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JOJOBA REPORTS

Jojoba Water -Harvesting Agrisystem Experiment,
Papago Indian Reservation, Sells, Arizona
C. Brent Cluff
Water Resources Research Center
University of Arizona
Tucson, Arizona

INTRODUCTION
The jojoba plant grows in a 4- to 18 -inch precipitation zone. In the lesser precipitation

zones plants are limited to sites where rainfall is concentrated by arroyos or on alluvial fans
at mountain bases (Gentry, 1958). Gentry also has observed the tremendous difference in
growth and production between two jojoba plants growing in a 4.3 -inch rainfall zone in
Joshua Tree National Monument, California. One jojoba flourished near a paved road which
served as a watershed and the other, away from the road, was dry and nearly leafless. The
author has noticed similar disparities in jojoba growth in the Sahuaro National Monument
west of Tucson, Arizona.

Less intense, deeper penetrating winter rains coming near the jojoba flowering season are
much more important to plant survival and production than are the more intense, summer
convectional rains. Sellers (1960) determined that there is more variability in precipitation
totals in winter than there is in summer. The chances are greater for a completely dry winter
than for a completely dry summer.

In view of the foregoing information a paper was written in 1972 illustrating how water-
harvesting techniques could be used to concentrate precipitation to enhance growth and
production of jojoba. Excess runoff water is stored in a reservoir and pumped back to the
plants during winter and spring to maximize bean production (Cluff, 1972).

The concept became a reality in 1974 with construction of an approximately one -acre
water- harvesting system on the grounds of the Baboquivari High School in Sells, Arizona, on
the Papago Indian Reservation. It was a cooperative project between the Papago Indian
Tribe, the U.S. Bureau of Indian Affairs, Baboquivari High School and the University of
Arizona Water Resources Research Center and Office of Arid Lands Studies. This paper
describes the project which was funded primarily by the U.S. Department of Health, Educa-
tion and Welfare.



SITE SELECTION AND METHOD OF CONSTRUCTION

The site was selected primarily due to its accessibility and ease of maintenance. The soils
are somewhat sandier than would have been selected otherwise. There is less than 10 percent
clay. The average difference from four soil samples between field capacity and the wilting
point was only 2.6 percent. This low soil- moisture holding capacity called for auxiliary stor-
age, particularly during the early years of the project.

It was decided that three leading catchment treatments would be tested for harvesting
water to raise jojoba. There are 1) sodium chloride; 2) asphalt -plastic -asphalt -chip (APAC);
and 3) paraffin wax. Consequently, the approximately one -acre catchment was divided into
three parts and treatments applied as shown in Figure 1. Each treatment covered a 60 -by-
270 foot area (16,200 square feet). Each area treated contained two 30 -foot wide drainage
catchments, each having a row of jojoba plants in the center. Sides were constructed with
approximately 10 percent slopes.
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Figure 1. Jojoba Water- Harvesting Agrisystem, Papago Indian Reservation, Sells, Arizona.

The catchments drain into reservoirs. Two small 13,000- gallon reservoirs were con-
structed primarily to measure runoff flow and to collect water samples. The large reservoir
holds approximately 167,000 gallons of water. A pumpback system was installed which con-
sists of a two -inch electric submersible pump and two -inch polyethylene plastic line.* The

*This project predates evolution of the concept of the compartmented reservoir (fluff,
1977). However, the three reservoirs could be operated as a compartmented- reservoir
system.
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two small reservoirs are lined with plastic and coated with reinforced mortar. The large
reservoir was constructed using the APAC method and polypropylene matting. The sides of
the reservoir were coated with reinforced mortar later to help stabilize the banks which have
a slope ratio of two vertical -to -one horizontal.

All catchments were prepared in the same way. A road grader was used for shaping.
Final smoothing was accomplished with a PTO (power take -off) operated rock rake (Cluff,
1974). Sodium chloride was applied to the catchments at the rate of 5 tons per acre by a
conventional fertilizer spreader. The salt was mixed into the soil with the rock rake which
also smoothed the surface. Following a 5 -inch rainfall catchments were compacted by run-
ning a one -half -ton pickup truck back and forth across the surface. This was the final treat-
ment for the salt treated catchments.

The APAC system was laid down on top of the salt treated subgrades, using an asphalt
"boot" truck, a dump truck with a chip spreader and a jeep equipped with a plastic dispen-
ser roller. **

The paraffin wax treatment was laid down at a rate of 1.25 pounds per square yard on
the salt treated subgrades by personnel from the U.S. Department of Agriculture Water Con-
servation Laboratory at Tempe, Arizona. Paraffin wax was hand sprayed after being melted
in a butane heated, 400 gallon distribution tank. It took about three hours to heat and hand
spray the wax. Less time would be required if a regular asphalt "boot" truck and spray bar
was used.

A summary of the 1974 estimated cost of the systems is given in Table 1.
PLANTING OF JOJOBA

Each of the three treatment test plots contained two rows for jojoba cultivation. Jojoba
was planted in late May 1975 (Jojoba Happenings, No. 13). One row of each treatment test
plot was planted with potted seedlings raised in the Baboquivari High School Vocational
Agriculture Department greenhouse. Seedlings were planted five feet apart in the rows. The
second row in each plot was direct seeded with five seeds per hill. Each hill was 2.5 feet
apart in the rows. One to three seeds germinated in 50 percent of the hills. The plan was to
thin direct seeded plants to one plant per hill with five -foot spacing after plant sex was de-
termined. This thinning rate would have left 324 plants on the 1.12 acres (approximately
290 plants per acre). Natural attrition reduced plant density to an approximate five -foot
spacing over most of the test area so that the planned thinning was not needed.

First planting survival rate was relatively high. When summer rains began later in the
year, however, many plants drowned because the catchment profiles were nearly level in the
lower parts of the wax -treated and, to a lesser extent, on the APAC and sodium -treated
plots.

Approximately 200 additional plants were planted in May 1977. These plants, obtained
from a commercial nursery, were 6 to 8 inches high and growing in gallon cans. Second
planting survival rate was much lower than the initial planting, particularly on the wax
treated catchment. This die -off occurred even though the drainage problems had been cor-
rected. High spring- summer temperatures shortly after planting and perhaps insufficient
water as well as transplanting disturbance all contributed to the die -off of more than 75 per-
cent in the second planting.

* *Installing an APAC catchment is described more fully in Frobel and Cluff (1976). The
size of catchment lias erroneously stated as being 20,000 square feet in this publication.
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Table 1

Cost Summary (1974)
Jojoba Water- Harvesting Plantation

Catchments (Three 1800 yd2 each)
Compacted Earth Salt- Treated (CEST) Catchment $212.00

$ 212.00
Asphalt- Plastic -Asphalt -Chip (APAC) -Treated Catchment

(4 mil polyethylene plastic)
Subgrade 212.00
APAC 650.00

862.00
Wax -Coated CEST Catchment

Subgrade 212.00
Wax 435.00

647.00
Storage

Excavation 660.00*
660.00

Lining
Two 13,000-gallon tanks (reinforced mortar coated plastic) 770.00
One 167,000-gallon tank (APAC sealed) 1,110.00 "*

1,880.00
2,540.00

Fencing 932.00 " "'
932.00

Total $5,193.00

*These costs are size- and site -dependent.
` "These tanks are needed only because it is an experimental facility.
`* *Fencing costs are size -dependent and would be lower if conventional barbed wire were
used instead of woven wire with welded H corner posts and iron pipe gate.

PLANT SURVIVAL AND PRODUCTION

On August 8, 1978, 219 hills contained viable jojoba. The inventory is given in Table 2.
Most of the surviving plants appear to be in good condition. Some of the original plantings
are 3 to 4 feet high and 4 to 5 feet in diameter. Some 27 plants bore seed for the first time
during 1977 -1978.

Surviving plants on the salt -treated plot were 109, 65 plants survived on the APAC-
treated and only 45 plants on the wax -treated plot survived. Most of the plant mortality on
the wax and APAC plots was due to flooding. Photographs taken during fall 1977 are Fig-
ures 2 and 3.
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Table 2

Inventory of Surviving Jojoba Plants, August 1978
Jojoba Water -Harvesting System,

Sells, Arizona

AR'AC

42

23
65

*Planting rate was 108 plants per row, 2.5 -foot spacing.
* *Planting rate was 54 plants per row, 5.0 -foot spacing.

Figure 2. Jojoba Water-Harvesting Agrisyste n Sells Arizona, showing two -
year -old plants on salt treated area.

-Photograph by C. Brent Cluff



Figure 3. Jojoba Water- Harvesting Agrisystem Sells, Arizona, showing storage
reservoir in foreground.

-Photograph by C. Brent Cluff

DISCUSSION AND CONCLUSIONS

The jojoba water- harvesting agrisystem established at Sells in 1974-1975 has demon-
strated potential although a lack of funding curtailed necessary maintenance. Most attrition
in the first planting was caused by drowning from ponded water. The high mortality rate of
the second planting probably was due to methods used by an inexperienced crew, mainte-
nance and timing of the transplants.

The salt- treated catchments seem to be good for raising jojoba. Salt -treated catchments
still effectively shed water and control weeds on catchment slopes. Considerable weed
growth has occurred, however, in the drainageways and a suitable herbicide should be used.

The APAC- treated catchments are weathering well except in areas where initial chip
treatment was inadequate and in localized areas where runoff has eroded the chip cover.

Wax treatment in the rates applied on this particular soil type does not seem to be long -
lasting. Precipitation of 0.05 inches caused runoff on the wax- and APAC- treated plots, but
by September 1977 runoff from the wax -treated plot had increased by several factors. Little
visual evidence remains that any wax has survived the three years since treatment. Cracking
after wax -treatment installation probably caused subsequent erosion of the wax material. It
appears that more erosion has occurred in the wax -treated plot than in the salt- treated plot.
The water -harvesting efficiency appears to be similar to that of the sodium -treated plot, in-
dicating that the wax treatment controls runoff. Personal communication with Keith Cooley,
U.S. Department of Agriculture Water Conservation Laboratory, indicates that perhaps a
heavier initial wax treatment would have been more satisfactory.
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Assuming that one -half of the 219 plants surviving are female and will produce 10
pounds of seed per plant, the average seed production on the test plot would be about
1,095 pounds. At the current market price of $1.50 per pound of dry, unhulled seed, the
gross return would be $1,642.50 per acre.

If the plot were replanted to its proposed density of 324 plants with a ratio of one male
to five female plants, the potential gross return at today's prices would be $3,888 per acre.

An updated, computerized design of a salt- treated jojoba water -harvesting agrisystem
which includes use of a compartmented reservoir has been described by Cluff and Foster
(1978). This design would be more cost effective than the design used at Sells.

In summary, the research results presented herein, together with the growing economic
potential of jojoba, indicate that larger installations of jojoba water -harvesting agrisystems
are justified.
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