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ABSTRACT

Two field trials were conducted during two successive seasois
(1997/98 and 1998/99) to evaluate the effect of inoculation wih
diazotrophs (Azotobacter chroococcum or Azospirillum brasilens?)
combined with either Bacillus megatherium var. phosphaticum or (VAM)
Glomus mosseae in the presence of haif dose of inorganic N-fertilizer (n
growth, chemical constituents, yield and volatile oil content of coriand zr
plants.

The results revealed that dual inoculation of coriander seeds with
non-symbiotic N,-fixers and phosphate solubilizers increased the available
phosphorus content of the soil. This increase was accompanied by the
highest values of phosphate dissolving bacteria densities and mycorrhizal
root infection percentage. Combined inoculation of Azotobacter
chroococcum and Glomus mosseae increased the values of nitrogenase
activity and ammoniacal and nitrate nitrogen contents of coriander plant
rhizosphere.

Inoculation with Azotobacter or Azospirillum combined with Glom us
mosseae gave significant increases in vegetative growth, total carbohydratcs,
photosynthetic characteristics, essential oils, seed parameters, nitrogen,
phosphorus and potassium contents of coriander plants.
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Volatile oil constituents were determined with GL.C analysis. It
was found that linalool was the major constituent in the oil of coriander
seeds. Maximum values of linalool were obtained in treatments
inoculated with Azotobacter or Azospirillur: in the presence of Glomus
mosseae.

Key words: azospirillum, azotobacter, Coriandrum sativum, glomus,
vegetative growth, volatile oils.

1. INTRODUCTION

Coriander (Coriandrum sativum 1..) is a common condiment
grown in many countries for its fresh herb and dry seeds. Coriander
seeds and its oil are employed widely in some specific fresh drinks,
essences and /or flavoring some kinds of food products. It is used also
in pharmaceutical and other preparations to cover disagreeable odor and
taste and as stimulant and carminative in medicine.

Biofertilization for many crops attracted the attention of
researchers and it has become in the last few decades a positive
alternative to chemical fertilizer (Suslow ef al., 1979; Nieto and
Frankenberger, 1990 and Wange, 1996). Several investigators reported
that inoculation of plants by Azotobacter and /or Azospirillum combined
with half of the recommended dose of nitrogen fertilizer can be used as
substitutes for full dose of N-fertilizers to decrease the pollution of
environment (Saber and Gomaa, 1993; El-Demerdash, 1994 and Ei-
Khyat and Zaghloul, 1999). '

Plant inoculation with the vesicular arbuscular mycorrhizae
(VAM) in combination with N,-fixing bacteria improved plant growth
to a highly significant extent (Ishac e al, 1986 ; Yassen, 1993 and
Fares, 1997).

Several investigators extensively studied phosphate dissolving
bacteria and claimed their importance in supplying growing plants with
available phosphorus when inoculated in soils (Khalil et @l., 1991 and
Ashoub and Abd El-Ghany, 1994).

The present work aimed to evaluate the effect of dual inoculation
with Azotobacter chroococcum or Azospirillum brasilense combined
with phosphate solubilizing microorganisms in the presence of half of
the recommended dose of nitrogen fertilizer on productivity and volatile



oil content of coriander plants.
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2. MATERIALS AND METHODS

This experiment was carried out at the Experimental Farm, Fa:.
Agric., Moshtohor, Zagazig Univ., during 1997/98 and 1998/C9
seasons. Mechanical and chemical analyses of the experimental soil ae
presented in Table (1-a)and (1-b). Mechanical analysis was estimated
according to the methads of Jackson(1973), whereas, chemical analysis
was estimated according to the methods of Black ef al., (1982).

Table (1-a): Mechanical analysis of the experimental soil.

Parameters Unit Seasons
1997/98 1998/99
Coarse sand % 3.72 2.93
Fine sand % 18.42 17.52
Siit % 2497 22.68
Clay % 52.89 56.87
Textural class | - Clay clay

Table (1-b): Chemical analysis of the experimental soil.

Parameters Unit Seasons
1997/98 | 1998/99
CaCO; % 1.21 1.49
Organic matter % 1.95 1.77
Total nitrogen % 0.53 0.39
Total phosphorus % 0.23 0.19
Total potassium % 0.13 0.09
E.C ds.m” 0.83 0.76
PH e 7.79 7.93

2. 1. N,-fixing inoculants
Ny-fixers (Azotobacter
Azospirillum brasilense ) were used as sced moculants, These streins
were kindly provided by the Unit of Microbiology, Desert Research

Non-symbiotic

chroococcum and
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Center, Mataria, Cairo , Egypt. The strains were grown on modified
Ashbys medium (Abdel-Malek and Ishac, 1968) and semi-solid malate
medium (Dobereiner, 1978), respectively, and incubated at 30°C for 7
days until the number of bacteria reached about 1x107 cfu ml™.

2. 2. P- solubilizing inoculants

Bacillus megatherium var. phosphaticum (provided from the
Microbiology Dept., Soil, Water & Environment Res. Inst., Agric., Res.
Center, Giza, Egypt) was grown on Bunt and Rovira {(1955) medium
modified by Abdel-Hafez (1966), then incubated at 30°C for 7 days .

Mycorrhizal spores of Glomus mosseae were extracted from
onion rhizosphere by using the wet sieving and decanting technique
(Gerdmann and Nicolson, 1963).

2. 3. Inoculation

Coriander seeds were washed, air-dried and soaked in cell
suspension of Azotobacter or Azospirillum (10” cell mI'") for 30 min .
Arabic gum {16%) was used as an adhesive agent. Then the inoculated
seeds were divided into three groups, the first group was left without
further inoculation.The second group was inoculated with Bacillus
megatherium var. phosphaticum (10° cell ml"') in the same manner
mentioned above. The third group was prepared for cultivation of
mycorrhizal treatments. Seeds of uninoculated treatments were treated
with N-decifient medium without bacterial culture. Before sowing,
mycorrhizal treatments were provided with a mycorrhizal spore
suspension(100-200 spores ml” and was applied at a rate of 10 mi” m™)
and infected onion root segments. Inoculated seeds were air dried at
25-28°C for one hour. After sowing, soil was immediately irrigated to
provide a suitable moisture for the inocula.

2. 4. Experimental design

A randomized complete block design with four replicates was
applied in the experiment. Seeds of coriander plants were planted in the
first week of October in plots, the area of each plot was one square meter
and included two rows with an inter-row distance of 50 cm. Seeds were
planted in each row in hills with a distance of 20 cm. between hills. The
seedlings were thinned one month later to two plants per hifl.

Except tfor control treatments, ali plots were fertilized with a half
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dose (30 kg-N ) of ammonium sulphate (150 kg/feddan), 100 kg.
superphosphate (15.5% P,0s) and 50 kg. potassium sulphate (48% K,0)
per feddan, added in two equal doses at 30 and 60 days after sowing.

2. 5. The experiment included the following treatments
1-Untreated plants (Controli).
2- 60 kg. inorganic N-fertilizer.
3- Azotobacter chroococcum + 30 kg, N.
4- Azotobacter chroococcum + 30 kg. N.+P.S.B.
5- Azotobacter chroococcum + 30 kg. N.+ Mycorrhizae.
6- Azospirillum brasilense + 30 kg. N.
7- Azospirillum brasilense + 30 kg. N.+P.S.B.
8- Azospirilium brasilense + 30 kg. N.+ Mycorrhizae.

2. 6 . Sampling and Determinations

At the vegetative stage (60 days) and flowering stage (110 days,,
rhizosphere soil samples of the plants were taken to microbiological and
chemical determinations. Also, coriander plants at maturity stage were
obtained o determine the growth parameters and chemical analysis.

2. 7. Micorobiological analysis

- Rate of mycorrhizal infection was evaluated according to Mosse and
Giovanetti (1980).

- Phosphate dissolving bacteria densities were determined by the standard
plate method (Bunt and Rovira medium, 1955 modified ty
Abdel-Hafez, 1966} .

- Nitrogenase activity was estimated according to ( Hardy ef al.,1973).

2. 8. Chemical analysis

-Available phosphorus and ammoniacal and nitrate nitrogen wee
determined according to Olsen et @/, 1954 and Bremner and Keeny,
1965 respectively.

-Nitrogen, phosphorus, potassium, chlorophyll and carotenoids we'e
determined according to A.O.A.C. (1980).

-Total carbohydrates content of leaves was determined by Smith er al. (1956).

-Essential oil content was determined by water distillation following the
method described by Egyptian Pharmacopoeia (1984) .
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2. 9 Growth parameters

Plant height (cm), fresh and dry weights of plant (g), no. of leaves
/plant, no. of branches /plant, root length/plant (cm) and fresh and dry
weights of roots / plant (g) were determined at maturity stage.

2. '10. Yield and its components

At harvest, no. of umbels/plant, no. of seeds (fruits)umbel, seeds
(fruits) yield (g/ plant), seeds (fruits) yield (kg/fed) and weight of 100
seeds (g) were recorded.

2. 1. Statistical analysis

Growth parameters, yield and chemical constituents of the plants
were statistically analyzed using revised L.S.D. test according to the
procedures outlined by Snedecor and Cochran (1989).

3. RESULTS AND DISCUSSION

3. L. Phosphate dissolving bacteria, mycorrhizal root infection and
available phosphorus

Results presented in Table (2) show the changes in the population of
phosphate solubilizing bacteria in coriander plants rhizosphere. Densities
of phosphate solubilizers were higher at the flowering stage than the
vejetative stage. The beneficial effect of root secretions during the
flowering stage may explain this increase. Inoculation of seeds with
no1-symbiotic N, fixers and receiving half dose of inorganic N-fertilizer
gave higher densities of P-solubilizers than uninoculated plants
supplemented with full dose of inorganic N-fertilizer.

The highest population of P-solubilizers were observed m the
treatments inoculated with asymbiotic diazotrophs and phosphate
solubilizing bacteria. Moreover, dual inoculation with diazotrophs and
mycorrhizae led to an increase in densities of P-solubilizers compared to
single inoculation with diazotrophs. These results confirmed those
obained by Saad and Hammad (1998} and Zaghloul (1999).

Data presented in Table (2), indicate that the combined inoculation
wih Azotobacter or Azospirillum and vesicular arbuscular mycorrhizae
(VAM)Glomus mosseae in the presence of half dose of inorganic
N-fertilizer gave the highest rate of coriander root infection with
enlomycorrhizae. These data are in agreement with those found by
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Table (2): Effect of inoculation with diazotrophs and phosphate solubilizers on phosphate solnbllmng bacterial densities
(x 10%g dry soil )s mycorrhizat root infection and available phosphorus content in rhizosphere of Coriandrum

sativum L. plants during 1997/98and 1998/99 seasons.

Vegetative stage (60 days) Flowering stage (110 days)
Parameters | Phosphate Mycorrhizal | Available-P Phosphate Mycorrhizal | Available-P
solubilizing root - (ppm) solubilizing root (ppm)
Treatments bacteria infection(%) bacteria infection(%)
densities densities
97/98 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99
Control (Untreated plants) 24 4.7 7.3 6.8 158 [ 196 |116 143 |8.1 11.6 1256 | 31.8
60 kg. inorganic nitrogen 135 ;1189 [102 125 1316 [382 [204 |258 137 151 425 |564
Azotobacter + 30 kg, N. 382 426 |11.8 |142 |51.2 |598 1645 (887 |172 1209 11209 | 124!
Azotobacter + 30 kg, N.+P.S.B. 69.7 | 815 157 [194 831 | 885 1236 | 1583 ] 21.2 [ 268 | 167.8 | 191.2
Azotobacter + 30 kg. N+Mycorrhizae | 416 [ 531 | 486 | 563 | 78.7 (854 |865 |103.6 1675 |747 |148.2 | 1667
Azospirilfum + 30 kg, N. 267 [375 1134 187 [483 |579 )6i4 1907 [196 |214 | 1064 }1i78
Azospirillum + 30 kg. N+P.S.B. 628 | 779 |17 1165 794 1842 1187 | 136.9 [ 20.1 )233 1505 | 1613
Azospiriilum+30kg. N.+Mycorrhizae | 453 | 498 [ 452 [529 (708 (784 (922 (984 (618 |67.5 | 1413 | 1568
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Faes (1997) and El-Sawy et al.,(1998). Low percentage of mycorrhizal
root infection in the uninoculated coriander plants indicated that the
na ive VAM fungi are present in the soil but in low density.

Data also show that the available phosphorus of coriander plasts
rhizosphere was remarkably increased in inoculation treatments in the
presence of half dose of inorganic N-fertilizer compared to uninoculated
treatment and supplemented with fuil dose of inorganic N-fertilizer. The
increase was more prominent in the combined biofertilized treatments
wih non-symbiotic N,-fixers and phosphate solubilizers than in single
bicfertilized treatments. The highest values of available phosphorus were
recorded with Azotobacter chroococcum combined with phosphate
solubilizing bacteria. This increase may be due to that the P-solubilizing
bacteria utilize organic compounds as carbon and energy source and
produce organic acids thereby solubilize insoluble phosphates (Gaur er
al. 1979). These results were confirmed with those obtained by Barakah
et .al., (1998) and El-Sayed (1998).

3.2. Nitrogenase activity and nitrogen forms in coriander

rhizosphere

It is obvious from the data in Table (3) that nitrogenase activity
increased in coriander plants rhizosphere which received asymbiotic
dizzotrophs and supplemented with half dose of inorganic N-fertilizer.
This may be due to the low doses of N-fertilizer which encourage N,-
fixation {(Saleh er af, 1998). Nifrogenase activity increased to
considerable extents in the presence of phosphate solubilizers. The
highest rates of nitrogenase activity were obtained with combination of
non-symbiotic N,-fixers and VAM or phosphate solubilizing bacteria at
flowering stage in the two seasons. Similar results were recorded by
Barakah ef al, (1998) and Mikhacel er al., (2000) who found that
nit'ogenase activity increased by dual inoculation of the plants with
diazotrophs and vesicular arbuscular mycorrhizae.

With respect to ammoniacal and nitrate nitrogen, data in Table

(3 )show that ammoniacal and nitrate nitrogen concentrations were
apparently higher in the flowering stage than the vegetative one in the
two seasons. Inoculation of coriander seeds with non-symbiotic Ny-fixers
andl phosphate solubilizers gave the highest values of ammoniacal and
nitate nitrogen concentrations. These increases may be attributed to
the high values of phosphate solubilizing bacteria densities and
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Table (3): Nitrogenase activity and nitrogen forms in the rhizosphere of Coriandrum sativim 1. plants as affected by
inoculation with diazotrophs and phosphate solubilizers .

Vegetative stage (60 days) Flowering stage (110 days)
Parameters | N: ?Se ac:ivity NH,-N NOjy -N N, l(!se ﬂc:i"ity NH,-N NO;-N
n moles m m n moles m m
restmonts CHyhrlg dry {(ppm) (ppm) CoHiyhrg dry (ppm) (ppm)
soil) soil}

97/98 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99 | 9798 | 98/99 | 97/98 | 98/99 | 97/98 | 98/99
Control (Unireated plants) 9.6 11.4 14.6 22.5 18.3 24.1 12.8 13.2 23.7 27.2 29.5 32.4
60 kg. inorganic nitrogen 18.7 | 235 29.8 337 275 30.6 24.1 30.5 31.5 436 343 41.5
Azotobacter + 30 kg. N. 41.6 | 553 32.7 352 35.6 41.4 62.4 78.3 44.7 48.6 49.3 56.9
Azotobacter + 30 kg. N.+P.S,B, 585 | 704 38.1 44.3 41.7 53.9 762 | 1064 ! 494 56.3 53.1 66.8
Azotobacter + 30 kg. N +Mycorrhizae 64.7 | 79.2 40.5 48.6 544 58.2 89.1 | 1135 | 624 68.2 61.7 73.9
Azospirillum + 30 kg, N. 38.1 | 479 304 36.2 38.3 428 60.7 70.6 50.7 54.5 42.6 51.3
Azospirillum + 30 kg. N+P.5.B. 48.7 | 58.6 35.1 42.3 40.5 48.7 68.1 81.9 53.6 55.2 48.5 58.4
Azospirillum + 30 kg, N.+Mycorrhizae | 52.9 { 64.8 412 458 45.6 52.3 74.2 88.6 56.9 60.1 59.4 63.2
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Table (4): Effect of inoculation with diazotrophs and phosphate solubilizers on growth parameters of Coriandrum sativum L. plants during 1997/98
and 1998/99 seasons.

Parameters Plant height Fresh weight of Dry weightof Number of Number of Root Length / Fresh weight of Dry weight of
(cm) Ixni (g} plant (g) leaves/ plant branches/ piant plant (cm) Root (g} Root
Treatments 798 98/99 97/98 94/99 97/9% 98/9% 97198 98/99 97198 98199 97/98 f 98199 9798 98199 97/98 98/99
Control{ Untreated plants) 6425 7275 94.00 94.50 13.00 13.01 76.50 7150 4.00 4.25 22.50 2275 12.75 13.00 2.12 217
60 EE inorganic nitrogen 81.00 846,75 1108 | 11925 1521 16.37 81.25 82.25 4.75 5.25 24,50 24.75 15.50 1550 2.56 258 B
Azotobacter + 30 kg, N, 86.00 90.00 120,00 | 123.75 17.15 17.09 86.00 85.00 5.75 6.25 29.00 2975 1025 19.75 3.20 3.3
Azotobacter + 30 kg. 93.75 96.0¢ 124.50 129.00 17.20 17.91 8975 90.00 6.50 6.75 30.75 32.25 22.50 2275 3.74 382
N.+P.SB. —
Azotobacter + 30%g N+ 105.50 | 109.0 | 13050 | 136.50 1213 1906 96.50 97.25 7.50 7.50 3575 3675 24.50 2475 4.11 416
| Mycarrhizae
A-ospirillum + 30 kg. N. 25.00 £1.50 11800 | 121.75 16.22 16.80 84.00 85,50 5,50 6.00 21.28 28.50 19.00 19.00 3.14 318
zospiriflum + 30 kg, 91.00 94.50 122.00 | 126.50 168t 17.52 87.00 87.73% 6.25 6.5 .75 3125 22.00 22,25 365 374
N.+P.5.B,
Azospirittum + 30 kg N+ 97.25 103.0 t27.75 | 13175 1798 18.25 §5.50 95.75 7.08 7.00 34.50 35.50 23.25 24,00 378 4.02
Mycotrhizag _—
L5 D a 5% 328 2.19 3.68 1.54 0.47 0.33 3.12 1.19 0.84 0.97 1.55 1.16 0.96 0.76 0.17 0.13
L 5D s 1% 4.47 2.9 4.89 2.09 0.65 .45 4.25 1.61 1.15 1.32 2.11 144 1.30 1.04 0.23 018 _J
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mycorrhizal root infection percentage with the same treatmens as
was observed in this study (Table 2) which enhanced the availability of
nutrients in soil (Barakah et al., 1998).

3. 3. Growth characters

Data in Tabie (4) clearly show that all growth characters of
coriander plants significantly improved by biofertilization as compared
with uninoculated plants. Dual inoculation with diazotrophs and
phasphate solubilizers significantly increased growth characters i.e. lant
height, plant fresh and dry weights, number of leaves and branches per
plant, root length and fresh and dry weights of root per plant compared to
single inoculation with asymbiotic No-fixers. It was found that maximum
growth characters were observed in treatments inoculated vith
Azatobacter chroococcum and VAM or phosphate solubilizing bacteria.
These results are in agreement with those obtained by Fares, (1997) ind
El-Sayed, (1998) who stated that combined inoculation with diazotrophs
and VAM had a positive effect on plant growth. The beneficial effect; of
Na-fixers on plant growth can be attributed not only to the N>-fixation
process but also to the production of growth promoting substances such
as auxins, gibberellins and cytokinins (Yahya and Al-Azawi, 1989) which
might improve plant growth and stimulate the microbial development.
Whereas, the combined application of asymbiotic Nj-fixers ind
phosphate solubilizers improved growth parameters, the stimulatory
effect of phosphate solubilizers can be atiributed to the absorption of
nutrients by plants especially phosphorus from soil as previously
observed in Table (2). Cooper and Tinker (1978) stated that the
mechanism of increasing plant phosphorus content by VAM is based »n
the high activity of VA mycorrhizal hyphae in absorbing soil phosphorus
and then translocate onto the host roots through a specific efficient active
translocation.

3. 4. Chemical constituents

The nitrogen, phosphorus and potassium contents as well ias
photosynthetic characteristics in coriander plants showed similar trends ‘o
those recorded in growth characters. Data in Table (5) revealed that
biofertilization of coriander plants with non-symbiotic No-fixers increased
mineral contents and photosynthetic characteristics more than the
control. The highest N, P and K contents as well as photosyntheti:
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Table (5): Effect of inoculation with diazotrophs and phosphate solubliizers on some chemical characteristies of Corlandrum sativam L. plants during 199798 and

1998/99 sensons,
Parameters Total Total Total Chiorophy Chilorophyil Carstenolds Totsl
slirogen % phospberwsts | potassiom % {a} ma/g (b) mgiy iR earbohydrates®
Trentments 9TRA 999 ¥ L1 ) yirm MY 9798 "o 9198 %9 yin 9By Yok w9y
| Control {(Untreated plants) i12 LI% | 038 | 040 L0 1.51 0.59 | 0.6} 040 | 044 | 0350 | 055 10.72 11.74
60 kg. inorganic nitrogen 148 VAT | 0.41% 0.42 1.22 1.19 3 078 | 0.78 0.50 | 0.5t 0.61 0.65 12.27 12.49
Azetobacter + 30 kg. N, 1.65 1.65 | 0.4} 0.45 1.28 1.29 | 081 0.83 | 0.55 0.53 0,63 | 0.70 12.99 13.15
Azotobacter + 30 kg N.4PS.0. 1.78 1.76 | 045 | 048 1.29 1.30 | 0.83 084 | 05 | 0.55 068 | 0.77 1397 11.99
Azotohacier + 30 kg, N.+ Mycorrhizae 1.8 1.89 | 0.5 { 058 1.33 132 [ 086 | OBR | 059 | 058 | 0.72 0.78 14.44 15.13
| Azospiriiium + 30 kg. N. 1.61 1.6l 0.41 0,43 1.27 128 | 0.80 | 0.8) 0.55 0.52 [ 062 | 067 12.69 12.99
Azospirillum + 30 kg N.+P.S B, 1.69 1.71 043 | 047 1.28 1.29 | 0.81 084 [ 057 | 053 | 066 | 0.73 13,48 11.62
Azospirittum + 30 kg, N.+Mycorrhizae 1.79 1.85 048 | 0.5 1.29 1.34 0.8 086 , 058 | 056 | 0T 0.76 14.07 14.94
LS. D s 5% 0.03 0.05 0.01 002 | 0.0l 005 010! 0.0l 0.01 Q.01 0.01 0.02 0.19 0.35
L. 5.0 st 1% 0.04 006 } 002 | 003 | 002 0.06 § 0.01 0.01 0.0! 002 | 002 | 0.02 0.53 0.48
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Table(6): Fffect of inoculation with dinzetrophs and phosphate solubiiizers on seeds parameters and essential oil of Corigndrum sativum L. plants
during 1997/98snd [998/99 seasons,

Parametery Number of Number of Seed yleld / Seed yield / fed. Weight of 100 Essential ofl of
umbely/ plant seeds /umbels | plant g} seeds (g) seeds %

Treatments 9798 989 9798 9899 9798 | 9899 978 9899 9798 9899 9798 989
{Control) Untreated plants 3700 3200 475 2500 800 875 640.00 700 00 (A 1.15 1.02 1.07
60 kg. inorganic nilnm 375 5328 30.23 3125 12.2% 13.00 980.00 1040.00 1.30 128 L.18 1.24
Azotohacter + 30 kg, N. 6300 65.25 3575 3573 14.25 14.75 1140.00 118¢.00 1.3t 1.33 1.23 128
Azorohacter + J0kg. N.+P.S B, 67.25 68,23 37.25 3825 16.75 17.50 i340.00 1400,00 1.36 1.36 1.25 1.29
Azotohacter + 30 kg. N.+ Mycorrhizee 6975 70.25 39.75 40.00 19.50 19.73 1560.00 1580.00 138 1.38 1.30 [l
Azospirittum + 30 kg, N. 37.25 65.00 34.50 35.25 13.50 14.00 1080.00 112000 1.30 .29 [#]] 1.25
Azospiriltun + 30 kg NAPS.B. 62,75 66.25 75 800 15.75 16.75 1240.00 1340.00 1.32 1.35 1.24 .28
Azospirillem + 30 kg. N.+Mycoerhizac 65.75 6875 n2s 38.50 18.25 12.7% 1460.00 1420.00 1.35 1.36 1.28 1.35
f.. S. 0 at 5% 36l 1.69 14 na9 097 0.57 78.08 4561 0.01 002 0.030 0.029
1. 5. 10, at 1% 4.92 230 192 1.22 1.32 077 106.30 62.09 0.02 0.03 0.42 (.039




-106-

characteristics were recorded with Azotobacter or Azospirillum combined
with VAM or phosphate solubilizing bacteria. These results are in
agreement with Barakat and Gaber (1998) and Mikhaeel et al., (2000).
Thzy stated that single and mixed biofertilizers significantly increased
bo'h mineral contents and leaf chlorophyll concentration than the control.
These results are good explanation to the obtained resulis regarding the
favorable role of biofertilization on growth characters (Table 4). The
aviilability of N and P for plant growth due to diazotrophs and phosphate
solubilizers inoculaled to large increase in the rate of photosynthesis by the
plants which is sufficient to support plant growth.

Data in Table (5) also, indicate that total carbohydrates showed the same
general trend concerning the beneficial effect of dual inoculation of
non-symbiotic N,-fixers and phosphate solubilizers which gave the highest
vilues of total carbohydrates. The enhancing effect of the biofertilizers on
growth and photosynthetic characters with the same treatments (Table 4
and 5) may explain the increase in total carbohydrates.

2 .5.Yield and its components

Data presented in Table (6) show that there was significant
increases in the yield values in both seasons when the plants received
biofertilizers. Maximum yields of coriander plants expressed as number of
nmbels per plant, number of seeds {fruits) per umbel, seed yield (fruits
vield) per plant and feddan, weight of 100 seeds and essential oil
of seeds were obtained by using dual inoculation with dzotobacter or
Azospirillum combined with VAM or P-solubilizing bacteria. These
results are in harmony with those obtained by Fares (1997) and Zaghloul
{1999) who mentioned that inoculation of the plants with diazotrophs and
P-solubilizers significantly improved the vield of the plants. These
increases may be atiributed to the beneficial effects of N,-fixers and
P-solubilizers on plant growth, NPK contents and photosynthetic
characteristics observed in this work ( Tables 4 and 5).

3. 6. Essential oil constituents

Concerning the effect of biofertilizatior on essential oil constituents
of coriander plants, data in Table (7) indicate that GLC analysis of the
volatile oil of seeds revealed the presence of « -pinene, linalool, camphor,
myrcene. borneol, nerol, cis-geraniol and gerany] acetate . All treatments
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Table (7): G.L.C. analysis of the freshly distilled oil of Coriandrum sativum L. as affected by inoculation with
diazotrophs and phosphate solubilizers.

Area Percentage
Ret. time 1.843 6.256 8.250 10.078 15964 | 22,738 25.766 28.642
Treatments Name of a~Pinene | Linalool | Camphor | Myrcene | Borneof Nerol Cis-geraniol Geranyl
compound acetate
Peak number 1 2 3 4 5 6 7 8

Control { Untreated plants) 5316 54.537 10472 15.288 0.924 0.724 0.678 0.632
60 kg. inorganic nitrogen 6.061 62.456 6.672 13.782 0.970 0.507 1.105 2.471
Azotobacter + 30 kg N. 6.105 64.127 4,831 12.739 1.898 1.984 1.898 0.989
Azotobacter + 30 kg. N.+P.S.B. 5.040 635.580 5.681 13.671 0.850 0.407 1.315 1.470
Azotobacter + 30 kg, N.+ Mycorrhizae 4,240 66.283 6.017 9.885 1,513 1.766 1.223 4.744
Azospirillum + 30 kg. N. 6.117 63.213 4.831 13,739 1.898 1.884 1.011 1.877
Azospirillum + 30 kg. NA+P.S.B. 4.859 65.266 5.929 14.022 1.018 1.282 1.397 1479
Azospiriifum + 30 kg, N+ Mycorrhizae 7.228 66.269 3.720 13.728 0.896 0.863 0.878 0.988
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showzd that linalool is the main compound of coriander seeds volatile oil.
Thes: results are in accordance with those of Hussein (1995) who reported
that the main component of coriander oil is linalool. Minimal levels of
linalool were obtained in uninoculated treatments. It was found that
linalool reached its maximal levels in plants inoculated with asymbiotic
diazatrophs and VAM,

It can be concluded from the results of the present study that
comyined biofertilization of coriander plants with asymbiotic diazotrophs
and shosphate solubilizing bacteria or VAM in the presence of half dose of
inorzanic N-fertilizer had a beneficial effect on the productivity of
coriander plants to a significant extent. It can be save 30 kg N per feddan
and decrease the possible pollution of environment and enbance the
utilization of soil nutrients, particularly unavailable phosphorus by
phosphate solubilizers.
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