Bull. Fac. Agric., Cairo Univ., 58 (2007):207-211.

SEXUAL DIMORPHISM IN RELATION TO MORPHOLOGICAL AND PHYSIOLOGICAL
TRAITS IN JOJOBA, Simmondsia chinensis L. (Simmondsiaceae), A DIOECIOUS, XEROPHYTIC
SHRUB.

(Received:9.11.2006)

By

M. M. Khattab, A.A.Hegazi, S. I. Laz*, and A. Z. Hassan*

Department of Pomology, Faculty of Agriculture ,Cairo University.
*Department of Arid and Semi Arid Zone, Horticulture Research Institute,
Agricultural Research Center, Giza, Egypt.

ABSTRACT

Morphological and physiological traits of male and female jojoba shrubs, a dioecious evergreen
shrub of Sonora Desert were investigated. Morphological measurements included shoot length, and leaf
length/width ratio.(L/W) Leaf nitrogen, carotene, and total phenol contents were also measured. The
results indicated that males had a significant more shoot length, leaf L/W ratio, leaf nitrogen, and leaf
carotene content than females, while females had a significant more leaf phenol content than males.
Color reaction test in males was different than the color resulted from females. These results support the
hypothesis stated that the high resource investment in fruit production by females reduces their growth

and nitrogen content relative to males.
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1. INTRODUCTION

Dioecious plant species have been the subject
of considerable research interest. Research has
focused primarily on documenting differences
between the sexual morphs in ecology, life
history, and resource allocation. Many of
dissimilarities between sexual morphs have been
attributed to differences in reproductive biology
that influence the relative allocation of resources
to reproduction, growth, and maintenance (Lloyd
and Web, 1977; Bierzychudek and Echart, 1988,
cited in Cipollini and Whigham, 1994). Two
allocation patterns or schedules have been
suggested. First, fruit-producing plants may delay
reproduction, thus channeling resources to growth
and storage. Reproduction begins once a plant
reaches a threshold of sufficient size and/or
resource reserve. Second, because of fruit
production, females allocate a greater portion of
resources to reproduction than do males, and if
resources are finite, then an increase in
reproduction costs would result in a decrease in
resources available to current growth as well as
future growth and reproduction in terms of
biomass, energy, and/or minerals. (Putwain and
Harper, 1972; Lloyd, 1973; Lloyd and Web,
1977; Wallace and Rundel, 1979; Gross and
Soule, 1981; Meagher and Antonovics, 1982;

Agren, 1988; Delph, 1990; Cipollini and Stiles,
1991; and Korpelainen, 1992).

Differential costs of reproduction may have
other more subtle consequences for dioecious
plants. According to the carbon/nutrient balance
hypothesis (Coley et al., 1985) the assumption
that females of dioecious plants bear greater
reproduction costs in terms of nitrogen leads to
the expectation of lower tissue nitrogen levels,
and higher levels of C-based secondary
compounds in females.( EImqvist et al., 1988; and
Jing and Coley, 1990).

Jojoba is one of the 5 most important
xerophytic plants (Hinman, 1984), and it may be
the first significant agricultured crop to supply
many industries with raw material (Chen et al.,
1985). The specific purposes of this study were
to:

1. Find the morphological differences between
mature males and females.
2. Physiological aspects to find the differences in
nitrogen, carotene, and phenol contents between
mature male and female.

2. MATERIALS AND METHODS

The present investigation was carried out on
five year old jojoba shrubs (Simmondsia chinensis
L.) grown at the experimental orchard of the
Horticulture  Research  Institute in  Giza
Governorate, Egypt during 2003and 2004
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Seasons.

This experiment was conducted to find out
the morphological and physiological differences
between the mature male and female jojoba
shrubs. Ten seedy mature jojoba shrubs were
selected, each sex was represented by five shrubs,
each acts as a replicate. The shrubs were planted
in loamy soil spaced at 3 by 3 m and received the
same horticultural treatments. The experimental
plants were similar in vigor, and free from any
pathogens. On each shrub direction, twelve one
year old shoots were selected per each replicate
then tagged.
2.1 Morphological characteristics

The following morphological traits were
measured at biweekly intervals from March 15"
in the first season and March 1% in the second
season to 1* June in both seasons.
2.1.1 Average shoots length (cm).
2.1.2 Leaf L/W ratio.
2.2 Chemical and biochemical tests
2.2.1 Chemical tests
2.2.1.1 Nitrogen content

Leaf samples were collected from the 3" to
the 5" node from the shoots tip of mature jojoba
shrubs in July, cleaned, and dried at 70° C till
constant weight then ground and used for
determination of nitrogen content by the modified
microKjeldahl method as described by Plummer
(1971).
2.2.1.2 Carotene content

The quantitative analysis of carotene pigment
(mg/g F.W.) was determined in samples of mature
fresh leaves. The optimal densities were measured
colorimetrically as adopted by Saric et al., (1976).
2.2.1.3 Total phenols

Mature leaf samples were collected from the
3" to the 6™ node from tips of jojoba shoots and
used for the determination of total phenols by the
method described by Daniel and George (1972).
2.2.2 Biochemical test

"PopovV's test" was mentioned by Dzhaparidze
(1967) and Chen et al., (1985) to differentiate
between male and female throughout the resulted
color from the reaction between the reagents and
plant tissues.
Popov's test

Leaf samples of male and female mature
jojoba plants were taken from the 3" to the 5"
nodes. The leaves were cleaned and cut into small
pieces then ground in a mortar and pestle and
extracted five times with 95% alcohol (5ml
alcohol per 1 gram of tissue), then centrifuged at
10.000 rpm for 10 minutes in a refrigerated
centrifuge. Samples were run with 1 ml. of
extracts of known sex jojoba plants. Colors were
observed and recorded at various time intervals
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for 3 days.
2.3 Statistical analysis

The experimental materials (male and female)
were arranged in randomized complete design.
Each tree represented a replicate.

Data recorded in 2003 and 2004 seasons were
subjected to analysis of variance according to
Snedecor and Cochran (1980) and the means were
differentiated using Duncan multiple tests at the
5% level of probability .

3. RESULTS AND DISCUSSION
3.1 Shoot length

Data shown in Table (1) represent the
development of adult male and female jojoba
shoot length from March 15" to June 1%.This
period involved vegetative growth and flowering
in both sexes and harvesting time for females( in
the first season.)

It is clear that the mean values of shoot length
increased progressively irrespective of sex. The
increase was gradual and insignificant in the
period from March 15" to May15", while it was
notable when comparing with the corresponding
values on March 15" to May15"™. However, the
increase was not prominent in the period from
May 15" to June 1.

Concerning the relation between shoot length
and sex, the mean value of shoot length proved to
be significantly higher in males than females.
Moreover, the percentage of increase in male
shoot length from March 15" to June 1% was
17.1% although female percentage of increase
was only 11.7%.

The difference in shoot length rate between
male and female in every date from March 15" to
June 1% was insignificant, but in general, male
shoots were longer than female ones.

Table (1): Mean shoot length of adult male and
female jojoba shrubs in the first season

(2003).

Sampling dates Male Female Mean
15/3 28.70 ab 27.88 b 28.29 B
1/4 31.67 ab | 28.91 ab 30.29 AB
15/4 3259 ab | 29.66 ab 3113 AB
1/5 33.01 ab | 29.97 ab 31.49 AB
15/5 33.53 a 30.89 ab 3221 A
1/6 33.61a 31.16 ab 3238 A
Mean 3219 A 29.74 B

Means separation within column, line, or interaction each alone
according to LSD 5%.

Data of the second season as shown in Table
(2) indicate that the mean values of shoot length
increased progressively irrespective of sex. The
increase was gradual and insignificant in the
period from March 1% to March15™ and from
March15™ to April 1%, while it was notable and
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significant compared with the corresponding
values on March 1%, Concerning the relation
between shoot length and sex, mean value of
shoot length proved to be significantly higher in
males than females.

A gradual increase in shoot length was
noticed in both sexes during the period of study
but it was significant only in two dates 1/3 and
15/4.

The percentage of increase in male shoot
from March 1% to June 1% was 20.3% although
female percentage of increase was only 15.4%
during the same period. Moreover, the difference
in shoot length between male and female in every
date from March 1% to June 1% was significant,
and in general male shoots were longer than
female ones.

A similar result was obtained by Lloyd and
Webb (1977) who reported that in perennial,
long-lived species, there are a onsiderable number
of reports stating that male exceeded female in
vigor, growth rates, total size or vegetative
reproduction. Also, Cipollini and Whigham
(1994) found that shoot length was slightly higher
for males than females of Lindera benzion.

Table (2): Mean shoot length of adult male and female
jojoba shrubs in the second season (2004).

Sampling Male Female Mean
dates

1/3 36.30 cd 29.00 f 32.65 C
15/3 37.94 bc 30.95 ef 34.45 BC
1/4 41.65 ab 32.84 def 37.25 AB
15/4 42.60 a 33.26 de 37.93 A
1/5 43.10 a 33.40 de 38.25 A
15/5 43.39 a 33.46 de 38.42 A
1/6 43.68 a 33.49 de 38.58 A
mean 41.24 A 32.34 B

Means separation within column, line, or interaction each

Contrarily, the obtained result did not agree
with Lloyd and Webb (1977) who found that
Mercurialis perennis L. females have taller stems
(annual shoots arising from a perennial rhizome)
than males, also Agren (1988) reported that

Concerning leaf L/W ratio and sex, the mean
value proved to be significantly higher in males
than in females.

The percentage of decrease in males L/W
ratio during the season was -2.47% while the
percentage of decrease was -2.43% in female
ones.

The difference in leaf L/W ratio between
male and female on March 15" and April 15" was
significant but it was insignificant on June 1%, In
general leaf L/W ratio was higher in males.The
data of the second season in Table (4) prove the
same trend of the first one.

It is clear that mean values show a decrease in
leaf L/W ratio irrespective of sex. The decrease
was gradual and insignificant.

Concerning leaf L/W ratio and sex, mean
value proved to be significantly higher in males.

Also it was noticed that male and female leaf
L/W ratio decreased progressively and
insignificantly.

The difference in leaf L/W ratio between
male and female was significant and in general
leaf L/W ratio was higher in males. However the
obtained result did not agree with Nigtevecht
(1966, cited by Lloyd and Webb, 1977) who
found that the leaves of female Silene alba were
larger and had higher L/W ratio than those of
male plants. Also Chen et al., (1985) reported that
L/W ratio of female jojoba leaves was higher than
male ones.

Table (3): Mean leaf length/width ratio of adult male and
female jojoba shrubs in the first season (2003).

Sampling dates Male Female Mean
15/3 beginning of 3116 a | 2632 bc | 2.874 A
flowering
15/4 Fruit set 3.072 ab 2.589 ¢ 2.830 A
1/6 harvesttime for | 3 039 anc | 2568¢ | 2.803 A
female
mean 3.075 A 2.596 B

Means separation within column, line, or interaction each alone
according to LSD 5%.

Table (4): Mean leaf length/width ratio of adult male and
female jojoba shrubs in the second season 2004

female shoots of Rubus chamaemorus were larger
than male ones. Lynos et al., (1994) found that

females have longer branches than males in Silene Sampling dates Male | Female | Mean
latifolia. 1/3 beginning of flowering 3205a | 2.675b | 2.940A
3.4 Leaf L/W ratio 15/4 Fruit set 3.198a | 2.627b | 2.913A
The results in Tables (3) and (4) represent the 1/6 harvest time for female 3.196a | 2.605b | 2.901 A
development of adult male and female jojoba leaf mean 3.193A | 2.636B

length/width ratio at the beginning of fruit
lowering, set, and at fruit harvest in the two
seasons of study , respectively.

Means separation within column, line, or interaction each alone
accordingto LSD 5%.

3.5 Chemical tests

The data of the first season reveal that mean
values show an insignificant and gradual decrease
in leaf L/W ratio irrespective of sex.
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The data in Table (5) represent jojoba adult
male and female leaf carotene content, total
phenols content, and nitrogen percentage content.
Mean values of leaf carotene content proved to be
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significantly higher in males than in females.
Conversely Dzhaparidze (1967) stated that the
difference in carotene content is apparent: it is
higher by almost 66% in female plants.

Table (5): Mean leaf total phenols content, carotene

content, and nitrogen percentage content of
adult male and female jojoba shrubs

Carotene Total phenols | Nitrogen
Sex content content content
(mg/g F.W.) (9/1009) %
Male 0.4040 a 0.02875 b 11.86a
Female 0.2236 b 0.06018 a 8.58 b

Means separation within each column according to LSD 5%.

Concerning the total phenol contents it is
clear that the mean value of leaf total phenols
content in females proved to be significantly
higher than males. This result was also found by
Cipollini and Whigham (1994).

Mean value of leaf nitrogen percentage
proved to be significantly higher in males. Several
previous studies of dioecious species have
demonstrated comparatively higher male leaf
nitrogen content (Wallace and Rundel, 1979;
Tiedemann, et al., 1987; Allen and Antos, 1988;
Jing and Coley, 1990; Cipollini and Stiles, 1991;
and Nicotra et al., 2003).

3.6 Biochemical test (Popov's test)

The color resulted from female jojoba leaves
was purple while the colors resulted from male
jojoba leaves were dark purple and yellow. 80%
of the tested samples of the male leaves resulted
in a dark purple color but only 20% gave a yellow
color. Concerning the female, it gave a purple
color in 100% of the tested samples.

The same result was also found by Chen
et al., (1985), as they mentioned that the color
resulted from female jojoba shrubs was purple
while the color resulted from male jojoba shrubs
was dark purple. Dzhaparidze (1967), however,
declared that the stain in popov's test was
colorized in females but it was decolorized in
males.
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