


        	Pima County 98 Ranch, Northern Altar Wash Project Area, 3-24-15
	Vegetation, soils, climate and management of abandoned farmland
On March 11th and 12th Dan Robinett, Larry Humphrey and Pima County Department of Natural Resources staff reviewed areas on the County’s 98 Ranch for rangeland restoration. Our focus was primarily to assess the treatment of about 230 acres of abandoned farmland on the property.  County staff included Iris Rodden, Doug Siegel, Rachel Loubeau and Don Carter. On the 12th we met Heather Dial, manager of the Natural Resources Conservation Service (NRCS), Tucson Plant Materials Center (TPMC) and Nicole Meyers, manager of the Pima County Nursery. This larger group travelled to Red Rock, AZ to evaluate a TPMC rangeland treatment installed in 1979 to establish vegetation on abandoned farmland and prevent dust blowing along Interstate 10. The following is a brief section on vegetation, soils and climate with a final section on proposals for treatment of abandoned farmland on the 98 Ranch.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, Red Rock, Aguirre Ranch, Larry, Pima County staff and Heather Dial at TPMC trial from 1977, 3-12-15.jpg]Larry Humphrey, Doug Siegel, Rachel Loubeau, Iris Rodden, Nicole Meyers and Heather Dial at the site of the 1979 TPMC field trial near Red Rock, 3-12-15

Evaluation of soils, vegetation and current conditions to develop alternatives on 98 Ranch
Elevations range from 2570 to 2770 feet in the Upper Sonoran Desert and Desert grassland communities on the 98 Ranch near Three Points. Uplands on the ranch have a mixture of Sonoran Desert and Desert Grassland species dominated by native grama species (bouteloua spp), Arizona cottontop (digitaria californica), threeawn species (aristida spp) and bush muhly (muhlenbergia porteri) with lesser amounts of mesquite (prosopsis velutina), foothill and blue  paloverde (parkinsonia microphylla, P. florida), catclaw acacia (senegalia graggii), desert hackberry (celtis ehrenbergiana), creosotebush (larrya tridentata), cholla species (cylindropuntia spp.), prickly pear (opuntia spp.) and other succulents, forbs and shrubs. Bottomlands on the ranch have a plant community dominated by native grasses, forbs, shrubs and trees including whiplash pappusgrass (pappaphorum vaginatum), vine mesquite (panicum obtusum), Arizona cottontop, hog potato (hoffmannseggia glauca), Anderson wolfberry (lycium andersonii), fourwing saltbush (atriplex canescens) and velvet mesquite. 
The mean annual precipitation of this area is 11.2 inches. Climate information for the 98 Ranch comes from the National Oceanic and Atmospheric Administration (NOAA) Coop weather station at Anvil Ranch (#020287) three miles south of the ranch headquarters.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Bottomland vegetation (desert grassland) in West 98 pasture, 3-11-15.jpg]Sonoran Desert Grassland vegetation in bottomlands in the West 98 Pasture. 3-11-15

[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, KA 1 transect in East pasture, 3-11-15.jpg]Upper Sonoran Desert vegetation at Key Area #1 in the East 98 Pasture.        3-11-15

Soils in the area were mapped during the course of the “Soil Survey of Eastern Pima County, Eastern Part” (USDA, NRCS 1995). 
Soils series mapped on uplands include Hayhook, Anthony and Bucklebar. Hayhook and Anthony are young soils with poorly developed horizons of lime accumulation. They are light colored sandyloam textured soils throughout. They occur on the east side of the Altar Wash. Bucklebar soils occur on the west side of the wash and are older soils with developed sub-surface zones of clay accumulations and weathering.
The soil series mapped in bottomlands is Glendale. This is a young soil with little development. It formed in alluvium rich in silt and clay size particles from mixed sources. Glendale soil is silty clayloam in texture, non to slightly calcareous in the surface and moderately dark colored. In some places this soil lies over (30 inches) a light colored, silt loam textured, calcareous soil series named Gila. The soil pH is neutral to slightly alkaline. Glendale soils have moderate amounts of organic matter in the surface due to the rapid turnover of roots and plant litter in the soil by bacteria and fungi. Glendale soil series can hold up to 3 inches of water per foot of soil available to plants. Perennial grass (above ground) production on these soils can be as high as 2000 pounds/acre/year (air dry).
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Soil (Glendale over Gila) at KE transect 5, 3-11-15.jpg.png.jpg]Glendale soil series in the 98 Ranch bottomlands. The typical A-C profile of a fluvent (entisol).
AP- 0-8 in. silty clayloam, 7.5 YR 5/4 dry, 3/2 moist, non-calcareous, pH is 7.2 (AP refers to the plow layer found on the abandoned farmland)
1C – 8-30in. silty clayloam, 7.5 YR 4/4 dry, 3/2 moist, non-calcareous, pH is 7.2
2C – 30-50 in. silt loam, 10YR 6/3 dry and 4/4 moist, calcareous. pH is 8.2
Soil classification is Fine-silty, mixed, superactive, calcareous, thermic Typic Torrifluvents (USDA, NRCS 1995)

The NRCS ecological site for Anthony and Hayhook soils in the uplands on the ranch is named Sandyloam Upland, Deep 10-13 inch precipitation zone (pz) in Major Land Resource Area (MLRA) 40-1, the Upper Sonoran Desert. The NRCS ecological site for Bucklebar soil in the uplands is named Loamy Upland 10-13 inch pz.
The NRCS ecological site for the bottomlands is named Loamy Swale 10-13 inch pz, MLRA 40-1. These site descriptions are available on the Natural Resources Conservation Service (NRCS) website, Ecological Site Information System (ESIS). Ecological Site Descriptions include information about the native potential plant community, soils and site characteristics and interpretations for land uses like livestock grazing and wildlife (USDA-NRCS 2005).	       
  Climate at the 98 Ranch is characterized by mild winters and hot summers. The mean annual precipitation is 11.2 inches from a 65 year record at the Anvil Ranch (WRCC). Of this total about 61% comes during the warm season (Apr-Sept) while the remaining 39% comes during the cool season (Oct-Mar). A summary of climate at this location shows changing patterns of precipitation during the cool season. Winter precipitation has declined and variability in winter moisture has increased in the past 19 years as compared to the full record. Summer rainfall has changed little in both, average amounts and variability during the past 19 years as compared to the full record of 65 years. 
Temperatures in either season show no trends in the past 65 years at Anvil Ranch. One reason is that the weather station at Anvil Ranch is in the bottomland along the Altar Wash and may be affected by cool air drainage at night down the axis of the valley. Other weather stations in this area have experienced warming trends in all seasons over the past 80 years. 
[image: C:\Users\RRRLLC\Documents\Robinett new documents 12-29-12\Robinett new docs\AVCA, Northern Altar Wash Project 2015\Anvil Ranch PDSI 1950-2014 bargraph.png]
The Palmers Drought Severity Index is one measure of drought in the area and was calculated using the Westside Drought Tracker website for the latitude and longitude of the 98 Ranch (WRCC, WWDT). It shows the length and severity of drought in this area since 1996 (Palmer, 1965).
The record of annual precipitation at Anvil Ranch shows a trend in increasing drought in the past 19 years. Serious drought is defined as 75% or less of mean annual precipitation (SRM 1989). Since 1996, annual rainfall at this location has been at or below drought levels in 8 out of the last 19 years. 
[image: ]
[image: ]
Annual air temperatures as measured at Anvil Ranch show no significant trends over the past 65 years. The variability in temperatures has decreased, however, in the past 65 years.
[image: ]
The table above clearly shows that cool season precipitation has decreased and become more variable over the past 19 years. The table (below left) shows the dimensions of this change. Winter rainfall has declined an inch in the past 19 years over the amount indicated for the full 65 year record and the variance increased from 41% to 53% during the same time. 
[bookmark: _GoBack][image: ]                 [image: ]
The table (above right) shows that summer precipitation remains the same at Anvil ranch and that the variance in summer rainfall actually decreased from 41% to 33% in the past 19 years.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Bottomland vegetation on west side of abandoned farmland, 3-11-15.jpg]Picture showing 98 Ranch abandoned farmland on the right and native rangeland on the left on Glendale soils. 3-11-15

The area within the fence shown on the 98 Ranch map was developed for farming in 1961 and cropped until 1979. It has been abandoned since then. The slope is to the north, northeast and is approximately ½ of one percent. Former irrigated fields (outlined in red) are about 230 acres. 
 [image: ]98 Ranch abandoned farmlands. The north field is approx. 139 acres. The south field is approx. 89 acres. Two ponds are shown in blue. Both are ephemeral and trap runoff from the abandoned fields. Map by Alisha Phipps, NRCS, Tucson Field Office

[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Landscape at Well location on abandoned farmland, 3-11-15.jpg.png.jpg]Abandoned farmland in the north field looking south, showing a complete lack of vegetation. 3-11-15

The areas of abandoned farmland on the 98 Ranch are largely devoid of any vegetation. Soil surfaces are silty clayloam in texture with a vesicular crust that forms a hydrophobic layer when wet. These barren soils produce tremendous amounts of runoff and most litter and seed that end up on the soil surface is swept away or blown off each year. In this condition very little moisture actually penetrates the soil. In contrast, any feature which acts as a berm to hold water on the soil surface will result in increased water infiltration and establishment of perennial vegetation.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Concrete ditch on west side of abandoned farmland, 3-11-15.jpg]
The concrete irrigation ditch along the west side of the fields acts as a berm. Barren areas of native bottomland to the west produce runoff that is trapped by this feature producing lush vegetation consisting of perennial grasses, forbs, shrubs and trees. 
It should be noted that bottomland areas outside the former cultivated area have large zones which are also devoid of vegetation. It is common in the Sonoran desert zone that floodplains which developed in prehistoric times did so in a wetter and cooler environment. In today’s environment, with reduced precipitation and flooding, extensive areas of these soils no longer receive extra water in the form of runoff from uplands or flooding from major streams. These areas usually exist today as a mosaic of barren areas which produce runoff water locally to smaller areas which are well vegetated. Desert floodplain characteristics were described by geomorphologists working in the Sonoran Desert in the 1920s (Bryan, 1922). 
The bottomland immediately alongside the Altar arroyo probably flooded regularly as early as the turn of the twentieth century. George Roskruge (early surveyor in this area) noted that the floodplain of the Altar Valley was intact as of 1886. The Altar arroyo began to cut the floodplain in the early 1900s following the main road from Robles Ranch to Altar, Sonora (Cooke and Reeves, 1976). It quickly deepened and widened and, even in large floods like 1972 and 1983, has not flowed out of its banks in over 60 years.
Presently, places where surface runoff accumulates and flow into the Altar arroyo, form rills and gullies which cut deeper and deeper to seek the new base-level of the system. The picture below shows rills and gullies forming at the north end of the southern field on the 98 Ranch.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, 98 Ranch, Rills leading into pond in middle of abandoned farmland, 3-11-15.jpg]

Evaluation of NRCS field trials (1970s) at Red Rock, AZ to develop alternatives on 98 Ranch
The NRCS TPMC and Area Staff out of the Tucson office were involved in the late 1970s in a series of trials to establish vegetation on abandoned farmland in Pinal County along Interstate 10. The primary objective of these trials was to reduce dust blowing and subsequent driving hazards along the highway. These trials were conducted using a variety of techniques, on similar soils, and under similar climatic conditions as occur on the 98 Ranch. We visited the trials conducted in 1977 and 1979 on State Land on the Aguirre Ranch north of Red Rock, AZ. 
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\Red Rock 1977 and 1979 field trial site, aerial site map, edited with boundaries.jpg]
The 1977 field trail was not effective at establishing perennial vegetation on this arid site. Treatments included contour ripping (18 inches deep), contour listing, contour pitting combined with drill seeding (with and without straw mulch). A trip made to evaluate this field trial on 4-22-15 occurred with Heather Dial from the TPMC, Bruce Munda and Dan Robinett (retired NRCS), EPA and Pinal County Air Quality Control staff. The site is barren of perennial vegetation and has a sparse cover of annual forbs and grasses. The only treatment with any visibility was the contour listing (using a cotton bed implement). This treatment still showed on the soil surface with annual forbs following the contour. All treatments from the 1977 field trial were ineffective and failed to achieve re-vegetation and erosion control objectives. No perennial plants were recorded. We felt that without berms to hold water on the treated areas (to allow water to infiltrate) the clayey soil quickly smoothed over and sealed up.  
The plot plan for the 1977 field trial shows the location along Interstate 10 and the El Paso Natural Gas-line road. It is about 0.5 mile south of Mile post 224 on the west side of the highway. The picture shows the contour listing and drill seeding treatment area. 
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\Red Rock 1977 field trial site, plan map, edited.jpg]  [image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\Red Rock 1977 field trial site, contour listing, 4-22-15.vert..jpg]
 
The 1979 trial was very effective and the TPMC produced a Technical Note on the results including their recommendations after several years of evaluation (USDA, SCS, 1985). 
The area continues to show the effectiveness of the treatment 35 years later. Today most berms are still in place and contour lines of native vegetation have developed that control erosion, reduce blowing dust and produce habitat for wildlife and livestock. The 1979 treatments are located just south of mile post 224 along the west side of Interstate 10. The elevation is 1840 feet. The average annual precipitation for this area is 10.7 inches. Approximately 51% of this rain comes in the warm season (April-September). The remaining 49% comes during the cool season (October-March). This information comes from the NOAA Coop Station at Red Rock 6SSW #027058 which operated from 1952 to 1974. This information was updated with PRISM precipitation information to obtain a 63 year record through 2014. The soil at Red Rock is Contine soil series. The surface texture is clayloam and subsoils are clay. This soil acts similarly to the Glendale soil found on the 98 Ranch. The slope of the land area at Red Rock is also the same, ½ of one percent to the west.
The location of this field trail can easily be seen on recent aerial views. The well vegetated terraces show themselves against the bare soil of the abandoned fields.
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\Red Rock 1979 field trial site, aerial site map, edited.png]
[image: ]Plot Plan for the 1979 Tucson PMC trial on the Aguirre Ranch near Red Rock, Arizona. Location is south of Mile post 224 and on the west side of the highway

The plot plan above shows the treatment for the 1979 TPMC field trail. The 1985 TPMC Technical Note (attached) did not contain this plot plan. It contained the plan for the 1977 field trial at the same location which was unsuccessful.
The 1979 treatments consisted of constructing earthen berms, on the contour, at various spacing, and using various practices such as ripping, imprinting and listing on the upstream side of the borders to improve water penetration and control erosion. A seed mixture of adapted native and non-native species was seeded in the fall using a rangeland drill. Contour lines were surveyed and staked using level and rod. Berms were constructed with a road grader. The machine took several passes upstream of the contour to move soil into the berm. The windrow was wheel rolled several times to compact the soil leaving a berm 18 inches high by 36 inches wide. This operation did several things. It moved crusted soil as well as seed (from competing annual forbs and grasses) into the berm. It left a weed-free seedbed, in a slight depression, for planting. The area between the contour borders would act as a watershed, producing runoff into the seeded strip above the berm.  
The Soil Conservation Service recommended treatment after several years of evaluation was to construct berms that were 60 feet apart. The recommendation for treatment above the constructed berms was as follows:
· Rip to a depth of 18 inches an area 28 feet wide on the upstream side of the berm
· Drill seed a mixture of adapted perennial grasses and shrubs into a 12 foot wide strip immediately upstream from the berm (primarily fourwing saltbush)
· Defer the area from grazing for several years to allow plantings to establish
· Plant between October 20 and November 20
Properly constructed berms at Red Rock have persisted for 35 years as shown in the picture below. In a few areas and especially on the 100 foot berms, water has topped over and eroded the berm. At this location, the 50 foot spacing appeared to lack adequate watershed area to provide runoff to the seeded strip. 
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, Red Rock, Aguirre Ranch, border on the TPMC trial from 1977, 3-12-15.jpg]
[image: C:\Users\RRRLLC\Pictures\AVCA, Kasulaitis, Pig Mtn.  and NAWA 3-9-15\AVCA, Red Rock, Aguirre Ranch, fourwing saltbush on border on the TPMC trial from 1977, 3-12-15.jpg]Dominant plant species on the 1979 Red Rock field trial include, velvet mesquite, fourwing saltbush and Fremont wolfberry

Present day vegetation on the contour berms at Red Rock consist of velvet mesquite, Anderson and Fremont wolfberry (lycium fremontii), fourwing saltbush and native/introduced annual forbs and grasses. Of these, the only species left from the original seeding is fourwing saltbush. Mesquite and wolfberry came in later years and are the dominant perennials at the site. Mesquite seeds probably came in with cattle grazing when the plot fence came down in the mid 1980’s. Wolfberry probably soon followed as mesquite began to furnish roosting and nesting for birds consuming the fruits. 
Summary and Conclusions
Our recommendations for treatment of the abandoned farmlands on the 98 Ranch include application of Tucson PMC recommendations from the Red Rock trials on a sizeable portion of the area (30-50 acres). Slightly higher rainfall, especially in summer, at the 98 Ranch may make it advisable to use berms 50-100 feet wide to determine adequate spacing for this area. Native perennial plants species, commercially available, can be used on the 98 Ranch. They include; Arizona cottontop, plains bristlegrass (setaria macrostachya), sideoats grama (bouteloua curtipendula), cane beardgrass (bothriochloa barbinodis), Rothrock grama (bouteloua rothrockii), sand dropseed (sporobolous cryptandrus), purple threeawn (aristida purpurea), desert globe mallow (sphaeralcea ambigua), penstemon species (penstemon palmeri, P. pseudospectabilis) and fourwing saltbush. Other shrub species are available as potted plants and could be introduced as conditions become favorable like desert saltbush (atriplex polycarpa), desert honeysuckle (anisacanthis thurberi) and wolfberry species. Velvet mesquite, other native shrubs and cacti will come in on their own.
The Tucson PMC has expressed interest in conducting further field trials on abandoned farmland. The TPMC has many native species in the testing program which would fit well in the environment of the 98 Ranch. One species of grass which should be evaluated is the PMC cultivar of whiplash pappusgrass, “Pima Germplasm”.  This species occurs naturally in the native bottomlands on the 98 Ranch.
We recommend that the county work with the TPMC to allow a portion of the treated area on the 98 Ranch abandoned farmland to be used as a field trial.  
We recommend not removing the old concrete ditch and berm along the west side of the abandoned cropland. We feel that this would dry up existing vegetation upstream of the ditch berm and could cause serious erosion problems across the barren fields. 
Our recommendation to use contour berms allows the entire barren area to begin to function again as floodplain without the addition of outside water. Under today’s climate we feel that about 50 % of the area could sustain floodplain vegetation while the other 50 % serve as micro-watersheds.
Dan Robinett, Robinett Rangeland Resources LLC
Larry Humphrey
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