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ABSTRACT

Plant height, the number of main branches per plant, time of sex
differentiation, habit of flowering as well as fruiting pattern and yield were studied
using different jojoba clones of about 20 years old. Data showed that :

1- Plant height of the progeny of SF1 attained the highest values after 36-months,
followed by SF3 then TF7. The differences between the three progenies seemed
to be a genetically trait. However, the environmental conditions might also have a
slight effect on plant height. Consequently, the progeny population of SF1 proved
to be highly stable against the seasonal variations, whereas both SF3 and TF7
have slightly reacted with the seasonal variations.

2- With respect to the number of main branches per plant, it was found that the
progeny population of SF3 obviously attained the highest values of main branches
at 36 months. The extensive branching of SF3 appeared clearly in the three

. seasons as compared with that of both SF1 and TF7 regardless the seasonal
effect.

3- As for the time of sex differentiation, the data showed that, among a population of
2650 young plants of jojoba grown under greenhouse conditions (13 months-old),
only 3.7% of the plants commenced flowering and this percentage increased
gradually during the second year to be 25.32% (24 months old plants). Moreover,
the time of flowering varied widely among plants. On the other hand, the number
of male jojoba plants which commenced flowering was always greater than the
number of females.

4- \n male and female shrubs of the studied jojoba clones, flowers usually develop at
every other node which was found fo be the common habit of flowering of all the
studied males: SM1, SM2 and SM3, and only one of the three studied females;
SF4. Flowers develop at every node in two females; SF1 and SF3. All the studied
shrubs tended to produce both types of flowering habit on the same shrub, but
only one type was always clearly dominant. The habit of flowering appears to be
primarily under genetic control which may be modified by environmental
conditions.

5- The common fruiting pattem in the studied jojoba females was that of a single fruit.
In addition, the percentage of fruits with single, double and triple seeds varied from
90.37 to 96.00% , 3.94 to 9.12% and 0.00 to 0.51%; respectively. Clear
differences were found between clones. As an average for the three years, the
clone SF3 proved to give the highest yield of fruits. Moreover, the yield of the
selected clones varied greatly between shrubs as well as between years. Clone

" SE3 attained the same attitude of fruits and produced the highest yield in the three

years of study, with an average of 2258.33 gram per plant as compared with that
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INTRODUCTION

Jojoba [Simmondsia chinensis  (Link) Schneider.  Family
Simmondsiaceae] is a multi-stemmed evergreen oil producing shrub with an
extremely long life (Bailey, 1961). It rarely exceeds one meter in its native
habitat and in more favorable sites, bushes as high as five meters have been
recorded (Hogan, 1979). With respect to volume parameters; height and
shrub width, Benzioni et al., (1996) found some differences between clones
and shrubs within the clone which were attributed to both genetic and
environmental factors (salinity levels) and / or interaction. They also studied
the rate of growth of the different clones and found that the growth rate
curves of all clones were found similar. The shrubs of all clones grew slowly
until the age of about 18-20 months, then they started growing rapidly
throu~h the next year. During this year, the shrub height and width increased
rapidly to gain a final growth of about three times as what was gained through
the first 18-20 months.

Palzkill (1987) reported that the fact that jojoba is a dioecious plant
(male and female flowers occur on different plants) and that it has been
continuously propagated by seeds has generated an extremely
heterogeneous population. Native jojoba and seeded plantations throughout
the world show great variability among plants including several characteristics
such as plant height and number of side shoots. Botti et al., (1996) found that
the number of side shoots of some selected jojoba genotypes varied from 5.8
to 89.7 which was attributed to the genetic variability among shrubs. The
authors also found some variability between the three field locations which
was considered as a result of some environmental factors including soil and
water salinity.

The sex of a young jojoba plant can not be identified until the first
flower buds appear. This may be in the first summer of the first year, whereas
in slow plants, which is the normal situation, it may take until the fourth year
(National Research Council, 1985) or more (Campbell, 1985). Variability is
mainly due to genetic heterogeneity (Hawson, 1985 and Ramonet-Razcon,
1988). There may be a relationship between the plant development and the
time of sexual differentiation and production (Aragao and Oliveira, 1985).

Flowering in jojoba may occur at every node or every other node on
newly matured growth. Relationships were found between the genetic
background and flowering pattern (Gentry, 1958 and Forti et al., 1985).

The most common fruiting pattern in jojoba is that of a single fruit
developing on every other node (Yermanos, 1974). Some plants produce
two- and three-seeded capsules since each ovary contains three ovules,
each of them has the potential of becoming a seed (Hogan, 1979 and
Ramonet-Razcon, 1988).
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MATERIALS AND METHODS

This experiment was carried out throughout the period of 1997 -2002

at the Research Stations of the Desert Development Centar, belonging (o the
American University in Cairo. Plant height and the number of main branches
of two female progeny populations grown at Sadat Research Station (SF1,
SF3) and one female grown at Tahrir Research Station (TF7) were studied
throughout three successive seasons of 1997, 1998 and 1999. About 500
seeds of each clone were sown on October each year, the seeds were sown
in plastic bags of 30 cm length and 16 cm diameter. After four weeks, only
225 seedlings were taken at random from each clone and were divided into
three replications, each of 75 seedlings. The experiment was arranged in the
form of Randomized Complete Block Design. The first data were taken four
weeks after planting and then repeated after 5,6,7,8,18,26,33 and 36 months.
Data included the plant height (measured in cm from the soil surface to the
top of the plant) and the number of main branches per plant. In order to study
the time of sex differentiation of jojoba seedlings, a population of 2650
seedlings were raised by seeds sown on October 19,1998 in big plastic bags
(30 cms length and 16 cm diameter). Seedlings were kept in the greenhouse
for two years. The plants were checked for flowering every week and data
were collected at monthly intervals until the plants were 18 months old, then
finally were taken after 24 months from seed sowing. Data included the
number of male and female plants as well as their flowering time.

The flowering habit of six selected jojoba clones was studied using
three pollen (male) parents; SM1, SM2 and SM3 and three seed (female)
parents; SF1, SF3 and SF4. The type of flowering for 200 branches taken at
random for each selected shrub was recorded. Every branch was checked
well to see the habit of flowering : either every node or every other node.
Data were taken through the flowering season of April / May, 2000.

For the study of fruiting pattern and yield, data were recorded for only
three seed parents; SF1, SF2 and SF3. The whole yield of fruits for each
shrub was collected for three successive years; 2000, 2001 and 2002. The
total number of fruits per shrub was counted as well as the number of one-,
two-, and three-seeded fruits for each of the three selected seed parents.
Data included also the seed yield expressed as the number of seeds per
plant and the yield in grams per shrub. The mean weight of 1000 seeds was
also recorded for each shrub.

RESULTS AND DISCUSSION

1- Plant Height

Plant height of three jojoba progeny populations throughout the three
successive seasons of 1997, 1998 and 1999 are presented in Table 1 a, b
and c. It was found that the progeny populations of SF1 and SF3 attained
significant higher values of plant height when being 36 months old, as
compared with that of TF7. The growth rate curves illustrated in Figure 1.
showed that all progeny populations grew similarly within the first period of
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vegetative growih which was 200w, G moning. \nen the D\Qh\g Wore
about 18 months old, the genetic differences between the three progenies
started to appear, regardless the seasonal effect. The differences between
the three progenies as well as the performance of plant height seemed to be
a genetic trait, the same type of growth curves were obtained throughout the
three seasons of the study designating a kind of interclonal variability (Fig. 1).

The environmental conditions (differences in rainfall, temperature,
quality of water at Sadat and Tahrir), however, had also a slight effect on
plant height as shown in Fig. 2 A, B and C.

Table 1 : Plant height (cm) of three jojoba progeny populations derived
from three seed parental clones grown at Sadat Station (SF1,
SF3) and South Tahrir (TF7).
a- First season populations sown in October, 1997.

Plant age (months)

. ) 5 5 7 8 18 26 33 36
SF1 735 [ 7452 | 1628 | 19.09 | 2009 | 43.41a | 4563a | 56.8%a | 65.03a
SF3 11.69 14.75 16.14 18.05 18.46 38.80b 43.€5a 50.81a 57.51a
TF7 11.36 14.30 15.19 16.39 16.99 30.60c 39.09b 45.50b 49.77b

L.S.Dgos N.S. N.S. N.S. N.S. N.S. 3.14 262 6.80 7.62

b- Second season populations sown in October, 1998
Plant age (months)

qons 2 5 3 7 3 18 26 33 36
SF1 7753 [ 7136 [ 1473 | 1863 | 2046 | 36.43 | 4559 | 57.8%a | 72.11a
SF3 1150 | 1317 | 15.81 | 19.77 | 2163 | 39.07 | 49.41 | 57.40a | 66.74a
TF7 1136 | 1328 | 1523 | 18.19 | 2031 | 3266 | 41.41 | 4534b | 50.48b

T sb. [NS |NS. |NS_|NsS |[Ns [NS [ NS [1019 [7.15

¢- Third season populations sown in October, 1999.

Plant age (months

G 3 5 5 7 8 18 26 33 36
SF1 758 [ 7562 | 18.04 | 19.32 | 2053 | 36.06 | 52.10a | 54.18a [ 65.2%a
SF3 1276 | 1878 | 19.34 | 2032 | 21.15 | 31.22 | 37.02b | 41.51ab | 57.17ab
TF7 1500 | 1518 | 17.65 | 19.11 | 20.52 | 27.83 | 34.12b | 36.550 | 48.41b
LSD N6 [NS [N5 |NS |[NS |Ns [1272 [1274 ]943

« Values followed by the same letters are not significantly different at 0.05 level of
probability.

Ayerza (1996) also detected high significant differences between jojoba
clones and shrubs with respect to plant volume parameters (height and
width); which he attributed to the genetic variability among and within clones.

On the other hand, the limited seasonal variations which were
detected in the current investigation (Figure 2), especially for SF3 and TET,
might be due to the differences of rainfall and/or the quantity and quality
(salinity) of irrigation water. Benzioni and Nerd (1985), Benzioni et al., (1996),
Botti et al. (1996) and Nelson (1996) found that the seasonal differences in
plant height exist as a result of some environmental factors as irrigation water
and scil salinity. In spite of the importance of fertilization as another factor
which might be responsible for the differences in plant height between shrubs
as reported by Benzioni and Nerd (1985) and Nelson and Watson (2001), but
it is not confirmed in the current study, since no fertilization regime was used
at all.
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Fig. 1 Plant height (cm) of three jojoba progeny populations; SF1, SF3
and TF7. Graphs show the interclonal variability throughout
three successive seasons: the first season (A) sown on
October, 1997; the second season (B) sown on October, 1998;
and the third season(C)sown on October, 1999.

2- Number Of Main Branches Per Plant

Data on the number of main branches of three jojoba progeny
populations throughout the three successive seasons of 1997, 1998 and
1999 are presented in Table 2 a, b and c. It was found that the progeny
population of SF3 obviously attained the highest values of main branches
when being 36 months old. The growth rate curves illustrated in Figure 3
showed that all progeny populations grew similarly within the first period of
vegetative growth along approximately one year. The differences between
progeny populations did not appear clearly until the plants were about two
years old. The extensive branching of SF3 appeared clearly in the three

' seasons compared to both SF1 and TF7 regardless of the seasonal effect.
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Fig. 2 Plant height (cm) of three jojoba progeny populations; SF1 (A),
SF3 (B) and TF7 (C). Graphs show the seasonal variability
throughout three successive seasons: the first season sown on
October, 1997; the second season sown on October, 1998; and
the third season sown on October, 1999.

The effect of environmental conditions on the number of main
branches could be seen from the combined curves of Figure 4. There were
some limited differences between the three seasons which started to appear
almost when the plants were only few months old. These results agreed with
the findings of Botti et al., (1996) who recorded significant differences amor;g
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some selected progeny populations with respect to the number of side shoots
which were attributed to the genetic variability among shrubs. They also

found that this vaﬂabilﬁly Wwas considered as a result of some environmental

L

levels produced greater number of shoots. The seasonal variations in the
number of main shoots might also due to the temperature prevailing during
the growing season. The development of new branches might be associated
with temperature as found by Ching (1996).

The point again is the interclonal genetic variability among jojoba
progeny populations which was found as a direct result of the fact that
pollination system in jojoba depends on the wind and the mechanism of
sexual reproduction. These genetic differences are clearly noted in the plant
structure and the number of side shoots (Ayerza, 1996). This condition,
though beneficial for the species in natural forms, is a serious disadvantage
for commercial purposes (Palzkill, 1987). Obtaining a clone like SF3 might be
useful in the breeding programme since extensive branching is one of the
important vegetative traits related to yield potential.

Table 2 : Number of main branches per plant of three jojoba progeny
populations derived from the seed parental clones grown at Sadat
Station (SF1, SF3) and South Tahrir (TF7).

a- _The first season populations sown in October, 1997.

Clone Plant age (months)

Clon 4 5 6 7 8 18 26 33 36
SF1 158 | 1.79 [ 204 | 2.22a | 230a | 3.28 4.48 6.32b [7.14b
SF3 115 | 1.32 | 147 | 1.72b | 1.80ab | 4.11 584 [10.06a [10.51a
TEi 111 | 1.34 | 1.34 | 1590 [ 1680 | 3.53 5.38 6.39b [7.78b
L.S.Doos | N.S. | N.S. [ N.S. | 0.40 0.46 N.S. N.S. 1.22 1.78

b-The second season populations sown in October,1998.

Plant age (months)

el T 0 7 8 18 % 3 3
SF1 132 [ 150 | 1.62 | 1.97 | 206 | 3690 | 534b | 7.56b | 9.70b
SF3 129 | 1.47 | 186 | 242 | 249 |598a |847a | 10.12a | 12.81a
TF7 1.21 | 149 | 169 | 225 |242 |467b |6.54b | 832b | 9.66b
LSDoos | NS. [ NS. [NS. [ NS. N.S. 1.13 183 [152 [232

c-the third season populations sown in October, 1999.

Plant age (months
e rTE T 7 8 18 26 33 36
SF1 137 | 143 | 1.57 | 1.67 .74 | 3.73 612 8.64b 10.30b

SF3 129 | 1.38 | 145 | 1.90 1.99 | 4.34 7.38 11.96a | 14.38ab

TF7 1268 | 1.28 | 130 | 1.58 1.67 | 4.21 5.85 8.44b | 11.54b

L.S.Dgos | NS. [ NS. | NS. | NS. N.S. | N.S. N.S. 2.49 an |

¢ Values followed by the same letters are not significantly different at 0.05 level of
probability.

3. Time of sex differentiation

Data revealed that flowering did not occur during the first year (Table
3). After 13 months, only 3.7% of the plants commenced flowering. Flowering
increased gradually and slowly during the second year to be 25.32% when
the plants are 24 months old. These results agreed completely with Khairi
®978), Campbell (1985), as well as the report of the National Research
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V!ounc” 61985). On the other hand, the time of flowering varied widely among
plants. This variability is mainly due to the genetic heterogeneity of jojoba as
a seed-propagated shrub (Hawson, 1985).

It was also noticed that the number of male jojoba plants which
commenced flowering was always greater than the number of females. The
high percentage of males which commenced flowers compared to the low
percentage of females may be due to the fact that male jojoba plants are
more tolerant for high temperature than females as found by Cole (1979) and
Yermanos (1980). The high temperature optimum for the production of
flowering buds is 30/25°C (day / night) for females but is 33/28 to 36/31°C for
males (Dunstone, 1982) which may be similar to the temperatures in the
greenhouse under which the population of jojoba of the current study was
grown.

Table 3 : Time of sex differentiation of a seed jojoba population
expressed as a relationship between the number and
percentage of flowering plants and plant age throughout two
years after seed sowing.

Number and percentage of flowering plants®
:::? ::&gst; Total Male Female
No. % No. % No. %
12 Zero 00.00 Zero 00.00 Zero 00.00
13 98 03.70 94 03.55 4 00.15
14 255 09.62 222 08.38 33 01.24
15 262 09.89 229 08.64 33 01.24
16 264 09.96 229 08.64 35 01.32
17 285 10.75 243 09.17 42 01.58
18 298 11.25 246 09.28 52 01.96
24 671 25.32 523 10.74 148 05.58

* Data were recorded for a population of 2650 jojoba plants planted by seeds on October
19"™, 1998 and grown under greenhouse conditions.

4. Habit of flowering

As described by Gentry (1958), Hogan (1979) ,the National Research
Council (1985) and Ayanoglu (2000), it was found that the female or pistillate
flowers of the studied shrubs of jojoba were solitary, small, pale green
coloured having no petals, only five pale green sepals could be seen as well
as three stigmas attached to the ovary. No multiple flowering system was
observed in the studied females. In staminate plants, clusters of flowers were
usually formed producing huge amounts of yellow pollen, they also produce
no petals as the pistillate flowers.

On the other hand, the flowering habit of six selected jojoba clones
was studied (Table 4). It was found that in male and female jojoba shrubs,
axillary flowers usually develop at alternate nodes on newly matured growth.
Flowers usually develop at every other node which was found to be the
common habit of flowering of all the studied males; SM1, SM2 and SM3, and
only one of the three studied females; SF4. Flowers develop at every node in
two females: SF1 and SF3. All the studied clones tended to produce both the
two types of flowering habit on the same shrub, but only one type was alway®
clearly dominant (Table 4).
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Fig. 3. Main branches growth curves of three jojoba progeny
populations; SF1, SF3 and TF7. Graphs show the interclonal
variabi'ty throughout three successive seasons: the first
season (A) sown on October, 1997; the second season (B)
sown on October, 1998; and the third season (C) sown on
October, 1999.
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Fig. 4. Main branches growth curves of three jojoba progeny
populations; SF1 (A), SF3 (B) and TF7 (C). Graphs show the
interclonal variability throughout three successive seasons:
the first scason sown on October, 1997; the second season
sown on October, 1998; and the third season sown on October,

hese results are in full agreement with the findings published by
Gentry (1958), Yermanos (1974), Hogan et al., (1980) as well as the National
Research Council (1985). The habit of flowering appears to be primarily
under genetic control which may be modified by environmental conditions
(Gentry, 1958 and Yermanos, 1974) which may explain the tendency of
shrubs to produce both the two types of flowering hatit in different ratios

-
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together on the same shrub. Relationships were also found between genetic
background and flowering pattern in jojoba (Forti et al., 1985).

Table 4: The flowering habit of six selected jojoba clones (three males
and three females).

Solocted clonsy Percentage of branches * flowering at
Every node Every other node
SM1 14% 86%
Sm2 08% 92%
SM3 03% 97%
SF1 84% 16%
SF3 88% 12%
SF4 04% 96%

* Data were recorded for 200 branches taken at random for each selected shrub during the
flowering season of April / May, 2000.

5. Fruiting pattern and yield

The common fruiting pattern in the studied jojoba females was that of
a single fruit. No double or triple fruit clusters (as reviewed by Yermanos,
1974) were observed. The numbers and percentages of fruits with one-, two-
and three- seeds are shown in Table 5. It was found that the percentage of
fruits with single, double and triple seeds varied from 90.37 to 96.00% , 3.94
to 9.12% and 0.00 to 0.51% ; with an overall average of 93.92 +3.65 , 6.52
+3.30 and 0.18 +0.03% respectively. The range and averages found in the
current study were similar or in the same range obtained by Ramonet-Razcon
(1988) and Estilai and Hashemi (1993).

Table 5: Mean percentages of one- , two- , and three-seeded fruits of
three selected jojoba clones taken throughout 2000, 2001 and

2002.
Selected Yaur Total no. of % of fruits with
clones fruits/shrub | One seed |Two seeds| Three seeds
SF1 2000 631 81.92 07.92 00.16
2001 592 90.37 09.12 00.51
2002 307 94 .46 05.21 00.33
Mean SF1 510.00 92.25 7.42 0.33
SF2 2000 122 92.62 07.38 00.00
2001 206 93.20 06.80 00.00
2002 552 91.30 08.33 00.37
Mean SF2 293.33 92.37 7.50 0.12
SF3 2000 3673 94.36 05.53 00.11
2001 1767 95.42 04.47 00.11
2002 4595 96.00 03.94 00.06
Mean SF3 3345 95.26 4.65 0.09
mean 93.29+3 65/06.52+3.30| 00.18+00.03

It was found that the majority of capsules usually produce one seed
per capsule. Few plants were found with two- and rarely with three-seeded
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capsules which is in complete agreement with Hogan (1979), the National
Research Council (1985), Ramonet-Razcon (1988) and Estilai and Hashemi
(1993).

Clear differences were found between clones. As an average for the
three years, the clone SF3 proved to give the highest yield of fruits (3345)
compared to either SF1 (510) or SF2 (293.33 fruits/shrub). The variability
between clones as well as within each shrub throughout the three years
(2000-2002) might be attributed to the great genetic variability among shrubs
as a result of the obligatory cross pollination system which ensures a multiple
recombination of the gene pool in the population as mentioned by Ramonet-
Razcon (1988) who also found that the occurrence of single, double and triple
seeded capsules, was influenced by the female plant irrespective of the male
plants.

Regarding yield, three selected female jojoba clones were
individually harvested throughout three consecutive years; 2000, 2001, and
2002 (Table 6). The number of seeds harvested for each shrub, the
corresponding weight of seeds / shrub as well as seed size expressed as the
weight of 1000 seeds were carefully recorded for the individual selected
jojoba clones.

Table 6: Total yield/shrub and the weight of 1000 seeds of three
selected jojoba clones in the seasons 2000, 2001 and 2002.

Yield :
Sf:llzzt:d Year No of g./plant W‘!"-:lshett‘-;:‘ifs'i ol
seeds/plant i

SF1 2000 0683 0550 948.28
2001 0652 0480 897.20

2002 0325 0270 931.03

Mean SF1 553.33 433.33 925.50

SF2 2000 0131 0090 796.46
2001 0220 0130 677.08

2002 0595 0315 625.00

Mean SF2 315.33 178.33 699.51

SF3 2000 3884 2265 653.49
2001 1798 1300 771.06

2002 4665 2910 659.71

Mean SF3 3449.00 2158.33 694.75

It was found that the yield of the selected clones (expressed either as
the number of seeds/shrub or their corresponding weight in grams) varied
greatly between clones as well as between years. Clone SF3 attained the
same attitude of the number of fruits and produced the highest yield in the
three years of study, with an average of 2258.33 grams compared to SF1
(433.33 g.) and SF2 (178.33 g.). The seasonal performance of clones differed
greatly as well. SF1 yielded more in the year 2000 (550 g.), while SF2 and
SF3 produced much higher yield of seeds in the year 2002 (315 and 2910 g.
respectively). Relationship between genetic background of individual shrubs

and yield is then considered strong (Forti et al., 1985). The seasonal ~

variations in yield (the year-to-year variability), however, were mainly due to
the environmental conditions surrounding the shrubs during flowering “and
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seed setting. Yermanos (1982) also concluded that the variation in yield from
one year to the next did not represent a biennial bearing pattern, but was an
interaction between genotype and environmental factors such as
temperature.

The seed size (expressed as the weight of 1000 seeds) showed also
clear noticeable differences between shrubs, but the seasonal differences
looked very limited (Table 6). The mean weight of 1000 seeds calculated for
the clone SF1 was much higher (925.50 g./1000 seeds) which means that the
clone SF1 had the biggest seed size. Seed size of SF2 and SF3 were similar
to each other and much smaller (699.51 and 694.75 g/1000 seeds for SF2
and SF3 respectively). The range of seed size in the current study is in full
agreement with the ranges mentioned by Hogan et al, (1980), Thompson
(1990), Ayanoglu (2000) and Chikara et al, (2001). The size of seeds
seemed to be genetically controlled as many other quantitative characters in
jojoba (Forti et al, 1985 and Purcell and Purcell, 1988). The variability
between plants, with respect to the seed size, is also attributed to the genetic
variability among shrubs. Since the seasonal variations were too limited, then
the role of environment is also limited in controlling this trait (Gentry, 1958
and Thompson, 1990). Selection for big seed size, as the progeny of SF2 and
SF3, would be, then, of great advantage in the breeding programmes since
selection for larger seed size would be also a selection for higher oil content
according to seed unit (Gentry, 1958).
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