin, land retirement from agriculture in arid regions 
globally, predictive indicators of fallowing outcomes in the Subbasin, natural vegetation communities in 
Borrego Valley, and potential strategies for land rehabilitation. Ultimately, this information will be used, 
along with results of the Task 2 and 3 field studies, to identify criteria for prioritizing land fallowing areas 
(Task 4) and develop specific strategies for land rehabilitation in each of those areas (Task 5). These 
approaches will be submitted to the Watermaster’s Environmental Working Group (EWG) for review in 
the form of presentations and reports as information is developed, as part of Task 6. 

1.4 ORGANIZATION OF THIS REPORT 

Following the information needs of Tasks 2 through 5, this Literature Review is organized in the 
following sections: 

Section 2. Reference Natural Habitat in Borrego Valley (Task 2) 
Section 3. Farmland in the Project Area and Potential Outcomes of Fallowing (Task 2) 
Section 4. Brush Pile Wildlife Sand Fence (Task 3) 
Section 5. Farmland Fallowing Rehabilitation Strategies (Task 4) 
Section 6. Farmland Fallowing Prioritization Criteria (Task 5) 

The final section, Section 6 “Farmland Fallowing Prioritization Criteria”, synthesizes information from the 
Literature Review and includes an initial draft prioritization map for fallowing farmlands within the 
Project area. The initial prioritization map will be updated at the end of the Project based on new 
insights from the field studies (Tasks 2 and 3) and feedback from the EWG (Task 6). 
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FIGURE 1-1.  BORREGO SPRINGS GROUNDWATER SUBBASIN LOCATION. 

 Source: Borrego Springs Watermaster, Borrego Springs Subbasin 2020 Annual Report 
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FIGURE 1-2.  GROUNDWATER EXTRACTION BY SECTOR IN 2020. 

 Source: Borrego Springs Watermaster, Borrego Springs Subbasin 2020 Annual Report 
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2 REFERENCE NATURAL HABITAT IN BORREGO VALLEY 

2.1 ABIOTIC CONDITIONS 

2.1.1 STUDY AREA 
The study area is the Borrego Springs Groundwater Subbasin, located in the Colorado Desert, in eastern 
San Diego County, extending from Coyote Canyon in the north to the San Felipe Creek in the southeast 
(Figure 2-1). The Subbasin is bounded by mountains on the north (Santa Rosa Mountains), west (San 
Ysidro Mountains), and east (Coyote Mountain). The Coyote Creek Fault bounds the Subbasin on the 
east. 

2.1.2 CLIMATE 
The study area is characterized by low precipitation, hot summers, and relatively mild winters (Figure 
2-2). The average minimum temperature in the winter months remains above freezing while average 
maximum temperatures are over 100° Fahrenheit (F) June to September (Figure 2-3). The average water 
year (October 1 to September 30) precipitation total is 5.21 inches (1991 to 2020), with the highest total 
of 20.98 inches in 1982 to 1983 and the lowest total of 0.84 inches in 2006 to 2007 (period of record 
1965 to 2022). Summer monsoons deliver an average of 0.51 inches while most of the precipitation 
occurs in winter (December to March) (period of record 1991 to 2020). May and June are the driest 
months of the year (period of record 1991 to 2020). 

2.1.3 GEOLOGY 
The Subbasin primarily consists of younger alluvium atop crystalline bedrock (Figure 2-4). The basement 
complex is the oldest geologic unit in the Subbasin and is relatively impervious to the flow of 
groundwater because it is composed of rocks with low primary porosity, including Cretaceous granitic 
and metasedimentary rocks and pre-Cretaceous metamorphic rocks (Moyle 1982; Faunt et al. 2015). 
The depth from land surface to bedrock varies, providing variable thicknesses of the three aquifers 
across the Subbasin. 
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FIGURE 2-1.  BORREGO SPRINGS GROUNDWATER SUBBASIN. 

 Source: 2020 NAIP Aerial. Stream Data from USGS National Hydrography Dataset. 
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FIGURE 2-2.  BORREGO VALLEY MONTHLY CLIMATE NORMALS (1991 TO 2020). 

 Source: NOAA Weather Data, Borrego Desert Park, California. https://www.weather.gov/wrh/climate?wfo=sgx 
Accessed December 24, 2022. 
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A. Daily Temperature Extremes 

 
B. Accumulated Precipitation 

 
FIGURE 2-3.  BORREGO VALLEY WATER YEAR (A) DAILY TEMPERATURE EXTREMES AND (B) ACCUMULATED 

PRECIPITATION. 

 Source: NOAA Weather Data, Borrego Desert Park, California. https://www.weather.gov/wrh/climate?wfo=sgx 
 Accessed December 24, 2022. Temperature Normals (1991 to 2020). Period of Record is July 1, 1965, to 
November 8, 2022. Water Year is October 1 to September 30.  
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FIGURE 2-4.  GEOLOGY IN THE BORREGO VALLEY, CALIFORNIA. 

 Source: Geologic Map of California (2013). Stream Data from USGS National Hydrography Dataset 
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2.1.4 GEOMORPHOLOGY 
The Subbasin contains both alluvial fans, created by fluvial and debris-type depositional processes, and 
alluvial plains, developed from both fluvial erosional and depositional processes (Bacon et al. 2013). 
These features can be determined in the field by a range of characteristics such as degree of weathering, 
soil texture and color, and the height of gravel bars and channels. Alluvial fans differ between the 
western and eastern sides of the valley. On the western side, they are sourced from the San Ysidro 
Mountains and are longer and less steep (2 to 9%) than those sourced from the eastern side from the 
Santa Rosa Mountains (5 to 18% slope) (Bacon et al. 2013). The Subbasin valley floor is gently sloping, 
ranging from 0 to 2%, with the majority less than 1% (Figure 2-5). Water from the surrounding canyons 
flows into the Borrego Sink, a terminal playa, comprised of saline and alkaline soils (Bacon et al. 2013). 

The elevation in the Subbasin ranges from 2,965 to 374 feet above sea level (asl) (Figure 2-6). The 
Borrego Sink is approximately 458 feet asl, the Borrego Valley Airport is approximately 515 feet asl and 
the citrus and date orchards in the northern portion of Borrego Springs range in elevation from 
approximately 625 to 825 feet asl. Current and past drainage features in the alluvial plain are visualized 
as landform class number 4, alluvial fan and alluvial plain ephemeral channel, in the landform 
classification map, Figure 2-7; this is evidence of the long-term influence of fluvial processes on the 
shape, or geomorphology, and soil deposition in the alluvial plain. 

The Desert Research Institute mapped the geomorphology for a section of the Subbasin (from Coyote 
Canyon in the north to Borrego Sink in the south) in (Figure 2-8). Most of the landforms (defined in the 
legend of Figure 2-8) within that subset are less than 15,000 years old (Bacon et al. 2013), with alluvial 
plain covering 44.3% (Qa1 to Qa4), alluvial fans covering 30.1% (Qf1a to Qf4a, Qf5, Qf1b to Qf4b), and 
active channels (Qac) covering 14.2% of the area. 
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FIGURE 2-5.  SLOPE IN THE BORREGO SPRINGS GROUNDWATER SUBBASIN. 

 Source: Calculated from San Diego Regional DEM (2.5-ft resolution; 2015 and 2017 LIDAR data). 
2020 NAIP Aerial. Stream Data from USGS National Hydrography Dataset 
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FIGURE 2-6.  ELEVATION IN THE BORREGO SPRINGS GROUNDWATER SUBBASIN. 

 Source: Calculated from San Diego Regional DEM (2.5-ft resolution; 2015 and 2017 LIDAR data). 
2020 NAIP Aerial. Stream Data from USGS National Hydrography Dataset. 
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FIGURE 2-7.  LANDFORMS IN THE BORREGO SPRINGS GROUNDWATER SUBBASIN. 

 Source: Topographic Position Index and Slope calculated from San Diego Regional DEM (2.5-ft resolution; 2015 
and 2017 LIDAR data). Classification of landforms according to Weiss (2001). 2020 NAIP Aerial. Stream Data 
from USGS National Hydrography Dataset.  
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FIGURE 2-8.  GEOMORPHIC MAP UNITS AND AGE. 

 Source: Bacon et al. 2013. 2020 NAIP Aerial 
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2.1.5 SOIL  
We used the Natural Resources Conservation Service (NRCS) Web Soil Survey to determine soil map 
units within the Subbasin (Table 2-1; Figure 2-9). Soils have been altered by agricultural activities and 
the mapped extent of these soil types should be interpreted in that context. Most agricultural lands are 
found on Rositas fine sand, 0 to 2 % slopes (RoA). This soil unit, compared to others in the study area, is 
one of the most susceptible to wind erosion due to the unstable fine sandy surface.  

Additional current and fallowed agricultural lands are found on the following soil map units:  

• Indio silt loam, saline, 0 to 2% slopes (IoA) (northeast of the intersection of Palm Canyon Drive 
and Borrego Valley Road) 

• Mecca fine sandy loam, 0 to 2% slopes, eroded (MpA2) (north of Palm Canyon Drive and 
bounded by Stirrup Road and DiGiorgio Road as well as south of Henderson Canyon Road on the 
eastern portion of the road) 

• Rositas loamy coarse sand, 0 to 2% slopes (RsA) (the majority of Viking Ranch and the citrus 
orchard immediately south of Viking Ranch Block 3; the northern half of Block 4 is not mapped 
as RsA, but as CeC) 

• Carrizo very gravelly sand, 0 to 9% slopes (CeC) (the northernmost agricultural fields to the west 
of DiGiorgio and a narrow strip follows one of the active Coyote Creek Channels and the citrus 
orchard south of Viking Ranch Block 3) 

• Indio silt loam, 0 to 2% slopes (InA) (e.g., eastern third of the abandoned Agri-Empire potato 
fields) 

The IoA soil map unit has the greatest electric conductivity while MpA2 has the lowest. The CeC soils 
have the highest sand percentage. The InA soils have the greatest silt and clay percentages and the 
lowest wind erodibility. 

Soils of arid lands are usually low in organic matter and may be slightly acidic or strongly alkaline on the 
surface. In most desert areas, soils are thin, and bedrock is exposed but this is often not the case on 
valley floors. Because soil development is poor in deserts (owing to lack of moisture and plant biomass), 
parent materials dominate soil chemistry, the only exception being where plant growth has added 
organic matter, as in the case of agricultural activity (MacMahon 2001). 
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FIGURE 2-9.  SOIL MAP UNITS IN BORREGO VALLEY, CALIFORNIA 

 Source: Soil Survey Geographic Database, accessed 22 September 2022. 2020 NAIP Aerial. 
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TABLE 2-1. SOIL MAP UNITS IN THE BORREGO SPRINGS SUBBASIN. 

Soil Type* 
Acres 

(% area) 

Wind 
Erodibility 

(tons/ac/yr) pH 

Electrical 
Conductivity 

(dS/m) 
Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

RoA 
Rositas fine sand,  
0 to 2% slopes 

11,632 
(18.5%) 250 8.2 > 2 and < 3 

> 68.5 
and 

< 82.1 

> 5.8 
and 

< 16.4 

> 2.5 
and 
<3.0 

RrC 
Rositas fine sand, hummocky,  
5 to 9% slopes 

1,099 
(1.8%) 250 8.2 > 2 and < 3 

> 68.5 
and 

< 82.1 

> 5.8 
and 

< 16.4 

> 2.5 
and 

< 3.0 

RsA 
Rositas loamy coarse sand,  
0 to 2% slopes 

3,413 
(5.4%) 134 8.2 > 2 and < 3 

> 68.5 
and 

< 82.1 

> 5.8 
and 

< 16.4 

> 2.5 
and 

< 3.0 

RsC 
Rositas loamy coarse sand,  
2 to 9% slopes 

1,689 
(2.7%) 134 8.2 > 2 and < 3 

> 68.5 
and 

< 82.1 

> 5.8 
and 

< 16.4 

> 2.5 
and 

< 3.0 

CeC 
Carrizo very gravelly sand,  
0 to 9% slopes 

14,649 
(23.3%) 134 7.9 > 1 and < 2 

> 82.1 
and 

< 91.7 
< 5.8 < 2.5 

MpA2 
Mecca fine sandy loam,  
0 to 2% slopes, eroded 

3,567 
(5.7%) 86 7.9 < 1 

> 14.3 
and 

< 68.5 

> 16.4 
and 

< 24.5 

> 3.0 
and 

< 7.5 

IoA 
Indio silt loam, saline, 
 0 to 2% slopes 

4,051 
(6.5%) 56 8.2 > 3 and < 10 

> 5.7 
and 

< 14.3 

> 41.8 
and 

< 72.7 

> 7.5 
and 

< 13.0 

InA 
Indio silt loam,  
0 to 2% slopes 

962 
(1.5%) 56 8.2 > 1 and < 2 

> 5.7 
and 

< 14.3 

> 41.8 
and 

<72.7 

> 7.5 
and 

< 13.0 

*Soil Map Units with less than 1% coverage were excluded from this table. 
Source: Soil Survey Geographic Database, accessed 22 September 2022. 
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2.1.6 GROUNDWATER 
The aquifer system in the Subbasin can be described as having three distinct aquifers: the upper, middle, 
and lower aquifer with the contribution of water to wells decreasing with lower layers (Moyle 1982). 
The upper aquifer ranges in thickness from 0 to 643 ft (196.0 m) and is thickest where Coyote Creek 
enters the Subbasin (Faunt et al. 2015). The middle aquifer is as thick as 908 ft (276.8 m) in the northern 
part of the Subbasin (Faunt et al. 2015). The lower aquifer is thickest in the eastern part of the valley, 
reaching thicknesses up to 3,831 ft (1,167.7 m). 

The flow of groundwater largely runs parallel to the Coyote Fault (Moyle 1982). The depth to the water 
table varies most widely northwest to southeast, but also varies northeast to southwest (Figure 2-10). 
The water table is deeper in the northwest and southwest of the Subbasin (Faunt et al. 2015), resulting 
in a comparatively deep water table within the area of agricultural development. Within the Subbasin 
the depth to water table was greater than 100 ft below land surface (bls) ranging from 264.30 ft bls 
(372.36 ft asl) based on data collected from six wells on 28 April 2021 and between 18 and 19 October 
2021 (California’s Groundwater Live, accessed 12 October 2022). 

2.1.6.1  Groundwater Extraction 

Groundwater pumping is the sole source of water for residents and businesses, including agriculture and 
golf courses. According to the GMP, groundwater levels have declined as much as 126 ft (average of 
almost 2 ft per year) in the northern part of the Subbasin and about 87 ft (average of 1.3 ft per year) in 
the west-central part of the Subbasin from 1955 to 2020. 

Vegetation may also be using groundwater and can be referred to as groundwater dependent 
ecosystems (GDE). Under SGMA, GDEs are defined as “ecological communities or species that depend 
on groundwater emerging from aquifers or on groundwater occurring near the ground surface” 
(California Code Regulations, Title 23, Section 351(m)). There are three potential GDEs outlined in the 
GMP: 1) the riparian vegetation of Coyote Creek, 2) the riparian vegetation of Borrego Palm 
Canyon/Creek, and 3) the mesquite bosque near the Borrego Sink. While the GMP suggests that there is 
no longer a significant nexus between these communities and groundwater, there is currently no direct 
evidence to substantiate this suggestion. 

2.1.7 EPHEMERAL STREAMFLOW 
For plants that are unable to reach the water table or the capillary fringe, soil moisture arrives in the 
form of rain and drainage in ephemeral washes. The primary surface-water inflow to the study area is 
Coyote Creek, which flows southwestward from Coyote Canyon (Faunt et al. 2015). Coyote Canyon is a 
large canyon located in the northwestern portion of Borrego Valley and comprises about 100,000 acres. 
Coyote Creek encompasses approximately 154 square miles and is the principal source of groundwater 
recharge for the Borrego Valley aquifer. It runs northwest to southeast and is intermittent and 
ephemeral for most of its length. Peak annual flows in Coyote Creek fluctuated widely from 3 cubic feet 
per second (cfs) to 3,890 cfs between 1951 and 1992. Large-scale storm events (that span several 
hundred miles) occurred in the canyon approximately every 20 to 25 years from 1951 to 1992 
(Ostermann and Boyce 2002).  
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FIGURE 2-10.  DEPTH TO GROUNDWATER IN SUBBASIN. 

Source: Depth to Groundwater = San Diego Regional DEM (2.5-ft resolution; 2015 and 2017 LIDAR data) – 
Interpolated Groundwater Elevation from Well Data Provided by West Yost for Water Year 2021-2022. 

2020 NAIP Aerial.  
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Another important watershed within the study area is Borrego Palm Creek whose surface waters flows 
eastward from Palm Canyon into the valley (Faunt et al. 2015). Field observations indicate that 
vegetation establishment on fallowed, abandoned, or undisturbed sites in the North Management Area 
of the Borrego Valley (Figure 1-2) aligns with the streambed of Coyote Creek, forming from ephemeral 
flow coming out of Coyote Canyon.  

The flow of these creeks is highly dependent on the amount of annual precipitation. Between 1945 and 
2010, few “average” precipitation years occurred, with most years classified as either “wet” or “dry.” 
Hence, year to year water flow can be highly variable (Faunt et al. 2015).  

Ecologically healthy stream systems continuously change the shape of the streambed and riparian zone 
and the topography of the floodplain. These dynamics control the input and removal of nutrients and 
organic matter, and their temporal and spatial diversity lead to a high density of biologically diverse 
transitional habitats. Major floods can have significant impacts by destroying vegetation, permitting re-
establishment of buried seeds, and altering the morphology of the floodplain (Ostermann and Boyce 
2002).  

2.1.8 WIND 
The canyons bring not only water but winds. The strongest winds travel from 315 to 350 degrees 
northwest towards the southeast from March through September and commonly exceed 20 mph 
(Figure 2-11) (Iowa State University, undated). Winds are lighter from October to February and come 
from a variety of directions (Iowa State University, N.D.). The windiest month is May (avg. speed 8.6 
mph), followed by April and June (Figure 2-12) (weather-us.com). The orography of the valley drives 
changes in wind velocity, leading to high wind velocity as the wind funnels through Coyote Canyon 
followed by decreasing velocity as the wind moves across the open valley (Figure 2-13). Strong winds 
can scour soil surfaces resulting in loss of soil and the seedbank and the creation of dust (particulate 
matter) storms. Gorris et al. (2020), studying air quality in Borrego Springs, analyzed dust movement 
throughout the valley and found that most local dust originates in the agricultural area in the North 
Management Area of the Subbasin, near the Viking Ranch weather station, due to high wind velocity 
and poor soil stability (Figure 2-14) (Gorris et al. 2020).  

There are also canyons along the western border of the study area, including Palm Canyon and 
Henderson Canyon. While Palm Canyon is recognized as a wind source, Henderson Canyon is not 
categorized as being particularly windy (Mark Jorgenson, pers. comm., 28 September 2022). It is 
expected that the direction of the wind coming out of Coyote Canyon remains relative similar across the 
valley, except near canyon walls (Greg Okin, pers. comm., 28 September 2022).  

Okin et al. (2001) described anthropogenic land disturbance as being direct or indirect. While direct 
disturbance includes human activities and their consequences in place, indirect disturbance includes the 
consequences of disturbance in other areas. An example of direct disturbance is soil loss from a specific 
area. An example of indirect disturbance is deposition of that soil several miles away from where the 
erosion took place. They further suggest that in areas with sandy soils, the areas of indirect disturbance 
can exceed the directly disturbed area by several fold. Prevailing winds picking up sand from disturbed 
sites could, therefore, reasonably be deposited on other fields, especially if they are not sheltered.  

Prevailing winds are disrupted by intentional windbreaks (e.g., tamarisk tree wind breaks along orchard 
field boundaries, some still alive and some not) as well as the relative placement of active nurseries and 
orchards. For example, the date palm grove on Borrego Valley Road acts as a wind barrier to the 
undisturbed naturally vegetated field directly east of it. Certain fields are likely affected more by 
prevailing winds than others, depending on their location relative to wind barriers. 
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FIGURE 2-11.  WINDROSE SHOWING DOMINANT WINDS FROM NORTHWEST, WITH LIGHTER WINDS FROM SOUTHEAST. 

 Source: Windrose Data from California Automated Surface Observing Systems (ASOS) Network Data, Borrego 
Springs Airport Weather Station (Identifier L08), Plotted by the Iowa Environmental Mesonet Tool, Iowa State 
University. https://mesonet.agron.iastate.edu/sites/locate.php?network=CA_ASOS 
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FIGURE 2-12.  AVERAGE DAILY WIND SPEED BY MONTH IN BORREGO SPRINGS 

 Source: Borrego Springs Airport Weather Station plotted at Weather-US.com.  
https://www.weather-us.com/en/california-usa/borrego-springs 
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FIGURE 2-13.  MEAN WIND SPEED FOR THE STUDY AREA. 

The black pin marks Seley Ranch. Warmer tones indicate higher velocity. 
 Source: Global Wind Atlas, https://globalwindatlas.info/EN/ 
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FIGURE 2-14.  PARTICULATE MATTER (PM) FROM WEATHER STATIONS ACROSS BORREGO VALLEY. 

 Viking Ranch captures the greatest amount of PM the study period. 
 Source: Gorris et al. 2020, https://anzaborrego.ucnrs.org/wp-content/uploads/2020/01/BVEFPresentation_Year3.pdf 
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2.2 VEGETATION 

2.2.1 EXISTING VEGETATION COMMUNITIES 
The California Department of Fish and Game (now the California Department of Fish and Wildlife 
[CDFW]) mapped the vegetation communities of Anza-Borrego Desert State Park (ABDSP) and 
surrounding environs in the 1990s (Keeler-Wolf et al. 1998). CDFW mapped approximately half of the 
Subbasin (48% of 62,776 acres) (Figure 2-15) identifying nine California Wildlife Habitat Relationship 
(CWHR) System habitat types (Table 2-2). Desert Scrub is the most common habitat type occupying most 
of the alluvial plain. CDFW further classified these habitat types into twenty-five vegetation mapping 
units (Table 2-3). 

CDFW mapped and classified vegetation mapping units using a combination of field plant surveys and 
aerial imagery interpretation. They delineated the vegetation mapping units using a 1992 high 
resolution aerial photograph with a minimum accuracy of 80% (e.g., alliance or association level). 
Alliances are defined by the presence of diagnostic plant species within a single plant stratum within a 
range of cover values. Associations represent a subset of vegetation types within an alliance, further 
defined by diagnostic plant species present within any stratum (Sproul et al. 2011).  

The most common alliance mapped in the Borrego Valley was the “Larrea tridentata - Ambrosia dumosa 
Shrubland Alliance (Creosote bush - white bursage scrub)” followed by the “Larrea tridentata Shrubland 
Alliance (Creosote bush scrub)” and the “Ambrosia dumosa Shrubland Alliance (White bursage scrub)”. 

Common native plants in the Borrego Valley are listed in Table 2-4, grouped by plant functional group 
and taxonomic family. This list is not exhaustive and will be updated based on field surveys to completed 
for this project. 
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FIGURE 2-15.  1990S VEGETATION MAPPING OF ANZA-BORREGO DESERT STATE PARK. 

 Source: Vegetation Mapping of Anza-Borrego Desert State Park and Environs (Keeler-Wolf et al. 1998). 
Delineated with a 1992 aerial and field work to classify and validate the accuracy of the map were conducted 
in 1996. 2020 NAIP Aerial.  

Page 37 of 182



 Rehabilitation of Fallowed Farmlands in Borrego Valley—Literature Review 

Land IQ 
January 2023  27 

 
TABLE 2-2. CWHR VEGETATION TYPES WITHIN THE SUBBASIN (NOT ALL OF SUBBASIN WAS MAPPED) 

CA Wildlife Habitat Relationship  
(CWHR) Type1 

Fraction of Area Mapped 
(Total Acres) 

Desert Scrub 90.3% 
(27,411.2 acres) 

Desert Wash 7.3% 
(2,221.5 acres) 

Desert Succulent Scrub 1.1% 
(340.2 acres) 

Desert Riparian 0.6% 
(167.2 acres) 

Juniper 0.4% 
(131.6 acres) 

Alkali Desert Scrub 0.2% 
(58.2 acres) 

Mixed Chaparral 0.1% 
(16.1 acres) 

Palm Oasis <0.1% 
(2.9 acres) 

Rock Outcrop <0.1% 
(0.9 acres) 

1. CWHR, https://wildlife.ca.gov/Data/CWHR/Wildlife-Habitats 
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TABLE 2-3. 1990S VEGETATION COMMUNITIES WITHIN THE SUBBASIN (NOT ALL OF SUBBASIN WAS MAPPED) 

Updated Common Map Unit Name (MCV v2) 

Original Map 
Unit Name 

(Map Symbol) 

Map 
Symbol 

(MAPSYM) 

Total 
Acres 

Mapped 

Number 
of Map 
Units 

CWHR Type: Desert Scrub 
Brittle bush scrub 
(Encelia farinosa Shrubland Alliance) Brittlebush Brbu 1,823.13 141 

White bursage scrub 
(Ambrosia dumosa Shrubland Alliance) Burrobush BuBu 2,807.05 134 

California buckwheat scrub 
(Eriogonum fasciculatum Shrubland Alliance) 

California 
Buckwheat Cabu 8.45 3 

Creosote bush scrub 
(Larrea tridentata Shrubland Alliance) Creosote Bush Crbu 5,238.22 247 

Creosote bush - white bursage scrub 
(Larrea tridentata - Ambrosia dumosa Shrubland Alliance) 

Creosote Bush-
Burrobush Crbb 15,577.34 254 

Desert apricot scrub 
(Prunus fremontii Shrubland Alliance) Desert Apricot DeAp 58.51 5 

California buckwheat - Parish’s goldeneye scrub 
(Eriogonum fasciculatum - Viguiera parishii Shrubland Alliance) Desert Sunflower DeSu 143.02 24 

Creosote bush - brittle bush scrub 
(Larrea tridentata - Encelia farinosa Shrubland Alliance) Fagonia Fala 41.48 6 

Ocotillo 
(Lower Bajada and Fan Mojavean-Sonoran desert scrub Group) Ocotillo Ocot 1,094.03 40 

Teddy bear cholla patches 
(Cylindropuntia bigelovii Shrubland Alliance) Teddybear Cholla TeCh 619.92 30 

CWHR Type: Desert Wash 
Catclaw acacia - desert lavender - chuparosa scrub 
(Senegalia greggii - Hyptis emoryi - Justicia californica Shrubland 
Alliance) 

Catclaw Acacia CCAc 77.64 13 

Cheesebush - sweetbush scrub 
(Ambrosia salsola - Bebbia juncea Shrubland Alliance) Cheesebush Chbu 242.43 21 

Catclaw acacia - desert lavender - chuparosa scrub 
(Senegalia greggii - Hyptis emoryi - Justicia californica Shrubland 
Alliance) 

Desert Lavender DeLa 511.68 58 

Desert-willow - smoketree wash woodland 
(Chilopsis linearis - Psorothamnus spinosus Woodland Alliance) Desert Willow DeWi 125.43 9 

Sandy-Cobbly Wash  
(Barren) 

Sandy-Cobbly 
Wash Wash 2.36 5 

Desert-willow - smoketree wash woodland 
(Chilopsis linearis - Psorothamnus spinosus Woodland Alliance) Smoketree SmTr 1,261.97 12 

CWHR Type: Desert Succulent Scrub 

Desert agave scrub 
(Agave deserti Shrubland Alliance) Desert Agave DeAg 340.22 19 

CWHR Type: Desert Riparian 
Mesquite thickets 
(Prosopis glandulosa - Prosopis velutina - Prosopis pubescens 
Woodland Alliance) 

Mesquite Mesq 147.68 32 

Sandbar willow thickets 
(Salix exigua Shrubland Alliance) 

Narrowleaf 
Willow NaWi 14.02 5 

Tamarisk thickets 
(Tamarix spp. Shrubland Semi-Natural Alliance) Tamarisk Tama 5.51 2 
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Updated Common Map Unit Name (MCV v2) 

Original Map 
Unit Name 

(Map Symbol) 

Map 
Symbol 

(MAPSYM) 

Total 
Acres 

Mapped 

Number 
of Map 
Units 

CWHR Type: Juniper 
California juniper woodland 
(Juniperus californica Woodland Alliance) California Juniper CaJu 131.61 2 

CWHR Type: Alkali Desert Scrub 
Allscale scrub 
(Atriplex polycarpa Shrubland Alliance) Allscale Alsc 58.22 5 

CWHR Type: Mixed Chaparral 
Muller oak - California buckwheat - narrowleaf goldenbush 
chaparral 
(Quercus cornelius-mulleri - Eriogonum fasciculatum - Ericameria 
linearifolia Shrubland Association) 

Muller Oak MuOa 5.25 2 

Sugarbush chaparral 
(Rhus ovata Shrubland Alliance) 

Sugarbush (Rhus 
ovata) Subu 10.83 2 

CWHR Type: Palm Oasis 
California fan palm/spring oasis 
(Washingtonia filifera / spring (Atriplex - Baccharis - Pluchea) 
Woodland Association) 

Fan Palm FaPa 2.92 1 

CWHR Type: Rock Outcrop 

Upper Elevation Rock Outcrop 
(Group - North American warm desert bedrock cliff and outcrop) 

Upper Elevation 
Rock Outcrop UERO 0.87 1 

MCV v2 = A Manual of California Vegetation 2nd Edition, https://vegetation.cnps.org/ 
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TABLE 2-4. COMMON NATIVE PLANTS IN BORREGO VALLEY LISTED BY PLANT FUNCTIONAL GROUP. 

Scientific Name Common Name Family 

Annual Herbs 

Chaenactis stevioides Desert Pincushion Asteraceae (Composite Family) 

Geraea canescens Hairy Desert Sunflower Asteraceae (Composite Family) 

Johnstonella angustifolia Narrow-leaved Cryptantha Boraginaceae (Forget-Me-Not Family) 

Abronia villosa Desert Sand Verbena Nyctaginaceae (Four O'Clock Family) 

Oenothera deltoides Birdcage Eveneing Primrose Onagraceae (Evening Primrose Family) 

Perennial Herbs 

Hesperocallis undulata Desert Lily Agavaceae (Agave Family) 

Stephanomeria pauciflora Brownplume Wirelettuce Asteraceae (Composite Family) 

Tiquilia plicata Fan-leaved Tiquilia Ehretiaceae (2016 split from Boraginaceae) 

Euphorbia polycarpa  Smallseed Sandmat Euphorbiaceae (Spurge Family) 

Eriogonum inflatum Desert Trumpet Polygonaceae (Buckwheat Family) 

Shrubs 

Ambrosia dumosa Burroweed Asteraceae (Composite Family) 

Ambrosia salsola (syn. Hymenoclea salsola) Cheesebush Asteraceae (Composite Family) 

Bebbia juncea Sweetbush Asteraceae (Composite Family) 

Encelia farinosa Brittlebush Asteraceae (Composite Family) 

Trixis californica California Trixis Asteraceae (Composite Family) 

Cylindropuntia bigelovii Teddybear Cholla Cactaceae (Cactus Family) 

Cylindropuntia echinocarpa Silver Cholla Cactaceae (Cactus Family) 

Cylindropuntia ramosissima Branched Pencil Cholla Cactaceae (Cactus Family) 

Ferocactus cylindraceus California Barrel Cactus Cactaceae (Cactus Family) 

Atriplex canescens Four-wing Saltbush Chenopodiaceae (Goosefoot Subfamily) 

Atriplex hymenelytra Desert Holly Chenopodiaceae (Goosefoot Subfamily) 

Atriplex polycarpa Cattle Saltbush Chenopodiaceae (Goosefoot Subfamily) 

Psorothamnus emoryi Emory's Indigo Bush Fabaceae (Legume Family) 

Psorothamnus schottii Indigo Bush Fabaceae (Legume Family) 

Senegalia greggii (syn. Acacia greggii) Catclaw Fabaceae (Legume Family) 

Fouquieria splendens Ocotillo Fouquieriaceae (Ocotillo Family) 

Condea emoryi (syn. Hyptis emoryi) Desert-Lavender Lamiaceae (Mint Family) 

Larrea tridentata Creosote Bush Zygophyllaceae (Caltrop Family) 
Syn = Synonym of the correct taxonomic name. 
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2.2.2 ANTHROPOGENIC AND ENVIRONMENTAL DRIVERS OF VEGETATION 
Vegetation communities vary across alluvial fans, alluvial plains, active channels, and playa. A 
description of some of the most common communities across these landforms is provided below.  

Table 2-5 includes a description of correlations between vegetation communities and geomorphic units 
within the Subbasin, including communities which are potential restoration targets for fallowed lands. 
While the vegetation communities discussed below are defined by their most common perennial shrub 
species, annual plants are an important part of the system, estimated to comprise 50% of the species in 
Sonoran Desert communities (Venable et al. 1993). The focus on perennial shrub communities is an 
artifact of the plant data used in assessments, and the vegetation community classification system 
(Keeler-Wolf et al. 1998).  

2.2.2.1  Younger Alluvial Fans  

The younger alluvial fan formations (younger than 15,000 years before present [BP]) sourced from the 
San Ysidro Mountains to the west were predominantly the Larrea tridentata-Ambrosia dumosa alliance 
(Creosote bush - white bursage scrub), defined by the co-dominance of L. tridentata and A. dumosa in 
the shrub canopy alongside species such as Ambrosia salsola, Atriplex hymenelytra, A. polycarpa, B. 
juncea, Croton californicus, Cylindropuntia ramosissima, Dalea mollissima, Echinocactus polycephalus, 
Encelia farinosa, Ephedra spp., Eriogonum fasciculatum, Krameria spp., Lycium andersonii, 
Psorothamnus spp., Salazaria mexicana, Senna armata, Viguiera parishii, and Yucca schidigera (Sawyer, 
Keeler-Wolf, and Evens 2009). This alliance is commonly found in alluvial fans of the Mojave and 
Sonoran Deserts. These mapping efforts align with a study from 1942 describing the vegetation 
community on the alluvial fan in Palm Canyon (Went 1942). Encelia farinosa was the most common 
shrub, but other shrubs included A. salsola (formerly Hymenioclea salsola), L. tridentata, Hyptis emoryi, 
Psorothamnus schottii (formerly Dalea schottii), Krameria canescens, Mirabilis bigelovii, A. dumosa 
(formerly Franseria dumosa), and Opuntia echinocarpa. Herbaceous vegetation in the interstitial space 
was dominated by Nemacladus ramosissima, followed by Loeseliastrum schottii. Phacelia distans, 
another common herbaceous species, was found growing only with the shrubs E. farinosa and H. 
emoryi. 

2.2.2.2  Older Alluvial Fans  

Older alluvial fans sourced from the San Ysidro Mountains showed somewhat different plant 
communities. An older alluvial fan defined by fluvial flow-type processes, Qf5 (older than 15,000 years 
BP), was primarily described by the Cylindropuntia bigelovii Shrubland Alliance (Teddy bear cholla 
patches), which associates with A. dumosa, B. juncea, Cylindropuntia echinocarpa, E. farinosa, 
Ferocactus cylindraceus, Fouquieria splendens, H. emoryi, L. tridentata, Pleuraphis rigida and Y. 
schidigera. Another older alluvial fan defined by fluvial flow-type processes, Q4a (15,000 – 8,000 years 
BP) was primarily covered by the Ambrosia salsola - Bebbia juncea Shrubland Alliance (Cheesebush - 
sweetbush scrub) which associates with Cylindropuntia spp., E. farinosa, Ephedra spp., and L. tridentata. 
An older fluvial fan which is often located adjacent to active channels and is defined by fluvial/debris-
type processes, Qf3b (4,000 to 2,000 years BP), was often characterized by the presence of Fouquieria 
splendens and L. tridentata (Bacon et al. 2013). 

The alluvial fans sourced from the southwestern Santa Rosa Mountains were primarily dominated by the 
Larrea tridentata–Ambrosia dumosa–Psorothamnus schottii Association of the Larrea tridentata–
Ambrosia dumosa Shrubland Alliance described above.  
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While the overlap of the 1998 mapping effort and alluvial plains in the area is minimal, we find that the 
Larrea tridentata - Atriplex polycarpa association of the Larrea tridentata Shrubland Alliance is one of 
the most common across plain ages including Qa1 (1953 to 2006 AD), Qa2 (700 years BP to 1953 AD), 
and Qa3 (4000 to 2000 BP). The Larrea tridentata Shrubland Alliance is defined by dominance or co-
dominance of L. tridentata in the shrub canopy with species such as Acamptopappus sphaerocephalus, 
A. dumosa, A. salsola, A. confertifolia, A. hymenelytra, A. polycarpa, E. farinosa, Ephedra californica, 
Ephedra nevadensis and Lycium andersonii. The 1998 mapping effort specifically notes that pure stands 
of L. tridentata occur in silty basins and wash terraces with A. polycarpa.  

2.2.2.3  Active Channels 

The Chilopsis linearis - Psorothamnus spinosus Woodland Alliance (Desert-willow - smoketree wash 
woodland) was most common in active channels (Qac: 2006 to 2011 AD). The Chilopsis linearis - 
Psorothamnus spinosus Woodland Alliance is defined as having a tall shrub canopy dominated by C. 
linearis and/or P. spinosus. In this instance P. spinosus is primarily dominant. Psorothamnus spinosus is 
often accompanied by smaller shrubs such as A. salsola or L. tridentata, which may have up to two times 
the cover of the Psorothamnus (Evens 2000, Evens and Hartman 2007, Evens et al. 2014, Keeler-Wolf et 
al. 1998b, Thomas et al. 2004). This alliance is found in washes, intermittent channels, canyon bottoms, 
arroyos, along floodplains, and wash terraces where flooding is uncommon but where subterranean 
water is accessible (Sawyer et al. 2009). 

2.2.2.4  Playa 

The 1998 ABDSP mapping effort does not include coverage of Borrego Sink, so we utilize mapping 
originally created by the City and County of San Diego as well as the San Diego Association of 
Governments in 1995 that characterizes vegetation communities according to the Holland system 
(Holland 1986, SanGIS 2022). The playa is represented by the Borrego Sink, which features an Alkali 
Playa vegetation community characterized by low, grayish, microphyllous and succulent shrubs (SanGIS 
2022, Oberbauer et al. 2008). Allenrolfea occidentalis is a characteristic species of this vegetation 
community (Oberbauer et al. 2008). Adjacent to the Borrego Sink is Desert Sink Scrub, which is a 
sparsely vegetated community that can include characteristic species such as by Allenrolfea occidentalis 
and Atriplex canescens (Oberbauer et al. 2008). The surrounding area also includes mesquite bosque, an 
open forest dominated by Prosopis glandulosa with an understory and interstitial spaces that can 
include Atriplex species, Ambrosia dumosa, and Larrea tridentata, amongst other species (Oberbauer et 
al. 2008). 

Vegetation cover data from a different nearby playa, Clark Dry Lake, which is included in the 1998 
ABDSP mapping, can also be used to inform those plant communities prevalent near Borrego Sink. The 
Prosopis glandulosa - Prosopis velutina - Prosopis pubescens Woodland Alliance (Mesquite thickets) is 
common around Clark Dry Lake. This alliance is dominated by P. glandulosa and is accompanied by 
Allenrolfea occidentalis, A. dumosa, A. canescens, A. polycarpa, Baccharis salicifolia, B. juncea, Petalonyx 
thurberi, Pluchea sericea, and/or Suaeda moquinii. Additional alliances around Clark Dry Lake include the 
Allenrolfea occidentalis Shrubland Alliance (Iodine bush scrub), which contains associations with A. 
canescens, D. spicata, Frankenia salina, Sporobolus airoides and S. moquinii and the Suaeda moquinii 
Shrubland Alliance (Bush seepweed scrub), which associates with A. occidentalis, A. canescens, A. 
polycarpa, F. salina, Schismus spp., and/or S. airoides.  
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TABLE 2-5. VEGETATION COMMUNITY–GEOMORPHIC UNIT RELATIONSHIPS FOR FALLOWED FARMLAND REHABILITATION  

Updated Common Map 
Unit Name (MCV v2) 

Map Symbol 
(MAPSYM) 

Vegetation Community Occurrence 
within Typical Geomorphic Units in 
the Borrego Springs Groundwater 
Subbasin 

Potential Vegetation Communities 
for Fallowed Farmland Areas in the 
Alluvial Plain 

Brittle bush scrub 
(Encelia farinosa 
Shrubland Alliance) 

Brbu Rarely occurs in alluvial plain and 
where it does it associated with 
incised drainage features. Occurs 
most commonly in mountain 
highlands, as well as on alluvial fans 
and in active channel. 

Active channel (Qac) that runs along 
the northeastern edge of the Valley, 
where it is more deeply incised. 

White bursage scrub 
(Ambrosia dumosa 
Shrubland Alliance) 

BuBu Rarely occurs in alluvial plain. Occurs 
most commonly in rocky areas of 
alluvial fans and in the granitic rock 
outcrops of the mountain highlands. 

N/A 

California buckwheat 
scrub 
(Eriogonum fasciculatum 
Shrubland Alliance) 

Cabu Not mapped in study area, but 
California buckwheat occurs with 
Parish’s goldeneye in mountain 
highlands, rocky alluvial fans, and 
active channel. 

N/A 

Creosote bush scrub 
(Larrea tridentata 
Shrubland Alliance) 

Crbu Common across all geomorphic 
types, including alluvial fans, but 
most common in active channel and 
young alluvial plain with ephemeral 
channels. 

Active channel (Qac) and all alluvial 
plain types (Qa1, Qa2, Qa3), but more 
common in young alluvial (Qa1). 

Creosote bush - white 
bursage scrub 
(Larrea tridentata - 
Ambrosia dumosa 
Shrubland Alliance) 

Crbb Most common veg. community 
occurring across all geomorphic 
types, but most common on alluvial 
fans that are characterized by sheet 
flow instead of braided channels. 

Like creosote bush scrub, but more 
common on older alluvial plain (Qa2, 
Qa3). 

Desert apricot scrub 
(Prunus fremontii 
Shrubland Alliance) 

DeAp Does not occur in the alluvial plain. A 
desert chaparral vegetation 
community that occurs in active 
channels and alluvial fans in the 
upper watershed of Coyote Canyon. 

N/A 

California buckwheat - 
Parish’s goldeneye scrub 
(Eriogonum fasciculatum - 
Viguiera parishii Shrubland 
Alliance) 

DeSu Does not occur in alluvial plain. 
Occurs in mountain highlands, rocky 
alluvial fans, and active channel. 

N/A 

Creosote bush - brittle 
bush scrub 
(Larrea tridentata - Encelia 
farinosa Shrubland 
Alliance) 

Fala Does not occur in the alluvial plain. 
Not common in Borrego Valley and 
associated with conditions suitable 
for brittle bush scrub. 

N/A 

Ocotillo 
(Lower Bajada and Fan 
Mojavean-Sonoran desert 
scrub Group) 

Ocot Occurs across all geomorphic types, 
but more common in rocky well 
drained soils of alluvial fans and 
mountain highlands in the upper 
watershed of Coyote Canyon. 

N/A 

Teddy bear cholla patches 
(Cylindropuntia bigelovii 
Shrubland Alliance) 

TeCh Does not occur in alluvial plain. 
Occurs in most commonly on rocky 
alluvial fans in the upper watershed 
of Coyote Canyon and the side 
canyons. 

N/A 
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Updated Common Map 
Unit Name (MCV v2) 

Map Symbol 
(MAPSYM) 

Vegetation Community Occurrence 
within Typical Geomorphic Units in 
the Borrego Springs Groundwater 
Subbasin 

Potential Vegetation Communities 
for Fallowed Farmland Areas in the 
Alluvial Plain 

Catclaw acacia - desert 
lavender - chuparosa 
scrub 
(Senegalia greggii - Hyptis 
emoryi - Justicia 
californica Shrubland 
Alliance) 

CCAc Does not occur in alluvial plain. 
Occurs in association with drainage 
features, such as washes and single 
or braided channels on alluvial fans in 
the upper watershed. 

N/A 

Cheesebush - sweetbush 
scrub 
(Ambrosia salsola - Bebbia 
juncea Shrubland Alliance) 

Chbu Occurs in areas with fluvial deposits, 
such as washes, alluvial plain, and 
alluvial plain with sheet flow. 

Potential in older alluvial plain 
deposits (Qa2, Qa3). 

Catclaw acacia - desert 
lavender - chuparosa 
scrub 
(Senegalia greggii - Hyptis 
emoryi - Justicia 
californica Shrubland 
Alliance) 

DeLa Does not occur in alluvial plain. 
Occurs in association with drainage 
features, such as washes and single 
or braided channels on alluvial fans in 
the upper watershed. 

N/A 

Desert-willow - 
smoketree wash 
woodland 
(Chilopsis linearis - 
Psorothamnus spinosus 
Woodland Alliance) 

DeWi Occurs in channels and young alluvial 
fans in upper watershed of Coyote 
Canyon and side canyons. 

N/A 

Sandy-Cobbly Wash  
(Barren) 

Wash High energy scour, most common in 
upper watershed of Coyote Canyon 
and side canyons. 

N/A 

Desert-willow - 
smoketree wash 
woodland 
(Chilopsis linearis - 
Psorothamnus spinosus 
Woodland Alliance) 

SmTr Occurs in washes and alluvial plain 
associated with active channels. 

Active channel (Qac) and drainages 
features in young alluvial plain (Qa1). 

Desert agave scrub 
(Agave deserti Shrubland 
Alliance) 

DeAg Occurs on alluvial plain and most 
common on older alluvial plain 
formations with active or stabilized 
sand sheets. 

Older alluvial plain (Qa3). 

Mesquite thickets 
(Prosopis glandulosa - 
Prosopis velutina - 
Prosopis pubescens 
Woodland Alliance) 

Mesq Distribution is constrained by depth 
to groundwater in Borrego Valley, 
but where groundwater is accessible 
it occurs commonly in young alluvial 
plain formations with ephemeral 
channels. 

Alluvial plain (Qa1, Qa2, Qa3) where 
depth to groundwater is appropriate. 

Sandbar willow thickets 
(Salix exigua Shrubland 
Alliance) 

NaWi Riparian community most common in 
active channel, young alluvial plain 
and alluvial fan associated with 
springs or shallow groundwater. 

N/A 

Tamarisk thickets 
(Tamarix spp. Shrubland 
Semi-Natural Alliance) 

Tama Invasive riparian species restricted to 
active channel 

N/A 

California juniper 
woodland 
(Juniperus californica 
Woodland Alliance) 

CaJu Does not occur in alluvial plain and 
rare in the Borrego Valley. 

N/A 
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Updated Common Map 
Unit Name (MCV v2) 

Map Symbol 
(MAPSYM) 

Vegetation Community Occurrence 
within Typical Geomorphic Units in 
the Borrego Springs Groundwater 
Subbasin 

Potential Vegetation Communities 
for Fallowed Farmland Areas in the 
Alluvial Plain 

Allscale scrub 
(Atriplex polycarpa 
Shrubland Alliance) 

Alsc Allscale is a common component of 
other desert scrub communities (e.g., 
creosote bush scrub, creosote bush - 
white bursage scrub), but can 
become more frequent in alkaline 
soils. 

Could be more common vegetation 
community in the short term where 
there is not the influence of active 
channels in rehabilitated farmland 
due to saltbush's wide tolerance of 
soil conditions. 

Muller oak - California 
buckwheat - narrowleaf 
goldenbush chaparral 
(Quercus cornelius-mulleri 
- Eriogonum fasciculatum - 
Ericameria linearifolia 
Shrubland Association) 

MuOa Does not occur in the alluvial plain 
and very rare in the Borrego Valley. 

N/A 

Sugarbush chaparral 
(Rhus ovata Shrubland 
Alliance) 

Subu Does not occur in the alluvial plain 
and very rare in the Borrego Valley. 

N/A 

California fan palm/spring 
oasis 
(Washingtonia filifera / 
spring (Atriplex - Baccharis 
- Pluchea) Woodland 
Association) 

FaPa Limited to side canyons with spring 
waters on young low gradient alluvial 
fans. 

N/A 

Upper Elevation Rock 
Outcrop 
(Group - North American 
warm desert bedrock cliff 
and outcrop) 

UERO Rock outcrops outside of the alluvial 
plain. 

N/A 

MCV v2 = A Manual of California Vegetation 2nd Edition, https://vegetation.cnps.org/ 

N/A = Not Applicable 
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2.2.3 VEGETATION COMMUNITY DYNAMICS 
The plant community in a given area of the Subbasin is influenced by a combination of abiotic 
conditions, biota and biotic legacy, human disturbances, and natural processes. Ecological sites are 
locations that share a set of climatic, geomorphic, and soil characteristics that support similar potential 
vegetation types and should respond similarly to management (Bestelmeyer & Brown 2010). Under 
changes to an ecological site, the vegetation community may track these changes, or a state transition 
may occur if system resilience is exceeded (Scheffer et al. 2001, Gunderson 2000). Triggers for 
transitions between vegetation states may occur due to natural or human disturbances which impact 
abiotic processes, such as floods (allogenic succession), or biological processes (autogenic succession) 
(Archer et al. 1988, Bagchi et al. 2012, Briske et al. 2010). These triggers may manifest as an extreme 
event (e.g., intense flooding, decades of overgrazing) or a continuous process. More extreme events 
may rapidly shift a system toward a new ecological state while continuous processes may result in the 
resilience of the system degrading slowly over time (Briske et al. 2010). 

Regardless of the ecological state to which a community trends, in the absence of significant impacts 
that alter disturbance regimes and the introduction of invasive species, it is likely to arrive slowly as 
shifts in vegetation communities often occur across multidecadal timescales (Abella 2010). An 
assessment of vegetation community change between 1953 and 2009 in the Santa Rita Experimental 
Range located in the Sonoran Desert in Arizona, USA revealed insights into transitions between 
ecological states (Bagchi et al. 2012). These researchers found that transitions between states typically 
occurred between more similar community types and that transitions were tied to climate such that wet 
periods had a greater incidence of transitions and greater shifts in composition. The authors did not find 
a relationship between transitions and topo-edaphic factors, but their site differs from the Subbasin in 
that it contains only fan terraces, basins, floodplains, and hills (Bagchi et al. 2012). In the Subbasin, for 
example, we might expect a greater number of transitions in active channels due to the higher incidence 
of disturbance. 

2.2.3.1  Recruitment Mechanisms 

Rich seedbanks have been found across desert ecosystems, including the Sonoran Desert where the 
Subbasin lies (Guo et al. 1999). Seedbanks appear to be dominated by annual species, both winter and 
summer annuals, followed by shrubs (Guo et al. 1999). This difference may result from seed size where 
shrub species typically have larger seeds which are also less often found in the seedbank than the 
smaller seeds of most annual species (Guo et al. 1998; Guo et al. 1999). Seeds in desert seedbanks 
demonstrated both among-year and within-year variation in germination fraction (Gremer et al. 2016; 
Pake and Venable 1996) indicating that delayed germination is an important bet-hedging strategy in this 
climatically variable system. Among-year variation in germination was lower for large seeded species 
(Pake and Venable 1996).  

Woody species contribute to heterogeneity in recruitment patterns. Shrubs, such as L. tridentata, or 
trees, such as Prosopis glandulosa, can be defined as nurse plants because their presence is often a 
prerequisite to further species colonization of a patch (Silvertown and Wilson 1994) and because more 
seeds are found in the presence of woody species (Guo et al. 1998). Shrub effects on the seedbank are 
direct and indirect such that shrubs both trap seeds and enhance annual species seed production 
(Filazzola et al 2019). These indirect effects may arise from positive effects of woody species presence 
on soil nutrients, such that organic matter, soil nutrients, and litter were higher in the presence of 
shrubs (Butterfield and Briggs 2009), particularly when rodents were present (Titus et al. and 2002). It is 
important to note that the beneficial effects of woody species at the seed and recruitment stages may 
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diminish over time as the beneficiary grows and competition increases with the nurse plant (Miriti 
2006). 

2.2.3.2  Climate Change Impacts on Vegetation Communities 

In the Subbasin annual mean maximum and minimum air temperatures have increased by 0.5°C 
between 1899 to 2008, accompanied by 1.8 cm (0.7 in) increase in estimated mean potential 
evapotranspiration (Faunt et al. 2015). Additionally, mean precipitation declined by 0.4 in while its 
variability increased (Faunt et al. 2015). These trends are reflected across the United Sates (US) 
Southwest where aridity is increasing due to rising temperatures, resulting in drier soil conditions and 
more extreme droughts (Overpeck and Udall 2020). The US Southwest has been in a prolonged drought 
(megadrought), with soil moisture conditions between 2000 to 2021 ranking as the driest 22-year period 
since at least 800 BP (Williams et al. 2022). Climate change projections for the Borrego Valley based on 
conservative emission reduction scenarios (i.e., worst case scenario of continued fossil fuel dependence; 
Coupled Model Intercomparison Project 6 [CMIP6] of the World Climate Research Programme, Shared 
Socioeconomic Pathways [SSP]–5, Representative Concentration Pathways [RCP] 8.5) are about four 
degrees C increase in mean annual temperature (Figure 2-16). 

In terms of the winter annual community, a shift in winter precipitation arrival from October to 
December due to climate change has resulted in a colder germination period and has thus favored cold-
adapted, slow-growing, water use efficient species (Kimball et al. 2010). The slower-growing annuals are 
those that have lower demographic variability, meaning that they tend to germinate and grow to 
reproduce in both wet and dry years. These species include members of the genera Pectocarya and 
Erodium. In contrast, annuals in the Asteraceae (those in the genera Eriophyllum and Stylocline) tend to 
only germinate and grow to reproduce in wet years (Kimball et al. 2011). Diversity of the winter annual 
community is maintained by bet hedging (Venable 2007). 

Successive droughts have shown to negatively impact small, drought-deciduous shrubs (e.g., A. dumosa, 
E. farinosa, A. salsola) while evergreen shrubs (e.g., L. tridentata) and those species whose growth 
responses are most strongly linked with warm-season precipitation inputs (e.g., F. splendens, Opuntia 
spp., Yucca spp.) showed lower mortality and greater establishment (Ehleringer and Driscoll 2022). 
Additionally, work looking at vegetation cover across the Sonoran Desert in California saw that warming 
was a driver of declines in perennial cover between 1984 and 2017, either due to enhanced water stress 
or direct effects of heat stress (Hantson et al. 2021). Woody species may help to mitigate the effects of 
climate change on associated species; during an extended megadrought shrubs were found to mediate 
temperatures and enhance soil moisture (Lortie et al. 2022). Thus, a loss of perennial vegetation can 
have cascading impacts on annual plants and perennial seedling establishment due to a loss of nurse 
plants.  

L. tridentata is likely to be an important component of a restoration palette because juvenile, in addition 
to adult, L. tridentata performed well under drought (Miriti et al. 2007) and because this species is 
dominant or co-dominant across much of the Subbasin. While small, drought-deciduous shrubs did not 
fare well with climate change, it may be prudent to source seeds from warmer and drier populations 
(Harrison 2021) rather than removing these species from the restoration palette as this may have 
unforeseen biotic consequences. For example, it was posited that extreme drought cycles may favor 
plants with higher water use efficiency, thereby enhancing juvenile survival in E. farinosa, suggesting 
populations exposed to extreme drought may be good candidates for a restoration palette (Ehleringer 
and Driscoll 2022).  
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FIGURE 2-16.  HISTORIC AND FUTURE CLIMATE SCENARIO FOR BORREGO VALLEY. 

Source: Downscaled climate data from ClimateNA. Future Climate Scenario is based on a 13 Global Climate 
Model (GCM) ensemble for a worst-case scenario of continued fossil fuel dependence; Coupled Model 
Intercomparison Project 6 (CMIP6) of the World Climate Research Programme, Shared Socioeconomic 
Pathways (SSP)–5, Representative Concentration Pathways [RCP] 8.5.  
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In addition to tolerance to climate change, it will be important to consider tolerance to conditions of the 
degraded restoration area(s). For example, soils may be more saline following fallowing and will either 
need soil amendments and/or planted with a palette that tolerates more saline soils (e.g., Atriplex spp.). 

In summary, previous studies have found that species that rely heavily on winter precipitation (winter 
annuals and summer deciduous species) are likely to be the most impacted by climate change (Figure 
2-16). Shrubs may help to mitigate the effects of climate change for associated species but only in 
instances where the shrub itself is able to perform well under climate change.  

2.2.3.3  Soil and Symbionts 

Symbiotic relationships between plants and microbes are nearly ubiquitous. Arbuscular mycorrhizal 
fungi (AMF), which form symbioses with over 80% of plant species (Smith and Read 2008), and dark 
septate endophytes (DSE) are fungal symbionts which aid plant nutrient uptake (Johnson et al. 2010; 
Newsham 2011). While annual species in deserts such as the Mojave and Chihuahuan Desert are 
generally either nonmycorrhizal or not extensively colonized by AMF, perennial plants were more likely 
to form mycorrhizal associations (Titus et al. 2002; Collier et al. 2003). Individuals colonizing areas in the 
absence of nurse plants were more likely to be colonized by AMF (Carrillo-Garcia et al. 1999). L. 
tridentata and A. dumosa, common species in our study area, have been found to associate with AMF 
(Collier et al. 2003; Apple et al. 2005). While the majority of DSE research in the United States Southwest 
has taken place in grasslands, DSE are often detected in stressed environments and Atriplex canescens, a 
common species in our study area, was found to be highly colonized by DSE, even more so than by AMF 
(Barrow and Aaltonen 2001). 

2.2.4 POTENTIAL NATURAL VEGETATION COMMUNITIES OF BORREGO VALLEY 
We modelled the potential distribution of the twelve most common native vegetation types in the 
Borrego Valley, and three invasive plant species, using maximum entropy modeling (maxent) to help 
identify the vegetation communities that are most suitable for rehabilitation on fallowed and 
abandoned farmland in Borrego Springs. See Appendix A for more detail. 

The vegetation models provide useful predications for the distribution of species in the alluvial plain of 
the Borrego Valley, which is where most of the developed land that could benefit from rehabilitation 
occurs. The four most common suitable natural vegetation communities are: 

1. Creosote bush scrub (Larrea tridentata Shrubland Alliance) (Figure 2-17) 

2. Creosote bush – white sage scrub (L. tridentata – Ambrosia dumosa Shrubland Alliance) (Figure 
2-18) 

3. Desert willow – smoketree wash woodland (Chilopsis linearis – Psorothamnus spinosus 
Woodland Alliance) (Figure 2-19) 

4. Allscale scrub (Atriplex polycarpa Shrubland Alliance) (Figure 2-20) 

The habitat suitability models do not account for changes to salinity and soil stability that arise from 
agricultural management of the land that has been abandoned or will be fallowed soon; there will likely 
be similar, but different assemblages of key plant species that define these rehabilitated areas. As such, 
the four predicted vegetation communities above should be used as a guide, but not absolute targets 
for restoration of natural habitat on fallowed and abandoned land in Borrego Valley. 

Cheesebush – sweetbush scrub (A. dumosa – Bebbia juncea Shrubland Alliance) appears to be highly 
suitable in a small portion of the northwestern valley (Figure 2-21). Mesquite thickets (Prosopis 
glandulosa – P. velutina – P. pubescens Woodland Alliance) are most suitable in areas near the Borrego 
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Sink (Figure 2-22). The remainder of the natural vegetation communities are most suited in the alluvial 
fans of the side canyons and the upper reaches of Coyote Creek in the modeled extent. 

The invasive plant Sahara mustard (Brassica tournefortii) has high suitability in the upper half of Borrego 
Valley (Figure 2-23), with continentality (temperature difference between the warmest month and 
coldest month) as the strongest predictor variable. The invasive plant desert knapweed (Volutaria 
tubuliflora) is most suitable in the areas influenced by active channel and near the Borrego Sink (Figure 
2-24), responding most to winter precipitation, mean coldest month temperature, and mean warmest 
month temperature. The invasive plant Tamarisk (Tamarix spp.) is most suitable in areas associated with 
fluvial processes (Figure 2-25), as predicted by geomorphic map unit and soil type. 

2.3 RARE PLANTS 

We identified 50 plant species considered rare, threatened, or endangered by the state of California 
within four quadrangles that cover the Subbasin (Table 2-6; California Native Plant Society Inventory of 
Rare Plants). The four 7.5’ quadrangles are “Clark Lake” (code: 3311633), “Borrego Palm Canyon” (code: 
3311634), “Tubb Canyon” (code: 3311624), and “Borrego Sink” (code: 3311623). The coarse scale of 
species locations (quadrangles) necessitates inclusion of land outside of the Subbasin. There are 17 
species found in the described quadrangles that have been designated as 1B (rare or endangered in 
California and elsewhere), which is the highest threat level below presumed extinction within California 
and rare or extinct elsewhere (1A): these species include the chaparral sand-verbena (Abronia villosa 
var. aurita), Nevin's barberry (Berberis nevinii), and Borrego bedstraw (Galium angustifolium ssp. 
borregoense). 
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FIGURE 2-17.  CREOSOTE BUSH SCRUB (LARREA TRIDENTATA SHRUBLAND ALLIANCE) HABITAT SUITABILITY MODEL 
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FIGURE 2-18.  CREOSOTE BUSH - WHITE BURSAGE SCRUB (LARREA TRIDENTATA - AMBROSIA DUMOSA SHRUBLAND 

ALLIANCE) HABITAT SUITABILITY MODEL  
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FIGURE 2-19.  DESERT-WILLOW - SMOKETREE WASH WOODLAND (CHILOPSIS LINEARIS - PSOROTHAMNUS SPINOSUS 

WOODLAND ALLIANCE) HABITAT SUITABILITY MODEL   
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FIGURE 2-20.  ALLSCALE SCRUB (ATRIPLEX POLYCARPA SHRUBLAND ALLIANCE) HABITAT SUITABILITY MODEL 
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FIGURE 2-21.  CHEESEBUSH - SWEETBUSH SCRUB (AMBROSIA SALSOLA - BEBBIA JUNCEA SHRUBLAND ALLIANCE) 

HABITAT SUITABILITY MODEL  
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FIGURE 2-22.  MESQUITE THICKETS (PROSOPIS GLANDULOSA - PROSOPIS VELUTINA - PROSOPIS PUBESCENS 

WOODLAND ALLIANCE) HABITAT SUITABILITY MODEL  
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FIGURE 2-23.  INVASIVE PLANT: SAHARA MUSTARD (BRASSICA TOURNEFORTII) HABITAT SUITABILITY MODEL 
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FIGURE 2-24.  INVASIVE PLANT: DESERT KNAPWEED (VOLUTARIA TUBULIFLORA) HABITAT SUITABILITY MODEL 
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FIGURE 2-25.  INVASIVE PLANT: TAMARISK (E.G., TAMARIX APHYLLA, T. RAMOSISSIMA) HABITAT SUITABILITY MODEL 
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TABLE 2-6. CNPS INVENTORY OF RARE PLANTS 

Scientific Name Common Name Lifeform CA 
Rank1 

Global 
Rank2 

State 
Rank 

Blooming 
Period 

Micro habitat States3 

Abronia villosa var. 
aurita 

chaparral sand-
verbena 

annual herb 1B.1 G5T2? S2 (Jan) Mar-
Sep 

 Sandy AZ, BA, CA 

Acmispon haydonii pygmy lotus perennial herb 1B.3 G3 S3 Jan-Jun  Rocky BA, CA 

Allium parishii Parish's onion perennial 
bulbiferous herb 

4.3 G3 S3 Apr-May  Rocky AZ, CA 

Androsace elongata 
ssp. acuta 

California 
androsace 

annual herb 4.2 G5?T3T4 S3S4 Mar-Jun  BA, CA, OR 

Astragalus 
crotalariae 

Salton milk-vetch perennial herb 4.3 G4G5 S4 Jan-Apr  AZ, BA, CA 

Astragalus douglasii 
var. perstrictus 

Jacumba milk-
vetch 

perennial herb 1B.2 G5T3? S2S3 Apr-Jun  Rocky BA, CA 

Astragalus 
lentiginosus var. 
borreganus 

Borrego milk-vetch annual herb 4.3 G5T5? S4 Feb-May  Sandy AZ, BA, CA, 
NV, SO 

Astragalus 
magdalenae var. 
peirsonii 

Peirson's milk-
vetch 

perennial herb 1B.2 G3G4T1 S1 Dec-Apr  AZ, BA, CA, 
SO 

Astragalus 
sabulonum 

gravel milk-vetch annual/perennial 
herb 

2B.2 G4G5 S2 Feb-Jun Flats, Gravelly 
(sometimes), Roadsides, 
Sandy (usually), Washes 

AZ, CA, 
NM, NV, 
SO, UT 

Ayenia compacta California ayenia perennial herb 2B.3 G4 S3 Mar-Apr Rocky AZ, BA, CA, 
SO 

Berberis nevinii Nevin's barberry perennial 
evergreen shrub 

1B.1 G1 S1 (Feb)Mar-
Jun 

Gravelly (sometimes), 
Sandy (sometimes) 

CA 

Carlowrightia 
arizonica 

Arizona 
carlowrightia 

perennial 
deciduous shrub 

2B.2 G4G5 S2 Mar-May  AZ, BA, CA, 
TX 

Caulanthus simulans Payson's 
jewelflower 

annual herb 4.2 G4 S4 (Feb)Mar-
May(Jun) 

Granitic, Sandy CA 

Centromadia 
pungens ssp. laevis 

smooth tarplant annual herb 1B.1 G3G4T2 S2 Apr-Sep Alkaline CA 
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Chaenactis 
carphoclinia var. 
peirsonii 

Peirson's 
pincushion 

annual herb 1B.3 G5T2 S2 Mar-Apr  CA 

Cryptantha ganderi Gander's 
cryptantha 

annual herb 1B.1 G2G3 S1 Feb-May  AZ, BA, CA, 
SO 

Cuscuta californica 
var. apiculata 

pointed dodder annual vine 
(parasitic) 

3 G5T3 S3? Feb-Aug Sandy BA, CA, NV 

Cylindropuntia wolfii Wolf's cholla perennial stem 4.3 G4 S3 Mar-May  BA, CA 

Delphinium parishii 
ssp. subglobosum 

Colorado Desert 
larkspur 

perennial herb 4.3 G4T4 S4 Mar-Jun  BA, CA 

Diplacus aridus low bush 
monkeyflower 

perennial 
evergreen shrub 

4.3 G4 S3 Apr-Jul  BA, CA 

Elymus californicus California bottle-
brush grass 

perennial herb 4.3 G4 S4 May-Aug 
(Nov) 

 CA 

Eriastrum harwoodii Harwood's 
eriastrum 

annual herb 1B.2 G2 S2 Mar-Jun  CA 

Euphorbia 
abramsiana 

Abrams' spurge annual herb 2B.2 G4 S2 (Aug)Sep-
Nov 

Sandy AZ, BA, CA, 
NV, SO 

Euphorbia arizonica Arizona spurge perennial herb 2B.3 G5 S3 Mar-Apr  AZ, BA, CA, 
NM, TX 

Galium 
angustifolium ssp. 
borregoense 

Borrego bedstraw perennial herb 1B.3 G5T3? S3? Mar (May)  CA 

Helianthus niveus 
ssp. tephrodes 

Algodones Dunes 
sunflower 

perennial herb 1B.2 G4T2T3 S1 Sep-May  AZ, CA, SO 

Horsfordia newberryi Newberry's velvet-
mallow 

perennial shrub 4.3 G5 S4 Feb-Dec  AZ, BA, CA, 
SO 

Johnstonella costata ribbed cryptantha annual herb 4.3 G4G5 S4 Feb-May Sandy AZ, BA, CA 

Johnstonella 
holoptera 

winged cryptantha annual herb 4.3 G4G5 S4 Mar-Apr  AZ, BA, CA, 
NV, SO 

Juglans californica Southern California 
black walnut 

perennial 
deciduous tree 

4.2 G4 S4 Mar-Aug  CA 

Page 62 of 182



 Rehabilitation of Fallowed Farmlands in Borrego Valley—Literature Review 

Land IQ 
January 2023  52 

1 Rare Plant Ranks 
1A: Presumed extinct in California and rare or extinct elsewhere) 
1B: Rare or endangered in California and elsewhere 
2A: Extirpated in California but common elsewhere 
2B: Rare, threatened, or endangered in California but common elsewhere 
3: Needs review 
4: Limited distribution in California and is under watch) 
  
Ranks at each level also include a threat rank 
0.1: Seriously threatened in California (over 80% of occurrences threatened / high degree and immediacy of threat) 
0.2: Moderately threatened in California (20-80% occurrences threatened / moderate degree and immediacy of threat) 
0.3: Not very threatened in California (less than 20% of occurrences threatened / low degree and immediacy of threat or no current threats known)  
2Question marks are included by CNPS 
3CA: California 
AZ: Arizona 
BA: Baja California 
OR: Oregon 
NV: Nevada 
SO: Sonora, Mexico 
NM: New Mexico 
UT: Utah 
TX: Texas 
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2.4 HIGH PRIORITY INVASIVE SPECIES 

In addition to the vegetation communities described above, there are two highly invasive, nonnative 
species of primary concern in the Subbasin. Brassica tournefortii (Sahara mustard) and Volutaria 
tubuliflora (desert knapweed) are winter annuals detected in the Subbasin around 20 and 10 years ago, 
respectively, and are the targets of active weeding efforts (e.g., by the Weed Eradication Task Force, 
https://anzaborrego.ucnrs.org/weedtaskforce/). Disturbed areas and higher nutrient areas (e.g., 
amended soils) are strong candidates for invasion by these two species. 

V. tubuliflora is frequently found in disturbed areas and seasonally flooded sites and flowers between 
February and June (Keil 2019). B. tournefortii is typically found on roadsides, washes, and open areas 
and flowers between January and June (Al-Shehbaz 2012). B. tournefortii germinates early and rapidly 
(Marushia 2009) and can reduce native annual forb flower and seed production (Barrows et al. 2009). 
Both species are high seed producers with V. tubuliflora seeds dispersed by humans, machinery, water, 
and wind (Cal-IPC, https://www.cal-ipc.org/plants/profile/volutaria-tubuliflora-profile/) and B. 
tournefortii seeds often dispersed by animals, wind, and water (Florin 2016).   

Natural areas with an herbaceous layer that is dominated by these invasive species can be classified as 
“Brassica tournefortii – Malcolmia africana Provisional Herbaceous Semi-natural Alliance” (Sahara 
Mustard and Other Ruderal Desert Forb Patches). B. tournefortii stands were previously treated under 
the Brassica nigra and other mustards Semi-Natural Alliance in the 2009 edition of A Manual of 
California Vegetation (Sawyer, Keeler-Wolf, & Evens, 2009). 

Additionally, Tamarix spp. may only occur in the North Management Area where it has been planted as 
a windbreak, but it can invade washes and areas where there is available groundwater. Areas where 
Tamarix spp. is the dominant shrub layer can be classified as “Tamarix spp. Shrubland Semi-Natural 
Alliance” (Tamarisk Thickets) (Sawyer, Keeler-Wolf, & Evens, 2009). 

2.5 WILDLIFE 

2.5.1 LOCALLY RARE AND PROTECTED SPECIES 
Locally rare and protected species include Callophrys loki (Skinner’s Hairstreak) and Philotes sonorensis 
(Sonoran Blue) which are considered “Vulnerable” according to NatureServe’s global ranking. Uma 
notata (Colorado Desert Fringe-toed Lizard), Phrynosoma mcallii (Flat-tailed Horned Lizard), and Lanius 
ludovicianus (Loggerhead Shrike) are "Near Threatened," Xantusia gracilis (Sandstone Night Lizard) and 
Cyprinodon macularius (Desert Pupfish) are “Vulnerable,” and Gopherus agassizii (Mojave Desert 
Tortoise) is “Critically Endangered” according to the International Union for Conservation of Nature Red 
List of Threatened Species. Cyprinodon macularius and G. agassizii are additionally considered 
“Endangered’ and “Threatened”, respectively, by the state of California. Buteo swainsoni (Swainson's 
Hawk), a migratory bird, is also considered threatened by the state of California. 

We focus here on threats to those species considered threatened or endangered by the state of 
California. Cyprinodon macularius has been seen in the waterways of canyons in the Subbasin and 
threats include dense tamarisk presence and reduced water quality. Buteo swainsoni are frequently 
found in the North Management Area during their migration period in Borrego Springs and relevant 
threats include loss of native forage and breeding grounds, pesticide poisoning, and disease. Threats to 
G. agassizii include habitat loss, fragmentation, and proliferation of nonnative species such as B. 
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tournefortii and nonnative grasses that reduce cover of preferred forage and can create barriers to 
tortoise travel. 

2.5.2 INSECTS AND ARACHNIDS 
Some native insects and arachnids found in the nearby Anza-Borrego Desert State Park include 
Aphonopelma species (Tarantula), Asphondylia auripila (Large Creosote Gall Midge), Asphondylia 
atriplicis (Saltbush Gall Midge), Bootettix argentatus (Creosote Bush Grasshopper), Chlosyne californica 
(California Patch Butterfly), Insara covilleae (Creosote Bush Katydid), Latrodectus hesperus (Western 
Black Widow), Paruroctonus borregoensis (Borrego Sand Scorpion), and Pogonomyrmex californicus 
(California Harvester Ant) (Anza-Borrego Desert State Park, https://anzaborrego.ucnrs.org/citizen-
science/invertebrates/ accessed November 15, 2022). 

2.5.3 BIRDS 
Native year-round residents of Anza-Borrego Desert State Park include Auriparus flaviceps (Verdin), 
Amphispiza bilineata (Black-throated Sparrow), Toxostoma lecontei (LeConte's Thrasher), Toxostoma 
crissale (Crissal Thrasher), Zenaida asiatica (White-winged Dove), Callipepla gambelii (Gambel's Quail), 
and Calypte costae (Costa's Hummingbird), and many others (Nguyen 2019, Jorgensen and Theriault 
2013). Common birds that migrate to the Subbasin include Buteo swainsoni (Swainson's Hawk), Piranga 
rubra (Summer Tanager), and Myiarchus tyrannulus (Brown-crested Flycatcher) (Nguyen 2019). 

2.5.4 REPTILES AND AMPHIBIANS 
Common reptiles native to Anza-Borrego Desert State Park include Sauromalus ater (Common 
Chuckwalla), Dipsosaurus dorsalis (Desert Iguana), Uta stansburiana (Common Side-blotched Lizard), 
Coleonyx variegatus abbotti (San Diego Banded Gecko), Masticophis flagellum (Coachwhip), and 
Crotalus cerastes (Sidewinder). Common native amphibians include Anaxyrus boreas halophilus 
(California Toad), and Pseudacris cadaverina (California Tree Frog) (Anza-Borrego Desert Natural History 
Association, https://www.abdnha.org/slideshows/reptiles/index.htm accessed November 15, 2022). 

2.5.5 MAMMALS 
Primary native mammals in Anza-Borrego Desert State Park include Sylvilagus audubonii (Desert 
Cottontail), Lepus californicus (Black-tailed Jackrabbit), Ammospermophilus leucurus (White-tailed 
Antelope Squirrel), and Canis latrans (Coyote) (Anza-Borrego Desert Natural History Association, 
https://www.abdnha.org/wildlife-of-anza-borrego.htm accessed November 15, 2022). 

2.6 MANAGEMENT OPPORTUNITIES AND CONSTRAINTS 

2.6.1 RESTORATION VERSUS REHABILITATION 
Restoration is defined as 'the process of assisting the recovery of an ecosystem that has been degraded, 
damaged, or destroyed to its original state', whereas rehabilitation focuses on reparation of an 
ecosystem that encourages a degree of ecosystem functionality on sites where restoration to the 
original state is not feasible, at least for near-term (e.g., next 10 to 50 years) management goals 
(Bradshaw 1996). In heavily degraded areas, like fallowed agriculture lands, ecosystem properties are 
often permanently altered, thus restoration of the original state is not possible. In these cases, 
ecosystem rehabilitation strategies are often employed to repair ecosystem properties and recover a 
self-sustaining vegetation community that is as close to the original as possible. Rehabilitation projects 
acknowledge a more flexible definition of success, with the main goal being the establishment of stable 
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conditions, even if that means allowing the presence of introduced species or systems with less 
complexity or altered functions (Bainbridge 2012). 

Throughout this literature review, both “rehabilitation” and “restoration” may be used according to the 
definitions provided above. However, in terms of this project, we recognize that restoration of original 
conditions in the Subbasin’s fallowed agricultural sites is highly unlikely, thus we will employ 
rehabilitation efforts to reestablish a degree of ecosystem function that meets our main project 
objectives. 

2.6.2 DESERT RESTORATION AND REHABILITATION STRATEGIES AND TRADEOFFS  
The defining characteristics of desert ecosystems, such as extreme temperatures, low water availability, 
high solar radiation, low fertility, and severe spatial heterogeneity of soil resources, limit natural 
recovery in deserts (Bainbridge 2012). Following disturbance, natural recovery of desert plant cover 
occurs on decadal to century time scales in desert systems (Lovich and Bainbridge 1999; Guo 2004; 
Abella 2010). In cases of severe disturbance, recovery through natural processes may not be possible 
(Abella 2012). In these instances, restoration and rehabilitation interventions are required. However, the 
same factors that limit natural recovery in desert systems also limit intervention success. Existing 
literature demonstrates that numerous restoration techniques improve recovery time in desert systems, 
however not all techniques are sustainable nor financially feasible. Thus, restoration techniques that 
reestablish natural processes to facilitate natural recovery are highly recommended. The following 
section summarizes key restoration and rehabilitation techniques that focus on reestablishing natural 
processes in desert ecosystems.  

Desert ecosystem restoration (Abella 2012) summarized the general principles of desert restoration as 
follows: 

• Prioritizing areas for restoration, using criteria such as the degree of degradation of the 
ecosystem (e.g., lost plant cover, soil erosion, or missing native biota), or the need to maintain 
water quality or soil productivity for human resource use. 

• Determining reference conditions, representing models of what are considered natural, healthy 
conditions. 

• Setting objectives or targets for restoration, often based on reference conditions and the degree 
to which current conditions differ from reference conditions, as modified by what is desirable or 
feasible from an environmental management standpoint. 

• Grounded in an understanding of ecological knowledge specific to the ecosystem undergoing 
restoration and often drawing from fields such as engineering design treatments to accomplish 
restoration objectives. Ideally any ongoing sources of degradation (e.g., wind erosion reducing 
soil integrity), which may have resulted in the need for restoration in the first place, are reduced 
to the extent possible as part of restoration. 

• Conducting monitoring and research to evaluate if restoration goals were met and to inform 
implementation of future projects. 

Ecological restoration does not typically aim to replicate past conditions for a few reasons. Climates 
have changed and continue to change, no genetic material may remain from extinct species, and desert 
ecosystems in particular transition at a slow pace because they are water and nutrient limited. Rather, 
the aim of restoration is to reestablish previous natural patterns that were disrupted. This approach 
recognizes that even if the original ecosystems had not been disrupted, they would still have 
transformed with changing climates and conditions. For this reason, restoration can result in ecosystems 
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that are better equipped to respond to these changing conditions by being more resilient and 
productive. 

When desert ecosystems are disturbed, native species abundance is reduced, soil properties are altered, 
and diminished ecosystem services create human hazards such as blowing dust. Disturbance can also 
change the spatial pattern of islands of fertility, which are critical areas for plant recruitment and 
biological activity. Abella (2010) found that natural recovery from various types of disturbance in the 
Mojave and Sonoran Deserts averaged 76 years. Restoration is necessary when severe disturbance 
renders natural recovery impossible or highly unlikely. 

2.6.2.1  Global Scientific Literature 

Deserts are found in arid and semi-arid lands where evaporation plus transpiration exceeds 
precipitation (Abella 2017). Deserts can be found on every continent, and the combined area of 
all deserts occupies one third of Earth’s land area (Hadley and Szarek 1981). Abella (2017) 
proposed that three principles of desert ecology are pertinent to all desert restoration 
attempts, regardless of geographic area:  

1) extreme spatial and temporal patterning of resource availability (e.g., water and 
nutrients);  

2) unique nature and slow speed of vegetation community change; 
3) high prevalence of herbivory (eating of plant matter by animals) and granivory 

(eating of seeds by animals).  

Desert restoration often aims to address one or more of the above principles through a variety 
of strategies. Due to similarities in desert restoration strategies used around the globe, we 
organize the following sections by restoration topic, rather than geographic area. 

2.6.2.2  Removal of Disturbances 

As recovery in desert systems is slow, it is important to remove disturbances that may hinder any 
progress (Lovich and Bainbridge 1999). Desert soils and plants are sensitive to physical disturbance, and 
measures to reduce access to areas in recovery are recommended. Human and animal movement can 
disturb soils, leading to increased compaction and susceptibility to erosion (Lovich and Bainbridge 1999). 
Intense herbivory and granivory in desert systems can limit plant recovery, and in some studies, have 
completed decimated restoration attempts (Bainbridge 2012; Abella 2017).  

Fencing can be used to prevent access to areas by both humans and animals, and individual physical 
barriers such as cones can be placed around newly established perennial plants to protect them from 
damage, while also providing shade from the intense sun (Grantz et al. 1998). Invasive species 
frequently hinder recovery in deserts through competition for limited resources such as shade, soil 
water, and nutrients, thus invasive species control is often employed to improve recovery rates (Lovich 
and Bainbridge 1999; Abella and Chiquoine 2019). Invasive species can be controlled through hand 
weeding or targeted herbicide application. 

2.6.2.3  Reestablishment of Natural Drainage Patterns 

Desert ecosystems have three main forms of surface hydrological patterns: 1) permanent flow of 
streams and springs; 2) ephemeral creek flow after rains; and 3) surface water flow (Abella 2017). 
Degraded desert sites often feature disrupted hydrological patterns due to land clearing, roads, or 
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constructed barriers that sever connectivity or alter natural drainage. Disturbed desert surface soils also 
feature high levels of soil compaction that alter water infiltration. Reestablishing natural drainage 
patterns can facilitate the natural recovery of desert ecosystems (Abella 2017). This can be achieved 
through the removal of any barriers to natural water flow, contouring of the soil surface to improve 
connectivity, and through measures that increase infiltration, such as reduction of soil compaction and 
surface catchment creation. 

2.6.2.4  Desert Soil Recovery 

Soil formation in deserts is slow, leading to shallow, heterogenous concentrations of soil resources. The 
top ten centimeters contain most plant available nutrients, organic matter, and microorganisms (Abella 
2017), and the top five centimeters of desert soils often contain most of the viable seed bank (Guo et al. 
1998). Almost all types of disturbance degrade soil structure and function (Bainbridge 2012). Once 
disturbed, desert soils are often compacted, susceptible to wind erosion, have lowered plant 
productivity, and can lack features of natural desert soils such as biotic crusts, seed banks, and spatial 
patterning of islands of fertility (Abella 2017). Successful desert restoration often includes measures to 
recover soil structure and function to facilitate the establishment of soil biota and plants for long-term 
soil and ecosystem health (Bainbridge 2012).  

Soil compaction can be reduced by machine or hand tilling, and soil erosion can be reduced through 
sand fences, surface roughening, or ground cover (Abella 2017). If nutrients are determined as limiting, 
adding fertilizers or organic matter can improve soil conditions, however nutrient addition can lead to 
proliferation of nonnative species that thrive in nutrient-rich soils (Abella 2017). If nutrients are found in 
surplus, carbon addition to soils can stimulate uptake of nutrients by soil microbes (which are often 
limited by carbon), making the nutrients less available to plants and potentially providing competitive 
advantages to native species (Abella 2012). 

2.6.2.5  Reestablishment of Perennial Plants 

The patchy nature of perennial plants and associated fertile islands are defining characteristics of desert 
ecosystems. Perennial plant establishment is therefore a primary goal of desert restoration and 
paramount to the recovery of many ecosystem processes due to their impacts on soil formation and 
resources, their ability to trap sand and seed, and their beneficial impacts to other plants and wildlife 
(Bainbridge 2012; Abella 2017). Perennial plants can be established through seeding, transplanting, or 
facilitating natural recruitment  

2.6.2.6  Reestablishment of Annual Plants 

The accumulation of soil resources under perennial plants also leads to beneficial relationships with 
annual plants (Abella and Smith 2013). Thus, the establishment of annual plants can be facilitated 
through the recovery of perennial plants. If facilitated recovery fails, seeding of annual plants under the 
canopy of pre-existing shrubs can be utilized (Abella 2017). 

2.6.2.7  Vertical Mulch 

In many desert systems, vertical mulching is used to close off disturbed areas and reduce visual blight. 
This process involves collecting dead and downed native plant material from nearby ecosystems and 
planting it vertically in the soil to simulate the appearance of defoliated shrubs (Rader 2017). Some 
studies have shown that although the vertical mulch is no longer living, it can mimic many of the 
properties of fertile islands and facilitate the establishment of perennial and annual plants (Bainbridge 
1996; Rader 2017).  
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Installation of vertical mulch reduces soil compaction, increases infiltration, provides shade, traps sand 
and seeds, introduces organic matter and mycorrhizae to the surface and belowground, can host annual 
plants, and can be utilized by wildlife (Rader 2017; Bainbridge et al. 1996). If seeds are found on the 
collected branches, vertical mulch can also be used as a seed source. The specific installation techniques 
for vertical mulching can be found in the Wildlife Sand Fence section. Limitations of this method include 
collection permission and potential proliferation of invasive species in the areas made more habitable by 
the mulch (Abella and Chiquone 2019).  

In a study from Joshua Tree National Park, vertical mulch successfully promoted the recovery of annual 
plants in degraded sites (Abella and Chiquoine 2019). Though not as effective as transplanting, native 
plant abundance was greater under vertical mulch than in nearby open space controls (Abella and 
Chiquoine 2019). However, the authors also found that the vertical mulch structures facilitated an 
increase of nonnative species as well as native species, and thus recommended invasive species control 
(Abella and Chiquoine 2019). 
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3 FARMLAND IN THE BORREGO VALLEY AND POTENTIAL OUTCOMES OF 
FALLOWING 

3.1 EXISTING CONDITIONS 

The farmed area in Borrego Valley is a patchwork of currently farmed citrus, date, and nursery 
production in combination with abandoned fields in various vegetative states in the northern portion of 
the Borrego Subbasin, north of Palm Canyon Drive (Figure 3-1 and Figure 3-2). Agriculture was 
developed here because frost is highly unlikely, as was thought to be demonstrated by the distribution 
of frost sensitive native species such as Fouquieria splendens (ocotillo) before agricultural development 
(Mark Jorgensen pers. Comm. Sept 2022). The subsections below describe current and previous 
cropping and various types of fallow recently observed. 

Fallowed and abandoned land occurs throughout the farmed area. While some fields have been 
abandoned since the 1960s, others have been recently fallowed within the last few years and still have 
baseline pumping allocations (BPA). Abandoned and fallowed lands are discussed more in Sections 3.1.3 
and 3.1.5. 

3.1.1 CROPLAND 
Crop distribution in the Borrego Valley has changed since farming began on a small scale in the 1920s 
and 1930s. Farmers planted citrus and grape orchards in the 1940s and 1950s, but landowners stopped 
actively growing and irrigating all grape orchards by about 1966, while citrus remained a major crop 
type. Alfalfa and various row crops, as well as potatoes, have all been grown in the Borrego Valley. 
Between about 1950 and 1970, the agricultural landscape was dominated by row crops and grapes, 
whereas farmers started planting citrus trees heavily in the 1970s and by 1992 this crop occupied the 
most acreage in Borrego Valley (Faunt et al. 2015).  

Figure 3-3 shows the 2021 distribution of current crops and fallowed acres, also summarized in Table 
3-1. Grapefruit and lemon represent most citrus acreage, which also includes other types such as 
tangelo (e.g., Figure 3-4). In California, 66% of the grapefruit crop is grown in the desert (UCANR 2003); 
grapefruit is the largest agricultural product from the Borrego Valley (Borrego Water District 2009). 
Ornamental plant nurseries and date palms also comprise the current mix of crops (Land IQ 2021). In 
one case, a date palm grove has been underplanted with citrus (Figure 3-5), which most likely has a 
higher water use than either of those crops on their own.  

 

TABLE 3-1. CROPPED ACREAGE IN THE BORREGO VALLEY (2021) 

Crop Type Acres 

Citrus 1,622 

Dates 76 

Flowers, Nursery and Christmas Trees 571 

Young Perennials1 27 
1 Lemons 
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FIGURE 3-1.  LAND USE AND BPA WATER CREDIT OWNERSHIP IN THE BORREGO SPRINGS GROUNDWATER SUBBASIN 

 From the County of San Diego Planning and Development Services Group. 
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FIGURE 3-2.  CURRENT LAND USE FOR AGRICULTURE, GOLF COURSE RESORTS, AND ABANDONED/FALLOWED LAND IN THE SUBBASIN. 
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FIGURE 3-3.  AGE OF CROPS AND YEAR FALLOWED/ABANDONED IN NORTHERN MANAGEMENT AREA OF SUBBASIN. 
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FIGURE 3-4.  CITRUS ORCHARD IN THE NORTH MANAGEMENT AREA 

 Photo Taken September 28, 2022. 

 
FIGURE 3-5.  DATE PALM GROVE UNDERPLANTED WITH CITRUS. 

 Photo Taken September 28, 2022. 
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3.1.2 MANAGEMENT PRACTICES 
The main crops of citrus, dates and nurseries have management practices that vary widely between 
crops and in the case of citrus, between conventionally and organically managed orchards.  

3.1.2.1  Citrus 

Citrus trees are evergreen and do not lose their leaves or go dormant in the winter. Lemons require the 
most water, partly because they grow faster than other citrus varieties and develop larger canopies 
sooner. When mature, their consumptive water use is about 44 to 55 inches (Faber 2015; Irrigation and 
Training Research Center; Inouye 1981); however, water applied to compensate for irrigation 
inefficiency, salt management, and frost protection is more typically around 76 inches, and may be up to 
96 inches in the Borrego Valley (Takele and Mauk 1998b; GMP; Seley 2022). This value is consistent with 
the water use factor calculated for citrus BPA of 6.29 ft (75.5 inches per year) by the County of San Diego 
for the Subbasin (2019). Grapefruit uses less water; applied water on mature grapefruit orchards 
averages 48 inches (Takele and Mauk 1998). In the Borrego Valley, citrus is irrigated using both micro-
drip and micro-sprinkler. Even if orchards have been converted to drip irrigation, micro-sprinkler 
infrastructure is maintained for frost protection (Seley 2022). Though the sprinklers are too small to wet 
the tree canopies, winter groundwater is warm, and running micro-sprinklers warms up the orchard to 
prevent fruit from freezing. 

A sulfate gas irrigation water additive (that produces mild sulfurous acid when added to water) is used 
(Seley 2022) to lower pH, which is common where irrigation water and/or soil are high in pH. The 
additive is used primarily to neutralize carbonates and bicarbonates (which bind up calcium and 
decrease its availability); dissolve sodium compounds and other salts; promote nutrient availability, and 
control pH-sensitive pests. Though there is only one report of this kind of “sulfur burner” being used, 
groundwater and soil chemistry are relatively similar in the farmed area of the Borrego Valley, and it is 
likely a common practice. 

Citrus orchards begin to produce commercially when they are 5 years old and may last up to 50 to 60 
years but become less productive at that age. In more recent years, growers have begun to remove their 
orchards at a younger age (20 to 30 years) to limit tree growth; younger trees are very productive, but 
use far less water than mature trees, especially lemons which grow to be very large. Smaller trees also 
have lower fertilizer requirements, facilitate improved application of pest control products, and carry 
less risk of disease development. Orchard removal in the Borrego Valley is, for the most part, still on the 
traditional schedule. 

Both conventional and organic management practices are used on citrus orchards in the project area. 
Grapefruit production is mostly organic because the return on investment for conventionally grown 
grapefruit is low. Land preparation before planting can include deep ripping, disking, adding soil 
amendments and field leveling. Pruning is necessary in both types of production. On young trees, only 
suckers (unproductive branches thin branches) are removed. Mature grapefruit trees require little 
pruning, which is often only done every four years; however, lemon trees require selective pruning and 
are typically pruned every year. Prunings are typically chipped and reapplied to the orchard floor as 
mulch (Seley 2022). Gypsum (calcium sulfate) may be applied to lower sodium levels. Compost may also 
be applied to improve soil organic matter and associated soil functions. Citrus is hand-harvested (UCANR 
2003; Abbas and Fares 2009). 

Salinity accumulation is a concern in farmed fields because of constant irrigation and evaporation far 
exceeding precipitation. For this reason, extra irrigation water must be applied above the amount 
required by the crop to maintain low root zone salinity levels that prevent damage to crops. Relatively 
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high intentional (irrigations applied for leaching purposes) and unintentional (irrigation over-applied to 
compensate for irrigation system inefficiency) leaching fractions of about 20 to 30% occur in the Borrego 
Valley because of the low water holding capacity of the sandy soils and the need to push salts below the 
effective root zone (Seley 2022). In addition, if gypsum is applied to free sodium ions, leaching is needed 
to remove them from the root zone. Leaching fractions above 20 to 30% are difficult to achieve with 
low-volume irrigation systems such as drip and micro-sprinkler.  

Micro-climates are observed to place different varieties of citrus strategically. While lemons are 
sensitive to cold temperatures, grapefruit are hardier and can be planted in cold spots or cold air 
“rivers” that run through the valley. Knowledge of the specific location of these cold areas is critical in 
planting orchards (Seley 2022). 

Di Prima et al. (2018) compared soil physical quality indicators under organic and conventional citrus 
orchards in Spain and found optimal values for soil bulk density and organic carbon content in 100% and 
70% of cases for organic farming, respectively. Under organic farming, the soil had the greatest ability to 
store and provide water to plant roots, and to quickly drain excess water and facilitate root 
proliferation. Management practices adopted under organic farming (such as vegetation cover between 
the trees, chipping after pruning, and spreading the chips on the soil surface) improved the soil physical 
quality indicator. Conversely, the conventional management strategies unequivocally led to soil 
degradation owing to the loss of organic matter, soil compaction, and reduced structural stability. The 
results in this study show that organic farming has a clear positive impact on the soil physical quality 
when these specific practices, such as cover cropping and applying pruning chips, were used (compared 
to sites with tillage and herbicide application). Nevertheless, this study points to some soil quality 
factors that could vary between conventional and organic production, depending on practices. 

3.1.2.1.1 Organic Production 

Weeding may be done by hand, mechanically, or by discouraging growth with cover crops or mulch, 
however, in water scarce systems cover crops are not typically used. Manure, compost, and/or 
fish/kelp-based additives may be applied for nutrient supplementation. Rodents are controlled by 
monitoring and trapping, and insect pests are typically controlled by releasing beneficial insects. Several 
Integrated Pest Management (IPM) strategies can be used to control pests, such as cultural controls 
(dust reduction, pruning, post-harvest washing, trunk barriers, cultivation); biological (wasps and other 
natural predators); and approved chemicals. Mineral oil application is also used to control disease and 
insect pests. Irrigation runs April through October in years when there is adequate winter precipitation; 
however, winter irrigation is applied to avoid dormancy from water stress and for frost protection 
(UCANR 2003; Klonsky and Tourte 1997).  

3.1.2.1.2 Conventional Production 

Land preparation before planting can include deep ripping, disking, adding soil amendments and field 
leveling. Weed control may be accomplished by mechanical means or pre- and post-emergent 
herbicides. Weeds, insects, diseases, vertebrates (gophers, etc.) and nematodes are controlled with 
insecticides, pesticides, beneficial insects, or IPM. Fertilization usually includes Nitrogen (N) in the form 
of urea applied to soil, and zinc sulfate and manganese applied as foliar spray. The growth regulator, 
gibberellic acid, is used on lemons. On grapefruit, 2,4-D is applied to mature groves for delaying harvest 
and increasing fruit size (Takele and Mauk 1998; UCANR 2003). Soil fumigants have been commonly 
used before an orchard is replanted. Methyl bromide was banned in 2005, and other products have 
restrictions on total usage and the time of year when they can be used. 
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3.1.2.2  Dates 

Date palm is a subtropical crop that takes seven years to produce fruit. It typically requires around 8 
ft/yr of water at maturity. The water use factor used to calculate BPA for date palms is 7.74 ft/yr (County 
of San Diego 2019). Discing and fumigation with methyl bromide are typically done to prepare the land 
for planting. Nitrogen in the form of urea, Phosphorus (P), Potassium (K) and magnesium sulfate are 
applied as fertilizer. Commonly, the broad-spectrum herbicide Roundup® (active ingredient: glyphosate) 
is spot sprayed every year for weed control, and discing may also be used. Some weeds, such as 
tamarisk, are removed mechanically. Savey® and Malathion can be applied every year beginning in year 
6 to control pests. Strychnine may also be used to control rodents. Other field operations include 
dethorning, manual pollination, fruit bunch tie-down, pruning and bagging, and harvest, which are all 
done by hand (Johnson and MacKnight 2019; Lee 1963; Takele et al. 2006). 

3.1.2.3  Nursery Crops 

Nursery management practices cover a range of fertilization and watering regimes depending on the 
types and species of plants grown, which number in the tens (i.e., 40 to 70 per nursery) and include 
palms, trees and shrubs, cacti, and other specialty desert plants. Native landscape plants use less water 
than decorative plants, ornamental palms, and nursery plants. Water use factors for these plants are 
2.76, 4.03 and 4.84 ft/yr, respectively. 

3.1.3 FALLOWED LANDS 
The GMP requires fallowing of farmed fields to implement the ramp down of groundwater pumping. To 
this end, some growers have traded their BPA as water rights to other water users and fallowed some 
fields. These fields were fallowed in different years (Figure 3-2 and Figure 3-3) and are in different states 
of transition. Some parcels still have water rights but have been fallowed. Other parcels were 
abandoned for different reasons. For example, the grape fields were abandoned in the 1960s because of 
a labor dispute. The total number of acres that have been fallowed or abandoned to date is about 3,080. 
Historic land use was determined by reviewing historic topographic maps, 1953 aerial (see Appendix B), 
and land use cover map prepared by Faunt et al. (2015). 

3.1.3.1  Current Fallowing Practices 

As Figure 3-2 and Figure 3-3 show, some fallow was implemented before the GMP was developed. Fields 
planted to grapes, for example, have been fallowed for several decades. Other fields that were 
previously in tree crops have been fallowed more recently. Between 1995 and 2015, up to 4,000 ac had 
been used for agriculture, and 600 ac have been fallowed for water credits (GMP). The Water Credits 
Policy was designed to encourage conversion of agricultural and high-water use land, such as golf 
courses, to land uses with less water demand (GMP). However, 2,480 acres (excluding the 600 acres 
fallowed for water credits) have been fallowed in the last several decades for various reasons as of the 
writing of the GMP.  

The California General Plan Glossary of Terms defines “fallow land” as follows: Agricultural land that is 
not currently being cultivated but has been cultivated at least one year in the past five years unless: 

1. The land is enrolled in a habitat conservation program that has been approved by a county, 
state, or federal government agency; or 

2. The land has not been cultivated in any of the past five years due to accepted farm management 
practices; or 
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3. The land has not been cultivated in any of the past five years because of enrollment in a federal 
program that requires it to remain unfarmed (AG guidelines, SD County). 

Therefore, fields that have not been farmed for several decades (or over five years) would not be 
considered fallow by land use standards but “abandoned”. 

Though the minimum standards require destruction of all tree crops (see first standard above), there is 
no stipulation about a compliance timeframe during which this must occur. As a result, some citrus 
orchards are not being irrigated anymore but still support standing dead trees.  

To date, fallowing has largely been a passive practice and would more correctly be termed abandoned 
land, especially if it is long-term. There are some remnants of previous crop management practices, such 
as grapevine stakes still standing or furrows/beds in a previously cropped potato field. 

The following subsections describe some of the fallowed and abandoned land that was observed during 
a field visit on September 28, 2022. 

3.1.3.1.1 Viking Ranch 

The only area that has received active implementation of techniques to prevent or mitigate windblown 
dust and its resulting impacts is Viking Ranch (now owned by Borrego Water District), which include four 
“blocks” or fields on the northern end of the farmed area. Viking Ranch was cleared to farm citrus in 
1993/1994 and fallowed from farming in 2013-2014.  

Block 1 was cleared in 1993-1994 but it was never farmed, except for the northeast corner, which was in 
production in the late 1990s until 2002. There is evidence of braided channels, likely from waters of 
Coyote Canyon (Figure 3-6). 

 
FIGURE 3-6.  BLOCK 1 OF VIKING RANCH. 

 Photo Taken September 28, 2022. 
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Block 2 was cleared in 1993-1994 and farmed until it was fallowed in 2011-2012. It includes an area 
running diagonally, from northwest to southeast, that is occasionally washed by Coyote Creek. After 
fallowing, tree chippings were left on the field, and have been reworked by flood waters. There is some 
vegetation recruitment on Block 2 (Figure 3-7), which may have been aided by flood water and wind. 

 

 
FIGURE 3-7.  BLOCK 2 OF VIKING RANCH. 

 Photo Taken September 28, 2022. 
 

Block 3 was also cleared in 1993-1994 but fallowed in 2013-2014. It includes the main channel of Coyote 
Creek, which covers a large area of the block. Tree chippings were applied in rows on this block and are 
still visible, though they have been reworked by wind and water. Vegetation establishment is the most 
advanced here, compared to other blocks (Figure 3-8), which may be due to shrubs accessing shallow 
groundwater. 
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FIGURE 3-8.  BLOCK 3 OF VIKING RANCH. 

 Photo Taken September 28, 2022. 
 
 

Block 4 was cleared in 1993-1994. The north half was fallowed in 2011-2012, while the south half was 
fallowed in 2013-2014. Chips were also applied in rows, but vegetation establishment is minimal (Figure 
3-9 and Figure 3-10), possibly because this block did not receive the benefit of washes from Coyote 
Canyon. The creek channel runs across the southwest corner of the field, where it was observed that 
some shrub growth has followed the creek bed.  

For reasons described in Section 2.1.7 regarding ephemeral stream washes, shrub establishment is more 
advanced on the washed areas of Viking Ranch Blocks 2 and 3, while Blocks 1 and 4 and other fallowed 
fields have little vegetation establishment. Figure 3-8 shows not only shrub growth, but cracking dried 
soil in the creek bed, indicating clay fines that expand and contract when wetted.  
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FIGURE 3-9.  BLOCK 4 OF VIKING RANCH. 

 Photo Taken September 28, 2022. 
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FIGURE 3-10.  REMNANTS OF CHIPPED ROWS ON BLOCK 4 OF VIKING RANCH. 
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3.1.3.1.2 Seley Ranch Partial/Strip Fallow 

At Seley Ranch, an organic grapefruit production, a strip of land near a tamarisk windbreak has been left 
fallow since 2021. The fallow strip is about 250 feet wide and 17 acres. The strip was fallowed because 
the tamarisk has widespread roots that damage irrigation systems and consume water. They also take 
up salt, accumulate it in their needles, and salinize soil when the needles fall (Figure 3-11). 

 

 
FIGURE 3-11.  SELEY RANCH PARTIAL/STRIP FALLOW BETWEEN CITRUS ORCHARD AND TAMARISK WIND BREAK. 

 Photo Taken September 28, 2022. 
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3.1.3.1.3 Abandoned Sites 

Some orchards are not irrigated anymore but still contain dead citrus or ornamental palm trees. These 
orchards may have been left standing to avoid soil destabilization; however, dead citrus trees are at risk 
of harboring an invasive pest of citrus trees, Asian citrus psyllid, that causes serious damage to citrus 
orchards and citrus plant relatives. Figure 3-12 shows dead citrus trees in the abandoned orchards on 
Burnand Ranch, now owned by T2 Holdings. 

 

 
FIGURE 3-12.  ABANDONED CITRUS ORCHARD. 

 Photo Taken September 28, 2022. 
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3.1.3.2  Fallowing Guidelines 

3.1.3.2.1 Federal 

The United States Department of Agriculture (USDA) NRCS has published several guidelines related to 
soil conservation that are mainly measures to prevent soil erosion; however, they do not include 
guidelines for fallowing land per se, as fallowing takes on so many forms (temporary, permanent, 
rotational, etc.). 

USDA NRCS Nevada’s guide to controlling fugitive dust (2007) includes the NRCS conservation practices 
for non-cropped land, as follows: 

• Access restriction 
• Aggregate cover 
• Artificial wind barrier 
• Critical area planting 
• Manure application 
• Reduced vehicle speed 
• Synthetic particulate suppressant 
• Track-out control systems 
• Tree, shrub, or windbreak planting 
• Watering  

3.1.3.2.2 State  

The California Department of Water Resources (DWR) is currently in development of fallowing 
guidelines for California, which will include how fallowing in the Borrego Valley can be informed by 
current best practice and where new guidelines specific to the arid ecosystem, local flora and specific 
guidance form the EWG will be needed to create conditions leading to restoration of native plant 
communities while avoiding the negative impacts of unmitigated dust and visual blight. DWR plans to 
complete these guidelines by summer 2023, at which time, pertinent information can be incorporated 
into this current project (Kelley List 2022). 

In 2004, Rule 4550, a dust mitigation initiative, was adopted by the San Joaquin Valley Regional Air 
District. As part of this effort, Conservation Management Practices related to dust mitigation and 
prevention were developed to be included in dust management plans. Voluntary adoption of these 
practices was shown to be effective in preventing dust emissions (Ayres et al. 2022) and are generally 
related to disrupting wind and minimizing surface disturbance. Dust control best management practices 
(BMPs) include identifying the source, cause and characterization of dust, and preventative and reactive 
measures such as: 

• Reduce traffic 
• Reduce speed of traffic 
• Increase moisture 
• Gravel 
• Binders 
• Sealants 
• Reduce exposure 
• Slow wind with windbreaks 
• Modify equipment to reduce disturbance 
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3.1.3.2.3 Regional 

Drought measures for dust mitigation and air quality in California were developed by the Antelope 
Valley Dustbusters Task Force (2011) and include: 

• Organic matter inclusion 
• Cover crop between plantings of annual crops 
• Cover crop between rows of perennial crops 
• Strip-cropping 
• Use of wind erosion equation or USDA NRCS Wind Erosion Prediction System (WEPS) 
• Conservation tillage 
• Surface roughening (or furrows perpendicular to wind) 
• Wind break – solid fence, porous fence, straw bales or tress/shrubs 
• Wind barrier - berms (built with soil and/or wood chips) 
• Chemical coating 
• Gravel mulch 
• Paving 
• Wood chip mulch 
• Plastic mulch 
• Watering 
• Revegetation – direct seeding or transplanting of native plants 
• Dust suppressant materials 
• Mulching – manure, plant materials 
• Restricted access 

3.1.3.2.4 Borrego Water District Minimum Fallowing Standards 

The GMP includes minimum fallowing standards intended to avoid visual blight associated with 
fallowing and to reduce dust and air quality impacts. The standards are included in Exhibit 3 of the 
Stipulated Judgment, as follows: 

• All agricultural tree crops shall be destroyed (e.g., chipped or burned) 

• All land where the crops were destroyed shall be stabilized (e.g., mulched with the resulting tree 
crop chippings or ash, planted with rye grass, barley or other acceptable cover crop, application of 
other product to aid in dust abatement, or combination thereof). 

• All irrigation wells not used for irrigation of other property, for monitoring or for other allowable 
purposes shall be properly abandoned, converted to monitoring wells, or otherwise exempted 
under applicable County standards. 

• All above ground irrigation lines/piping shall be permanently removed. 

• All hazardous materials (e.g., drums of used oil) will be removed from the fallowed site. 

These standards are considered minimum and are subject to any additional requirements by San Diego 
County, if any.  

3.1.4 CLEARED/DISTURBED LANDS 
Some parcels of land within the Borrego Valley were cleared of vegetation by the early 1950s but were 
never intensively farmed or cultivated. Though the soil surface of these parcels was disturbed, the soil 
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profile was not. Natural vegetation has grown back on these parcels, as shown by evaluation of aerial 
photos taken from 1953 to 2020, and review of land use cover maps prepared by Faunt et al. (2015). 

3.1.5 PROPERTY BOUNDARIES AND WATER CREDITS 
Figure 3-1 shows property ownership and water credits associated with each property.  

Figure 3-13 shows the distribution of BPA by land use type as of 2022. 

The BPA was determined for each non-de minimus groundwater user in the Subbasin. The BPA is the 
amount of groundwater each pumper is allocated prior to reductions required in the Stipulated 
Judgment because of SGMA. The BPA is also defined as the verified maximum annual production for 
each well owner over the baseline pumping period, 2010 through 2015. This pumping period was 
chosen because SGMA took effect on January 1, 2015.  

The BPA for agricultural users was determined by calculating a water use factor for irrigated acreage 
determined by aerial imagery. The water use factor estimates total water pumped and includes water 
lost through evapotranspiration (ET) from plants and soil, water used to compensate for irrigation 
inefficiency, and water used for salt leaching. The water use factor for each crop type was determined 
using published values and assumptions documented by County of San Diego about reference 
evapotranspiration for the area, ET for each plant type, irrigation efficiency of systems used on Subbasin 
crops, and leaching requirements needed to control root zone salinity. Water use factors for each crop 
type are shown in Table 3-2. 

Table 3-3 is a summary of land use (excluding undeveloped, natural land; developed, urban areas) that 
was credited a n BPA of water. Table 3-4 is a summary of land use that was not assigned a BPA, 
excluding undeveloped, natural land; developed, urban areas. Figure 3-2 displays these land uses in the 
Subbasin. 

 

TABLE 3-2. WATER USE FACTORS FOR SUBBASIN CROPS 
 

  

Land Use/Crop Type 
Water Use 

Factor (ft/yr) 

Citrus 6.29 

Date Palms 7.74 

Landscape (Decorative) 3.63 

Landscape (Native) 2.76 

Nursery 4.84 

Palms (Ornamental) 4.03 

Ponds 5.75 

Potatoes 2.5 

Turf 6.45 
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FIGURE 3-13.  CURRENT (2022) LAND USE TYPE BY BASELINE PUMPING ALLOCATION (BPA IN AFY) AND FRACTION 

(%) OF TOTAL BPA (24,293 AFY). 

 Does not include 42 AFY BPA for De Minimis Water Rights for Borrego Unified School Disttrict and Anza 
Borrego Desert State Park. 
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TABLE 3-3. LAND USE WITH BASELINE PUMPING ALLOCATION (BPA) AS OF MAY 12, 2022. 

Land Use Type 

No. 
Parcels 

(No. 
Owners) 

Total 
Parcel Area 

(Acres1) 

Range of Years Parcels in 
Each Category Were 

Fallowed/Abandoned 

Range of Number of 
Years Farmed or 

Abandoned/ 
Fallowed2 2022 BPA3 

i. Land Use with BPA (total of 6,445.3 acres and 17,388 BPA); Excluding Fallow/Abandoned Agriculture 
Agriculture Total 79 (27)   2,626.1 Planted 1984–2019 Farmed 3–38 yrs 12,790 
Citrus 57 (13)   1,728.4 Planted 1984–2019 Farmed 3–38 yrs  10,273 
Dates 4 (2)   113.6 Planted 1990–2015 Farmed 7–32 yrs  387 
Palms4 13 (8)   705.5 ND ND  1,953 
Nursery, Flowers, Herbs 5 (4)  78.6 ND ND 177 
Golf Course Resort5  94 (4)   3,329.5 Constructed 1957–2003 Operated 19–65 yrs 4,300 
Other Water Use  95 (19)   455.1 ND ND 262 
Disturbed or Cleared (Not 
Cultivated)6 1 (1)  19.0 Disturbed 1993–2022 Abandon ≤ 29 yrs 

ago 
--- 

Natural (Undeveloped)  2 (2)   15.6 N/A N/A 36 
    
ii. Fallowed and Abandoned Land with BPA (total of 1,722.3 acres and 4,342 BPA) 
Fallowed/Abandoned 
Agriculture Total  25 (9)  1,176.4 1980–2022 Fallow 0–42 yrs ago 3,030 

Citrus  11 (5)   437.2 2009–2022 0–13 yrs ago 2,344 
Palms4  7 (1)   26.1 2022 Within the last yr --- 
Potato  4 (1)   639.3 1980–2016 6–42 yrs ago 574 
Crops7  2 (1)   11.2 2010 12 yrs ago --- 
Nursery, Flowers, Herbs  1 (1)  62.6 2005 17 yrs ago 112 
Fallowed Golf Course Resort8  16 (1)   545.9 2019 3 yrs ago 1,312 
    
iii. Municipal Pumper: Borrego Water District (2,563 BPA) 
    
iv. Parties with DeMinimis Water Rights (total of 42 BPA) 
Borrego Springs Unified School 
District multiple   N/A N/A N/A 22 

Anza Borrego Desert State 
Park multiple  N/A N/A N/A 20 

1. Classification is made based on parcels or fraction of a parcel when there were different land uses between years, not actual 
area of land use activity (e.g., orchard, golf course greens). Different than crop or other water consumption practice (e.g., golf 
course, landscaping) acreage. This table does not include urban/developed land uses, other than golf course resorts and solar 
energy projects. 
2. For agriculture in production currently, the date range represents the range of ages of the orchard or the operation. The age 
of palm and nursery production was not determined (ND). For fallowed or abandoned agriculture or other land uses, the age 
range is the length of time it has been since cultivation has occurred in that category. 
3. Baseline Pumping Allocation (BPA) in Acre-Feet as of May 12, 2022. 
4. Palms include date palms and ornamental palms. These can be separated if classified on the map at a later date. 
5. De Anza Country Club Golf Course opened in 1957. The Roadrunner Golf and Country Club opened circa 1968. Rams Hill 
Country Club began construction in 1982. The Springs RV and Golf Resort was constructed beginning in 2003. 
6. Portion of Parcel that has BPA water credit that has been disturbed or cleared in the past, but not cultivated. 
7. Crops is identified when the type was not known but does not include palms or citrus. 
8. The Borrego Springs Resort fallowed its golf course in 2019. 
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TABLE 3-4. LAND USE WITHOUT BASELINE PUMPING ALLOCATION (BPA). 

Land Use Type 

No. 
Parcels 

(No. 
Owners) 

Total 
Parcel 
Area 

(Acres1) 

Range of Years Parcels 
in Each Category Were 

Abandoned 

Range of Number of 
Years Farmed or 

Abandoned2 
Land Use without BPA (4,125.5 total acres) 
Abandoned Agriculture Total  113 (56)   3,047.6  circa 1953–2017 ~5–69 yrs ago 
Citrus3,4  10 (5)  333.6 2003–2017 5–19 yrs ago 
Palms5  4 (3)   194.7  2005–2016 6–17 yrs ago 
Potato  4 (1)   164.8  2014–2016 6–8 yrs ago 
Grape  9 (7)   989.6  circa 1966–1968 ~56–58 yrs ago 
Crops6,7  87 (40)  1,361.9 circa 1953–2014 ~8 to 69 yrs ago 
Disturbed or Cleared (Not Cultivated)  21 (15)  728.1 circa 1953–2022 ~0–69 yrs ago 
Solar Energy Project8  2 (2)  349.8 Built 2012–2015 Built 7–10 yrs ago 

1. Classification is made based on parcels or fraction of a parcel when there were different land uses between years, not actual 
area of land use activity (e.g., orchard, golf course greens). Different than crop or other water consumption practice (e.g., golf 
course, landscaping) acreage. This table does not include urban/developed land uses, other than golf course resorts and solar 
energy projects. 
2. For agriculture in production currently, the date range represents the range of ages of the orchard or the operation. The age 
of palm and nursery production was not determined (ND). For fallowed or abandoned agriculture or other land uses, the age 
range is the length of time it has been since cultivation has occurred in that category. 
3. 75.6 acres of abandoned citrus were formerly grape until approximately 1968. 
4. Viking Ranch began development in 1993/1994 and was organized into 4 blocks. Block 1 (SW corner of property) was cleared, 
but most of it was not cultivated, except for a small portion of the northeast corner in the late 1990s but was abandoned in the 
2002. Block 2 (NW corner) was citrus until fallowed in 2012. The upper half of Block 4 (NE corner) was fallowed citrus in 2012, 
and along with Block 2 is named Viking 1. The remainder of the citrus was fallowed in 2014, and is called Viking 2, the bottom 
half of Block 4 and Block 3 (SE corner). Viking 1 and 2 are both owned by the Borrego Water District. 
5. Palms include date palms and ornamental palms. These can be separated if classified on the map at a later date. 
6. Crops is identified when the type was not known but does not include palms or citrus. 
7. 147.5 acres of abandoned crops were formerly grape until approximately 1968. 
8. 303.7 acres of solar project (owner N R G Solar Borrego I LLC) were formerly grapes until approximately 1968; and not all the 
parcel area is covered by the solar power project, which was installed between 2012 to 2014. 46.1 acres of formerly natural, 
uncultivated, land was developed into a solar project in approximately 2015 (Desert Green Solar Farm LLC). 
SOURCE DATA: USGS 2015, 1953 Historical Aerial, 2021 Land IQ Crop Mapping Data, 2012 Crop Data from Borrego Water 
District, and Exhibit 4 from 2021 Settlement. 
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3.1.6 CURRENT PROCESSES ON FALLOWED LANDS 
We observed fallowed sites on September 28, 2022. As described previously, the duration of fallow and 
the previous management vary on fallowed fields. Observations are described below, as well as data 
from groundwater quality sampling in the farmed area. 

3.1.6.1  Observed Sand Drifting and Vegetation Establishment 

Sand deposition and vegetation establishment are described concurrently because they are necessarily 
intertwined on arid wind-dominated landscapes. In shrublands, as described in Okin et al. (2001), shrubs 
accumulate nutrients and substrate for seedling emergence by trapping airborne sand and developing 
“islands of fertility”. These islands of fertility form within a fine balance of conditions that allow natural 
movement of soil and seed but avoid the aeolian erosional processes that prevent them from forming or 
disintegrating them by abrading or burying existing shrubs. If left undisturbed, islands of fertility develop 
into hummocks that prevent damaging erosion and further promote recolonization of seedlings. 

Sand deposition in different amounts and stages was evident in several fallowed sites.  

• We observed some drifting sand on one grape field that had been abandoned for several 
decades (likely since the mid-1960s) and infrastructure removed; however, hummocks were 
few to non-existent, perhaps because a senesced tamarisk wind break on the field’s 
western boundary provided protection from wind. There were no natural or artificial sand 
fences to slow the wind in the field (Figure 3-14). There was little revegetation on this field. 

• On an adjacent abandoned grape field with similar fallowing history, grapevine stakes were 
still standing, and some revegetation had started along with small sand hummocks (Figure 
3-15). This field was not sheltered by windbreaks. 

• Sand dunes are forming on a potato field that was abandoned about ten years ago and lies 
south of a field with high wildflower density in the Anza-Borrego State Park. The field has 
visible furrows that persist from previous field cultivation (Figure 3-16). The dunes shaped 
by prevailing winds from the northwest and exist where there are breaks in the old 
(senesced) tamarisk wind break on the north edge of the field. We observed saltbush 
(Atriplex spp.), creosote (Larrea tridentata), dune primrose (Oenothera deltoides), and other 
forbs in low density. 

• Viking Ranch blocks have some vegetation establishment, though there is more on Block 4, 
which supports large creosote shrubs and higher abundance of other shrubs, which is 
strongly associated with fluvial processes from active channel wash (Figure 3-17).  
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FIGURE 3-14.  GRAPE VINEYARD ABANDONED IN THE 1960S WITH LITTLE TO NO VEGETATION ESTABLISHMENT; OLD 
TAMARISK WINDBREAK IN FOREGROUND. 

 Photo Taken September 28, 2022. 
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FIGURE 3-15.  GRAPE VINEYARD ABANDONED IN THE 1960S WITH VEGETATION ESTABLISHMENT. 
 Photo Taken September 28, 2022. 
 

 
FIGURE 3-16.  ABANDONED FIELD WITH REMNANT FURROWS FROM LAST CROP GROWN (POTATOES), ABOUT 2012, 
AND SAND DUNES FORMING THROUGH BREAKS IN OLD TAMARISK WINDBREAK FROM NORTHWEST PREVAILING WINDS. 
 Photo Taken September 28, 2022. 
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FIGURE 3-17.  WASHED DRY COYOTE CREEK BED AND VEGETATION ON BLOCK 2 AT VIKING RANCH. 

 Photo Taken September 28, 2022. 

3.1.6.2  Washes and Surface Litter on Viking Ranch 

Blocks 2 and 4 of Viking Ranch, as previously described, comprise Coyote Creek channel and occasionally 
receive flood flows from Coyote Canyon. Because orchard chippings were left on Blocks 2, 3 and 4, (in 
windrows), flooding spread chips out on Blocks 2 and 4 that include the creek bed. The surface cracking 
in Figure 3-17 and other geomorphic features are indicative of the finer sandy soil associated with the 
Rositas loamy coarse sand mapped in that wash, and deposition of finer particles (clays and silts). 
Chipped rows with smaller gaps help to trap aeolian and fluvial particles better than rows with larger 
gaps (Okin pers comm. Sept 2022). 

Page 94 of 182



 Rehabilitation of Fallowed Farmlands in Borrego Valley—Literature Review 

Land IQ 
January 2023  84 

3.1.6.3  Groundwater Quality 

Groundwater sampling in the North Management Area, where farming occurs, has shown elevated 
concentrations of N and radionuclides in wells above the maximum contaminant level (MCL). Salinity, as 
measured by total dissolved solids (TDS), is low to moderate. Suitability of groundwater salinity for 
either native or agricultural plant irrigation is species-specific. Many native desert species are salt 
tolerant; however, specific salinity thresholds for each species should be known or estimated from 
natural distribution to determine suitability. 

3.2 PROCESSES AND TIMESCALES 

Land abandonment is not a static end state but a transitional stage leading to different trajectories of 
varying intensity and long-term outcomes. Abandonment might result in natural succession or transition 
states, vegetation recovery, or land degradation (Prishchepov 2021). Potential environmental benefits 
include carbon sequestration, regulation of terrestrial albedo (how much sunlight is reflected from a 
surface), increases in certain habitat, but abandoned lands may be vulnerable to invasive species, 
erosion, and fire (Munroe et al. 2013). Abandoned fields evolve differently depending on soil type, water 
availability, and previous land use (Nunes et al. 2012). Other factors that can influence succession or 
transitional states include allelopathy (when plants release chemical that inhibit the growth of other 
plants), competition, nonnative species, predation, and seed sources (Landowner Resource Centre 
1999). In addition to the land surface processes observed on currently fallowed land and previously 
described in Section 3.1.3, changes in soil erosion, deposition, salinization, acidification, and microbial 
communities have been observed on fallowed land.  

3.2.1 GLOBAL SCIENTIFIC LITERATURE 
The body of literature on processes initiated by land abandonment, such as changes in soil physical, 
chemical, and biological properties, are concentrated in parts of the world where land abandonment has 
been prevalent. Agricultural land abandonment is an increasing global phenomenon owing to 
environmental, political, and economic factors, and it has commonly been studied in China, Europe, 
Africa, and the Middle East, particularly in mountainous areas where the environmental benefits of 
retiring farmland outsize the economic losses. More recently, agricultural land abandonment has begun 
to increase in Australia as well (Belin et al. 2013). Therefore, much of this information on farmland 
retirement and restoration found throughout the scientific literature is not applicable to arid or desert 
environments. Land abandonment resulting in bare and degraded lands with little natural vegetation 
succession is a scenario common in arid environments, but not in higher moisture regimes where 
natural revegetation is relatively quick.  

In addition, examples of land abandonment that are in arid or desert climates often involve land that 
has been degraded by agricultural use, because it is from areas of the globe where agriculture is not 
practiced as intensively as it is in North America. For example, land abandonment study examples from 
Africa are typically focused on addressing the processes of desertification from subsistence agricultural 
practices or salinization. In these cases, agricultural land has been abandoned because it is no longer 
productive. The scenario of abandoning highly productive agricultural sites in desert environments (due 
to limited groundwater supplies in this case) is not documented because it is unusual. Therefore, 
processes and their timescale resulting from fallowing intensive agriculture in an arid environment are 
difficult to predict. 
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3.2.2 INDICATORS OF PRODUCTIVITY 
The processes associated with land abandonment are addressed in the following subsections. Indicators 
of productivity and soil health or quality and productivity are divergent from the perspectives of 
agricultural production and native vegetation establishment and differ with climate.  

Soil health is the condition of the soil and its potential to sustain biological functions, maintain 
environmental quality, and promote plant and animal health, whereas soil quality has been defined as 
the capacity of each soil to function, within its natural or managed ecosystems, to sustain productivity, 
enhance water and air quality, support human and animal health, and habitation (Graber undated).  

McGuire (2014) noted that these vague definitions often underserve expected management goals of 
arid soils of the Western US. For example, equating high soil organic matter levels with high soil health is 
the result of the soil health concept being developed in the Midwest and eastern parts of the country 
that is often broadly applied to other regions. In those areas that are mainly rainfed, organic matter 
levels develop under prairie and forests but then decline under agriculture along with the benefits 
provided by higher organic matter levels. In contrast, soils in arid regions of the West inherently lack 
high levels of organic matter.  

Across much of the arid West, low levels of organic matter can cause problems like crusting, low 
infiltration rates, low water holding capacity, poor horizontal water movement, low nutrient storage and 
cycling, restricted air movement, and compaction. When these soils are intensively tilled i, the resulting 
bare soil is prone to wind erosion, increased water evaporation and increased soil temperatures. 
Agricultural yields are maintained, and even improved, on these soils because, for the most part, 
farmers have overcome problems in low organic matter soils by focusing on solving specific problems. 
With irrigation and management producing high yielding crops, soil organic matter levels in many areas 
have increased. Farmers in the arid west can improve their soils (e.g., organic matter levels) through 
agriculture practices which differs from Midwest farming where organic matter is inherently high 
(McGuire 2014) or for those working in different climatic and socio-economic positions 

As another example, soil bulk density is the mass of soil in a specific volume: high bulk density indicates 
“dense” soil with low pore space while low bulk density is desirable for crop production. While organic 
matter may stabilize bulk density, it is still possible to have compacted (high bulk density) high organic 
matter soils, and to loosen low organic matter soils. Bulk density is subject to management in the form 
of tillage, where the main goal is often to reduce bulk density. This loosening of the soil (lower bulk 
density) through tillage is often short-term. Since organic matter levels are already low, this tillage does 
not necessarily reduce sustainability (within an agricultural context), especially if other soil management 
practices are incorporated in a crop rotation. This management factor means that high agricultural 
yields can be maintained in soils that do not support low bulk densities in the long-term.  

The key idea here is that management is an integral factor in soil health on agricultural soils, especially 
in arid soils that do not necessarily naturally have good “health” when using conventional definitions. 
Therefore, the changes in soil properties resulting from agricultural production may not be comparable 
to those assessed elsewhere or at different times. Second, McGuire (2014) argues that the idea of 
overall soil health lacks the specificity needed to solve soil problems through management in the 
irrigated West, and this may also apply to restorative efforts on previously cultivated land.  

3.2.3 EROSION AND DEPOSITION 
In their recent report on the potential dust-related outcomes of fallowing more land in the Central 
Valley, the Public Policy Institute of California (PPIC) determined that previous crop, level of disturbance 
following fallowing, and the time of year are important factors. They also found that overall, most PM 10 
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(particulate matter less than 10 microns) is generated in summer, but spring and fall have more high 
wind events. “Idled” (abandoned) fields emitted most dust in the fall. 

The risk of soil erosion increases when land is fallowed. Vegetation cover, which is either removed (in 
the case of perennials) or not replanted (in the case of annuals), minimizes soil erosion by creating a 
layer that reduces erosivity and slows momentum (Okin et al. 2001). Vegetative cover also stabilizes soil 
by root growth. Tillage destroys soil aggregates, which help stabilize soil. Other changes in soil 
constituents, such as organic matter, may also make fallowed land particularly prone to erosion. Overall, 
the susceptibility of soil to erosion is dependent on soil erodibility, soil surface roughness, climate, 
unsheltered distance, and vegetative cover (and slope length and grade, where applicable). 

The amount and rate of erosion that occurs on fallowed lands depends on soil type, moisture content, 
wind, and vegetative cover. The susceptibility of a specific soil type to erosion is indicated by its 
erodibility index, as indicated in the soil survey. Very fine soil particles are carried high into the air by the 
wind and transported great distances (suspension). Fine-to-medium size soil particles are lifted a short 
distance into the air and drop back to the soil surface, damaging crops and dislodging more soil 
(saltation). Larger-sized soil particles that are too large to be lifted off the ground are dislodged by the 
wind and roll along the soil surface (surface creep). Abrasion that results from windblown particles 
breaks down stable surface aggregates and further increases the soil erodibility. The soil property that 
influences erodibility the most is texture. While coarse sand or loamy soils are more resistant to erosion, 
fine sand and silty soils are more susceptible. Clay soils can be highly erodible as well, but well-
developed structure, moisture content, and organic matter, which often increase with clay content, can 
reduce erodibility by promoting aggregation.  

In addition to removing topsoil, which is the substrate for plant growth that in turn stabilizes soil, 
erosion and deposition can change the spatial distribution of once homogenous inherent soil properties. 
Nunes et al. (2012) found differences in soil texture on an abandoned farm site and attributed them to 
erosion of finer soil particles during cultivation, noting other studies that reported significant changes in 
particle size distribution after land use changes. 

Erosion typically increases seasonally in the fall in California, when soils are dry, and winds increase 
(PPIC 2022). The timescale of erosion and deposition processes is entirely dependent on-site conditions, 
as evidenced by observations on fallow fields described in Section 3.1.3. 

3.2.4 VEGETATIVE RECOLONIZATION 
Okin et al. (2001) suggest that arid land that was cleared for agriculture and subsequently abandoned 
develop in one of two main ways: colonization with Atriplex polycarpa and exotic grasses; or no native 
vegetation establishment. They observed a range of plant cover on sites with vegetation establishment 
that were abandoned for up to 30 years. Fields with no vegetation, even after up to 10 years of 
abandonment, may not have had climatic or soil conditions to promote germination, or they may have 
experienced sand transport that prevented seedlings from developing. Abandoned fields are sources of 
wind-born sediment, and conditions may not be hospitable for seedling establishment. Okin et al. (2001) 
reference estimates for time to creosote bush scrub community climax conditions at 65 to several 
hundred years. 

Gelt (1993), summarizing and commenting on experience in Arizona, described natural revegetation as 
likely to take 20 to 40 years to establish creosote bush and saltbush under ideal conditions, and native 
plants and animals potentially taking 200 to 300 years without planned revegetation activities. 
Therefore, natural recovery nay not occur or only occur to a certain point. If revegetation is planned 
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before it is abandoned, however, water availability and other structural benefits can aid vegetation 
establishment while avoiding erosion and weed infestation. 

3.2.5 SOIL MICROBIAL COMMUNITIES 
Hu et al. (2021) suggest that soil microorganisms can affect the degradation and wind erosion potential 
of soils in the desert region by mediating many ecological processes. Because little is known about how 
soil microbial community structures respond to desert agricultural reclamation with tillage-based 
farming and subsequential abandonment, they investigated the changes of bacterial, archaeal (single-
celled organisms), and fungal community biomasses, diversities, and structures in a 10-year farming 
abandonment chronosequence (2-year, 5-year, and 10-year) of soils and compared them to adjacent 
native desert soil. 

They found that soil bacterial and archaeal community biomasses significantly increased after 
reclamation for agricultural production, compared with the native desert soil, and generally decreased 
after farming abandonment. Species richness of communities decreased for archaea and increased for 
fungi in response to agricultural production, whereas bacterial community species richness increased 
during the 5-year abandonment. Microbial community structures varied in farmed and abandoned soils 
and were closely related to soil moisture, total carbon (C), total N, available phosphorus (P) and the 
stoichiometry (reactions with one another) of C, N and P. Their results indicate that desert soil microbial 
biomass, diversity and compositions responded differently to agricultural production and abandonment 
with some irreversible changes in compositions mainly driven by soil moisture and chemical properties 
changes. 

Koberl et al. (2011) studied the effect of long-term agriculture on desert soil and found highly significant 
differences in soil bacterial communities between agricultural and native desert soil. While bacterial 
communities in agricultural soil showed a higher diversity and a better ecosystem function for plant 
health, they also exhibited a loss of extremophilic bacteria (adapted to hot, dry environments) and an 
absence of N-fixing bacteria. Like Hu et al. (2021), they found that soil bacterial communities were 
strongly determined by soil moisture and pH.  

3.2.6 SALINIZATION 
Irrigated agricultural land becomes salinized when water dissolves inherent soil salts that are then left 
behind during evaporation. Salt accumulation can also arise from applying certain fertilizers. Excess salt 
damages crops and lowers yields. While citrus is relatively sensitive to salt, date palm is more tolerant of 
salinity. Implementing leaching fractions, which are additions of water beyond the evapotranspiration 
demands of the crop, serve to push salts below the root zone. In water-limited areas, intentionally 
applied leaching fractions are often very small, and farmers may make the management and economic 
decision to sacrifice yield. With high-volume less efficient irrigation methods such as flood and furrow 
irrigation, leaching fractions are unintentionally applied via the low efficiency of the system, applying 
water that leaches salts below the root zone as a matter of course. However, high-efficiency irrigation 
systems, such as micro-drip or micro-spray, that apply water at a lower rate to specific locations within 
the field may have microsites of high salinity at the surface, if they are not near the plants (in between 
rows, furrows, etc.) 

Importantly, the general direction of salinity movement in arid environments, where evaporative 
demand is much higher than precipitation, is upward. For this reason, salts precipitated by irrigation, if 
left alone, will move upwards. In their soil salinity assessment and characterization in abandoned 
farmlands in a desert, Ibrahimi et al. (2022) found, unsurprisingly, that salt accumulated at the surface 
with an upward gradient of salinity. Soil salinity gradually decreased with increasing depth, owing to the 
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aridity of the climate and the absence of salt leaching. Salinity in adjacent soil layers were better 
correlated than distant layers in the same profile, which is often not the case in farmed fields, where 
salinity can accumulate at the surface and below the root zone. These results suggest that climatic 
variables dominate salinity flux after farmland is abandoned. 

3.2.7 ACIDIFICATION 
In general, fertilization of agricultural lands tends toward acidification. For example, when urea is added 
to the soil as a N fertilizer, it undergoes reactions that temporarily reduces acidity, but acidity is again 
produced during nitrification, when other forms of N are converted to nitrate, which is taken up by 
crops. Soil can resist acidification, called buffering capacity, but this ability is generally higher in soils 
with high clay and organic matter contents than it is in coarse-textured soils with low fertility. 
Agricultural land may also be naturally acidic. 

Lime, which increases pH, is added to acidic agricultural soils to improve production. The cessation of 
liming on abandoned agricultural land is a concern because the pH of soil determines the availability of 
nutrients and toxic elements, such as metals. For example, Hesterberg (1993) found increases in metal 
concentrations because of liming cessation on an agricultural field that had been abandoned for 100 
years; however, it is unclear if the rate of acidification was linear over that time, or if the highest rate of 
decline in pH occurred immediately after liming was stopped.  

3.2.8 PESTICIDE DEGRADATION ON FARMED AND FALLOWED LAND 
Windblown dust from agricultural fields may contain pesticide residual. Agrochemicals used in California 
were evaluated to potential toxicity considering three factors (Ayres et al. 2022): 

• How well they bind to soil particles 
• How quickly they break down 
• Their degree of toxicity 

The three most concerning pesticides, based on these criteria, were: 

• Paraquat dichloride (Gramoxone) 
• Chlorpyrifos and its degradant, TCP (now banned) 
• Oxyfluorfen (Goal, GoalTender) 

According to the San Diego County Department of Pesticide Regulation, pesticides used on citrus in the 
county included several insecticides, miticides, nematicides, growth regulators, and herbicides that vary 
in their toxicity, persistence, and soil binding capacity. More specific information about pesticide use on 
specific fields would allow for qualitative estimates of potential pesticide residual in soil and air-borne 
dust. 

3.2.9 FERTILIZER NUTRIENT TRANSFORMATION AND TRANSPORT 

3.2.9.1  Macronutrients 

Only macronutrients N and P are discussed in the following section, as they are commonly applied as 
citrus fertilizer and are limiting factors in native vegetation establishment in a desert environment 
(Richards 2005). We also discuss micronutrients commonly applied as supplemental fertilizer in Borrego 
Valley crops. 

3.2.9.1.1 Nitrogen 
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Nitrogen is the most important fertilizer nutrient in agricultural systems because it is needed in the 
greatest amount by agricultural crops. Importantly, N can be transformed in the soil matrix, and it can 
occur in several forms concurrently. Nitrogen forms include gaseous, solid, and liquid forms. Inorganic 
forms of N can be taken up by plants, whereas organic N cannot be consumed by plants. Some inorganic 
forms also have high potential for leaching into groundwater. Microorganisms and environmental 
conditions such as moisture and temperature determine the rate at which transformations between 
forms and translocations to other parts of the soil horizon or to groundwater occur. Therefore, soil 
moisture, temperature and microbial community are important in N dynamics. 

Nitrogen is often supplied as a fertilizer nutrient in the form of urea, which is not readily available to 
plants; it must be transformed into other forms before plants can consume it. When applied to soil, urea 
is acted upon by soil microbe enzymes that mineralize it into ammonium, which is then nitrified to 
nitrate. These latter forms are available to plants but are also subject to losses from the soil matrix. 
Nitrate is a water-soluble ion that is very mobile with water and moves with water in its dissolved form. 
For this reason, nitrate is subject to leaching through the root zone, but only if there is excess water in 
the root zone beyond what the plants can take up. Therefore, the presence of excess N (beyond crop 
nutritional needs) does not cause leaching; rather, the presence of excess N along with excess water is 
the cause of nitrate leaching. 

Though the N cycle is not described in full here, groundwater contamination from N leaching is the most 
concerning environmental impact of farming. Citrus is often grown on coarse-textured soils, such as 
sandy loams or loamy sands, and the farms in the Borrego Valley are no exception. These soils are highly 
susceptible to nitrate leaching because of the low water-holding capacity and high drainage qualities of 
coarse-textured soils. For this reason, N concentrations often increase in groundwater that lies below 
farmland, especially where coarse-textured soils exist, and this is the case as shown by groundwater 
sampling in the northern part of the Borrego Valley that is farmed.  

However, recent improvements in irrigation efficiency and implementing the “Four Rs” that define 
fertilization best management practices (right rate, right time, right place, right form) have decreased N 
leaching potential. Therefore, elevated N concentrations in groundwater often represent legacy 
additions that resulted from past management practices. In other words, current elevated N 
concentrations in groundwater does not necessarily indicate that current practices are causing N 
leaching. 

Depending on the specific agricultural system, N can also accumulate in the upper soil horizon from 
fertilizer additions, soil amendments, cover crops, and prunings if they are processed (chipped, 
shredded, etc.) and left on the orchard floor or incorporated. The surface soils of some agricultural 
fields, however, are depleted of soil N because of high crop productivity and low organic matter 
concentrations, which lead to poor storage and buffering of soil nutrients.  

Fallowing agricultural land represents several changes in the soil environment that potentially affect soil 
N status. Synthetic and organic fertilizer additions as well as other soil amendments cease as well as 
regular water supply from irrigation.  

Raiesi (2012) investigated total N, net N mineralization and microbial biomass N of upper layers from 
lands abandoned for 18 to 22 years and compared them to those of traditionally cultivated wheat-fallow 
(>45 yr) and continuous alfalfa (>40 yr) fields in a semi-arid environment. Soil total N content in the 
surface layer (only) increased significantly after abandonment. Soil net N mineralization was higher in 
abandoned and alfalfa fields than in wheat fields, while relative N mineralization (N mineralization to 
total ratio) was greater in alfalfa fields than in abandoned and wheat fields. However, soil microbial 
biomass N was similar among the studied fields, while the ratio of this biomass to total N in wheat fields 
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was higher than that in abandoned fields. Agricultural abandonment may result in enhanced soil N 
mineralization and would maintain long-term fertility and productivity of the farmlands of semi-arid 
climates. 

Most information on N dynamics following land abandonment or fallowing is on sites in temperature 
climates, which exhibit much greater secondary succession or transition. It is difficult to determine how 
N dynamics would respond on fallowed sites if left to naturally dry and conditions with little biomass to 
participate in N cycling. 

3.2.9.1.2 Phosphorus 

Like N, phosphorous (P) is an essential plant nutrient that exists in organic and inorganic form. Most soil 
phosphorous, however, is immobile and not available for plant uptake. Soil microorganisms transform 
organic forms to plant available forms. Inorganic P is plant-available when it is dissolved in soil water. 
When it is attached to clay particle surfaces, it is released slowly for plant uptake. Mineral P is held in 
primary and secondary minerals, where it is released very slowly through weathering.  

The fixed or nonlabile pool is the largest component of the P cycle and consists of the mineral P in 
minerals and organic compounds that don’t mineralize easily. It converts to the active pool very slowly. 
The active or labile pool includes adsorbed P, P in secondary minerals, and organic P that mineralizes 
easily. The smallest pool is in the soil solution and is available to plants. These three pools are in 
equilibrium; when plants remove P from the soil solution, more P is mineralized from the active pool to 
replenish the soil solution.  

The P cycle includes several transformations including mineralization (from organic to inorganic forms), 
immobilization (from inorganic to organic form through absorption into living cells), adsorption and 
desorption from soil particles, weathering, precipitation, and dissolution. Unlike N, however, P is not a 
groundwater contaminant because its electrochemical charge prevents it from attaching to water 
molecules. In landscapes with excess run-off, however, it can be carried to other surfaces or surface 
water bodies by erosion and deposition.  

Several researchers have observed a decrease in bioavailable P after land abandonment (Kozak and 
Pudelko 2021), though organic P may increase (Tian et al. 2022). The decrease in bioavailable P is likely 
the result of stopping fertilizer amendments.  

3.2.9.2  Micronutrients 

Micronutrients are so named because they are required by plants in smaller amounts than 
macronutrients, but not because they are less important. Limiting micronutrient availability will affect 
agricultural production similarly to limited macronutrient availability. Coarse-textured desert soils 
typically have low fertility owing to a low store of organic matter. In particular, the micronutrients zinc 
(Zn) and manganese (Mn) deficiencies are common in sandy citrus orchards and are applied as foliar 
sprays or to the soil. 

The behavior of Mn in the soil is like that of Zn especially with respect to relative availability in acidic and 
alkaline soils. Soil pH is the most important factor regulating plant-available Zn. Zinc precipitates at 
alkaline pH, markedly decreasing availability. A soil pH less than 6.5 is the preferred situation. Although 
there are natural mechanisms in the soil-plant system that may increase the availability of Zn in alkaline 
soils, Zn deficiencies are common. The primary factors affecting zinc availability are soil texture, soil pH, 
soil phosphorus, and weather conditions. Manganese availability is influenced by pH, organic matter 
content, soil moisture and aeration. 
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Application of foliar Zn fertilizer is usually combined with other micronutrients and with pesticide sprays 
scheduled in late spring, summer, or fall. For groves on acidic soils that show persistent Mn deficiency 
symptoms on young foliage, Mn can be included in fertilizer applied to the soil. Both Zn and Mn have 
low leaching potential.  

As described previously, acidification in abandoned land can change bioavailability of nutrients and 
other metals. High concentrations of Zn and Mn can be toxic to plants. 

3.2.9.3  Carbon Sequestration and Depletion in Farmed and Fallowed Lands 

With the recent societal focus on climate change, research on carbon (C) dynamics associated with 
various land uses has followed suit. Yang et al. (2020) noted that the expected carbon capture 
associated with recovery of vegetation and soil carbon on abandoned farmlands can be very slow (on 
the order of decades to centuries) and may never reach pre-cultivation natural states without active 
restoration. Their study focused on ways to accelerate and maximize the benefits that could be achieved 
via optimal management of degraded lands arising from agricultural abandonment.  

Yang et al. (2020) noted that degraded land can self-recover within a few decades, and active 
interventions can disturb recovery. However, some abandoned farmlands, even in temperate climates 
with adequate moisture, have much lower biodiversity than naturally vegetated sites. Growing evidence 
indicates that incorporating diverse plant species in ecological restorations can facilitate soil C storage 
and ecosystem recovery. Therefore, active restoration that intentionally promotes plant species 
diversity could further promote total C storage.  

These conclusions were made in the context of degraded farmland; however, currently farmed sites in 
the Borrego Valley may not be degraded in all aspects of soil quality. If nutrients have been applied to 
maintain soil fertility, for example, soil fertility and soil carbon may exceed that of natural desert soils, 
and the net carbon change of removing orchards would most likely be negative. 

3.3 MANAGEMENT OPPORTUNITIES AND CONSTRAINTS 

3.3.1 GROUNDWATER MANAGEMENT PLAN REQUIREMENTS AND GOALS 
The goal of the Water Trading Program of the GMP is to reduce groundwater pumping to the estimated 
safe yield of the Borrego Valley Subbasin of 5,700 acre-feet per year (AFY) by 2040.  

3.3.2 FARMLAND WATER USE 
Currently, agriculture extracts an estimated 15,748 AFY on 3,817 ac (Table 3-5), or 4.1 AFY per acre on 
average. The target groundwater pumping total of 5,700 AFY, including De Minimis water rights users, is 
36% of the current agricultural BPA. While growers can use management practices to increase water use 
efficiency and or decrease overall water use by designing, maintaining and operating irrigation systems 
optimally, decreasing orchard turnover rates (so that trees achieve large canopies with maturity), and 
using complementary methods to manage salinity and the detrimental effects of frost, these efforts will 
not decrease water use significantly in high water use crops, such as citrus and dates, and will not 
achieve the required 64% decrease in water use. Deficit irrigation has been investigated on both citrus 
and date palm and could be used to initially meet ramped down BPA but would not meet the ultimate 
goal. 
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Therefore, fallowing cropped land is necessary to meet the 64% reduction in water use in the Subbasin. 
However, to distribute the water use reduction across all users, each user’s BPA is decreased annually, 
leaving the user to make decisions on how to use that water.  

We can use Table 3-5 to determine how much water use would be reduced by fallowing a certain 
number of acres on each farm. Fewer acres need to be fallowed to reduce water use on high water use 
farmland. The main constraint for citrus and date palm growers is that acreage must be removed to 
meet water reduction goals. While those crops might be economically viable with a reduction in water 
use up to 20%, for example, they cannot survive, long-term on reductions beyond that.  

Fallowing an entire orchard would save that orchard’s water use but would also result in the need to 
dispose of dead trees in a timely manner so they don’t become havens for pests. Fallowing a whole 
orchard also leaves the resulting bare soil vulnerable to erosion, creating undesirable environmental and 
aesthetic impacts. Fallowing partial orchards, leaving rows of trees that help protect against prevailing 
winds might be an opportunity to use existing agriculture to mitigate the effects of fallowing. 

In Section 6, we propose a preliminary prioritization methodology that indicates which specific parcels 
to prioritize for fallowing.  We can use Table 3-5 to estimate how fallowing or partial fallowing would 
impact water use on specific farms and landowners. 
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TABLE 3-5. AGRICULTURAL LAND WITH BPA AS OF MAY 12, 2022. 

BPA Party 
BPA 

(AFY)  

WY 2021 Adjusted 
Pumping Calculation 

(AFY) Farm Name 
Parcel 

Acreage 
Agri-Empire 574 0.00 Agri Empire 639.3 
Alan & Tracy Asche 5 5.00 B&J Landscaping 4.7 

Bagdasarian Farms, LLC 1,142 1,085.00 Bagdasarian Farms 
(formerly Trojan Citrus) 188.4 

Carpenter Family Trust 12-11-07 6 6.00 Carpenter Family 3.2 

Conzelman/Jensen/Sommerville 
Family Trusts 4,741 4,504.00 

OASIS - Gable House (486 
BPA) 81.1 

OASIS - De Anza Ranch (636 
BPA) 114.2 

OASIS - Peg Leg Ranch (676 
BPA) 113.0 

OASIS - Cogan Ranch (686 
BPA) 114.7 

OASIS - Gigi Ranch (878 
BPA) 134.3 

OASIS - Rancho Caterina 
(1,379 BPA) 233.6 

David and Juli Bauer, co-trustees of 
the D&J Bauer Family Trust 11-18-
04 

1,826 1,735.00 Bauer Farm 428.9 

Desert Farm LLC, Crumrine Family 
Trust 04-19-06 21 26.90 Desert Star Farm 43.6 

Gamini D. Weerasekera 103 161.64 Mountain Springs Organics 35.8 
Gary D. & Darlis A. Bailey 7 7.00 Bailey 4.2 

JM Roadrunner, LLC 1,613 1,532.00 
Road Runner I (671 BPA) 230.9 
Cogan (555 BPA) 90.1 
Road Runner II (387 BPA) 80.8 

Joel Vanasdlen 36 34.00 Vanasdlen 20.4 
John B. & Silvia H. Hogan 8 8.00 Desert Flora Nursery 4.4 

John Doljanin 887 820.00 Ellis Farms (West Coast 
Trees) 280.9 

Jose G. & Maria E. Sanchez 4 1.20 Sanchez 5.1 
Manuel & Araceli C. Navarro 14 13.58 Navarro 21.5 
Michael C. Ward, Sr.  
Revocable Trust 10-05-17 82 78.00 Ward Nursery 40.4 

Ronald Pecoff 114 84.36 Pecoff 57.1 
Seley Ranches, L.P. 2,226 2,115.00 Seley Ranch 397.9 

Shenandoah Growers, Inc. 61 90.06 
Shenandoah Growers 
(Former Sonora Desert 
Palms) 

33.6 

T2 Borrego, LLC 965 917.00 Burnand (fallowed) 246.8 
T2 Farms LLC 485 461.00 Fortiner 79.4 
William M. Bauer 670 670.16 Bauer Farm 428.9 
Wright Family Living Trust 06-19-89 158 158.43 Phillips (formerly Wright) 65.2 

TOTAL 15,748 14,513.33   4,222.4 
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3.3.3 POTENTIAL MANAGEMENT TOOLS AND APPROACHES 
Potential tools for management on fallowed or abandoned land come from agriculture, dust mitigation, 
and restoration literature sources, as follows:  

• The agricultural research community has focused on managed fallow—improving the objectives of 
fallowing such as breaking disease cycles, suppressing weed growth, reduction topsoil loss, and, 
most importantly, conserving moisture. Fallowing, as an agricultural practice, is only common in 
semi-arid environments where dryland farming necessitates water conservation. Therefore, this 
information is relevant for agricultural systems in which practices such as tillage, 
minimum/conservation tillage, no-till, and cover cropping are highly analyzed for benefits in specific 
cropping systems. Due to their geographic focus, this information is not highly applicable to the 
Borrego Valley. 

• Dust mitigation is a concern across many industries, including agriculture. General best management 
practices for minimizing windblown dust are applicable on several types of sites, and often depend 
on typical site use and available resources. For example, many of the practices in the dust 
prevention guidelines listed previously are aimed at reducing disturbance, such as minimizing traffic 
and reducing traffic speed, or increasing moisture to reduce particle entrainment. The ability to 
provide moisture depends on water and labor availability. Some of the practices are also dependent 
on soil type. Because they were developed for arid environments, where dust is a concern, these 
practices are applicable insofar as they are relevant to expected use of the land, available water, and 
soil type.  

• Examples of restoration on desert sites in the global literature are mostly on degraded land or land 
used for purposes other than agriculture. Even though they may not be on previously farmed land, 
they are still useful for informing critical establishment parameters and timelines of native plant 
establishment. 

Imposed management practices are called “active” restoration practices, but abandoned land is 
sometimes left to “passive” restoration. Findings on passive versus active restoration on abandoned 
agricultural land are presented in the next section. 

3.3.3.1  Passive and Active Restoration of Abandoned Farmlands 

Abandoned land may be left to ‘‘passive landscape restoration’’ or ‘‘rewilding’’ as it is sometimes 
known. This approach facilitates restoration of natural ecosystem processes while reducing direct 
human influence on landscapes. Several studies confirm that, for example, woodland bird and large 
mammal populations benefit from large-scale land abandonment (Pleininger et al. 2014). On the other 
hand, abandonment of agricultural landscapes may threaten farmland biodiversity, in particular 
functional diversity associated with anthropogenic landscapes of high nature value. ‘‘High nature value 
farming’’ is a predominantly European concept that recognizes that the conservation of biodiversity in 
some settings depends on the continuation of low-intensity farming systems. Processes induced by 
abandonment of agricultural uses that may threaten local biodiversity include habitat loss, decrease in 
habitat patchiness, competitive exclusion, invasions of nonnative plants, litter accumulation, increased 
predation, and increased wildfires (Pleininger et al. 2014). A meta-analysis in the Mediterranean Basin 
found that neither rewilding nor high nature value farming alone offer a one size fits all solution for 
addressing biodiversity conservation following land abandonment (Pleininger et al. 2014). 

Holl and Aide (2010) identified factors to consider when selecting passive or active approaches for 
restoring degraded ecosystems. These factors include natural ecosystem resilience, land use history, 
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surrounding landscape matrix, specific goals, and available resources. While aquatic systems recover on 
the order of years, and wet terrestrial ecosystems recover within a decadal timeframe, dryland systems 
take much longer. The intensity and duration of land use and/or the frequency of disturbance and its 
associated degradation might also indicate how much intervention is needed. Landscape context is site-
specific and refers to the spatial scale of the disturbance as well as disturbances from surrounding land 
uses and distance to seed sources. Goals should be defined; however, goals may be difficult to establish 
because the ecological endpoint may be a moving target. Specific goals are met with active practices 
aimed at species establishment or ecosystem services, but passive restoration may not meet specific 
goals even though rehabilitation may be occurring. Finally, resources such as funding, water and labor 
should be considered.  

Miguel et al. (2020) conducted a meta-analysis of restoration practices on dryland agricultural 
ecosystems in 42 peer-reviewed studies conducted in 16 countries (1,427 independent observations), 
specifically comparing active and passive approaches. In their study, they identified active practices 
including mycorrhizal inoculation (for shrub establishment) and carbon amendment of soils; vegetation 
burning, mowing, seeding, grazing exclusion, mulching, herbicide use, tillage and fertilization, and 
irrigation. Passive practices include fencing, grazing exclusion and allowing natural recovery of soil 
properties and native vegetation establishment. Response variables included soil nutrient content and 
other soil properties and abundance or diversity of invertebrates and arthropods but, by far, the most 
common response variable was plant cover, density, and/or biomass. This response variable was the 
most important because the restoration goals were largely related to vegetation and habitat, whereas 
few were related directly to soil or other features. They concluded: 

• Passive vegetation restoration and grazing exclusion resulted in net positive restoration 
outcomes. 

• Passive restoration practices were more variable and less effective than active restoration 
practices. 

• Passive soil restoration led to net negative restoration outcomes. 

• Water supplementation was the most effective restoration practice. 

• Active interventions are necessary and critical in most instances for dryland agricultural 
ecosystems. 

They further concluded that more degraded landscapes, such as farmland, require more active 
restoration. Following Costantini et al. (2016), they submit that soils are the foundation for long-term 
ecosystem recovery. However, they also state that “once soil restoration is achieved, plant restoration 
can proceed, actively or passively.” However, the soil restoration process may take on the order of 
hundreds or thousands of years and is typically considered a concurrent process with native plant 
establishment, especially because biomass is a soil-forming factor.  

Active approaches of reestablishing vegetation for the purpose of rehabilitating farmland involve 
regulating hydrologic, geomorphic, aeolian, pedogenic and biotic processes, but these may need to be 
addressed at different scales (Costantini et al. 2016; Pleininger et al. 2014). In arid environments, 
rehabilitation is an even more precise science for a few reasons: 1) arid lands exhibit relatively few 
succession states, or states of transition, which are characterized by non-linear precipitation-vegetation 
relationships; 2) spatial heterogeneity is created by islands of fertility where soil, water, fertility, and 
microclimate are optimized; and 3) arid lands experience high seasonal and interannual climatic 
variability (Costantini et al. 2016). In these conditions, the relationships between soil characteristics and 
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plant-rooting features are very important, as maximizing rooting depth and the soil volume accessible to 
those roots is critical to revegetation and restoration. 

Costantini et al. (2016) emphasized the importance of pedoclimate (moisture and temperature profile of 
soil) in restoration activities. Soil controls the hydrological, erosional, biological, and geochemical cycles. 
Soil, therefore, determines the type of plants that will grow depending on their root characteristics. Soil 
texture, horizonation, and water residence time are key influences on the root growth-soil relationship. 
However, different vegetation “physiognomies” of drylands (i.e., shrublands vs. grasslands) have 
different demands of soil water and nutrients, and different soil depths at which roots take up water. 
This concept is important particularly in arid land restoration because intermediate states of transition 
are few and demonstrate tipping points where ecosystems can shift from one physiognomic state to 
another. 

Specific active restoration management practices largely focus on 1) halting the deleterious effects of 
soil erosion through dust prevention and mitigation practices and 2) establishing native vegetation to 
stabilize soil, develop habitat, and revitalize ecosystem services that were initially provided by sites in 
their undisturbed states.  

3.3.3.2  Overview of Active Restoration Practices 

Active restoration practices are described generally below, and specific examples from California are 
summarized in Section 3.3.4. 

3.3.3.2.1 Soil Restoration Practices 

Soils constitute the foundation for long-term ecosystem recovery and studies have shown that active 
restoration of soil is key in successful restoration of degraded lands (Miguel et al. 2020; Costantini et al. 
2016; Laymon et al. 2010). Restoration studies in the San Joaquin Desert of California indicate that any 
restoration project on formerly farmed lands should start with soil nutrient remediation (Laymon et al. 
2010). Further examples of active soil restoration include mycorrhizal inoculation to restore soil 
microorganisms to encourage successful establishment and growth of the desired shrub species 
(Caravaca et al. 2003), and carbon addition to increase the availability of soil nutrients for plants and 
moss cover in former agricultural drylands (Török et al. 2014). 

3.3.3.2.2 Seeding or Transplanting Native Species 

Vegetation can control dust by three key mechanisms: (1) covering and protecting the soil surface from 
wind, (2) decreasing wind velocity near the soil surface, and (3) trapping dust particles (Owens Lake 
Scientific Advisory Panel 2020). Sand flux decreases by an average of 99 % (range of 97 to 100 %) when 
vegetation cover is at least 20% (Schaaf and Schreuder 2006). Vegetation also acts as a seed source for 
seed bank recovery while also providing structure to catch windblown seeds. Distichlis spicata is widely 
used in dust control methods, and a study on a sandy area of Owens Lake found that 17.5% cover of 
saltgrass decreased sand flux by 95% (Lancaster and Baas 1998). 

Several studies have also documented the value of native shrubs in recovery of degraded arid 
landscapes. Shrub establishment has been shown to facilitate dune development by reducing wind, 
trapping sand, and stabilizing the dune (Gonzalez et al. 2018). Other studies have shown that shrub 
establishment can lead to “islands of fertility”, where the area under the shrub canopy contains greater 
soil nutrients compared to open spaces, thus acting as a facilitator of soil recovery (Schlesinger et al. 
1995; Li et al. 2008). Shrubs can also act as nurse plants, providing shade for herbaceous plants in their 
understory (Gonzalez et al. 2018). 
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Seeding of desert species has shown mixed results. Some studies report success, while others have 
failed completely (Abella and Newton 2009). Seeding methods include broadcast seeding, spot seeding, 
or drill seeding. Studies from the Mojave Desert have highlighted the following species as higher success 
plantings: Eriogonum fasiculatum, Larrea tridentata, and Atriplex spp. (Abella and Newton 2009; 
Slayback et al. 1995). Some studies have demonstrated success with hand seeding, while others utilized 
aerial seed broadcasting from planes for larger scale restoration. Wind and flooding can remove recently 
sowed seeds, so consideration of weather patterns is necessary for restoration planning. 

The biggest barriers to seeding success in arid environments are lack of precipitation, invasive species in 
the seedbank, and herbivory of restored natives (Abella and Newton 2009; Slayback et al. 1995). 
Nutrient imbalance or deficiency may also be a factor in native plant establishment. Studies on the 
restoration success of transplants are common, but results are variable, and depend on site specific 
conditions and weather patterns post-planting (Abella and Newton 2009; Grantz et al. 1998; Slayback et 
al. 1995). Some studies have documented planting success of species such as Larrea tridentata, 
Ambrosia dumosa and Atriplex spp. (Grantz et al. 1998; Kay 1979 1988). Most studies found that dry 
weather, disturbance, and herbivory limited success. Many studies indicated that irrigation of plantings 
is critical for survival but does not guarantee success.  

Overall, the greater cost of transplants relative to direct seeding may not be warranted for large-scale 
restoration of arid and semi-arid environments. Transplants were established successfully when field 
trials were used to identify limiting factors, such as water or nutrients, on the Owens Dry Lakebed (See 
Section 3.3.4.1 ). 

3.3.3.2.3 Supplemental Water Practices 

Numerous studies of restoration in arid fallowed lands found that supplemental water was the single 
most effective restoration strategy (Miguel et al. 2020; Grantz et al. 1998; Slayback et al. 1995) for 
native plant establishment. Supplemental irrigation is recommended in the first 1 or 2 years after 
planting because plants are most vulnerable in the early establishment phase (Bainbridge 2007; Abella 
and Newton 2009). Distributing water can be challenging in arid lands, as irrigation installation and 
water delivery methods can be costly and difficult to design and maintain. Rain catchments can be built 
to enhance plant survival by concentrating and/or increasing capture and moisture retention. They may 
be the most cost-effective way to increase planting success on a small scale (Esque et al. 2021). Planting 
and catchment placement that considers landscape position or natural fluvial processes can enhance 
effectiveness. 

3.3.3.2.4 Surface Modification Dust Control Measures 

Dust control measures are sometimes used concurrently with vegetation establishment to prevent soil 
erosion and deposition until vegetation is established enough to stabilize soil. They include techniques 
such as surface roughening or forming berms or mounds for seedling establishment. Other techniques 
such as applying soil stabilizers or gravel are more typically used when restoration or transition to 
reference habitat conditions are not prioritized. 

As discussed in Section 3.2.3, surface roughness is a factor in soil erodibility. Disturbed, non-vegetated 
areas that are graded smooth and have compacted soil cause increased runoff and reduce the ability of 
vegetation to be re-established, resulting in erosion. Surface roughening abrades the soil surface with 
horizontal ridges and depressions across the disturbed area. The use of this practice helps lessen erosion 
and sediment transport. Surface roughening is typically not used as a stand-alone measure and should 
always be used in conjunction with other erosion prevention measures. Though this technique is usually 
used on construction sites, especially on slopes, as a temporary measure to reduce both wind and water 
erosion, the furrows in the fallowed potato field described in Section 3.1.3 now functionally serve as 
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surface roughening that traps sand and reduces windspeed and erosive process at the land surface, 
creating more stable conditions for vegetative recruitment.  

The efficacy of surface roughening is largely dependent on soil type. A review of experiences with 
surface roughening with tillage is described in Section 3.3.4.4  

3.3.4 REGIONAL EXAMPLES OF RESTORATION PRACTICES 
Agricultural land retirement is becoming increasingly common in the arid western US, especially with 
prolonged and severe drought and new regulations aimed at halting the decline of groundwater 
aquifers. Many of these examples are in their infancy; however, some have been documented in 
scientific literature and reporting from government agencies. 

3.3.4.1  Owens Dry Lakebed Managed Vegetation Dust Control Measures 

Richards (2005) summarized numerous studies related to vegetation establishment for dust mitigation 
on the Owens dry lakebed. These studies investigated several aspects of plant establishment, including 
irrigation rates, irrigation timing, fertilizer rates, seeds vs. transplants, salinity, and critical design criteria 
such as plant spacing. The studies were conducted as greenhouse experiments and field trials, and data 
from naturally established plants were also included. Though they were not all from previously farmed 
land, the results of these studies are relevant because of the similarity in environmental conditions, 
plants and soils between Owens Valley and Borrego Valley, such as temperature, precipitation, soil 
salinity, native plant species, and the nature of water and nutrient cycling. For example, Richards 
(2005b) concluded that in pulse-driven systems (N and moisture pulses), it is important to understand 
interactions between soil processes and plant root characteristics to optimize establishment conditions.  

One of the main results of this work was the establishment of critical nutrient levels for plant 
establishment. Specifically, the main objectives that were met include:  

• Improve fertilizer management efficiency 
• Maximize native plant growth rate 
• Avoid damaging stress effects 
• Understand reasons for failure 

In one of these studies, Snyder et al. (2004) found that in saline playas, nutrients are more limiting than 
water for native shrub growth, including Sarcobatus vermiculatus (greasewood), Atriplex parryi (Parry’s 
saltbush) and Distichlis spicata. The Indio silt loam soil in the farmed area of the Borrego Valley is a 
saline soil, and plant reestablishment there might need to consider these factors. 

Optimal irrigation and fertilizer supplementation combinations were found for specific native and salt 
tolerant plant species such as Distichlis spicata and salt tolerant shrubs. Shrub-shrub competition was 
defined for the site, and data was gathered on the positive effect of seed production and self-reseeding 
resulting from optimizing fertilization. Finally, critical design criteria were developed for planting times, 
plant materials (seeds vs. transplants), plant spacing, irrigation requirements during establishment, and 
fertilizer requirements during establishment. A main conclusion from this work was that native shrubs 
do not all have the same critical limits for establishment. 

Yamashita and Manning (1995) transplanted 400 containerized Atriplex canescens (fourwing saltbush) 
shrubs in the Owens Valley, CA, under selected density, irrigation, fertilizer, and weed control 
treatments. Soil at the site, disturbed by previous agriculture, consisted of fine sand and cobbles with 
low electrical conductivity. The site was cultivated until the 1920’s when it was taken out of production 
and cultivated again in 1969. Livestock grazed the site between crop production years. The site had 
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some typical characteristics of abandoned agricultural land: leveled landscape and disturbed soil 
horizons from cultivation, erosion causing topsoil loss, and invasion of nonnative weeds. At the time of 
transplanting, the site had less than 5% nonnative weed cover. Precipitation was below average the first 
growing season and above average the second. Results from two years demonstrated that irrigation was 
the most significant factor affecting survival. Planting density had little effect on survival and growth. 
Fertilizer had little to no effect on survival and growth the first year but increased growth the second 
year. Weed control increased survival and growth especially when shrubs were unirrigated and/or 
unfertilized or spaced close together. 

3.3.4.2  Atwell Island, California Delta 

Laymon et al. (2010) described restoration of fallowed agricultural fields in the California Delta. Retired 
lands have been restored with native plant communities to enhance wildlife resources. The Land 
Retirement Demonstration Project (LRDP) evaluated re-vegetation strategies to determine effective 
methods for restoring retired agricultural lands within the Atwell Water District. From 2000 to 2009, the 
Bureau of Land Management (BLM) planted 67 restoration sites for a total of 3,100 acres. Native plant 
establishment included Atriplex polycarpa, Sueda moquinni, and Distichlis spicata as well as other shrubs 
and forbs. 

Significant challenges to successful restoration included: 

• Limited existing reference sites to guide restoration efforts 

• Altered hydrology 

• Effects of past agricultural activities (e.g., depleted native seedbank) 
• Competitive pressure from nonnative invasive species due to large amount of weed seed in 

seedbank 
• Low mean annual precipitation and extremely variable precipitation patterns 

• Constraining site conditions such as variable soil salinity, highly motile silty soils, fine sand inclusions 
and low topographic variability 

The following are the most important recommendations for successful restoration efforts in the Tulare 
Basin: 

• Fresh locally collected seed is important to restoration success 

• Use moderate to high seeding rates (25 pounds per acre or more). Use enough seed to ensure that 
the native plants will dominate the site and suppress the weed species 

• Develop planting designs based on soil type 

• Plant in fall prior to first heavy late fall rains 

• Use standard agricultural site preparation and planting techniques. The following sequences have 
yielded the best restoration success: 

o Fallow fields are burned and planted with a range drill 

o Agricultural fields are disked several times and planted with the Trillion broadcast seeder. 

• Irrigate the restoration planting only if the rainfall totals for the year are more than 20% below 
average. Irrigation may help the native plantings, but it will also encourage the weed species. 

• Use existing local reference sites to define success criteria for restoration. 
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In addition, the authors noted that though berms did not help establish seed, hummocks might have 
been useful. Native species grew well on sandy soils but were more difficult to establish on clay soils. 

3.3.4.3  Restoring Mojave Desert Farmland 

Active restoration was also used to restore Mojave Desert farmland with native shrubs. This 2,500-acre 
project on abandoned farmland in the Antelope Valley, Los Angeles County was administered by the 
USDA, Soil Conservation Service and promoted by the local Dust Busters Task Force. It was completed in 
May 1992. ‘Seco’ barley and furrowing provided initial erosion control and greatly reduced the dust 
blowing from the project area. Eriogonum fasciculatum (California buckwheat) was the most successful 
shrub with Atriplex canescens and  Atriplex polycarpa almost equal in stand. Aerial seeding during windy 
weather affected the proper distribution of the seed (Slayback et al. 1995).  

Grantz (1998) used furrowing across the wind and direct seeding of three native perennial shrubs and a 
bunch grass to reduce fugitive dust emissions on degraded farmland in the Mojave Desert by more than 
95%. Seeded species varied from 35 to 97% of living plant cover annually depending on rainfall. They 
reported that Achnatherum hymenoides (Indian ricegrass) established better than shrubs in deep sand, 
while Atriplex canescens exhibited the most widespread establishment overall. However, their success 
was in an anomalous year with above average and late rainfall that “eliminated early competition from 
annual species and later fostered abundant shrub growth” and noted that it was not reproducible in 
more normal years. They concluded that direct seeding could lead to plant establishment in favorable 
years, but is likely to fail in any given year, and should be implemented with little soil disturbance. In 
addition, they concluded that fourwing saltbush is the most likely species to establish in this 
environment, and that direct seeding can’t be counted on in arid environments for dust control with 
native vegetation establishment. 

3.3.4.4  Imperial Irrigation District Fallowing Program 

In 2003, the Imperial Irrigation District (IID) and San Diego County Water Authority entered into a 45-
year water transfer agreement establishing that the San Diego region would receive up to 200,000 acre-
feet of water per year from the irrigation district. Fallowing is listed as a permitted method for saving 
water only for the first 15 years; afterward, the district must have efficiency-based conservation 
measures in place to produce the water. 

The IID began a fallowing program in 2003 to make water available for other uses. Farmers were 
compensated for fallowing and adopting BMPs by selecting dust management approaches of their 
choice and applying for funding to implement it. This program was reviewed by Ayres et al. (2022), who 
determined that dedicated funding and monitoring were imperative to the fallowing program’s success. 

Breck et al. (2018) surveyed dust control measures and usage at the Salton Sea, receding because of 
reduced agricultural run-off. They found that surface roughening and vegetation enhancement were 
best suited for dust mitigation at the Salton Sea, considering cost-effectiveness and suitability based on 
soil type. Dust control measures pertinent to this project included vegetation enhancement (of native 
vegetation using irrigation and fertilization), surface roughening (using conventional tillage), vegetative 
swales (berms planted to vegetation). Dust suppressants considered for similar sites were also 
described.  

Surface roughening was evaluated at Owens Lake as a dust control measure (National Academies of 
Sciences, Engineering, and Medicine 2020). Surface roughening by tillage is most effective and durable 
in soils with greater than 50% clay content to form aggregates with high mechanical strength. One 
limitation of tillage for surface roughening is that the soil must be moist to allow for tillage and 
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formation of large aggregates. A single intense rain event can break down the aggregates in sandy soils 
to produce erodible particles. In areas with clay-rich sediments, tillage is estimated to be effective for 5 
years. Areas with sandy sediments may need tillage-induced roughness renewal more frequently than 
annually depending on rainfall or mechanical forces such as freezing and thawing of moist aggregates. 

3.3.4.5  Eastern Washington Conservation Tillage Program 

This program focused on land that was not taken out of production permanently but was in a rotation of 
cropping and fallowing. As such, the program implemented practices such as conservation tillage and 
modification or use of special equipment. Surface cover and soil roughness were considered the most 
important to develop on fallowed land to prevent soil erosion, accomplished through cover cropping, 
leaving crop residuals in the field, and other practices. This program was reviewed and summarized in 
Ayres et al. (2022). 

3.3.4.6  Other Land Retirement Programs Not Yet Documented 

Some of the following programs represent temporary land fallowing; however, they may be prolonged 
for longer periods depending on the success of the program, the duration of drought, and politico-
economic factors. 

• Recently, Madera County has taken on its own repurposing initiative called the Sustainable 
Agricultural Land Conservation program. The program would create incentive payments for farmers 
to take their land out of production. 

• In 2014, a three-year project was initiated in Arizona, agreed upon by the Yuma Mesa Irrigation and 
Drainage District (YMIDD) and the Central Arizona Groundwater Replenishment District (CAGRD). 
Per the agreement, volunteer farmers will be paid not to grow crops and, thus, the district will not 
divert Colorado River water that otherwise would be used to irrigate the fallowed lands. 

• In 2004 the Palo Verde Irrigation District and the Metropolitan Water District signed a 35-year 
agreement to allow for agricultural-to-urban water transfers in the area. Per the agreement, in any 
year Palo Verde farmers fallow between 7 and 28 % of their lands at the request of the Metropolitan 
Water District, making saved irrigation water available to urban Southern California. 

• Under the Groundwater Conservation Pilot Program sponsored by the New Mexico Interstate 
Stream Commission (NMISC), the state will pay farmers and ranchers in the Rincon and Mesilla 
valleys of Doña Ana and Sierra counties $1,100 per acre not to pump groundwater. The purpose of 
the program is to begin conservation measures so that New Mexico has a sustainable groundwater 
supply, not only today, but for future generations, the commission said on the Office of the State 
Engineer (OSE) website. The commission is working with New Mexico State University to study the 
strategy of short-term fallowing. The goal is to ensure that the program is implemented so farmers 
can bring those lands back into production when adequate water supplies return. 

• The Nature Conservancy partnered with Pixley Irrigation District, National Audubon Society and the 
Tule Basin Land and Water Conservation Trust to start repurposing farmland in Tulare County. Their 
first project, called the Lower Deer Creek Watershed Plan, was funded in 2018 with $650,000 from 
the Department of Agriculture’s NRCS. 

• Numerous Groundwater Sustainability Agencies have farmland repurposing as a water management 
strategy and are required to provide annual updates on management strategy implementation to 
DWR. These efforts will be funded, in part, by DWR grants specifically for land repurposing. 
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3.3.4.7  Potential Strategies for Fallowing Farmland in the Borrego Valley 

Transition from current farmland to reference habitat conditions through fallowing would likely require 
active restoration practices such as vegetation planting; passive restoration approaches are difficult to 
implement with success in arid environments. Applicable regional examples of restoring degraded 
and/or fallowed farmland illustrate the importance of knowing site-specific and plant-specific limitations 
to establishment in determining which strategies are most cost effective and likely to succeed.  

While water is the most limiting growth factor in arid environments, supplying it through irrigation, 
especially if irrigation infrastructure already exists, is a reasonable and foreseeable strategy. However, 
modifying wind, the other important factor that determines how well and where plants will establish, is 
more difficult to plan and implement because effects occur at multiple scales. Approaches that leverage 
natural processes that favor native plant establishment are favored over other approaches that do not 
advance reference habitat conditions such as soil stabilizers, tackifiers, or gravel blankets. 

Section 4 addresses a specific approach to modifying wind and its effects that could potentially make 
use of fallowed orchard trees. Brush pile sand fences could potentially lessen the effects of extreme 
wind on land surfaces cleared of vegetation, and trap sand to form microsites conducive to plant 
establishment in active or passive revegetation approaches. Brush pile sand fences can be designed to 
specifications based on available materials, windspeed, and different landscape scales. 
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4 BRUSH PILE WILDLIFE SAND FENCE 
Sand fences are used globally as dust control measures. Sand fences are constructed barriers that 
disrupt air flow and sand movement regimes, as summarized in Figure 4-1. These barriers reduce wind 
velocity, thus reducing wind erosion, and trap moving sand, leading to sand accumulation near the 
barrier (Li and Sherman 2015). Sand fences constructed from natural material, such as brush, provide a 
nature-based solution for wind erosion and dust control. They can also provide crucial habitat needs, 
such as safe sites for plant recruitment, as well as perching, nesting, and shelter opportunities for local 
wildlife.  

 
FIGURE 4-1.  IMPACTS OF FENCES ON AIR FLOW AND SAND TRANSPORT REGIMES. 

The numbers refer to the regimes of expected air flow, and the letters to those of sand movement. 
 Adapted from Plate, 1971, Judd et al., 1996, and Dong et al., 2006, taken from Li and Sherman 2015. 

 

This section reviews key design parameters to maximize aerodynamic efficiencies of sand fences as dust 
control measures, and the environmental drivers that impact their performance. Potential designs using 
materials available on fallowed sites and their potential habitat benefits are reviewed. Finally, 
management opportunities and constraints are discussed, followed by specific recommendations.  

4.1 SAND FENCE DESIGN AND CONSTRUCTION 

4.1.1 KEY DESIGN FEATURES OF SAND FENCES 
Sand fences are constructed from a variety of materials, both man-made and natural. The specific 
materials used will not impact their performance (Owens Lake Scientific Advisory Panel 2020). Their 
function will depend solely on the aerodynamic and morphodynamic features of their design, such as 
height, length, width, orientation, and porosity (Li and Sherman 2015). 
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4.1.1.1  Height (h) 

For reducing wind velocity, height impacts the shelter distance (the distance behind fence in which wind 
is reduced; see Figure 4-1, zone 7). The shelter distance depends on multiple factors but is generally 
considered as five to ten times the height. For sand trapping, fence height controls dune height. Fences 
will gradually lose their sand trapping function as the dune grows to 80% of its height (Li and Sherman 
2015). Height should also consider the sand transport regime and be higher than the greatest height at 
which most sediment is saltated (Cornelis and Gabriels, 2005). It is generally accepted that most 
saltation occurs below 1 m (Cornelis and Gabriels, 2005). In field applications, most fences are between 
0.6 and 1.3 m high (Trossel 1981; Hotta and Horikawa 1990; Alhajraf 2004; Li and Sherman 2015). 

4.1.1.2  Length (l) 

To maximize wind reduction and sand trapping, sand fences must be constructed with substantial 
length. A length to height ratio of at least 24:1 is generally recommended (Li and Sherman 2015). Length 
is often constrained by available area, implementation scale, and budget. 

4.1.1.3  Width (w) 

Width varies with structural and stability needs. Heavier materials, taller or longer fences, and areas of 
high magnitude sand transport will require greater width to remain stable (Figure 4-2). 

 

 
FIGURE 4-2.  SCHEMATIC OF SAND FENCE HEIGHT, LENGTH AND WIDTH, WITH ORIENTATION PERPENDICULAR TO 

WIND DIRECTION. 

 Source: Li and Sherman 2015 
 

4.1.1.4  Fence Orientation 

Fences should be placed perpendicular to the dominant wind direction. If multiple wind directions are 
common, zig zag, crossed, or multiple fences at different directions are required (Li and Sherman 2015). 
Straight fences require less fence material per fence length and are therefore more cost-effective, and 
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are easier to build, repair and maintain than alternative orientations (Eichmanns et al. 2021; Grafals-
Soto and Nordstrom 2009). Multiple fence rows can be more effective than single rows when spaced 
between 3 and 8 h (h=barrier height) (Hotta et al. 1991; Cornelis and Gabriel, 2005). Multiple fences also 
provide more security against potential disturbance and disaster (e.g., floods). 

4.1.1.5  Fence porosity (β) 

Fence porosity is the degree of permeability of a fence, or the ratio of a fence’s open area to its total 
area. Fence porosity is commonly considered the most important single parameter controlling the 
performance of a sand fence of a given height (Bean et al. 1975). Fence porosity controls the 
recirculating eddy that forms behind the fence (which causes the formation of the dune behind the 
fence; see Figure 4-1, zone 7).  

Porosity between 30 to 40% is most efficient at reducing wind velocity (Li and Sherman 2015). Porosity 
between 30 to 50% has the highest sand trapping efficiency (defined as the maximum volume of 
accumulated sand per fence unit length) and the largest shelter distance (the distance behind fence in 
which wind is reduced) (Li and Sherman 2015; Savage and Woodhouse 1968; Bofah and Al-Hinai 1986). 
The opening size of the porous fence should be small, but at least 10 times the maximum sand grain 
size, and the geometry of the openings should evenly distribute across the fence. 

In contrast, low porosity and solid barriers will act as bluff bodies, causing increases in wind velocity as 
the wind attempts to go around the object, leading to increased erosion around its edges, known as the 
edge effect (Owens Lake Scientific Advisory Panel 2020). The edge effects are increased when multiple, 
sparsely arrayed solid barriers are implemented, and can lead to scouring of the soil near the edge of 
the barrier (Owens Lake Scientific Advisory Panel 2020).  

Solid barriers also achieve sand accumulation, but the distribution of the accumulated sand around 
porous fences and a solid barrier is qualitatively different. Hotta and Horikawa (1991) show that sand 
mainly accumulates in the upwind strip of a solid straight vertical wall, while porous fences involve 
sedimentation both upwind and downwind (Figure 4-3). Porosity is also an important factor to consider 
in habitat value, as lower porosity objects will block seed transport and prevent wildlife from sheltering 
within the structure. 

4.1.2 KEY ENVIRONMENTAL CONDITIONS AFFECTING SAND FENCE PERFORMANCE 

4.1.2.1  Wind Velocity 

Wind velocity is a major control on dune formation and shape. Slower winds generally trap more sand, 
while wind velocities greater than 16 m/s (35.8 miles/hr) may be too fast to trap appreciable amounts of 
sand (Manohar and Bruun 1970). The faster the velocity, the steeper the windward slope of the dune 
will be (Li and Sherman 2015; Hotta et al. 1987). 

4.1.2.2  Aeolian Sand Transport 

Aeolian sand transport is composed of three processes: surface creep, saltation, and suspension (Kar 
1996). Surface creep is the movement of large, heavier particles along the ground surface by wind, and 
accounts for roughly 4% of sand transport. Saltation is the collision of sand particles (grain size 0.25-0.15 
mm) that results in the jumping, or “saltation”, of more sand particles forward, generally around a 
height of 1m, which accounts for 95% of sand transport. Suspension is the movement of fine particles 
(smaller than 0.15 mm) through suspension in air, and accounts for only 1% of sand transport. The 
aeolian sand transport regime is thus the function of the quantity of sand transported in wind, the 
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height at which most sand is transported, and when the sand is transported. It is important to estimate 
sand transport regime and sand accumulation rate to understand how and when sand will accumulate, 
and to properly design a fence that can withstand the weight of the accumulated sand. Sand fences may 
need to be raised accordingly if sand accumulates rapidly. 

 

 
FIGURE 4-3.  EXAMPLES OF DUNE FORMATION UNDER DIFFERENT POROSITY (Β). 
 Porosity around 30-50% is considered most effective at reducing wind and trapping sand.  
 Source: Hotta and Horikawa 1991 
 

4.1.2.3  Sand Grain Size 

Sand grain size impacts sand transport and surface roughness. Certain wind erosion measures are only 
successful on certain grain sizes. For example, tilling and furrowing are only recommended on clay 
textures that readily form aggregates and are not recommended on sandy soils. The grain size should 
also be considered in the design of the fence porosity, and the diameter of fence openings should be at 
least 10 times the maximum grain size of transported sand (Li and Sherman 2015). 

4.1.2.4  Local Topography 

Local topography will impact wind speed and direction. Downhill slopes cause wind to speed up, and 
uphill slopes cause wind to slow down. Narrow canyons or channels will increase wind velocity and 
exiting a channel to a large open space will reduce velocity. In the subbasin, the wind appears to have 
highest velocity in Coyote Creek canyon near Santa Catarina, and gradually loses velocity as it exits into 
Borrego Valley towards the Borrego Sink (Figure 2-13). 
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4.1.3 SAND FENCE AND BRUSH PILE DESIGNS USING NATURAL MATERIALS  

4.1.3.1  Natural Fences and Vertical Mulch 

Natural fences can be creating by placing logs, sticks, brush, or bundles upright in the soil (e.g., Figure 
4-4 to Figure 4-7), also known as vertical mulching (Bainbridge 1994). The vertical structures are 
generally between 0.5-2 m tall and are buried in the soil at depths between 0.3 to 0.7 m using augers 
(Eichmanns et al. 2021). They can be placed in single or multiple rows and at different orientation 
depending on the wind direction (Eichmanns et al. 2021). This method can provide multiple benefits, 
including wind reduction, sand trapping, slowing of surface water movement, deeper water infiltration, 
and can provide below ground organic matter (Bainbridge 1994).  

Experiments have shown that vertical mulch can increase soil moisture storage substantially (Fairbourn 
1975), which may be critical in arid systems. Another study found that vertical mulching in the Mojave 
and Sonoran deserts was a highly effective, minimal input strategy to facilitate the recovery of degraded 
desert areas due to its impacts on soil stability, moisture, and decompaction (Rader 2019). The material 
can act to catch seeds, facilitating natural plant recovery, and can provide cover, shelter, and perching 
for wildlife (Bainbridge 1994). Native seeds can be planted during the installation process to speed up 
vegetation recovery. 

 

 
FIGURE 4-4.  NATURAL FENCING EXAMPLE USING BRUSH 
 Source: Eichmanns et al. 2021 
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FIGURE 4-5.  NATURAL FENCING EXAMPLE USING BRUSH 
 Source: Luz and Anthony 2008 

 

 
FIGURE 4-6.  NATURAL FENCING EXAMPLE USING PALM FRONDS. 
 Source: Lima et al. 2017 
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FIGURE 4-7.  NATURAL FENCING EXAMPLE USING COLLECTED LOGS AND STICKS. 
 Source: https://www.ruralsprout.com/inexpensive-diy-fence-ideas 

 

4.1.3.2  Brush Piles 

Brush piles can be created using logs, sticks, brush, and bundles. The dust control efficiency of brush 
piles is a function of their individual design parameters namely height, porosity, and length, and will act 
as roughness elements. The spatial arrangement of the brush piles is also important. Several studies 
have determined that degraded arid landscapes are often characterized by wide, open space that induce 
high levels of aeolian and fluvial erosion. Placing brush piles in arrangements that mimic the scattered 
patches of vegetation (islands of fertility) found in arid landscapes can encourage recovery (Figure 4-8). 
For example, a study from degraded drylands in Australia found that laying brush parallel to natural land 
contours broke up erosion and runoff corridors, leading to accumulation of resources, including seeds 
that helped facilitate natural recovery of the ecosystem (Ludwig and Tongway 1996). 

One study by the US Army Corps of Engineers on brush pile construction for habitat needs described 
that brush piles are typically mound or teepee shaped (e.g., Figure 4-9), with the largest material placed 
at the base and layers of smaller limbs and branches added as filler (Martin and Steele 1986). They also 
noted that adequate space for animal entry can be obtained by using rows of trunks or logs placed 6 
inches apart, layered at alternating 90-degree angles, creating a latticed structure (e.g., Figure 4-10) 
(Martin and Steele 1986). This latticed structure may provide the porosity necessary for wind reduction 
and sand trapping maximization (30 to 50% porosity). 
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FIGURE 4-8.  STRAW BALES USED AS SOLID, SCATTERED BARRIERS ARRANGED TO MIMIC NATURAL ARRANGEMENT 

OF VEGETATION, 
Source: Owens Lake Scientific Advisory Panel 2020  
 

 
FIGURE 4-9.  EXAMPLE OF TEEPEE BRUSH PILE  
 Source: HTTPS://WWW.TRIJICON.COM/COMMUNITY/POST/HABITAT-BRUSH-PILES-BY-LARRY-WEISHUHN 
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FIGURE 4-10.  EXAMPLE OF LATTICE BRUSH PILE CONSTRUCTION  
 Source: https://portal.ct.gov/DEEP/Wildlife/Fact-Sheets/Brush-Piles-for-Wildlife 

4.2 PROCESSES AND TIME SCALES 

The key physical processes to consider for successful sand fence design are (in order of most important 
to least important):  

1. Wind direction 
2. Wind speed 
3. Potential disturbances (water flow, flooding, etc.) 
4. Sand transport regime (sand grain size, transport height, transport timing). 

4.2.1 SPATIAL SCALES FOR WIND REDUCTION AND SAND DEPOSITION  
The optimal spatial arrangement for sand fences in a given area depends on the specific design of each 
barrier and environmental factors such as wind speed, wind direction, and sand transport regime. If 
multiple rows of barriers will be installed, it is important that they are spaced correctly. Cornelis and 
Gabriel (2005) identified that consecutive rows of barriers should be spaced between 3h and 8h (h= 
barrier height). If consecutive rows are installed outside of this spacing of 3h to 8h, the efficiency and 
shelter distance of the barriers decrease, and single rows are more effective (Cornelis and Gabriel, 
2005). They also identified that combining different forms and sizes of barriers can be effective, and the 
optimal arrangement contains three horizontal, porous layers (e.g., tall, medium, and short layers) 
(Cornelis and Gabriel, 2005). For example, pre-existing tree wind breaks can be improved by adding 
surface and medium height barriers, such as grasses and shrubs, or short and medium height sand 
fences. 
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4.2.2 TIME SCALES FOR WIND REDUCTION AND SAND DEPOSITION  
Sand fence installation provides an instantaneous solution to wind erosion as the impacts on wind 
velocity will be immediate. Sand deposition rate and magnitude will be dependent on wind velocity, 
sand transport regime, and fence properties such as porosity and fence height (Li and Sherman 2015). 
Rough estimates of sand deposition can be made from sand transport regime data. Previous studies 
from Californian deserts indicate that sand deposition can be quite quick, for example 1 foot of sand 
accumulated within two seasons in Antelope Valley (Slayback et al. 1995). 

4.2.3 TIME SCALES FOR NATURAL RECOVERY OF VEGETATION ALONG SAND FENCES 
Natural recovery of vegetation in drylands is typically slow, averaging 76 years for the recovery of 
perennial vegetation (Abella 2012). Recovery will also depend on site specific soil and seedbank 
conditions. Previous studies concluded that the major barriers for natural recovery are lack of seedbank, 
invasive species, and herbivory (Slayback et al. 1995). 

4.3 MANAGEMENT OPPORTUNITIES AND CONSTRAINTS  

The following points summarize recommendations for considering sand fence design features: 

1. Based on our study site goals, structural barriers such as sand fences are recommended. 
Furrows may be successful if the soil readily forms aggregates. 

2. Sand fences should be placed perpendicular to the dominant wind direction and should feature 
porosity between 30 to 50% and a height based on ideal dune height, but generally between 1- 
2 m.  

3. Multiple rows of fences can be effective if spaced at distances of 3h to 8h (h=barrier height). The 
first row can be considered a protective row that shields subsequent rows from potential 
damage (windstorms, floods, etc.). Hybrid strategies are also recommended, and are most 
effective if they are evenly porous, or combine to create a barrier of even porosity (e.g., pre-
existing tree windbreak followed by short and medium sand fence rows, tall sand fence rows 
followed by shorter vegetation, or sand fences combined with brush piles).  

4. Vegetation should be established on dunes once ideal height is reached. Perennial plants have 
been shown to stabilize the newly accumulated soil, provide added wind reduction and sand 
trapping, catch and provide seeds, and create islands of fertility that encourage further plant 
colonization. 

4.3.1 CONSTRAINTS 
Our review of existing sand fence designs has shown that most installations are successful in reducing 
wind velocity and trapping sand, regardless of their specific design. However, fence porosity has been 
shown to be a key design parameter. Some design difficulties may be encountered when constructing 
porous sand fences from materials found on fallowed land sites.  

There will likely be a tradeoff between dust control effectiveness and habitat value as arrangements 
that are more conducive to dust control (long, porous fences) are less likely to be used by wildlife than 
discrete brush piles (which provide better shelter but will be less effective in dust control). It is 
important to note that less porous (more solid) constructions can change the wind direction and lead to 
increased wind erosion as the wind moves around the barrier.  
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There will also likely be a tradeoff between habitat value and natural plant recovery, as herbivory is 
consistently listed as a major barrier to plant recovery and restoration in drylands (Slayback et al. 1995). 
There is a chance that installations that are used by greater number of wildlife lead to greater herbivory 
of recently germinated plants. It may be necessary to allow time for plant recovery before adding 
installments focused on wildlife benefit. 

4.3.2 KEY LOCAL FEATURES AND DESIGN RECOMMENDATIONS 
From aerial photos, wind data, and personal experience at the study site we have identified the 
following key factors: 

1. The dominant wind direction appears to be from NW (315-340 degrees), blowing towards the 
southeast. Recommendation: Sand fences should be installed perpendicular to the wind direction 
(on the linear plane connecting 225 and 45 degrees).  

2. Designs and arrangements should consider any pre-existing wind barriers on site and should aim 
to create barriers of evenly distributed porosity, where the geometry of open spaces is 
distributed evenly across the barrier.  When combining strategies and should be spaced at 
distances between 3h and 8h (h= height of front barrier). For example, sites with existing trees 
(i.e., Tamarix aphylla) can be combined with shorter barriers to create a hybrid barrier that 
features a more even porosity.  

3. During the field trip, we noticed that wind erosion was removing the seed bank and/or 
preventing new seed dispersal. We also saw that solid barriers (berms) seemed to prevent seed 
dispersal and areas behind broken barriers appeared to have better colonization. 
Recommendation: Reducing wind erosion (by reducing wind speed) is key in colonization but 
allowing new seed to disperse into the plot is equally important. Therefore, porosity will be a key 
design component, and is recommended to fall between 30 and 50 percent. 

4. At Viking Ranch we saw finer chips in block 2 and thicker chips in block 3. Block 2 had better 
recruitment. Whether this is due to the chip size/ formation, or due to underlying water flow is 
uncertain. The fine chips may provide added surface roughness (which reduces wind erosion), 
catch seeds, or provide nutrients or soil moisture protection. Recommendation: Plot location 
should consider soil moisture, and above and belowground water flow. Fine chips may also be 
successful in adding surface roughness. 
 

5. At the fallowed potato site, the impacts of furrowing were still apparent, and appeared to be 
reducing wind erosion and accelerating natural plant recovery. This indicates that furrowing may 
be a viable dust control practice and a recovery option in Borrego Springs in plots with soils that 
form aggregates. Recommendation: Measurements of soil texture should be performed at the 
fallowed potato site to determine soil texture, and at each potential fallow site to determine if 
furrowing will be successful in each plot. 

4.3.3 SAND FENCE MONITORING METHODS 
Pre-installation monitoring needs:  

• Determine sand transport regime and estimate sand deposition rate. 

Sand Fence monitoring: 

• Fence height from surface. After installation, sand fence height to soil surface should be 
documented at marked points along the fence. Fence height (i.e., sand accumulation) should be 
monitored at least every 3 months in the first year to estimate sand deposition rate. Once the 
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sand deposition rate is estimated, the monitoring plan should be adjusted accordingly. Sand 
fences should be monitored every 3 to 6 months for damage. 

• Dust particle collectors, Big Spring Number Eight (BSNE) Collectors: Dust control effectiveness of 
each barrier can be measured by installing dust particle collectors upwind and downwind of the 
barrier. After installation, the collectors are cleared, and then set for a defined amount of time, 
or before major dust storms. The dust collected upwind and downwind is then weighed, and the 
effectiveness is determined as (Upwind-Downwind)/Upwind * 100%.  

• Collect soil height measurements using erosion bridges (U-shaped pins/stakes). 
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5 FARMLAND FALLOWING REHABILITATION STRATEGIES 
Considering the factors identified by Holl and Aide (2010), many of the studies summarized in this 
review suggest that active practices would be appropriate in rehabilitating fallowed agricultural land in 
the Borrego Valley, at least in some circumstances, for the following reasons:  

1) Arid environments are very slow to recover from degradation on their own. 

2) Cultivated agriculture is considered an intensive land use and results in a high degree of 
degradation of important soil properties. 

3) The local landscape is very fragmented by other land uses that may indirectly affect or be 
affected by post-fallowing processes such as wind erosion and deposition. 

4) There are specific goals for the area named in the GMP associated with wildflower 
establishment, avoiding the spread of invasive species, mitigating erosion, and avoiding 
visual blight. 

5) Resources needed to establish native vegetation, such as water and native seed banks, are 
available in proximity. Water needed for native vegetation establishment is far less than 
that needed for mature agricultural crops (and would therefore represent an insignificant 
though important water use), and infrastructure for delivery is also in place through 
irrigation systems. 

However, natural recruitment of native vegetation has been observed on specific fallowed sites with 
little or no manipulation of site conditions or uses of active restoration practices. On other sites, 
abandoned land has shown slow or no return to reference site conditions. As previously described, the 
key features in this environment that determine whether transition to reference site conditions advance 
on their own are likely fluvial processes, aeolian processes, and soil stability. 

5.1 REHABILITATION STRATEGIES FOR THE SUBBASIN 

Ideally, conditions are created or left to develop on their own that balance the advantages and 
disadvantages of wind, provide enough water for vegetation establishment, and stabilize soil for 
regeneration of native plants. Rehabilitation approaches are rarely implemented singularly (without 
other complementary practices) or on the extreme ends of the passive-active spectrum. For example, a 
partially active approach might be taken on sites where conditions are already suitable for vegetation 
recruitment.  

Strategies that would benefit rehabilitation in the Subbasin include a suite of approaches to modify the 
surface soil according to its erodibility, supplement vegetation establishment with water, and mitigate 
the negative effects of excessive wind. The practices described in this review, including surface 
roughening with tillage, irrigating with existing irrigation infrastructure, and constructing sand fences 
with material from fallowed orchards are all potential strategies. As observed in other regional studies, 
nutrient supplementation might also promote plant establishment of native species; however, soil 
should be tested prior to fertilization because farmlands that have been fertilized may have nutrient 
imbalances that would impair native plant establishment. 
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5.1.1 TILLAGE TO INCREASE SURFACE ROUGHNESS 
Surface roughening with tillage can only be used on soil with suitable texture. Fine, sandy soils with low 
organic matter and clay content have little ability to aggregate and would not benefit from roughening, 
whereas soils with some silt and clay content might. Moisture content at the time of tillage is also an 
important factor in how well the formations will keep their form. Changes in soil physical, biological, and 
chemical properties from agricultural production (fertilizer amendments, soil amendments such as 
manure or compost, remnant crop roots, gypsum additions) may have facilitated the endurance of 
furrows that are helping to promote vegetation establishment on the abandoned Agri-Empire potato 
fields. For example, adding gypsum to remediate excess sodium helps promote aggregation. Soil 
sampling and management practice history on this field would inform decisions about how and where 
surface roughening with tillage could potentially be used. 

5.1.2  TRANSPLANTING WITH WATER SUPPLEMENTATION FOR VEGETATION ESTABLISHMENT 
Vegetation establishment has been observed on areas that receive the benefit of scouring from 
ephemeral stream flows and, potentially, access to shallow groundwater (e.g., Viking Ranch). However, 
on fields that do not receive this benefit, especially if there is little wind disruption, vegetation 
establishment is slow to nonexistent (e.g., abandoned DiGiorgio grape fields). Planting native species is a 
rehabilitation strategy that would likely need to be implemented along with other strategies, such as 
wind protection and/or water supplementation in areas not influenced by fluvial processes. Regional 
studies indicate that vegetation establishment on arid landscapes benefits from water supplementation 
(temporarily) and, depending on species, nutrient supplementation with fertilizer to promote 
establishment and quality seed production. However, these needs are species- and site-specific, and 
may differ from field to field depending on past management practices.  

5.1.3 SAND FENCE INSTALLATION TO MITIGATE WIND 
Sand fences provide a balance between the positive effects of wind—development of islands of fertility 
through soil accumulation and seed and nutrient dispersal—and the negative effects of wind – surface 
scouring which removes the seedbank and erodes the soil. The advantage of brush pile sand fences is 
that we can construct them with materials available from abandoned orchards and design them based 
on prevailing winds and size of area to be protected. In addition, they have the flexibility of being used 
at different scales, which is evident in existing sand trapping structures in the Subbasin. For example, 
large tamarisk wind breaks provide wind protection at a large scale for whole fields, but the stakes left 
standing in the abandoned vineyard (Figure 3-15) function as micro-site vertical sand traps that disrupt 
wind, reduce erosion, trap sand, and promote water infiltration.  

Depending on site conditions, any one or all these strategies could be used on a particular field, or at 
different scales. The next section describes how we use state-transition modeling to predict how 
rehabilitation using different strategies would proceed on fallowed agricultural fields.  

5.2 HYPOTHESIS-BASED MANAGEMENT 

Abandoned and fallowed sites serve as references for how transition to different states proceeds on 
sites where the three key features described above differ. The literature review provides understanding 
of how and why these features have led to different transition states. Together, field observations, 
foundational and applied science found in the literature, and state-transition modeling provide clues 
about how fields fallowed to save water will transition with and without the intervention of active 
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practices and help to identify combinations of site conditions that are conducive to restoration on 
specific fields. 

5.2.1 KEY ENVIRONMENTAL FEATURES AND PROCESSES 
As described above, key environmental features in the Subbasin that influence landscape patterns 
include soil type and soil erosion, wind patterns (aeolian processes) and ephemeral streambed flow 
(fluvial processes). Key processes related to agricultural land use and abandoned land include changes in 
soil physical, chemical, and biological properties, as well as changes in surface features such as 
vegetation cover, homogeneity (such as land leveling), potential residual of additives such as pesticides, 
and introduction of invasive pest and weed species.  

Farmland management differs by crop type, individual grower preferences, and environmental factors 
such as water holding capacity of soil or wind temperature patterns. However, these differences may be 
insignificant compared to the general impact of cultivation necessitated by agricultural disturbance. This 
impact is evident from the natural revegetation of land that was cleared but not cultivated, compared to 
cultivated land that is not revegetating.  

5.2.1.1  Geomorphic and Soil Physical Characteristics 

Soil controls hydrological, erosional, biological, and geochemical cycle, and determines vegetation types 
that establish, largely depending on root characteristics. Soil properties that are major influences on 
vegetation establishment include texture, horizonation, and water residence time. 

The distribution of soil type in the North Management Area is generally provided by the soil survey map 
(Figure 2-9); however, more accurate and detailed delineations of soil types are likely known by growers 
who observe differences in soil types and resulting growth patterns on farms. Geomorphic unit mapping 
indicates that the age of sediments laid down in the valley closely follow soil types (Figure 2-8). In 
general, older sediments are found in the center of the developed area of the Borrego Valley, whereas 
younger sediments are associated with the active streamed channel of Coyote Creek and its perimeter. 
The streambed shows evidence of distributed soil texture, including clays and sands, whereas much of 
the younger alluvial deposits on sites have significant wind re-shaping and little vegetation 
establishment are highly erodible find sands, as observed in the abandoned grape vineyard fields. Highly 
destabilized, homogenous soils (younger alluvial deposits, recently fallowed, etc.) are likely more 
susceptible to erosion and more difficult to revegetate than areas with more distributed soil texture and 
evidence of high moisture holding capacity and potential for vegetation establishment. 

5.2.1.2  Wind Protection 

Because of the variety in land use and various types and ages of windbreaks planted in the Borrego 
Valley, the landscape is fragmented not only from the perspective of land use but also of shelter from 
wind. This fragmentation can provide opportunities to leverage wind protection for selecting 
rehabilitation strategies and where to implement them. Currently, wind protection is provided by fallen 
dead tamarisk windbreaks, living tamarisk windbreaks, fan palm windbreaks, and other barriers to wind 
provided by orchards and abandoned orchards. While wind protection does not necessarily guarantee 
re-establishment of ground cover, as evidenced by the lack of vegetative establishment on the 
abandoned vineyard shown in Figure 3-14, it is likely a factor that, in combination with others (soil type, 
access to water, time since previous land use, etc.) determines rehabilitation success. 
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5.2.1.3  Access to Streamflow and/or Shallow Groundwater 

As described in Section 2, shrub establishment is observed to be aligned with the Coyote Creek bed 
wash, likely for two reasons: 1) ephemeral floods redistribute fine soil particles, organic matter, and 
seeds on the land surface and 2) Coyote Creek replenishes groundwater. Some of the rapid shrub 
establishment observed on Block 3 of Viking Ranch may be benefitting from surface water-shallow 
groundwater connectivity in addition to the surface conditions that promote seedling establishment 
created by floods. The propensity to flood is a both a potential beneficial and destructive disturbance, 
depending on what type of approach is used as a rehabilitation strategy.  

5.2.2 STATE AND TRANSITION MODELS FOR FALLOWED FARMLAND REHABILITATION 
In the next phase of the project, we plan on developing State and Transition Models (STM) to 
communicate our hypotheses for how land to be fallowed and previously abandoned land will transition 
between different vegetation states (e.g., alliances) according to ecological mechanisms. The STM will 
help identify the most promising rehabilitation strategies and management actions to achieve desired 
rehabilitation outcomes. Key processes that will be investigated as mechanisms controlling transitions 
between different vegetation states are fluvial processes, aeolian processes, and soil conditions (e.g., 
salinity, stability). 
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6 FARMLAND FALLOWING PRIORITIZATION 
Rehabilitation strategies were identified in Section 5 that consider the key features of the Subbasin 
landscape and how they might impact or be impacted by fallowing agricultural land. Section 5 also 
included some discussion on how those key features can be used to predict how successful specific 
rehabilitation strategies would be on different parcels. 

In this Section we describe a preliminary approach for prioritizing or determining the order in which land 
uses and/or specific parcels could be fallowed to achieve the goals of the Watermaster (reduce 
groundwater use according to the schedule in the Stipulate Judgment, minimize environmental 
degradation, and maintain and promote the natural aesthetic value of the Subbasin) effectively and 
efficiently. We selected the prioritization criteria considering these goals and used them to score each 
parcel on the amount of intervention likely needed for rehabilitation (active approaches). This approach 
resulted in relative scoring for each parcel that indicates the likely ability of a parcel to regenerate on its 
own; the higher the score, the easier it would be to rehabilitate with passive approaches.  

In addition, parcels were scored on two other factors – proximity to preserved land and potential water 
use savings – that may serve as considerations in developing policy related to further prioritizing land 
fallowing in the Subbasin. 

This prioritization approach is expected to improve through refinements informed by field studies 
conducted in 2023 and 2024 to fill in gaps in data and information about properties of fallowed land 
(e.g., soil salinity) and appropriate design specifications of sand fences. This draft literature review 
identifies questions that we need to answer or investigate using field studies and provides a starting 
point for discussion. 

6.1 PRIORITIZATION CRITERIA 

Prioritization criteria included both environmental and cultural factors, as follows: 

1. Environmental Factors that Influence Level of Intervention Required to Rehabilitate Fallowed 
Farmland 

a. Fluvial Processes 
b. Aeolian Processes (Wind Breaks) 
c. Soil Stability (Soil Erodibility) 

2. Cultural Factors to Consider for Prioritization 
a. Potential Water Use and Water Use Savings 
b. Proximity to Conserved Land 

Each environmental criterion serves to use key features to identify the relative time, effort, expense and 
available supplies and natural resources that a parcel would likely require for rehabilitation. Therefore, 
each criterion includes different levels or scenarios, which are assigned scores indicating the suitability 
or ease with which a parcel could regenerate on its own (described in Sections 6.2 and 6.3). A higher 
suitability score indicates greater ease in rehabilitation and higher prioritization. These scores were 
weighted according to importance and then added for a total suitability score for each parcel.   

Cultural factors were also scored but were not integrated into a cumulative score with environmental 
factors.  
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6.2 ENVIRONMENTAL FACTORS INFLUENCING LEVEL OF REHABILITATION 
INTERVENTION REQUIRED 

The level of rehabilitation required depends on the key features identified in previous sections. 

Other factors that are not included in this initial prioritization approach but may be considered after 
field studies have provided additional data include features of farmed land such as stages of field 
abandonment, field surface, heterogeneity, fertility status, salinity status, and sub-surface features such 
as disturbances to the soil profile. 

Different stages of surface processes can be observed in fallowed and abandoned fields, whereas the 
status of other processes is more difficult to discern. For example, the level landscape created by 
cultivation in the fallowed potato field (Figure 3-16) was modified by furrowing ridges for the row crop, 
and the development of sand dunes from wind blowing through breaks in the old tamarisk wind break 
creates another form of surface heterogeneity, which promotes plant establishment.  

While natural soil horizonation takes hundreds (or thousands) of years to develop, other gradients as 
described in Section 3 (e.g., salinization, homogenization of the cultivated soil profile) have likely 
developed from management. It may be easier to begin the conversion of actively farmed land to 
natural habitat than with land that has experienced years of fallowing with no erosion prevention 
strategies, invasive weed control, or other measures to remediate other soil properties such as microbial 
populations.  

Whether a field is farmed or time lapse since fallowing or abandonment are considerations for 
prioritization. The fallow time-step study will provide information on how recently fallowed lands differ 
from those that have been fallowed for several years. Abandoned farmland is typically differentiated by 
its undisturbed counterpart by one or more of the following features, which, if investigated in the fallow 
time-step study, would inform this prioritization criteria: 

• Level landscapes created by cultivation and laser leveling (to improve irrigation distribution 
uniformity and facilitate field activities) 

• Disturbed soil horizons resulting from cultivation and deep tilling/ripping 
• Topsoil lost to erosion resulting from cultivation and lack of vegetative cover during fallow 

periods or years when orchards are young 
• Weed/nonnative plant infestations promoted by monoculture 
• Lowered water table from groundwater pumping for irrigation, especially if highly efficient 

irrigation systems, such as micro-spray and micro-drip are used 
• Nutrient imbalances and or accumulations in certain horizons from crop uptake and over or 

under application of fertilizers 
• Salinization in certain soil horizons and/or the surface soil resulting from irrigation 
• Altered pH from fertilizers, which tend to acidify soil 
• Altered organic matter/carbon content (depending on practices) from exportation of plant 

biomass from field 
• Higher bulk density/compaction resulting from heavy equipment passes 
• Altered soil microorganism population and diversity 
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6.2.1 FLUVIAL PROCESSES 
As noted above, proximity to active fluvial features, such as historic washes that may be reactivated in a 
large flood, benefit natural restoration, and decrease the level of intervention needed. Areas proximate 
to these features can be determined by alluvial plain age mapping, as shown by the active channel 
geomorphic map unit (Qac) in Figure 2-8, and depressions in the alluvial plain that reflect intermittently 
flooded washes (landform class number 4) from the landform classification in Figure 2-7. Additionally, if 
depth to groundwater is so deep that it will not influence plant growth, the level of intervention will 
necessarily by higher. Scores for landforms are shown in Table 6-1. 

TABLE 6-1. FLUVIAL PROCESSES SCORES  

Landform Relative Access to Fluvial 
Processes/Groundwater 

Score 

Active Ephemeral Coyote Creek Channel and Wash High 4 
Intermittently Flooded Wash Low to Moderate 1 
Older Alluvial Plain and Fans Low 0 

 

6.2.2 AEOLIAN PROCESSES 
Exposure to unmitigated wind increases the level of intervention needed and can be considered at 
different scales. Wind maps for the Subbasin do not consider existing windbreaks such as live tamarisk 
shelterbelts, dead tamarisk wind breaks, palm wind breaks, and standing orchards that serve as wind 
breaks.  

We scored parcels on the level of wind protection provided by windbreaks (by viewing remotely 
sensed imagery) using three factors: 1) from which direction(s) the windbreak protects the 
parcel; 2) height; and 3) continuity. Field observations (on September 28, 2022) indicated that 
windbreaks differed greatly by these factors depending on the species of trees, age, and location. 
Parcels with windbreaks protecting them from prevailing winds (north and west) were scored 
higher than those that were protected on non-prevailing wind sides (east and south) ( 
Table 6-2). Taller windbreaks (tamarisk or palms) received higher scores than non-intentional 
windbreaks formed by citrus orchards, for example, because shelter from wind is directly proportional 
to height of the wind break (see Section 4) (Table 6-3). Finally, wind breaks with greater continuity were 
scored higher than those with gaps. As observed in the abandoned potato field (Figure 3-16), gaps in 
windbreaks compromise their effectiveness and result in greater soil mobility (Table 6-4). The scores for 
direction, height, and continuity of the wind protection features of each parcel were combined in a 
weighted average, as shown in Table 6-5. 

 
TABLE 6-2. WIND PROTECTION SCORES - DIRECTION 

Direction Protected Relative Level of Protection Score 
Both prevailing winds (north and west side of parcel) 
 
 

High 4 

One prevailing wind (north or west side of parcel) 
 

Moderate  3 

One or more non-prevailing winds (south and/or east) Low 1 
No wind breaks None 0 
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TABLE 6-3. WIND PROTECTION SCORES - HEIGHT 

Height Relative Level of 
Protection 

Score 

Tall living trees - Living Tamarisk 
OR 
Living or dead palms (still standing) 
OR  
Any combination both 

High 4 

Moderately tall living trees - Living  
OR 
Citrus orchard 

Moderately High 
 

3 

Dead citrus orchard Moderately Low 2 
Fallen trees - Dead tamarisk 
 

Low 1 

None None 0 

 
TABLE 6-4. WIND PROTECTION SCORES - CONTINUITY 

Continuity Relative Level of 
Protection 

Score 

Continuous (90 to 100%) for length of field High 4 
Continuous with some gaps (>70% Continuity) 
(Can be adjusted when scoring) 

Moderate  3 

Continuous with many gaps (<70% & >0% Continuity) Low 2 
None None 1 

 
TABLE 6-5. WIND PROTECTION SCORES WEIGHTING 

Continuity Weight 
Direction .5 
Height .3 
Continuity .2 

Total Wind Protection Score 
Sum = (Direction Score * 0.5) +  

(Height Score * 0.3) + (Continuity Score *.2) 
 

6.2.3 SOIL STABILITY 
Soil erodibility from the NRCS Soil Survey Geographic Database (SSURGO) database was used as a proxy 
for soil stability. Priority scores for the soil map units in the farmed area of the Subbasin are shown in 
Table 6-6. 

TABLE 6-6. SOIL STABILITY SCORES  

Soil Type 
Erodibility 

(tons/ac/yr) Relative Soil Stability Score 
IoA, InA 56 Moderate to High 4 
MpA2, MoA 86 Moderate 3 
RsA, RsC, Cec 134 Low 2 
RoA, RrC 250 Very Low 1 
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6.2.4 CUMULATIVE ENVIRONMENTAL REHABILITATION SCORES 
Using the factors described above, we rate sites on their need for and importance of active intervention 
to rehabilitate the fallowed farmland with native vegetation communities. These ratings provide a 
relative index of which lands, if fallowed and rehabilitated, would achieve the goals of the Water Master 
most effectively and efficiently with the least amount of resources. Importantly, active approaches are 
suitable for some parcels and would be a better choice on some parcels, but could be highly inefficient 
at best, or wasteful at worst, on sites where natural processes are occurring. For example, planting 
seeds or transplants in a site with an ephemeral wash would be unsuccessful because of the power of 
seasonal floods. 

Scores of each environmental criterion were weighted and added to achieve a total environmental score 
for each parcel (Table 6-7). Higher scores indicate higher suitability for passive approaches, while lower 
scores indicate higher suitability for active approaches. 

TABLE 6-7. ENVIRONMENTAL REHABILITATION SCORE WEIGHTING 

Criterion Weight 
Fluvial Processes 0.5 
Wind Protection 0.3 
Soil Erodibility 0.2 
Total Environmental Score Sum = (Fluvial Processes Score* 0.5) + (Wind Protection 

Score * 0.3) + (Soil Erodibility Score *.2) 

6.3 CULTURAL FACTORS TO CONSIDER FOR PRIORITIZATION  

6.3.1 POTENTIAL WATER USE AND WATER USE SAVINGS 
Because of the low water holding capacity of local soils and the hot, dry climate, farming in the Borrego 
Valley is a high-water use activity. While nurseries can limit their water use with container growing, 
much of the nursery production, by observation, is in the ground and susceptible to the high-water 
losses of irrigating coarse-textured soils. Orchards grown on very coarse soils are more prone to excess 
leaching because of extremely low water holding capacity.  

Water use can be considered by land use. All mature citrus and dates likely have similar water use. 
Within tree crop types, younger, smaller trees use less water than older orchards with large trees. More 
water can be saved by removing an older orchard than a younger orchard because mature trees use 
more water than young trees. However, letting a young orchard grow to maturity will not save water 
over time. 

Considering soil type, water use is likely higher on more coarse-textured soils. Water use may also be 
increased on fields with higher salinity potential, though this difference may be masked by the salinizing 
effect of irrigation.  

Abandoned fields with BPA would not practically save a great deal of water by converting their BPA 
because they are already fallowed. However, restorative activities would provide benefits without 
having to remove a crop. For abandoned fields with BPA, it must be assumed that the BPA associated 
with those fields would be saved if the fields were permanently fallowed and the associated BPA were 
not used. 

Using the crop consumptive use estimates and these assumptions, scores were developed by calculating 
water use for each parcel. In cases where parcels had more than one land use, the assumed water use 
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for each land use was multiplied by its cropped acreage to achieve an estimated water. These water use 
estimates by parcel were then divided into groups that roughly followed dominant land use types (Table 
6-8). Citrus and dates use the most water, while ornamental palms and nursery crops use less water. 
Field crops use the least amount of water. 

TABLE 6-8. CONSUMPTIVE WATER USE SCORES  

Water Use Per Parcel 
(feet per year) Relative Water Use Score 

295 - 900 High 4 
224 - 294 Moderate 3 
88 - 223 Low 2 

0 - 87 Very Low 1 
 

6.3.2 PROXIMITY TO CONSERVED LAND 
Land that could potentially be fallowed is a higher priority when it is adjacent to land that has already 
been preserved by Anza Borrego Foundation (ABF) and the State Park. Prioritizing these lands creates 
continuity and avoids furthering fragmentation of the Subbasin (Table 6-9). 

TABLE 6-9. PROXIMITY TO CONSERVED LAND  

Type Proximity to Conserved Land 
Parcel is Adjacent to ABF or State Park Land yes 

Parcel is Not Adjacent to ABF or State Park Land no 
 

6.4 PRIORITIZATION MODEL RESULTS 

Cumulative environmental rehabilitation scores were combined using the following equation (Table 
6-7):  

Fluvial Processes Score (0.5) + Wind Protection Score (0.3) + Soil Erodibility Score (0.2)  

These scores were then categorized into ranks indicating relative ease of rehabilitation, as shown in 
Table 6-10.  

TABLE 6-10. RANKS OF CUMULATIVE ENVIRONMENTAL REHABILITATION SCORES  

Environmental Score Range Priority Rank 
3.0 – 4.0 High (Most suitable for passive approaches) 
2.0 – 2.9 Moderately high 
1.5 – 1.9 Moderate 
1.0 – 1.4 Moderately low 
0.0 – 0.9 Low (Most suitable for active approaches) 

 

The spatial distribution of rehabilitation priority results is shown in Figure 6-1, Figure 6-2, and Figure 6-3 
in combination with scores for potential water use savings and parcel boundaries that border preserved 
land. These prioritization model and map will be updated as part of Task 5 of this project based on 
information learned from the field studies in this project (Tasks 2 and 3) and recommendations 
developed for fallowing rehabilitation (Task 4). 
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Parcels with high priority ranks are on the northern and southwestern edges of the farmed area, in 
addition to one on the eastern side. These parcels were scored high in large part due to the presence of 
fluvial features that positively influence native plant establishment. The high priority parcels on the 
northern edge also have a high potential for water use savings because they are currently used for high 
water-use crops.  

The lowest ranking parcels are in the southern part of the subbasin and largely represent abandoned or 
unused parcels related to developments such as golf courses. Their priority rank is low largely because 
they do not include fluvial features and because they have little wind protection. Their potential water 
savings is also low because current water use is non-existent or low, except for the parcel associated 
with the golf course greens. 

The northern and east side parcels (ranked both high and low) border land already preserved through 
the Anza-Borrego State Park or the Anza-Borrego Foundation. 
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FIGURE 6-1.  INTERIM BORREGO SPRINGS FALLOWING PRIORITIZATION  
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FIGURE 6-2.  INTERIM BORREGO SPRINGS FALLOWING PRIORITIZATION—NORTH DETAIL 
  

Page 138 of 182



 Rehabilitation of Fallowed Farmlands in Borrego Valley—Literature Review 

Land IQ 
January 2023  128 

 
FIGURE 6-3.  INTERIM BORREGO SPRINGS FALLOWING PRIORITIZATION—SOUTH DETAIL 
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Vegetation Suitability Models for Borrego Valley 
Introduction 
As described in Longcore et al. (2020), potential natural vegetation offers a way to evaluate landscapes 
that have been impacted by human activity. The concept was introduced by Faber (1937) and elaborated 
and promoted by Tuxen (1956). It offers a framework to describe what vegetation might be in the 
absence of human disturbance, being defined as “The vegetation that would develop in a particular 
ecological zone or environment, assuming the conditions of flora and fauna to be natural, if the action of 
man on the vegetation mantle stopped and in the absence of substantial alteration in present climatic 
conditions” (Tüxen 1956, translated in Gallizia Vuerich et al. 2001).  

The concept retains its utility in environmental planning for the assessment of vegetation (Fischer et al. 
2013) and to investigate the potential impacts of changed environments, such as those from changed 
climates (del Río and Penas 2006, Bryn 2008, Lapola et al. 2008) or lands that have been developed for 
agricultural purposes, as proposed here. Numerical modeling with GIS has become more common and 
has been used to model potential natural vegetation, including in Germany (see Fischer et al. 2013), 
Switzerland (Brzeziecki et al. 1993), Czech (Tichý 1999), Norway (Hemsing and Bryn 2012) China (Liu et al. 
2009, Zhang et al. 2013), and California (e.g., Brooks et al. 2019, Longcore et al. 2020, Longcore et al. 
2018, Longcore et al. 2016).  

We modelled the potential distribution of the most common native vegetation types in the Borrego 
Valley, and three invasive plant species, using maximum entropy modeling (maxent) to help identify the 
vegetation communities that are most suitable for rehabilitation on fallowed and abandoned farmland in 
Borrego Springs. Maxent is a predictive statistical GIS modelling method, based on a maximum entropy 
algorithm (Phillips et al. 2006, Phillips and Dudík 2008, Elith et al. 2011). The model uses machine learning 
to process environmental variables and evaluate the combinations and interactions between the 
variables to predict the probability of encountering the modeled species across the landscape, based on 
the similarity of the environmental conditions (Phillips et al. 2006, Raes and ter Steege 2007, Wollan et al. 
2008, Newbold et al. 2009, Kruijer et al. 2010).  

Methods 
We created a probabilistic map of presence of different vegetation types and common species using the 
open-source software Maxent (Phillips et al. 2017) to model potential natural vegetation.  

We generated occurrence data for the vegetation communities and invasive plant species of interest 
from the Keeler-Wolf et al. (1998) Vegetation Community Map of Anza-Borrego Desert State Park and 
Environs and a query of Calflora plant records (www.calflora.org, accessed December 1, 2022). We 
identified 15 units for modeling, including common vegetation communities within Borrego Valley (12 
vegetation community Alliance classifications from the 1998 vegetation map) and three invasive species 
(Table A-1). The vegetation map has mapping units that represent different levels of vegetation 
classification, including Groups, Alliances, and Associations (Figure A-1). We selected vegetation mapping 
units at the level of Alliance that met the minimum mapping unit requirements of the final map product 
and that occurred within both the bounds of the Borrego Springs Groundwater Subbasin and the 
Geomorphic Unit Map prepared by the Desert Research Institute (Bacon et al. 2013), as it was selected as 
the source of important categorical environmental data for modeling vegetation distributions in the 
alluvial plain (Figure A-2). In ArcMap, we randomly selected point locations within the Alliance map units: 
at least one sample per polygon that was less than 30 acres in size; and at least 11 samples for polygons 
larger than 30 acres. Records for mesquite thickets (Prosopis spp. Woodland Alliance) were 
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underrepresented in the vegetation map, because it did not include large areas within the developed 
portions of Borrego Springs that include large areas of mesquite thickets (Figure A-1). To compensate for 
the lack of mesquite occurrence data, Calflora occurrence data for Prosopis spp. was used to supplement 
the mesquite thicket points. The Calflora occurrence data for mesquite and three invasive species 
(Brassica tournefortii, Tamarix aphylla, T. ramosissima, Volutaria tubuliflora) were de-densified by using 
the Integrate Tool in ArcMap to snap together points that were within 60 meters to reduce spatial auto-
correlation error. Sample sizes for the vegetation units ranged from 5 to 529 (Table A-1). 

 
Table A-1. Vegetation Units Modelled in the Study Area. 

Vegetation Type Name Occurrence 
Point Source 

Type Number of 
Points Used to 
Develop Model 

Teddy Bear Cholla Patches 
(Cylindropuntia bigelovii Shrubland Alliance) Veg Map Alliance 16 

Desert Agave Scrub 
(Agave deserti Shrubland Alliance) Veg Map Alliance 13 

Ocotillo# 
(Fouquieria splendens) Veg Map Alliance 54 

Brittle Bush Scrub  
(Encelia farinosa Shrubland Alliance) Veg Map Alliance 78 

White Bursage Scrub  
(Ambrosia dumosa Shrubland Alliance) Veg Map Alliance 53 

Cheesebush - Sweetbush Scrub 
(Ambrosia salsola - Bebbia juncea Shrubland Alliance) Veg Map Alliance 24 

Desert-Willow - Smoketree Wash Woodland 
(Chilopsis linearis - Psorothamnus spinosus Woodland 
Alliance) 

Veg Map Alliance 49 

Mesquite Thickets 
(Prosopis glandulosa - Prosopis velutina - Prosopis 
pubescens Woodland Alliance) 

Veg Map, 
supplemented 

with Calfora 
Alliance 76 

Sahara Mustard* 
(Brassica tournefortii) Calflora Species 73 

Allscale Scrub 
(Atriplex polycarpa Shrubland Alliance) Veg Map Alliance 5 

Catclaw Acacia - Desert Lavender - Chuparosa Scrub 
(Senegalia greggii - Hyptis emoryi - Justicia 
californica Shrubland Alliance) 

Veg Map Alliance 25 

Desert Knapweed*  
(Volutaria tubuliflora) Calflora Species 529 

Creosote Bush Scrub  
(Larrea tridentata Shrubland Alliance) Veg Map Alliance 156 

Tamarisk*  
(e.g., Tamarix aphylla, T. ramosissima) Calflora Genus 31 

Creosote Bush - White Bursage Scrub  
(Larrea tridentata - Ambrosia dumosa Shrubland 
Alliance) 

Veg Map Alliance 204 

Veg Map = Vegetation Map for Anza Borrego Desert State Park (Keeler-Wolf et al. 1998) 
Calflora = Query of Calfora Species Occurrence Records from multiple sources and dates 
*Nonnative species or vegetation community 
# Ocotillo is an out of date Vegetation Alliance in the most recent Vegetation Manual of  California, but was included in the 
1990s Vegetation Map for Anza Borrego Desert State Park. 
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Figure A-1.  1990s Vegetation Mapping of Anza-Borrego Desert State Park. 

Source: Vegetation Mapping of Anza-Borrego Desert State Park and Environs (Keeler-Wolf et al. 1998). 
Delineated with a 1992 aerial and field work to classify and validate the accuracy of the map were 
conducted in 1996. 2020 NAIP Aerial. 
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Figure A-2.  Maxent Modeling Extent and Vegetation Occurrence Record Locations in the Borrego Valley 
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We developed a set of 19 environmental layers (5 categorical; 14 continuous) that are associated with 
vegetation distributions (Table A-2). We checked for correlation between the continuous variables and 
found a high-degree of correlation for many variables (Table A-3). While the maximum entropy modeling 
method used to analyze the data, MaxEnt, is largely robust to covariance among environmental variables 
(Elith et al. 2011), the number of variables could be reduced to improve the interpretation of the model 
and the response variables. For the purposes of this analysis, which is to identify the most suitable 
vegetation communities for rehabilitation of fallowed and abandoned farmland in Borrego Springs, we 
kept all the variables with the understanding that it may complicate the interpretation of the response 
variables. 

We ran suitability models with 10 replicates and 25 percent random test points withheld in each model 
run, subsampling points for each replicate. Model fit and performance were assessed using Maxent’s test 
gain and Area Under Curve (AUC) statistics (Merow et al. 2013, Phillips et al. 2017). A software generated 
Cloglog threshold was selected, 10 percentile training presence, which was specific to each vegetation 
model, and determined the threshold for minimum suitability (Phillips et al. 2017). For vegetation units 
with training data restricted to the extent of the 1990s vegetation map, the model was projected on the 
full modeling extent. 

  

Page 152 of 182



Appendix A 
Vegetation Suitability Models for Borrego Valley 

 A-6 

Table A-2. Environmental Layers Considered For Vegetation Niche Models. 

Variable Type Source 

Aspect Class Categorical Derivative of DEM1 
Geomorphic Map Unit Categorical DRI2 
Landform Class Categorical TPI and Slope Classification3 
Slope Class Categorical Derivative of DEM1 
Soil Type Categorical SSURGO4 
Annual Heat-Moisture Index (MAT+10)/(MAP/1000)) Continuous ClimateNA5 
Continentality (°C), 
Temperature Difference Between MWMT and MCMT 

Continuous ClimateNA5 

Degree-days Below 0°C, Chilling Degree-days Continuous ClimateNA5 
Groundwater Depth Continuous Difference between DEM and 

Interpolated Groundwater 
Elevation for WY 2021–20226 

Mean Annual Precipitation (mm) Continuous ClimateNA5 
Mean Annual Temperature (°C) Continuous ClimateNA5 
Mean Coldest Month Temperature (°C) Continuous ClimateNA5 
Mean Warmest Month Temperature (°C) Continuous ClimateNA5 
Summer Heat-Moisture Index  
((MWMT)/(MSP/1000)) 

Continuous ClimateNA5 

Summer Mean Maximum Temperature (°C) Continuous ClimateNA5 
Summer Precipitation (mm) Continuous ClimateNA5 
Summer Solar Radiation (MJ m-2 d-1) Continuous ClimateNA5 
Winter Mean Minimum Temperature (°C) Continuous ClimateNA5 
Winter Precipitation (mm) Continuous ClimateNA5 

1. Resampled Digital Elevation Model (DEM) at 10-meter (32.81-ft) resolution from San Diego Regional DEM (2.5-ft resolution; 
2015 and 2017 LIDAR data). 
2. Desert Research Institute (DRI) Geomorphic Unit Map (Bacon et al. 2013). 
3. Topographic Position Index is a calculation of slope position by subtracting the average neighbor values from the focal value 
of the original DEM. Positive values of TPI indicate that the central point is higher than the average surroundings, while negative 
values indicate a lower position. TPI combined with slope was used to generate  
4. Soil Survey Geographic Database (SSURGO) derived data on soil type classification. 
5. Downscaled historical climate data. Wang T, Hamann A, Spittlehouse D, Carroll C (2016) Locally Downscaled and Spatially 
Customizable Climate Data for Historical and Future Periods for North America. PLoS ONE 11(6): e0156720. 
doi:10.1371/journal.pone.0156720 
6. Depth to Groundwater = San Diego Regional DEM (2.5-ft resolution; 2015 and 2017 LIDAR data) – Interpolated Groundwater 
Elevation from Well Data Provided by West Yost for Water Year 2021-2022.  
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Table A-3. Correlation (Pearson’s r) Between Environmental Layers with Continuous Values 
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Groundwater Depth 
1.00 0.78 -0.88 -0.90 -0.87 0.74 0.80 0.27 -0.77 -0.42 -0.86 -0.83 -0.87 0.84 

Mean Annual Precipitation 
0.78 1.00 -0.96 -0.92 -0.96 0.98 0.99 0.02 -0.94 -0.79 -0.97 -0.97 -0.76 0.92 

Mean Annual Temperature 
-0.88 -0.96 1.00 0.99 1.00 -0.93 -0.97 -0.16 0.93 0.66 0.99 0.97 0.89 -0.96 

Mean Coldest Month 
Temperature -0.90 -0.92 0.99 1.00 0.99 -0.88 -0.94 -0.23 0.90 0.56 0.97 0.95 0.93 -0.95 

Mean Warmest Month 
Temperature -0.87 -0.96 1.00 0.99 1.00 -0.94 -0.97 -0.18 0.94 0.69 0.99 0.97 0.90 -0.95 

Summer Precipitation 
0.74 0.98 -0.93 -0.88 -0.94 1.00 0.97 -0.06 -0.98 -0.83 -0.93 -0.96 -0.76 0.87 

Winter Precipitation 
0.80 0.99 -0.97 -0.94 -0.97 0.97 1.00 -0.01 -0.95 -0.75 -0.96 -0.98 -0.78 0.93 

Summer Solar Radiation 
0.27 0.02 -0.16 -0.23 -0.18 -0.06 -0.01 1.00 0.03 0.12 -0.20 -0.02 -0.38 0.18 

Summer Heat-Moisture Index 
-0.77 -0.94 0.93 0.90 0.94 -0.98 -0.95 0.03 1.00 0.77 0.91 0.97 0.83 -0.84 

Continentality 
-0.42 -0.79 0.66 0.56 0.69 -0.83 -0.75 0.12 0.77 1.00 0.68 0.73 0.44 -0.56 

Summer Mean Maximum 
Temperature -0.86 -0.97 0.99 0.97 0.99 -0.93 -0.96 -0.20 0.91 0.68 1.00 0.95 0.87 -0.97 

Annual Heat-Moisture Index 
-0.83 -0.97 0.97 0.95 0.97 -0.96 -0.98 -0.02 0.97 0.73 0.95 1.00 0.83 -0.89 

Winter Mean Minimum 
Temperature -0.87 -0.76 0.89 0.93 0.90 -0.76 -0.78 -0.38 0.83 0.44 0.87 0.83 1.00 -0.83 

Chilling Degree-Days 
0.84 0.92 -0.96 -0.95 -0.95 0.87 0.93 0.18 -0.84 -0.56 -0.97 -0.89 -0.83 1.00 
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Results 
We produced 15 vegetation suitability models that used 18 environmental variables each. We kept the 
environmental variables the same for all models to help determine how these factors influenced, or did 
not influence, the vegetation alliance or species distributions. Most models provided very good results 
(11 out of the 15): six with test AUC greater than 0.9; five with test AUC greater than 0.8; and four above 
the heuristic 0.7 AUC threshold for an acceptable model (Table A-4). The lowest performing models were 
for invasive species (desert knapweed and tamarisk) that are widespread and take advantage of 
disturbance factors, and the most widespread vegetation community Alliance in the Borrego Valley 
alluvial plain, creosote bush scrub. 

The most important environmental variables as measured by permutation importance in all 15 models 
were geomorphic map unit, continentality, winter mean minimum temperature, soil type, aspect class, 
summer precipitation, summer heat-moisture index, winter precipitation, and landform class (Figure A-3). 

The habitat suitability maps for the 12 native vegeation community alliances are presented in Figure A-4 
to Figure A-15, and the three invasive plant suitability models are Figure A-16 to Figure A-18. 

Discussion 
To determine which vegetation types were most suitable targets for rehabilitation of land that may be 
fallowed soon or has been already abandoned, we modeled potential vegetation distributions using 
maxent. The vegetation models provide useful predications for the distribution of species in the alluvial 
plain of the Borrego Valley, which is where most of the developed land that could benefit from 
rehabilitation occurs. The four most common suitable natural vegetation communities are: 

1. Creosote bush scrub (Larrea tridentata Shrubland Alliance) (Figure A-6) 

2. Creosote bush – white sage scrub (L. tridentata – Ambrosia dumosa Shrubland Alliance) (Figure 
A-7) 

3. Desert willow – smoketree wash woodland (Chilopsis linearis – Psorothamnus spinosus 
Woodland Alliance) (Figure A-13) 

4. Allscale scrub (Atriplex polycarpa Shrubland Alliance) (Figure A-15) 

The habitat suitability models do not account for changes to salinity and soil stability that arise from 
agricultural management of the land that has been abandoned or will be fallowed soon; there will likely 
be similar, but different assemblages of key plant species that define these rehabilitated areas. As such, 
the four predicted vegetation communities above should be used as a guide, but not absolute targets for 
restoration of natural habitat on fallowed and abandoned land in Borrego Valley. 

Cheesebush – sweetbush scrub (A. dumosa – Bebbia juncea Shrubland Alliance) appears to be highly 
suitable in a small portion of the northwestern valley (Figure A-10). Mesquite thickets (Prosopis 
glandulosa – P. velutina – P. pubescens Woodland Alliance) are most suitable in areas near the Borrego 
Sink (Figure A-12). The remainder of the natural vegetation communities are most suited in the alluvial 
fans of the side canyons and the upper reaches of Coyote Creek in the modeled extent. 

The invasive plant Sahara mustard (Brassica tournefortii) has high suitability in the upper half of Borrego 
Valley (Figure A-16), with continentality (temperature difference between the warmest month and 
coldest month) as the strongest predictor variable (Figure A-3). The invasive plant desert knapweed 
(Volutaria tubuliflora) is most suitable in the areas influenced by active channel and near the Borrego Sink 
(Figure A-18), responding most to winter precipitation, mean coldest month temperature, and mean 
warmest month temperature (Figure A-3). The invasive plant Tamarisk (Tamarix spp.) is most suitable in 
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areas associated with fluvial processes (Figure A-17), as predicted by geomorphic map unit and soil type 
(Figure A-3). 

 
Table A-4. Samples, Test AUC, and Test Gain for Vegetation Suitability Models. 

Vegetation Type Number 
of 

Training 
Samples 

Number 
of Test 

Samples 

Test 
AUC 

Test Gain 

Teddy Bear Cholla Patches 
(Cylindropuntia bigelovii Shrubland Alliance) 12 4 0.9483 2.2891 

Desert Agave Scrub 
(Agave deserti Shrubland Alliance) 10 3 0.9403 2.1464 

Ocotillo 
(Fouquieria splendens) 41 13 0.9297 1.6792 

Brittle Bush Scrub  
(Encelia farinosa Shrubland Alliance) 52 17 0.9223 1.6779 

White Bursage Scrub  
(Ambrosia dumosa Shrubland Alliance) 36 12 0.9176 1.9195 

Cheesebush - Sweetbush Scrub 
(Ambrosia salsola - Bebbia juncea Shrubland Alliance) 18 6 0.9121 1.3867 

Desert-Willow - Smoketree Wash Woodland 
(Chilopsis linearis - Psorothamnus spinosus Woodland Alliance) 36 12 0.8733 1.0393 

Mesquite Thickets 
(Prosopis glandulosa - Prosopis velutina - Prosopis pubescens Woodland 
Alliance) 

52 17 0.8522 1.0079 

Sahara Mustard* 
(Brassica tournefortii) 54 18 0.8112 0.7593 

Allscale Scrub 
(Atriplex polycarpa Shrubland Alliance) 4 1 0.8094 -1.0598 

Catclaw Acacia - Desert Lavender - Chuparosa Scrub 
(Senegalia greggii - Hyptis emoryi - Justicia californica Shrubland Alliance) 18 6 0.8079 0.7604 

Desert Knapweed*  
(Volutaria tubuliflora) 397 132 0.7681 0.4669 

Creosote Bush Scrub  
(Larrea tridentata Shrubland Alliance) 116 38 0.7475 0.4119 

Tamarisk*  
(e.g., Tamarix aphylla, T. ramosissima) 23 7 0.7277 0.6935 

Creosote Bush - White Bursage Scrub  
(Larrea tridentata - Ambrosia dumosa Shrubland Alliance) 148 49 0.7014 0.265 

*Invasive Plant Species 
AUC = Area Under the Curve 
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Figure A-3. Permutation Importance of Each Environmental Factor on Vegetation Suitability Models  
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Figure A-4. Brittle Bush Scrub (Encelia farinosa Shrubland Alliance) Habitat Suitability Model 
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Figure A-5. White Bursage Scrub (Ambrosia dumosa Shrubland Alliance) Habitat Suitability Model 
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Figure A-6. Creosote Bush Scrub (Larrea tridentata Shrubland Alliance) Habitat Suitability Model 
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Figure A-7. Creosote Bush - White Bursage Scrub (Larrea tridentata - Ambrosia dumosa Shrubland Alliance) 
Habitat Suitability Model  
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Figure A-8. Ocotillo (Fouquieria splendens) Habitat Suitability Model 
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Figure A-9. Teddy Bear Cholla Patches (Cylindropuntia bigelovii Shrubland Alliance) Habitat Suitability Model  
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Figure A-10. Cheesebush - Sweetbush Scrub (Ambrosia salsola - Bebbia juncea Shrubland Alliance) Habitat 
Suitability Model  
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Figure A-11. Catclaw Acacia - Desert Lavender - Chuparosa Scrub (Senegalia greggii - Hyptis emoryi - Justicia 
californica Shrubland Alliance) Habitat Suitability Model  
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Figure A-12. Mesquite Thickets (Prosopis glandulosa - Prosopis velutina - Prosopis pubescens Woodland Alliance) 
Habitat Suitability Model  

Page 166 of 182



Appendix A 
Vegetation Suitability Models for Borrego Valley 

 A-20 

 
Figure A-13. Desert-Willow - Smoketree Wash Woodland (Chilopsis linearis - Psorothamnus spinosus Woodland 
Alliance) Habitat Suitability Model  
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Figure A-14. Desert Agave Scrub (Agave deserti Shrubland Alliance) Habitat Suitability Model 
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Figure A-15. Allscale Scrub (Atriplex polycarpa Shrubland Alliance) Habitat Suitability Model 
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Figure A-16. Invasive Plant: Sahara Mustard (Brassica tournefortii) Habitat Suitability Model 
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Figure A-17. Invasive Plant: Tamarisk (e.g., Tamarix aphylla, T. ramosissima) Habitat Suitability Model 
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Figure A-18. Invasive Plant: Desert Knapweed (Volutaria tubuliflora) Habitat Suitability Model 
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FIGURE B-1.  1931 TOPOGRAPHIC MAP, VALLECITO, CALIFORNIA, SCALE 1:125,000. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USGS, https://ngmdb.usgs.gov/topoview/ 
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FIGURE B-2.  1943 TOPOGRAPHIC MAP, VALLECITO, CALIFORNIA, SCALE 1:125,000. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USGS, https://ngmdb.usgs.gov/topoview/ 

  

Page 176 of 182

https://ngmdb.usgs.gov/topoview/


Appendix B 
Historic Topographic Maps and Aerials for the Borrego Springs Groundwater Subbasin 

B-3 

 
FIGURE B-3.  1953 AERIAL PHOTOGRAPHS IN BORREGO SPRINGS GROUNDWATER SUBBASIN. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USDA, Park Aerial Surveys, Inc. Flight AXN-1953 
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FIGURE B-4.  1945 WATER-LEVEL CONTOUR MAP OF BORREGO VALLEY 

 Plate 9, Water-Level Contour Map of Borrego and Clark Lake Valleys, California, A. Steady State (1945), Moyle 
1982 
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FIGURE B-5.  1965 TOPOGRAPHIC MAP, SANTA ANA, CALIFORNIA, SCALE 1:250,000. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USGS, https://ngmdb.usgs.gov/topoview/ 
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FIGURE B-6.  1982 TOPOGRAPHIC MAP, BORREGO VALLEY, CALIFORNIA, SCALE 1:100,000. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USGS, https://ngmdb.usgs.gov/topoview/ 
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FIGURE B-7.  CURRENT TOPOGRAPHIC MAP, BORREGO SPRINGS AND SURROUNDING AREA, CALIFORNIA. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: USGS The National Map, Data Refreshed June 2022. 
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FIGURE B-8.  2020 NAIP AERIAL, BORREGO VALLEY, CALIFORNIA. 

 Blue Line is the current Borrego Springs Groundwater Subbasin Boundary.  
Source: CDFW Map Service, 
https://map.dfg.ca.gov/arcgis/services/Base_Remote_Sensing/NAIP_2020/ImageServe  
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