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ABSTRACT

This study was conducted at the Experimental Station and Laboratory of Vegetable and Floriculture Department, Fac. of
Agric., Mansoura Univ., Egypt, during 2015/2016 and 2016/2017 seasons to investigate the effect of some natural products and
some alternative chemical growth regulators on rooting response, growth and chemical composition of cuttings of rosemary
(Rosmarinus officinalis L.) plants. The layout of the experiment was completely randomized block design (CRBD) with three
replications. The obtained results could be summarized as the following: It is worthy to mention that the highest values of all
studied vegetative growth characters and chemical constituents of rosemary were resulted from treating terminal cuttings with
coconut milk at the highest rate (75%) in both seasons. With exception, fresh weight of shoots, which, obtained when treating
terminal cuttings with seaweed extract at the rate of 50 % and total phenols percentage, which obtained from control treatment
(treating cuttings with water only) in both seasons. Using natural products such as coconut milk, seaweed extraction, yeast extract
and honey bee were better than using chemical growth regulators like Indole butyric acid (IBA) in both seasons. It can be
concluded that treating terminal cuttings of rosemary (Rosmarinus officinalis L.) with coconut milk at the rate of 75 % as natural
growth regulator in order to enhance rooting, vegetative growth and chemical constituents.
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INTRODUCTION

Rosemary (Rosmarinus officinalis L.) is a member
of the mint family, Lamiaceae. It is an evergreen, perennial
shrub that is endemic to The Mediterranean region and has
been cultivated since ancient times. It has opposite, simple,
entire, evergreen leaves that are a shiny green on top and
whitish below. The plant begins to bloom in the late spring
and continues through the summer. Flowers are usually
blue although there are cultivars with pink or white blooms
(Simon et al., 1984).

Medicinal and aromatic herbs are characterized by
low seed viability and low germination capacity as a result
of the lack of seed selection and processing programs
(Nicola et al., 2005). Therefore, the vegetative propagation
is widely preferred rather than propagation by seeds.
Cutting is one of the most important means of vegetative
plant propagation. Cutting propagation is fast, simple and
does not require special techniques and methods use such
are used in grafting, budding or micro-propagation. Cutting
is a well-known common and relatively cheap method used
in the propagation of many ornamental plant species. It
overcomes the difficulties of propagation by plant seeds.
Also, one parent plant can provide great number of quality
cuttings. Furthermore, each cutting can become a plant
with desirable genetic properties same as a parent plant
(Hartmann et al, 1997). For the successful rooting of
cuttings, the quality substrates must be used with good
water-air relations as well as good water retaining capacity
to minimize the risk of the root zone becoming dry. It was
previously recorded that different types of substrates have
influence on morphological and physiological properties of
flowering plants (Paradikovi¢ et al., 2013). Induction of
adventitious roots on cuttings is governed by the complex
interaction of several factors that could be classified under
two major sections. The first would involve the stock
mother plants’ physiological status and their environmental
conditions in addition to treatments applied to the mother
plants’ themselves (e.g. etiolation, girdling and spraying
with chemicals) The second includes factors concerned
with the post harvested cuttings which basically include
both chemical and mechanical treatments imposed on

cuttings [e.g. wounding, centrifugation and growth
regulator application (Hartmann, 1990). Hormones are
produced by plants that regulate the growth processes and
the same are applied by horticulturist to promote growth
and development of crops. They can be used to stimulate
root development, control plant height in greenhouse
investigation. They are usually applied in small quantities
which are measured in parts per million (ppm) and
horticulturists use them to understand and manipulate
plants for specific purposes (Whiting et al., 2014).

Honey is a natural source of many vitamins like
vitamin B1 and vitamin C, which found in many plants
root initiation of cuttings (Turetskaya and Polikarpova,
1968). Vitamins have long been found to promote root
formation in numerous plant species (Chee, 1995). Yeast
as a natural stimulator characterized by its richness in
protein (47%), carbohydrates (33%), nucleic acid (8%),
lipids (4%) and different minerals (8%) such as Na, Fe,
Mg, K, P,S, Zn, Mn, Cu, Si, Cr, Ni, Va and Li, in addition
to thiamin, riboflavin, pyridoxine, hormones and other
growth regulating substances, such as biotin, B12 and folic
acid (Nagodawithana, 1991). Coconut milk contains a
content of cytokinins (especially zeatin ) and auxin which
helps to stimulate the growth of roots and shoots (Dunsin
et al, 2016 and Yong et al, 2013). Seaweed extract
contains three groups of plant hormones: gibberellins,
cytokinins and auxins. It is supplemented by potassium
salts of amino acids at 10%. The preparation enhances
uptake of macro- and microelements and their
translocation within plants, increases the respiration rate
and root growth, participates in photosynthesis and other
metabolic processes. It positively affects plant resistance to
stresses, accelerates flowering set. (Bai et al., 2007).

The aim of this study is to assess the effect of
some natural products like honey bee, yeast extract,
coconut milk and seaweed extraction as natural
alternative chemical growth regulators like Indole
butyric acid (IBA) on rooting response, growth and
chemical composition of cutting of rosemary
(Rosmarinus officinalis L.).
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MATERIALS AND METHODS

This study was conducted at the Experimental
Station and Laboratory of Veget. and Flori. Depart.,
Fac. of Agric., Mansoura Univ., during 2015/2016 and
2016/2017 seasons to investigate the effect of chemical
growth regulators like Indole butyric acid (IBA) and
some natural products like yeast extract honey bee,
coconut milk and seaweed extraction on rooting
response, growth and chemical composition of cuttings
of rosemary (Rosmarinus officinalis L.) plant.

Plants which are chosen as a mother stock for
collecting cuttings were obtained from a commercial
orchard at El-kanater El-khyrea and planting in ground
of the nursery. Terminal cuttings of 12 cm length were
planted in plastic pots, 5 cm in diameter at a depth of 3
- 5 cm approximately each contained peat moss: washed
sand (1:1 V/V) were placed on the soil surface in

four type of natural product like honey bee, yeast
extract, coconut milk and seaweed extraction and three
concentrations besides control treatment. In both years,
the base of terminal cuttings was immersed in IBA,
which were mixed with talc powder at rates of 75, 100
and 125 mg/L. In the yeast extract treatment the cuttings
were soaked at the rates of 2, 4, and 6 g/L for one hour.
While, in honeybee treatment which were mixed with
boil water, the coconut milk treatment and the seaweed
extraction treatment cuttings were soaked at the rates of
25, 50 and 75 % for one hour. The control cuttings were
treated with water only. Chemical analyses of honey
bee, yeast extract, coconut milk and seaweed extraction
were shown in Tables (1, 2, 3 and 4) respectively.

Table 1. Chemical analysis of honeybee (according
to Ball, 2007).
Components %

greenhouse with mist irrigation unit. The cuttings were ~ Butyric acid Ca 0.004 Water 18
- . . .. .. Valeric acid Fe 0.0007 Fructose 30
immersed for 15 minutes in a fungicide (rizolix) before Caproic aci
. . aproic acid Mg 0.18  Glucose 40
immersed it in growth regulator at rate 3 g/L of tap | ,.tic acid P 0.11 Protein 12
water to control possible fungal infections. The cuttings  Acetic acid Na 0.007 Vitamin C 0.20 - 0.54
were prepared and planted on 24" and 20™ February in  Succinic acid Cl 0.001 Vitamin B, 0.1
2015/2016 and 2016/2017 seasons, respectively. The  Oxalic acid S 0001 Vitamin B, 0.12
layout of the experiment was completely randomized Tartaric acid Diastase Vitamin B; 0.2
block design (CRBD) with three replications. Each Malicacid Oxdidase Vitamin B, 0.1
. . : .. flavonoids Amylase Vitamin B¢ 0.5
experiment included sixteen treatments comprising, one
types of growth regulator Indole butyric acid (IBA) and
Table 2. Chemical analysis of yeast extract (according to Khedr and Farid, 2000).
Minerals Amino acids Carbohydrates Enzymes Vitamins
Macro (g/100g DW) Micro (mg/100gDW)  (mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)
Al 6502 Arginine 1.99
B 1756  Histidine - 2.0 Vitamin B, 223
Co 678 oo 5o Vitamin B, 131
Pb 4386 o0 595 Riboflavin 4.96
Mn 813 M onine 072 Nicotinic acid ~ 39.88
Sn 223.9 Phenylalanine 201 Panthothenic acid ~ 19.56
P05 7.23 Zn 3356 Therconine  2.09 Carbohydrate 23.2 Cytochrome 0.35 Biotin . 009
K,0 51.68 NaO 0.35 Trvotophan 045 Glucose 1333  Oxidase 029 P-amino benzoic acid 9.23
N 3439 Mgo 576 (PP 219 ' 7 Vitamin B6 1.25
Cao 3.05 s ) Folic acid 4.36
. Glutamic acid 2.00 L
SiO, 1.55 Seri 1’59 Thiamine 2.71
SO, 049 O e acid 133 Pyridoxine 2.90
Cl 0.06 CSpﬁ 1cac 03 Vitamin B12 153
FeO 092  pYSNe - Inositol 203
Proline 1.53
NaCl 0.30 .
Tyrosine 1.49

DW: dry weight
Table 3. Chemical analysis of coconut milk (according

Table 4. Chemical analysis of seaweed extract

to Yong et al., 2009). (according to Abou El-Yazied et al., 2012).
. . Components Value
Proximates g/100g  Proximates g/100g Total amino acid 5%
Carbohydrates 35%
Water 9445  Vitamin C 24 Alginic acid 10 %
Enerey value 5.01 Thiamin (B,) 0.03 Manitol 4%
Prote%r}ll 19kcal  Riboflavin (B,) 0.057 Betaines 0.04 %
Total linid (fat 0.72 Niacin (B;) 0.08 IAA _ 0.03 %
CO b lllpldre(lta) 0.2 Pantothenic acid (Bs) 0.043 Cytokinins(Adenine) 0.02 %
aroonydrate 3.71 Pyridoxine (Bg) 0.032 Organic (N) 3.12%
Jotal Sucrose 2.61  Folate 0.03 P205 2.61%
Calcium, Ca 24 Glutamic acid 0.165 K20 4.71 %
on, Fe - Ca 0.25 %
Maonesium. 0.29 Glycine 0.034 S 356 %
Mggn : 25 Histidine 0.017 Mg 0358 %
Phosphorus, P 22500 I%/E/;tllllliinine 88% Micronutrients 1-6%
Is’otq351um, K 105 Phenylalanine 0.037 gu 11520pp m
odium, Na € ppm
Zine. Zn 0.1 Tryptophan 0.008 7n 70 ppm
Copf)er, Cu 0.04 Auxliln il 0.07 Mn 13 ppm
Manganese, Mn 0.142 Scyllo-inosito 0.05 %3 gg EE
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Data recorded:

The cuttings were left to grow for 45 days, and
then the following data were recorded:
A. Vegetative growth characters:
1. Plant height (cm).
2. Number of leaves/plant.
3. Fresh weight of shoots (g).
4. Dry weight of shoots (g).
5.Root length (cm).
6. Number of roots/cutting.
7. Fresh weight of roots (g).
8. Dry weight of roots (g).
9. Average number of roots per cutting =

Total number of roots in successful cuttings

Number of cuttings
10. Average length of roots in cutting =
Total length of roots in successful cuttings

Number of cuttings
11. Increase in cuttings length (cm).
12. Rooting percentage (%) =

Number of rooted cuttings <100

Total number of cuttings in the treatment

B- Chemical constituents:

1- Total chlorophylls and carotenoids: were determined
(mg/ g FW) according to Wettestein, (1957)

2- Nitrogen (%): was determined by modified Micro
Kjeldahl method as described by Pregl (1945).

3- Phosphorus (%): was determined according to

6-Total soluble phenols (%): were determined using
folin reagent and colorimetric method by using
spectrophotometer at wave length of 730 nm
described by A.O.A.C (1970) and modified by Daniel
and George (1972) and a standard curve of
pyrogallol.

7- Total soluble indoles (%): were colormetrically
estimated at the wave length of 530 nm using p-
dimethyl amino benzaldhyde test as adopted by Selim
et al., (1978) using a standard curve of [AA.

A randomized complete blocks design with three
replicate was used according to Steel and Torrie (1980).
Data were subjected to the statistical analysis according
to SAS Institute (1994). The treatments mean were
compared using the least significant difference (LSD) at
0.05 levels, as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

It could be stated that types and concentrations of
some growth regulators i.e. indole butyric acid (IBA),
honey bee, yeast extract, coconut milk and seaweed
extraction at three different rates significantly affected
vegetative growth characters (plant height, number of
leaves/plant, fresh and dry weights of shoots, root
length, number of roots/cutting, fresh and dry weights of
roots, average number of roots per cutting, average
length of roots in cutting, increase in cuttings length and
rooting percentage) and chemical constituents (total
chlorophylls and  carotenoids, total  nitrogen,

Jackson (1967). .
4- Potassium (%): was determined according to Black phosphorus, potassium, carbohydrates, soluble phenols
(1965) and soluble indoles percentages) of rosemary in the two

5- Total carbohydrates in leaves (%): was determined by
using colorimetric method according to Dubois et al.,
(1956).

growing seasons as shown in Tables (5, 6, 7 and 8), Fig.
(1) and Photo (1).

Table 5. Plant height, number of leaves/ plant, fresh and dry weights of shoots and number of roots/ cutting
of rosemary (Rosmarinus officinalis L.) as affected by types and concentrations of growth
regulators during 2015/2016 and 2016/2017 seasons.

Characters Plant height Number of leaves / Fresh weight Dry weight Number of roots /
(cm) plant of shoots (g) of shoots (g) cutting

Treatments 1%season 2" season 1%season 2™ season 1%season 2" season 1%season 2"season 1%season 2" season
Control 1483g 1558g 4500h 49.00g 069d 07le 0.11d 008h 1050g 1233 g
IBA (75mg/L) 18.50bcde 19.33 abc 58.00 defg 61.33 cdefg 0.82cd 1.14abcd 041bcde 0.54bc 1433 fg 20.33 bede
IBA (100 mg/ L) 18.66 bede 18.58 abed 70.33 abed 67.00abede 0.96bed  0.90cde 029 defgh  0.14gh  19.66ef 17.16¢cdefg
IBA (125 mg/L) 17.13efg 1941abc 74.66ab 69.66abc 098bcd 0.79de  0.16fgh 033 def 20.83 cdef 16.83 defg
Honey (25 %) 16.11fg 1525g 4850gh 5083fg 099bcd 09lcde 0.13gh 025efgh 1533fg 13.50fg
Honey (50 %) 1820 bedef 1648 de  55.83 fgh 5633 defg 0.88cd 1.11abed 0.59ab  0.15fgh 17.16fg 15.00 efg
Honey (75 %) 17.50def 1726cde 53.16fgh 54.16efg  092cd 0.96bcde 0.26 defgh 0.27 defg 19.83 def 19.83 bede
Yeast extract (2 g/ L) 1891 bcde 1791 bed 61.33cdef 53.50fg  0.72d  1.12abcd 0.34cdefg 037cde 15.66 fg 19.33bcdef
Yeast extract (4 g/ L) 18.91 bede 18.43 abed 70.50 abe 58.16 cdefg 1.15bcd 134 ab 0.61 ab 0.56b 28.16bc 23.50 ab
Yeast extract (6 g/ L) 17.60 cdef 16.73 de 60.50 cdefg57.83 cdefg 0.98 bed 1.07abcde 048abcd  0.55b  27.66bed 23.00 abe
Coconut Milk (25 %) 1998 ab 20.16ab 75.50ab 70.50abc 1.14bcd 129ab 041bcde 045bcd 30.16ab  24.50 ab
Coconut Milk (50 %) 19.50 abed 1833 abcd 76.33ab  75.66ab 129abc 1.07abcde 0.53abc  0.8la 33.83ab 27.83a
Coconut Milk (75 %) 21.68a  2025a 8133a  7850a 144ab 1.00abcde 0.65a 084a 3783a 2833a
Seaweed extracts (25 %) 18.33 bedef 18.18 abed 56.83 efgh 63.00 bedef 0.89cd  1.20abc  035cdef 0.36cde 26.33 bede 24.16 ab
Seaweed extracts (50 %)  19.81 abc  19.48 abc 64.33 bedef 69.50abc 1.73 a 135a 03lcdefgh 0.15gh 20.16 def 21.66bed
Seaweed extracts (75 %)  19.08 bede 18.66 abed 68.83 bede 67.33abed  1.67a  1.04abcde 0.23 efgh  0.15 fgh 20.33 cdef 19.16bcdef
LSDat5 % 230 228 12.34 13.15 049 0.38 0.22 0.18 297 2.12

Means with the same letter are not significantly different at P < 0.05.
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Table 6. Root fresh and dry weights (g), averages number and length/ cutting, increase in cuttings length and
rooting (%) of rosemary (Rosmarinus officinalis L.) as affected by types and concentrations of
growth regulators during 2015/2016 and 2016/2017 seasons.

Fresh weight Dry weight ~ Average number Average length of Increase in

Characters of roots of roots of roots roots in cutting  cuttings length R(Ef,)/tl)ng
® ® / cutting (cm) (cm) >
lst Zrﬁ lst zm lst 2@ lst zﬂ lst zﬂ lst zﬁ_
Treatments
$eason  season Season  Season  season  Season  season  season  Season  season  season  season
Control 003f 003g 001f 001d 175g 205g 060c 05le 283g 325e¢ 277¢ 208e
IBA (75 mg/L) 0.08ef 0.05g 0.03efd0.04bcd 2.39fg 391ab 0.71 abc 0.63 dec 6.50bcde 7.33 abc 5.55abc 5.21 abc
IBA (100 mg/L) 006f 005g 0.02ef 0.02cd 327fe 2.86cdefg 0.81 abc 0.61 de 6.66bcde 6.58abed 5.90 ab 4.86abed
IBA (125 mg/L) 0.07 ef 0.23bcde 0.03 def 0.03 cd 3.47 cdef 2.80 defg 0.78 abc 0.85 abc 7.50abcd 7.41 abc 4.86bed 4.16 cd
Honey (25 %) 0.04f 006g 00lef 0.05bed 2.55fg 225fg 0.69abc 0.60de 5.13efg 3.58e 4.86bcd 3.82d
Honey (50 %) 0.07ef 0.05g 0.04cdef0.04bed 2.86fg 2.50efg 0.88ab 0.76abcd 4.11fg 4.48de 5.2labcd 5.55ab
Honey (75 %) 0.17 cde 0.11efg 0.03 def 0.04 cd 3.30 def 3.30bcde 0.64bc 0.62de 5.50def 526cde 5.90ab 5.21 abc

Yeastextract (2g/L) 0.08ef 0.09fg 0.03 def 0.05bcd 2.61 fg 3.22bcdef 0.72 abc 0.76abed 6.91bcde 591 bed 4.16d  4.51 bed
Yeast extract (4 g/L) 0.13cdef 0.13defg 0.04 cdef 0.03cd 4.69bc 3.38 bede 0.67bc 0.87ab 6.91bcde 6.43abed 5.21abed 4.86abed
Yeast extract (6 g/L) 0.30ab 029 abc 0.09ab 0.08ab 4.61 bed 3.83 abc 0.81 abc 0.69bcde 7.81 abc 7.48abc 5.90ab 5.90a
Coconut Milk (25 %) 0.24bc 0.19 cdef 0.04cdef 0.04cd 5.03ab 4.03ab 0.83 abc 0.79abed 5.60 cdef 4.73de 4.51cd 590a
Coconut Milk (50 %) 0.22 bed 0.25 bed 0.05cdef 0.06bc 5.63ab  4.64a 0.79 abc 0.77abcd 7.98ab  8.16ab 5.90ab 5.21 abc
CoconutMilk (75%) 035a 040a 0.10a 0.11a 630a 472a 093a 097a 9.68a 825a 625a 591a
Seaweed extracts 25%) 0.32ab 0.35ab 0.08 abc 0.06 bc 4.39bcde 4.08ab 0.88 ab 0.79abcd 6.20bcdef 6.18abcd 5.90 ab  4.86abed
Seaweed extracts (50 %) 0.12 def 0.14 defg 0.06 bed 0.04 cd 3.36 def 3.61 bed 0.76 abc 0.86 ab 6.33bedef 6.33abed 5.55abc  5.90 a
Seaweed extracts (75 %) 0.11 def 0.08 fg 0.05 cde 0.03 cd 3.39 cdef 3.19bcdef 0.74 abc 0.74bcde 7.08bcde 6.67abed 4.16d  4.16cd
LSDat5% 0.11 0.12 0.04  0.05 1.32 1.02 0.24 0.22 2.30 2.28 1.11 1.35
Means with the same letter are not significantly different at P <0.05.

Table 7. Total chlorophylls, carotenoids (mg/ g FW) total nitrogen and phosphorous (%) in rosemary
(Rosmarinus officinalis L.) as affected by types and concentrations of growth regulators during
2015/2016 and 2016/2017 seasons.

Characters  Total chlorophylls Total carotenoids Nitrogen Phosphorous
(mg/ g FW) (mg/ g FW) (%) (%)

Treatments 1% season 2" season  1°'season 2""season 1* season 2" season 1% season 2"" season
Control 28.84d 3046 d 2.04d 1.39d 1.301 1.17p 0.20 m 021k
IBA (75 mg/ L) 38.41 abc 41.50 ab 3.12cd 3.64 abc 1.73 h 1.61 k 0.24 hi 0.26 ghi
IBA (100 mg/ L) 38.13 abc 39.44 ab 324 cd 2.65 bed 2.17e 2.07f 0.28 ef  0.29 cdef
IBA (120 mg/ L) 3598 abcd  36.49 bed 3.49 bed 3.47 abc 2.36¢c 224d 029cd 0.31 abed
Honey (25 %) 3282bed  3227cd  4.15abed  3.77abc 1561  1.511  023ij  0.25 hij
Honey (50 %) 30.25¢cd 31.69 cd 4.76 abc 4.03 ab 2.11e 200g 027fg 0.29 def
Honey (75 %) 3722 abecd 37.92abc 3.7l abed  2.79 bed 1.92 f 1.811 027¢g 0.27 fgh
Yeast extract (2 g/ L) 37.25abcd 37.18 abed  3.17 cd 3.18 abed 1.56 1 143m 023k 0.24 ijk
Yeast extract (4 g/ L) 32.19bcd  36.01 bed 4.23abcd  3.59 abc 1.99 f 1.90h  0.26kl 0.28 efg
Yeast extract (6 g/ L) 38.54abc  34.80 bed 3.37cd 2.48 bed 242¢ 2.32¢ 0.30ab  0.32abc
Coconut Milk (25 %) 39.06 abc 39.57 ab 3.04 cd 3.07 abed 1.47] 1.33n 0.22 k1 0.23 ijk
Coconut Milk (50 %) 39.25 ab 39.64 ab 5.67 ab 4.26 ab 2.50b 2.42b 0.31 ab 0.33 ab
Coconut Milk (75 %) 44.40 a 44.13 a 5.82a 5.03a 2.62a 2.52a 0.32a 0.34a

Seaweed extracts (25 %) 35.75 abed  39.33 ab 4.84 abc 4.22 ab 1.39k 1270 021 Im 0.22 jk
Seaweed extracts (50 %) 37.63 abcd  39.38 ab 3.19cd 2.94 bed 1.82¢g 1.72 0.25h  0.29 cdef
Seaweed extracts (75 %) 31.90becd  36.74bcd  3.47 bed 2.03 cb 2.27d 2.14e 029de 0.30 bede
LSD at 5 % 8.90 7.02 2.23 1.97 0.07 0.05 0.03 0.03
Means with the same letter are not significantly different at P < 0.05.

Table 8. Total potassium, carbohydrates, phenols and indoles (%) in rosemary (Rosmarinus officinalis L.) as

affected by types and concentrations of growth regulators during 2015/2016 and 2016/2017 seasons.
Characters Potassium (%) Total carbohydrates (%)  Total phenols (%) Total indoles (%)

Treatments 1" season 2""season 1% season 2" season 1% season 2"" season 1% season 2"%season
Control 1.521 1411 21.68 p 2533k 3.50a 346a 0.68 p 0.71p
IBA (75 mg/L) 2.08 ij 1.97 i 22.89k 26.57 hi 3.38b 335b  0.83cdefg  0.96 cd
IBA (100 mg/L) 2.61 de 249 ¢ 24.04 f 27.85 cdef 3.16d 3.16d 0.92 be 0.99 be
IBA (120 mg/L) 2.86¢ 272 cd 24.61d  28.34 abed 287¢g 2.76h  0.84 cdefg 0.87 efg
Honey (25 %) 1.96 1.68 j 22.651 26.31 ij 3.05¢ 3.06 ¢ 0.74 hijk ~ 0.77 jkl
Honey (50 %) 2.52 ef 2.38 ef 2381 g 27.60 defg 2.64 i 2.57j 0.80 efghi  0.83 ghi
Honey (75 %) 2.28 gh 2.18 gh 23361 27.07 fghi 2.96 f 2.87¢g 0.86 cdef  0.90 ef
Yeast extract (2 g/ L) 1.69 k 1.71] 2242 m 2536k 3.27¢ 3.26¢ 0.88 cde 0.91 de
Yeast extract (4g/ L) 238 fg 2.26 fg 23.58 h 27.33 efgh 2.37d 229 m 0.90 cd 0.87 efg
Yeast extract (6g/ L) 2.95 be 2.80 be 24.85¢ 28.61 abc 2.55] 247k 0.78 fghij  0.82 hij
Coconut Milk (25 %) 1.73k 1.60 jk 2220 n 26.78 ghi 2.26n 296 f 0.72ijk  0.75klm
Coconut Milk (50 %) 3.05 ab 2.92 ab 25.05b 28.92 ab 231m 2.19n 1.01 ab 1.03 ab
Coconut Milk (75 %) 3.16a 3.02a 2526a 29.17 a 2.07p 1.99 p 1.05a 1.08 a
Seaweed extracts (25 %) 1.64 kl 1.52 kl 2196 o 25.54 jk 2.17 0 2.09 0 0.70 jk 0.73 Im

Seaweed extracts (50 %) 2.15 hi 2.06 hi 23.13j 26.82 ghi 2.46 k 2381 0.76 ghijk  0.79 kij
Seaweed extracts (75 %) 2.72d 2.63d 2437 e 28.12 bede 2.75h 2.651  0.82 defgh 0.85 fgh
LSD at 5 % 0.13 0.13 0.19 0.92 0.02 0.02 0.09 0.05
Means with the same letter are not significantly different at P < 0.05.

800



J. Plant Production, Mansoura Univ., Vol. 8 (8), August, 2017

B2015/2016 [2016/2017

Root length (cm)
COE=ENNWWAMANNARN
SuUumMounmounmounmononhhono

C
%’A
EN 4
%«‘7
<

Fig. 1. Root length of rosemary (Rosmarinus officinalis L.) as affected by types and concentrations of growth
regulators during 2015/2016 and 2016/2017 seasons.

It is worthy to mention that the highest values of
all studied vegetative growth characters and chemical
constituents of rosemary were resulted from treating
terminal cuttings with coconut milk at the highest rate
(75%) in both seasons. With exception, fresh weight of
shoots, when treating terminal cuttings with seaweed
extract at the rate of 50 % and total phenols percentage,
which obtained from control treatment (treating cuttings
with water only) in both seasons.

control

IBA (125 mg/L)

These results may be ascribed to coconut milk
appears to have growth regulatory properties, e.g.,
cytokinins, which are a class of phytohormones, which
enhancing growth characters and chemical constituents
of rosemary. These results came in the similar point of
view with those reported by Krajnc et al., (2013),
Shidiki et al., (2013), Dunsin et al, (2016), Ibironke
(2016 a and b).

Coconut Milk (75 %)

Photo 1. Root length of rosemary (Rosmarinus officinalis L.) as affected by types and concentrations of control, IBA

(125 mg/L) and Coconut Milk (75 %).

This desirable effect of treating terminal cuttings
of rosemary with seaweed extract on fresh weight of
rosemary shoots may be ascribed to very high content of
organic carbon in seaweed extract (particularly
carbohydrates such as alginic acid, laminaren and
mannitol) and polysaccharides, but yet very low of N. P
and K. Seaweed is well known for its trace mineral
content (Fe, Cu, Zn, Co, Mo, Mn, and Ni), the presence
of a range of biologically active growth promoting

hormones (IAA and IBA, Cytokinins), vitamins and
amino acids. These results are in good accordance with
those of Sathees Kannan et al, (2014), Dunsin et al.,
(2016), Ibironke (2016 a) and Ibironke (2016 b).
Generally, using natural growth regulators such
as coconut milk, seaweed extraction, yeast extract and
honey bee were better than using chemical growth
regulators like Indole butyric acid (IBA) in both
seasons. Conversely, the lowest values of all studied
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vegetative growth characters and chemical constituents
were obtained from control treatment (treating cuttings
with water only), excluding total phenols percentage,
which obtained from treating terminal cuttings with
coconut milk at the rate of 75 % in rosemary during the
two growing seasons.

It can be concluded that treating terminal cuttings
of rosemary (Rosmarinus officinalis L.) with coconut
milk at the rate of 75 % as natural growth regulator in
order to enhance rooting, growth and chemical
constituents.
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