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ABSTRACT 

Two field experiments were carried out during 199611997 and 
1997/1998 seasons to study the effect of inoculation with asymbiotic N:2-fixers i.e 
A. chrococcum or A. lipoferum. biogas manure application and inorganic N­
fertilizer on the growth and yield of caraway plants. 

The results of this study showed that. rhizosphere of caraway plants 
inoculated with asymbiotic N:-fixers and provided with the half dose of 
inorganic N-fertilizer or fertilized with biogas manure recorded higher densities 
of Azotobacter.,·. Azo.,pirilla and inorganic phosphate dissolvers than those 
fertilized with the full dose of inorganic N-fenilizer. 

Caraway se~d inoculation with either A. chrvcoccum or A. lipoferum in 
the presence of the half dose of inorganic N-fenilizer treatments gave higher 
records of N:-ase activity in rhizosphere soil than those fertilized with the full 
dose from either morganic N-fertilizer or biogas manure. The rhizosphere soil of 
carawa) plants inoculated with A. chrococcum showed the highest records of 
ammoniacal and nitrate nitrogen whereas. available phosphorus concentration 
was the highest in the treatment ofbiogas manure application. 

The highest records of growth parameters and seed yield of Carum 
carvi were obtained with Azotobacter chrucoccum or .·1zo~pirillum lipoferum 
inoculation treatments. Planting at narrow distance produced higher seed yield 
/fed. than the planting at wider distance. Caraway seed inoculation with 
Azotobacter chrococcum and sowing at 2.5 x SO em gave the highest seed yield 
(kg /fed.). Also. inoculation of caraway seeds with asymbiotic N:-fixers gave 
higher records of N. P. K and total carbohydrates than those fertilized with 
either biogas manure or inorganic N-fenilizer. Whereas. biogas manure 
application treaunent attained the highest records of oil percentage and thiS was 
observed in the two seasons. 
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INTRODUCTION 

Many species of the family Apiaceae (umbelliferae) usually used in 
dried state or as fresh herb. as a household ramedies or as medicinal ingredients. 
Among those Apiaceae plants. aromatic plants containing volatile oils represent 
an important source of the national income of Egypt for local consumption and 
export. One of the most important plants containing volatile oil is caraway 
(Carum carvi L.). fruits and its oil are used medicinally as carminatives. mild 
stomachic. antispasmodic. as a tonic in the treatment of digestive disorders. 
Dried fruits are widely employed for flavouring bread. cake confectionery cheese 
and kinds of food products. The odour and flavour of medicmal seed plants are 
due to its essential oil. 

Biofertilization with nitrogen fixers gave an appreciable improvement 
of the growth and yield of different plants Faid. ( 1994). El-Sawy eta/ .. ( 1986) 
found that the growth of Hyoscyamus muticus and its content of hyoscyamine 
considerably increased by dual inoculation with Azotobacter and Azospiri//um as 
well as organic amendment. Also. Saleh eta/.. ( 1998) showed that growth of 
Datura stramoniun and its content of alkaloids were greatly improved by 
biofertilization. Many investigators reported that half of the recommended dose 
of nitrogen fertilizer can be saved through inoculation of seeds or grains with 
asymbiotic nitrogen fixers (Is hac et a/.. 1986: El-Haddad eta/., 1986 and El­
Demerdash. 1994) . 

Respecting the effect of biogas manure on plant growth and microbial 
activities. Mahmoud et a/., ( 1984) and Zaghloul et a/ .. (1996) revealed that the 
application of biogas manure increased microbial densities and microbial 
activities in the soiL as well as there was a significant increase in macro and 
micro-nutrients and yield. 

The present study aimed to investigate the effect of inoculation with 
asymbiotic N2-fixers i.e .4. chrococcum or A. /ipojerum and biogas manuring on 
growth and yield of caraway plants (Carum carvi L.). 

MATERIAL AND METHODS 

Two field experiments were carried out at the experimental farm, Fac. 
Agric., Moshtohor Zagazig U niv .. during 1996 /1997 and L 997 I 1998 seasons to 
study the response of caraway plants (Carum carvi L.) to inoculation with either 
Azotobacter chrococcum AC or Azospirillum lipoferum MN and fertilization 
with either biogas manure or ammonium nitrate. Chemical and mechanical 
analyses of the experimental soil as well as biogas manure analysis are presented 
in Tables (I) and (2). 

Chemical analysis was estimated according to Black et a/., (1982), 
whereas, mechanical analysis was estimated according to Jackson (1973). 
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Table (1): Chemical and mechanical analyses of the experimental soil. 
a- c hem1cal anah•s•s . 

Organic T.N T.P E.C CaC03 

matter% pB o/o % m mhos/em % 

1.80 7.92 0.42 0.24 0.81 1.56 
h- Mechanical anah•sis 

Coarse Fine sand Silt Cia~· Textural 
sand% o/o o/o o/o class 

3.34 18.86 22 .12 55.68 clay 
T. N, Total nitrogen. T. P, Total phosphorus. 
E.C, Electric conductivit~·. 

Table (2): Analvsis of biol!as manure. 
Parameters Unit Value 

Organic matter % 56.2 
Organic carbon % 32.59 
Total nitrogen % 1.74 
Total phosphorus % 0.86 
Total potassium % 1.21 
C: N Ratio 18.90 
Iron ppm 24 
Zinc ppm II 
Manganese ppm 8 
Copper ppm 5 
Density Kg/m3 275 

Biogos manure was added before sowing at a rate of 90 Kg N/fed. 
While. the inorganic nitrogen fertilizer (NH4 No3) was added at a rate of 90 Kg 
N/fed. in three equal doses i.e at sowing, after 30 and 60 days of sowing. All 
plots were supplemented with calcium superphosphate (15.5% P2 Os) and 
potassium sulphate (48% K20) at rates of 30 and 60 Kg P2 Os and K20 /fed .. 
respectively. They were added in two equal doses at 30 and 60 days after sowing. 

Inoculants: 
Azotobacter chrococcum AC and Azospirillum /ipo.ferum MN strains 

were provided from the unit ofBiofertilizers, Fac. of Agric .. Ain Shams Univ., 
Cairo, Egypt. 

For preparation of A. chrococcum and A. lipojerum inocula. modified 
Ashby's medium (Abdel- Malek and Ishac, 1968) and semi- solid malate 
medium (Dobereiner. 1978) were inoculated with A. chrococcum and A. 
lipoferum. respectively then incubated at 30°C and 32°C for 7 days, respectively. 
Seeds of Carum carvi were successfully washed with water and air-dried. 
Thereafter, seeds were soaked in cell suspension of A. chrococcum or A. 
lipoferum (I ml contains l 08 viable cell) for 30 min. Gum arabic (16%) was 
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added as an adhesive agent, prior to soaking. Seeds of control treatment were 
treated with the same manner but using N-deficient medium instead of bacterial 
cultures. The inoculated seeds were air dried at room temperature for one hour 
before sowing. 

Experimental design: 
A split plot design with four replicates was used. The main plots were 

devoted for sowing distance, whereas the sub-plots were designated for 
inoculation and fertilization treatments . 
This experiment included the following treatments: 
1- Control (without any treatments). 
2- A full dose (90 Kg N/fed) of inorganic N-fertilizer. 
3- Biogas manure (90 Kg N/fed.). 
-+- Azotobacter chrococcum inoculum + a half dose of inorganic N-fertilizer 

(45Kg N/fed.). 
5- Azospirillum lipoferum inoculum+ a half dose of inorganic N-fertilizer ( 45Kg 

N/fed.). 

Cultivation process: 
Cultivation process was performed at 1 o!h November by sowing 

inoculated or uninoculated seeds in hills at rows with a distance of 25, 35 and 
45cm between hills and 50 em between rows. 

After sowing, soil was directly irrigated to provide a suitable moisture 
for inocula. The normal culture practices for growing caraway plants were 
followed as recommended in the region, after germination the plants were 
thinned into two plants per hill. 

Sampling and determinations: 
After 35 and 70 days from sowing representative rhizosphere soil 

samples of the developed plants were taken. These periods were considered and 
referred to in the results discussion as the vegetative and flowering stages. The 
samples were microbiologically analyzed for Nitrogenase activias an indication 
for N2 fixing activity, densities of Azotobacters and Azospiri/la as well as 
inorganic phosphate dissolvers. Also, rhizosphere soil samples were chemically 
analyzed for ~-N, N03-N and available phosphorus as follows : 

1. Microbiological analyses: 
1.1. Nitrogenase activity in the rhizosphere was determined according to Hardy 

eta/., (1973). 
1.2. Densities of Azotobacters and Azospiri/la were determined on modified 

Ashby's medium (Abdel-malek and Ishac, 1968) and semi-solid malate 
medium (Dobereiner, 1978), respectively using the most probable densities 
technique (Cochran, 1950). Whereas, the densities of inorganic phosphate 
dissolvers was determined on (Bunt and Rovira medium 1955, modified by 
Abdel-Hafez, 1966) using the plate count method. 
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2. Chemical analyses: 
2.1. Ammoniacal and nitrate nitrogen were detennined according to Bremner 

and Keeny (1965). 
2.2. Available phosphorus extracted from soil according to Olsen eta/., (1954) 

and colourimetrically detennined according to American Public Health 
Association (APHA, 1989) . 

3. Growth parameters and yield: 
Ten plants were randomly taken from each treatment for growth 

measurements and yield at harvest time i.e. plant height (em), fresh and dry 
weights of herb (gm/ plant). seed yield (gm/plant) and (kg/fed.). 

4. Chemical analysis of plant: 
Total carbohydrates and N. P and K were determined in the dried 

leaves. The total carbohydrates were detennined by Herbert et a/., (1971 ). Total 
nitrogen was determined by A.O. A.C (1980), total phosphorus was determined 
according to (APHA, 1989) and total potassium was determined by Dewis and 
Freitas (1970). Seed oil content was detennined at harvest by water distillation 
following tlle method described by Egyptian pharmacopoeia (1984). 

Statistical analysis: 
Analysis of variance (ANOV A) of data obtained from growth 

parameters. yield and chemical analysis of the plants were carried out and 
significant differences among the means of various treatments were 
distinguished by L.S.D. (Snedecor and Cochran. 1989). 

RESULTS AND DISCUSSION 

Effect of different soil applications on microbial densities in rhizosphcrc of 
Carum carvi: 
1-Changes in Azotobacter spp densities: 

Data in Table (3) show that the densities of Azotobacter spp in 
rhizosphere soil were increased in all soil applications treatments compared to 
control one. The highest densities of Azotobacter spp were observed in the 
treatment of caraway seed inoculation with Azotobacter chrococcum and 
receiving half dose of inorganic N-fertilizer . 

Irrespective of control treatment. the lowest densities of Azotobacter spp 
were resulted in the treatment of full dose of inorganic N-fertilizer application. 
Generally, it is worthy to notice that inoculation of caraway seeds with 
asymbiotic nitrogen fixers i.e. Azotobacter chrococcum or Azospirillum 
lipoferum gave higher densities of Azotobacter ~PP than biogas manure 
application. Similar trends of results were observed in the two growing seasons. 
Similar results were recorded by Mostafa (1997) who found that Azotobacter 
densities in rhizosphere soil were higher as a result of rape seed inoculation with 
A. chrococcum than organic manures amendment. 
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Data presented in Table (3) also show that densities of Azotobacter spp 
in rhizosphere of caraway plants tended to increase progressively in all 
treaunents. At flowering stage. densities of Azotobacter spp were higher than 
vegetative stage. Such differences may be due to the changes in multiplication 
rate of Azotobacrers as a result of qualitative changes in nature of the root 
exudates of the plant during the different growth stage (Abdel-Ati eta/., 1996). 

2- Changes in Ar.ospirillum spp densities: 
Data in Table (3) clearly indicate that the densities ofAzospirilla in 

rhizosphere soil of caraway plants increased in all soil treatments compared to 
control one. Inoculation of caraway seeds with Azospirillum lipoferum gave the 
highest densities of Azospirilla. While. the lowest densities of Azospirilla were 
recorded in the treaunent of full dose inorganic N-fertilizer application and this 
was true in both vegetative and flowering stages. Biogas manure application 
gave higher densities of Azospirilla than seed inoculation with Azotobacter 
chrococcum and provided with half dose of inorganic N-fertilizer. Similar trends 
of results were observed in the two growing seasons. Similar results were 
obtained by Zaghloul et a/., (1996) who reported that the addition of organic 
manures increased the microbial densities and microbial activities in rhizosphere 
of wheat plants. 

Data in Table (3) also emphasize that the densities of Azospiril/a were 
higher at flowering than vegetative stage and this result was recorded in all 
treaunents. This increase is likely to be due to the beneficial effect of root 
exudates and debries during flowering stage. This result was confirmed by that 
obtained by De-Freitas and Germida ( 1990). 

3- Changes in phosphate dissolvers densities: 
Data in Table (3) reveal that the densities of phosphate dissolvers in 

rhizosphere soil increased in all investigated treatments compared to control one. 
Application ofbiogas manure at a rate of 90 kg N/fed. gave the highest densities 
of inorganic phosphate dissolvers and this was observed in both vegetative and 
flowering growth stages of caraway plants. 

Moreover. caraway seed inoculation with either A. chrococcum or A. 
lipoferum and received half dose of inorganic N-fertilizer gave higher densities 
of inorganic phosphate dissolvers than full dose of inorganic N-fertilizer 
application. Similar trends of results were observed in the two growing seasons. 

Data in Table (3) also emphasize that the densities of inorganic 
phosphate dissolvers were higher at flowering than vegetative stage. This 
increase could be attributed to the high beneficial effect of roots secretions 
during flowering stage in most cultivated plants. 



Table 3. Azotobacters, Azospirilla and inorganic phosphate dissol vers densities (x 1 0
4
/g dry weight of soil) in rhizosphere of 

caraway plants in the two growing seasons . 

Vegetative ( 35 days) Flowering ( 70 days ) 

~ Azotobacters Azospirilla P.D.B Azotobacters Azmpirilla P.D.B 

s 1997 1998 

Control 61.8 65.5 

Full dose ofN-fertilizer 100.4 120.5 

Biogas manure 140.2 156.4 

A. chrococcum inoculum 210.6 225 .8 

+half dose ofN-fertilizer 

A. lipoferum inoculum 180.2 195.4 

+half dose ofN-fertilizer 

P.D.B. :phosphate dissolving bacteria 

N.: Nitrogen 

1997 1998 1997 

48.4 56.2 60.4 

82.6 94.3 180.6 

120.6 128.4 420.8 

96.4 102.2 250.3 

172.5 180.3 210.1 

1998 1997 1998 1997 1998 1997 1998 

72.3 72.0 74 .4 56.8 60.4 82 .3 91 .6 

200.2 121.8 135 .0 110.3 116.6 210.5 225 .0 

450.5 163 .0 168.1 148.1 156.8 486.3 493 .5 

270.6 240.7 256.6 115.3 123 .0 271.6 286.3 

240.2 260.3 272.2 186.4 200.6 246.8 278.4 
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Effect of different soil applications on nitrogenase activit)' in rhizosphere of 
Carum carvi: 

It is obvious from data in Table (4) that Nrase activity as an indication 
for N2-fixing activity in rhizosphere of Carum carvi plants was considerably 
influenced by biofertilization with asymbiotic N2-fixers and biogas manure 
amendment. The highest records of N2-ase activity were recorded in the 
rhizosphcre of inoculated plants with A.chrococcum and supplemented with the 
half dose of inorganic N-fertilizer. Also, caraway seed inoculation with A. 
lipoferum and received half dose of inorganic N-fenilizer gave higher records of 
N2-ase activity than full dose of nitrogen application from either ammonium 
nitrate or biogas manure. 

Table (4): Nitrogenase activit)' (JL moles C2 H4 /br./g df1' weight of soil) in 
h" h f I h r IZospl ere o carawav plants m t e twogrowmo seasons. 

Growth stage Vegetative Flowering 
(35 da,•s) (70 davs) 

Treatments 1997 1998 1997 1998 
Control 24 .8 28.5 36.6 40.2 
Full dose of N-fertilizer 36.3 38.3 45 .5 50 .6 
Biogas manure 64.3 68 .7 73 .3 81.5 
Azot. chrococcum Inoculum+ half dose 
of N fertilizer 98 .6 103 .6 136.3 148.4 
Azos. lipoferum Inoculum+ half dose of 
N fertilizer 92 .6 94.4 . 120.2. 126.0 
Abbrevtations: as those stated for Table (3) . 

The same trend of results previously mentioned was recorded in the two 
growing seasons as well as at vegetative and flowering stages of caraway plants. 
These results arc in hannony with El-Sawy el a! .. (llJ8(J) and Saleh el a/ .. 

(1998). They reponed that inoculation of medicinal plants i. e. f(voscyamus 
muticus and Datura stramonium with asymbiotic N~-fixers increased N~-ase 
activity compared to uninoculated ones. 

Results in Table ( 4) also show that. increasing the dose of inorganic N­
fenilizer resulted in decreasing N:-ase activity. It could be noticed that inorganic 
N-Supplem_entation exhibited a negative effect on biological N:-fixation. Low 
doses of N-fertilizer promoted the response of plants to inoculation with 
asymbiotic N:-fixers (lshac eta/., 1986 and El-Demerdash. 1994 ). They reported 
that half of the recommended field rate of added inorganic N-fertilizer can be 
saved by seed inoculation with asymbiotic N~-fixers. Such trends support the 
obtained results in the current study. 

Data in Table (4) also clearly indicate that the N='-ase activity was 
higher at flowering than vegetative stage and this was observed in all 
investigated treatments and in the two growing seasons. This increase in N:-ase 
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acuv1ty at flowering stage is likely to be due to the high densities of Azotobacter 
spp or Azospirillum spp which were recorded at flowering stage (Table, 3). 

Effect of different soil applications on nitrogen forms and available 
phosphorus in rbizosphere of Carum carvi: 

Data presented in Table (5) indicate that ammoniacal and nitrate 
nitrogen as well as available phosphorus concentrations were remarkably 
increased in rhizosphere soil in all investigated treaunents compared to 
untreated one (control). The rhizosphere soil of caraway plants inoculated with 
A. chrococcum and supplemented with the half dose of inorganic N-fertilizer 
showed the highest records of ammoniacal and nitrate nitrogen. This increase of 
NIL -N and N03 -N in case of inoculation with A. chrococcum may be due to 
high N2 fixation by Azotobacter chrococcum. Similar trend of results was 
observed in the two seasons.as well as at vegetative and flowering stages 

Data in Table (5) also show that. the rhizosphere soil of plants 
inoculated with A . lipoferum and supplemented with the half dose of inorganic 
N-fertilizer contained higher concentrations of ammoniacal and nitrate nitrogen 
than full dose of nitrogen application from either ammonium nitrate or biogas 
manure. Similar results were obtained by Zaghloul et a/., (1996 ). They found 
that ammoniacal and nitrate nitrogen contents were higher in case of 
biofertilization than organic manuring and inorganic N-fertilization in 
rhizosphere soil of wheat plants. 

It is obvious from data recorded in Table (5) that available phosphorus 
concentration was the highest in the treatment of biogas manure application. 
This result was confirmed by that obtained by Mahmoud et a/., (1984) and 
Neweigy et a/., (1997). They reported that biogas manure application increased 
total and available phosphorus in rhizosphere soil. 

Respecting the effect of inoculation with asymbiotic N2-fixers on 
available -P,data in Table (5) clearly show that inoculation of caraway seed with 
A. /ipoferum and provided with the half dose of inorganic N-fertilizer gave 
higher records of available -P than those inoculated with A. chrococcum. This 
finding was observed in the two seasons as well as at vegetative and flowering 
stage. 

Generally, ammoniacal and nitrate nitrogen as well as available 
phosphorus concentrations were higher at flowering than vegetative stage. This 
result could be attributed to the high densities of Azotobacters. Azospiril/a and 
inorganic phosphate dissolvers which were recorded at flowering stage (Table. 
3). 



Table 5. Ammoniacal and nitrate nitrogen content and available phosphorus concentration in rhizosphere of caraway plants 

in the two growing seasons . 

Growth stage Vegetative (35 days) Flowering (70 days) 

Ammoniacal Nitrate Available · Ammoniacal Nitrate Available 

Treatments 
nitrogen nitrogen phosphorus nitrogen nitrogen phosphorus 

(IlJlm) (pJ:m) (ppm) (ppm) (ppm) (p~m) 

1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 

Control 19.4 21.0 28.6 32.3 23.3 26.2 31.1 33 .6 35 .0 38.0 38. I 41.3 

Full dose ofN-fertilizer 28.6 32.3 40.2 45 .5 50.8 54.0 52.0 56.3 60.5 64.3 71.6 68.3 

Biogas manure 42.2 46.4 66.6 72 .3 101.0 108.4 78.4 84.6 80.5 83.6 126.4 130. I 

~. chrococcum inoculum 83.3 87.5 81.3 90.1 80.4 83 .3 135.2 140.1 96.3 101.6 98.5 103.3 

+half dose ofN-fertilizer 

A. lipoferum inoculum 78.8 80.5 76.5 78.8 94 .5 98 .6 I 16.4 125.5 84.3 88.2 113. I I 17.6 

+half dose ofN-fertilizer 

Abbreviations: as those stated for Table (3) . 
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Effect of different soil applications on growth parameters and yield of 
Carum carvi: 
A-Growth parameters. 

The growth parameters of caraway plants were affected by different 
sowing distances as shown in Table (6). Increasing of sowing distance decreased 
plant height. The maximum plant height was recorded with 25 em between 
plants and this finding was observed in the two growing seasons. Narrow 
distance resulted in reduction of light intensity on caraway canopy which 
encouraged IAA synthesis. Increasing of IAA concentration in stem tissues 
caused cell enlargement and hence plant height. 

At the wider sowing distance fresh and dry weights of caraway herb 
were higher than those of narrow sowing distance in both growing seasons. 
Fresh and dry weights per plant were significantly increased with the increasing 
of sowing distance between hills. This result might attributed to the low 
competition between plants for available radiant energy. These results are in 
agreement with Orner eta/., ( 1993). 

It is obvious from data in Table (6) that. plant height. fresh and dry 
weights of caraway plants were significantly increased with different soil 
applications compared to control one. ln the I g season. the highest records of 
plant height were resulted in the treatment of caraway seed inoculation with 
Azotobacter chrococcum and provided with the half dose of inorganic N­
fertilizer. Whereas. the highest values of plant height in the 2!)Q season were 
recorded in case of biogas manure application. 

Irrespective of control treatment. the lowest records of plant height were 
resulted from the full dose of inorganic N-fertilizer application and this was 
observed in the two growing seasons. 

Respecting the effect of various treatments on fresh and dry weights of. 
caraway plants. data in Table (6) clearly indicate that the highest records of fresh 
and dry weights were resulted in the treatment of caraway seed inoculation with 
Azotobacter chrococcum followed by biogas manure amendment. The same 
trend of results was obtained in the two growing seasons 

Moreover, it is worthy to notice that inoculation of caraway seed with 
Azospiri//um lipoferum and the half dose of inorganic N-fertilizer 
supplementation gave higher records of fresh and dry weights than the full dose 
of inorganic N-fertilizer application. These results are in harmony with El­
Haddad et a/., (1986)and El-Demerdash (1994). They reported that half of the 
nitrogen fertilizer can be saved through inoculation of seed with asymbiotic N2-

fixers. 



Table 6. Effect of different soil applications on some growth parameters and yield of caraway plants in the two growing 
seasons. 

The first season (19971 
Treatment~ Plant heieht (em Fresh weieht (1!/lllantl Dn- weieht (J!/plant) Seed ,·ield Wilt ant) Seed vield lk2Hed:) 

l5cm 35cm .15cm Mean l5cm 3~cm 45cm Mean l5cm 3~cm .15cm Mean l5cm 35cm 45cm Mean 25cm 35cm 45cm Mean 

Control I 16.7 103 .7 75 .8 98.6 l-ll6 217 .0 1~8 . 2 169.6 18.7 19.1. 28 .0 21.9 16.60 17.80 19.57 17.99 1062 4 813.7 695.8 857.3 

full do~e of N-fertili7.cr 126.3 116. I 9U 111.3 171.2 21i7 (l 21i7 .3 235 .2 20.2 28.0 2?5 25.2 17.40 18 . Ill 20.47 18.6!1 I I 13 .6 831.1 727.8 890.8 

Bioea~ manure 13H 125 . ~ 9(, (, I 18.8 182 . ~ 3 I 7.0 326.2 275 .2 21.5 35.4 35.0 30.6 17.0 18 .62 20.87 19 05 1132.8 851.7 7-l0.3 908.1 

A.chrncnccum inoculum 138.3 125 .7 12~ . 2 129.4 310.1 307 . I 3~6. I 321.1 33.8 3~ :0 38.5 35.34 18.65 20.35 21.15 20.05 1193.6 930.3 752.0 958 .6 

~hair dose N-fertilizer 
A. lipnfuum inoculum -1 139.2 131.4 9(>.3 122.3 267 .9 196.7 275.9 246.8 28 .!1 29 .6 26.0 28.1 18.05 ·18.65 20.87 19.19 I 155.2 852 .6 742 .0 91il.6 

~a If dose N-fertilizer 
855 .7S 

Mean 130.98 120.31i 96 .88 215 .0~ 21i0 .96 272 .7 24.6 29.22 31.0 17.1i8 18 .72 20.58 1131.52 731.58 

LSD at 5% 
S.D (a) 9.8 10.8 2. I 1.76 28.4 

S.A. (b) 10.6 15.4 3.2 1.82 16.7 

aXb 11.5 17.8 5.7 2.35 42 .3 

The second season 1998) 

Control 117.9 120.6 94.2 I 10.9 141.5 17117 151i.8 159.0 19.9 21.1 23 .9 21.6 15 .75 22.25 22.25 20.08 1008.0 1017.1 791.1 938.73 

full do~e of N-fertilizer 133.7 130.3 1029 122.3 180.8 2~7 . 5 285 .8 238.0 23 .2 33.7 32 .3 29.7 18.00 23 .10 23 .17 21.42 1152.0 1056.0 823 .8 1010.6 

BioJ!U manure 1~6 . 1 146.4 109.8 1H .1 244.4 332 .7 38~ .0 320.3(, 28 .7 34.5 .12 .8 35.3 19.50 23 . 12 25 .20 22.61 1248.0 1056 . ~ 896.0 1067.0 

A.chrncnccum Inoculum 126.7 124.6 122 .9 124.73 260.0 374.0 393 .7 342 .56 31.0 33 .9 47.5 37.5 21.30 25.57 27.0 24.62 1363.2 1168 . ~ 960.0 1164.0 

fl. half dose N-fertilizer 
A. lipoft!rum inoculum 149. I JJ0.4 I 12 .8 130.7 225.0 285 .0 B6.0 2~8 . 7 27.5 30.8 36.0 31.4 19.75 25.0 26.62 23 .79 1264.0 1142.~ 946.5 I 117.0 

I+ hllf dose N-fertili.ze 
Mean 134.7 130 . ~6 108.52 210.3~ 283 .58 291.32 26.06 30.8 36 .5 18.86 23 .81 2U5 1207.04 1088.3 883 .48 

LSD lt5% 
S.D (I) 86 13 .7 3.4 34.6 

S.A. (h) 9.2 19.5 5.8 30.8 

1Xb 10.3 23 .9 6.3 39.5 
-

Abbreviation : as those stated for Table (3) . 
S D. sowing distance S A, soil application 
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Data in Table (6) indicate that plant height and fresh and dry weights 
were significantly affected by sowing distance in combination with various soil 
applications. The combination of planting distance of 25 em with Azospiri/Jum 
lipoferum inoculation produced the highest records of plant height. Whereas, the 
interaction between planting distance of 45 em and Azotobacter chrococcum 
inoculation gave the highest records of fresh and dry weights of caraway plants. 
These findings were observed in the two growing seasons. 

B. Seed yield: 
Data presented in Table (6) also indicate that seed yield either 

(g/plant)or (kg /fed.) was significantly affected by the sowing distance . 

. Despite of the wider sowing distance increased seed yield per plant, the 
opposite was obtained for the yield of unit area (kg /fed.) . These results indicate 
tl1at the increase of seed yield /plant in wider sowing distance was not enough 
great to counter balance the increase in plants densities per unit area in case of 
narrow sowing distance. In other words, plants in dense cultivation were 
efficient in utilizing light, water and available nutrients per unit area and 
consequently the seed yield per unit area was greater for narrow than wider 
sowing distance. These results are in accordance wit11 those obtained by Ezz­
Eldin ( 1989) and Orner et a/., (1993 ). 

Respecting the effect of different soil applications on caraway seed 
yield. data in Table (6) emphasize that caraway seed inoculation with 
Azowbacter chrococcum and provided with the half dose of inorganic N­
fertilizer gave the highest records of seed yield I plant as well as seed yield /fed. 
Also. caraway seed inoculation with Azospirillum lipoferum and provided wirh 
the half dose of inorganic N-fertilizer gave higher records of seed yield tl1an the 
full dose of nitrogen application from either ammonium nitrate or biogas 
manure. The same trend of results was observed in the two growing seasons. 
These results were confirmed by those obtained by Faid (1994) and Saleh et a/ .. 
( 1998). They reported tl1at biofertilization witl1 asymbiotic N:-fixing bacteria 
gave an appreciable improvement of the growth and yield of different plants. 

Data presented in Table (6) also show that seed yield was significantly 
affected by sowing distance in combination with various soil applications. The 
combination of sowing distance 25 em witl1 Azotobacter chrococcum inoculation 
gave the highest records of seed yield (kg /fed.) while, the lowest records of seed 
yield were resulted in the treatment of full dose of inorganic N-fertilizer and 45 
em sowing distance. Similar trends of results were recorded in the two growing 
seasons. 
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Effect of different soil applications on some chemical constituents of Carum 

carvi: 
A. N, P and K and total carbohydrates percentage: 

Data in Table (7) clearly show that, increasing the sowing distance 
increased N, P and K and total carbohydrates percentage in the two seasons. The 
wider distance attained highest records of these parameters compared with 
narrow and middle distances and this was observed in the two seasons. These 
results are in agreement with those obtained by Mohamed and Wahba (1993) on 
Tagetes erecta. 

Data in Table (7) also show that all investigated treatments gave an 
appreciable improvement of N, P and K and total carbohydrates percentage 
compared to control plants in the two seasons. 

Caraway seed inoculation with Azotobacter chrococcum and provided 
with the half dose of inorganic N-fertilizer gave the highest records of N. P and 
total carbohydrates compared with other treatments. But caraway seed 
inoculation with Azo~piril/um lipoferum and provided with the half dose of 
inorganic N-fertilizer gave higher records of K percentage than other treatments. 

The various positive effects of biofetilizers (Azotobacter chrococcum 
and Azospirillum /ipoferum) on growth, nutritional status of the plants and 
productivity could be due to : 
1- They encourage the uptake of various elements . 
2- They activate the photosynthesis process and both cell division and cell 

enlargement. 
3- They control the incidence of pests and disease. 

All of these merits greatly affected the yield and advance seed ripening. 

In addition, biogas manure application gave higher records ofN. P and 
K and total carbohydrates percentage than the full dose of inorganic N-fertilizer 
application and this was observed in the two seasons. Also. data recorded in 
Table (7) show that, tl1e combination between wider distance (35 or 45 em) and 
Azotobacter chrococcum inoculation attained higher records of N and P as well 
as total carbohydrates percentages compared with oilier treatments in the two 
seasons. While, the highest records of K in caraway herb were attained with 
wider distances combined witllAzospirillum lipoferum inoculation. 

B- Oil percentage: 
Data recorded in Table (7) indicate tllat, increasing tile planting 

distance increased tile oil percentage in the seeds compared to tile narrow 
distance (25 em) which produced tile lowest oil percentage in the seeds in the 
two seasons. 



Table 7. Effect of different soil applications on some chemical constituents of caraway plants in the two growing seasons . 

The first season 11997) 

___ .. '!:r&:!t!!l~':'!! .... . Total nitro2en (%) Total Phosphorus %) Total Potassium(%) Total carbobvdrates %) Oil content (o/o 

25cm 35cm 45cm Mean 25cm 35cm 45cm Mean 25cm JScm 45cm Mean 25cm 35cm 45cm Mean 25cm JScm 45cm 

Control 1.61 1.70 1.92 I. 7~ OA7 0.48 0.51 0.49 141 1.46 1.52 1.46 21.13 22 .07 23.0 2206 3.10 3.00 3.24 

Full dose of N-fertilizer 1.70 1.78 2.23 1.90 0.48 0.50 0.52 0.50 1.46 1.55 . 1.65 155 21.88 24 .13 26.38 24 .13 H4 3.00 3.60 

Biogas manure 1.78 1.88 2.26 1.97 0 .48 0.52 0.54 ()51 1.55 1.68 1.79 1.67 22.63 25.25 27 .09 2H'I 3.54 3110 3.70 

A.chrococcum inoculum 2. 10 2.41 2.53 2.35 0.53 0.54 {)55 0.54 1.56 1.72 1.88 1.72 23.57 92.57 21UI 2711 JJO 3.50 3.6~ 

hair dose N-fertilizer 
A. lipoferum inoculum 1.80 2.02 2.211 2 OJ 0 . ~8 0.53 0 . 5~ 0.52 1.64 1.80 1.94 1.79 23.57 16.27 254~ 25. 11 H4 3 . 8~ 3.80 

hair dose N-fcrtilize 
Mean 1.80 1.96 2.24 OA9 0.51 . 0 .53 1.52 1.64 1.76 22.55 25.46 26.02 3.36 3.93 3.60 

LSDatS% 
S. D (a) 0 . 17 N.S 0 .11 1.83 0.0-1 

S. A (b) 0 .23 N.S 0.08 1.97 0. 12 

aXb 0.25 0 .02 0 .13 2.12 0.15 

The second season (1998) 
Control 1.74 1.81 1.93 1.83 0.50 0.52 0 . 5~ 0.52 1.57 1.62 1.67 1.62 22.06 22.99 23 .75 2293 30-J 345 3.52 

~ull dose of N-fcrtilizcr 1.80 1.92 2.09 1.9~ 0.51 0.53 0 . 5~ 0.53 1.63 1.71 1.82 1.72 22 .81 25.06 27.19 25 02 JJI 3.39 H7 

Bioeas manure 1.88 2.00 2.19 2.02 0.53 0.5-1 0.55 0.5-1 1.72 1.86 1.97 1.85 23.37 25.62 27.91 25.63 H7 3.87 3.76 

A.drrococcum inoculum 2.08 2.27 2.47 2.27 0.56 0.56 0.56 0.56 1.69 1.88 2.08 1.88 2-1.31 28 88 3143 28.20 3.68 3.52 3.58 

,. f+- balf dose N-fertilizer 
A. lipoferum inoculum 1.92 2.07 2.27 2.09 0 .53 0.5-1 0.55 0.5-1 1.81 1.90 2 03 1.91 23 .75 25.99 28 . ~3 26.05 3.64 H6 3.55 

f+- balf dose N-fertilize 
Mean 1.88 2.01 2. 19 0.52 0.54 0.55 1.611 1.79 1.91 23 .26 25 .70 27 .7-1 3.43 3.54 3.58 

LSD at5% 
S. D (a) 0.09 N.S ON 1.46 N.S 

S. A (b) 0.11 N.S 0 .09 2. 18 . 0.09 

aXb 0.18 N.S 0.19 3.27 0.16 

Abbreviation : as those stated for Table (3) . 
S. D, sowing distance S. A. soil application N.S, non significant 

Mean 
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Essential oil percentage was significantly increased with the different 
soil applications compared with the untreated plants. The highest records of oil 
percentage in the two seasons were attained with biogas manure application 
compared with all other treatments . 

It is worthy to notice that caraway seed inoculation with either 
Azotobacter chrococcum or Azospirillum lipoferum and provided with the half 
dose of inorganic N-fenilizer gave higher records of oil percentage than the full 
dose of inorganic N-fertilizer application. These results are in agreement with 
those obtained by El-Sawy eta/., (1986) and Saleh eta/., (1998). They reported 
that the medicinal compounds (hyoscyamine and alkaloids) were greatly 
improved by biofertilization with asymbiotic N2-fixers. 

The correlation between dry weight accumulation and essential oil 
fonnation was observed. The biochemical parameters tl1at have been studied 
indicated that total nitrogen and total carbohydrates content were increased with 
different fertilizers. 

Thus. the increase of total nitrogen and total carbohydrates content 
could be said to remain associated witl1 increasing syntl1esis of essential oil. 
Franz and Wunsch (1972) reponed a very interesting relationship between 
soluble nitrogen and essential oil content in Mentha piperita. 

In other words the excessive fertilization which can be considered as a 
stress condition may alter the biosynthetic processes to the advantage of methyl 
chavicol from shikimic acid or mevalonic acid since green ruffies are dual 
biosynthetic bathways (Lawrence. 1988 and Orner et al .. 1998). 

The combination between sowing distance of 35 em with Azospirillum 
lipoferum inoculation gave more records of oil percentage in the first season. but 
in the second season the highest records of oil percentage were attained by 
planting distance 35 em and biogas manure application. 
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