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ABSTRACT

Two field trials were conducted during 1998/ 1999 and 1999 / 2000 at El-
Gimiza Research Station Farm, to study the effect of sowing method (at one side of
the ridge or both sides of the ridge), two planting distances (20 or 30 cm) and some
micronutrients (mixture of Zn , Mn and Fe) as seed coating or foliar spray on the
growth, fruit and oil yield and essential oil constituents of Carum carvi L.

The data showed that the vegetative growth and fruit yield/plant significantly
increased with sowing plants at one side of the ridge and wide space of 30 cm, each
aione. Where the fruit and oil yield / fed, significantly increased by sowing plants at
both sides of the ridge and narrow space of 20 cm, each alone. Essential oil
percentage was not affected by sowing method or spacing. The micronutrients
(Mixture of Zn, Mn and Fe) increased the growth, fruit and oil yield and essential oil
percentage, but seed coating exerts more beneficial effects compared to folair
method. The interaction between sowing methods and spacing significantly increased
vegetative growth and fruit and oil yield / fed. Carvon was the major constituent of the
essential oil forming more than 75%, carvon and limonene slightly decreased by

micronutrients application.
The best treatment for fruit (seed) and oil yield was that of coating seed with

a mixture of Zn, Mn and Fe and spacing it at 20 cm in both sides of the ridge.
INTRODUCTION

Carum carvi L. belongs to family -, it is a biennial herb but in Egypt, it
is annual crop. The fruits (seed) have a nice, spicy, aromatic odours and
aromatic taste, the main use of caraway seed oils, is in the flavoring of all
kind of food products. e. g., meats, sausages, canned goods; it is
employed in pickle compounds, confectionery, oil of caraway seed is
considered a mild stomachic and carminative.

Crops grown on both sides of the ridges appears to be useful for
increasing seed yield / fed. In this concern, Kamel et al., (1992) found that
planting anise on both sides of the ridge (70000 plant / fed) gave highest
values of seed yield comparing with the plants grown on one side of the ridge
{35000 plant / fed).

Many investigators concerned with the effect of plant density,
Mohamed (1997) found that the highest yield of oil per feddan of thyme plant
was obtained from the highest density plants and decreased gradually with
decreasing the plant density. Kotb et al. (1998) showed that the plant height
of Nigella Sativa L., branches number, seed yield per plant, per piot and
volatile oil percentage were significantly increased by increasing planting
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distances. Gill et al. (1999), Reddy and Rolston (1999) found that the umbels
and seeds per plant of coriander were declined with the increase in plant
density in row spacing.

Microelements are needed in relatively very small quantites for good
plant growth, their deficiencies cause great disorders in the physiological and
metabolic processes of the plant (Kanwer and Dhingra, 1962).

Abd El-Salam (1999) on fennel and Khattab and Omer (1999) on
caraway indicated that spraying plants with microelements (Zn, Mn and Fe)
caused a highly significant increase in plant growth, fruits yield, volatile oil
content and the major oil constituents of caraway (carvone). Also Refaat and
Balbaa (2001) found that spraying lemongrass plants with microelements (Zn,
Mn and Fe) were beneficial for increasing plant height, essential oil
percentage and oil yield.

The efficiencies of micronutrients fertilization are mainly dependent
on the method of application and source of micronutrient fertilization, in this
regard, Osman et al., (1990) in a field experiment of faba bean using Fe, Mn
and Zn chelates by the methods of seed coating, found that this method was
efficient for correcting the requierment and suitable balance between such
nutrients in alluvial slightly alkaline soils for growth, uptake and high yield
production. Hegazy et al. (1992) found that the highest faba bean seed yields
were obtained by adding the mixture of micronutrients (Zn, Mn and Fe) using
seed coating. Gangwar and Singh (1994) found that application of Zn to lentil
plants as seed coating or foliar spray resulted in increasing seed yield, this
increase was significant by seed coating method, Negm et al., (1997) on pea
indicated that seed vyields were increased by micronutrients (Zn, Mn and Fe
Chelates) either by seed coating or foliar application. Seed coating exerts
more beneficial effectes compared to foliar application.

The objective of this study was to evaluate the yield of fruits (seed),
essential oil and the constituents of essential oil of caraway as affected by
sowing. method , spacing and micronutrients (Zn , Mn and Fe) either by seed
coating or by foliar application.

MATERIALS AND METHODS

This experiment was conducted in the Experimental Farm of the
Agricultural Research Station at El-Gimiza for two successive seasons 1998 /
1999 and 1999 / 2000 to study the effect of sowing method, spacing and
some micronutrients fertilization as seed coating or foliar spray on caraway
plant. Seeds (fruits) of caraway (Carum carvi L) were obtained from the
Medicinal and Aromatic Plants Section, El-Dokki, ARC. Soil samples were
analyzed, the levels of available N, P, K, Zn, Mn and Fe as ppm were found
to be 26, 7.8, 600, 1.2, 8.0 and 12.0 ppm, in a respective order. The pH of
the soil water suspension was 8.0 and the E c.was 1.88 d s/m.

Seeds were sown on 3 rd and 5™ November in the first and second
seasons, respectively. Each plot contamed 5 rows, the width of the ridge was
60 cm. apart and the Iength was 3.5 m%. Split - Split - plots design with three
repllcates was followed in this expenment sowing methods were main plots,

fiog e s .
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spacing were sub-plot, while micronutrients (Zn + Mn + Fe) application

methods were sub - sub plot.

The main plots were as follows :

1- Planting caraway on one side of the ndge.

2- Planting caraway on both sides of the ridge.

The sub — plots were as follows : -

1- Spaced caraway at 20 cm between plants.

2- Spaced caraway at 30 cm between plants.

The sub - sub plots were as followes :

1- Control (untreated plants).

2- Coating seed with mixture (2g of Zn EDTA + 2g of Mn EDTA +2g of Fe
EDTA) were used per one kg of caraway seeds ( EDTA i. e. Ethyline
Diamine Tetra acetic acid )

3- Spraying plants with mixture of (Zn EDTA, Mn EDTA and Fe EDTA) each
one at 100ppm concentration.

Mixiure of Zn, Mn and Fe solution was sprayed twice, 30 and 45 days after

sowing.

The plants were fertilized at the rate of, 300 kg / fed calcium supper
phosphate (15.5% P,0s), 50 kg / fed. potassium sulphate (48% K;0) and haif
amount of ammonium sulphate (200 kg / fed 20.5% N ) was added after one
month from planting and the second (200 kg / fed 20.5% N ) one month later.
Thinning (for one plant per hill) was conducted 30 days after sowing.

Sample of plants of every treatment was taken at harvesting time
and the following growth characters were recorded. Plant height (cm),
number of branches per plant, number of umbels per plant, seed yield per
plant (g) and per feddan (kg), essential oil percentage (V / W) according to
Guenther (1961), oil vyield (L. / fed.) and determination of essential oil
constituents was done by gas liquid chromatography (G.L.C). Statistical
analysis was carried out according to Snedecor and Cochran (1972).

RESULTS AND DISCUSSION

1- Plant hieght :

Data presented in Tables (1A and B) clearly showed that, sowing
plants at one side of the ridge resulted in the tallest plants which was 124.3
and 122.1 em against 115.6 and 113.8 ¢cm for both sides of the ridge during
the two seasons, respectively.

Also, the tallest plants (121.5 and 119.1 cm) resulted with wide space
30 cm, where the shortest plants (118.4 and 116.7 cm) was obtained from
narrow space 20 cm. In this regard, Kotb et a/. (1998) showed that the plant
height of Nigella sativa L. was significantly increased by increasing planting
distance. This increase may be attributed to favour condition of growth such
as light and nutrients which may be more available in wide space.
Concerning the effect of Micronutrients, the results in Tables (1 A and B)
showed that plant height of caraway was greatly affected by micronutrients
application compared to control, but the method of seed coating was
supperior to foliar application. Similar results were obtained by Kanwer and
Dhingra (1962) on citratus, Osman et al. (1990) on faba bean, Abd El-Salam
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(1999) on fennel, Khattab et al. (1999) on caraway and Refaat et al. (2001)
on lemongrass.

Data in Tables (1 A and B) also showed that the interaction between
sowing methods and spacing application methods were significant only in the
first season, while the other double and triple interactions of applied
treatments indicated insignificant response.

Table (1) : Effect of sowing method, spacing and micronutrients
application methods on plant height (cm) of caraway in
1998/1999 (A) and 1999/2000 (B) 1 (A)

Sowi Spacin Micronutrients (c) o
method';g (a) p(b) ’ Control | Coating | Spray Means of L.S.Dat5%
One side [20cm (bq) 1220 | 125.3 | 124.0 [123.7 (a1 x by) E 3.82
(as)  B0cm (b2) 123.0 | 1266 |125.0[124.8 (a1 x b2) 1.82
Means of a1 x ¢ 1225 | 1259 [1245]1243 (a1) 1.47

Both sides [20cm (b4) 113.0 | 113.3 [113.0(113.1 (azxbs) axb 2.58
(az2) 30cm (b2) 116.0 | 1206 |[118.3|118.3 (azxbz) axc NS

Means of a; x ¢ 1145 | 1169 | 11561156 (a;) |bxc NS
Means of (b (by) [ 1175 | 1193 (11851184 (bs) faxbxc NS
xc) (b2) | 119.5 | 123.6 |121.6 1215 (by) |
Means of ¢ 118.5 | 1214 [120.0 |
LB)s M trients (c)
owing Spacing icronutrients (c
methods (a) {b) Control | Coating | Spray Means of L.S.Dat 5%
One side [20cm (by) 1206 | 122.3 (121.3[121.4 (a1 xby) 2.27
(a1) _ [30cm (by) 121.0 | 125.3 [122.0[122.7 (a1 xbz) 1.16
Means of a;x ¢ 120.8 | 123.8 [121.6[122.1 (a1) c 1.19

Both sides 20cm (bs) 111.3 | 1143 |[111.0(112.2 (azxb1) @xb NS
(az) 30cm (b)) 1126 | 1186 | 11531155 (azxbz) axc NS

Means of a; x ¢ 111.9 | 1164 [1131 1138 (a;) bxc NS
Means of (b {b1) | 1159 | 1183 |116.1[116.7 (b)) laxbxc NS
xc) (bz) | 116.8 | 121.9 [1186 /1191 (b3
Means of ¢ 116.3 | 1201 |117.3

2- Number of branches / plant :

The main effect of sowing methods, spacing and micronutrients
application methods in Tables (2 A and B) indicate that sowing plants at one
side of the ridge significantly increased branches number which reached 7.52
and 6.20 against 4.63 and 4.36 for sowing it at both sides in the two
seasons, respectively. The largest number of branches was recorded with the
wide space 30cm (7.0 and 5.58) against (5.15 and 4.98) for narrow space 20
cm in the first and second seasons, respectively. Similar results were
mentioned by Kotb et al. (1998) on Nigella sativa L.

Also, branches number was significantly affected by micronutrients
application compared to control plants, seed coating method was more
effective than foliar application, in both seasons. Similar findings were found
by Kanwer and Dhingra {1962) on citratus, Osman et al. (1990) on faba bean,
Abd EI-Salam (1999) on fennel and Khattab et al. (1999) on caraway.
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Table (2) : Effect of sowing method, spacing and micronutrients
application methods on branches number / plant of
caraway in 1998 / 1999 (A) and 1999 / 2000 (B). 2 (A)

Sowing | Spacing Micronutrients (c) .
methods (a) (b) Control [Coating | Spray Meansof | L.S.Dat5%

One side [20cm (by) 5.70 7.30 [ 6.20 640 (a1 xby) 1.24
© (a1) 30cm (baz) 7.70 940 | 8.80 8.63 (aixbz) b 0.32
Means of a;x ¢ 6.70 8.35 750 7.52 (a1) [ 0.21

Both sides [20cm (b) 3.40 430 | 400 3.90 (a:xbs) @xb 0.45
{az) 30cm (b2) 5.00 580 | 5.30 [5.37 (azxby) axc 0.29

Means of az x ¢ 4.20 505 | 465 463 (az) bxc NS
Means of (b (b4) 4.55 580 [ 5101515 (b)) @xbxc NS
X ¢) (b2) 6.35 760 | 705 [7.0 (bz)
Means of ¢ 5.45 6.70 | 6.08
@ M trients (c)

Sowing Spacing icronutrients (c o
methods (a) (b} Control [ Coating | Spray Means of LS.Dat5%
One side [20cm (ba) 4.70 6.20 | 5.80 5.57 (a1 xby) 0.58
{a1) 30cm {b;) 5.50 7.70 | 7.30 6.83 {a1 x by) 0.09
Means of a1x ¢ 5.10 6.95 | 6.55 .20 (a1) [ 0.20

Both sides {20cm (b4) 3.80 490 | 450 [4.40 (azxby) axb 0.13
{(az) 30cm (b,) 3.20 530 | 450 4.33 (a2xbz) axc NS

Means of a; x ¢ 3.50 510 | 450 4.36 (az) bxc 0.28
Means of (b (b4) 4.25 5.55 5.15 498 (b4) ’a xbxc NS
X ¢} (b2) 4.35 6.50 590 5.58 (b3}
Means of ¢ 4.30 6.02 5.52

Tables (2 A and B) also showed that sowing plants, at one side of the
ridge combined with wide space 30 cm resuited in the largest branches
number in both seasons. The interaction between sowing methods and
micronutrients application methods was significant in the first season, while
the interaction between spacing and micronutrients application methods was
only significant in the second season. The triple interaction in Table (2A and

B) was insignificat.

3- Number of umbels / plant :

Data in Tables (3 A and B) indicated that sowing plants at one side of
the ridge recorded largest number of umbels / plant (135.72 and 127.17)
against the least values (112.0 and 114.33) for sowing it at both sides of the
ridge in the first and second seasons, respectively. Also the same Tables,
showed that umbels number / plant were significantly increased with the wide
space (30 cm) comparing to the narrow space (20 cm).
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As for the double and triple interactions of the applied treatments, the
results in Tables (3 A and B) indicated that there was an increase in umbels
number / plant, this increase was significant during the second season only.

Table (3): Effect of sowing method, spacing and micronutrients
application methods on umbels number / plant of caraway
in 1998 / 1999 (A) and 1999 / 2000 (B). 3 (A) .

Sowin Spacin Micronutrients (c) .
methodsg(a) p(b) ? Control | Coating | Spray Means of {L’S'D at 5%
One side {20cm (b4) 118.0 | 136.0 [ 128.0127.33 (a1 x by) |a 4.31
(a;) [B0cm(bz) | 1343 | 152.0 | 146.0 [144.10 (ai x ba) b 4.82
[ Means ofaixc 126.15 | 144.0 [137.0[135.72  (a1) ¢ 4.60
Both sides [20cm (b4) 95.0 116.0 [ 108.0 106.33 (azxby) @xb NS
(a2) 130cm (by) 111.0 | 124.0 [118.0[117.67 (a2 xbz) @xc NS

Means of a; x ¢ 103.0 | 1200 [113.0[11200 (a;) |bxc NS
Means of (b (bs) | 106.50 | 126.0 {118.0(116.83 (b4) ]a xbxec NS
Xc) (bz2) | 122.67 | 138.0 [132.0(130.89 (ba)
Means of ¢ 114.58 | 132.00 | 125.0]
(B)s Mi trients (c) | !
owing Spacing icronutrients (c
methods (a)( {b) Control | Coating [Spray | Means of [L‘S'D at 5%]

One side [20cm (by) | 106.0 | 126.0 | 122.0 [118.0 (a1 x b1) 'a 1.90 |
(a)  B0cm (b)) | 124.0 | 145.0 |140.0 136.33 (a;x by) b 2.69
Means of a1 x ¢ 115.0 | 1355 [131.01127.17 (a1) Ic_ 1.54

Both sides [20cm (by) 98.0 115.0 [ 112.0 {108.33 (a2x b4) E xb 3.80

| (a;) Bocm(b) | 117.0 | 123.0 |121.0120.33 (azx by) axc 2.18
| Meansofa;xc¢ 1075 | 119.0 1165111433 (az) |Jbxc 2.18
LMeans of (b (b1) | 102.0 | 1205 |117.0 11317  (by) r xbxc

x ¢) {b2) 120.5 1340 /130.5/128.33 (b)) [3.08
[ Means of ¢ 111.25 | 127.25 (123,75

4- Fruit yield (gm) plant :

The obtained data in Tables (4 A and B) indicated that planted
caraway at one side of the ridge attained 30.1 and 26.7% (fruit yield / plant)
over sowing it at both sides of the ridge, in two seasons, respectively.

Moreover data also showed that the wide distance (30 cm) resuited
in significant increase in the fruit yield / plant in comparison with narrow
distance (20 cm). Similar results were obtained by Kotb et al. (1998) on
Nigella sativa L., Gill et al. (1999) and Reddy et al. (1999) on coriander.

Data in Tables (4 A and B) showed that application of micronutrients
significantly increased fruit yield / plant either by the method of seed coating
or folair spray as compared to untreated plants, it was observed that the
method of seed coating with micronutrients recorded the highest fruit yield /
plant (23.0 and 22.3 gm) during the two seasons, respectively.
Microelements are needed in relatively very small quantites for good plant
growth, their dificiencies cause great disorders in the physiological and
metabolic processes of the plant (Kanwer and Dhingra, 1962).

The interaction between sowing methods and spacing was significant
during the two seasons, while the interaction between sowing methods and
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micronutrients application methods in Tables (4 A and B) was significant in

the second season only. ‘
As for the other double and triple interactions of the applied

treatments, the data in the same Tables, indicated insignificant response.

Table (4) : Effect of sowing method, spacing and micronutrients
application methods on fruit yield (gm) / plant of caraway
in 1998 / 1999 (A) and 1999 / 2000 (B). 4 (A)

Sowing Spacing Micronutrients (c) ¢ 59
methods (a) (b) Control | Coating | Spray Means of L.S.D at5%

| One side [20cm (b1) 226 | 265 [ 246 45 (arxby) 1.27
(a) __ 130cm (b) 248 | 283 | 26.4 [265 (a1xbz) b 0.68
Means of a1 x c 23.7 274 | 255 P55 (a1) 1.00 |

Both sides [20cm (bs) 15.1 159 | 15.3 (154 (azxby) axb  0.96
{az)  130cm (b2) 19.4 21.5 | 19.9 20.2 (az2xbz) maxc NS .

Means of a; x ¢ 17.2 187 | 176 178 (a2) |bxc NS
Means of (Fl (b1) 18.8 21.2 19.9 199 (by) F xbxc NS
xc) i) | 221 | 249 | 2311233 (b)
Means of ¢ 20.4 23.0 21.5
(B)

Sowing Spacing Micronutrients {c} o
methods (a) (b) Control [ Coating | Spray Means of LS.Dat5%

One side 20cm (b4) 215 253 | 23.0 23.2 (a1 x by) 0.25
(a1) 30cm (b2) 223 27.3 | 245 247 (a1xbz) b 1.37
Means of a;x ¢ 21.9 26.3 | 23.7 239 (a1) [ 0.92

Both sides {20cm (b4) 14.3 16.1 15.3 [15.2 {(azxbs) @axb 1.94
(a2) 30cm (b2) 19.2 20.5 | 20.0 [19.9 (a2xbh2) @axc 1.30

Means of a; x ¢ 16.7 18.3 | 176 175 (@) |bxc NS
Means of (b (b1) 17.9 20.7 | 19.1 [19.2 (by) Jaxbxc NS
xc) (b2) 20.7 239 .| 222 bz.o (bs)
Means of ¢ 19.3 22.3 20.6

5- Fruit yield (kg) / fed :

As shown in Tables (5 A and B) marked values of fruit yield / fed.
(963.8 and 948.9 kg / fed) were obtained by sowing plants at both sides of
the ridge against (703.1 and 661.5) for sowing it at one side of the ridge, in
the two seasons, respectively. These results were in agreement with Kamel
et al., (1992) which found that planting anise on both sides of the ridges gave
highest values in seed yield comparing with the plants grown on one side of
the ridge.

Tables (5 A and B) showed that sowing plants at narrow space of 20
cm resulted in highest yield of fruits (922.8 and 894.6 kg / fed) against (744.0
and 715.9 kg / fed) with wide space of 30 cm. Kotb et al., (1998) on Nigella
Sativa L., came to the same results. On the other hand, fruit yield / fed gave
opposite trend to fruit yield / plant, this was due to the high number of plants
resulted from sowing it on both sides of the ridge or spaced at 20 cm.

Also, data showed that fruit yield / fed from the three application
methods of micronutrients were in order to: seed coating > foliar spray >
control, the highest fruit yield / fed of (881.0 and 857.7 kg /fed)were
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obtained from seed coating method. Similar results were obtained by Osman
et al. (1990) and Hegazy et al. (1992) on faba bean, Abd El-Salam (1999) on
fennel, Khattab et al. (1999) on caraway, Gangwar and Singh (1994) on lentil
and Negm et al., (1997) on pea.

In addition the data also showed that the interaction between sowing
method and spacing were significant in both seasons. While the other double
and trible interactions of the applied treatments indicated insignificant
response. However the highest fruit yield / fed was recorded with the plants
sown on both sides of the ridge, spaced at 20 cm and coating seed with
mixture of micronutrients. (1058.9 and 1072.3 kg/fed).

Table (5) : Effect of sowing method, spacing and micronutrients
application methods on fruit yield (kg) / fed of caraway in
1998 / 1999 (A) and 1999 / 2000 (B).5 (A)

Sowing Spacing Micronutrients (c ‘ o
methods (a) b Control | Coating | Spray Means of L.S.D at 5%
One side [20cm (by) 752.5 | 882.4 [819.11818.0 (a1 x by 42.78
(a1) B0cm (b} | 550.5 | 628.2 |586.0/588.2 (a;1xb;) b 35.41
Means ofajx ¢ 6515 [ 755.3 [702.5[703.1 (a1} C 31.22

Both sides 20cm (b4 1005.6 | 1058.9 [1018.9(1027.8 {azx-bt} px b 50.07
{a2) 30cm (b2 861.3 | 954.6 |883.5| 899.8 (azxbs) mxc NS

Means of a; x ¢ 933.4 | 1006.7 | 951.21963.8 az bxc NS
Means of (b (b1 879.0 | 9/0.6 [919.0922.8 b4 X bxc NS
xc) (b)) | 7059 | 7914 [743.7(744.0 (b:
Means of ¢ 7924 | 881.0 [826.8
@ —
Sowing Spacin Micronutrients (c o
methods (a) p(b ¢ Control [ Coating | Spray Means of L.S.D at 5%
One side 0cm (b4 715.9 | 842.4 [765.9(774.7 (a1 x b, 34.27
(a1) 30cm (b; 495.0 | 606.0 |543.9548.3 (a1xby) b 40.20
Means of a; x ¢ 6054 | 7242 1654.9661.5 (a1 c 39.97

Both sides 20cm (bs) 952.3 | 1072.2 ]1018.9/1014.4 {(a;xbs) @ xb 56.85
(a2) 30cm (by) 8524 | 910.2 |888.01883.5 (azxb;) axc NS

Means of a; x ¢ 902.3 | 991.2 [953.41948.9 (az) bxc NS

Means of (b b1 834.1 957.3 (89248946 (b4} F xbxc NS
xc) by) | 673.7 | 7581 |7159715.9 (by)

Means of ¢ 753.9 | 857.7 [804.5 ]

6- Essential oil percentage :

Data in Tables (6 A and B) showed insignificant response in the
essential oil percentage with the main effect of sowing method and spacing.
While the same Table (6 A and B) showed significant increase with
micronutrients additions either by foliar spray or with seed coating method
comparing to untreated plants. Seed coating method was beneficially
effective for increasing essential oil percentage which were (2.48 and 2.53%)
against (2.38 and 2.38%) with foliar method, in two seasons, respectively.
Similar results were obtained with Abd El-Salam (1999) on fennel, Khattab et
al. (1999) on coriander and Refaat ef al. (2001) on lemongrass.

Tables (6 A and B) showed that the interaction between sowing
method and spacing were significant only in the first season. While sowing
plants at 20 or 30 cm combined with the method of seed coating were
significant in the second season. On the other hand, the interaction between
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Tables (6 A and B) showed that the interaction between sowing
method and spacing were significant only in the first season. While sowing
plants at 20 or 30 cm combined with the method of seed coating were
significant in the second season. On the other hand, the interaction between
sowing method and micronutrients application method and interaction
between the three factors was insignificant in both seasons.

Table (6): Effect of sowing method, spacing and micronutrients
application methods on essential oil percentage of caraway
in 1998 / 1999 (A) and 1999 / 2000 (B). 6 (A)

Sowin Spacing | Micronutrients (c) .
methodsg(a) p(I:)) ? Control | Coating | Spray Means of L.S.D at 5%
One side [20cm (by) 2.33 246 | 2.34 2.37 (a1 xby) NS
{as)  [30cm (ba) 237 | 248 | 2.40 .41 (a1xby) NS
Means of a1 x ¢ 2.35 247 | 237 239 (a1 0.043

Both sides [20cm (bs) 238 | 252 | 241 243 (azxby) laxb 0.033
(az)  130cm (ba) 236 | 248 | 238 240 (azxby) axc NS

Means ofazx ¢ 2.37 250 | 239 P41 (az) bxc NS
Means of (b {b1) 2.35 249 | 237 240 (by) [5 xbxc NS
X C) _{b2) 2.36 248 | 239 241 (b))
| Meansof c 2.35 248 | 2.38
(B)

Sowin Spacin Micronutrients {c) o
[methodsg(a p(b) s Control | Coating | Spra Means of L.S.D at 5%
[ One side [20cm (b1) 2.37 2.49 | 2.34 2.40 (a1 xby) NS

{(a1) 30cm (b2) 2.33 260 | 2.37 2.43 (a1 x ba) NS
Means ofa;x ¢ 2.35 254 (235241 (ay) I 0.049

Both sides R0cm (b1) 2.37 249 | 240 [2.42 (azxby) mxb NS
(a2 30cm (by) 2.32 256 | 241 243 (a;xb2) axc NS

| Meansofa;xc 2.34 252 | 240 242 (a;)) |bxc 0.070
Means of (b (by) | 237 249 | 237 41 (by) jaxbxc NS
X c) (b)) | 232 | 258 | 239 243 (b3)
Means of ¢ 2.34 253 | 2.38 |

7- Oil yield (L. / fed) :

Data presented in Tables (7 A and B) clear that sowing plants at both
sides of the ridge resulted in the highest value of oil yields / fed (23.36 and
23.03 L. / fed) against (16.85 and 16.01 L. / fed) for sowing it at one side of
the ridge, in two seasons, respectively. Also the data showed that narrow
space of 20 cm resulted in the highest oil yield / fed (22.25 and 21.60 L./fed)
against (17.93 and 17.44 L./fed) for the wide one of 30 cm. In this regard,
Mohamed (1997) found that the highest yield of oil per feddan of thyme plant
was obtained from the highest density plants and decreased gradually with
decreasing the piant density.

The data also showed that the application of micronatrients (Zn + Mn
+ Fe) gave significant increase in oil yield / fed, seed coating method
recorded the highest oil yield / fed (21.90 and 21.69 L. / fed) in two seasons,
respectively. Refaat et al,, (2001) on Lemongrass, came to the same resuits.
Data shown in Tables (7 A and B) indicated that the combined effect of the
sowing methods and spacing was significant in the first season, while the
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other double interactions were insignificant. As for the triple interaction,
essential oil yield /fed followed the same trend of fruit yield / fed. Where the
highest yield of oil was obtained from sowing plants on both sides of the
ridge, spaced at 20 cm and coating seed with mixture of micronutrients

(26.68 and 26.70 L. / fed ).

Table (7) : Effect of sowing method, spacing and micronutrients
application methods on essential oil yield L./ fed of

caraway in 1998 / 1999 (A) and 1999 / 2000 (B).7 (A)
Sowin Spacin Micronutrients (c) 0
methodsg(a) p(b) 9 Control | Coating [ Spray Means of L.S.Dat 5%
One side pOcm (b1) 1753 | 21.71 |19.16[19.46 (a1 x b4)| a 0.68
(a1) 30cm (b2) 13.05 | 15.58 [14.06 [14.23 (a1 xby)| b 0.84
Means of a1 x ¢ 15.29 | 18.65 |16.61| 1685 (a4) | ¢ 0.95
Both sides 20cm (b4) 23.93 | 26.68 |24.55(25.05 (azxby)} axb 1.18
(az)  [30cm (b2) 20.33 | 23.67 |21.02/21.67 (a2xby)l axc NS

Meansof az x ¢ 2213 | 25.17 |22.78| 23.36 (az) | bxc NS
Means of (b {b4) 20.73 | 2419 1218512225 (by)|{axbxc NS
X C) (bz) 1669 | 19.62 |17.54| 17.93 (b2
Means of ¢ 18.71 21.09 | 19.69
B
Sowing Spacing Micronutrients (c) Means of L.S.D at 5%

methods (a) {b) Control | Coating | Spra
One side [20cm (b4) 16.97 | 20.98 |17.9218.62 (a1 xb4y)| a 284
(a1) Ocm (by) 11.54 | 15.76 |12.89(13.39 (a1xb3) b 1.53
Means of a1 x ¢ 14.26 18.37 | 15.04| 16.01 (as) | ¢ 1.70
Both sides [20cm (by) 2257 | 26.70 124.45|24.57 (azxb4)] axb NS
{az2) B30cm (ba) 19.78 | 23.30 21.40 2149 (azxbz)] axc NS

Means of a2x ¢ 21.18 | 25.00 2293 | 23.03 (az) | bxc NS
Means of (b (b1) 19.77 | 2384 (21.18( 2160 (by) |axbxc NS
X ¢) {b3) 15.66 19.563 [17.15] 1744 (b;
Means of ¢ 17.72 21.69 [19.17

8- Essential oil constituents :

Separation of oil samples by GLC revealed two identified
constituents; carvon and limonene. Carvon was the major constituent of the
essential oil forming more (75%), carvon and limonen slightly decreased by
micronutrients application, as shown in Table 8 and Fig. 1,2 and 3.

Table (8) : Effect of micronutrients application methods on the main
constituents of essential oil of caraway .

Qil Treatments
Constituents % Control Seed coating Spraying
Carvon 79.09 78.10 75.45
Limonene 11.36 10.85 11.00
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Fig (1) : Main components of the control of caraway essential oil.
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Fig (2) : Main components of caraway essential oil as affected by seed
coating method.
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