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ABSTRACT

The present study was carried out on jojoba “Simmondsia chinensis-Link” plants during two consecutive 2002 & 2003 experimental seasons. In this experiment the possibility of using leafy soft stem cuttings for propagating  jojoba vegetatively was investigated. Herein, two factors namely: a – collecting / exiting date of cuttings from mother trees (April, May, June and July) and b- dipping in NAA , IBA , PP333 solutions and tap water as control, as well as their possible combinations were evaluated pertaining their influence on some rooting and vegetative growth measurements of cuttings. The results showed that, dipping of mid May prepared cuttings in different growth regulators solutions significantly increased all rooting and growth measurements i.e., (rooting %, number and length of developed roots), and (average length ;diameter of the main shoot and total number of leaves per every rooted cutting) compared with analogous ones of control (dipping in water).
1. INTRODUCTION

Jojoba plant (Simmondsia chinensis Link Schneider) which is pronounced as hohoba belongs to family Buxaceae. This plant is native to the arid zone of USA and Mexico. Its natural distribution falls between latitudes 25 and 34 (South) in an area which closely approximates the Sonorant Desert (Gentry, 1958).  Jojoba plants have currently received a special attention. 

Since, its seeds contain a valuable liquid wax called jojoba oil. This oil is very similar to that obtained from sperm whale. 

Jojoba plant is an evergreen, diocious and woody long-lived desert shrub even under tolerate extreme temperature (35-40◦C). It can grow well on 50 Mm/year of rainfall even 100 mm., but produces light crop. Moreover, clonal propagation exhibited elite individuals of known sexually and special relevance in order to make sure of the number of productive plants in a given plat. Its vegetative propagation is difficult by the common traditional methods (Yermanos, 1979)

Furthermore, there are other horticultural limitations since, only a few cuttings can be obtained besides, the hardened terminal shoots are taken during particular period of the year. Meanwhile, vegetative propagation as well as most other cultural practices of this plant have not been investigated under the Egyptian conditions. Therefore, this work aimed to investigate the vegetative propagation of jojoba through using the stem cuttings in order to achieve the adequate number of new transplants needed for horizontal extension of planting new reclaimed area with such plant species at the proper time, since its cuttings known as too difficult to root.     

II. MATERIALS AND METHODS

                The present study was carried out on jojoba “Simmondsia chinensis-Link” plants during two consecutive 2002 & 2003 experimental seasons in the nursery of the Horticulture Research Institute, Giza Governorate, Egypt.
In this experiment the possibility of using leafy soft stem cuttings for propagating  jojoba vegetatively was investigated . Herein two factors namely: a – collecting / exiting date of cuttings from mother trees (April , May , June and July ) and   b-dipping in NAA , IBA , PP333 solutions (each growth regulator at 3 concentrations), beside tap water as control, as well as their possible combinations (4 exiting dates x 10 preplanting treatments of dipping cuttings in various growth regulators solutions) were evaluated pertaining their influence on some rooting and vegetative growth measurements of cuttings and rooted cuttings, respectively. Two investigated factors in this experiment were as follows : 

II.A. Collecting date and preparation of cuttings :        


The leafy soft – wood stem cuttings of  jojoba were the plant material used in this experiment. Cuttings of approximately 10 - 12 cm. in length and about 0.5cm. in diameter were collected from healthy mother plants grown in the experimental farm of the Horticulture Research Institute at Giza Governorate, Egypt at four dates ( April , May , June and July ) during each experimental season (2002 & 2003).


Such cuttings were prepared by exiting the sub-terminal portions from newly developing shoots. Whereas, a basal straight cut was done just below a node at the desired length, beside 2-3 leaves were left per every cutting. Moreover, cuttings were also subjected to wounding by making two longitudinal cutts on their base (each of approximately 2.0cm. length and at an opposite direction to other).

II.B. Investigated growth regulators treatments :     

          In this regard dipping for 10 seconds in different solutions of three growth regulators namely: a – naphthalene acetic acid (NAA) ; b- indole butric acid (IBA) and paclubatrazole (PP333) each at three different concentrations, beside tap water as control were investigated regarding their effect on  rooting ability of jojoba cuttings. So, various preplanting growth regulators treatments were as follows:

1- Tap water (control).  2- NAA (500 ppm).  3- NAA (1000 ppm) .

4- NAA (1500 ppm).    5- IBA (3000 ppm).   6- IBA (4000 ppm) .

7- IBA (5000 ppm).     8- PP333 (1000 ppm). 9- PP333 (2000 ppm).

10-PP333 (3000 ppm ).

Experimental layout :


The complete randomized block design with four replications was employed for arranging the variable 40 investigated treatments included in this experiment that representative of the differential combinations between the aforesaid two factors under study i.e., four collecting dates of cuttings from one hand and the 10th  preplanting treatments of dipping cuttings base in various growth regulators  solutions from the other. Whereas, each replicate was represented by ten cuttings. After cuttings had been prepared at every collecting date, they were divided into four categories and subjected to various preplanting treatments (dipping in 9 growth regulators solutions plus water as control) cuttings were planted in woody boxes filled with peatmosse and sand mixture of 1:2 ratio (by volume), respectively and left under mist propagation system in a greenhouse.

                 The response to specific and interaction effects to both investigated factors were evaluated after 3 months of cuttings planting through determining the following measurements : 

II. 1. Underground measurements : 

        In this regard rooting percentage of planted cuttings, number and length of developed roots per each rooted cutting were the concerned underground measurements. Then, an average values of the aforesaid three measurements were estimated per every replicate. 

II .2 . Aboveground measurements : 

        In this respect average length and thickness (diameter) of the main shoot induced per each rooted  cutting and total number of leaves presented per every rooted cutting were the three evaluated aboveground growth measurements. Then, an average value of each of the aforesaid aboveground growth measurements was estimated and recorded per every replicate.

Statistical analysis : 

All data obtained during two experimental seasons were subjected to analysis of variance according to the methods described by Snedecor and Cochran, (1980). Meanwhile, the significant differences among means were determined by Duncan's multiple range test (Duncan, 1955). whereas capital and small letters were employed for distinguishing between means of specific and  interaction effects, respectively .

III. RESULTS AND DISSCUSION

The possibility of using leafy soft stem cuttings for propagation purpose of jojoba plant vegetatively was evaluated through investigating the response of both underground (rooting) and aboveground (shoot system) measurements to the specific and interaction effects of two factors included in this experiment i.e., three collecting dates  of cuttings and preplanting dipping in some growth regulators solutions as follows:

III.1. Rooting (underground) measurements: 

III.1.1. Rooting Percentage and Number of developed roots:

A. Specific effects:

Referring the specific effect of cuttings collecting date, Tables (1&2) display obviously that, the response was quite clear pronounced. Herein, cuttings prepared on mid May exhibited significantly the highest rooting percentage and number of roots  during 1st  and 2nd experimental seasons. 

As for the specific effect of dipping cuttings base in different growth regulators solutions, Tables (1 and 2) reveal obviously that, rooting percentage and number of roots of jojoba cuttings were significantly increased by any of investigated solutions as compared to control (dipping in water). However, the NAA at 1500 ppm concentration was significantly the superior during 1st and 2nd seasons. 

B. Interaction effect : 

   
  Data tabulated in Tables (1&2) displayed clearly that, the specific effect of both investigated factors (cuttings collecting date & dipping in various growth regulators solutions) was reflected directly on their different combinations. Herein, the most effective combinations were representative of dipping mid May collected cuttings in NAA 1500 ppm, NAA 1000 ppm, NAA 500 ppm and IBA 3000 ppm which could be descending  by arranged in the same order particularly as the response of rooting % was concerned from statistical stand point during two experimental seasons .
	               Collecting  date

                                   Dipping treatments
	Rooting  %

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water      (Control)
	6.00
	q
	9.33
	o
	0.00
	t
	0.00
	t
	3.83
	H
	7.33
	p
	8.66
	no
	0.00
	s
	0.00
	s
	4.00
	F

	NAA at  500 ppm
	4.00
	r
	72.00
	c
	0.00
	t
	0.00
	t
	19.00
	C
	5.00
	q
	75.33
	c
	0.00
	s
	0.00
	s
	20.08
	C

	NAA  at 1000 ppm
	5.33
	q
	74.67
	b
	0.00
	t
	15.33
	l
	23.83
	B
	7.33
	p
	77.33
	b
	0.00
	s
	17.33
	j
	25.50
	B

	NAA  at 1500 ppm
	8.00
	p
	90.67
	a
	0.00
	t
	22.00
	i
	30.17
	A
	10.00
	m
	93.33
	a
	0.00
	s
	25.33
	h
	32.17
	A

	IBA  at 3000 ppm
	14.00
	m
	59.33
	d
	18.00
	k
	6.00
	q
	24.33
	B
	16.00
	k
	62.00
	d
	16.00
	k
	7.33
	p
	25.33
	B

	IBA  at 4000 ppm
	10.00
	n
	47.33
	e
	6.00
	q
	6.00
	q
	17.33
	D
	13.33
	l
	50.00
	e
	9.33
	mn
	8.00
	op
	20.17
	C

	IBA  at 5000 ppm
	3.33
	s
	44.00
	f
	0.00
	t
	0.00
	t
	11.83
	E
	4.00
	r
	44.00
	f
	0.00
	s
	0.00
	s
	12.00
	D

	PP333  at 1000 ppm
	8.00
	p
	14.00
	m
	0.00
	t
	0.00
	t
	5.50
	G
	10.00
	m
	17.33
	j
	0.00
	s
	0.00
	s
	6.83
	E

	PP333  at 2000 ppm
	15.33
	l
	21.33
	j
	0.00
	t
	3.33
	s
	10.00
	F
	17.33
	j
	23.33
	i
	0.00
	s
	4.00
	r
	11.17
	D

	PP333  at  3000 ppm
	25.33
	h
	35.33
	g
	3.33
	s
	3.33
	s
	16.83
	D
	27.33
	g
	44.00
	f
	4.00
	r
	5.33
	q
	20.17
	C

	Mean**
	9.27
	B
	40.56
	A
	2.27
	D
	4.66
	C
	
	
	11.03
	B
	42.72
	A
	2.44
	D
	5.61
	C
	
	


Table (1): Rooting  percentage  of jojoba leafy soft wood stem cuttings in response to specific and interaction effects of cut- tings collecting  date and treatments of dipping in some growth regulators  during two successive 2002&2003 experimental  seasons .
* ; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level .

 Table (2): Number of developed roots per  jojoba rooted cutting in response to specific and interaction effects of cuttings   

                   collecting  date and treatments of dipping in some growth regulators  during two successive 2002 & 2003  

                    experimental seasons. 
	           Collecting date
Dipping treatments
	Number of roots per rooted cutting

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water    (Control)
	1.33
	o
	2.33
	n
	0.00
	p
	0.00
	p
	0.91
	E
	2.00
	N
	1.66
	n
	0.00
	p
	0.00
	p
	0.91
	E

	NAA at 500 ppm
	3.66
	lm
	7.00
	e
	0.00
	p
	0.00
	p
	2.66
	D
	4.00
	Kl
	6.66
	e
	0.00
	p
	0.00
	p
	2.66
	D

	NAA at 1000 ppm
	4.00
	kl
	9.00
	b
	0.00
	p
	6.66
	ef
	4.91
	B
	3.66
	Lm
	9.66
	b
	0.00
	p
	3.33
	m
	3.75
	C

	NAA at 1500 ppm
	3.33
	m
	13.67
	a
	0.00
	p
	8.33
	c
	6.33
	A
	5.66
	Fg
	11.67
	a
	5.00
	hi
	9.66
	b
	6.08
	A

	IBA at 3000 ppm
	4.33
	jk
	4.33
	jk
	4.33
	jk
	5.33
	gh
	4.58
	B
	4.66
	Ij
	5.33
	gh
	4.66
	ij
	4.66
	ij
	4.83
	B

	IBA at 4000 ppm
	2.66
	n
	5.33
	gh
	3.33
	m
	5.00
	hi
	4.08
	BC
	3.33
	M
	6.00
	f
	4.33
	jk
	6.00
	f
	4.91
	B

	IBA at 5000 ppm
	4.66
	ij
	3.66
	lm
	0.00
	p
	0.00
	p
	2.08
	D
	5.33
	gh
	5.00
	hi
	0.00
	p
	0.00
	p
	2.58
	D

	PP333 at 1000 ppm
	5.66
	g
	7.00
	e
	0.00
	p
	0.00
	p
	3.16
	CD
	3.80
	Lm
	8.66
	c
	0.00
	p
	0.00
	p
	3.11
	CD

	PP333 at 2000 ppm
	5.33
	gh
	6.33
	f
	0.00
	p
	7.66
	d
	4.83
	B
	5.33
	gh
	7.00
	e
	0.00
	p
	10.00
	b
	5.58
	AB

	PP333 at 3000 ppm
	5.33
	gh
	2.66
	n
	3.33
	m
	9.33
	b
	5.16
	B
	4.66
	Ij
	4.00
	kl
	5.00
	hi
	8.00
	d
	5.00
	B

	Mean**
	3.58
	B
	5.50
	A
	0.91
	C
	3.52
	B
	
	
	3.87
	B
	5.61
	A
	1.16
	C
	3.11
	B
	
	


* ; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level . 

III.1.2.Average root length:
A. Specific effects:

Referring the specific effect of cuttings collecting date, Table (3) displays obviously that the response was quite clear pronounced. Herein, cutting prepared on mid May exhibited significantly the tallest roots i.e., 4.50 and 5.15 during 1st  and 2nd experimental seasons, respectively. 
As for the specific effect of dipping cuttings base in different growth regulators solutions, Table (3) reveals obviously that root length of jojoba cuttings was significantly increased by any of investigated solutions as compared to control (dipping in water). However, the IBA at 3000 ppm concentration was significantly the superior which resulted in 5.11 and 5.29 root length during 1st and 2nd seasons, respectively.
B. Interaction effect : 

     Data tabulated in Table (3) displayed clearly that, the most effective combinations were representative of dipping mid May collected cuttings in NAA 500 ppm and NAA 1000 ppm which showed statistically the tallest roots i.e., 8.26 & 6.23 during 1st & 2nd seasons, respectively.
The present results are in general agreement with the findings of Zhou (2002) and Cao and Gao (2003) on cuttings collecting date effect, Singh et al., (2003) and Yigzaw and Reddy, 2003 on auxins effect and Hafeez  et al., (1990 and 1994 ) and Swartz et al., (1991) on PP333 effect. 
III.2. Aboveground  measurements: 

III.2.1.Average shoot length:

A. Specific effects:
Referring the specific effect of cuttings collecting date, Table (4)
displays obviously that, the response was quite clear pronounced.
Table (3):Average root length of jojoba rooted cutting  in response to specific and interaction effects of cuttings collecting   

                  date and treatments of dipping in some growth regulators during two successive  2002&2003 experimental seasons.
	                  Collecting date
Dipping treatments
	Average root length

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water    (Control)
	1.76
	qr
	2.53
	no
	0.00
	s
	0.00
	s
	1.07
	F
	5.53
	cd
	4.23
	kl
	0.00
	r
	0.00
	r
	2.44
	E

	NAA at 500 ppm
	5.00
	g-i
	8.26
	a
	0.00
	s
	0.00
	s
	3.31
	B-D
	4.76
	hi
	5.06
	fg
	0.00
	r
	0.00
	r
	2.45
	E

	NAA at 1000 ppm
	3.83
	k
	6.23
	bc
	0.00
	s
	5.56
	de
	3.90
	B
	4.48
	jk
	6.56
	a
	0.00
	r
	4.90
	g-i
	3.98
	C

	NAA at 1500 ppm
	2.80
	l-n
	4.90
	h-j
	0.00
	s
	6.33
	b
	3.50
	BC
	3.49
	n
	6.00
	b
	3.06
	pq
	4.40
	j-l
	4.24
	BC

	IBA at 3000 ppm
	4.56
	j
	5.33
	e-g
	4.70
	ij
	5.86
	cd
	5.11
	A
	4.63
	ij
	5.13
	e-g
	5.73
	c
	5.66
	c
	5.29
	A

	IBA at 4000 ppm
	2.70
	m-o
	5.06
	f-i
	2.00
	pq
	4.80
	h-j
	3.64
	BC
	4.47
	jk
	5.33
	d-f
	4.16
	lm
	4.98
	gh
	4.73
	B

	IBA at 5000 ppm
	4.73
	ij
	5.90
	cd
	0.00
	s
	0.00
	s
	2.65
	DE
	3.94
	m
	5.33
	d-f
	0.00
	r
	0.00
	r
	2.31
	E

	PP333 at 1000 ppm
	4.50
	j
	3.76
	k
	0.00
	s
	0.00
	s
	2.06
	E
	5.66
	c
	5.00
	gh
	0.00
	r
	0.00
	r
	2.66
	DE

	PP333 at 2000 ppm
	2.33
	op
	5.43
	ef
	0.00
	s
	5.16
	f-h
	3.23
	B-D
	3.66
	n
	5.36
	de
	0.00
	r
	3.21
	op
	3.06
	D

	PP333 at 3000 ppm
	3.00
	lm
	1.50
	r
	3.10
	l
	4.51
	j
	3.02
	CD
	2.86
	q
	5.29
	d-f
	0.00
	r
	3.50
	no
	2.90
	DE

	Mean**
	3.23
	AB
	4.50
	A
	0.81
	C
	2.68
	B
	
	
	4.54
	A
	5.15
	A
	1.08
	C
	2.21
	B
	
	


* ; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level .

Herein, cutting prepared on either mid April or May exhibited significantly the tallest shoots i.e.,(2.90 & 2.88) and (3.14 & 3.16) during 1st  and 2nd experimental seasons, respectively. 

As for the specific effect of dipping cuttings base in different growth regulators solutions, Table (4) reveals obviously that shoot length of jojoba cuttings was significantly increased by most investigated solutions, especially those of two higher NAA (1000 & 1500 ppm); two lower IBA (3000 & 4000 ppm) and highest PP333  (3000 ppm) concentrated solutions. as compared to control (dipping in water). However, the NAA at 1500 ppm concentration was relatively the most effective which resulted in 3.36 and 3.95 shoot length during 1st and 2nd seasons, respectively.
On the contrary, the trend took the other way around by dipping in the lightest concentrated solutions of NAA (500 ppm ) and PP333 (1000 & 2000 ppm) as well as the highest IBA concentration (5000 ppm)
B. Interaction effect : 

     Data tabulated in Table (4) displayed clearly that the specific effect of both investigated factors (cuttings collecting date & dipping in various growth regulators solutions) was reflected directly on their different combinations. Herein, the most effective combinations were representative of dipping mid July collected cuttings in NAA 1500 ppm and NAA 1000 ppm which could be  arranged in the same order from statistical stand point, where they showed (6.00 & 4.33) and (4.60 & 4.48) during 1st  and 2nd seasons, respectively 
Table (4): Average shoot length of jojoba rooted cutting in response to specific and interaction effects of cuttings collecting date and treatments of dipping in some growth regulators during two successive 2002 & 2003 experimental seasons . 

	                 Collecting date
Dipping treatments
	Average shoot length (cm.)

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water    (Control)
	2.48
	m-o
	2.81
	k-m
	0.00
	r
	0.00
	r
	1.32
	BC
	2.70
	m-o
	3.20
	i-k
	0.00
	s
	0.00
	s
	1.47
	C

	NAA at 500 ppm
	3.25
	g-j
	3.33
	g-j
	0.00
	r
	0.00
	r
	1.64
	BC
	3.32
	h-j
	3.33
	h-j
	2.20
	q
	0.00
	s
	2.12
	C

	NAA at 1000 ppm
	3.91
	c-e
	4.03
	b-d
	0.00
	r
	4.33
	b
	3.07
	A
	3.70
	d-g
	4.00
	cd
	2.76
	l-n
	4.60
	a
	3.76
	AB

	NAA at 1500 ppm
	3.28
	g-j
	4.18
	bc
	0.00
	r
	6.00
	a
	3.36
	A
	4.60
	a
	3.71
	d-g
	3.03
	j-l
	4.48
	ab
	3.95
	A

	IBA at 3000 ppm
	3.33
	g-j
	2.33
	n-p
	3.41
	g-i
	3.80
	d-f
	3.22
	A
	3.47
	g-i
	3.66
	d-g
	3.80
	d-g
	3.95
	de
	3.72
	AB

	IBA  at 4000 ppm
	2.98
	j-l
	2.83
	k-m
	3.50
	f-h
	2.66
	l-n
	2.99
	A
	3.31
	h-j
	3.63
	e-h
	3.86
	d-f
	4.26
	bc
	3.77
	AB

	IBA at  5000 ppm
	3.28
	g-j
	1.50
	q
	0.00
	r
	0.00
	r
	1.19
	C
	3.58
	f-h
	0.93
	r
	3.93
	de
	0.00
	s
	2.11
	C

	PP333  at 1000 ppm
	2.04
	p
	2.66
	l-n
	0.00
	r
	0.00
	r
	1.17
	C
	2.35
	pq
	2.83
	l-n
	0.00
	s
	0.00
	s
	1.29
	D

	PP333  at  2000 ppm
	2.31
	n-p
	2.16
	op
	0.00
	r
	3.61
	e-g
	2.02
	B
	2.33
	pq
	2.56
	n-p
	0.00
	s
	2.40
	o-q
	1.82
	CD

	PP333  at 3000 ppm
	2.98
	j-l
	3.13
	h-k
	3.06
	i-l
	2.06
	p
	2.81
	A
	2.96
	k-m
	3.71
	d-g
	3.56
	f-h
	2.90
	k-m
	3.28
	B

	Mean**
	2.90
	A
	2.88
	A
	0.83
	B
	1.87
	AB
	
	
	3.14
	A
	3.16
	A
	1.93
	B
	1.88
	B
	
	


* ; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level .

III.2.2. Shoot diameter:

A. Specific effects:

Referring the specific effect of cuttings collecting date, Table (5) displays obviously that the response was quite clear pronounced. Herein, cutting prepared on mid April exhibited significantly the thickest  shoots i.e., 1.28 and 1.56 during 1st  and 2nd experimental seasons, respectively.
As for the specific effect of dipping cuttings base in different growth regulators solutions, Table (5) reveals obviously that shoot diameter of jojoba cuttings was significantly increased by any of investigated solutions except dipping in NAA 500 ppm, IBA 5000 ppm and PP333 1000 ppm solutions where no significant differences were noticed  as compared to control (dipping in water). However, the NAA at 1500 ppm concentration was to great extent  the most effective which resulted in the thickest one i.e., 1.46 and 1.79 shoot diameter during 1st and 2nd  seasons, respectively. 

B. Interaction effect : 

     Data tabulated in Table (5) displayed clearly that the specific effect of both investigated factors (cuttings collecting date & dipping in various growth regulators solutions) was reflected directly on their different combinations. Herein, the most effective combinations were representative of dipping mid July collected cuttings in NAA 1500 ppm during both seasons and NAA 1000 ppm especially  in 2nd  season which could be arranged in the same order from statistical stand point, where they showed (3.20 & 1.80) and (2.36 & 2.35) during 1st & 2nd seasons, respectively .
Table (5): Shoot diameter (mm) of jojoba rooted cutting  in response to specific and interaction effects of cuttings collecting  date and treatments of dipping in some growth regulators during two successive 2002&2003 experimental seasons.

	       Collecting  date

Dipping treatments
	Average shoot diameter (mm)

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water    (Control)
	1.23
	f-h
	1.10
	hi
	0.00
	l
	0.00
	l
	0.58
	C
	1.60
	h-j
	1.45
	j-l
	0.00
	q
	0.00
	q
	0.76
	C

	NAA at 500 ppm
	1.23
	f-h
	1.06
	i
	0.00
	l
	0.00
	l
	0.57
	C
	1.35
	l-n
	1.26
	mn
	1.10
	o
	0.00
	q
	0.93
	BC

	NAA at 1000 ppm
	1.23
	f-h
	0.50
	k
	1.36
	ef
	1.80
	b
	1.30
	AB
	1.68
	g-i
	1.56
	i-k
	1.20
	no
	2.35
	a
	1.70
	A

	NAA at 1500 ppm
	1.36
	ef
	1.80
	b
	1.40
	e
	3.20
	a
	1.46
	A
	1.91
	cd
	1.56
	i-k
	1.33
	l-n
	2.36
	a
	1.79
	A

	IBA at 3000 ppm
	1.43
	de
	1.66
	c
	0.00
	l
	1.30
	e-g
	1.10
	B
	1.40
	lm
	1.70
	g-i
	1.56
	i-k
	2.16
	b
	1.70
	A

	IBA at 4000 ppm
	1.10
	hi
	1.16
	g-i
	1.40
	e
	1.30
	e-g
	1.24
	AB
	1.26
	mn
	1.36
	lm
	1.86
	de
	1.86
	de
	1.59
	A

	IBA at 5000 ppm
	1.20
	g-i
	0.50
	k
	0.00
	l
	0.00
	l
	0.42
	C
	1.41
	k-m
	0.23
	p
	1.73
	e-h
	0.00
	q
	0.84
	C

	PP333 at 1000 ppm
	1.40
	e
	1.13
	hi
	0.00
	l
	0.00
	l
	0.63
	C
	1.85
	d-f
	1.61
	g-i
	0.00
	q
	0.00
	q
	0.86
	C

	PP333 at 2000 ppm
	1.10
	hi
	0.90
	j
	0.00
	l
	1.30
	e-g
	1.20
	AB
	1.33
	l-n
	1.35
	l-n
	0.00
	q
	2.03
	bc
	1.18
	B

	PP333 at  3000 ppm
	1.66
	c
	1.36
	ef
	0.00
	l
	1.53
	d
	1.14
	B
	1.70
	f-i
	1.76
	e-g
	1.36
	lm
	1.70
	g-i
	1.63
	A

	Mean**
	1.28
	A
	1.11
	AB
	0.34
	C
	0.82
	B
	
	
	1.56
	A
	1.39
	AB
	0.84
	C
	1.04
	BC
	
	


*; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level .

III.2.3. Number of leaves:

A. Specific effects:

Referring the specific effect of cuttings collecting date, Table (6) displays obviously that the response was quite clear pronounced. Herein, cutting prepared on either mid May or to great extent mid April exhibited significantly the highest number of leaves i.e.,(4.97 & 5.69) and (4.36 & 4.63) during 1st and 2nd experimental seasons, respectively.
As for the specific effect of dipping cuttings base in different growth regulators solutions, Table (6) reveals obviously that number of leaves of jojoba cuttings was significantly increased by any of investigated solutions as  compared to control (dipping in water). However, the NAA at 1500 ppm concentration was significantly the superior which resulted in 6.16 and 6.58 during 1st and 2nd seasons, respectively. 
B. Interaction effect : 

     Data tabulated in Table (6) displayed clearly that the specific effect of both investigated factors (cuttings collecting date & dipping in various growth regulators solutions) was reflected directly on their different combinations. Herein, the most effective combinations were representative of dipping mid May collected cuttings in NAA 1500 ppm and PP333 3000 ppm  which could be descending by arranged in the 1st and 2nd   order from statistical stand point, where they showed (11.67 & 11.00) and (9.00 & 7.66) during 1st & 2nd seasons, respectively.

The present results are in general agreement with the findings of Palzkill and Feldman (1993).
Table (6): Number of leaves of jojoba rooted cutting  in response to specific and interaction effects of cuttings collecting date and treatments of dipping in some growth regulators  during two successive 2002 & 2003 experimental seasons.

	                       Collecting  date
Dipping treatments
	Number of leaves per rooted cutting

	
	2002 season
	2003 season

	
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*
	April

(mid)
	May

(mid)
	June

(mid)
	July

(mid)
	Mean*

	Water     (Control)
	1.66
	n
	1.66
	n
	0.00
	o
	0.00
	o
	0.83
	F
	2.66
	n
	3.33
	m
	0.00
	p
	0.00
	p
	1.50
	D

	NAA at 500 ppm
	7.66
	d
	5.00
	hi
	0.00
	o
	0.00
	o
	3.16
	C-E
	7.66
	b
	6.00
	ef
	4.00
	kl
	0.00
	p
	4.41
	BC

	NAA at 1000 ppm
	4.00
	kl
	4.33
	jk
	0.00
	o
	8.33
	c
	4.16
	BC
	5.00
	hi
	5.33
	gh
	4.00
	kl
	0.00
	p
	3.58
	C

	NAA at 1500 ppm
	6.00
	ef
	11.67
	a
	3.66
	lm
	3.33
	m
	6.16
	A
	6.33
	de
	11.00
	a
	3.66
	lm
	5.33
	gh
	6.58
	A

	IBA at 3000 ppm
	6.33
	e
	4.66
	ij
	6.00
	ef
	4.66
	ij
	5.41
	A
	6.66
	cd
	5.00
	hi
	5.33
	gh
	2.33
	n
	4.83
	B

	IBA at 4000 ppm
	3.66
	lm
	3.33
	m
	1.66
	n
	4.00
	kl
	3.16
	C-E
	4.00
	kl
	4.33
	jk
	5.66
	fg
	5.00
	hi
	4.75
	B

	IBA at 5000 ppm
	4.66
	ij
	4.66
	ij
	0.00
	o
	0.00
	o
	2.33
	E
	5.66
	fg
	5.66
	fg
	2.66
	n
	0.00
	p
	3.50
	C

	PP333  at 1000 ppm
	5.33
	gh
	5.66
	fg
	0.00
	o
	0.00
	o
	2.75
	DE
	1.33
	o
	7.00
	c
	0.00
	p
	0.00
	p
	2.08
	D

	PP333 at 2000 ppm
	3.66
	lm
	6.33
	e
	0.00
	o
	4.33
	jk
	3.58
	CD
	5.00
	hi
	6.33
	de
	0.00
	p
	4.66
	ij
	4.00
	BC

	PP333  at 3000 ppm
	6.00
	ef
	9.00
	b
	0.00
	o
	5.33
	gh
	5.08
	AB
	6.00
	ef
	7.66
	b
	4.00
	kl
	0.00
	p
	4.41
	BC

	Mean**
	4.36
	AB
	4.97
	A
	0.94
	C
	2.50
	BC
	
	
	4.63
	A
	5.69
	A
	2.44
	B
	1.44
	B
	
	


* ; ** refer to specific effect of growth regulator treatment and collecting date of stem cuttings , respectively. Means of each investigated factor or their combinations followed by the same letter/s are not significantly different at 5% level .
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الملخص العربي

الإكثار الخضرى للجوجوبا باستخدام العقل الساقية الغضة

محمد محمد شرف*- خالد على بكرى*- وفاء توفيق سعيد **- اشرف عبدالفتاح حماد**

*قسم البساتين- كلية الزراعة - جامعة بنها.
** معهد بحوث البساتين- الجيزة- مصر
أجريت هذه الدراسة على نباتات الجوجوبا خلال موسمين متتاليين هما 2002 و2003  بهدف إمكانية  استخدام العقل الساقية الغضة فى إكثارها خضريآ . وقد تم تصميم تجربة عامليه تضمنت عاملين هما :
1- موعد اخذ العقل من الأم (ابريل – مايو – يونيو – يوليو).  ب- غمس العقل فى محاليل ثلاثة من منظمات النمو ( نفثالين حمض الخليك – اندول حمض البيوتريك – الباكلوبترازول) بالإضافة الى ماء الصنبور كمقارنه لدراسة التاثير النوعى للعاملين المختبرين وكذلك التاثير التفاعلى للتراكيب الممكنة بينهما على بعض قياسات التجذير والنمو الخضرى للعقل المجذرة. وقد أظهرت النتائج تباينآ معنويآ للتاثير النوعى لأى من العاملين المختبرين فبالنسبة لموعد أخذ وتجهيز العقلة (كانت الأفضلية لتلك المجهزة فى مايو والعكس كان صحيحآ فى يونيو) أما لمحاليل منظمات النمو المستخدمة فقد تفوقت جميعها على الغمس فى الماء (الكونترول) وإن كان الغمس فى محلول NAA بتركيز 1500 هو الأكثر تفوقآ يلية محلول NAA -  1000جزء في المليون  أو IBA 3000 جزء في المليون . وإن تفاوتت الأستجابة نسبيآ من قياس لأخر . وقد إنعكس التاثير النوعى لكل من العاملين على تاثير التفاعل للتراكيب المختلفة بينهما فقد لوحظ أن التراكيب الممثلة للغمس فى محاليل NAA  1500 جزء في المليون يلية NAA 1000 جزء في المليون أو IBA  3000  جزء في المليون  هى الأكثر تفوقآ للعقل المجهزة فى مايو أو يوليو إذا ما أخذت قياسات النسبة المئوية لتجذير العقل أو القياسات الخضرية للشتلات الناتجة (عدد الجذور/ عقلة – طول الجذر – طول وسمك النموات الخضرية وعدد الأوراق) على التوالى .

وعلية يمكن أن نوصى بإمكان إستخدام العقل الساقية الغضة المورقة المجهزة فى مايو أو يوليو لأكثار الجوجوبا خضريا بعد غمسها فى أى من NAA  بتركيز 1500 أو 1000 جزء فى المليون أو IBA   بتركيز 3000  جزء فى المليون وإن كان يفضل المحلول الأول NAA  1500جزء فى المليون  فى هذا الشأن .
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