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Effects of NPK Fertilization on Flower Production, Seed
 Yield and Seed Components in Jojoba [Simmondsia

 Chinesis (Link) Schneider] Grown  in Western Saudi Arabia*

HUSSEIN E. OSMAN   and   ATALLA A. ABOHASSAN

Faculty of Meteorology, Environment and Arid Land Agriculture
King Abdulaziz University, Jeddah, Saudi Arabia

ABSTRACT.  A two year field trial was initiated to assess the effect of an
NPK fertilizer on seed yield and their components in Jojoba plants
grown in Al-Madinah Al-Munawwarah area. A randomized block de-
sign of eight fertilizer treatments (23) comprising two levels (zero and
50 kg ha�1) of each of the three major elements (N, P and K) was
used. Data taken on number of flowers per twenty twig of six nodes
each in the period extending between Fall 1993 and Summer 1995
(i.e. eight seasons) revealed that the four to five years old Jojoba
plants were capable of producing an abundant number of floral buds
throughout the year. Production of these buds was adversely affected
by the application of P (in two out of eight seasons) and positively
with the combined effect of N and P (in one out of eight seasons).
Yield per plant ranged from 319 to 488 g and from 292 to 569 g in the
respective years and was adversely affected by the addition of P and
K in the first year. Wax content among the NPK treatments ranged
from 40.1 to 43.4% and from 48 to 54% in the respective years and
was significantly affected by the joint application of N and P in the
first year. Protein content ranged from 15.2 to 19.9% and was ad-
versely affected by the joint application of N, P and K in the second
year. Estimates of 100-seed weight, being in the range of 61.3 to
103.5 g, was negatively affected by the joint application of N and P in
the first year. Estimates of shelling percentage ranged from 67.4 to
77.5 and were not affected by fertilizer applications.

*This research is supported under the grant AT-13-23 for King Abdulaziz City for Research and
Technology (KACST).
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Introduction

Jojoba [Simmondsia chinesis (Link) Schneider] is a new industrial crop that is
attracting attention in many semi arid parts of the world as its seeds contain ap-
preciable amounts (50%) of a liquid wax that is projected to be a valuable base
for various industrial products.

Relatively little is known regarding fertilization requirements of Jojoba. In a
previous study Yermanos (1982) indicated that applications of 50 kg N or 50 kg
of P as P205 ha�1 alone or combined together for three consecutive crops had no
significant effect on vegetative growth or seed yield in Jojoba. Similarly, Os-
man and AboHassan (1998) indicated the NPK fertilization had virtually no sig-
nificant effects on vegetative growth of Jojoba grown in Western Saudi Arabia.

In contrast to these studies, application of relatively high doses of NPK fer-
tilizers in irrigated fields of Jojoba were reported to induce positive vegetative
growth (Benzioni and Nerd, 1985; Benzioni and Dunstone, 1986), induce early
flowering and increase the percentage of floral buds that broke dormancy (Nerd
and Benzioni, 1988). Lovenstein (1985) estimated that about 58, 11, 22, 4 and
4-kg ha�1 of N, P, K, S and Mg are needed for the production of 3 t of seeds
ha�1 from Jojoba plantations.

Adams et al (1977) and Reyes et al (1977) indicated that response of Jojoba
to fertilizer applications depends on the root type (tap vs. fibrous), soil tem-
perature and season of growth. According to these workers rooted cuttings, hav-
ing fibrous root system, unlike young seedlings with a tap root system, did not
respond to fertilizer applications. The present work was conducted to assess the
effect of NPK application on flower production, seed yield, and wax and protein
contents of seeds, seed size and shelling percentage of Jojoba plants established
under the environment of Western Saudi Arabia.

Materials and Methods

The present work was conducted at a private farm in Al-Yutamah area at a
distance of 75 km south of Al-Madinah Al-Munawwarah. The soil at the experi-
mental site is sandy loam, whereas the irrigation water is non saline. Selected
meteorological data characterizing the experimental site is shown in Table 1. A
seed lot of Jojoba was sown in 1990, in an area of 1.152 ha (18 rows × 4 m ×
160 m) under a drip irrigation system. On 20/2/1993, i.e. three years after seed-
ing, the experimental plot was divided into four replications, each of which
apart from marginal rows, consisted of 8 rows (8 ×  80 m) that were spaced 4 m
apart. Plants within each row were spaced 0.5 to 1 m apart. One row (32 m2) in
each replication was randomly allocated to one of the eight NPK fertilizer treat-
ment combinations (2 × 2 × 2) where two levels (0 and 50 kg ha�1) of each of
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the three elements were evaluated. In conducting the trial, urea as source of N,
super phosphate as source of P2O5 and potassium sulphate as source of K2O
were thoroughly mixed and side dressed along the row. Irrigation and weeding
were conducted as needed.

TABLE 1. Absolute seasonal ranges of temperature and relative humidity at the experimental site in
the period 21/6/93 to 20/12/96.

1993/94 1994/95 1995/96

         Season
Temp. R.H. Temp. R.H. Temp. R.H.
(ºC) (%) (ºC) (%) (ºC) (%)

      Winter (W) � 13-98   4-34 20-100   6-36   9-100

      Spring (Sp) � 14-96   7-44   6-95  12-45 19-100

      Summer (S) 20-45 13-95 16-48   9-100 17-47 22-100

      Fall  (F)   9-42   6-98   8-40 20-100 11-42 13-98

Eight months after the fertilizer application and for eight consecutive seasons
(i.e. until 21/9/1995), ten plants were randomly tagged in each experimental
plot and were used to determine number of flowers per 20-six node twigs. Two
twigs, each five internodes long, were taken from each plant. Seeds were col-
lected from each of the ten plants in the summers of 1993-94 and 1994-95 and
were used for determination of seed yield per plant, oil (wax) and protein con-
tents of seeds, 100 seed weight and shelling percentage (i.e. weight of unshelled
seeds/weight of shelled seeds × 100). Data was analyzed as suggested  by Little
and Little (1977).

Results

Number of Flowers and Flowering mode

The number of flowers per twig among seasons ranged from 37.6 to 42.5
flowers with an overall average of 41.5 ± 0.58 flowers for the first year and
from 35.8 to 46.7 flowers with an overall average of 42.5 ± 0.58 flowers for the
second year (Table 2). Data taken for the individual seasons revealed that sea-
sonal flower production was significantly (P ≤ 0.05) affected by application of P
in the second and sixth seasons, by the joint application of N and K in the first
season (F1), and by addition of N, P and K in the third season (SP1) (Tables 2
and 3). It is also evident from table 2 that the jojoba plants in Al-Madinah area
continued to flower all over the year. In the first year the average number of
flowers produced during the fall was significantly lower than that recorded in
other seasons, whereas in the second year the number of flowers recorded in the
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winter was significantly higher (P ≤ 0.1). Average number of flowers recorded
in the first year and second year (41.1 vs. 42.5) were statistically similar (Tables
2 and 3).

Seed Yield

Seed yield per plant among the eight NPK combinations ranged from 319 to
488 g with an overall average of 386 ± 73.8 g for the first year and from 291 to
569 g with an overall average of 454 ± 73.8 g for the second year (Table 4).
Within the second year, seed yield was significantly affected by the joint ap-
plication of P and K (Tables 3 and 4).

Wax (Oil) Content

Wax content in the seeds ranged from 40.1 to 43.4% with an overall average
of 41.4 ± 0.56% and from 48 to 54% with an overall average of 51.0 ± 0.56% in
the respective years (Table 4). Oil content was significantly affected by the joint
application of N and P only in the first year, whereas in second year effects of
NPK applications on oil content were non-significant (Tables 3 and 4).

Protein Content

Estimates of protein content in the seeds ranged from 15.2 to 17.5% with an
average of 16.4 ± 0.36% and from 16.8 to 19.9% with an average of 18.6 ±
0.36% for the respective years (Table 4). Applications of N, P or K alone or in
combination with one another had no significant effects on protein content in
the first year; whereas the joint effects of N, P and K were significant (P ≤ 0.05)
in the second year (Tables 3 and 4). 

100-Seed Weight

100-seed weight ranged from 84.8 g to 103.5 g with an overall average of
92.3 ± 1.9 g and from 61.3 to 86.3 g with an overall average of 70.0 ± 1.9 g in
the respective years (Table 4). Data in Tables 3 and 4 revealed that 100-seed
weight was significantly (P ≤ 0.05) affected by the joint application of N and P
in the first year and not in the second.

Shelling Percentage

Shelling percentage among the eight NPK combinations ranged from 67.4%
to 77.5% with an overall average of 71.5 ± 1.5 g in the first year and from 70.1
g to 74.7 g with an overall average of 71.4 ± 1.5 g for the second year (Table 4).
Data in Tables 3 and 4 revealed that shelling percentage was not significantly
affected by application of N, P or K alone or in combination with one another.   
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Discussion

Data collected in this study revealed that Jojoba plants grown in Al-Madinah
area are capable of maintaining a relatively high number of floral buds through-
out the year (Table 2). In previous studies, Yermanos (1982) indicated that
Jojoba plants established in tropical and subtropical areas are capable of main-
taining a relatively high vegetative growth and consequently a positive re-
productive growth (floral bud production) throughout the year. Similar results
were observed by Osman et al. (1997) and Osman and Abo Hassan (2000) in a
Jojoba population that was previously established in Al-Madinah area in Saudi
Arabia.

Thus it is evident that continuous production of flowers throughout the year
as observed in this study is not a desirable trait (Table 2). For a Jojoba plant to
produce high yield of seed that matures over a short period of time, flowering
must be synchronized and must occur at a time when critical environmental fac-
tors are satisfactory for high seed set Benzioni and Dunstone (1986). Early
flowering, according to Benzioni and Dunstone (1986) and Benzioni et al
(1982) can be minimized by withholding water and nutrients in the autumn. A
late winter irrigation and application of fertilizer will then, according to these
workers, stimulate abundant flowering in early spring. Breeding for low dor-
mancy genotypes for tropical regions may prove to be a more advantageous
practice (Benzioni and Dunstone, 1986; Brown and Palzkill, 1990).

Effects of NPK applications on number of flowers, seed yield and seed yield
related traits evaluated in this study are very much limited. In this respect, num-
ber of flowers were adversely affected by application of P in the second (W1)
and the sixth (W2) seasons (Table 2). In contrast to this, the joint application of
N and K (N0K0 = 31.8 vs. N1P1 = 43.3 flowers) in first (F1) season had
positively affected total number of flowers produced (Table 2).

Seed yield per plant, on the other hand, was adversely affected by the joint
application of P and K (P0K0 = 429 g vs. P1K1 = 337 g) in first year but not in
the second (P0K0 = 569 g vs. K1P1 = 518 g) (Table 4). In previous studies, Yer-
manos (1982) indicated that the addition of N alone or P alone or in combina-
tion with one another at a rate of 50 kg per ha had no significant effect on seed
yield. In contrast to this, Benzioni and Nerd (1985) and Nerd and Benzioni
(1988) indicated that fertilizer application in adequately irrigated fields had
favorably affected both vegetative growth and seed yield.

Studies on effects of NPK applications on wax and contents of the seeds,
seed size and shelling percentage are very scarce in the literature. Wax content
of the seeds at Al-Madinah planting site ranged from 44.01 to 43.40% in the
first year and from 48 to 54% in the second year. In previous studies, a range of
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44-58% wax content was reported for Jojoba natural plantations in Southern
California (Yermanos, 1982) and in Saudi Arabia (Osman and Abo Hassan,
1997and Osman and Abo Hassan, 2000).  Under Al-Madinah conditions, appar-
ently joint application of N and P in the first year (N0P0 = 41.5% and N1P1 =
43.4%) elevated the oil content of the seeds.

Seed weight (100-seed weight) under Al-Madinah conditions ranged from
61.3 to 103.5 g, and it was apparently increased by the joint application of NP
in the first year (N0P0 = 87.3 g and N1P1= 93.2 g).

Thus, it is evident from the present findings that favorable effects of NPK ap-
plications on seed yield and its components in Jojoba, established under the
conditions of Al-Madinah area, are very much limited.

 Thus it is evident from this study that jojoba plants grown in Al-Madinah area
are capable of maintaining a high number of flowers throughout the year. The
plants are also capable of producing a relative high number of large seeds con-
taining relatively adequate amounts of  wax and protein comparable to those re-
ported elsewhere (Yermanos,1982 and Osman and Abo Hassan, 2001). Appar-
ently many interrelated factors, including the heterogeneous nature of the Jojoba
population evaluated in this study (Nerd and Benzioni, 1988) might have contrib-
uted to the lack of a definite positive response of Jojoba to NPK applications.
Evaluation of colonal populations under relatively controlled conditions might
result in a better understanding on the response of Jojoba to NPK applications.
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dO�e���« vK� Âu�O�U�u��«Ë �u�H�uH�«Ë  Ë�üU� b�OL���« d�√
W��e��*« U�u�uN�« �dO�A� �Ëc��«  U�uJ�Ë �uB;« Ê�ËË

W��uF��« WO�dF�« WJKL*U� W�O�dG�« W�IDM*U�

s�� u�√ bL�√ tK�« UD�  Ë  ÊUL�� w�Ëe'« 5��
e�eF�« b�� pK*« WF�U� , W��U'« o�UM*« W�«��Ë W�O��«Ë �U5�_« WOK�

W��uF��« WO�dF�« WJKL*«  −  �b����

b?O?L?�?�?�« d�√ W?�«�b� 5�U?� �b* W?OKI??� W�d?& X�d?�√ Æ hK�?�?�*«
U�u�u?N�« �dO?�A� U?N�U�uJ�Ë �Ëc��« ÃU?��≈ vK� (NPK) Èd�J�« d?5UMF�U�
 c??H� Æ ��uM*« WM�b?*« W?IDM?0 W?��e??�?�?*«Ë Â«u?�√ fL??)«Ë l��_«  «�
vK� XKL?��« YO?� W?Oz«uA?F�« WK�U?� lDI�« rO?LB� �U?LF?�?�U� W�d�?��«
©��Ør�?� µ∞Ë dH?5® 5�u?��?� �bF?0 W��UL?� ©≥≤®  ö�U?F?� WO�U?L�
XK�� w��« ZzU�M�« X�{Ë√ Æ(N, P, K) Èd�J�« d5UMF�« s� dBM� qJ�
ÊU?L� �b?* Í√® Â±ππµ nO?5 v�?�Ë Â±ππ≥ n?�d?� s� �d?�??H�« �ö?�
s� WO�U?� WOL?� ÃU��≈ vK� ��bI�« U?N� U�u�uN�« �dO?�� Ê√ ©WO�U?��� �u?B�
ÎU?�K� d�Q� b?� r�«d?��« Ác� ÃU?��≈ Ê√ ô≈ , ÂU?F�« �«b?� vK� W�d�e�« r�«d?��«
�d�A*« b?OL���U� UO�U?��≈Ë , 5L�u� w� (P) �uH�u?H�« dBMF� bOL?���U�
r�«u?� WO�UL?��« s� b�«Ë r?�u� w� (NP) �uH?�uH�«Ë  Ë�ü« Íd?BMF�
5� U� ÕË«d� bI� �b�«u�« �dO�?AK� �Ëc��« Ê�Ë U�√ Æ W�«�b�« UN�KL� w��«
vK� w�U��«Ë �Ë_« 5�UFK� r� µ∂π v�≈ ≤π≤ s�Ë , r� ¥∏∏ v�≈ ≥±π
ÂuO�U�u��«Ë �uH�uH�« ÍdBMF� �d�?A*« bOL���U� U�K� d�Q� b�Ë , w�«u��«
5� U� ÕË«d� b?I� �Ëc��« w� lLA�« Èu?��� U�√ Æ �Ë_« ÂU?F�« �ö� (PK)

b?O?L?�?��U� d�Q� b?�Ë 5�U?F�« �ö?� , %µ¥ v�≈ ¥∏ s�Ë ¥≥[¥ Ë ¥∞[±
U?�√ Æ �Ë_« ÂU??F�« �ö?� (NP) �u?H??�u?H�«Ë  Ë�ü« Íd??BMF� �d?�??A*«
�ö?� ±π[π Ë ±µ[≤ 5� U?� ÕË«d?� b?I?� 5�Ëd?��« s� �Ëc?�?�« Èu?�?�?�
�ö� (NPK) Àö��« d?5UMF�U� �d�A*« bO?L���U� ÎU�K� d�Q� b?�Ë , 5�UF�«
±∞≥[µ Ë ∂±[≥ 5� ÕË«d?� Íc�«Ë ��c� W�?zU*« Ê�Ë U??�√ Æ w?�U??��« ÂU???F�«
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 Ë�ü« Íd?BMF?� �d?�?A*« b?O?L??�?��U� U?O�U??��≈ d�Q� b?I?� 5�U??F�« �ö?�
5� U� X�Ë«d?� bI� �«�b�« W?��� U?�√ Æ �Ë_« ÂUF�« w� (NP) �uH?�uH�«Ë

*Æ �bL�_« W�U{S� d�Q�� r�Ë %∑∑[µ Ë ∂∑[¥




