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Abstract: Shoot tips of Hyoscyamus muticus L and Datura metel L. were excised and placed on B3 medium
supplemented with BA at 0.0, 0.25 and 0.5 mgl” combined with NAA at 0.0, 0.125, 0.25 and 0.5 mgl'l. After 4 weeks,
the addition of 0.25 or 0.5 mg!™ BA to BS medium in the absence or presence of low concentration of NAA (0.125 mgl’
'} was the optimal for the production of shoots of H. muticus. The presence of NAA at 0.125 mgl” increased both shoot
length and callus formation. Also, in D. metel, the addition of 0.25 mgl™ BA and 0.125 mgl™' NAA to B5 medium was
optimal for increasing number of shoots. To study the effect of BA and medium type on shoot multiplication, shoot tips
of A muticus and D. mete! were cultured on either MS or B5 media supplemented with different concentration of BA at
0.0,0.05,0.1,0.2, 0.4 and 0.8 mgl'[. After 4 weeks, the addition of 0.1 mgl”' BA to either MS or B5 medium resulted in
the highest number of H. muticus multiple shoots. However, in D. mezal, the addition of 0.8 mgl”’ BA to MS medium
was superior for increasing number of multiple shoots and formation of callus, In addition, using MS medium proved to
be best choice because it produced quality shoots in both plants. After 24 days in culture, root induction was
successfully occurred on MS medium supplemented with 1.0 mgl™ IBA for H. muticus and 0.8 mgl" IBA for D. metel.
Rooted H. muticus and D. metel plantlets were transferred to small plastic pots (6 cm) containing sterile mixture of
sand: peat moss: vermiculite at ratio of 1:1:1 (by volume}. The pots were kept in the greenhouse under fine mist of
water for 3 weeks. The survival perce.tage reached 30 % and 80 % for /1. muticus and D. metel, respectively, under the

conditions of this experiment and the plants grown normally and well.
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INTRODUCTION

Hyoscyamus muticus L., (Egyptian henbane) is one
of the most important medicinal plants belonging to
family Solataceae and represents an important
commercial source of tropane alkaloids, where more
than 20 alkaloid compounds were detected in intact
plants of A muticus. The main constituents are
hyoscyamine and scopolamine (also known as
hyoscine), Biondi et al. (2002).

Datura metal L (Thorn apple) belongs to the family
Solanaceae. 1t is used economically as a main source of
tropane alkaloids, particularly scopolamine and
hyoscyamine (Loyola-Vargas, 1999 and Berkov ef af.
2003). More than 30 alkaloids have been detected in
Datura (Verzar-Petri and Bajaj, 1989)

The importance of Datura and Hyoscvamus plants
for tropane alkaloid production decreased. By breeding
for high tropane alkaloid — producing strains with
interesting cultivation features, it should be possible to
stimulate renewed interest in Datura and Hyoscyamus
for tropane alkaloid production {Strauss, 1989).

Plant tissue culture is an alternative method of
clonal propagation and is being used widely for the
commercial propagation of a large number of uniform
plant species, including many medicinal plants, while
maintaining their genotypes. (Rout et af, 2000 and
Arikat et al. 2004). Micropropagation approaches are
now routinely used to support clonal programmers. fn
vitro clonal propagation via meristem culture is one of
the ways for producing large number of true-to-type
healthy planting material. (Sanatombi and Sharma,
2007).

During the fast few years, the interest in mass
propagation of medicinal plants iz vitro has distinctly

increased. For various reasons many of these plants,
when propagated by conventional methods, take a long
time for multiplication, poor seed germination, and are
often under protection of threatened with extinction.
The alternative to this situation is the rapid in vitro
multiplication.

Media type, growth regulators including cytokinins
and auxins are probably the most important compounds
for regulating growth and morphogenesis in plant organ
culture. Maria ef al, (1990) studied the influence of
baiance between cytokinins and auxins on
micropropagation of D. insignis, they placed single-
node explants of 02-05 cm on MS medium
suppiemented with 2.4-D plus BA and IAA plus Kin
and BA, they found that the best results were obtained
in a medium supplemented with 1.0 mgl” of BA.

Muthukumar and Arockiasamy {2003} reported that
the highest percentage of shoot regeneration of D. metel
was obtained with M8 medium supplemented with 2
mgl! BAP from hypocoty! explants. Also, Muthukumar
et al, (2004) on D. metel found that when the explants
were cultured on MS medium containing BA at 3.0 mgl’
"and NAA at 0.5 mgl', the nodal explants isolated from
in vivo source exhibited a greater number of healthy -
multiple shoots.

The objective of this study is to develop a method
for propagation of HAyoscyamus and Datura plants by
using the tissue culture technique, as a recent and fast
method to produce mass production of these plants.

MATERIALS AND METHOQODS

This study was carried out at the Tissue Culture
Laboratery of the Horticulture Department, Faculty of
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Agriculture, Suez Canal University during the years of
2005 to 2007.

Seeds of Hyoscyamus muticus L. (Egyptian
henbane) and Datura metel L (Thorn-apple) were
collected from wild plants grown in Ismailia. Seeds
were rinsed in tap water for one hour, and surface
sterilized by immersion in 70 % (v/v) ethanol for one
minute, followed by soaking in 20% (v/v) Clorox
{commercial bleach containing 525%  sodium
hypochlorite) supplemented with three drops of Tween-
20 as wetting agent for 20 minutes. Seeds were then
rinsed three times with sterile distilled water.

Sterilized seeds were germinated in culture tubes
containing 10 ml of half strength B3 medium (Gamborg
et al, 1968) supplemented with 7.5 gt agar and 20 gi*
sucrose. Cultured were maintained in the light at 244
°C until germination occurred.

Effect of BA and medium type on shoot
multiplication of H, muticus L. and D. metel L.

Five shoot tips of H. muticus and D. metel were
culured in jars (200 ml) containing either MS
(Murashige and Skoog 1962) or B5 {(Gamborg et al.,
1968) media supplerhented with different concentrations
of BA at 0.0, 0.05, 0.1, 0.2, 0.4 and 0.8 mg!"". All media
containing 30 gl sucrose and solidified with 7.5 gl
agar. Each treatment included twelve jars as replicates,
After 4 weeks, number of proliferated shoots /shoot tip,
shoot length (cm), number of leaves, and fresh weight
of culture (callus and shoots) were recorded.

Effect of BA and NAA on shoot multiplication of H.
muticus L. and D. metel L.

Five-shoot tips (meristem)} of H. muticus L. and D.
metel were cultured in jars (200 ml) containing 35 ml of
B5 medium. The medium supplemented with 30 gi*
sucrose and solidified with 7.5 gl agar. The B5
medium supplemented with the combinations of BA at
0.0, 0.25 and 0.5 mgl" and NAA at 0.0, 0.125, 0.25, 0.5
mgl". Each treatment included twelve jars as replicates.
After 4 weeks, number of proliferated shoots / shoot tip,
average shoot length {cm), number of leaves and fresh
weight of culture (callus and shoots) were recorded.

Effect of IBA on in vifre rooting of Hyoscyamus
muticus L. and Datura metel L.

The medium used for in vitro rooting of
proliferated plants were MS mediwn supplemented with
IBA at 0.9, 0.2, 0.4, 0.6, 0.8 and 1.0 mgl" and 40 gl
sucrose and solidified with 7.5 gl agar. Each treatment
consisted of twelve replicates (jars) for both Dafura and
Hyoscyamus. After 24 days, rooting percentage, number
of roots / plantlets, root length {(cm), shoot length {cm)
and fresh weight of plantlet (g) were recorded.

The pH of medium was adjusted to 3.7 before
autoclaving in all experiments. Culture vessels were
incubated in growth room at 25+1C under a 16/8
photoperiod with light intensity of 1500 Lux.

For acclimatization, rooted shoots were carefully
removed from the culture tubes, and washed with
distilled water to remove residual agar around the roots.
Shoots were immersed in fungicide (Rizolex) at 1% and
the plantlets were planted in small plastic pots (6 cm)
filled with growing medium consisted of a sterile

mixture of sand: peat moss: vermiculite at ratio of
1:1:1(by volume). The pots placed under plastic tunnels
where they irrigated with a fine mist of water for 3
weeks and transferred to grow under the greenhouse
conditions. Survival percentage was determined after 4
week.

The design of the experiments was a complete
randomized design. Data for each experiment subjected
to analysis of variance (ANOVA) by the general linear
models (GLMS) procedure using Statistical Analysis
System  (SPSS10) (Anonymous, 2005). Mean
comparison was performed using Duncan’s Multiple
Range Test according to Snedecor and Cochran (1967).
A significance level of 5% was used for all statistical
analyses.

RESULTS AND DISCUSSION

Effects of BA and medium type om shoot
multiplication of H. muticus L. and D. metel L.

Data in Table {1} show that incorporation of BA in
the medium was essential for enhancing shoot
multiplication. The B35 medium supplemented with 0.1
mg!l™' BA significantly produced the greatest number of
multiple shoots {8.67 shoots/ plantlet) from shoot tips of
H. muticus, followed by MS medium containing 0.1
mgl'BA which gave 7.58 shoots/ plantlet (Fig, 1-A),

On the other hand, in D metel the best
multiplication rate was recorded form MS medium
supplemented with BA at 0.8 mgl" (high level) which
gave 8.25 shoots/ plantlet (Fig. 1-C), followed by MS
medium containing 0.4 mgl” BA and B5 medium
supplemented with 0.2 mgl"' BA which gave 6.25 and
5.67 shoots/ plantlet, respectively.

Concerning shoot length of H  muticus, data
presented in Table (1) indicated that using either MS or
BS medium supplemented with 0.05 and 0.1 mgl' BA
or without BA produced the tallest shoots without
significant  differences between MS  medium
supplemented with 0.4 or 0.8 mgl* BA. These lengths
ranged from 2.58 cm to 2.75 ¢m. The B35 medium
supplemented with 0.8 mgl™ BA produced the shortest
shoot length as 1.73 cm.

Data presented in Table (1) iilustrate that the MS
medium supplemented with 0.8 mgl™" BA produced the
longest shoot (2.85 cm) of D. metel, with no significant
differences than MS without BA. The B35 medium
supplemented with 0.2 mgl" BA produced the shortest
shoot length (1.79 cm). Arikat ef al., (2004) reported
that shoot tips of Salvia fruticosa cultured on BS
medium produced shortest shoots 2 nodes with
abnormal leaves as compared with MS medium.

As shown in Table (1), the highest number of leaves
of H muticus (34.5) was obtained with B5 medium
supplemented with 0.1 mg!" BA. It was noticed that the
increase in number of leaves was attributed to the
increase in number of proliferated shoots. Whereas, in
D. metel the highest number of leave (33) was obtained
with MS medium supplemented with 0.8 mgl™” BA.

Vitrification was observed with Egyptian henbane
shoots on media containing B5 salt, where the stems
were translucent and the leaves were thickened, turgid
and brittle (Fig. 1-B).
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Data of Table (1) show that both media (MS and
B5) supplemented with different concentration of BA
significantly affected the fresh weight of cultures. The
heaviest fresh weights of cultures (3.57 and 2.85 g)
were obtained on MS medium containing 0.8 mgl' BA
for H. muticus and D. metel, respectively. Also, it was
observed that the fresh weight of callus increased with
increasing BA concentrations. This increase in fresh
weight of cultures was due to the increase in number of
shoots and the fresh weight of callus in the base of
explants.

Similar results were obtained in leaf explants of
Datura metel! cultured on MS medium supplemented
with 1.0 mgl" BA where Muthukumar and
Arockiasamy (2003) reported that the highest
percentage of shoot regeneration was obtained with MS
medium supplemented with 2.0 mgl” BA.

In general, production of multiple shoots from the
shoot-tip explants resulted in the regeneration of large
number of plantlets from a single shoot tip excised from
seedling. This technique, therefore, presents as an
efficient system compared to seed propagation for
conserving and mass multiplication of this important
medicinal plants.

Effects of BA and NAA on shoot multiplication of H.
muticus L. and D. metel L.

Data presented in Table (2) show that BS medium
devoid of growth regulators or with NAA at 0.250 mgf
had no influence on the shoots number of H. muticus.
Both treatents produced the lowest number of shoots
as 1.0 shoots/ plantlet. Also, there were no significant
differences in the number of multiple shoots produced
per plantlet in these treatments when compared with
treatmerit containing 0.5 mgl" BA plus 0.5 mgl’ NAA
which gave 1.25 shoots/ plantlet.

In the same table data indicate that B5 medium
supplemented " with BA at 0.25 mgl’ significantly
increased number of multiple shoots (4.38 shoots/
plantlet), foliowed by BS medium supplemented with
0.5 mgl'' BA with 0.125 mgl"' NAA or without NAA,
where both gave 3.88 shoots/ plantlet (Fig. 2-A }.

Similar trend was reported by Atta- Alla et af.,
(2001) on Gypsophila pariculata. They showed that MS
medium supplemented with BA at the 2.0 mgl’
significantly produced the highest number of
proliferated shoot. El-Shafey ef af.(1997) on Acacia
albida reported that BA was the most effective on
promoting shoot multiplication. Whereas, effect of BA

Table (1): Effects of BA and medium type on shoot multiplication of . muticus L and D. metel/ L .

Treatments No. of shoots/ shoot length No. of leaves/ Fresh weight
Modia BA n}g_" plantlet {cm) plantlet of plantlet (g)
H. muticus

MS 0 1.00 f 265a 10.58 f 0.74f
0.05 5.00d 273 a 26.58b 1.90d
0.1 7.58b 273a 2942 b 22cd
02 4.75 de 2.19b [9.92 de 1.95d
04 417¢ 2.63a 1742 2.38be
038 4.67 de 275a 28.33b 3.57a

BS 0 1.00 275a 683 g 0931
0.05 6.00c 267a 23.00cd 208 cd
0.1 867a 2.58a 34.50 a 2.64b
02 508d 1.79c 2342¢ l45¢
04 475 de 192¢ 22.67cd 2.02cd
0.8 125 f 1.73 ¢ 8.83 fg 133 e

D. metel

MS 0 1.00 1 2.69 ab 7.67f 0.60 ef
0.05 1.67 f 2.58 be 12.17 ¢ 0.838 cde
0.1 3.i7 de 2.77 ab 1825d 0.94 bed
0.2 442 ¢ 2.69 ab 2583b 1.14 be
04 625b 2.79 ab 2625b 227b
0.8 8§25a 2.85a 33.00a 282a

BS 0 1.00f 2.63b 7.92f 0.66 def
0.05 267¢ 2.04d 1592d 046 f
0.1 35d 240¢ 17.33d 0.62 ef
02 567b 1.79 ¢ 24.25 be 0.69 def
04 458¢c 2.58 bc 22.00¢ 1.22b
0.8 450 ¢ 2.19d 26.75b 1.05 be

Means with the same letter (3) in the same column are not significantly different according to Duncan’s Multiple Range at 5%.
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Fig. (1- A) - In vitro multiplication of H. muticus L on MS medium supplemented with 0.1 8 mgl™” IBA)
(1- B)- Vitrification appears in BS medium of H. muticus L.
(1-c) In vitro multiplication of Datura metel L on MS medium supplemented with 0.8 mgl"' BA)

on decreasing the number of proliferated shoots was
reported by Youssef (1994) on Acacia saligna and
Rudud et al., (1997) on Eucalyptus nitens.

As for D. metel, data presented in Table (2) indicate
that BS medium supplemented with BA at 0.25 mgl"
and NAA at 0.125 mgl™ significantly increased number
of multiple shoots (3.13 shoots/ plantlet). The least
number of multiple shoots per plantlet produced on
medium devoid of BA, but there was no significant
differences in number of shoots per explant produced by
treatments compared with treatment containing 0.25
mgl™” BA plus 0.25 mgl' NAA or BA alone at 0.5 mgl’
'which gave 1.0 and 1.88 shoots/explant, respectively.

Similar findings reported on D. metel by
Muthukumar et al/ (2004) who demonstrated that MS
medium supplemented with BA at 3.0 mgl™' and NAA at
0.5 mgl™" was optimum for regeneration of shoots. Also,
Carelli and Echeverrigaray (2002) on Rosa hybrida cv.
Baronesse found that addition of NAA at 0.5 mgl™ to
the medium enhanced the production of multiple shoots.

Concerning the effect of BA and NAA on shoot
length of H. muticus, data presented in Table (2) show
that the tallest shoots (2.75 , 2.69 and 2.69 cm), were
produced from B5 medium supplemented with 0.5 mgl™
BA plus 0.125 mgl"NAA, control and NAA at 0.250
mgl™” respectively. The shortest shoots were obtained
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with medium containing ¢.25 mgl” BA plus 0.25 mgl™
NAA and medium containing 0.50 mgl”' BA plus 0.50
mgl'' NAA.

Whereas on D. metel, B5 medium containing 0.25
mgl' NAA produced the tallest shoot length (2.81 cm),
but this treatment did not significantly difference than
the treatments received 0.25 mgl-' BA plus 0.0, 0.125
or 0.5 mgl’ NAA.

As for, number of H. muticus leaves, data in Table
(2) indicate that the greatest number of leaves (23.50
and 22.50) was obtained from plantiet grown on B5
medium supplemented with 025 and 0.5 mgl' BA,
respectively, without any NAA concentrations. It was
noticed that number of leaves was interrelated with
number of proliferated shoots.

On D. metel the greatest number of leaves (18.38
and 15.13) was obtained in plantlets grown on medium
supplemented with 0.25 mgl' BA plus 0.125 mgl”
NAA and 0.50 mgl' BA plus 0. 25 mgl' NAA
respectively, (Table 2).

Data of Table (2) show that B5 medium
supplemented with a combination of NAA and BA
slightly affected the fresh weight of cultures (shoots
plus callus). The fresh weight of cultures increased with
the increase of BA and NAA. The heaviest fresh weight
of culture (2.71 g) was obtained from medium
containing 0.25 mgl” BA and 0.125 mgl" NAA and
0.50 mgl'BA and 0.25 mgl" NAA. This increase is
mainly due to formation of both callus and shoots.

In general, multiplication and characteristics of
proliferated shoots of H muticus were affected by
auxins and cytokinins combinations. The presence of
NAA at 0.125 mgi' increased shoot length. Addition of
BA at 0.5 mg!l™ alone in the multiplication medium was
the best choice. This concentration was superior over
0.25 mgl" BA as no undesirable responses such as
callus formation were observed.

Similar trend was reported by Mujib and Pal (1995)
who found that the highest number of shoots of
carnation was obtained by culturing shoot tips on MS
medium supplemented with low concentrations of BA
(0.5 mgl"). They also observed that the addition of
NAA did not promote shoot proliferation, but increased
the shoot length. Similarly, Matu et of,(2006) found
that MS medium supplemented with 0.5 or 1.0 mgl™
BA in the absence or presence of low concentrations of
IAA or IBA (0.1 or 0.5 mgl™") was optimal for shoot
irduction and growth of Maytenus senegalensis, in
terms of number of shoots produced per nodal explant.
However, incorporation of 0.5 mgl‘l BA alone in the
shoot multiplication medium was eventually chosen.

On D. metel, data in Table (2) show that the
heaviest fresh weight of cuiture (1.06 g) was obtained
on medium containing 0.5 mgl'BA and 0.125 mgl’
NAA. In general, the fresh weight of culture increased
with increasing BA level. This increasing may be due to
the increase in number of multiple shoots and formation
callus.

Table (2): Effects of BA and NAA on shoot multipiication of /. muticus L and D. metel L cultured on B5 medium

No. of shoots/

No. of leaves/ Fresh weight of

BA mal Treat:}:::sm ng plantlet shoot length (cm) plantlet plantlet (g)
H, muticus L

0.00 0.000 1.00 2.69 ab 8.00 d 103 d
0.125 [.00 f 2.28 bc 9.63 cod 121 cd
0.250 1.00 2.69 ab 1025 cd 1.16 «d
0.500 1.38 ef 2.63 ab 11.75 cd 1.95 abc

0.25 0.600 438 a 206 < 2350 a 148 bed
0.125 3.50 be 2.56 ab 20.38 a 271 a
0.250 2.88 cd 200 ¢ 18.00 ab 2.21 ab
0.500 263 d 2.38 abe 14.25 be 2.13 ab
0.000 3.88 ab 225 be 2250 a 227 ab

0.50 0.125 3.88 ab 275 a 2150 a 246 a
0.250 1.88 e 213 ¢ 10.13 cd 271 a
0.500 [.25 ef 206 ¢ 9.25 cd 2.61 a

D. metel

0.00 0.060 1.00 ¢ 2.19 cde 5.56¢ 0.08b
0.125 1.00 ¢ 206 de 575¢ 0.09b
0.250 1.00 ¢ 2.81 a 8.00¢ 030¢
0.500 1.00 ¢ 2.16cde 550¢ 0.52abc

0.25 0.000 1.75 be 2.56 ab 7.63¢ 0.44 be
0.125 3.13a 2.63 ab 1838a 0.6labc
0.250 1.00 ¢ 2.41bcd 725¢ 033¢
0.500 2.63 ab 2.75 ab 13.63b 1.00 ab

0.50 0.060 1.88 be 2.50c abc 10.13 be 0.45 be
0.125 2.50ab 200e 9.25 be 1.06a
0.250 2.63 ab 2.50 abc 1513 a 0.53abc
0.500 2.13 ab 2.09 de 6.25¢ 0.29¢

Means with the same lefter(s) in the same column are not significantly different according to Duncan’s Multiple range at 5%.



108

Koriech et al., 2007

-

Fig. (2) A- In vitro multiplication of H. muticus, L. on BS medium supplemented with 0.5 mgl™' BA.

Fig. (2) B- In vitro multiplication of D. metel, L (B5 medium supplemented with 0.25 mgl™ BA plus 0.125 NAA)

Effect of IBA on in vitro rooting of H. muticus L. and
D. metel L.

The proliferated shoots were individually separated
and cultured on MS medium supplemented with IBA to
investigate the effect of IBA concentrations on in vitro
rooting of H. muticus, and D. metel.

Concerning H. muticus, data presented in Table (3)
show that MS medium supplemented with 1.0 mgl"
IBA produced the highest percentage of rooting (50 %).
Medium devoid of IBA or supplemented with low
concentration of IBA (0.2 mgl™") were not able to induce
roots. Meanwhile, in D. metel, all shoots cultured on
MS medium with or without BA produced roots (100%)
rooting

Similar trend was obtained by Missaleva et al.,
(1993) who found that 50% of shoots of Datura innoxia
were unable to form roots due to callus formation at the
basal portion of the stem section. Slater et al., (2003)
concluded that IBA as auxin is necessary for the root
formation.

On H. muticus , data presented in Table (3) show
that MS medium supplemented with 1.0 mgl' IBA
produced the greatest number of roots (1.33 roots /
plantlet) but without significant differences than MS
medium supplemented with either 0.4 or 0.6 mgl” IBA,
where both produced 0.58 roots per plantlet.
Meanwhile, on D. metel, MS medium supplemented
with 0.4 mgl" IBA produced the highest number of
roots (12.38 roots / plantlet) with no significant
differences when compared with MS medium
supplemented with 0.2 , 0.6 or 1.0 mgl" IBA, which
produced 11.0 , 10.88 and 11.75 roots / plantlet,
respectively.

The tallest roots of H. muticus (2.46 cm) was
obtained on medium containing 0.6 mgl” IBA with no
significant differences when compared with medium
supplemented with 0.4, 0.8 or 1.0 mgl" IBA . On the
other hand, the average longest roots of D. metel (12.25
cm) was obtained on MS medium containing 0.8 mgl™
IBA, with no significant differences than control and
when supplemented with 0.4 mgl™ .

As shown in Table (3) the tallest shoot of H.
muticus was obtained in MS medium containing 0.4 mg
I'IBA. No significant differences were detected
between different treatments, on shoot length of D.
metel. The length of shoots ranged from 2.81 to 3.25
cm.

Concerning the fresh weight of H. muticus plantlets,
data presented in Table (3) showed that MS medium
supplemented with IBA at 0.4 mgl™ significantly gave
the heaviest fresh weight (1.59 g). The obtained results
indicated that the presence of IBA as a kind of auxins
was necessary for root induction in Hyoescyamus
muticus since no root produced in the absence of [BA.
The same trend was reported by Arikat ef al., (2004)
who found that auxins were necessary for root
formation in Salvia fruticosa. Also, Liu et al., (2003)
found that the addition of IBA promoted the induction
of roots in Artemisia judaica .

Similar results were obtained by Muthukumar and
Arockiasamy (2003) on D. metel, who reported that all
the regenerated shoots rooted on MS medium
supplemented with different concentrations of IBA, and
2 mgl" IBA was found to be the optimum concentration
for root induction.
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Table (3): Effect of IBA on in vitro rooting of Ayoscyamus muticus L and D. metel L shoot cultured on MS medium

Treatment . No, of Shoot length F. W. of plantlet
IBA mgl” Rooting % root/plantiet Root length (cm) (em) g (g;)
H. muticus
0.00 0.60 .00 b 0.00b 246¢ 0.96¢c
0.20 0.00 0.00 b 0.00 b 246 ¢ 1.07 be
0.40 16.6 0.58 ab 0.92 ab 3.08a 1.59a
0.60 16.6 0,58 ab 246a 3.00a 1.28b
0.50 25 0.33b 1.33 ab 273b 1.27b
1.00 50 133 a 1.83 ab 271b 1.34 ab
D. metel

0.00 100 5.13b 10.13 ab 3.13a 09b
020 100 11.0a 10.88 a 325a 1.76 a
0.40 100 12384 10.0 ab 325a 225a
(.60 100 10.88 a 7.0b 281a 193a
0.80 100 10,13 ab 12.25a 30a 2.37a
1.00 100 11.75a 10.38 ab 294 a 226a

Means with the same letter(s) in the same column are not significantly different according to- Duncan’s Multiple range at 5%.
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