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Evaluation of Jojoba Clones at Two
Locations in Arizona

J.M. Nelson, D.A. Palzkill and G.L. Hart

Abstract

Little information is available to the jojoba industry on the performance of clones selected from
superior female plants. Nineteen jojoba clones from the U.S., Chile and Australia were planted in
the spring of 1995 in replicated tests at the University of Arizona Maricopa and Citrus
Agricultural Centers. The Maricopa location is being used to evaluate clones for cold hardiness
and the Citrus Farm location will provide growth and production comparable to commercial
growing areas in Arizona. The planting at Maricopa was evaluated for frost damage following
the 1995 -96 and 1996 -97 winters which had temperatures low enough to injure foliage and kill
flower buds. The Citrus Farm had milder winter temperatures and seeds were produced in 1996
and 1997. In order to determine seed yield potential of jojoba clones it is necessary to measure
yields for at least five years after planting.

Introduction

In the United States, most jojoba plantations are being established using cuttings from superior female plants.
These superior plants or clones are generally selected from older seeded plantings or from plants in the wild by
growers and university personnel. Currently, there are only a few clones available with published performance
records. One clone, Mirov, is widely recognized in the industry but has not been tested extensively. The
University of Arizona has released three clones (AT -1487, AT -1310 and AT -3365) that have performed well in
field plantings at several locations (Palzkill et al., 1989). However, no research has been conducted in the United
States to evaluate available clones together in regions where production is occurring. The objective of this research
was to test jojoba clones from as many sources as possible at several locations in Arizona.

This research was conducted as part of a joint project with the University of Chile and was funded by the Chilean
government. One of the objectives of that project was to establish tests to evaluate clones from the U.S. and Chile
at several locations in each country.

Materials and Methods

Clonal evaluation plantings were established at two locations in Arizona, the University of Arizona Maricopa and
Citrus Agricultural Centers. Maricopa has air temperature minimums as low as 18 °F in the winter and this site is
being used to test clones for cold hardiness. The Citrus Agricultural Center is a warmer location that will in most
years allow for normal growth and production comparable to commercial growing areas in Arizona.

Plants for these tests were rooted from cuttings in the spring and summer of 1994 and were transplanted to 4 inch
pots in September 1994. After being placed in pots the clones were grown in a greenhouse until they were
transplanted to the field. At both test locations, plants were placed in rows 13.3 ft. apart with a spacing of 4 ft. apart
in the row.
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At the Citrus Farm, plants were transplanted to the field on 22 March 1995. Male plants were planted at intervals in
the planting so that 15% of the total plants were males. A drip system was installed immediately after planting and
each plant received water via an emitter.

The test at Maricopa was established from transplants on 21 April 1995. Male plants were planted on all sides of
the planting to provide pollination. This planting was furrow irrigated weekly for the first month after planting and
then every two or three weeks. Both plantings received nitrogen fertilizer in 1995 and 1996.

Clones included in the plantings were: Mirov, a total of 7 University of Arizona releases and unreleased selections,
Chilean clones coded Chile 01 -Chile 08, and Australian clones coded Aust. O1 -Aust. 03. Israeli clones were
received too late to be transplanted to the field when the other clones were planted and although they eventually
were planted in the tests they are not included in this report. The experimental design used for both tests was a
randomized complete block with 4 to 5 replications, depending on availability of plants. Each replicate includes 3
plants of each clone.

Plant volume measurements were taken for each plant in August 1996 and January 1997 to determine growth. Frost
evaluations were made following the 1995 -96 and 1996 -97 winters. The frost damage rating index used was: 1=no
damage, 2= slight tip damage, 3=tip killed, 4=tip killed and next node damaged, 5=tip and next node killed,
6= damage to 2nd node below tip, 7 tip and next 2 nodes killed, 8= damage to 311 node below tip, 9= damage to 4th
node below tip and 10 'plants killed. Seed yield was determined for the Citrus Farm planting by hand harvesting
seed from each plant during June 1997.

Results and Discussion

Frost Damage Evaluation

Freezing temperatures for the 1995 -96 and 1996 -97 winters at the Citrus and Maricopa Agricultural Centers are
shown in Tables 1 and 2. Both winters were mild at the Citrus Farm and no foliage damage was observed. The
1996 -97 winter had a minimum temperature of 25°F on 8 January 1997 but this temperature was of a short duration
and no damage to the jojoba plants was noted.

Both winters at Maricopa had freezing temperatures that resulted in injury to jojoba. In the 1995 -96 winter there
were 22 nights with freezing temperatures and in the 1996 -97 winter there were 26 nights with freezing
temperatures. The lowest temperature recorded each winter was 25 °F on 25 January 1996 and 21 °F on 20
December 1996.

Results of frost damage ratings for the two winters at Maricopa are shown in Table 3. The ratings show that
damage was greatest following the 1996 -97 winter. There was a wide range of frost damage among clones, but no
plants were killed. The University of Arizona clone AT -3365 is known to be susceptible to frost damage and it was
the University of Arizona clone showing the most damage. Several other University of Arizona clones had the
lowest frost damage ratings in the test. Clones from Chile were not selected for frost resistance and several were
rated higher for damage than AT -3365. In the Maricopa test, no flower buds survived on any clone in either winter.

Young plants typically show more frost damage than do mature plants, and it is likely that plants in the Maricopa
test would have showed less damage at the same temperature if they had been larger. In jojoba plantings adjacent to
the clonal evaluation test at Maricopa, mature plants (10 -13 years old) showed almost no foliage damage although
same floral bud damage occurred. Some of the clones in these plantings were the same as those in the clonal
evaluation test.

Plant Growth

Plant volumes for clones at the Citrus and Maricopa Agricultural Centers are shown in Tables 4 and 5, respectively.
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In general, clones at the Citrus Farm had larger plant volumes than those at Maricopa in August 1996 and in January
1997. The large differences in frost damage between the Citrus Farm and Maricopa tests may account for some of
the differences in plant size between the two locations. At each location there was a wide variation in plant size
among the clones. Overall, there was a two fold increase in plant volume between August 1996 and January 1997.

Seed Yield

At Maricopa, flower buds were killed each winter by frost and no seeds have been produced. At the Citrus Farm
there has been very little frost injury and seeds were produced each year. However, in 1996 only a few seeds were
produced and yields were not recorded. Seed yields for 1997 are shown in Table 6 and they are generally typical for
plants this age. One of the clones with the largest plant size, Chile 01, also produced a high seed yield. Mirov,
which is characterized by a medium plant size, produced a similar seed yield. Although seed yields of some clones
were higher than others in this test, to determine a clone's yield potential it is necessary to measure seed yield for at
least five years after planting.

References

Palzkill, D.A., M.H. Younes and L. Hogan. 1989. AT -1310, AT -1487, and AT -3365: clonal jojoba germplasm
selected for horticultural use. Hort Science 24: 526 -527.

153



Table 1. Minimum temperatures ( °F) (freezing or below) for the 1995 -96 and 1996 -97 winters at the
University of Arizona Citrus Agricultural Center

1995 -96 1996 -97
Date Temp. Date Temp.

Dec. 21 32 Dec. 01 31

Dec. 22 31 Dec. 18 31

Jan. 03 32 Dec. 19 30

Jan. 23 32 Dec. 20 29

Jan. 24 30 Jan. 08 25

Jan. 25 29 Jan. 09 29

Feb. 27 31 Jan. 10 30

Jan. 15 32

Table 2. Minimum temperatures ( °F) (freezing or below) for the 1995 -96 and 1996 -97 winters at the
University of Arizona Maricopa Agricultural Center

1995 -96 1996 -97
Date Temp. Date Temp. Date Temp. Date Temp.

Dec. 16 32 Jan. 06 30 Dec. 01 27 Jan. 07 30

Dec. 18 32 Jan. 09 32 Dec. 02 29 Jan. 08 25

Dec. 19 31 Jan. 19 29 Dec. 03 26 Jan. 09 26

Dec. 20 29 Jan. 21 26 Dec. 04 26 Jan. 10 27

Dec. 21 31 Jan. 22 29 Dec. 05 27 Jan. 11 29

Dec. 22 28 Jan. 24 26 Dec. 16 30 Jan. 15 31

Dec. 23 29 Jan. 25 25 Dec. 17 27 Feb. 07 26

Dec. 25 32 Jan. 27 25 Dec. 18 24 Feb. 08 31

Dec. 28 32 Feb. 27 31 Dec. 19 23 Feb. 10 30

Dec. 29 30 Dec. 20 21 Feb. 14 31

Jan. 03 27 Dec. 21 29 Feb. 15 31

Jan. 04 28 Dec. 24 31 Feb. 22 28

Jan. 05 30 Dec. 26 27 Feb. 23 31
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Table 3. Frost damage ratings for jojoba clones at the University of Arizona Maricopa Agricultural Center
for the 1995 -96 and 1996 -97 winters.

Frost damage rating'
CLONE Feb. 1996 Jan. 1997

MIROV 3.8 bcd2 5.2 bc

AT -1310 3.3 abcd 5.7 cd

AT -1487 2.5 a 4.8 abc

AT -3365 4.0 cde 7.0 def

ACC -1285 2.8 ab 3.7 a

ACC -1691 3.0 abc 4.2 ab

ACC -1689 3.5 abcd 3.5 a

ACC -1498 3.5 abcd 5.1 be

AUST. 01 3.5 abcd 6.2 cde

AUST. 03 3.3 abcd 7.9 f

CHILE -01 6.0 f 7.6 f

CHILE -02 3.3 abcd 5.4 bc

CHILE -03 4.3 de 5.1 bc

CHILE -04 4.0 cde 5.1 bc

CHILE -05 4.0 cde 6.9 def

CHILE -06 3.3 abcd 4.2 ab

CHILE -07 5.0 e 7.2 of

' Rating: 1=no damage, 2= slight shoot tip damage, 3=tip killed, 4=tip killed, next node damaged, 5rtip and next
node killed, 6= damage to 2nd node below tip, 7=tip and next 2 nodes killed, 8= damage to 3`d node below tip.
'Means in column followed by the same letter are not statistically significant at the 0.05 probability level.
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Table 4. Plant volume measurements for jojoba clones at the University of Arizona Citrus Agricultural
Center on 8 August 1996 and 9 January 1997.

Volume /plant (m')'
CLONE 8 August 1996 9 January 1997

MIROV 0.104 defgZ 0.232 cdef

AT -1310 0.108 defg 0.214 def

AT -1487 0.169 bcde 0.297 bcd

AT -3365 0.084 efg 0.160 fg

ACC -1285 0.183 abcd 0.378 ab

ACC -1691 0.138 bcdef 0.309 bcd

ACC -1689 0.171 bcde 0.277 bcde

ACC -1498 0.138 bcdef 0.270 bcde

AUST. 01 0.212 abc 0.360 ab

AUST. 02 0.045 g 0.087 g

AUST. 03 0.129 cdefg 0.266 bcdef

CHILE -O 1 0.203 abc 0.442 a

CHILE -02 0.125 cdefg 0.277 bcde

CHILE -03 0.152 bcde 0.331 be

CHILE -04 0.259 a 0.314 bcd

CHILE -05 0.051 fg 0.101 g

CHILE -06 0.134 bcdef 0.271 bcde

CHILE -07 0.086 efg 0.170 efg

CHILE -08 0.222 ab 0.370 ab

' Plant volume = [(length x width)/2] x height.
z Means in columns followed by the same letter are not statistically different at the 0.05 probability level.
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Table 5. Plant volume measurements for jojoba clones at the University of Arizona Maricopa Agricultural
Center on 8 August 1996 and 9 January 1997.

Volume /plant (m3)'
CLONE 8 August 1996 9 January 1997

MIROV 0.071 fgh2 0.176 efgh

AT -1310 0.071 fgh 0.173 efgh

AT -1487 0.128 bcde 0.297 bcd

AT -3365 0.087 defg 0.196 defg

ACC -1285 0.129 bcde 0.321 be

ACC -1691 0.094 cdef 0.261 cde

ACC -1689 0.246 a 0.393 ab

ACC -1498 0.101 cdef 0.261 cde

AUST. 01 0.145 bc 0.293 bcd

AUST. 03 0.036 gh 0.096 gh

CHILE -01 0.160 b 0.447 a

CHILE -02 0.102 cdef 0.238 cde

CHILE -03 0.143 bc 0.287 bcd

CHILE -04 0.140 bcd 0.297 bcd

CHILE -05 0.070 fgh 0.128 fgh

CHILE -06 0.080 efgh 0.213 cdef

CHILE -07 0.026 h 0.075 h

'Plant volume = [(length x width) /2] x height.
2 Means in columns followed by the same letter are not statistically different at the 0.05 probability level.
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Table 6. Seed yield and weight per seed in 1997 for 19 jojoba clones grown at the University of Arizona
Citrus Agricultural Center.

CLONE
Seed yield' Estimated acre yield' Weight per seed

(g/plant) (lbs. /acre) (g)

1 CHILE -01 134 a3 217 0.86 bcdef

2 ACC -1498 131 ab 212 1.04 ab

3 ACC -1285 129 ab 209 1.02 abc

4 MIROV 122 abc 198 0.68 fgh

5 CHILE -02 118 abc 191 0.87 bcdef

6 CHILE -03 82 bcd 133 0.87 bcdef

7 ACC -1689 80 cd 130 0.85 cdef

8 CHILE -06 67 de 109 0.81 defg

9 AT -1487 61 de 99 0.74 efg

10 CHILE -04 60 def 97 0.72 efg

11 ACC -1691 53 defg 86 0.94 bcd

12 CHILE -05 50 defg 81 0.67 fgh

13 CHILE -08 49 defg 79 0.90 bcde

14 AT -3365 37 defg 60 0.79 defg

15 AT -1310 36 defg 58 1.10 a

16 CHILE -07 21 efg 34 0.54 h

17 AUST. 01 17 efg 28 0.64 gh

18 AUST. 03 9 fg 15 0.81 defg

19 AUST. 02 8 g 13 0.70 fgh

' Seed yield based on 4 replications with 3 plants/replication.
z Based on 736 female and 82 male plants per acre.
'Means in column followed by the same letter are not statistically different at the 0.05 probability level.
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