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Improving the Production of Ruta graveolens 1.. Plants Cultivated
under Different Compost Levels and Various Sowing Distance
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Abstract: Two field experiments were carried out during 2004/2005 and 2005/2006 seasons to study the effect
of compost fertilizers at three doses of 78.54, 159.46 and 238 Kg N/hectare on growth, flower characters and
active constituents of Ruta graveolens L. plants cultivated at three different plant distances. Compost
significantly improved most vegetative growth characters as plant height, fresh and dry weight of leaves, stems
and roots. The lughest compost level produced highest accumulation of essential o1l of leaves and flowers,
rutin and coumarin percentage as well as nutrient content (N, P, K, Fe, Mn and Zn). The different sowing
distance recorded various difference effects on growth characters. The narrow distance (30 cm) resulted the
highest essential o1l yield for both leaves and flowers, while the wider distance of 50cm produced ughest
accumulation of rutin, coumarin and nutrients content. Moreover, the interaction between compost doses and
sowing distances indicated that the highest means values for most growth characters, rutin and coumarin were
recorded with 78.54Kg N/hectare +30 cm distance between plants, while for essential oil content the applied
159.46 Kg N/hectare and sowing at 30 cm produced highest content. GC/MS analysis of rue essential oil showed
that there were 32 and 31 compounds for leaves and flowers consisting about 94.54 and 96.45% of total
essential oil for both organs respectively. The major constituents of rue oil were the oxygenated compounds
(80.3% for leaves 83.3% for flowers). The mam component was 2-undecanone which represented more the half
of total essential oil. The results indicated that compost levels or sowing distances had different effects on total

identified and major constituents of rue essential oil.
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INTRODUCTION

Ruta graveolens 1. (common rtue) is native to
Southern Europe and Northern Africa. Rue plant 1s
medicinal plant whose roots and aerial parts contain
more than one hundred and twenty compounds of
different classes of natural products such as acridone
alkaloids, essential oil,
furoquinoline [1, 2]. Many of these compounds are
physiologically active and therefore of pharmacological

coumarines, flavonoids and

mterest [3]. The medicinal action of common rue is
abortificient, anthelmintic, antiseptic, antispasmodic,
carminative, irritant and stomachic [4, 5]. The main uses of
rue are to relieve gouty and rheumatic pains and to treat
nervous heart problems [6, 7]. The infusion is also said to
be useful in eliminating worms [8]. In addition Chiu and
Fung [9] revealed that rue plants contained cardiovascular

active substance that had a direct effect on the
cardiovascular system. Moreover, Pathak e/ al [10]
revealed that Ruta in combination with Co, (Po,)* could
be used for effective treatment of brain cancers,
particularly glioma.

Compost fertilizer 1s safety for human health and
environment. It 1s made by recycling organic material as
plant and animals waste, food scraps in a controlled
process.Compost used to unprove soil properties, water
retention capacity, drainage, pH and better availability
soll micro orgamsm [11, 12]. Several researchers reported
that adding various organic compost to the soil resulted
to marked promotion on different growth characters yield
and chemical constituents of various medicinal and
aromatic plants i.e. on peppermint [13], Rosmarinus
officinalis  [14], Tagetes erecta [15] and Sideritis
montana [16].
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Otherwise, the distance between plants or plant
density is the most important factors affect greatly on
growth and chemical constituents by effecting on light
and photosynthetic process, water and nutrients
uptake. The suitable spacing and its affect on the
productivity of different plants were reported by
El-Gengailu et al. [17] on Dracocephalum moldavica,
Omar et al. [18] on Silybum marianum, El-Sherbeny et al.
[16] on Sideritis montana.

Thus, this investigation was conducted to detect the
optimum compost dose with suitable plant distance to
produced highest vegetative and flowering growth with
good quality of essential oil as well as rutin and coumarin

content of Ruta graveolens plants.
MATERIALS AND METHODS

Plant
conducted at the Experimental Station of National

material: Two Field experiments were
Research Centre, Shalakan, Kalubia Government during
two successive seasons of 2004/2005 and 2005/2006 to
study the influence of different compost levels and
various plant distances on growth and chemical
constituents of rue plants. Seed of common rue plants
(Ruta graveolens) were sown on 25th of October, during
the two successive seasons n seedbeds. When seedling
reached to 12-15 on long, they were transplanted in plots
4m’ area (Zx2m) enrows of 60 cm apart with three distance
mterbetween 30, 40 and 50 cm. The experimental soil was
analyzed according to Black [19]. It was clay loamy having
pH.7.2; EC0.5, CaCo, 1.4% Total N 540 mg kg ", available
P(P,0;), 87mg kg™, available K{K {2 256 mg kg 'and
available Mg 2500 mg kg™'. DTPA extractable Fe, Mn, Zn
and Cuwere 22.1, 3.8 and 2.65 mg kg™, respectively.

Methods: The different treatments were arranged in 4
replication using a split plot design having the compost
mn the main plots, while the different plant distance were
distributed at random m the sub plots. Each sub plot
contained 10 plants. Compost levels were added during
so1l preparation at three levels, 78.54, 159.46 and 238.6 kg
N/hect.Compost was produced by Green Valley for
Organic Products Co., S.A E. Physical-chemical properties

The experiment was included the following treatments:

Control (0 compost ) + 30 cm distance between plants

Control (0 compost ) + 40 cm distance between plants

Control (0 compost ) + 50 cm distance between plants

Compost (78.54Kg N/hect. 1+ 30 cm distance between

plants

5. Compost (78.54Kg N/hect. H 40 ¢m distance between
plants

6.  Compost (78.54Kg N/hect. H 50 ¢cm distance between
plants

7. Compost (159.46Kg N/ect )+ 30 com distance
between plants

8. Compost (159.46Kg Nhect )+ 40 cm distance
between plants

9. Compost (159.46Kg Nhect )+ 50 cm distance
between plants

10. Compost (238Kg N/hect.)+ 30 cm distance between

W=

plants

11. Compost (238Kg Ns/hect. )+ 40 cm distance between
plants

12, Compost (238Kg N/hect. )+ 50 cm distance between
plants

The plants were collected at full flowering stage in
15th May during the two successive seasons and the
following data were recorded:

Vegetative growth characters:

a. Plant height (cm).
Number of branches per plant.

=

Fresh and dry weights of leaves, stems and roots

(g/plant).
d.  Fresh weight of flowers per plant (g/plant).

Chemical constituents:

a. Hssential o1l % in fresh leaves and flowers: Samples
of fresh leaves and flowers for each treatment were
separately subjected to water distillation for 3 h
according to A.O.A.C. [20].

b. Essential oil yield, were calculated for plant and

of organic compost are shown in Table 1. Hectare.

Table 1: Physical-chemical properties of organic compost fertilizer

Wet% OM% pH E.Cmmohs/cm  C/Nratio  Organic carbon % N % P% Fe ppm Mnppm Cuppm Znppm
35 70 7.24 21 23:1 258 1.2 0.8 790 190 731 150
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¢. Oil components:

The samples were dehydrated over anhydrous
sulphate then subjected to GC/MS.
Separation of the resulting crude, fractions and
volatile oil was accomplished on a Varian Gas
Chromatography (Thermo Inst, USA) mass
spectrometer and a 30 cm x 0.25 mm. DB capillary
column film thickness (J and W Scientific, USA).
The column temperature was programmed from
50°C (constant for 3 min.) at a rat of 7°C/min to
250°C with 10 min. 1sothermal hold. The imector
temperature was 220° and transition time temperature
was 250°C. The carrier gas was helium and the
column head pressure 10-15 psi. The
identification of the constituents was determined by

sodium

was

comparing the spectrum with the other stored mn
Wiley Mass Spectral Library containing over 147000
volatile compounds.

d. Rutin percentage m dried leaves,
according to method of Zhuang et al[21].

determined

e. Coumarin percentage in dried leaves estimation as
described by Harbone [22].

f.  Mineral
nitrogen content using the modified micro-Kjeldahl
methods as Tackson [23]. Phosphorus and potassium
(%) according to Chapmean and Pratt [24] and
Cottonie et al., [25], respectively.

content in leaves, including total

Statistical methods: Comparisons among means of
different treatments were performed using the least
significant difference procedure (LSD) at 0.05 levels as
illustrated by Snedecor and Cochran [26].

RESULTS

Growth characters

Effect of compost fertilizer on growth characters:
Data presented m Table 2 showed a pronounced
increment in plant height due to applied highest compost
level, while the lower level (78.54 Kg N/hectare) caused
insignificant decrement for these criteria. Moreover, the
difference between plant height of plants treated with the
maximum and the mimmum level of compost reached to
6.7%. From the same table, it is noticed clearly that the

Table 2: Influence of compost fertilizer and sowing distance on vegetative characters of Ruta graveolens L. (means value of two seasons)

Fresh weight (g/plant) Dry weight (g/plant)

Plant Branches
Treatments height cm No/plant Leaves Stem Root Total Leaves Stem Root Total
A) Effect of compost:
Comp 0 39.3 13.8 17.4 28.9 51 51.4 7.4 11.4 2.9 21.7
Comp 1 38.5 13.6 14.0 25.5 54 44.9 8.7 12.5 33 24.3
Comp 2 37.6 13.9 18.6 358 6.4 60.8 84 13.7 3.7 27.8
Comp 3 41.1 13.2 259 46.9 6.5 792 9.0 18.5 3.5 314
LSD %05 1.4 NS 1.26 1.64 0.56 0.69 0.60 0.80 0.34 1.17
B) Effect of sowing distances:
30cm 374 13.6 17.5 299 52 526 9.0 121 31 11.1
40 cm 40.5 13.2 20.4 31.4 5.9 577 8.1 14.9 4.3 273
50 cm 39.5 14.2 19.1 40.8 6.5 66.2 8.0 15.2 4.4 27.7
LSD %05 1.21 0.48 1.09 1.42 0.49 0.60 0.54 0.69 0.29 1.01
C) Effect of the interaction between compost and sowing distances:
Comp 0
30cm 39.9 14.1 20.4 353 5.0 60.7 8.9 14.6 3.0 26.5
40cm 40.1 12.5 16.6 25.0 4.9 46.5 6.7 9.6 2.9 19.2
50cm 37.8 14.9 15.2 233 53 43.8 6.5 10.0 2.7 19.2
Compl
30cm 36.6 13.8 10.9 15.7 4.2 30.8 10.9 9.2 3.5 23.6
40cm 39.9 14.5 15.7 31.5 6.2 53.4 8.2 14.9 3.4 26.5
50cm 301 13.0 154 202 5.9 50.5 7.1 13.5 3.0 23.6
Comp2
30cm 341 15.1 17.4 28.9 6.4 52.7 8.3 11.4 3.5 23.2
40cm 38.9 11.8 20.9 37.2 6.3 o4.4 8.8 17.6 3.7 331
50cm 39.8 14.9 17.6 41.2 6.4 65.2 8.0 12.2 3.9 271
Comp3
30cm 39.1 12.0 21.4 39.6 5.0 66.0 7.8 13.2 2.5 235
40cm 43.0 13.9 282 31.8 6.3 66.3 8.8 17.4 4.3 30.5
50cm 41.3 13.8 28.0 69.4 84 105.4 10.5 25.0 4.8 40.3
LSD%5 242 0.96 2.19 2.84 0.97 1.20 1.09 1.39 0.58 2.02

Compl: 78.54 Kg N/hect. Comp2: 159.46 Kg N/hect. Comp3: 238 Kg Nvhect
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application various of compost levels had insignificant
effect on number of branches/plant.

Concerning the effect of compost levels on fresh
and dry weight of various plant organs, it could be
observed that the highest compost levels caused a
marked improved effected on fresh weights of leaves,
stems, roots and total plant. The mcrement percentages
for these characters over the control reached to 48.9,
623, 275 and 54.1% respectively. Similarly, the
stimulation effect on dry weight of the same organs
as a result of higher compost level reached to 21.6, 62.3,
345 and 44.7%, respectively compared with control
plants.

Effect of plant distances on growth characters: The
results presented in Table 2 indicated that different plant
distances markedly effect on vegetative growth
characters. The medium distance (40 c¢m) resulted in tallest
plant height which reached to 40.5 cm, while the narrow
distance (30 ¢cm) produced shortest one which reached to
37.4 cm. The wider spacing was more effective to produce
significant increment for branches number of rue plants.
Increasing sowing distances gradually from 30 cm to
50 cm increased number of branches about 4.5%.
Similarly, a positive relationship was noticed between
plant distances and fresh or dry weights of stems, roots
and whole rue plants. Thus the maximum weights were
noticed as a result of wider distance (50 cm between
plants) which gave an increment in fresh weight
(comparing with narrow distance 30 cm) reached to 25 and
25.9% for stems and roots respectively while the
increment in corresponding dry weight reached to 25.6
and 46.9% respectively. Otherwise, the medium distance
(40cm), led in general to significant promotion for leaves

fresh and dry weights.

Effect of the interaction between compost and plant
distances on growth characters: Regarding to combined
effect of various compost levels and different plant
spacing (Table 2), the obtained data revealed that the
maximum plant height and the heaviest fresh weight of
leaves were recorded with plant supplied with highest
compost level and grown under medium distance
condition (40 c¢m). Meanwhile, the highest number of
branches was obtained by treating plants with medium
compost level combined with narrow plant distance. On
the other hand, the pronounced increment in fresh and
dry weight of other different plant organs of rue plants
were occurred when the highest compost level was added
to plants grown at wider distance (50 cm).
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Table 3: Tnfluence of compost fertilizer and sowing distance on flowers
yield and essential oil of Ruta graveolens 1. (means value of
W0 Seasons)

Flower Essential oil (%) Essential oil ml/hect.

vield
Treatments g/plant Leaves Flowers Leaves Flowers
A) Effect of compost:
Comp 0 39.2 0.119 0.131 517.22 1288.34
Comp 1 36.2 0.121 0.164 425.0 1511.73
Comp 2 44.6 0.103 0.135 510.46 1491.21
Comp 3 64.8 0.112 0.109 712.93 1535.00
LSD %S5 2.18 0.006 0.003 14.95 15832
B) Effect of sowing distances:
30 cm 434 0.131 0.133 726.69 1711.98
40 cm 45.6 0.110 0.144 568.63 1623.37
50cm 49.6 0.100 0.128 363.66 1034.35
LSD %S5 1.89 0.005 0.004 12.95 137.09
) Effect of the interaction between compost and sowing distances:
Comp0
30 cm 40.0 0.099 0.123 637.82 1561.23
40 cm 383 0.125 0.127 525.46 1233.72
50 cm 39.3 0.134 0.143 38842 1070048
Compl
30cm 32.7 0.171 0.180 590.22 1869.04
40 cm 39.1 0.116 0.163 462.01 1617.02
50cm 36.7 0.076 0.150 222.77 1049.10
Comp2
30cm 37.7 0.140 0.143 774.26 1710.39
40 cm 421 0.100 0.172 530.55 1837.88
50 cm 54.0 0.068 0.090 226.58 92534
Comp3
30cm 63.3 0.113 0.085 767.93 1707.22
40 cm 62.9 0.100 0.113 715.86 1804.87
50cm 68.3 0.123 0.128 654.98 1092.90
LSD%S 377 0.012 0.009 21.3 208.98

Compl: 78.54 Kg Nhect. Comp2: 159.46 Kg Nhect. Comp3: 238 Kg
N/hect.

Flowers yield

Effect of compost fertilizer on flowers yield: The
flowers yield of rue plants as affected by various compost
levels were shown in Table 3. Significant promotion effect
with two lughest compost levels was recorded. Moreover,
the highest compost level produced the highest flowers
yield, which reached to 64.8 g/plant, in corresponding to
39.2 g flowers/plant for control plants.

Effect of plant distances on flowers yield: Data presented
in Table 3 indicated that the wider distance (50 cm)
was more favorable for producing highest flowers
yield/plant. Sigmificant increment was noticed with
increasing plant distances from 30 to 50 c¢m.

Effect of the interaction between compost and plant
distances on flowers yields: It is appeared from Table 3
that flowers yield recorded variable effect with appled
different compost levels combined with various plant
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distances. However, it is cleared that the highest compost
level combined with various plant distances, recorded in
general heaviest flowers yield compared with medium or
low compost level. Meanwhile, the highest significant
increment of flowers yield (68.3 g/plant) were noticed with
plant treated with compost level (238 Kg N/hect.) and
grown on wider distance (50 cm), which mcreased flowers
vield about 70.8% over the control treatment.

Essential oil content (%) and yield

Effect of compost fertilizer on essential oil content
(%) and yield: Data tabulated in Table 3 indicated that
compost fertilizers had a significant effect on essential oil
content (%) and yield (ccthect.) for both leaves and
flowers. The results cleared that essential oil content (%)
for flowers was higher compared with essential o1l content
(%) for leaves. Moreover, compost at different levels
caused sigmficant effect on essential o1l content (%). Low
compost level was more favorable for promoting essential
o1l accumulation in leaves as well as flowers, which their
content (%) reached to 0.121 and 0.164% respectively
comparing to 0.119 and 0.131% for control treatment. On
the otherwise, essential o1l yield m leaves and flowers
showed maximum values as a result of highest compost
level (238K g N/hect.).

Effect of plant distances on essential oil content (%)
and yield: According to the data in Table 3, an opposite
trend was noticed between essential oil (content (%) and
yield) for leaves and plant distances, where the narrow
distance (30 cm) produced the highest percentage and
vield. This promotion effect was
mcreasing sowing distances. On the other hand the
medium distance (40 cm) produced the maximum values

decreased with

for essential o1l percentage and yield in flowers.

Effect of the interaction between compost and plant
distances on essential oil content (%) and yield:
Essential oil content (%) and yield for both leaves and
flowers showed various pronounced increments with
some exceptions as a result of compost application under
different sowing distances. The maximum mean values of
essential o1l percentage were obtained as a result of the
combination treatment between the first compost level
(78.54Kg N/hect.) and 30 cm distance between plants. The
combination between Compost (159.46Kg N/hect.) and
30 cm distance between plants gave the highest essential
oil yield for leaves while the combination between
compost (159.46Kg N/hect.) and 40 em distance between
plants gave the highest essential o1l yield for flowers.
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Table 4: Tnfluence of compost fertilizer and sowing distance on rnitin and
cumarin (%) of Ruta graveolens L. (means value of two seasons)

Treatments Total rutin (%) Total cumarin (%)
A) Effect of compost:

Comp 0 1.31 0.0127
Comp 1 1.43 0.0143
Comp 2 1.51 0.0150
Comp 3 1.52 0.0153
B) Effect of sowing distances:

30cm 1.45 0.0145
40 ¢m 1.40 0.0140
50cm 1.46 0.0145
C) Effect of the interaction between compost and sowing distances:
Comp0

30cm 1.20 0.0120
40cm 1.21 0.0120
50cm 1.42 0.0140
Compl

30cm 1.50 0.0150
40cm 1.51 0.0150
50cm 1.31 0.0130
Comp2

30cm 1.51 0.0150
40cm 1.42 0.0140
50cm 1.61 0.0160
Comp3

30cm 1.60 0.0160
40cm 1.51 0.0150
50cm 1.52 0.0150

Compl: 78.54 Kg Nhect. Comp2: 159.46 Kg Nhect. Comp3: 238 Kg
N/hect.

Rutin and coumarin content (%)

Effect of compost fertilizer on rutin and coumarin
content: The results in Table 4 pointed out that rutin
percentage mcreased with different compost levels. The
highest increment was noticed with second compost
level (159.46 Kg N/hect.). Mean while the accumulation
increment at this level reached to 13.6% over the control
treatment. Similarly, the coumarin percentages appeared
a marked stimulation with various compost levels. The
two highest compost levels produced the highest
coumarin percentage, which recorded 15.4% over control
plants.

Effect of plant distances on rutin and coumarin
content: Tt is clearly observed from data presented in
Table 4 that increased plant distance from 30 c¢m to 40 cm
increased rutin content (%) and this increment reached
to  6.7%. More wider in distance to 50 cm, caused
opposite effect.

For coumarin content (%), the results indicated that
sowing at various distances had no pronounced effect on
mean values of coumarin accumulation which ranged

between 0.014 to 0.0146%.
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Table 5:  Influence of compost fertilizer and sowing distance on nutrients

content of Ruta graveolens 1. (means value of two seasons)

% ppm
Treatments N P K Zn Fe Mn
A) Effect of compost:
Comp 0 2.19 0.81 1.29 555 2129 162
Comp 1 27 0.88 1.49 632 2344 197
Comp 2 2.68 0.94 1.53 634 2379 226
Comp 3 2.97 0.97 1.55 642 2371 232
B) Effect of sowing distances:
30cm 2.44 0.88 1.42 601 2263 193
40 cm 2.54 0.87 1.45 603 2290 196
50 cm 2.60 0.90 1.45 619 2300 197
C) Effect of the interaction between compost and sowing distances:
Comp0
30cm 2.14 0.80 1.28 551 2112 166
40 cm 221 0.82 1.33 555 2141 160
50 cm 222 0.82 1.25 560 2135 160
Compl
30cm 2.56 0.88 1.47 6.23 2316 194
40 cm 272 0.86 1.49 618 2353 199
50 cm 2.86 0.91 1.51 657 2364 200
Comp2
30cm 2.62 0.90 1.50 628 2362 220
40 cm 270 0.94 1.52 635 2377 228
50 cm 272 0.98 1.58 640 2400 230
Comp3
30cm 2.76 0.95 1.54 633 2358 229
40 cm 2.99 0.97 1.55 638 2371 233
50 cm 3.17 0.99 1.56 655 2384 234

Compl: 7854 Kg Nhect. Comp2: 15946 Kg N/hect. Comp3: 238 Kg
N/hect

Effect of the interaction between compost and plant
distances on rutin and coumarin content: Data recorded
in Table 4 indicated that there were marked differences
n rutin percentage in leaves due to interaction applied of
various compost levels with different sowing distances.
Generally, increasing the applied compost dose with
mcreasing plant distances caused more accumulation in
rutin content. However, the maximum rutin percentage
was recorded with applied second compost level
(159.46Kg N/hect.) and sowing plants at 30 cm distance.

For coumarin, it is clearly noticed that application of
medium compost level (159.46 Kg N/hect.) with wider
sowing distance or the combined treatment between
the highest compost level (238 Kg Nrhect.) with
narrow plant distance accumulated the highest coumarin
(%). Moreover, increasing distance from 30 cm till 50 cm
with highest compost level produced the same value of
coumarin (0.015%).

Table é: Percentage composition of the leaves essential oil of Ruta

graveolens L. as influenced by compost and plant distance

Compounds Con. 1 2 3 4 5
Limonene 0.10 0.06 0.08 0.08 0.04 0.06
Geyrene 1.26 141 134 1.09 1.20 1.33
1-Nonene 245 219 3.00 218 253 230
2-Nonene 3.07 299 285 325 341 256
Undecene 351 344 267 388 369 440
Anthracene 1.21 100 110 1.14 095 081
Neophytadiene 0.03 0.06 0.04 0.10 0.05 0.05
3, 4-Dihydrobenzo

[b] fluoranthene 263 291 186 284 2064 247
Total hydrocarbon 1426 14.06 12.94 14.56 14.51 13.98
2-Octanone 1.60 172 136 1.55 1.70 1.38
2-Nonanone 10.15 10.27 11.08 11.5¢ 12.61 1292
Teteradecanal 1.22 140 202 130 153 1.4
Daodecanal 2,00 216 257 245 230 26l
2-Docanone 1.73 1.96 123 1.07 195 1.62
2-Undecanone 51.00 51.28 51.20 51.94 50.01 51.00
2-dodecanone 277 291 3.06 281 267 284

9-Methyl-10-Methy lene-
Tricyclo (4.2.1.1.2.5)

Decan-9-ol 015 015 009 0.03 008 0.07
1-Dodecanol, 3.7.1 1-trimethyl 0.51 049 0.36 047 043 0.52
2-Tridecanone 057 08 088 087 092 090
12-Methy1-oxa-cyclododec

-6-EN-2-one 236 271 236 286 246 214
Elemol 198 230 219 218 298 248
9-Methyl4-(1,3-benzodioxol

-5-y1) butanoate 075 042 068 054 082 095
Nepetalactol 011 012 014 014 020 015
Ascaridol 003 011 0.07 006 010 0.10
Guaiol 012 019 012 013 013 o011
Eudesmol 019 020 035 015 022 0.18
Methyl 4-(1,3-benzodioxol

-5-y1) butanoate 024 022 016 011 017 013
Hexadecanal 038 034 029 040 037 035
(Z)-8-(3, 5-dimethy1-4-

hy droscypheny)-2-octene 0.50 0.66 082 0.85 069 075
9,12,15-Octadecatrienal 085 102 111 125 1.51 1.32
Hexadecanoic acid 044  0.68 075 091 0.5 0.66

3-Ethoxy-4-hydroxy-4-
(4-methogyphenyl)

cyclopent-2-enone 0.10 017 013 011 0.08 0.05
9,12,15-Octadecatrienoic

acid methyl ester 055 092 038 051 080 074
Total oxygenated 80.30 83.24 83.40 84.28 85.32 8541
Total identified 94.56 97.30 96.34 98.84 99.83 99.39

1 = compost 0+ 30cm 2= compost O+ 40cm 3 = compostO + 50cm

4 = compost 1 + 30cm 5 = compost 2 + 30cm
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Table 7: Percentage composition of the flowers essential oil of Ruta

graveolens L. as influenced by compost and plant distance

Compounds Con. 1 2 3 4 5
Limonene 020 010 003 005 006 008
Geyrene 3.55 402 392 283 385 274
1-Nonene 231 192 240 250 166 139
2-Nonene 1.94 1.63 1.92 1.88 1.80 1.33
1-Undecene 3.14 400 328 292 329 335
Anthracene 052 024 061 054 044 031
Neophytadiene 0.13 0.02 025 011 008 0.11
3 4-Dihydrobenzo[b]fluoranthene 1.11 0.95 0.88 1.17 1.20 1.32
Pentacosane 024 030 039 017 022 015
Total hydrocarbon 13.14 1336 13.68 12.17 12.6 10.78
2-Nonanone 936 11.0 955 912 965 1036
Cyclotridecanone o.l0 014 018 0.09 011 0.02
2-Docanone 3.15 283 315 342 212 355
2-Undecanone 60.12 63.05 62.13 64.58 65.0 65.07
Ethyl 3-phenyl propionate 034 028 019 028 030 0.12
2-Dodecanone 402 500 345 398 381 390
9-Methyl-10-Methylene-Tricyclo

(4.2.1.1.2.5) Decan-9-ol 0.08 001 004 015 012 009
2-Tridecanone 041 013 016 029 044 029
1-Dodecanol, 3.7.11-trimethyl 0.11 0.06 0.08 008 017 0.17
Epiglobulol 0.12 0.09 014 023 011 030
Elemol 0.15 0.01 001 008 003 011
2-Tetradecanone 0.08 002 003 004 001 002
Cycloundecanone 0.13 0.02 0.05 0.08 002 019
Guaiol 020 011 013 009 022 017
Eudesmol 024 010 016 017 033 030
Cis-2-(3,4-dimethoxy)

phenlcyclopetanonol 117 1.01 025 142 100 1.15
1-(3,4-dimethoxy pheny)-1

-Acetoxy-z-propene 0.05 001 001 002 007 002
(7)-8-(3, 5-dimethy1-4-

hydroxyphenyl)-2-octene 1.02 066 0.88 0.54 083 0095
9,12,15-Octadecatrienal 0.10 0.01 0.06 001 002 005
Hexadecanoic acid 012 003 011 0.06 003 0.12
9,12,15-Octadecatrienoic

acid methy] ester 1.11 0.05 0.82 1.03 039 099

82.18 84.62 81.58
95.32 97.98 95.26

85.78 84.78 87.94
97.95 97.38 98.72

Total oxygenated
Total identified

1=compost 0+ 30cm 2= compost 0+ 40cm 3=compostd + 50cm

4= compost 1 + 30cm 5= compost 2 + 30cm

Nutrients content

Effect of compost fertilizer on nutrients content:
Table 5 showed the concentration of macronutrients N, P,
K as well as micronutrients Zn, Fe and Mn mn leaves of
Ruta graveolens as affected by compost fertilizer. Tt is

clear that different levels of compost caused a
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pronounced increment in all nutrients content. The
highest mean values content of various nutrients were
obtained with highest compost dose with one exception
recorded with Fe. However, the highest increments in
macro elements N,P and K in comparison with control
reached to 3.56, 19.8 and 20.2% respectively, wiule the
micreelements Zn, Fe and Mn reached to 15.7, 11.7 and
43.2% respectively.

Effect of plant distances on nutrients content: Data in
Table 5 indicated that the macro and micro elements
content increased gradually with increasing sowing
distance. The highest increment in nutrients content
were recorded with applied wider distance of 50 cm
reached to 6.6, 2.3 and 2.1% for NP and K respectively,
corresponding to plants sowing at 30 cm distance.
Similarly, microelements content of Zn, Fe and Mn
appeared erthanced accumulation with sowmg at 50 cm
than 30cm distance represented about 3.16, 1.6 and 2.1%,
respectively from same three elements.

Effect of the interaction between compost and plant
distances on nutrients content: It 1s clear in Table 5 that
the highest compost level combined with wider sowing
distance produced the highest accumulation for the
nutrients content of N.P.Fe and Mn for Ruta graveolens
plants. Thus, the applied 238 Kg N/hect. + 50 cm sowing
distance increasing the content of these minerals by 48.1,
23.8,12.9 and 41.0% over the control.

Essential oil components: The essential o1l compounds of
leaves and flowers collected at second season were
identified by GC/MS (Table 6 and 7). The identified
compounds 1n leaves were 32 compounds (represented
about 94.56%) and for flowers 33 compounds (represented
about 96.45%). The hydrocarbon terpenes were 8
compounds (contain 14.26%) and 9 compounds (contain
13.4%) for both leaves
Meanwhile, the oxygenated compounds for leaves were
24 compounds contain 80.30% and for flowers were 22

and flowers, respectively.

compounds contain 83.1%.

It was found that 2-undecanone was the major
compound for leaves and flowers, as it was found m all
cases more than half of the o1l compounds and it was
about 50.01 to 51.94% in leaves and 60.12 to 65.70% in
flowers. However, the mamn constituents previously in
Ruta graveolens oil for leaves were in a descending order,
l-undecen, 2-nonene, l-nonene and 2-dodecanone
whereas, for flowers o1l were 2-nonanone, 2-dodecanone,

gevrene and 1 -undecene.



Am-Euras. J. Agric. & Environ. Sci., 2 (3): 271-281, 2007

On the other hand, applied various compost fertilizer
levels mcreased the total identified compounds for oil of
both leaves and flowers. However, the major compound
of leaves did not affect by compost treatments, whle
essential oil of flowers appeared marked increment with
all treatments.

It 1s clear to notice the lughest identified compounds
and major constituents for leaves and flowers recorded
with highest compost level combined with narrow plant
distance (50 ¢cm).

DISCUSSION

The improvement effects of compost fertilization
treatments on vegetative growth characters can be
rendered to the important role of compost on soil
properties, moisture retention, better nutrient availability
which resulting in good plant growth production [11, 27].
The promotion effect of compost on rue vegetative
growth with one exception (number of branches/plant),
were concide with various medicinal and aromatic plants,
ie. Naguib [28] on Chamomille recutita, Aly [29] on
Lupinus termis, Khalil and El-Sherbeny et al. [30] on three
Mentha spp. and El-Sherbeny et al. [16] on Sideritis
montana L.

The vanable effect of plant distances on plant height
are reported by Shalaby and Razin [31] who recorded that
wider hill spacing resulted m shorter rosella plants, while
El-Kashlan [32] found that rosella plant height increased
with increasing plant distance. Sumilarly [16] on Sideritis
montana L. reported that 40 cm distance between
plant was the most favourable distance to produced
tallest plants comparing with two other distances of 30 cm
and 50 cm.

On the other hand, the improvement of fresh and dry
weights of Ruta graveolens plants may be attributed to
the wider plant spacing rendered to the availability of
more 1nter plant spacing enabling the plants to grow will
utilizing the growth factors. Similar results has been
recorded with El-Gengailu et af. [17] on Dracocephalum
moldavica, Mokhtar [33] on Lupinus termis and FEl-
Sherbeny et al. [16] on Sideritis montana L.

Regarding to mteraction treatments and their effects
on growth characters, the results obtained coincide with
the findings of El-Sherbeny et al [16] on Sideritis
montana 1. and Hussein et al [34] on Dracocephalum
moldavica.

Concerning the effect of compost levels and plant
distances on flowers yield, it is clear that the highest
significant increment of flowers yield was noticed as a
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result of the highest compost level combined with the
widest distance. These results may be attributed to the
role of macro-and micro-nutrients provided by compost in
stimulating metabolic processes, encouraging growth and
flowers yield. Moreover, the widest distance resulted in
increment the herb which plays an mmportant role for
encowraging flowers yield. In this respect, Mohamed and
Wahba [35] on Tagetes erecta indicated that narrow
distance of 36cm gave the heaviest fresh and dry weights
of flowers where 48 and 60 cm spacing produced the next
values. In contrast, Umesha et al. [36] suggested that the
greatest plant density gave the maximum yield of leaves
and inflorescence of basil.

As for the effect of applying compost on essential o1l
content (%) and oil yield, it can be noticed that compost
at (78.54 Kg N/Hect.) caused an increment in essential oil
content (%) for both leaves and flowers. On the other
hand, the maximum value of essential o1l yield (ml/plant)
was obtained as a result of applying compost at (238 Kg
N/Hect.).This result may be due to effect of compost on
accelerating metabolism reactions as well as stmulating
enzymes. This increment may be due to the effect of
compost on mass production or/and oil content (%).
Concerning the effect of plant spacing, it is found that the
narrow distance and medium one gave the highest value
of o1l content for leaves and flowers respectively, while
the maximum value of il yield was obtained as a result of
narrow space. In this respect, El-Sherbeny et af. [16],
reported that wider space (40 cm between plants) led to
the highest accumulation n oil percentage and yield of
Sideritis montana L.They added that essential oil yield
per feddan decrease by increasing planting distances from
20 to 40 cm. Meanwhile, Sadek ef al. [37] on rosemary
plants, El-Dean and Ahmed [38] on black cumin seed
found that oil percentage and yield increased by
increasing plant spacing. Hussein et al [34] on
Dracocephalum moldavica concluded  that  wider
treating plants with highest compost level (16.5 ton/fed.)
combined with a wider plant spacing (40 cm) had a
promotive effect on o1l percentage and o1l yield.

The promotive effect of compost orfand sowing
distance on rutin and coumarin content (%) may be due to
its effect on growth, photosynthetic pigments, nutrient
status and enzymes. In this connection, El-Gengaihi and
Abd-El-Fattah [39] revealed that the mitrogen forms had
no effect on rutin and coumarin content. They added that
the increment or decrement of rutin as well as total
flavonoids were almost a diurnal variation. This means
that these substances increased during the day and a
corresponding decrease occurred during the might. Also,
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the increment or decrement of flavonoids may be
attributed to the seasonal variation or plant age [40]. On
the other hand, Pereira et al. [41], indicated that coumarin
concentration was raised by orgamc fertilization (humus
or manure) while inorganic nutrient (different levels of
nitrogen) nduced increased phytomass of stem and leaf
vield of Mikania glomerata.

From the above results it could be indicated that to
produce plants contain highest nutrients content, plants
must be treated with compost at 238 Kg N/Hect.combined
with sowing at 50 cm distance.The results were in
harmony with those obtained by Herrera et al. [12] who
indicated that minerals content of N, P, K, Ca and Mg of
thyme seedlings were increased by increasing compost
ratio in growth media. In addition, Krishnan et al. [42]
reported that compost application caused enhancement of
N and K in fenugreek plants. Meanwhile, Aly [29] on
Lupinus termis revealed that N and K content increased
significantly by increasing compost levels, but contrast
was true for P, Fe, Mn and Zn which the accumulation
were mhibited gradually by increasing compost level from
0 to 16 ton/fed.

Concerning constituents, results obtained
revealed that 2-undecanone was detected as the major
compound for leaves and flowers. In this connection

o1l

several authors identified similar major compound of
Ruta graveolens 1.. Pino [43] indicated that leaf oil of
Ruta graveolens L. grown in Cuba identified 32
components and the major constituents was 2-
undecanone ( 48.67%) followed by curcuphenol (8.18%)
and hexadecanonic acid (5.68). Stashenko [44] found that
the main constituents of extracts from leaves, flowers,
stems and roots were 2-nonanone (8.9%), 2-undecanone
(13.4%0, chalepensin (13.0%) and geijerene (19.3%),
respectively. The above results which were mentioned the
effect of compost and/or sowing distances coincided with
those of [14] on Resmarinus officinalis and [16] on Tagets
erecta who rteported that compost level at 3.5
ton/fed. and 7 ton/fed. increased the percentage of the
identified constituents over the control.

CONCLUSION

According to previous results, it appears that the two
factors of compost at different levels and various sowing
distances have an important role in growth and flowers
characters as well as essential oil, rutin and coumarin
accumulation for Ruta graveolens plants. Tt could
recommend fertilizing plants with compost at level of
238 Kg N/Hect. Combined with 50 cm as sowing distance
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to produce the highest yield for both leaves and flowers
{g/plant) while for maximum values of essential o1l yield
(Kg/Hect.), 1t could apply (compost at 159.46 Kg WN/Hect.
X 30 cm.) or (compost at 78 54Kg N/Hect. X30cm) for
leaves and flowers respectively.

REFERENCES

DeFeo, V.,D. Simone and F. Senatore, 2002. Potential
allelochemicals from the essential oil of Ruta
graveolens. Phytochemistry, 61: 573-578.

Oliva, A., K.M. Meepagala, D.E. Wedge, D. Harries,
A L. Hale, G. Aliotta and S.D. Duke, 2003. Natural
fungicides from Ruta graveolens leaves mcluding
a new quinolon alkaloid. J. Agric. and Food Chem.,
51: 890-896.

Kuzovkina, I, I. Alterman and B. Schneider,
2004. Specific accumulation and revised structures
of acridon alkaloid glucosides m the tips of
transformed  roots of  Ruta
Phytochemistry, 65: 1095-1100.
Browner, C.H., 1985. Plants used for reproduction
health in Oscaca, Mexico. Econ.Bot., 39: 482-504.
Alzoreky, N.8. and K. Nakaka, 2003. Anti-bacterial
activity  of extracts from some edible plants

graveolens.

commonly consumed in Asia. Intl. T. Food Microbial.,
80: 223-230.

Chavez, M., I. Franco and M. Gonzalez, 2003.
Tradicion Herbolaria Remedios Caseros. Mexico
City, Ce-Actal, AC, pp: 80-81.

Atto, AH. and A. Alkofali, 1998 Anti-nociceptive
and anti-inflammatory effects of some Jordanion
medicinal  plant I, Ethnopharmacol.,
60: 117-124.

San Miguel, E., 2003. Rue (Rufa L. Rutaceae) in
traditional Spain: Frequency and distribution of it's
medicinal and symbolic application. Econ. Bot.,
57: 231-244.

Chiu, KW. and A Y L. fung, 1997. The cardiovascular
effects of green beans (Phaseolus aureus). Common
(Ruta graveolens) and Klep (Laminaria
Japonica) m rats. General Pharmacol., 29: 859-862.
Pathak, S., A.S. Multani, P. Banerji and P. Banerji,
2003. Ruta 6 selectively induces cell death in brain
cancer cells but proliferation in normal peripheral
blood lymphocytes: A novel treatment for human
brain cancer. Intl. J. Oncol., 23: 975-982.

Khandar, UR. and K.B. Nigam, 1986. Effect of
farmyard manure and fertility level on growth and

extracts.

e

10.

11.

yield of ginger (Zingiber officinale). Ind. J. Agric.
Sel., 66: 549-550.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Am-Euras. J. Agric. & Environ. Sci., 2 (3): 271-281, 2007

E.., N. Trembla, B. Desroches and

A, Gosselin, 1997, Optimization of substrate and

Herrera,

nutrient solution for organic cultivation of medicinal
transplants in multicell flats J. Herbs, Spices and
Medicinal plants. 4: 69-82.

Tara, A., O Brien and V.B. Allen, 1996. Growth of
peppermint in compost. J. of Herbs, Spices and
medicinal Plants, 4: 19-27.

Khalil, M.Y., 2002. Influence of compost and foliar
fertilization on growth and chemical composition of
Rosmarinus officinalis. Egypt. 1. Appl Seci,
17: 684-699.

Khalil, M. Y., N.Y. Naguib and S.E. El-Sherbeny, 2002.
Response of Tagetes erecta L. to compost and foliar
application of some microelements. Arab Univ. T.
Agrie. Sci., Am Shams Univ., Cawro, 10: 939-964.
El-Sherbeny, S.E.,M.Y. Khalil and N.Y. Naguib, 2005.
Influence of compost levels and suitable spacing on
the productivity of Sideritis montana plants recently
cultivated under Egyptian conditions. Bull. Fac.
Agric., Cairo Univ., 56: 373-392.

El-Gengaihi, 5., H. Wahba, K.P. Sroboda,
J.C. Langhlin and V.E. Brown, 1995. The response
of Dracocephalum moldavica plant to nitrogen
fertilization and planting density. Acta Hortic.,
390: 33-39.

Omar, EA., S.S. Ahmed, T.B. Fayed and A.A. Ezz-El-
Din, 1998. Seed vield of Silybum mariamum L. as
affected by row spacing and fertilization in new
reclaimed lands of Egypt. Egypt. I. Hort., 25: 281-293.
Black, C.A., 1983, Methods of Soil Analyses,
Part T and IT, Am. Soc., Agron. Inc. Pub., Madisen,
Wisc, USA.

AOAC, 1990. Association of Official Agricultural
Chemists. Official Methods of Analysis. Washington
DC, USA.

Zhuang, X.P, XY. Yu and G.8. Yang, 1992.
Determination of total flavonoid in the leaves
of ginko, Chinese. Traditional and Herbal Drugs,
23:122-124.

Harbone, I.B., 1998. Phytochemical Methods. A
guide to modern techniques of plant analysis, New
York, USA, pp: 54.

Jackson, MLL., 1973. Soil Chemical Analysis. Hall of
India Private Ltd M.97, Connaaught Circus, New
Delhi, India.

Chapman, H.D. and PE. Pratt, 1978. Methods of
Analysis. For soil and water.2™ Ed. Chapter, Univ.
Cali., Div. Agric., UISA, 17: 150-161.

280

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

Cottonie, A, M. Verloo, 1. Kerlan, G. Velghe and
R. Camereynck, 1982 Chemical analysis of Plants
and Soils. Lab. of Anal.. and Agrochem., State Univ.,
Ghent-Belgium, pp: 44-45.

Snedecor, G.W. and G.W. Cochran, 1980. Statistical
Methods. 7th Edn., Iowa State Univ.Press, Ames,
USA.

Rauiv, M., 1998. Horticultural uses of composted
material. Acta Hortic., 469: 225-234.

Naguib, N.Y., 2003. Impact of mineral nitrogen
fertilizer and orgamc compost on growth, herb
and chemical composition of German chamomile
(Chamomilla  recutita 1.) Egypt. 1. Appl Sci.,
18: 301-323,

Aly, M.S., 2003. Response of lupin (Lupinus
termis L.) plants to compost as orgamc fertilizer.
Egypt I. Appl. Sci., 18 273-284.

Khalil, M Y. and S.E. El-Sherbeny, 2003. Improving
the productivity of three Mentha species recently
cultivated under Egyptian condition. Egypt. J. Appl.
Sci., 18: 285-300.

Shalaby, A.S. and A.M. Razin, 1989. Effect of plant
spacing on the productivity of roselle (Hibiscus
sabdariffa 1..) grown in newly reclaimed land. J.
Agron. Crop Sci., 162: 256-260.

El-Kashlan, SH., 1984. Studies on response of roselle
(Hibiscus sabdariffa 1..) to plant density and nitrogen
fertilization. M. Sci. Thesis, Fac. Agric Cairo Umniv.
Moldhtar, S.A., 2002, Effect of plant density, nitrogen
and phosphorus fertilization on yield and yield
components on lupin { Lupinus termis L. ). Annals
Agric. Sci., Moshtohor, 47: 225-235.

Hussein, M.S., S.E. El- Sherbeny, MY. Khalil, Y.N.
Naguib and SM. Aly, 2006. Growth characters and
chemical constituents of Dracocephalum moldavica
plants in relation to compost fertilizer and plant
distance. Scientia Horticulturae, 108: 322-331.
Mohamed, SM. and HE. Wahba, 1993. Effect of
planting distance, pinching and zinc application on
growth, flowering and carotene of Tagefes erecta.
Amnals of Agric. Sci, Moshtohor, 31: 1031-1045.
Umesha, K., KM Bojappa, A.A. Foroogi and
N.S. Suresh, 1990. Influence of plant density on
growth and yield of basil (QOcinum gratissimum 1..).
Indian Perfumer, 34: 173-175.

Sadek, A A, AM. Kandeel and S.M. Mohamed,
1992. Effect of some agricultural treatments on the
growth and chemical composition of Rosemary plant
(Rosmarinus officinalis 1..) 1-Effect of planting
distances. Egypt I. Appl. Sei., 7: 353-364.



38.

39.

40.

41.

Am-Euras. J. Agric. & Environ. Sci., 2 (3): 271-281, 2007

El-Dean, E. and T. Ahmed, 1997. Influence of plant
distance and some phosphorus fertilization sources
on black cumin (Nigella sativa 1..) plants. Assiut
Journal of Agric. Sci., 28: 39-56.

El-Gengaihi, 8. and K.S. Abd-El-Fattah, 1976.
The effect of mitrogen forms on growth, nutrient
content and the mgredients of Ruta
graveolens plants. TLeague of Second Arab
Conference on Petrochemicals. Abu Dhabi 15-22
March.

Balbaa, S.L., AY. Zaki and A. El-Shamy, 1974
Qualitative and Quantitative study of the flavonoid
content of the different organs of Sphora japonica at
Planta Medica,

active

different stages of development.
25: 325-330.

Pereira, AM.S., A. Menezes, F.L.A. Camara and
S.C. Franca, 1998. Influence of fertilizer on coumarin
in  Mikania
Spices and

production
of Herbs,

content and biomass
glomerata Sprengel. 1.
medicinal Plants, 6: 29-36.

281

42.

43.

44,

Krishnan, N., D. Ravi and MK. Gajapathy, 1995.
Effect of neem better addition on free nitrogen fixers
and fungi in soil and on plant fenugreek growth.
Advances in Plant Sci., 8: 65-75.

Pino, T.A., A. Rosado and V. Fuentes, 1997. Leaf ail
of Ruta graveolens L. grown i Cuba. J. Essential O1l
Research, 9: 365-366.

Stashenko, E.E., R. Acosta and J.R. Martinez, 2000.
High-resolution gas chromatographic analysis of
secondary metabolites obtained by subcritical fluid
extraction from Colombian rue (Ruta graveolens L. ).
I. Biochem. Biophys. Methods, 43: 379-390.



