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Abstract
Jojoba (Simmondsia chinesis L.) is a highly valued desert shrub for its oil which is equivalent to that of Sperm
Whale, a threatened species by extinction. Cultivation of Jojoba in arid areas means provision of a cash-crop,
environmental conservation and preservation of the Whale. Its seeds vary in size depending on genotype, season
and seed lot. An experiment was setup in September 2012 with an objective of characterizing seed and
determining the effect of size and storage on germination. The experiment was laid down in a Completely
Randomized Design (CRD) with three treatments replicated thrice for the first two experiments. However, the
third experiment was a factorial one with eight treatments. The seeds were grouped into three categories which
were large (1,047 mg), medium (697 mg) and small (333 mg/seed). The results revealed that large seeds had
significantly (P< 0.05) higher germination percentage (76%) compared with medium (33%) and small (37%)
seeds. Large seeds were found to contain large cotyledon size. Large cotyledons provide a large food reserve
which is essential for germination and early vigorous growth. Seed length and 100 seed weight were
significantly (P≤0.05) higher for large seed as compared to medium and small seeds. Similarly, large seeds
recorded a germination of 93% for a short storage of six months which was superior to that of small seeds
which was 17% for the same period. Hence seed length and 100 seed weight were found to be reliable variables
for characterizing Jojoba seeds which may be used in predicting germinability. We recommended that for
enhanced germination and vigorous growth of seedlings, it is necessary to select and plant large Jojoba seeds
which have been stored for period less than one year.
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Introduction
Over 80% of Kenya is composed of arid and semi arid lands (ASALs) with only a few crops being grown mainly
for subsistence purposes (KARI, 2009). They experience frequent drought leading to crop failure hence
overdependence on food relief (Barrow, 1996).
Jojoba (Simmondsia chinensis L. Schn.) is a high value shrub growing in the arid areas (NAS, 1984)
and it is a promising cash crop for the arid-lands throughout the world. Jojoba is the sole species of the family
Simmondsiaceae and it is a native shrub of Sonoran desert of USA and Mexico (Gentry, 1958). It grows on
coarse, light and medium textured well drained sandy soils with marginal fertility and acidic to alkaline pH of 58 (Undersander et al., 1990). It tolerates saline environments with low rainfall (220-400 mm per year) and high
temperature range (0-540C), with optimum temperatures between 27-330C but is susceptible to frost below -30C
(Stephens, 1994). It is dioecious with male and female plants in the ratio 1:1 in the field when raised from seed.
Jojoba produces nuts with 45-55% of its weight as oil. The oil is similar to that obtained from Sperm
Whale which is threatened with extinction (Hogan and Bemis, 1983). It has varied uses ranging from edible oils,
lubricants, cosmetics and medicines (Amarger and Mercier, 1996; Hogan and Bemis, 1983).
Jojoba has come at a time when there are dwindling natural resources and increased concern for the
environment (Tremper, 1996). Yet, there are certain challenges that need to be addressed and these include low
germination, low yields, multiplication and determination of genetic diversity and sex at early stages. Seeds of
Jojoba are quite variable in size both within and among seed-lots (Yermanos, 1979) and vary depending on the
genotype and season of flowering and seed set. Many plants show considerable plasticity in both seed size and
content (Fenner, 1986). Even a modest increase in seed size can have important consequences for successful
seedling establishment and competitive ability as well as increased commercial value.
Rapid seedling establishment is an important requirement for successful crop production in dry land
farming systems (Balkan, 2012). Larger seeds helps seedlings to establish better in dry conditions (Leishman and
Westoby, 1994) due to the fact that they have deeper and fast elongating roots compared with smaller seeds
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(Daws et al, 2007). This makes the former to have improved survival and more tolerant to environmental stress.
Selection favoring large seeds has been maintained in populations (Stanton, 1985) since larger seeds
produce larger plants. Bouaziz and Hicks (1990) also reported that seed size and weight are important criteria for
determining seedling vigor and stand establishment in wheat.
This study was aimed at solving the problem of low germination by characterizing seed and
determining the effect of size and storage on germination. Seeds are categorized into large, medium and small
sizes based on length, width and weight. Seed size is vital in determining the germination and early growth.
Three experiments were setup in September 2012 with an objective of characterizing seed and determining the
effect of size and storage on germination. Each experiment was laid down in a Completely Randomized Design
(CRD) with three treatments replicated thrice. The treatments consisted of large, medium and small seeds
Objectives
The objectives of the trial were to study:
i) The characterization of seed using size criterion
ii) Determine the effect of seed size on germinability and early growth of seedlings
iii) The influence of seed size and storage on germinability
Materials and methods
Site description
The research was conducted in Rukinga Wildlife Works, Maungu, Kenya, where Jojoba bushes have been
established. This site is located about 30 km away from Voi urban centre in the coastal province. It lies in semi
arid savannahs with an annual rainfall of 596 mm and an altitude of 892 meters. Soils are moderately fertile with
sandy loam and gravel texture and pH of 5-7. Temperatures average at 260C with moderately high humidity (6080%) (Kenya Food Security, 2008, Thagana et al., 2003).
Experimental description and field management:
Seeds were harvested from a 28 year old Jojoba stand in Maungu, Kenya and then stored in nylon bags for a
period of 6 months. In one experiment, the seeds were sorted out into 3 size categories as follows: large (1,047
mg), medium (697 mg) and small (333 mg/seed) (Table 1). An experiment was setup using a completely
randomized design with 3 treatments replicated 3 times. The treatments consisted of large, medium and small
seed sizes. Five seed samples were randomly selected from each replicate per size category and data was
collected on seed length, width and 100 seed weight variables.
Table 1: Jojoba seed characterization
Seed size
Individual seed weight (mg)
Number of seeds per kg
Large
1,047
955
Medium
697
1,435
Small
333
3,003
In the second experiment, the seeds were germinated in a sand media for a period of 30 days in
September 2012. The experiment was laid down in a completely randomized design with 3 treatments replicated
3 times. The 3 treatments consisted of large, medium and small sizes of seed. After sowing, watering was done
on a daily basis until the completion of germination. Data on germination percentage, germination period, seed
vigor index (SVI), cotyledon size and height were recorded.
SVI is an important component of seed quality and was calculated by multiplying germination percent
and seedling height (mm). The seed-lot showing higher seed vigor index is considered more vigorous (AbdulBaki and Anderson, 1973).
The third experiment consisted of two seed sizes (Large and Small) which were then stored for
different periods namely 0.5 years, 1 year, 1.5 years and 2 years. The setup was carried out as a factorial
experiment laid down in a completely randomized design with 8 treatments replicated 3 times. Data was
collected on germination for a period of 30 days.
Data analysis
Data of the measured variables was analyzed using SAS statistical package (SAS, 1996) while the means were
separated using LSD at P< 0.05
Results and discussions
Characterization of Jojoba seed
Seeds are categorized by sizes of large, medium and small according to parameters of weight, length and width
(Plate 1). Mean weight ranged from 955-3,033 seeds/kg of large seed and small seed respectively (Table 1). On
the other hand, the medium seed was 2/3 the size in weight of large seed. Earlier works by Nord and Kadish
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(1974) reported a mean seed weight range of 660-3,300 seeds/kg whilst Ismail (1988) showed seeds/kg range of
1,060-2,300 which were similar to the current findings.

Seed length and 100 seed weight were significantly (P≤0.05) higher for large seed as compared to medium and
small seeds (Table 2). Similarly, medium seeds were also significantly superior for seed length and 100 seed
weight compared with small seeds. Mean seed length ranged from 11.9-16.9 mm for small and large seeds
respectively which were comparable to those reported by Ismail (1988) which ranged from 9.3-18.4 mm. 100
seed weight followed a similar trend as in mean weight. Work on Jojoba by Virender et al (2005), reported
similar results which also showed significant variation in Jojoba seed parameters such as length, width and 100
seed weight. However, seed width had lower variation between the various seed sizes.
Table 2: Effect of seed size on seed length, width and 100 seed weight of jojoba seeds.
Seed size
Seed length(mm)
Seed width(mm)
100 seed weight(g)
Large
16.1a
8.5a
104.7a
Medium
13.7b
7.5ab
69.7b
Small
11.9c
6.3b
33.3c
CV
4.5
7.8
5.6
LSD
1.4
1.3
8.8
Figures followed by the same letters in each column shows that they are not significantly different with each
other at P< 0.05
Seed size on germination and cotyledon size.
Larger seeds showed significantly higher germination percentage (76%) compared with medium and small size
seed which were lower and similar at 33 and 37% respectively (Table 3). Earlier work by Virender et al (2005),
supported these results by stating that germination percentage was influenced by seed size which varied from
58.65 to 86.33%. Rana et al (2003) also recorded germination percentage between 62.2 to 78.9% of the same
Species.
Table 3: Effect of seed size on cotyledon size, germination and early growth of jojoba seedlings.
Seed size
Cotyledon
Cotyledon
Height
Germination% Germination Seed vigor
Length(mm) width(mm)
(mm)
period(days) index(SVI)
Large
19.3a
13.7a
68.7a
76.0a
7.7a
5250.3a
Medium
17.3b
11.0b
57.7a
33.3b
8.0a
1745.0b
Small
15.5c
9.0c
47.0a
38.0b
12.0a
2679.0ab
CV
0
0
34.6
30.5
27.4
33.2
LSD
0
0
57.5
33.7
6.8
3066.5
Figures followed by the same letters in each column shows that they are not significantly different with each
other at P< 0.05
Seed vigor index (SVI) showed similar trend as in germination percentage with medium seed showing
significant difference with the large seed (Table 3). However, small seed did not show any significant difference
with the larger seed. Germination period is referred to as the time taken in days to start and complete and it
ranged from 7.7 to 12 days from large to small seed but was not significantly different to each other. Mut and
Akay (2010) reported that decreasing seed size increased mean germination time but decreased final germination
percentage, root length and shoot length in oats.
Seed size significantly (p≤0.05) affected cotyledon length and width with the larger seed having a
bigger cotyledon compared with the small seed (Table 3). Larger seeds had cotyledon length of 19.3 mm which
was significantly higher than medium (17.3 mm) and small seed (15.5 mm). This gives a similar trend for
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cotyledon width ranging from 13.7 mm for larger seed to 9.0 mm for the small seed.
Growth in height
Height growth ranged from 68.7 to 47 mm respectively for large to small seed but not significant, showing that
shoot growth at the early stages of development is influenced by seed size. Large seeds germinate faster than the
smaller seeds. According to Virender et al (2005), plants with larger seeds invest more resources into those
seeds and normally produce fewer seeds. They give a seedling a faster start for germination and seedling growth
hence producing larger, more established seedlings after germination (Kosinki, 2007; Shannon et al, 1996;
Zhang, 2012). Larger seeds of bread wheat gave higher dry shoot biomass, root biomass, shoot length and
emergence rate as compared to smaller seeds (Kara and Akman, 2007).
Seed size and storage period and its influence on germination
Large seeds stored for a short period of 6 months gave germination percentage of 93%, 1year (64%) while
1.5years (10%) (Figure 1). Similarly, Small seeds gave 17%, 14% and zero germination respectively (Figure 2).
The germination period both for large and small seeds showed a similar trend with germination starting at 11
days , continuing to 13th day and attaining a plateau at the 15th day ( Figure 3 and 4). Seed lots of large seeds
germinated more quickly and to higher percentages than did lots of small seed ( Figure 1 and 2) as was also
reported by Ismail (1988) and Nik et al (2011), suggesting that seed size is associated with germination
polymorphism.
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Conclusion
Larger seeds have a higher germination percentage and also vigor index which is correlated with large cotyledon
size. The latter gives a larger food storage reserve which is essential for early germination and growth of the
seedling. However, seed storage greatly affects the germinability depending on the seed size.
Based on the above results it is suggested that categorizing of Jojoba seed before planting is necessary.
Then select and plant large seeds which have been stored for a short period of less than one year in the nursery or
in the field for better germination and growth of seedlings.
The researchers wish to thank all the Technicians and scientists who assisted in data collection and
processing.
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