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Abstract: Three culture spacings at 20, 30 and 40 cm between the plants in row and three rates of cattle manure at 0.0,
30 and 45 m¥*fed. were used to study the effect of culture spacings, cattle manure levels and their interaction on
Verbascum thapsus L. (mullein) growth and active ingredients. Data were recorded on growth, dry leaves and flowers
yields as well as some active ingredients. Generally, the highest yield of dry leaves and flowers as well as the highest
contents of total iridoid glycosides, total saponins and total mucilages/plant in leaves and flowers were obtained from
using the widest plant spacing (40cm) and the highest level of cattle manure (45m3/fed.) each alone or in combination.
However, the highest yield of dry leaves and flowers as well as the active components/fed. were produced with the
narrow spacing (20 cm) alone or in combination with the highest level of cattle manure (45 m3/fed.) in both seasons.
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INTRODUCTION

Common mullein (Verbascum thapsus 1.), Family:
Scrophulariaceae, is a herb with a long history of use in
folk medicine. Historically, mullein has been used a
remedy for the respiratory tract, particularly in cases of
irritating coughs with bronchial congestion (Hoffman,
1988). The flowers are mildly diuretic and have a
soothing and anti-inflammatory effect on the urinary
tract (Mabey, 1988). The leaves are also diuretic,
helping to reduce inflammation of the urinary system
and to counter the irritating effect of acid urine (Tyler,
1994). The leaves, roots and flowers are also anodyne,
antiseptic, antispasmodic, astringent, emollient, nervine,
vulnerary, analgesic, antihistaminic, anticancer,
antioxidant, antiviral, bacteristat, cardiodepressant,
oestrogenic, fingicide, hypnotic and sedative (Null and
Null, 1972 and Grieve, 1981). Mullein oil is
recommended for earache and discharge from the ear,
and for any eczema of the external ear and its canal
{Yarnell, 1997).

The constituents of Verbascum thapsus include
polysaccharides, iridoid  glycosides  including
harpagoside; harpagide and aucubin (especially in the
leaves); flavonoids including  3-methylguercitin,
hesperedin and verbascoside; saponins and volatile oil
(Khuroo et al., 1988; Mehrotra ef al., 1989 and
Warashina et al, 1992).

Concerning the effect of plant spacing on
Verbascum thapsus plants, very few researches were
found in the literature, where Mahmoud (1980) reported
that vegetative growth was significantly improved by
increasing the spacing between plants in a sandy soil
supplemented with loamy-clay and organic materials.
The fresh and dry weights of plant at the beginning of
flowering stage and [eaf number as well 4s tresh and dry
weights of flowers were increased as plant spacing
increased. In contrast, flower yield per feddan was
increased as culture spacing decreased; the highest yield
of flowers per feddan was produced with 25 cm spacing.
The wide spacings (50 and 75 cm) recorded the highest
content of mucilages in the leaves and flowers.

However, the narrowest and widest spacings recorded
significant increase in saponins percentage in flowers
compared with the middle spacing (50 c¢m) the highest
percentage of saponins in flowers was obtained with the
widest spacing (75 cm). Also, Kleitz e al. (2003)
showed that mullein (Ferbascum thapsus L.) plants had
the highest plot yield of dried leaves and flowers at the
narrowest spacing (12 inch).

Regarding the effect of organic fertilizers on
Verbascum thapsus, Salama et gi. (2003) indicated that
the organic nitrogen source stimulated the growth and
favored the production of biomass. The two levels of
organic nitrogen at 33.5 and 67.0 kg/fed. gave the best
growth parameters, i.e. plant height, leaf number and
plant weight, and in the most cases 67.0 kg N/fed. level
was the best treatment in this respect. The highest level
of organic nitrogen (100.5 kg/fed.) led to the maximum
values of total saponins percentage and total iridoid
glycosides content, whereas the maximum value of total
mucilages in leaves was obtained with 33.5 kg N/fed. In
flowers total saponins percentage reached the maximum
values with 100.5 kg N/fed. However, total iridoid
glycosides content and total mucilages percentage were
reached the highest values at 67 kg organic
nitrogen/feddan. Abou El-Fetouh (2002) showed that
cattle and horse manure at 20, 40 and 60 m’/fed.
increased plant height, number of leaves, fresh and dry
weights of Jeaves/plant and significantly increased
glycosides content in both leaves and flowers of pot
marigold (Calendula officinalis L. Also, Hamad and
Khalil (2008) stated that plant height and dry weight of
leaves and sepals of roselle (Hibiscus sabdariffa L.)
were significantly increased with increasing cattle
manure rate from 15 to 30mi/fed., also, cattle manure
significantly enhanced the anthocyanins content in
sepals.

The present work aimed to study the effects of plant
spacings, cattle manure levels and their interaction on
vegetative growth, flowering and some active
ingredients of Verbascum thapsus L. plants under the
sandy soil conditions.
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MATERIALS AND METHODS

This work was carried out at the Experimental Farm
of Horticulture Research Station in El-Quassasin,
Ismailia Governorate, Egypt, during the two successive
seasons of 2005-2006 and 2006-2007, to investigate the
effects of plant spacings at 20, 30 and 40 cm between
the plants, catile manure levels at 0.0, 30 and 45 m®/fed.,
and their interaction on vegetative growth, flowering
and some active ingredients of Verbascum thapsus L.
plants under the sandy soil conditions.

The experimental soil in the two seasons was sandy
soil and its physical and chemical properties are shown
in Tabie (1).

Seeds of Verbascum thapsus .. were obtained from
Sekam Company, Cairo, Egypt and sown in the nursery
on 30" and 25™ September in the two seasons of 2005
and 2006, respectively in foam trays (209 eyes)
containing sand: peat: vermiculite at 1:1:1 ratio (v: v: v).
On 15" and 11™ November in the two seasons, uniform
seedlings at 45 days age (about 15 cm. length) were
transplanted in the sandy soil in rows 60 cm apart. The
experimental unit area was 2.4 m? (0.6 X 4 m.), and the
whole experiment has 27 plots.

Cattle manure was added and well mixed with the
soil during the preparation process, three weeks before
planting. The chemical composition of the air dried
cattle manure for the two seaSons is recorded in Table
(2).

The combination treatments betwecn plant spacings
and cattle manure levels consisted of 9 treatments. All
plants received normal agricultural practices whenever
they needed.

At the beginning of flowering stage during March
of each season, the data were recorded as follows:
number of leaves per plant, fresh and dry weights of
leaves per plant (g). The yield of dry leaves per feddan
(ton) was calculated by multiplying dry weight of
leaves/plant by number of plants/feddan, while, plant
height (cm) was recorded in the end of the flowering
stage (harvest time in June). Also, from the beginning of
flowering stage and along of the flowering season, the
fresh flowers was daily collected from certain plants till
the end of flowering. The daily yields-of flowers were
weighed and dried, then at the end of season the total
yield was collected to obtain the fresh and dry weight of
flowers per plant (g.). The yield of dry flowers per
feddan (ton) was calculated at the end of harvest or
flowering stage by mulliplying dry weight of
flowers/plant by plant number/feddan.

For chemical analysis, total iridoid glycosides
(T.LG) content {mg/100 g dry mattet) and total saponins
(T.S) percentage [Triterpenoid saponins] in the leaf and
flower samples were colorimetrically assessed
according to the methods of Kotenko ef al. (1994) and
Ebrahimzadah and Niknam (1998), respectively.
However, total mucilages (T.M) percentage in the leaf
and flower samples was determined according to the
method described by Karawya et al. (1980).

Factorial experiment was arranged in a randomized
complete block design in three replicates and the
collected data were computed and statistically analyzed
with the analysis of variance using Mstat program. The

differences between the means of treatments were tested
using Duncan Multiple Range Test at 0.05 level
according to Jayaraman (1999).

Table (1): The physical and chemical properties of the
used soil in the two seasons.

Properties 1* season 2™ season
1- Physical properties:
Sand (%) 91.5 92
Silt (%) 1.5 1.0
Clay (%) 7.0 7.0
Texture Sandy Sandy

. 2- Chemical properties :

Salt analysis :

EC dS,” 0.62 1.12

pH 7.12 7.51
Cations (meq/l):

Ca™ 1.8 1.0

Mg* 0.8 0.4

Na' 2.7 52

K* 0.8 4.6
Anions (meg/1):

Ccr 0.6 56

HCO;+CO5” 1.8 1.0

SO, 3.7 4.6
Available elements:

Nitrogen (mg/kg) 14.0 28.0

Phosphorus {mg/kg) 16.4 25.8

Potassium (mg/kg) 252 379

Total nitrogen (g/kg): 0.28 0.28

2-4- Organic matter (QM} (%) 032 0.50

Table (2): Chemical properties of cattle manure in both
S€asons.

Chemical properties  First season  Second
season
. 19.05:10r  1291:lor
C/N ratio 525%  1.70%
Salt analysis :
EC dS,,"' 2.04 3.36
pH 7.56 7.60
Cations {meq/1) :
Ca™ 0.20 0.40
Mg* 0.80 0.60
Na" 12.20 28.10
K 7.80 7.90
Anions (meg/1) -
Ccl 10.00 19.00
HCOy+CO5* 3.00 2.80
SO, 8.00 15.20
Available elements :
Nitrogen (mg/kg) 84.00 70.00
Phosphorus  (mg/kg) 182.00 151.00
Potassium  (mg/kg) 902.00 911.00
Total nitrogen (g/kg) 0.84=0.084% 1.96=0.196%
Organic matter (OM) (%) 275 4.36
Organic carbon (OC) (%) 1.60 2.53
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RESULTS AND DISCUSSION

Effect of plant spacings on some vegetative growth
parameters;

The results presented in Table (3) show that the
plant height of Verbascum thapsus was decreased by
increasing the plant spacing. The tallest plants (222.83
and 221.58 cm) were obtained from 20 cm spacing
during the first and second seasons, respectively.

The decrease in plant height by increasing the
spacing between plants may be due to the competition
between plants for solar energy trapping in the narrow
spacing which pushed the plants to grow taller for
obtaining its solar requirements. This clearly explains
the opposite relation between plant spacing and plant
height.

Leaf number of Verbascum thapsus L. recorded
significant increase by increasing plant spacing. The
widest spacing (40 cm) gave the highest leaf number per
plant with significant differences in the two seasons in
comparison with the other two spacings. This treatment
produced an increment over the narrow one (20 cm) by
12.14 and 12.37% in the two seasons, respectively.

From the data recoded in Table (3), it can be
concluded that the fresh and dry weight of leaves/plant
was significantly increased by widening the spacing
between plants. The widest spacing (40 cm) gave the
heaviest fresh and dry weight of leaves/plant in both
seasons. These results are in harmony with those
reported by Mahmoud (1980) on common mullein.

Such increase in number and weights of
leaves/plant at the wide spacing may be due to lower
competition between plants which led to more
utilization of light, water and nutrients. The highly
photosynthesis rate is also expected to be the main
reason for higher accumulation rate of nutrients and
increase the growth of plants,

Data presented in Table (3) clear that by increasing
the spacing between plants, the yield of dry
leaves/feddan was decreased. The narrow spacing (20
cm) exhibited the highest dry leaf vizld/feddan as 2.26
and 2.47 tons in the first and second seasons,
respectively. These results agreed with those found by
Kleitz et al. (2003) on Verbascum thapsus L.

The positive effect of closer spacing on the yield of
dry leaves per feddan may be due to the increase in
cultivated plants per unit area which reflected on
producing the heaviest dry weight of leaves per feddan,

Effect of cattle manure levels on sonie vegetative
growth parameters:

Results in Table (3) show that increasing cattle
manure levels from 0.0 to 30 and 45 m?*fed.
significantly increased the plant height in the two
seasons. These results coincided with those obtained by
Salama et al. (2003), who found that organic nitrogen
fertilizer increased plant height of mullein, Abou El-
Fetouh (2002) on pot marigold and Hamad and Khalil
(2008) on roselle. Data given in Table (3) show that
number of leaves/plant was increased with increasing
the rates of cattle manure in the two seasons. Moreover,
the high rate (45 m?/fed.) caused significant increase in
this respect, compared to the low one (30 m*/fed.) or
conirol during the two seasons. These results agreed

with those found by Abou El-Fetouh (2002) on
Calendula officinalis.

The fresh and dry weights of leaves/plant were
increased by increasing cattle manure rates. In addition,
the high rate (45m/fed.) caused significant increases
over the control by 37.28, 45,68% and 29.93, 33.23% of
leaf fresh and dry weight/plant in the first and second
seasons, respectively. Similar results were recorded by
Salama et of. (2003) on muilein, Abou Ei-Fetouh (2002)
on marigold and Hamad and Khalil (2008) on roselle.

Data illustrated in Table (3) reveal that the dry yield
of Verbascum thapsus leaves/feddan was increased by
using cattle manure with significant differences in the
two seasons. Moreover, the high rate (45m’/fed.)
exhibited 1.89 and 2.15 ton. of dry leaves/fed. with an
increase over control by 31.25 and 34.38% for the first
and second seasons, respectively.

Improving the vegetative growth by using organic
(cattle) manure may be due to that the organic manure
amendment of the soil, increased the availability and

. uptake of the nutrients (macro and micro), beside

increasing the water holding capacity of the soil, which
reflected on the metabolic processes activation, and
hence, increasing the vegetative growth of plants.

Effect of the interaction between plant spacings and
cattle manure levels on some vegetative growth
parameters:

As shown in Table (3), data indicate that the
interaction between plant spacing at 20 cm and cattle
manure at 45 m?/feddan significantly produced the
highest values of plant height during the two seasons
(229.79 and 228.83 cm in the first and second seasons,
respectively). Plant height was significantly increased
by increasing cattle manure rate and decreasing
spacings between plants.

From the recorded data in Table (3) it can be
concluded that the high rate of cattle manure (45
m?*/fed.) combined with the wide spacing (40 cm)
significantly produced the highest number of leaves as
20.88 and 26.33 in the first and second season,
respectively.

The fresh and dry weights of leaves/plant were
significantly increased by all interaction treatments
between plant spacing and cattle manure rates during
the two seasons. The treatment of the widest spacing (40
cm) and the highest rate of cattle manure (45 m3fed.)
recorded the heaviest fresh and dry weight of leaves
with significant differences in both seasons as compared
to the other treatments,

Data recorded in Table (3} clearly indicate that the
yield of dry leaves/fed. has a similar trend of plant
height in regard to the effect of interaction between
plant spacing and cattle manure treatments in the two
seasons. Since, the yield of dry leaves/fed. was
increased with raising the cattle manure rates combined

_ with decreasing plant spacing. The highest yield of dry

leaves (2.56 and 2.83 ton/fed. in the first and second
seasons, respectively) was significantly recorded by the
treatment of the highest rate of cattle manure plus the
narrowest plant spacing.



Table (3): Effect of plant spacings, cattle manure leveis and their interaction on some vegetative growth parameters of Verbdascum thapsus L. during seasons 2003-2006
and 2006-2007. , T

First season Second season
Treatments .

Fresh weight Dry weight Fresh weight Dry weight

Plant Cattle Pl.ant Number of of leaves/ of leaves/ Yielf’. of dry Pl.a nt Number of  of leaves/ of leaves/ Yield of dry
. height leaves/ fed. height leaves/ fed.
spacing manure leaves/plant plant plant leaves/plant plant plant
(cm) ig) (@) (ton) (cm) (g) ( & (ton)
0.0 m*ffed 21349 15.008 221.83¢ 54218 1.90° 212.7°F 1821°"° 286.59¢ 57.66° 302¢
20 cm 30 m*ffed 2253 % 17.42°¢ 288.72° 66.07 ¢ 231° 2232° 21.67° 346.70 ¢ 73 841 2558
45 m’ffed 229.8° 18.96° 332.49° 73.15° 256 228.8° 22.96 ¢ 402.33°¢ 80.91 % 2.83°
0.0 m¥fed 210.7¢ 16.09 257.15° 56.63F 1.32° 210.0¢ 19,17 ¢ 300421 64.08 ¢ 1.50¢
30 cm 30mfed 2229 18.00¢ 312.16 ¢ 68.15 1.59¢ 22179 33004 377224 77.67 *¢ 1.81°¢
45 mi/fed 22757 19.84° 35326° 74.62° 1,744 1276™ 25.05° 435.06° 85.50° 2.00°
0.0 m*/fed 203.5°¢ 17.13¢ 292.45°¢ 62.85¢ 1.10" 208.6" 19.96 ¢ 346.30°¢ 66.18 ¢ 1271
40 cm 30 m*ffed 220.0° 19.63° 326.63°¢ 69.75° 1.22¢ 219.7¢ 24.29° 403.45° 81.80 % 143"
45mifed 2255% 20.88° 373.25° 77.93* 1.37°F 226.7° 26.33° 478411 92.70 1.62°
20cm  222.8° 17.13 ¢ 281.01°¢ 64.48°¢ 2.26* 216° 20.95°¢ 33521° 70.47 ° 247°
Main effectof 50 = 5904¢ 17.98° 307.52° 66.47" 1.55" 2198° 22.41° 39080 ° 75.75 " 1.77°
plant spacing
40em  2163° 19.21° 330.78 ° 70.18° 1.23°¢ 218.4° 23.53° 409.29* 80.23° 1.44°¢
0.0 m*/fed 209.2° 16.07 € 257.14° 57.90 ¢ 1.44 ¢ 210.5°¢ 19.11° 301.00 ¢ 62.64° 1.60°¢
Main effect of 3 b b b b b b b b b b
cattle manure J0 M /fed 2227 18.35 309.17 67.99 1.71 215 22.99 375.79 77.44 1.93

45 m’ffed 227.6° 19.89° 353.00° 75.23° 1.89° 227.7° 24.78° 438.50° 86.37° 2.15¢

* Means in the same column with the same letters are not significantly different at p < 0.05 according to Duncan's multiple range test.
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Effect of plant spacings on some. fewering
paRrameters:

Datw presented in Table (4) show. tHat: the widest
spacing, (3% cm) significantly increased the fresh and
dry weight of flowers comparing to the-otherweatments
during, the two seasons. Since, it gave: $13.85 and
516.95; 5732 and 71.06 g of fresh, andi dty weight of
flowers. for the two seasons;. respectively:. These results
are in harmony with those reported by, Mahmoud (1980)
and Klie#tz et al. (2003) on. Herbascum: thapwas 1.

It contrast, the narrowest spacing (20 em) exhibited
a significant increase in: dry flower yield per feddan,
since, it gave increases wy 24.11 amd 3%0%; 19.55 and
28.23% over 30 and 40 am spacings. it the both seasons,
respectively.

Effect of cattle mamare levels on some flowering
paramefers:

As shown in Table (4) the results indicate that using.
cattle manure significantly increased the fresh and dry,

weight of flowers of mullein. The highest rat
(45m¥fed.) significantly gave increases in this regand
comparing to the other rate or control in both seasoms.
Similar results, regarding the weight of flowers/plamt,
were reported by Salama et al. (2003) on Verbascum
thapsus and Hamad and Khalil (2008) on roselle.

Moreover, increasing cattle manure rate resulited in
an increase of the dry flowers yield. In addition, the
highest rate (45m?/fed.) exhibited significant increase in
dry flower yield/fed. in comparison with the 3¢ m*/fed.
or control. This treatment produced 1.39 and 1.58
ton/fed. of dry flowers with an increase of 49.46 and
31.67% in comparison with the control in the first and
second seasons, respectively.

Effect of the interaction between plant spacings and
cattle manure levels on some flowering parameters:
The results in Table {4} indicate that the interaction
treatment between the highest rate of caitle manure
{45m?/fed.) and the widest spacing (40 cm) significant]y
gave the heaviest fresh and dry weight of flowers per
plant in comparison with the ather treatments. Alse, the
data given in Table (4) reveal that the yield of dry
flowers of Verbascum thapsus per feddan was increased
by increasing cattle manure rates and decreasing plant
spacing. The interaction treatment between the highest
rate of cattle manure (45m?*fed.) and the narrowest
spacing (20 cm) significantly produced the heaviest
yield of dry flowers per feddan in the two seasons
comparing to the other interaction treatments,

Effect of plant spacings on some active ingredients in
the dry leaves and flowers:

From the data in Table (5) it is clear that total
iridoid glycosides content, total saponins and total
mucilages percentages were increased in the dry leaves
and flowers with increasing the spacing between plants.
Generally, the values of T.L.G content, T.§ and T.M
percentages were slightly higher in the second season
than that in the first one. In addition, significant
increases in T.I.G content, T.S and T.M percemtages
were obtained with the wide spacing (40cm) comparing
to the other two spacings in both seasons. This spacing
recorded 171.64 and 179.82 mg/100g.d.w of T.LG,

28.98 and 31:98%%0f T.8 and 3.41 and 3.44% of T.M in
the flowers. for: the two seasons, respectively. Similar
increases i mugiliges in mullein leaves were reported
by Mahmoud (1 950).

The widttrrspasing may permit more vegetative and
root growtl; amsequently more nutrients absorption.
and/or- acoumulbtion thamr closer one. Moreover,
sufficient: utilization of iight due to the increase in the
spacing: Hetwes: plants might induce more chlorophyl
and caboliydhates synttiesis and/or accumulationr as:
well as M B K content in. the jeaves. Also, this pesitive
effects, muight increase the content of the active
compoments like total iridoid glycosides, total saponins,
and totalimucifapes in the leaves and flowers,

Effect of catile mamwre levels on seme active
ingredicats in the dry leaves and flowers::

Tabla (5) demonstrated that the highestirate of cattle
manugre {45 m/fed.) gave significant increases in each
of total iridoid givcosides (T.1.G) content, tptal saporpins
(T.S) and total mucilages (T.M) percentages in both of
dry. leaves and flowers comparing to the: other rate (30
m¥/fed.) or control in the two seasons. Similar resulis
were found by Salama et af. (2003 on Verbascum
thapsus and Hamad and Khalil (2008) regarding
anthocyanins content in roselle sepals.

Such improvement in the content of active
components in leaves and flowers might be due to the
effect of organic manure on soil fertility, water holding
capacity of soil, availability and uptake of minerals and
activation of the active processes including synthesis of
proteins and carbohydrates and hence, synthesis and
accumulation of these components.

Effect of the interaction between plant spacings and
cattle manure levels on some active ingredients in the
dry leaves and flowers:

From the recorded data in Table (5) it can be
concluded thai the highest content of total iridoid
glycosides as well as the highest percentages of total
saponins and total mucilages in dry leaves of
Verbascum thapsus {7845 and 78.14 mg/100g.d.w. of
TG, 7.21 and 7.63 % of T.S. and 4.41 and 4.52% of
T.M. in the two seasons, respectively) were obtained
with the interaction between the widest spacing (40 cm)
and the highest rate of cattle manure (45 m¥/fed.) with
significant differences in this respect. Also, this
treatment produced the highest content of total iridoid
glycosides and the highest percentages of total saponins
and toral mucilages in the flowers (179,50 and 185.50
mg/100g.dw of T.ILG, 31.13 and 34.25% of T.S and
360 and 3.62% of TM in the two seasons,
respectively).

From the obtained resuits it is recommended to
cultivate the plants in rows 60 apart at 20 ¢cm spacing
between plants with application of cattle manure at
45m3*fed. in order to maximize the yield of leaves and
flowers of Verbascim thapsus. Because the difficulty of
hatvest and collection of flowers at the narrow spacing,
it is suggested to cultivate Verbascum plants in rows at
40 ¢m spacing between the plants and fertilized with
caitle manure at 45m¥/fed. to wmake the flower
harvesting maore easier and maintains healihy flowers.



Table (4): Effect of plant spacings, cattle manure Jevels and their interaction on some flowering parameters of Verbascum thapsus L. during seasons 2005-2006 and 2006-

2007.
First season Second season
Treztinents
Plant Cattle Fresh weight of Dry weight of Yieid of dry Fresh weight of Dry weight of Yield of dry
spacing manure flowers/plant flowers/plant flowers/fed flowers/plant flowers/plant flowers/fed
4] L63] (ton) 40 (g (ton)
0.0 m’/fed 228.69 29,08 " 1.02°¢ 252931 35058 123 ¢
20 cm 30 m’/ted 330.69" 41.14 ¢ 1.44° 349.78 45.18 ¢ 158"
45 m’/fed 395.75°¢ 49.03 % . 1.72°¢ 42811°¢ 56.24° 1.97°
0.0 m’/fed 348.75¢ 38.36¢ 0.89° 341578 51.84° 1211
30 cm 30 m’/fed 38164 ° 4833 °¢ 1.13¢ 426.60 ¢ 57.10° 1334
45 m*/fed 43469 ¢ 56.74°¢ 1.34° 505.29° 62.26°¢ 1.45°
0.0 m*/fed 473.24° 49964 0.87°F 455.42 ¢ 66.16° 1.16 ¢
40 cm 30 m*ffed 516.96" 58.09° 1.02° 514.88° 71.13% 124°
45 m’ffed 55136 63.90° 1.12¢ 580.55° 75.90° 1334
Main cffect 20 cm 318.38° 39,75 ¢ 1.39° 34361 ¢ 45.49° 1.59°
aii citec
of plant 30 em 388.23° 47.81° 1.12° 424.49° 57.07° 133°
spacing
40 cm 513.85° 57.32° 1.00°¢ 516,95° 71.06*° 1.24°¢
Main effect 0.0 m°/fed 350.09°¢ 39.13° 0.93¢ 34997°¢ 51.02°¢ 1.20°¢
ain eriec
ofcattle 30 m*ffed 409.77° 49.19° 119" 430.42° 57.80°" 139"
manure
45 m*/fed 460.60* 56.56 139 504.65° 64.80° 1.58*

* Means in the same column with the same letters are not significantly different at p < 0.05 according to Duncan's multiple range test.
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Table (5): Effect of plant spacings, cattle manure levels and their interaction on some active ingredients in the dry leaves and flowers of Verbascum thapsus L. during

seasons 2005-2006 and 2006-2007.

Treatments Dry leaves Dry flowers
First season Second season First season Second season
Plant Cattle
spacing manure T.1.G. T.I.G. T.LG. T.L.G.
T.S. T.S. T.M., T.S. T.M. T.S. T.M.
(mg/100g o T.M. (%) (mg/100g o ° (mg/100g ° o (mg/100g o 0
dw) (%) dwy O %) T awy W 0 " gwy R (%)
0.0 m*/fed  51.91° 478" 3.22f 56.45" 509" 3.29" 142.15° 21.00" 2.88% 14940 2483F 291f
20em 30m’ffed 6027° 6.26°¢ 3.50°¢ 60.20 & 6.59f 32t isso1t 22099f 3.128 169.18°F  26.87" 3.13°¢
45m’ffed 61.49°¢ 6.49° 3.54°¢ 68.56 ¢ 6924 3.77°¢ 170.65% 2533°¢ 34149 176.30°  28.07° 3.44°
0.0 m’/fed 54.49° 6.08¢ 3.51°¢ 60.94 8 6.47 8 3608  15849% 22218 3018 168078 27.10°% 3.13°
30 em  30m’fed 59.62° 6.93° 3.654¢ 67.45°¢ 7.14°¢ 4119  167.58° 25.25° 3.35° 174.83¢ 2898° 3.40°
45m’ffed  78.45° 7.00° 423" 75.50° 729" 431°  17446°% 26.80° 351" 181.09°  30.15° 3.53°
0.0 m*/fed  55.54°% 6.70 ¢ 3.641¢ 62.59°F 6.85°¢ 3.78 ¢ 162307 26.33¢ 3177 173.48° 29574 3.20¢
40 em 30 m’ffed  70.89° 701° 402° 72.79° 733" 440°  173.11°  2948° 347°  18048° 3207° 3.51°
45m'/fed  76.73° 7.22° 441° 78.14* 7.63° 452" 179.50°  31.13% 3.60° 185.50*  3425° 3.63°
20 ¢cm 57.89°¢ 5.84° 3.42°¢ 61.74 ¢ 620° 3.56° 15624°  23.11° 3.14° 164.96° 2659° 3.16°¢
Main effect
ofplant  30em  64.19°  6.67° 3.79°  67.96° 697" 400"  166.85° 2476° 333 17466° 28.74°  335°
spacing -
40 cm 67.72° 6.97° 402° 71.17% 727° 424* 17164* 28098° 341 17982*  3196° 345°
0.0 m*fed 53.98° 5.85¢ 3.45° 59.99 ¢ 6.14°¢ 356° 15431°¢  23.18° 3.06¢  163.65° 27.17° 3.08°¢
Main effect
ofcattle 30m’fed 63.59° 6.73° 3.72° 66.81° 7.02° 407°  165.54° 2590° 331%  174.83% 29.3p° 3.35°
manure
45m’ffed 7222° 6.90* 4.06° 74.07* 7.28* 420  174.87* 27.75°% 3.51*  180.97° 30.83*  3.53°
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*Means in the same column with the same letters are not significantly different at p < 0.05 according to Duncan's multiple range test.

*T.1.G = total iridoid glycosides, T.S = total saponins and T.M = total mucilages.
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