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ABSTRACT
Culantro is an aromatic plant, which is used as condiment and medicinal

plant. A procedure for shoo® regeneration from leaf blade, pedicle and shoot tip
explants, is described. Leaf blade, pedicle and shoot tip explants were cuitured on
Murashige and Skoog medium {MS) alone or supplemented with 0.5, 1,2, 3,4,5, 6
mg/l benzyladenine (BA} with 0.5 mg/l naphthaleneacetic acid (NAA). Shoot
regeneration from the proximal third section of leaf biade was higher than shoot
regeneration from the middle and distal sections. Shoot regeneration, shoot length
and roots number were influenced by BA and NAA concentrations. Shoot
regeneration from quartered shoot tip was higher than shoot regeneration from
decapitated or intact shoot tip. Produced shoots were transferred into root-induction
medium and rooted shoots were successfully established in soil.
Keywords: Tissue culture, herb, medicinal plant, coriander substitute, herbs and

spices.
Abbreviations: BA, benzyladenine; MS, Murashige & Skoog's (1962) medium; NAA -

naphthaleneacetic acid.

INTRODUCTION

Culantro (Eryngium foetidum L., Apiaceae) is a biennial herb
indigenous to continentat Tropical America and the West indies. The plant
has a tap root with long, evenly branched roots and oblanceoiate leaves
arranged spirally around the short thick stem. Although widely used
throughout the Caribbean, Latin America, and the Far East, culantro is
unfamiliar in Egypt and relatively unknown in North America and many other
parts of the world. it is often mistaken and misnamed for its close relative
cilantro or coriander {(Coriandrum sativum L.). Some of its common names
descriptive of the plant include: spiny or serrated coriander, recac and fit
weed (Morton, 1976, Ramcharan, 1999).

Culantro is used as a substitute for coriander in many tropical and
subtropical countries (Kuebel and Tucker, 1988). The plant is used in
traditional medicines for treating several diseases ( Wong, 1976; Ramcharan,
1999) such as chills, vomiting, diarrhea and canvulsions (Honeychurch, 1980},
The leaves and roots are boiled and the water is used for preumonia, flu,
diabetes, C nstipation, and malana fever. The root can be used for scorpion
stings and to alleviate stomach pains {Mahabir 1991) Saenz et al. {1997)
and Garciz et al (1999) were abie to isolate antiinflammatory and analgesic
compounds from leaves of culantro.

Plant regeneration from leaf petiole and inflorescence node was first
described by Mohamed-Yasseen (1994) using thidiazuron Plant
regeneratton was also reported using BA {Arockiasamy and Ignacimuthu,
1998; Ignacimuthu et af. 1999). This paper described a protocol with high
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frequency for direct shoot regeneration from leaf blade and pedicle and shoot
proliferation from the shoot tip explants.

MATERIALS AND METHODS

Source of explants. Seeds of culantro (Eryngium foetidum L.), obtained
from Miami, Florida, were grown on a shadehouse. All experiments were
conducted from 2000 to 2002 at the Genetic Engineering and Biotechnology
Research Institute at Sadat City, University of Minufiya.

Preparation of leaf blade and pedicle explants. Young leaves
(approximately 40 to 60 mm in length) were excised from culantro plants.
Leaf blade was cut transversally into three equal sections (approximately 10
to 15 mm in length), as proximal, middle and distal. Pedicle explants
(approximalely 8 to 12 mm in length) were excised carefully without
perceptible buds. Leaf blade and pedicle explants were washed with
detergent, rinsed with water and surface sterilized in 70 % ethanol for 3-5
sec. Explants were then rinsed with sterile distilled water and surface
sterilized with 0.8 % (v/v) sodium hypochlorite for 10 min. Explants were
rinsed three times in sterile distilled water and placed on culture media.

Effect of position of leaf blade explant. Proximal, middie and distal leaf
blade sections were used in an experiment carried out to study the effect of
explant paosition within its source on shoot regeneration. Explants were
cultured on MS media containing 30 g/l sucrose, 8 g/l agar, 1.5 mg/l BA and
0.5 mg/l NAA.

Effect of BA concentrations and NAA on shoot regeneration from leaf
blade explants. Only proximal leaf blade explants were used in this
experiment conducted to study the effect of BA and NAA concentrations on
shoot regeneration. Proximal leaf blade explants were cultured on MS
containing 30 g/l sucrose, 8 g/l agar and supplemented with 0.0, 0.5, 1, 2, 3,
or 4 mg/l BA and 0.0 or 0.5 mg/l NAA.

Effect of BA and NAA on shoot regeneration from pedicle explants.

Pedicle explants were cultured on MS containing 30 g/l sucrose, 8 g/l
agar and supplemented with 0.0, 0.5, 1,2, 3, 4or5mg/IBAand 0.00r 0.5
mgfi NAA.

Shoot priciferation from shoot tip explants.

Source of shoot tip explants. Shoot tip explants were procured from
plantiets regenerated from leaf blade explants cultured on 1mg/l BA and 0.5
mg/l NAA. Shoots were transferred into shoot elongation medium composed
of MS containing 30 g/l sucrose and 8 g/l agar for 6-8 weeks.

Preparation of shoot tip explants. Shoots reaching 80 to 120 mmin
length, were used. lLeaves were detached from the short thick stem
(approximately 4 mm in length) and branched roots were removed. Trimmed
shoots were then, quartered longitudinally into four explants, decapitated or
left intact for comparison. Shoot tip explants were cultured on MS containing
30 g/l sucrose, 8 g/l agar without growth regulators or supplemented with 0.0,
0.5,1,2,3,4,50r 6 mg/l BA and 0.0 or 0.5 mg/l NAA.
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Media and culture conditions. Media pH was adjusted to 5.7 with 1N KOH
after adding growth regulators but before adding agar. Growth reguiators
were added before sterilization in an autoclave at 121 °C and 98 KPa for 20
min

Leaf blade, pedicle and shoot tip explants were placed on 35 m) of
culture media contained in 150- or 300-ml jars and sealed with clear plastic
polypropylene lids  Cultures were maintained under an 18 hr photoperiod
{cool white fluorescent light, 40 umol.m?.s"') and 26 £ 2°C

Rooting and transfer to soil. Produced shoots were separated and cultured
for eight weeks on root-induction medium composed of MS containing 30 g/l
sucrose, 8 g/l agar with 0.1 mg/f NAA. Rooted shoots were planted in 165 cm
* plastic pots filed with autoclaved commerciai potting soil {Agro Mix no 2;
Conard Fafard, Springfield, Mass) and covered with glass beakers for 7-10
days.

Experimentat design. All experiments were conducted using a completely
randomized design. Twenty replicates were used in each treatment and each
experiment was repeated at least twice. Data were evaluated by analysis of
variance (Duncan, 1955).

RESULTS AND DISCUSSION

Morphogenesis of leaf blade explants. Shoots were regenerated
from leaf blade explants after eight weeks from culture. Leaf blade explants
produced small darkish calius with very short shoots and green nodular
structures within the first four weeks (Fig. 1a). Multipte shoots arised upon
transfer to fresh medium (Fig. 1b). Morphegenesis was influenced by the
position of leaf blade explant within its source. Shoot regeneration, shoot
length and roots number were high from the proximal section and decreased
gradually upward (Table 1). The position of explant within its source was
reported to influence morpheogenesis (Mohamed-Yasseen et al. 1994a).
Therefore, subsequent experiments were conducted using proximal section
of leaf blade explant. Shoot regeneration, shoot length, rocts number and
percentage of explants producing shoots were influenced by BA and NAA
concentrations (Table 2). Shoot regeneration, shoot length roots number and
percentage of explants producing shoots increased when culture medium
was containing 1mg/l BA and 0.5 mg/l NAA, then decreased with increasing
BA concentration.

Morphogenesis of pedicle. Pedicle produced shoots in MS alone or
contaiming BA and NAA (Fig.1 ¢), however the frequency of shoot
regeneration was higher when BA and NAA were added to culture media
(Table 3). Shoots number increased with increasing BA concentration from
0.0 to 2 mg/l BA. The highest number of regenerated shoots (3.4 shoot per
explant) was obtained in MS containing 2 mg/t BA.  Shoot number and
frequency of shoot regeneration decreased by increasing BA concentration
over 2 mg/l BA. Shoot length and roots number were affected by BA and
NAA concentrations.  Shoot length and roots number decreased oy
increasing BA concentration above 2 mg/l BA.
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Table(1): Effect of position of leaf blade explant within its source on
shoot regeneration on MS containing 1.5 mg/ BA and 0.5 mg/!

s NAA,
Position of explant

shoot/explant shoot length rootiexplant % explants preducing

within leaf {mm) shoot

proximal 20a" 16.58a 39a 75
middle 1.2b 52b 0.4b 40
distal 0.1c¢ 500b Coc 15

* Measen paration by Duncan's multiple range test at P = 0.05.

Table(2): Effect of BA and NAA on morphogenesis of culantro leaf blade
explant after eight weeks from culture. Culture medium was
composed of MS alone or containing 0.5 mg/l NAA and
different concentrations of BA.

BA shoot/explant  shootlength  rootlexpiant % explants producing
{mm) _ shoots

¢.0 03c* 1060 09b 7

05mgh  15b 750 120 i6

1 mg 25a 200a 8.1a 80

2 mg/l 1.8 ab 780 37b 70

3 mgl 140 30c 05¢ 40

4 mgfl 1306 30¢ 05¢ 40

*Mean separation by Duncan's multiple range test at P = 0.05,

Table(3): Effect of BA and NAA on morphogenesis of pedicle explants after
eight weeks from culture. Culture medium was composed of MS
alone or containing 0.5 mg/l NAA and different concentrations of

BA.

BA shatou:xpiant shoot length raotiexplant % explants producing
) {mm} shoots

0.0 044° 194 2 6.1b 22

1 mgfl 2.4 ab 16.7 a 52b 100

2 mgh 3.4a 212a 125a 100

3 mgA 2.0 bc 152 b 3.1¢ 80

4 mg/l 13¢ 82¢ 16¢c 80

5 mg/l 10cd 31d - 05d 65

*Mean separation by Duncan's multiple range test at P = 0.05.
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Morphogenesis of shoot tip. Intact and quarter shoots cultured on MS
devoid of BA did not proliferate (Table, 4}, white decapitated shoots produced
multiple shoots (Fig. d). Intact shoots gdid not preduce multiple shoots when
BA concentration increased to 3 mg/l, while decapitated shoots and quarter
shoots produced multiple shoots. Intact shoots produced few number of
shoots when BA was 4 to 8 mg/l which may be due to apical dominance. The
highest number of shoot formation from one single shoot was obtained from
quartered shoots cultured on MS containing 4 to 6 mg/l BA. Using the
technique of guartering shoot tip, it was possible to obtain over 16 shoots
from one single shoot. The presence of BA and elimination of apical
dominance by decapitating or quartering shoot tip were necessary for high
shoot proliferation. Similar results were obtained with shoot tip of several
Allium species (Mohamed-Yasseen et al., 1994b; 1996).

Rooting and Transfer to soil. Produced shoots from all type of explants
formed roots and elongated in MS medium supplemented with 0.1 mg/l NAA.
All shoots produced muiltiple roots easily in root-induction medium. Rooted
shoots were transferred into soil and virtually all plantlets were successfully
established in soil and normal phenotypic flowering plants were obtained (Fig.
1e).

Table(4): Effect of BA and NAA on morphogenesis of shoot tip explnat
after eight weeks from culture. Culture medium was
composed of MS alone or containing 0.5 mgfl NAA ind
different concentrations of BA.

BA {mg/l) Intact shoot decapitated shoot quarter shoot
shooth'xpl_:gnt Jlength (mm) _ shoot/explant lenagth {mm) shoot/explant length (mm)
0.0 1.0b° 940a 2ic 81.0a 1.0d 9103
05 1.0b 85.0a 22¢ 505b 18¢ 76.0a
1.0 1.0b 720a 2i¢ 58.0b 22c¢ 5300
20 1.0b 60.0b 30b 380c¢ 25¢ 320c¢
3.0 1.0b 60.0 b 300 280c¢ 34b 250¢
4.0 1.2b 55.0b 358 195¢ 45a 205¢
5.0 15a 433 ¢ 38a 200¢c 46a 15.0d
5.0 18a 40.5¢ 30b 13.04d 4.0b 150d

“Mean separation by Duncan's multiple range test at P = 0.05.

This paper described two protocols for plant production from culantro
using leaf blade, pedicle and shool tip. The first protocol described piant
regeneration through adventitious shoots from leaf blade and pedicle. The
second protocol describes shoot proliferation from shoot tip through
quartering or decapitation of shoot tip. Both protecaols offer the basis for the
purposes of breeding and cloning of culantro.
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Fig 1: Morphogenesis of leaf blade, pedicle and shoot tip explants of
culantro. (a). Callus formation and shoot inifiation from leaf
blade. (b). Shoot regeneration from leaf blade. {(c). Shoot
regenergation from pedicle. (d). Shoot proliferation from
decapitated shoot. (e). Culantro plants flowering in soil after
acclimatization.
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