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ABSTRACT

The present study was carried out during the two successive seasons of 1998
and 1999, to investigate the response of basil (Ocimum basilicum L., cv. Grand Vert)
plants to different levels of NPK fertilization (using a fertilizer mixture with a ratio of
5:2:2, applied at 600, 800, 1000 or 1200 kg/fed lseason) or organic fertiiization using
poultry manure (PM) at rates of 12, 18, 24 or 30 m 3ffed. Iseason cattle manure (CM)
or horse manure (HM), each at rates of 24, 36, 48 or 60 m *ffed./season. The results
showed that although all the applied treatments lmproved the growth and yield
parameters of basil, poultry manure (PM) at 24 m *feddan proved to be the best
treatment in increasing the fresh and dry herb yields per plant, as well as the oil
percentage and oil yield per plant. The different fertilization treatments increased the
content of linaiool in the essentlal oil (with NPK at 800 kg/fed. giving the highest
values, followed by PM at12 m /fed) but decreased the camphor content, compared
to the control. Also, the different fertilization treatments tended to increase the
contents of total carbohydrates, N, P, and Kin the herb, but decreased the Fe, Mn
and Zn contents. The second cut gave the highest oil yield compared with both the 1*
and 3™ cuts. This was due to the higher herb yield rather than the oil percentage, that
was highest in the 3" cut.
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INTRODUCTION

Aromatic and medicinal plants are an important source of national
income and foreign currency in Egypt. They are among the most important
agricultural export commodities that are in demand in European and other
international markets. Basil is one of the most important species for export
among the medicinal and aromatic plants and it has a good reputation in the
European countries. The area cultivated with basil in Egypt is about 4-5
thousand feddans, and the exports are more than 4000 tons per year.

During the last few years, medicinal and aromatic plants have been
cultivated in newly reclaimed desert areas. Under such conditions, providing
the cultivated plants with their nutritional requirements depends on the supply
of macro-nutrients (inciuding N, P -and K), as well as micro-nutrients
(including Fe, Zn and Mn) by the addition of organic and chemical fertilizers.
The importance of fertilization to aromatic plants was emphasized by Moa
and Craker (1991), who stated that an adequate supply of nutrients,
particularly N, is one of several factors responsible for increasing the oil yield.
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Also, the importance of fertilization was pointed out by Devlin (1975), who

stated that the nutrients supplied by fertilization are necessary for the various
biochemical processes that occur within the plant, and that are essential for
normal planit growth and development.

Several researchers have investigated the nutritional requirements of a
number of Lamiaceae (Labiatae) plants, with the aim of determining the
optimum fertilization treatments for maximum herb and oil production [EI-
Gamasy et al. (1985) on Majorana hortensis, Refaat (1988) on sweet
marjoram, Khan and Zaidi (1991) on Mentha arvensis, Munsi (1992) on
Japanese mint, El-Ghadban (1994) on Mentha viridis, Jacoub (1995) on
Ocimum basilicum, El-Sayed et al. (2002) on Mentha viridis and Origanum
majorana, and many others]. However, most of this research was concerned
with the use of synthetic chemical fertilizers for growing the crops.

The use of organic agricuiture is spreading all over the world. Organic
fertilizers are an important source for providing the plants with their nutritional
requirements, and for alleviation of the problems associated with chemical
residues in the export commodities (El-Ghadban, 1998). Organic fertilization
is also one of the methods used to reclaim sandy desert land and to improve
the chemical and physical characteristics of the soil.

For this reason, this investigation was conducted to determine the
effect of different organic fertilizers (viz. poultry, cattle and horse manures) on
the growth, oil yvield and chemical composition of an important Lamiaceae
plant (Ocimun basilicum L., cv. "Grand Vert"), and to compare this effect with
that of conventional NPK fertilization. The resuits of this study may help in
optimizing the herb and essential oil yields as well as the oil quality and the
chemical composition of the plants.

MATERIALS AND METHODS

This study was conducted at the Experimental Nursery of the Medicinal
and Aromatic Plant Research Department, Horticulture Research institute,
Agricultural Research Center, Dokky, Cairo, during two successive seasons
of 1998 and 1999. The aim of the study was to investigate the effect of some
organic manures (poultry, cattle and horse) and inorganic (NPK) fertilization
on the growth, oil yield and chemical composition of sweet basil (Ocimum
basilicum L.) cv. "Grand Vert" plants.

Sweet basil seeds were sown on 15" January in a peatmoss medium
in the nursery beds. Two months later, when the seedlings were 12-17cm in
height with 6-8 leaves, they were transplanted into 30-cm (diameter) clay pots
filled with a sandy soil (obtained from Shabrament area, Giza). The soil
contained 0.12% N, 0.16% P, 0.25% K, 0.38% Mg, 0.53 ppm Ca, 4.01 ppm
Fe, 0.61 ppm Mn, 0.44 ppm Zn, 0.40 ppm Cu, and had an EC of 1.59 ds/m.
After transplanting, the pots were placed in a sunny area, and the
recommended agricultural practices were followed.

In both seasons, the plants received either conventicnal chemical NPK
fertilization, or were Supplied with organic fertilization using poultry manure -
(PM), cattle manure (CM) or horse manure (HM). Plants receiving chemical
fertilization were supplied with an NPK fertilizer mixture with a ratio of 5:2:2
(25%N - 10% P:0s — 10 K;0), at rates of 12, 16, 20 or 24 g/pot/season
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(equivalent to 600, 800, 1000 or 1200 kqfeddanlseason) Plants fertilized
using PM received 212 318, 424 or 530 cm” of PM/pot/season (equivalent to
12, 18, 24 or 30 m /feddanlseason) while plants fertilized using CM-or HM
received 424, 636, 849 or 1080 ¢cm™ of CM or HM/pot/season (equivalent to
24, 36, 48 or 60 m %/feddan/season). Unfertilized plants were used as the
control.

The NPK fertilizer used was a mixture of ammonium sulphate (20.5%
N, calcium superphosphate (15.5% P20s), and potassium sulphate (48%
K,O), at a ratio of 5:2:2. The chemical (NPK) treatments were divided into
three equal doses. In each season, the first dose was applied as atop
dressing after 2 weeks from planting, while the second dose was applied after
the first cut, and the third dose was applied after the second cut.

The poultry and cattle manures were obtained from the Animal
Production Department, Facu'ty “of Agricuiture, Cairo University, while the
horse manure was obtained from “El-Ferouseya Club®, El-Gezira, Cairo. The
physical and chemical characteristics of the three types of manure are
presented in Table (A). In each season, the organic fertilization treatments
were divided into three doses. The first dose of organic fertilizers was
incorporated into the sandy potting soil two weeks before planting. The
second dose was applied after the ﬁrst cut on 15™ June, and the third dose
was applied after the second cut on 30" July.

The layout of the experiment was a randomized complete blocks
design, with 17 treatments (Control + 4 NPK rates + 4 PM rates + 4 CM rates
+ 4 HM rates) and three replicates (blocks). Each block consisted of 6
pots/treatment.

In each season, three cuts were taken from the plants on 15" June,
30" July and 15™ September. The plants were harvested by cutting the
vegetative parts 10-15cm above the soil surface.

in all cuts of the two seasons, data were recorded on plant vegetative
growth characteristics, inclucing herb fresh weight/plant (g), herb dry
weight/plant (g), leaves fresh weight/plant (g) and leaves dry weight/plant (g).
The dry weights of the herb and leaves were recorded after air-drying until a
constant weight was obtained. Also, the oil percentage in the fresh herb taken
in the second cut of each season was determined by distillation of fresh herb
samples, using the method described by the British Pharmacopoeia (1963).
Satisfactory results were obtained by distillation of 100 g of fresh herb for 3
hours. The essential oil yield/plant was then caiculated in proportion to the
herb fresh weight/plant. Samples of the essential oil extracted in the second
cut of the first season were subjected to gas-liquid chromatographic analysis
(using a Hewlett Packard, 5890 Series Il apparatus) to determine their main
constituents, as recommended by Bunzen et al. (1969) and Hoftman (1967).

Dry herb samples taken from the second cut of each season were also
analysed chemically to determine their contents of total carbohydrates (usmg
the method descrived by Herbert.et al., 1971), N (using the modified micro-
Kjeldahl method as described by Pregl, 1945), P (according to King, 1951),
as well as the K, Fe, Mn and Zn contents (using a "Pye Unicam, Model SP-
1900" atomic absorption spectrophotometer with a boiling air-acetylene
burner).
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Table (A): Physical and chemical characteristics of the organic manures
used for fertilization of sweet basil (Oeimum basificum L.)
plants during the 1998 and 1999 seasons.

Grganic manure | Poultily manure {PM) | Cattle manure (CM) Horse manure (HM)
cngaracteristlcs 19season | 2 season | 1"season | 2''season | 1 season | 2''season
Weight of 1m°(kg) 691 542 480 470 427 403
Moisture content(%) 6.90 9.52 9.12 9.05 7.15 8.75
Organic matter(%) 62.21 80.21 62.72 62.21 56.32 78.53
anic carbon{%) 37.42 51.32 32.88 38.26 30.14 45.24
Total N (%) 2.30 3.66 1.85 1.83 1.50 1.56
C:N ratio 15.4:1 13.2:1 17.2 19.7:1 22.1:1 31.5:1
-N 301.8 348.9 47.7 63.6 79.5 79.5
NOs- N (ppm) 174.9 224.6 174.9 206.8 181.3 208.9
Total P (%) 1.08 0.30 0.27 0.60 0.40 0.86
Tata! X (%) 0.74 1.74 1.06 1.12 1.43 1.02
Fe (ppm) 1709.7 1824.5 1879.5 2690.9 1388.1 1495.2
Mn (ppm) 123.8 163.9 188.3 179.8 162.0 194.9
Zn (ppm) 84.5 86.9 89.90 159.9 100.9 175.1
Cu (ppm) _ 35.8 52.3 41.4 432 61.3 86.9

An analysis of variance (ANOVA) was conducted on the data recorded
on vegetative growth characteristics, oil content and oil yieid/plant, and the
means were compared using the “Least Significant Difference (LSD)" test at
the 0.05 level, as described by Little and Hills (1978).

RESULTS AND DISCUSSION

l- Vegetative growth
1- Herb fresh and dry weights / piant

It is obvious from the data in Table (1) that, in most cases, the different
fertilization treatments significantly increased the herb fresh and dry weights
in all cuts of the two seasons, as well as the total herb fresh and dry
weights/season, compared to values gobtained from unfertilized control plants.
The only exception to this general trend was detected in the third cut of the
second season, with plants fertilized using NPK at 600 kg/fed. giving an
insignificantly higher herb dry weight (23.6 g/plant) than that of the control
(21.7 g/plant). Similar increases in herb fresh and dry weights 2s a result of
fertilization treatments have been reported by Hanafy (1989) on Majorana
hortensis, Balyan and Sobti (1990) on Ocimum gratissimum, Munsi (1992) on
Mentha arvensis, Jacoub (1995) on Ocimum basilicum, El-Ghadban (1998)
and El-Sayed et al. (2002) on Mentha viridis and Origanum mojorana, and
Jacoub (1999) on Ocimum basilicum and Thymus vulgaris.

The general increase in the herb fresh and dry weights as a resuit of
the different fertilization treatments can be explained by the important roles
played by the different nutrients (especially N, P and K) in the different
physiological processes within the plant, which in turn affect plant growth.
Nitrogen is present in the structure of protein molecules, while phosphorus is
an essential constituent of nucleic acids and phospholipids, and potassium is
essential as an activator for enzymes involved in the synthesis of certain
peptide bonds (Devlin, 1975).
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The data in Table (1) also show that conventional NPK fertilization
gave generally lower values than those recorded with the different types of
organic manure. On the cther hand, poultry manure (PM) was clearly ¢
most erfective type of fertilizer for increasing herb fresh and dry weights,
especially when applied at the rate 24 m°/fed. This treatment gave the best
results in all cuts of both seasons, as well as the highest valuas for total herb
fresh and dry weights/plant. The application of horse manure (HM) at 60
m/fed. was the second best treatment, giving the second highest total herb
fresh weight in both seasons, as well as the third highest total herb dry weight
in the first season, and the second highest total herb dry weight/plant in the
second season. Tha use of cattle manure (CM) at 60 m®fed. came in third
place in terms of effectiveness, giving the third highest totai herb fresh weight
in both szasons, as weli ac the second highest tcici fetb dry weight in the
first season, and the third highest total herb dry weight in the second season.

The generally superior effect of organic manures on vegetative growth,
compared to chemical fertilization, may be attributed to their effects on the
soil, such as improving some of its chemical and physiochemical properties,
improving water use efficiency (Wallace, 1994, a), preventing salt injury to
plants that sometimes results from concentration of chemical fertilizers
through the buffering properties of organic matter (Wallace, 1994, b), and
providing the soil with essential macro and micronutrients (Awad et al., 1993).
Also, the addition of manures to the soil increases its cation exchange
capacity (CEC) due to the ability of the negatively charged organic matter
particles to attract and hold the positively charged cations in the soil, and to
provide the plant roots with these cations. Moreover, the addition of manures
to the sandy soil increases the soil's water-holding capacity which, in turn,
allows higher absorption of water and nutrients from the soil, and enables
photosynthesis to occur efficiently within the plant leaves (Hartmann et al.,
1981).

It can also be observed from the resuits recorded in the two seasons
(Table 1) that raising the application rates of NPK fertilization or poultry
manure caused a generally gradual and steady increase in the herb fresh
and dry weights, up to the third application rate (1000 kg/fed. for NPK, and
24 mifed. for PM), at which maximum effectiveness of the two types of
fertilizer was reached. A further increase in the application rates to the
highest levels (1200 kgffed. for NPK, and 30 m°ffed. for PM) caused a
significant reduction in the values reccrded in all cuts, compared to those
recorded at the previous levels. This may be attributed to the high solubility
of nutrients in these two types of fertilizers. Thus, when NPK or PM are used
at the highest rates, this may lead to an excessive increase in the
concentration of nutrient salts in the soil solution, which may cause partia}
plasmolysis of root cells, and an adverse effect on their ability to uptake
water and nutrients. in contrast, raising the application rates of CM or HM
(which have lower contents: of soluble nutrients) was associated with a
steadg increase in the recorded values, up to the highest application rates
(60 m/fed. for both types of fertilizer).
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Table (1): Effect of fertilization treatments on the herb fresh and dry
weights /plant (g) of sweet basil (Oc/mum basllicum L., cv.
Grand Vert) in the 1998 and 1999 seasons.

Fertilization First season (1998) Second season (1999)
treatments* 1%cut 2"cut 3%cut| Total | 1cut 2"cut 3"cut | Total
Herb fresh weight/plant (g)
Control 35.5 48.8 56.8 | 141.2 [ 50.2 46.8 56.3 | 153.3

NPK (600 Kg/ Fed) 63.9 86.2 699 | 219.9 [ 58.1 72.0 63.0 | 1924
NPK (800 Kg/Fed) 76.8 88.7 69.5 | 2351 | 70.0 83.2 69.8 | 2229
NPK(1000 Kg/Fed) 89.8 105.3 99.8 | 294.9 | 82.7 99.3 98.2 | 280.2
NPK(1200 Kg/Fed) 78.8 1008 918 | 2745 | 709 94.3 91.9 | 257.2

PM (12 m’/Fed.) 80.7 107.0 1059 2935 ( 748 103.0 976 | 2753
PM (18 m*/Fed.) 89.6 1144 1034 [ 3074 ( 843 1090 101.2 | 2944
PM (24 m*/Fed.) 1276 1518 1435 | 423.0 | 124.2 1474 1410 | 4126
PM (30 m*/Fed.) 84.4 1109 1004 | 295.7 | 824 1067 109.5 | 298.5
CM (24 m°/Fed.) 66.5 70.2 69.1 | 205.8 | 62.7 67.1 71.0 | 2007
CM (36 m*Fed.) 82.4 93.7 87.3 | 2635 | 771 87.9 88.2 | 253.1
CM (48 m*/Fed.) 83.7 98.6 876 | 269.9 | 81.6 94.9 88.1 | 264.6
CM (60 m*/Fed.) 998 1156 1132 | 3285 | 964 1093 1119 | 3173
HM (24 m’/Fed.) 67.1 64.9 67.1 | 201.0 | 63.6 61.3 97.7 | 222.6
HM (36 m*/Fed.) 81.6 922 823 | 256.0 | 79.2 85.9 821 | 247.2
HM (48 m*/Fed.) 96.8 1106 96.8 | 294.2 | 898 964 100.1 | 286.3
HM (60 m*/Fed.) 1049 1187 107.5| 3310 | 101.5 1182 1098 | 329.5
L.S.D. (at 0.05) 248 3.85 445 | 6.53 1.50 1.77 2.49 3.15

Herb dry weight/plant (g}

Control 11.9 16.8 19.7 | 484 14.7 148 217 51.2
NPK (600 Kg/ Fed) 215 230 241 68.5 18.8 219 236 | 643
NPK (800 Kg/Fed) 258 30.6 240 | 80.3 211 305 26.6 78.2
NPK(1000 Kg/Fed) 30.1 37.7 344 | 102.2 | 239 335 265 | 83.9
NPK(1200 Kg/Fed) 24.5 35.2 31.7 | 914 21.5 32.6 327 | 86.8

PM (12 m’/Fed.) 26.5 394 37.7 | 1036 | 234 39.0 355 97.9
PM (18 m*/Fed.) 289 42,0 357 | 106.6 | 27.6 40.0 32.7 | 100.1
PM (24 m®Fed.) 42.0 55.0 50.2 | 147.2 | 381 516 36.7 | 126.4
PM (30 m*/Fed.) 28.0 40.5 345 | 103.0 | 25.0 404 32.1 97.6
CM (24 m’/Fed.) 21.9 243 235 | 69.7 19.2 234 240 66.6
CM (36 m*/Fed.) 27.2 35.6 308 | 935 24.9 333 31.5 89.7
CM (48 m*/Fed.) 27.8 36.2 311 95.1 259 335 29.7 89.1
CM (60 m*/Fed.) 33.3 424 40.2 | 1158 | 30.8 38.8 36.1 | 108.7
HM (24 m’/Fed.) 21.8 22.8 245 | 67.1 204 215 20.1 61.9
HM (36 m¥/Fed.) 271 347 285 | 993 241 320 31.0 87.0
HM (48 m*/Fed.) 32.0 38.0 33.6 | 103.6 | 303 34.9 329 98.0
HM (60 m*/Fed.) 349 44.3 324 | 1116 | 315 40.8 36.1 | 108.3
L.S.D. (at 0.05) 1.52 1.85 162 | 3.15 2.03 1.93 2.16 3.84

* PM=Poultry Manure, CM=Cattle Manure, HM=Horse Manure.

In both seasons, the herb fresh and dry weights recorded in the second
cut were generally higher than those recorded in the first or third cuts. This
may indicate that seasonal variations in environmental conditions had a
considerable effect on the rate of vegetative growth of sweet basil plants,
and/or that the first cut taken from the plants led to an increase in branching
and, consequently, the formation of a larger foliage (which was taken in the
second cut). However, the reduction -in the.values recorded in the third cut
(compared to the second cut) suggest that the effect of unfavourable
environmental conditions was greater than that of the increase in branching
after the second cut.
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2- Leaves fresh and dry welghts / plant

As might be expected, the effect of the applied treatments on the
leaves fresh and dry weights/plant {Table 2) was generaiiy similar to their
effect on the herb fresh and dry weights/plant. In both seasons, plants
supplied with NPK or organic fertilization formed leaves with significantly
heavier fresh and dry weights, compared to those of unfertilized plants
(control). Among the different types of fertilizers, NPK was generally the ieast
effective type in this respect whereas PM gave the best results. In both
seasons, PM at 24 m’ffed. gave the highest total values for these two
parameters, followed by HM at 60 m*/fed., then CM at 60 m 3ffed.

It could be also noticed that both chemical NPK fertilization and PM
were most effectlve when applied at the second highest rate (1000 kg/fed. for
NPK, and24 m %/fed. for PM), whereas both CM and HM were most effective
when applied at the highest rate (60 m*fed. for both types of manure). This.
may be attributed to the rapid release and availability of nutrients in the NPK
fertilizer and PM, in comparison to CM and HM.

As observed for the herb fresh and dry weights/plant, the data in Table
(2) also show that the leaves fresh and dry welghtslplant were generally
higher in the second cut than in the first or third cuts.

ll- Herb chemical composition BN
1- Essential oil production '
a- Essential oii percentage

The data in Table (3) clearly show that the essential oil percentage in

the fresh herb of basil was significantly increased following application of the
different fertlhzatlon treatments. In most cases, supplying the plants with PM
at 24 mfed. gave significantly higher oil percentages in both seasons,
compared to all the other fertilization treatments that were tested In the first
season, raising the PM application rate to the highest level (30 m*fed.) gave
a slightly lower oil percentage (33%) than that recorded with PM at 24 m°/fed.
(34%), but in the second season, both of these PM rates (24 or 30 m®/fed.)
gave equally high oil contents (35%).
The results recorded in the two seasons (Table 3) also show that NPK
fertilization was generally most effective in increasing the essential oil
percentage, when it was applied at the highest rate (1200 kg/fed.), whereas
the three types of organic manure gave the highest onl percentages when
they were applied at the second highest rates (24 m %fed. for PM, and 48
m’/ffed. for CM and HM).

The increase in the essential oil content of fertilized plants, compared
to the control, is in agreement with the results obtained by Asthana and
Gupta (1984) and Sreseli (1984) on Ocimum basilicum, El-Agamawy (1989)
on Melissa officinalis, Chattopadhyay et al. (1993) on Mentha arvensis, El-
Ghadban (1994) on Mernitha viridis, Jacoub (1995) on Ocimum basilicum,
Kassem (1997) on Resmarinus officinalis, E-Ghadban (1998) and El-Sayed
et al. (2002) on Mentha viridis and Origanum majorana, and Jacoub (1999)
on Ocimum basilicum and Thymus vulgaris.
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Table (2): Effect of fertilization treatments on the leaves fresh and dry
weights/plant (g) of sweet basil (Ocimum basilicum L., cv.
Grand Vert) in the 1998 and 1999 seasons.
Fertilization First season (1998) Second season (1999)
treatments* | 1% cut [ 2™cut [ 3%cut | Total [1¥cut  2"cut 3cut| Total
» Leaves fresh weight/plant (g)
Control 285 278 331 | 894 | 255 265 32.7| 846
NPK (600 Kg/ Fed)| 59.6 71.1 635 | 194.2 | 53.6 674 55.9| 176.9
NPK (800 Kg/Fed) | 70.6 799 63.3 | 213.8 | 65.1 757 61.1| 201.9
NPK(1000 Kg/Fed)| 820 93.0 892 | 264.1 | 76.7 89.5 86.4| 252.6
NPK(1200 Kg/Fed)| 729 899 824 | 245.2 | 674 85.2 81.6| 234.2
PM (12 rﬁ:’lFed ) 726 906 883 | 251.5 | 68.8 876 82.2]| 238.6
PM (18 m lFed ) 81.8 971 92.0 | 27098 | 76.7 02.5 87.9] 2581
P\A (24 m lFed ) 117.3 1305 1248|3725 | 1152 1i27.5 123.5| 366.1
PM (30 m /Fed) 77.7 951 89.9 | 262.7 | 75.8 92.0  98.7 | 266.6
ICM (24 m /Fed ) 627 654 . 637 |191.8| 594 626 6433|1864
CM (36 m /Fed ) 74 1 774 757 | 2274 | 704 73.1 756 | 2191
CM (48 m %Fed. ) 754 827 717 | 2288 | 739 804 7512293
CM @malFed ) 889 968 949 |[280.7| 86.4 923 . 93.8]| 2725
M(24m’/Fed) | 616 968 630 |1843| 586 569 90.4 | 2059
HM (36 mleed ) 738 598 733 |22314 | 71.9 709 729 | 215.6
HM (48 m /Fed ) 879 834 856 |256.9| 834 80.8 87.8 | 252.0
HM (60 m 3IFed. ) 93.2 987 954 2873 | 912 08.8 98.1 | 288.0
L.S.D. (at 0.05) 1.71 3.04 3.27 | 6.22 | 1.1 154 255| 6.10
Leaves dry weight/plant (g)
Control 7.8 8.9 10.6 | 27.3 6.4 7.4 11.5( 25.4
NPK (600 Kg/ Fed)| 18.4  20.1 203 | 58.9 | 17.8 18.1 208 | 56.7
NPK (800 Kg/Fed) | 223 253 203 | 679 | 186 247 21.0| 644
INPK(1000'Kg/Fed)| 26.2 29.8 285 | 845 | 21.2 271 206 | 68.9
NPKLOO Kg/Fed)| 222 287 264 | 77.2 | 19.7 263 246 707
PM (12 m°/Fed.) 232 288 283 | 80.3 | 20.8 299 264 | 77.0
PM (18 malFed ) 254 309 294 | 858 | 253 296 26.1| 81.0
PM (24 m /Fed ) 375 417 402 |119.5| 349 39.3 26.4 | 100.7
M (30 m*Fed.) 249 304 288 | B41 | 219 309 244 | 77.2
M (24 ﬁ:’/Fed ) 20.1 209 204 | 614 | 176 206 19.5| §7.7
CM (56 m lFed ) 237 248 243 | 727 | 21.8 | 241 238 69.6
CM (48 m °/Fed. ) 239 264 230 | 73.3 | 226 248 228 703
CM @mleed) 285 309 304 | 89.7 | 271 279 27.5| 826
HM (24 m°/Fed.) 19.4 19.1 202 | 58.6 | 18.2 18.0 158 | 52.0
HM (36 m’/Fed ) 1236 243 235 | 714 | 216 225 247 6838
HM (43 m /Fed ) 284 267 274 | 825 | 275 245 25.7| 77.7
HM @m /Fed.) 30.1 316 305 [ 92.2 | 274 291 286 ( 85.0
L.S.D. (at 0.05) 143 - 129 098 | 2.55 | 1.93 174 203 | 2.41
* PM=Pouitry Manure, CM=Cattie Manure, HM=Horse Manure.

b- The ossential oil yield / plant

It is clear from date in Table (3) that all the applied treatments
enhanced the synthesis and accumulation of essential oil by sweet basil
plants, with most of the treatments giving more than a three-fold increase in
the oil content, compared to that of unfertilized plants. The most effective type
of fertilizer in this respect was poultry manure (PM), especially when applied
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at the rate of 24 m*fed. This treatment increased the oil yield per plant to
1.382 and 1.377 mlplant i in the first and second seasons, respectively, but at
the highest PM rate (30 m %/fed.), the oil yield was decreased. A similar trend
was detected with NPK fertilization, which gave higher oil yields when applied
at 1000 kg/fed. than when applied at 1200 kg/fed. On the other hand, plants supplied
with CM or HM showed a steady i mcrease in their oil yieid as the application rate was
raised up to the highest level (60 m*/fed.).

The above results are in agreement with those obtained by Dey and
Choudhari (1984): on Ocimum sanctum, Neshev and Slavov (1985) on
Mentha piperita, Singh et al. (1992) on mint, El-Agamawy (1989) on Melissa
officinalis, Munsi (1992) and Chattopadhyay et al. (1993) on.Mentha arvensis,
El-Ghadban (1998) and El-Sayed et al. (2002) 2r: RMentha viridis and
Criganum majuiana, and Jacoub (1999) on Ocimum basilicum and Thymus
vulgaris .

Table (3): Effect of fertilization treatments on the oil percentage and oil
yield (ml/plant) in the fresh herb of sweet basil (Ocimum
basiticum L., cv. Grand Vert) in the second cut of the 1998
and 1999 seasons.

Fertilization - Qil content %) , Qil yeild ml/plant ‘
treatments* 1" season 2 "season | 1" season 2" season
Control : L 0.20 0.21 0.267 -0.304
NPK (600 Kg/ Fed) 0.28 0.26 . 0.602 . 0.505 .
NPK (800 Kg/Fed) 0.29 0.30 0.684 0.650
NPK(1000 Kg/Fed) 0.29 0.30 0.855 0.838 |
NPK(1200 Kg/Fed) 0.30 0.31 0.812 0.784 -
PM (12 m"IFed ) 0.27. . 0.28 0.802 . 0.780 |
PM (18 m /Fed ) 0.31 0.30 0.931 "~ 0.887
PM (24 m /Fed ) 0.34 0.35 1.382 1.377
PM (30 m*/Fed.) 0.33 0.35 0.955 - 1.008 -
CM (24 m’lFed) 0.26 0.27 0.530 0.525 .
CM (36 m /Fed ) 0.29 0.30 0.736 0.734
CM (48 m lFed ) 0.31 0.31 0.802 0.809
CM (60 m*/Fed.) 0.30 0.31 0.996 0.951
HM (24 m"/Fed ) 0.25 0.27 0.524 0.613
HM (36 m /Fed ) 0.27 0.28 0.68 0.689
HM (48 m /Fed) 0.30 0.30 0.844 0.846 -
HM (60 m>/Fed.) 0.29 0.29 0982 0.966
L.S.D. (0.05) 0.016 0.015 0.036 0.0234

* PM=Poultry Manure, CM=Cattle Manure, HM=Horse Manure.

¢- The essential oil components

The data presented in Table (4) clearly show that the basil type used in
this study belongs to the linalool tyne. Pegardless of the used treatments,
linalool was the major constituent, with a mean content of about 39.80 %,
followed by anethol (18.33%), then cineol and camphor. It could be seen from
the data in Table (4) that all the applied treatments improved the linalool
content compared with the untreated plants, at the expense of champhor.
Application of NPK at 800 kg/fed. was the most effective treatment in
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increasing the linalool content. As shown in Figure (1), oil extracted from
plants receiving this treatment had the highest linalool content (55.08%),
followed by plants fertilized with PM at 12 m*fed. (which gave a linalool
content of 49.68%). It was also noticed that in plants fertilized using CM or
HM, the linalool content was highest when the lowest application rate (24
m’/ffed.) was used.

Table (4): Effect of fertilization treatments on the components (%) of
sweet basil (Ocimum basilicum L., cv. Grand Vert) essential
oil in the second cut of the 1998 season.

Essential oil components (%)
Treatments*
Cineol Linalool Camphor  Anethol Total Others
Control 7.48 28.77 16.92 19.63 72.79 27.21
NPK (600 K¢/ Fed) 16.06 30.61 20.53 7.78 74.97 25.03
NPK(800 Kg/Fed) 5.34 55.08 2.95 17.40 80.78 19.22
NPK(1000Kg/Fed) 10.83 34.72 2.50 21.95 69.99 30.01
NPK(1200Kg/Fed) 16.96 25.80 5.31 16.99 63.74 36.27
PM (12 m’/Fed) 8.78 49.68 2.63 23.12 84.20 15.80
PM (18 m*/Fed) 8.38 41.65 7.83 16.06 73.92 26.08
PM (24 m*Fed) 7.50 - 45.22 1.37 24.73 78.82 21.18
PM (30 m*Fed) 7.20 27.41 1.60 19.81 56.02 43.98
CM (24 m/Fed) 9.49 44.36 6.46 12.32 72.61 27.39
CM (36 m*Fed) 16.54 38.28 2.56 19.42 75.80 24.21
CM (48 m*/Fed) 11.05 41.84 1.43 17.52 71.57 28.43
CM (60 m*Fed) 11.12 41.66 6.15 1743 76.35 23.65
HM (24 m*/Fed) 7.50 47.87 3.66 20.82 79.85 20.15
HM (36 m*Fed) 11.71 35.00 5.91 21.33 73.94 26.06
HM (48 m*/Fed) 7.64 42.24 1.95 21.12 72.94 27.06
HM (60 m*/Fed) 10.42 46.36 3.88 14.10 74.75 25.25
Means 10.12 39.80 5.51 18.33 7371 26.29

* PM=Poultry Manure, CM=Cattle Manure, HM=Horse Manure.

In average, the four major constituents represented about 73.71% of
the oil composition. It seemed that the four groups of fertilizers did play a role
in influencing their proportion in the oil. However, the treatments which most
effectively increased the herb and dry yields (such as PM at 24 m’/fed.), did
not have the same effect on the linalool content of the oil.
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Fig (1): G.L.C. chromatogram of the essential oil of sweet basil (Ocimum
basilicum)- cv. Grand Vert plants receiving no fertilization (A),
or fertllized with NPK at 800 kg/fed. (B).
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2- Total carbohydrates content

It could be noticed from the data in Table (5) that in the first season,
the total carbohydrates content in sweet basil dry herb was increased
(compared to the control) by ferilization using tne highest levels of NPK
(1200 kg/fed.) and PM (30 m3/fed.), as well as the two highest levels of CM
and HM (48 or 60 m3/fed.). All the other fertilization treatments decreased the
total carbohydrates content in the first season compared to the control,
except NPK at 1000 kg/fed., which gave an equal value (18.75%) to that
recorded in control plants. The favourable effect of fertilization on the
synthesis and accumutation of carbohydrates was more evident in the second
season, with most of the tested treatments giving higher values than the
control. All the NPK fertilization rates, as well as the three highest rates of PM
{18, 24 or 30 m*/fed), CM and HM (36, 48 or 60 m°/fed.), aave higher values
in the second season, compared to the control. In contrast the lowest levels
of the organic manures (PM, CM and HM) caused some reduction in the
carbohydrates content, compared to that of control plants. The highest ievels
of CM and HM (60 m’fed. for the two types of manure) were the most
effective treatments in increasing the carbohydrates content, giving values of
26.45 and 25.60% for CM and HM, respectively in the first season, and
values of 25.20 and 26.45%, respectively, in the second one.

This general increase in the carbohydrates content of fertilized plants
(compared to the control) that was recorded in the second season can be
easily explained, since the nitrogen supplied by fertilization is essential in the
structure of porphyrines, which are found in the cytochrome enzymes
essential in photosynthesis. This increase in the cytochrome enzymes results
in an increase in the rate of photosynthesis, and a promotion in carbohydrate
synthesis and accumulation. Moreover, the potassium added by fertilization
acts as an activator for several enzymes involved in carbohydrate metabolism
(Devlin, 1975).

Similar increases in the carbohydrates content as a result of
fertilization treatments have been reported by Mustyatse et al. (1983) on
Salvia sclarea, Jacoub (1995) on Ocimum basilicum, Kassem (1997) on
Rosmarinus officinalis, E|I-Ghadban (1998) and El-Sayed et al. (2002) on
Meniha viridis and Origanum majorana, and Jacoub (1999) on Ocimum
basilicum and Thymus vulgaris.

3- Macroelements content
a- Nitrogen

Results regarding the effect of the fertilization treatments on the
nitrogen content (Table 7) show that all the treatments increased the nitrogen
content of basil herb considerably, in comparison with the untreated plants.
However, no clear difference was detected between the effect of the different
types of fertilizers on the N content. Even among the same type of fertilizer,
the different application rates had different effects in the two seasons.
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Table (5): Effect of the fertilization treatments on the contents of total
carbohydrates, nitrogen, phosphorus and potassium
contents (% of dry matter) in herb of sweet basil (Ocimum
basiiicum L., cv. Grand Vert) in the 1998 and 1999 seasons.

Total Nutrient contents
Fertilization treatments* | carbohtydrates o o
content (%) N (%) P (%) K (%)
First season (1998)
Control 18.75 2.10 0.23 2.05
INPK (600 Kg/ Fed) 14.25 263 0.32 2.75
INPK (800 Kg/Fed) 17.35 N 0.45 2.80
INPK(1000 Kg/Fed) 18.75 3.42 0.52 2.60
INPK(1200 Kg/Fed) 23.50 3.40 0.61 2.20
PM (12 m/Fed.) 13.C0 2.62 0.33 2.50
PM (15 m*/Fed.) 14.95 247 0.44 2.50
PM (24 m*/Fed.) 16.40 2.53 0.51 2.76
PM (30 m*/Fed.) 21.10 2.82 0.64 2.80
ICM (24 mfFed.) 12.00 2.94 0.35 2.65
ICM (36 m*/Fed.) 15.40 3.19 0.52 2.0
ICM (48 m*/Fed.) 25.60 3.05 0.55 2.90
ICM (60 m*/Fed.) 26.45 2.98 0.68 2.98
HM (24 m/Fed.) 12.60 2.50 0.41 2.50
HM (36 m*Fed.) 16.00 245 058 - 2.65
HM (48 m*/Fed.) 2415 2.83 058 2.62
HM (60 m*/Fed.) 25.60 3.42 0.68 2.65
Second season (1999)

Control 13.45 2.25 0.23 1,65
INPK (600 Kg/ Fed) 14.252 3.45 0.32 2.20
INPK (800 Kg/Fed) 16.40 3.68 0.36 2.45
INPK(1000 Kg/Fed) 20.15 3.50 0.54 2.00
INPK(1200 Kg/Fed) 23.05 3.61 0.62 2.05
PM (12 m'/Fed.) 12.50 3.87 0.35 1.88
PM (18 m*/Fed.) 14.80 324 0.50 1.74
PM (24 m’/Fed.) 16.75 3.45 0.53 2.14
PM (30 m*/Fed.) 20.55 3.80 0.66 2.22
ICM (24 m/Fed.) 11.90 3.17 0.36 2.40
CM (36 m*/Fed.) . 14.65 3.44 0.54 2.35
ICM (48 m*/Fed.) 22.80 3.53 0.57 2.30
CM (60 m*/Fed.) 25.20 3.47 0.69 2.50
HM (24 m>/Fed.) 13.00 3.05 0.42 1.95
HM (36 m*/Fed.) 17.00 2.77 0.60 1.95
HM (48 m*/Fed.) 22.90 2.57 0.69 210 .

M (60 m*/Fed.) 26.45 2.68 0.64 2.20

“* PM=Poultry Manure, CM=Cattle Manure, HM=Horse Manure

Similar increases in the N content of fertilized plants have been
reported by El-Agamawy (1989) on Melissa officinalis, Balyan and Sobti
(1990) on Ocimum gratissimum, Kandeel et al. (1992) on rosemary, El-
Ghadban (1994) on Mentha viridis, Jacoub (1995) on Ocimum basilicum, El-
Sherbeny et al. (1997) on lavander, Kassem (1997) on Rosmarinus
officinalis, El-Ghadban (1998) and El-Sayed et al. (2002) on Mentha viridis
~and- Origanum majorana,” and- Jacoub (1999) on Ocimum basilicum and
Thymus vulgaris. '
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b- Phosphorus

The data in Table (5) show that all the applied treatments increased
the phosphorus content of the dry herb in comparison with the control plants.
In all types of fertilizers, the effect was dcse dependent. In mcst cases,
raising the application rate of the different fertilizers resulted in a steady
increase in the P content. ln the first season, plants fertilized with the highest
rate of CM or HM (60 m®fed.) had the highest P content (0.68% in plants
receiving these two treatments) Application of CM at 60 m*/fed. also gave
the highest P content in the second season (0.69%), which was equal to that
of plants fertilized with HM at 48 m*/fed.

The increase in the P content of fertilized plants, compared to the
control, is similar to that obtained by Balyan and Sobti (1990) on Ocimum
gratissimum, Kandeel et al. (1992) on rosemary plants, Kassem (1997) on
Rosmarinus officinalis, El-Ghadban (1998} and El-Sayed ef al. (2002) on
Mentha viridis and Origanum majorana, and Jacoub (1999) on Ocimum
basilicum and Thymus vulgaris.

c- Potassium

The data recorded in the two seasons (Table §) show that the different
fertilization treatments had a generally favourable effect on the uptake and
accumulation of K in the sweet basil herb. In both seasons, the lowest K
contents (2.05 and 1.65% in the first and second seasons, respectively) were
obtained in the herb of unfertilized (control) plants. On the other hand, the
highest K contents (2.98 and 2.50% in the two seasons, respectlvely) were
obtained in the herb of plants fertilized with the highest CM rate (60 m>/fed.).

The increase in the K contents of fertilized plants, compared to control
plants, is in agreement with the results obtained by Balyan and Sobti (1990)
on Ocimum gratissium, Kandeel et al. (1992) on rosemary, El-Ghadban
(1998) and El-Sayed et al. (2002) on Mentha viridis and Origanum majorana,
and Jacoub (1999) on Ocimum basilicum and Thymus vulgaris.

The general increase in the contents of N, P and K as a result of the
different fertilization treatments was explained by Jain (1983), who stated that
raising the levels of N, P and K in the root medium leads to an increase in
vegetative growth, and this may be accompanied by an increase in the
absorption of these essential elements.

4- Microelements content
a-lron

The Fe content in sweet basil herb was generally reduced by the
different fertilization treatments, compared to values obtained in unfertilized
control plants (Table 6). However, no clear trend was detected regarding the
relative effectiveness of the different types of fertilizers (compared to each
other) in reducing the Fe content. In the first season, the greatest reduction in
the Fe coitent (i. e the lowest value) was obtained in plants fertilized using
PM at 12 or 18 m*/fed. However, the lowest value in the second season was
obtained from plants supplied with CM at 60 m*/fed.

The general reduction in the Fe concentration in the tissues of fertilized
plants may be attributed to the vigorous growth and greater dry weight of the .
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herb, compared to unfertilized control plants. This vigorous growth, combined
with a limited supply of Fe in the soil, result in a reduction in Fe concentration
_in the plant tissues.

b- Manganese

Most of the tested fertilization treatments caused reductions in the Mn
content in the herb of sweet basil, compared to values obtained in unfertilized
control plants. In the first season, only one treatment (NPK at 1000 kg/fed.)
gave a slightly higher Mn content (66.7 ppm) than that of control plants (65.2
ppm), whereas all other treatments resulted in lower values than the control.
The greatest reduction in the Mn content recorded in the first season was
caused by fertilization using CM at 24 m *ffed. (which gave an Mn content of
51 0 ppm). Morccver, only two treatments (CM at 24 m*/fed. and M at 36
mfed.) increased the Mn content slightly in the second season (giving
values of 58.9 and 58.3 ppm, respectively), compared to the control (with a
value of 58.2 ppm). In contrast, the lowest Mn content in the second | season
(53.0 ppm) was found in the herb of piants fertilized using PM at 18 m>/fed.

Table (6): Effect of the fertilization treatments on the iron, manganese
and zinc contents (ppm of dry matter) in the herb of sweet
basil (Ocimum basilicum L., cv. Grand Vert) in the 1998 and

1999 seasons.
Fe content (ppm) Mn content Zn content (ppm)
Treatments* Ehll Pl 1~ g R 2
season soeason season season season season
Control 33.1 37.6 65.2 58.2 19.5 27.0
NPK (600 Kg/ Fed) 275 33.0 61.0 54.0 15.0 265
NPK (800 Kg/Fed) 29.9 320 64.2 54.6 15.5 23.0
NPK(1000 Kg/Fed) 30.4 351 66.7 55.5 25 19.5
NPK(1200 Kg/Fed) 24.4 34.7 64.4 56.2 24.0 18.5
PM (12 m’IFed ) 15.7 29.4 58.8 53.2 21.0 . 120
PM (18 m*fFed.) 15.7 210 - 54.2 53.0 175 12.5
PM (24 m*/Fed.) 23.1 24.7 61.5 54.5 16.5 14.0
PM (30 m*/Fed.) 21.7 22.9 52.7 56.0 14.5 19.5
CM (24 m’IFed ) 242 235 51.0 58.9 13.0 15.5
CM (36 m*Fed.) 239 23.2 55.0 58.0 235 14.0
CM (48 m’IFed ) 21.0 20.9 53.5 54.2 19.5 13.5
CM (60 m*/Fed.) 18.5 20.2 61.0 53.9 17.5 11.5
HM (24 m*Fed.) 214 22,0 53.2 54.7 26.5 125
HM (36 m*/Fed.) 215 29 56.3 58.3 16.5 17.0
HM (48 m*/Fed.) 208 26.6 58.7 554 13.5 19.5
HM (60 m*/Fed.) 20.1 27.0 62.0 56.2 19.5 20.5

* PM=Poultry Manure, CM=Cattle Manure, HM=Horse Manure

c-Zinc

No clear trend was detected in the first season regarding the effect of
the different fertilization treatments on.the Zn .content in sweet basil herb.

‘However,

all the tested chemical and organic fertilization treatments

decrezsed the Zn content in the second season, compared to the control. In
the second season, the greatest reduction recorded in the Zn content (i.e.,
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the lowest Zn content) was obtained in plants supplied with CM at 60 m*ffed.
On the other hand, NPK at 600 kg/fed. was the least effective treatment in
reducing the Zn content, giving a slightly lower value (26.5 ppm) than tha
obtained from control plants (27.0 ppm).

Recommendation: Although all the applied treatments im 1proved the growth
and yield parameters of basil, poultry manure (PM) at 24 m“/feddan proved to
be the best treatment in increasing the fresh and dry herb yields per plant, as
well as the oil percentage and oil yield per plant.
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