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ABSTRACT

A field trial was achieved during the two consecutive growing seasons of
2001/2002 and 2002/2003 at the Experimental Farm of Faculty of Agriculture, Cairo
University to investigate the associative impact of phosphate solubilizing Bacillus
megatherium, chicken manure, rock phosphate and/or sulfur and its influence on
growth parameters, fruit yield and oil yield quality of coriander. The results show that
full dose of chicken manure significantly overcame its half dose for all the measured
growth and yield parameters. Application of Baciflus megathernium, as a phosphate
solubilizer, induced matchable results to that obtained due to the use of full dose of
chemical ferilizers, while inclusion of rock phosphate and/or sulfur resulted in further
increases for alt tested parameters. An associative effect was found between, chicken
manure, biofertilizer, rock phosphate and/or sulfur. The combined effect of half dose
of chick2. manure, bioferilizer, rock phosphate and/or sulfur produced reasonable
results while full dose of chicken manure in presence of the same previous ferlilization
sources revealed significant increases, in comparison with the positive control, for all
tested parameters. Biofertilization of coriander combined with full dose of chicken
manure and sulfur augmented limonene oil constituents with 30.69 % over the positive
control. Linalool as the main oil compound of coriander, was increased due to the use
of Bacilius megatherum combined with full dose of chicken manure that reached 2.5
% over the positive control.

Keywords: growth parameters, yield quality, bio-organic fertilizer Coriander, essential
oil

INTRODUCTION

Coriander (Coriandrum sativum L.) “Family Apiaceae” is an annual
medicinal herb wideiy cultivated in Egypt. Coriander fruit oil repeatedly used
as a flavor for meats, canned foods, spicy, sauces, backed goods
confectionery and perfumes (khattab and Helmy, 2002). From the
pharmaceutical point of view, coriander also used as antirheumatic,
antiseptic, astringent, carminative, diuretic, laxative, stimulant and
hypotensive (Guenther, 1961 and Fenaroli, 1971). The intensive application
of chemical fertilizers increased crops productivity but with low quality {(Lain et
al. 1996 and wang et al, 1996). The use of low price fertilization sources
such as organic manure, rock phosphate and biofertilizers is of great
importance to minimize the agricultural costs in addition to the great quality of
the resultant yield and reduction of environmental pollution problems. The
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coincident use of rock phosphate and phosphate solubilizing bacilli to release
soluble phosphate was recorded by many investigators (Kucey, 1983). This
work aims at looking for the best bio-, organic or bio-organic treatments that
lead to produce a high coriander yield with good quality.

MATERIALS AND METHODS

A field trial was achieved at the Experimental Farm of Facuity of
Agriculture, Caire University during the two consecutive seasons of
2001/2002 and 2002/2003. The soil was sity lcam of the following
characteristics: Sand, 25 %; silt, 54 %; loam, 21 %, organic matter, 0.39 %;
total N, 1.12 %, total P, 0.088 %, total K, 0.20 %; total C, 0.23 %; pH, 7.84,
and EC (dS/m), 2.35; The soluble cations (meg/L) were Mg"", 0.6; Ca™", 0.3;
K*, 8.25 and Na® 14.56. The soluble anions (meg/L) were SO,~, 8.5 ; CI,
12.5 and HCOy, 2.5 . Chicken manure, sulfur and rock phosphate were
applied during soil preparation for cultivation according to the respective
treatments. The sulfur and rock phosphate were applied with one rate for
each, 50 kg sulfur/fed. and 20 kg P/fed. respectively, whereas the two rates of
chicken manure were applied i.e., haif dose (40 kg N/fed.) and full dose {80
kg N/fed.). The applied chicken manure had the following characteristics:
organic matter (%), 47.16; Ash (%), 52.84; pH, 8.86; EC (dS/m), 6.87; C/N
ratio, 21:1; total N (%), 1.31; total P (%), 0.57; total K (%), 0.93; Fe
{mg/100g), 7777.0; Mn (mg/100g), 28.4, Cu (mg/100g}, 7.3; Zn ( mg!1009)
253.0. As for rock phosphate had the following characteristics: total P (g/kg™)
110; KZO (%), traces; SiO; (%), 90{ AlyOs (%), 0.9; Fe,0, (%) 1.2; Tetal CU
(mg kg™ ) 19.0; Total Zn (mg kg ), 127.0; Total Fe (g kg’ ", 10.0; Total Mn
(mg kg'), 284.0 The recommended doses of NPK were 300 kg ammonium
sulfate (20 %), 100 kg superphosphate (15.5 %) and 50 kg potassium {48 %).
The experimental area was divided into plots of 6 M? for each, camprising of
3 rows, 3 m long and 60 cm width. Fruits of coriander {obtained from
Cultivation and Production of Medicinal and Aromatlc Plants, National
Research Centre, Cairo, Egypt) were sown on 13" November 2001 and 28"
Qctober 2002 in hills of 30 cm apart at the rafe of 4-5 fruits/hill. Biofertilization
was done using a liquied culture of phosphate solubilizing bacilli (Baciflus
megatherium) containing 5. 2x107 cellfml immediately after fruit sowing
according to the respective treatments at rate of 40 Lffed. ( Khattab and
Gomaa, 2003).

The following treatments were implemented:

- Positive control {100 % NPK)

- Half dose of chicken manure + Rock phosphate (R.p)

- Half dose of chicken manure + Sulfur (S)

- Half dose of chicken manure + Bacillus megatherium (Bio)
- Half dose of chicken manure + R.p + Bio

- Half dose of chicken manure + S. + Bio

- Haif dose of chicken manure + R.p + S. + Bio

- Ful! dose of chicken manure + R.p

- Full dose of chicken manure + S
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- Full dose of chicken manure + Bio

- Full dose of chicken manure + R.p + Bio

- Full dose of chicken manure + S. + Bio

- Full dose of chicken manure + R.p + 3. + Bio

The various treated plots were irfigated separately to prevent the
interference between the tested treatments . After one month later the
developed plants were thinned to two plants per hill. The experiment was
designed as split plots of three replicates, where chicken manure occupied
the main plots and Rock phosphate, sulfur and biofertilizer were represented
in the sub-plats. At the beginning of May 2002 and 2003 plants were
harvested. The following growth and yield parameters were determined: plant
height (cm), branches number/plant, plant dry weight (g), fruits dry weight
(g/plant) and estimated fruit yield (Kgffed). The nitrogen percent was
determined in dry fruits of the second season according to A.O.A.C. (1970)
and consequently the protein content and nitrogen uptake were calculated.

The obtained fruits samples from each treatment were separately
subjected to hydro-distillation to determine volatile cil content for three hours
using Clevenger apparatus according to Egyptian pharmacopoeia (1984).
Samples of 50 g dry fruits from each replicate in each treatment were placed
separately in a round flask for essential oil extraction. The volume of the
extracted essential oil was then determined and recorded on the basis of oil
volume to fruits dry weight (mI/100g dry fruits) . Estimated volatile oil yield
(Lifed.) v as also calculated.

The essential oil constituents were analyzed and determined in the
oil samples of the second season. Samples were then dehydrated over
anhydrous sodium sulfate and stored in silica vials with Teflon-sealed caps at
refrigerator (2 °C) in the absence of light for gas chromatographic analysis.
The dehydrated oil of each treatment was separately subjected to GLC
analysis with (HP) 6890 Series Hewlett Pakarad. The separation was carried
out with column, HP (Carbowax 20 M), 26 m length X 0.32 mm 1.D., film
thickness 0.3 pm. The flow rates (ml/min) of the carrier nitrogen gas (N.),
hydrogen (H;) and air were 30, 30 and 300 consecutively. The column
temperature was programmed from 60 °C to 190 °C at the rate of 8 °C/min.
The injection temperature was maintained at 240 °C and detector at 280 °C .
The relative peak area for each individual constituent was then averaged in
each accession and data were then recarded for each constituent as a
relative percent of the essential oil . The identification of these compounds
was achieved by matching their retention times with those of authentic
samples injected with the same conditions.

Statistical analysis :

With the exception of the identification of essential oil constituents
which was conducted only in the second season. Statistical analysis was
made according to Snedecor and Cochran (1990) using M stat program
version 4. Combined analysis was performed for the two growing seasons as
the obtained results followed the same pattern. Means of various treatments
were compared by Duncan’s Multiple Range test (Waller and Duncan, 1969)
at 5 % probability level.
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RESULTS

A comparison between various fertilization sources in addition to the
chicken manure doses and their effects on plant height, branches number
and plant dry weight was shown in Table (1). As to the applied rates of
chicken manure, it was found that full dose significantly overcame the half
dose for all tested parameters in both growing seasons. Further, the diverse
sources tested treatments produced results significantly overcame the
positive control except, branches number in the second seascon and rock
phosphate treatment in the first season for plant dry weight. Application of the
biofertilizer as such surpassed the positive control regarding plant height and
plant dry weight in both growing seasons. Inoculation of rock phosphate
and/or sulfur with the phosphate solublilizing bacilli (Bacilius megatherium )
induced the highest significant values for all tested parameters in both
seasons.

Table (1): Effect of chicken manure doses and various treatments on
plant height, branches number and plant dry weight of

coriander,
Parameters) Plant height | Branches Plant dry
(cm) number/plant weight (g)
Effective factor 1st 2nd 1st 2nd 1st 2nd
season season s$eason season S$£as0N | season
h. M. Ch.M1 99.5b 98.5pb [ 104b | 108b | 419hbh | 427hb
Ch.M2 103.7a | 1048a [ 11.7a | 126a | 545a | 559 a
Controi 94.7c | 99.2e | 100c [ 11.3be | 41.0d | 45.2¢
R.P. 101.5b |101.2¢cd | 10.5h | 11.0c | 423d | 43.3d
Fertilizer |Sulfur 101.5b [1018bc| 10.7a | 11.3be | 472 ¢ | 47.3b
Sources  Bio 101.5b | 100.7d | 11.5a (11.8abc| 505b | 51.7a
R.P.+Bio 101.8b [ 102.7b | 11.7a | 122ab [ 51.2b | 523 a
S.+Bio 104.2a | 105.2a | 115a | 125a | 512b | 525a
RP.+S.+Bio [ 106.0a [102.2bc| 11.7a |11.8abc| 54.0a | 52.7a

Values within each column followed by the same lefter are not statistically significant at 5
% level .

Ch. M, = chicken manure Ch. M1 = chicken manure half dose S = Sulfur

R. P. = Rock phosphate Ch. M2 = chicken manure full dose Bio = biofertilizer
Control = Recommended dose of mineral fertilizer (NPK)

Table (2) shows the effect of chicken manure doses as weit as the
different fertilization sources on fruit yield, cil content and estimated dry fruits
yield of coriander. Full dose of chicken manure significantly overcame the half
dose for all tested parameters in both seasons. Except oil content application
of phosphate solubilizing Bacilius megatherium induced results comparable
to the positive control, while inclusion of rock phosphate and/or sulfur
produced the highest increases over the positive control for ali tested
parameters in both seasons.
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Table {2): Fruit yield, oil content and estimated dry fruits yield of
coriander due to the application of chicken manure doses and
the different fertilization sources

Parameters: Fruit yield Oil content {mlf109g “EY of dry fruits
(g/plant fruits) (Kg/fed.)

Effective factor” 1st 2nd 1.st 2nd 1.st 2nd
: season | season | season | season season season

Ch. M. Ch.M1 272b | 299b | 0.471b 0.471b 601.4b 660.0b
ICh.M2 334a | 358a | 0.514a 0518 a 7423 a 7944 a
[Control 250e | 33.0b | 0.527a 0.508 b 555.0 e 7327b
P. 26.3de | 28.7c | G483 c 0.455d 577.8 de 6248¢
Ferilizer  Sulfur 275d | 296¢c | 0.458¢ 04624 610.7d 656.2¢
Sources io 37¢c | 33.2b | 0.478bc | 0485¢ 698.0¢c 736.3b
.P.+Bio 330bc | 345b |(0498abc| 0507b 7328H 766.2b
IS.+Bio 340ab | 36.3a | 0507ab | 0.517ab | 755.0ab 8068 a

RP+35.+Bic 346a [ 346b ‘ C518abk | 0.528a 77354 | 767.50 |

Values within each column followed by the same letter are not statistically significant at 5
% level .

Ch. M. = chicken manure Ch. M1 = chicken manure half dose S = Sulfur
R. P. = Rock phosphate Ch. M2 = chicken manure full dose Bio = biofertilizer
Control = Recommended dose of mineral fertilizer (NPK) * EY = estimated yield

The impact of chicken manure doses and the other fertilization
source on the estimated volatite oil yield, nitrogen content, protein content
and nitrogen uptake was presented in Table(3). Concerning the estimated oil
yield, the biofertilizer as such or when combined with rock phosphate and/or
sulfur resulted in significant differences in comparison with the positive contrcl
in the first season, while these differences were not significant in the second
season It is worthy to mention that full dose of chicken manure treatment
produced estimated yield of volatile oil significantly surpassed the half dose
treatment in both seasons. For nitrogen and protein contents, Table (3)
indicates that the various treatments induced results comparabie to the
positive control where the differences were not significant. Table (3) also
indicates that biofertilization of coriander either used alone or combined with
either rock phosphate and/or sulfur overcame the other treatments for
nitrogen uptake, but the highest significant differences were recorded due to
the combined treatments when compared to the positive control. Once again,
the full dose of chicken manure surpassed the half dose treatment for all
nitrcgen and protein measurements.

Table (4) reveals the interacticn between chicken manure doses and
the other ferilization scurces and its effect on plant height, branches
number/plant and plant dry weight. Biofertilization of coriander in the
presence of half dose of chicken manure resulted in significant plant height
when compared to the pcsitive ccntrol, while the results of branches
number/plant and plant dry weight were similar to those of the positive control
without significant differences. Further increases were recorded when eithar
rock phosphate or sulfur were included with half dose of chicken manure and
bicfertilizer. Application of full dese of chicken manure induced further
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increases for the majority of tested growth parameters either when compared
with the positive control or half dose of chicken manure. The maximum
augmentations for all tested parameters were obtained owing to the
combined application of full dose of chicken manure, biofertilizer, rock
phosphate and suifur.

Table (3): The impact of chicken manure doses and diverse fertilization
sources on estimated volatile oil yield, nitrogen and protein
measurements of coriander fruits.

rameters: *EY of volatile Nitrogen Protein Nitrogen
oll {L¥ed.) content (%) | content (%) kptake (g/plant)

factor 1.8t season |2 nd season|2 nd season| 2 pd season | 2 nd season
Ch.M. [ChMi B.831b 5.094b  PB.51b 1925 H.05 b
ChM2 D.816a 4.110a 62a P8.87 a 1.31a

Contro! Eeza ¢ 577ab P40z F127 a 112 bc

]P. 575 @& 843 ¢ 1,62 a €2a 1.04 ¢
E:tuﬁw Sulfur 2835d BO0S7bc___P52a D1.98 a H.04 c
rces Bio F3a7c  Bstsab  Po0a 52.50 a 30 a
P+Bic_P.677b 888 a B.72a 0327 a 1,25 a
S.+Bio [3.848 ab 4.180 a 3.59 a 42 a 1.30 a
Rp+5.+Bio 4.C18 a G78a 64a 72a 1.28 a

% level .

Ch. M = chicken manure
R. P. = Rock phosphate

Ch. M1 = chicken manure half dose
Ch. M2 = chicker: manure full dose

Coentrol = Recommended dose of mineral fertilizer (NPK)

S=
Bio = biofertilizer

Values within each column followed by the same letter are not statistically significant at 5

Sulfur

* EY = estimated yield

Table {4): The combined Influence of various fertilization sources on
tested Growth parameters of coriander

Parameters: Plant height Branches Plant dry
cm} number/plant weight (g}
1st 2nd 1st 2nd 1st 2nd
Treatments™ Saason saason 26390n season season season
ntrol o471 05.7 g 10.0bc  [103ef Wi0ef  WK3OT -
R.P. b53f  B60g¢g b0c af 6.0 ¢ B70g
Sulfur 0731 B7.7 HO.0be _ [10.7 def _[3B.0fg Bo.3g
Ch. M.1 Bio H01.3e [003e [11.0ab  [13cde U3.7de WU53ef
P+Bio  N02.7cde M03.0c  [11.0ab 17bcde K43de Mb0e
S5.+Bio H03.0cde 103.7¢  [10.7 abc [12.0abcd WH4.0de W53 ef
RP.+S.+Bio [020de [027¢ [11.3ab [123abc K63cd [47.3de
Control 047 ¢ 85.7 g HO.0bc H0.3ef Wi.0ef H3.0f
R.P. 107.7ab [106.3b [120a 127abc  HB7 c 49.7 d
Subfur Hos7be M060b Hilag 20abed B6.30 553 ¢
Ch.M.2 jio 01.7e [l01.0¢a [120a  [23abc 673b 580D
R.P.+Bio 01.0e [1023cd [12.3a H2.7abc 580D 58.7 b
IS +Bio 1053 bcd [1067b  [12.2a H30ab [58.3b 59.7b
RP.+S.+Bio [110.0a [108.7a 20a 13.3 a 61.7 a 62.3a

Values within each column foilowed by the same letter are not statistically significant at 5
% level .

Ch. M1 = chicken manure half dose Ch. M2 = chicken manure full dose Bio = biofertilizer
R. P. = Rock phosghate S=Sulfur Control r Recommended dose of mineral
tertitizer (NPK)
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Table (5) indicates the associative effect of different bio- and organic
treatments in the presence of rock phosphate and/or sulfur on fruit yield
(g/plant), oil content and the estimated yield of dry fruits of conander.
Regarding fruit yield per plant, inoculation with the phosphate solubilizer
Bacillus megatherium combined with half dose of chicken manure produced
increases in comparison with the positive control that were significant in the
first season. Further significant increases were recorded, in comparison with
the positive control, when rock phosphate and/or suifur were applied.
Moreover, full dose of chicken manure induced more increases in fruit yield,
the highest values were obtained when biofertilizer, rock phosphate and/or
sulfur were included. As to coriander oil content, insignificant differences
were found, when compared to the positive control, due to the application of
half dose or full of chicken manure, biofertilizer, rock phosphate and/or sulfur.
Concemning of the estimated yield of dry fruits inoculation with Bacillus
megatherium in the presence of half dose of chicken manure as such or
when combined with rock phosphate and/or sulfur resulted in significant
increases in comparison with the positive control in both seasons. Tha
highest values were obtained with application of full dose of chicken manure
and inoculation biofertilizer alone o combined with rock phosphate and/for
sulfur compared to the positive control in both seasons.

Table {5): The associative effect of chicken manure, rack phosphate,
suffur and biofertilizer on fruit, oil content and estimated fruit
___yield of coriander.

Parameters» Fruit yield Oil content (ml/100g *EY of dry fruits
(g/plant fruits) __({Kgffed.)
Treatments™ 1st 2nd 18t 2 nd 1t 2 nd J
season season scason season season secason
Control P50e PO7h 0.527 ab 513bc  B550e 58.7¢ |
RP. 20f P57, 0.446de  0.410f  [475.0f 6.7
Sulfur D40ef 12641 D.430e  J0.4z0¢ E33.0e 587.0q
Ch.MA  Bio PB.3d B13gh 0450 cde P.457 e 19.0d  |695.7ef |
R.P.+Big P97cd B23fg  0.477 bede 0.487 d 656.7cd _[718.3de |
~+Big 50.3 cd Odef 10.480 bede 0.497 cd 73.3¢  [755.0 cde |
P+5.+Bic__P13c PB63bcd [0.497 abed 0.503¢cd  E95.7 ¢ |B0B.7 be |
Controi P5.0e  [29.7 h 0.527 ab 513bc _B550e  ©B58.791 |
Ro. B0.7cd B1.7fah [0.487 abcd 10.500 cd 80.7¢  |703.0ef |
Sulfur B1.0c_P27efy 0487 abed [0.503¢d  p8B.0c  [7z5.3de |
Ch.M.2  Bio B5.0b  PBS50cde .507ab p.513bc  [777.0b [777.0cd |
Rp+Bio 6.3ab [67bc 0.520ab _0.527ab _[807.0ab 1B14.0bc |
S +Bio 77a [87ab 533a 0537 a B36.7a  |858.7 ab
Rp+S.+Bio  [383a [305a 540a 0.543 a B51.3a 8763 a

Values within each column followed by the same letter are not statistically significant at 5
% level .

Chn. M1 = chicken manure half dose Ch. M2 = chicken manure full dose
R. P. = Rock phosphate S=gulfur Bio=biofertilzer
* EY = estimated yield Control = Recornmended dose of mineral fertilizer (NPK)

The interaction among various sources of fertilization and its impact
on estimated volatile oil yield, nitrogen and protein contents and nitrogen
uptake was presented in Table (6). Of estimated volatile oil yield, the various
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bio-treatments in the presence of half dose of chicken manure induced
results comparable to the positive control. Mereover, including the full dose of
chicken manure to the same biofertilization treatments revealed the
significant augments in comparison with the positive control in the first
season. Nevertheless, the significancy disappeared in the second season. As
to the nitrogen and protein parameters, it was found that the phosphate
solubilizing bacterium when combined with rock phosphate andl/or suifur
produced matchable results in comparison with the positive control either in
the presence of full or half dose of chicken manure. Furthermore, the highest
values were recorded due io the appiication of full dose of chicken manura.

Table {6): The interacticn among chicken manure, biofertilizer, rock
phosphate and sulfur on estimated oil yield, nifrogen
content, protein content and nitrogen uptake of coriander.

Parameters— *EY of volatile oil Nitrogen Protein |Nitrogen uptake|
{Lifed.) content {%) | content {%) {g/plant)
1st 2nd 2nd 2nd 2nd
Treatments) | _season Lse_ajgn season season season
Contro! 2923 ef | 3.293 de 3¢ 2063¢c 0.98 de
Rp. 1.937 h 2183 f 3.60 abc 22.53 abc | 093e
Sulfur 2283g | 2463 ef 3.50 be 21.87 bc 092e
Ch.M.1 Bio 2.833f | 3.477de | 360abc | 22.50abc 113 ¢d \
Rp+Bio 3.157de | 3.497cd | 3.60 abc 22.53 abc 1.16 cd \
S.+Bio 3.233d [3.750 abed| 3.63 abe 22.69 abc 1.24 be |
Rp+S.+Bin 3440d | 3.293de | 3.50bc 21.88 be 1.27bc |
Control 2923 ef |[4.060abcd] 3.30c 20.63¢ D.98 de |
Rp. 3.213de | 3.513cd | 363 abc 22.69 abc 1.15 cd
Sulur [ 3.377d [3.650bcd 3.83bc 22.06 be 1.15 ¢d
Ch.M.2 Bio 3.940¢ |3.993 abcd| 3.6Q0abc | 22.50 abc 1.26 be
p+Bio 4197 b¢c [4.280abc| 3.83ab 2394 ab 1.413b
[5.+Bio 4463 ab | 4.610 ab 3.53 be 22.1G bc 1.37h
Rp+S.+Bio 4597a | 4663a | 397a 2480a 157 a \

Values within each column followed by the same letter are not statistically significant at 5
% level .

Ch, M1 = chicken manure half dose Ch. M2 = chicken manure full dose
R. P. = Rock phosphate S=sulfur Bio=biofertilzer
* EY = estimated yield Control = Recommended dose of mineral fertilizer (NPK)

The interaction among the cifferent studied organic, biofertilizer and
inorganic treatments and its influence on coriander oil constituents were
presented in Tables (7a and 7b). Regardiess of the treatments, Linalool,
camphor, a-terpinene, a-pinene, limonene, geraniol, geranyl acetate and y-
terpinene represented the major oif constituents in an descending order. They
are formed 95.72 % of the oil constituents. The total identified compounds
were 9851 %. In comparison with positive control, biofertilization with
phosphate solubilizing bacterium in the presence of half dose chicken
manure induced fittle increases for linalool, camphor and a-terpinene.
Additional increase was recorded for camphor constituent due to inciusion of
sulfur to the same previous trealment. Tables (7a and b) also shows that the
combined treatments of rock phosphate + sulfur + biofertilizer in the presence
of half dose of chicken manure and rock phosphate + biofertilizer + full dose
of chicken manure increased limonene component when compared to the
positive control. Each of Geraniol and Gerany! acetate constituents was
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increased over the positive control owing to the application of full dose of
chicken manure + biofertilizer and rock phosphate treatment. Geranyl acetate
also was increased due to the treatment of full dose of chicken manure +
sulfur + biofertilizer, while biofertilizer in the presence of full dose of chicken
manure increased linalool component in comparison with the positive control.

Table (7a):The interaction between the different treatments and its
impact on the relative percentage of coriander oil

constituents.
No | Treatments» ) Chicken manure (half dose)
[ c
E o | & |2 a2 @ E’ a | £
Compounds” ¥ & o |9 «® A i

1 k-Pinene 373 | 330 | 3.56 (358 297 368 3.56 3.48
2 |Camphene 0.40 | 0.41 051 (044 036 0.44 0.39 0.42
3 |B-Pinene 052 | 0.51 094 (050| 046 0.54 0.52 0.57
4 Myrcene 085 | 083 | 0.76 (077 074 0.80 0.74 0.78
5 |P.Cymene traces | 0.11 007 (007 0.10 0.10 0.08 0.09
6 |Limonene 189 | 213 | 1.71 [200| 235 1.72 2.56 2.05
7 |ly-terpinene 1.63 | 1.89 179 [1.72 1.67 1.75 1.60 1.72
& Camphor 572 | 6.16 | 5989 (577 4.95 7.23 5.59 5.92
9 |Linalool 75.10 | 7368 | 732 |75.11| 7568 | 7329 | 75.07 74.5
10 g-werpinene 437 | 423 | 473 (447 447 3.93 3.90 4.30
11 Linalyl acetate 037 | 0.23 032 | 027 0.26 0.30 0.29 0.29
12 ICarvone 0.3% | 0.31 033 (031t 032 0.29 0.29 0.32
13 |Bormeol 022 [ 035 | 014 (009 0.08 0.08 0.08 0.1%
14 [Nerol 019 | 028 | 026 |013| 0.4 0.13 0.10 017
15 IGeraniol 1.89 | 206 | 211 [1.73]| 203 1.91 1.72 1.92
16 eranyl acetate | 178 2.09 205 |1.83 1.83 1.81 1.81 1.89
Total identified 99.1 | 98.50 | 98.5 |98.80| 984 98.0 | 98.30 98.5
Un-identified comp. 09 1.50 1.50 | 1.20 1.60 2.0 1.70 1.49

Cont.=control R.P. = Rock phosphate § = Sulfur Bio = biofertilizer

DISCUSSION AND CONCLUSION

Application of low price and safe fertilizers is of great importance in
agriculture to economize the cost and get products of good quality for human
consumption. As it was expected, the fuil dose of chicken manure overcame
the half dose and resulted in significant increases for each of plant height,
branches number, plant dry weight, fruit yield (g/plant), cil content, estimated
fruit yield (kg/fed.), estimated volatile oil yield (L/fed.) in both growing
seasons, and also contents of nitrogen and protein and nitrogen uptake in the
second season (Tables 1, 2 and 3). This could be attributed to that full dose
of chicken manure meets the nutritional requirements of coriander more than
the half dose. These results are in agreement with those obtained by
Eghaball and Power (1994). They found that organic fertilizers were excellent
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Table (7b): The Interaction between the different treatments and its
impact on the relative percentage of coriander oil

constituents.
No | Treatments» Chicken manure {(full dose{)
=
§ g | 2| o |del+e ‘:3 2
o S O | go oo ol
Compounds” « e
t la-Pinene 373 | 243 [ 363 | 250 | 290 [ 395 | 292 | 3.15 |
2 [Camphene 040 | 232 | 041 | 029 | 036 | 047 | 036 | 0.36 |
3 B-Pinene 052 | 042 | 057 | 043 | 051 [ 057 | 049 | 050 |
4 Myrcene 085 | 073 | 0.86 | 068 | 0.79 | 0.88 | 0.72 | 0.78 |
5 P.Cymene traces | 0.09 | 0.12 | 0.08 | 0.08 | 0.12 | 0.10 | 0.08
6 Limonene 189 | 1.74 | 243 | 161 | 247 | 191 | 1.87 | 200
7 |y-terpinene 163 | 1.71 | 190 | 144 | 166 | 1.82 | 161 | 168
8 Camphor 572 | 485 | 653 | 556 | 5.75 | 6.45 | 533 | 575
g Linalool 75.10 | 76.10 | 73.40 | 76.98 | 75.36 | 74.2 | 76.56 | 75.39
10 |a-terpinene 437 | 466 | 3.70 | 3.20 | 411 | 396 | 4.07 | 4.01
11 Linalyl acetate 037 | 044 | 035 (060 | 026 | 622 | 013 | 038
12 [Carvone 039 | 0.30 | 0.29 | 0.26 | 0.31 | 0.32 | 0.30 | 0.31
13 Bomeol 022 | 036 | 030 | 027 | 0.31 | 0.35 | 0.30 | 0.30
14 Nerol 019 | 023 [ 021 [ 013 [ 013 [ 024 | 020 | 0.19 |
15 raniol 189 | 212 | 164 | 1.73 | 194 [ 182 [ 173 | 184 |
16 nyl acetate | V.76 | 194 | 199 | 176 | 186 | 202 | 154 | 1.84
Total identified comp. | 99-1 | 98.40 | 98.30 | 67.60 [ 98.80 | 99.2 | 983 | 98.52
Un-identified compo. | 0.9 | 160 | 1.70 | 2.40 | 1.20 | 0.80 | 1.70 | 1.48

Cont.=control RP.= Rock phosphate S = Sulfur Bio = biofertilizer

sources of nutrients for crop and improving physical and chemical properties
of the soil. And also, Alghadban (1998) reported that organic fertilization
significantly increased the herb and essential oil yields of spearmint and
marjoram compared with the recommended N. P and K fertilization for those
plants. On the other hand chicken manure may be increase soil organic
matter, exchangeable Mg*?, K" and available P (Bahango et al. 1988).
Bahango et. al. (1988) and Ohallorans et al. (1993) they found that fertlization
with chicken they manure increased not only availabie nitrogen but also
exchangeable potassium in the soil.

In most cases, biofertilization as such induced matchable results to
the positive control (Tables 1, 2 and 3), while further augmentation were
observed when rock phosphate and/or sulfur were included into the
biofertilizers treatments. These increases could be ascribed to the
solubilization of phosphate solubilizinng Baciffus on rock phosphate that lead
to releasing more available phosphorus for plant nutrition due to secretion of
different types of organic acids (Kucey, 1983), as well as the acidic action of
sulfur in the soil. 1t is worthy to mention that the treatment of phosphate
solubilizing bacteria + rock phosphate + suifur induced the most significant
increases over the positive control (Tables 1, 2 and 3). The superiority of rock
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phosphate + sulfur with rock phosphate alone in increasing macro- and
micronutrients in the soil may be due to the oxidation of sulfur to sulfuric acid
by Thiobacillus spp. bacteria, the decreasing soil pH and the increased
availability of nutrients (Rajan, 1987 and Kumar et. al., 1982).

Regarding the interaction among the various tested treatments, it
was found that application of phosphate solubilizing Bacillus megatherium in
the presence of rock phosphate induced matchable results for plant height,
the number of branches per pliant, and fruit contents of nitrogen and protein
(%) either when half or full dose of chicken manure were applied (Tables 4
and 6). On the other hand, the use of full dose of chicken manure cambined
with the biofertilizer, rock phosphate, and/or sulfur significantly overcame
other treatments for all tested parameters in both seasons (Tables 4, 5 and
6). In the presence of full dose of ¢chicken manure + rock phosphate + sulfur +
biofertilizer the increasing percentages were 47.62, 42.23, 42.34 and 48.97
for plant dry weight, fruit yield (g/plant), estimated fruit yield (kg/fed.) and
estimated oil yield in comparison with control in both seasons, consecutively.
But also with applied half dose of chicken manure combined with
aforementioned treatments the increases over the recommended dose of
mineral fertilization were 11.43, 23.58, 23..79 and 8.33 % for the same
previous parameters in both seasons respectively. These findings were found
in agreement with Khattab and Gomaa {2003) since they found thatthe
combination of full dose of organic manure {Chicken manure or compost) and
Azotciacter vinelandii resulted in highly increase followed by the half
recommended dose of these organic manure together with Azotobacter
vinelandii for growth parameters and vyield of genovese basil. Kandeel and
Sharaf {2003), they showed that mixed inoculation with three biofrtilizers
supplemented with half dose of NPK gave the highest and significant
increase of growth parameters, oil content (%) and oil yield of marjoram, as
well as, the N, P and K % in the plant herb. Kandeel et. al. (2002) reported
that inoculation of sweet basil with Azotobacter + Azosopirillum
supplemented with half dose of the recommended dose of mineral N-fertilizer,
significantly increased plant growth, oil % and oil yield plot” compared with
uninoculated plants and given fuil dose of nitrogen. EI-Sawy et. al. (1998)
reported that inoculation with a mixture of Azotobacter, Azosopirilium and
VAM amended with full dose of P as rock phosphate and inorganic N-
fertifization, in combination with VAM inoculation, increased plant growth and
khellin production of Amrni visnaga L. plant.

Concerning the impact of interaction of various treatments on
coriander oil components , Table (7a and 7b) show that the composite
treatment of half dose of chicken manure + rock phosphate + sulfur +
biofertilizer induced the highest increase percent over the positive control for
limonene constituent that reached 35 followed by rock phosphate +
biofertilizer + full dose of chicken manure treatment that produced 30.69 %
over the positive control. As for linalool constituent, the main component of
coriander oil, the biofertilizer combined with full dose of chicken manure had
the highest increase over the positive control that reached 2.5 %. Also, a-
terpinene, the third main component of the oil, increased over control with full
dose of chicken manure + rock phosphate by about .64 %. For camphor
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constituent, the associative effect of half dose of chicken manure, sulfur and
biofertilizer recorded the highest increase over the positive control reaching
26.4 %. The previous results proved that, linalool, camphor, a-terpinene, a-
pinene, limonene, geraniol, geranyl acetate and y-terpinene represented the
major oll constituents of coriander, they formed about 85.72 % of the oil
constituents. These results were in agreement with those obtained by Hirvi et.
al. (1986), Hussien (1995) and Khattab and Helmy (2002) they found that the
main constituents of coriander oil were linalocl, camphor, a-terpinene,
limonene, geraniol, geranyl acetate, y-terpinene, B-pinene, and g-pinene.

In conclusion, the application of phosphate solubilizing Bacillus
megatherium combined with full dose of chicken manure, rock phosphate
and/or sulfur induced the highest records for the majority of measured
parameters. Furthermore and in combination with the positive control, the bio-
organic treatments in presence of rock phosphate and/eor sulfur, as cheap row
materials for fertilization improved coriander oil yield quality where the main
oil constituents of linalool, camphor a-terpinene, a-pinene and limonene. The
half dose of chicken manure induced reasonable results when combined with
the biofertilizer and the other fertilization sources but the dominancy was for
full dose of chicken manure in combination with the same fertilization
treatments.
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