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ABSTRACT

: For the prediction 0f jojoba seediing sex before flowering, some leaf
shape parameters and indices were measured and calculated from known sex

population of jojoba. Leaf shape indices included the basic parameters of {eaf blaf:fe
* length (L), blade width at its one-fourth point from the base (W1), blade width at its
widest region (W0) and the blade width at its three-fourth point from the base (W2) in
addition to six suggested derived ratios which included: L/WO, W1/L, WO/L, W21,
2W1/L and 2W2/3L. It was statistically found that only six out of the 10 selected leaf
parameters could be used for the identification of jojoba seedling sex (L. W2, W0, W1,

WA1/L and 2W1/L). The standard values of leaf parameters of jojoba shrubs indicated

the possibility of using leaf morphological parameters to identify male and female

jojoba plants.

Preflowering sex identification was carried out using three methods:

1- Preflowering sex identification by the confidence limits comparisons; the confidence
limits of the different leaf parameters of the standard known sex jojoba shrubs
were first calculated, data of the unknown seedlings were compared with the
confidence limits of the standard known sex population. Generally, it was found
that the different leaf parameters were able to identify the seedling sex of a limited
portion of the population size, not more than 21.52% in the case of 2W1/L.

2- Preflowering sex identification by the overall mean comparisons; Since the means
of males were always smaller than females, the seedling mean of any parameter
was compared to the corresponding standard overall mean of that parameter. It
was generally found that the different leaf parameters were able to identify
successfully the sex of about 53% (W1/L) to almost 66% (W1) of the unknown
population of jojoba seedlings.

3- Preflowering sex identification by the multiple separation method; it was possible by
using the multiple separation method to identify accurately and high reliably the
sex of 70 unknown jojoba seedlings (44.30% of the tested population), 22 males
and 48 females.

Finally It can be strongly recommended to use the overall mean
comparisons not only due to its extiemely easy way of calculations but also to the
highly accurate results of sex identification as well as the high percentage of identified

seediings obtained.
INTRODUCTION

Jojoba [Simmondsia chinensis (Link) Schneider, family Simmondsiaceae]
is an evergreen oil producing shrub which gained prominence during the late
1970s when it was promoted as a substitute for sperm whale oil (Milthorpe and
Dunstone, 1996). The sex of young jojoba plants can not be judged until the first
flower buds appear which may happen after many years (Gentry, 1958 and
Hogan, 1979). Lloyd and Webb (1977), have well reviewed the relationship
begween sex and the plant morphological characters. Sex differences in habit or
plant shape have been reported in several dioecious trees. Female trees have
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Kitat et al., (1980) successfully identified a considerable percentage of
gametic citrus seedlings using different leaf shape indices. Chen et al., (1985)
tested three different methods to determine the sex of preflowering—stage young
jojoba seedlings. These three methods ware first developed with known sex
populations as models. They are (1) the leaf length/ width (L / W) ratio, (2) ~
Popov's colour test and (3) immunological assays. It was observed that the L / W
ratio of all females is greater than the average L / W ratio of males. Lovenstein
(1985) reported that preflowering sex determination of jojoba sesedlings could
possibly be done by leaf morphology since leaf measurements of male and
female shrubs differ.

Jojoba (Simmondsia chinensis), as a dioecious desert shrub, is
dimorphic in secondary sexual characters in some desert populations, where
females on average have larger leaves and more open canopies than males
(Kohorn, 1994). The reproductive behaviour of individuals tended to be
associated with different morphological attributes for both males and females.

Helally (1999) has also successfully used the multiple separation method
to identify zygotic and nucellar seedlings resulted from the seeds of the tested
Citrus cvs. and hybrids by using different leaf morphological indices. Suganuma
(1999) used starch gel electrophoresis to study peroxidase and esterase
isozymes in leaf extracts from adult male and female shrubs and young seedlings
of Simmondsia chinensis. The results showed that peroxidase and esterase
zymograms could be used to identify the sexes of young seedlings.

Female plants of several dioecious angiosperms are commercially
valued for production of fruits or seeds, such as papaya, pistachio, kiwi and
jojoba. To make the cultivation profitable, it is necessary to grow more female
than male plants. (Parasnis et al, 2000). To discriminate between male and
female plants, sex-specific molecular markers have been identified in a few
dioecious species such as Silene and pistachio (Kafkas et al., 2001). However,
accurate and convenient sex diagnostic methods for early sexing of seedlings are
not available to date. Due to the difficulties confronting jojoba growers with regard
to identifying male and female young plants before plantation establishment, the
main aim of this study was to find an easy and reliable method for the '
preflowering identification of seedling sex in order to obtain a good distribution of
male and female shrubs, with proper ratio, in the field to get the highest possible
yield per unit area.

MATERIALS AND METHODS

This experiment was carried out throughout the period of 1998 -2002 at_
the Research Stations of the Desert Development Center, The American
University in Cairo. For the identification of jojoba seedlings sex, some leakshape
parameters and indices were measured and calculated from known sex
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+  populations of jojoba shrubs of about 20 years old. The male standard
parameters were taken from three clones grown at Sadat station (SM1, SM3 and
SM4) whereas the female standard parameters were taken from three clones

». grown at Tahrir station (SF1, SF2 and SF3). Leaf shape indices (modified after
Kitat et al., 1980 and Helally, 1999) included the basic parameters (in cms.) of
leaf blade length (L), blade width at its one-fourth point from the base (W1), blade
width at its widest region (WO0) and the blade width at its three-fourth point from
the base (W2) in addition to six suggested ratios which included : L/WO, W1/L,

0/ 2/ 1 ngle1) an / B n in Figure 1.
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| Figure 1 : Leaf parameters of jojoba which were used for the

preflowering sex identification.
&‘.‘) = The leaf blade length.  (W1)=Blade width at its one-fourth point from the base.
0) = Blade width at its widest region.
(W2) = Blade width at its three-fourth point from the base.
(AT =Angle (1) [ Tan angle (1) = (2W1/L)]. (2)= Angle (2) [ Tan angle (2)=(2W2/3L)].
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In order to calculate the standard leaf shape parameters, four pairs of
leaves were measured (from the third to the sixth pairs of leaves from the
branch top), the first and second leaf pairs were eleminated. A total of 120
branches were used to measure the different leaf shape parameters, 20
branches were taken from each parental shrub. The obtained data were then
statistically analysed as a Factorial in Completely Randomized Design
(Snedecor and Cochran, 1990). Factors used were : Sex (two levels; male
and female), leaf pairs (four levels: four pairs of leaves, the average of each
pair was considered). The analysis of variance was made 0 test the
significance of the different leaf parameters as well as to select the suitable
pair of leaves which will be used as a source of these parameters.

In order to identify the sex of unknown eight months old jojoba
seedlings, the leaf parameters and indices of 250 unknown sex seedlings
collected at random (sown on October 1998) were measured and scored as
an average of four pairs of leaves (from the third to the sixth pair of leaves
from branch top). The 250 seedlings were kept in the greenhouse for about
four years. All the seedlings were kept under regular observation, as soon as
the plant flowers, the sex was recorded. After four years, 158 plants have
successfully flowered, their sex became known. The leaf parameters of these
158 plants (taken since they were eight months old) were compared to the
real sex regarding the type of flowers they have.

RESULTS AND DISCUSSION

1. Standard parameters of male and female jojoba shrubs :

A group of six jojoba shrubs of about 20 years old were used for
measuring and calculating the standard parameters of leaves (three males
and three females). The analysis of variance was made first to test the
significance of the different leaf parameters, ie. the practical comparative
importance of each of them to identify the sex of jojoba plants, second to
select the suitable pair of leaves which will be used as a source of leaf
parameters. The obtained data are presented in Table 1. It was found that
only six out of the 10 selected leaf parameters could be used for the
identification of jojoba seedling sex. Statistically, they proved to be highly
significant (L, W2, WO, W1, W1/L and 2W1/L), while the ratios /WO, WOIL,
W2/L and 2W2/3L were excluded since they were found not significant in
distinguishing males from females.

As for the leaf pairs, it was found that there were no significant
differences between the leaf pairs (from the third to the sixth pairs of leaves
from the branch top). This gave an indication that any pair of them could be
used as a source of leaf parameters. Nevertheless, the average of the four
pairs was used for subsequent identification steps to get more accurate and
reliable parameters.

The standard mean values of the different leaf parameters of male
and female jojoba shrubs were calculated and presented in Table 2, which
obviously indicated the possibility of using leaf morphological parameters to
identify male and female jojoba plants.

-
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Data also supported the findings of Wallace and Rundel (1979), Lovenstein
(1985) and Kohorn (1994) who assured the presence of some differences in
leaf size and measurments between male and female jojoba plants and that
females on average have larger leaves. There is also a good indication to the
possibility of using leaf parameters for the pre-flowering sex determination in
jojoba appeared in the researches of Chen et al (1985) altnough the
population size they used was limited. They used a single parameter L/WO0
ratio (named L / W ratio in the published paper). Although L/WO ratio was
found not significant in the current investigation, but they found it a good tool
for distinguishing males and females and they did not compare it statistically
with any other parameter.

Table 2: The standard mean values of the different leaf parameters of
male and female jojoba shrubs and their overall means.

Leaf Female Overall

parameter Mals shrubs shrubs L.SDwoos | mean+ S.E.
L(cm) 3.040 b 3.288 a 0.134 316012
W2 (cm) 0.939 b 1.059 a 0.059 1.00 £ 0.05
WO (cm) 1.166 b 1.301 a 0.072 123+ 006
W1 (cm) 0.904 b 1.067 a 0.046 0.99+0.04
L/WO 2.680 N.S. 2.643 N.S. N.S.
W1/L 0.299 b 0.324 a 0.010 0.31+0.01
WO/L 0.383 N.S. 0.394 N.S. N.S.
W2/L 0.308 N.S. 0.319 N.S. N.S.
2W1/L 0.595 b 0.644 a 0.020 0.62 +0.02
2W2/3L 0.213 N.S. 0.215 N.S. N.S.

e Values foliowed by the same letters are not significantly different at 0.05 level of
probability.

2. Preflowering sex identification of unknown jojoba seedlings :
Three methods of identification were suggested and tested :

a) Preflowering sex identification by the confidence limits comparisons

In order to identify the sex of unknown eight months old jojoba
seedlings, the confidence limits of the different leaf parameters of the
standard known sex jojoba shrubs were first calculated (Table 3). Then the
leaf parameters of 158 unknown sex seedlings were measured and scored as
an average of four pairs of leaves (from the third to the sixth pair of leaves
from branch top). Data of the unknown seedlings were compared with the
confidence limits of the standard known sex population of Table 3. If the
parameter of unknown seedling lies inside the range of the confidence limits
of that parameter, the seedling sex is determined, whereas, when the
parameter lies outside the confidence limits, the seedling sex is considered
then as unidentifiable. According to the confidence limits comparisons (Table
4), it was found that the basic leaf parameters; L, W2, W0 and W1 were able
to identify a high percentage of male seedlings (60.00, 75.00, 100.00 and
54.55% for L, W2, WO, and W1; respectively). While the indices of W1/L and
2W1/L were more effective in distinguishing female seedlings (66.67 and
75.00% for W1/A and 2W1/L; respectively). Generally, it was found that thg
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different leaf parameters were able to identify the seedling sex of a limited
portion of the population size, not more than 21.52% in the case of 2W1/L.

the officieny of using the different leaf parameters differed from one to

& another, the more valuable parameters 2W1/L, WA1/L, L and then W1 were

successfully able to identify the seedling sex of 21.52, 20.25, 18.99 and
17.72%; respectively of the tested unknown population. While the other
parameters W2 and WO were able to identify the sex of only 11.39% of the
unknown seedlings. It was noticed from the original individual data that most
of the seedlings which had exceeded the upper limits of the female leaf
parameters were found females although they were considered as
unidentifiable because they did not statistically lie between the female
confidence limits as previously stated. On the other hand, most of the
seedlings which did not reach the lower limit of males were found males
although being classified as unidentifiable seedlings. Therefore, a high
number of unidentified seedlings were found when the confidence limits
comparisons were made.

Table 3: Confidence limits of the different leaf parameters of the
standard male and female jojoba shrubs.

Leaf parameters Male shrubs Female shrubs
L (cm) 2.95-3.13 3.19-3.38
W2 (cm) 0.90-0.98 1.02-1.10
WO (cm) 1.16-1.22 1.25-1.35
W1 (cm) 0.87-0.94 1.03-1.10
/WO N.S. N.S.
W1/L 0.29-0.31 0.32-0.33
WO/L N.S. N.S.
W2/L N.S. N.S.
2W1/L 0.58 - 0.61 063-066
2W2/3L N.S. N.S.

b) Preflowering sex identification by the overall m2an comparisons
As a result of the high percentage of unidentifiable seedlings as
well as the high percentage of females and males which were hidden outside
the confidence limits, another identication method was developed using the
overall mean of males and females for each parameter (modified after Chen
et al., 1985). The overall mean of any parameter was calculated as the
average of male and female means of the parameter (Table 2). Since the
means of males were always smaller than females, the seedling mean of any
parameter was compared to the corresponding standard overall mean of that
parameter. If the unknown seedling mean was greater than the standard
overall mean, the seedling was considered as a female. Whereas, when the
mean was smaller, the seedling was considered as a male. Individuals which
have the same overall mean value of a parameter were considered
unidentifiable.
According to the overall mean comparisons, it was generally found
that the different leaf parameters were able to identify successfully the sex of
abeut 53% (W1/L) to almost 66% (W1) of the unknown population of jojoba
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seedlings (Table 5). Compared to the confidence limits comparisons, the
percentage of unidentifiable seediings were also greatly reduced when the
overall mean method was carried out. Slight differences were found between
the different leaf parameters with respect to their efficiency for the
identification of seedling sex. Some parameters, however, were found highly
effective in distinguishing female seedlings such as 2W1/L (79.37), W1
(73.68) and W1/L (70.00%), whereas, W2 WO0,W1 and L gave good results
for distinguishing male seedlings (88.89, 73.33, 68.00 and 64.29% male
seedlings; respectively).

The overall mean method looked much more reliable in distinguishing
male and female jojoba young seedlings not only because of the high
percentage of identification comgared to the confidence limits comparisons,
but also because of the great advantage of assuring the seedling sex by
testing more than one leaf parameter for each unknown individual.

c) Preflowering sex identification by the multiple separation method

In order to maximize the advantages (the moderate identification
percentage) and to minimize the disadvantages (the high number of
unidentifiable seedlings) of the confidence limits comparisons, the multiple
separation method was carried out (developed after Kitat et al, 1980 and
Helally, 1999). The young seedling population of jojoba (158 eight months old
seedlings) were first distributed according to the confidence limits of the L
parameter (Table 6) which was able to separate and identify the sex of 52
seedlings (found to be 30 after flowering). The 106 remaining seedlings were
considered unidentifiable according to the leaf parameter L. These 106
seedlings were redistributed according to the confidence limits of the W2
parameter. This parameter has separated and identified the sex of 22
seedlings (found to be 10 after flowering). The remaining 84 seedlings were
redistributed according to the WO parameter which identified 12 seedlings
(found to be 4 after flowering). The 72 remaining were redistributed
according to the W1 parameter, which identified the sex of 18 seedlings
(found to be 12 after flowering). The remaining 54 seedlings were then
redistributed according to the ratio W1/L which identified also 18 seedlings
(found to be 14 after flowering). The 36 remaining seedlings were then finally
redistributed according to the ratio 2W1/L which failed to identify the sex of
any of them.

Then it was possible by using the multiple separation method to
identify accurately and high reliably the sex of 70 unknown jojoba seedlings
(44.30% of the tested population), 22 males and 48 females (Table 6).

Finally, if the three methods of preflowering sex identification were
compared, it might be noticed that the maximum percentage of identification
using the confidence limits method was 21.52% (using 2W1/L, Table 4) while
it was 65.82% when the overall mean method was used (using W1, Table 5).
Then, it was 44.30% in the case of the multiple separation method (Table 6).
It should be then strongly recommended to use the overall mean
comparisons not only due to its extremely easy way of calculations but also to
the highly accurate results of sex identification as well as the high percentage
of identified seedlings obtained. i
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