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ABSTRACT 

Two field experiments were carried out during the two consecutive seasons of 2015/2016 and 

2016/2017 at the Experimental Farm, Fac. Agric., Al-Azhar Univ., Assuit to study the effect of some 

rock phosphate sources (Safaja and Soubaea), biofertilization type (Bacillus megatherium 
var.

 

phosphaticum and Vesicular arbuscular mycorrhizal fungi) and their combinations on vegetative 

growth, yield components, oil production and some chemical constituents of caraway (Carum carvi 

L.) plant. The experimental design was a split- plot with three replicates. Effective some rock 

phosphate treatments considered the main plots, while microorganism treatments were the sub plots. 

Results showed an increase in vegetative parameters (plant height and total herb dry weight), yield 

components (fruit yield per plant and per feddan) and phosphorus percentage to Soubaea fertilization 

at level of 125 kg/feddan. While, the best values of volatile oil yield per plant and per feddan were 

obtained from Safaja rock phosphate at 200 kg/feddan. Furthermore, the highest values in this concern 

were obtained by the treatment of mixture of biofertilizers types compared to the other ones under 

study. Generally, among different combination treatments, treating caraway plants with Soubaea rock 

phosphate plus inoculation fruits by the mixture of biofertilizers proved to be the most promising 

treatment in fruit yield per feddan. 
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Introduction 

 
Caraway (Carum carvi, L.) plants is a perennial plant, belongs to family Apiaceae, many 

species of this family usually used in dried state or as fresh herb, as a house hold remedies or as 

medicinal ingredients. Dried fruits, commonly called seeds, contain 2-8% essential oil, with carvone 

and limonene as the principal components. Caraway seeds also contain lipids (13-21%), nitrogen 

compounds (25-35%), fiber (13-19%) and water (9-13%) (Khalid et al., 2012). Caraway is considered 

a feed stuff that increases milk production, improves taste and digestibility and reduces flatulence of 

cattle. Caraway essential oil is used as a natural inhibitor of sprouting, mainly in stored potatoes 

(Kleinkopf et al., 2003). It has also antiseptic, pain sedative, antispasmodic, depletive and antioxidant 

properties (Dyduch et al., 2006 and Sembratowicz and Czech, 2005). 

Phosphorus has an important role in producing energy in various metabolic processes and as a 

major nutrient element, where phosphorus compounds are of absolute necessity for all living 

organisms, nucleo proteins constituting the essential substances of the cell and for cell division and 

development of meristematic tissues (Yagodin 1982). Phosphorus deficiency causes important 

nutritional problems in new reclaimed soils (Abd El-Salam et al., 2005). 

The use of phosphate bio-fertilizers has been recommended by several researchers to partially 

compensate, chemical fertilizer in order to achieve clean agriculture with minimum pollution. 

Therefore, many investigators have successfully used phosphate bio-fertilizers of bacterial and fungal 

origin to increase the availability of immobilized phosphate and thus, minimize the use of mineral 

fertilizers (Badran and Safwat, 2004). Several published studies showed the importance of certain soil 

microorganisms in increasing the availability of phosphorus in soils (Mahfouz and Shams-Eldin 

2007). 
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The most important aim of this study is maximizing caraway plants productivity by using 

different sources of rock phosphate combined with biofertilizers represented by Bacillus megatherium 
var.

 phosphaticum and Vesicular arbuscular mycorrhizal. 

 
Materials and Methods 

 

The present study was conducted at the Experimental Farm, Fac. Agric. Al-Azhar Univ., 

Assuit, Egypt, during two consecutive seasons of 2015/2016 and 2016/2017. This experiment 

included 28 treatments, which were the combinations between seven rock phosphate levels and four 

biofertilization types which were; Control (un inoculated), Bacillus megatherium 
var.

 phosphaticum 

(BM), Vesicular arbuscular mycorrhizal fungi (AM) and BM + AM. The seven rock phosphate levels 

were control treatment was fertilized with recommended rate of chemical fertilizer [200 kg calcium 

super phosphate (15.5% P2O5)/fed.] which was added before planting, Safaja rock phosphate (20% 

P2O5) at 100, 150 and 200 kg/fed. as well as Soubaea rock phosphate (30% P2O5) at 75, 100 and 125 

kg/ fed. The experimental design was a split- plot with three replicates. Effective some rock phosphate 

treatments considered the main plots, while microorganism treatments were the sub plots. 

The experimental unit was 2.10 × 1.20 m. and containing 2 rows spaced 60 cm. The seeds were 

sown in hills, 30 cm. apart. Some physical and chemical properties of the experimental soil are shown 

in Table (1): 

 

Table 1: Physical and chemical properties of the experimental soil 
 
 

Texture 

 
PH 

(1:2.5) 

 
E.C. 

(m.mohs/cm) 

 
CaCO3 

% 

 
O.M. 

% 

 
Total 

N% 

Available 
Water soluble ions (meg/l) in the soil 

paste 

P 

ppm 

K 
(mg/100g 

soil) 

 

Ca 
 

Mg 
 

CO3+HCO3 

 

Cl 
 

SO4 

Loamy 7.5 2.2 2.53 0.50 0.12 0.14 3.5 3.4 1.9 2.9 2.2 6.6 

 

Effective rock phosphate source such as soubaea rock phosphate (30% P2O5) was obtained from 

El-Semad factory Manqbad, Assuit. However, safaja rock phosphate (20% P2O5) was obtained from 

El-Ahram Company for mining and sale of crude phosphate and feldspar, Maadi, Cairo, Egypt. 

 

Recorded data: 

 

At harvesting stage, plant height (cm) and total herb dry weight (g) were estimated. Also, fruit 

yield /plant (g) was determined, and then fruit yield (kg/ feddan) was calculated for caraway plants.  a 

sample of dry fruits for caraway was randomly taken from each treatment for chemical analysis . The 

volatile oil from air-dried fruits was isolated by hydro distillation for 3 hr in order to extract the 

essential oils according to Guenther (1961) and the oil yield per plant (ml) and per feddan (liter) was 

calculated. The percentage of total phosphorus in the dry herb was determined according to the 

method described by Cottenie et al. (1982). 

 
Experimental design and statistical analysis: 

 

The statistical layout of this experiment was split-plot experiment in completely randomized 

block design. Where, rock phosphate sources treatments were randomly distributed in the main plots, 

while bio-fertilizers were randomly arranged in sub-plots. Each treatment was included three 

replicates. Data were analyzed according to Gomez and Gomez (1984). Treatments means were 

compared using least significant differences (LSD) test at 0.05 level of probability (Walter and 

Duncan, 1969). The means were compared using computer program of Statistix version 9 (Analytical 

software, 2008). 
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Results and Discussion 

 
Effect of rock phosphate level, biofertilization type and their combination treatments on 

caraway growth parameters: 

 

Plant height (cm): 

 
The recorded data in Table (2) shows that fertilizing caraway plant using different sources of 

rock phosphate at all treatments led to a significant increase in plant height compared with control in 

both seasons. However, the use of the high concentration of soubaea phosphate (30% P2O5) at 125 kg 
registered the tallest plants as ranged 100.9 cm and 101.5 cm over untreated control in the first and 

second seasons, respectively. The positive effect of rock phosphate in increasing plant height was 

reported by Ali (2004) on Tagetes minuta and Hassan et al. (2010) on khella. 

Table 2: Effect of rock phosphate levels, bio fertilizers types and their combination treatments on 

plant height (cm) of caraway plant during (2015/2016) and (2016/2017) seasons 
 

 
Rock phosphate sources level(R) 

Bio fertilization type (B) 

Control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 90.4 90.4 92.4 92.8 91.5 

Soubaea phosphate 75 k.g 95.1 94.5 95.2 101.2 96.5 

Soubaea phosphate 100 k.g 94.8 99.1 98.8 103.1 99.0 

Soubaea phosphate 125 k.g 96.2 99.4 100.5 107.4 100.9 

Safaja phosphate 100 k.g 93.0 93.9 93.6 99.2 94.9 

Safaja phosphate 150 k.g 93.5 96.7 96.9 101.7 97.2 

Safaja phosphate 200 k.g 95.4 99.0 99.1 105.7 99.8 

Mean 

(B) 

94.1 96.1 96.6 101.6  

L.S.D. at 5% For (A) = 1.3 For (B) = 0.9 For (AB) = 1.7 

 Second season (2016/2017) 

Control 87.6 91.4 92.1 93.6 91.2 

Soubaea phosphate 75 k.g 93.3 95.4 95.7 101.7 96.5 

Soubaea phosphate 100 k.g 93.8 99.3 99.3 103.7 99.0 

Soubaea phosphate 125 k.g 95.8 100.4 101.2 108.6 101.5 

Safaja phosphate 100 k.g 92.3 94.4 94.3 99.7 95.2 

Safaja phosphate 150 k.g 93.0 96.9 97.3 102.3 97.4 

Safaja phosphate 200 k.g 95.0 99.6 99.7 106.9 100.3 

Mean 
(B) 

93.0 91.4 97.1 102.4  

L.S.D. at 5% For (A) = 1.6 For (B) = 1.2 For (AB) = 2.0 

 
Furthermore, inoculating caraway plant with different strains of bio fertilizers (Vesicular 

arbuscular mycorrhizal fungi and bacteria Bacillus megatherium
var

. phosphaticum) treatments, all of 

them caused a significant augment in plant height of caraway plant compared to un-inoculated ones 

during both seasons. These results are in line with those found by Marzok (2011) on clove basil, El- 

Mekawy (2013) on Achillea santolina and Ali and Hassan (2014) on black cumin. Moreover, it is 

clear that inoculating the plants with mixture of strains vesicular arbuscular mycorrhizal fungi plus 

bacteria Bacillus megatherium
var

.phosphaticum treatments with soubaea phosphate at 125 kg gave 

better results of plant height compared to that obtained by other combined treatments in both seasons, 

as clearly indicate in Table (2). These results are in agreement with those reported by Sakr et al. 

(2014) on roselle, Farahani (2015) on Satureja hortensis. 

Total herb dry weight (g): 

The listed data in Table (3) reveal that fertilizing caraway plant using different sources of rock 

phosphate at all treatments caused a significant increase in herb dry weight compared with control in 
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both seasons. Also, herb dry weight was gradually increased by increasing rock phosphate levels 

during both seasons. The stimulating effect of rock phosphate in augmenting herb dry weight was 

reported by Ali (2001) on Calendula officinalis, Shaalan et al., (2001) on polish chamomile. 

In addition, all of biofertilizers types were caused a significant augment in herb dry weight of 

caraway plant compared to un-inoculated ones in the two experimental seasons (Table 3). It could be 

noticed that better results recorded of herb dry weight at mixture of biofertilizers strains treatments 

reached 49.5 and 50.3g/plant over the check treatment in the two consecutive seasons, respectively. 

These results are in harmony with those found by Shalatet (2006) on cuminand Hamad and Khalil 

(2008) on roselle. 

The most combined treatments increased herb dry weight compared to untreated plants. 

Moreover, it is clear that inoculating the plants with mixture of strains Vesicular arbuscular 

mycorrhizal fungi plus bacteria Bacillus megatherium 
var.

 phosphaticum treatments with soubaea 

phosphate at 125 kg gave better results of herb dry weight compared to that obtained by other 

combined treatments in both seasons. Hassan et al. (2010) on Ammi visnaga and Sakr et al. (2014) on 

roselle were found similar results. 

Table 3: Effect of rock phosphate level, bio fertilizers type and their combination treatments on total 

herb dry weight (g) of caraway plant during (2015/2016) and (2016/2017) seasons 
 

Rock phosphate sources 

level(R) 

Bio fertilization type (B) 

Control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 24.2 27.9 26.9 30.7 27.4 

Soubaea phosphate 75 k.g 34.1 42.1 43.0 46.6 41.5 

Soubaea phosphate 100 k.g 37.3 46.4 48.3 53.7 46.4 

Soubaea phosphate 125 k.g 40.9 58.1 55.3 62.7 54.3 

Safaja phosphate 100 k.g 29.9 41.1 41.7 44.1 39.2 

Safaja phosphate 150 k.g 35.7 43.1 45.9 50.3 43.8 

Safaja phosphate 200 k.g 38.3 54.4 52.9 58.1 50.9 

Mean (B) 34.3 44.7 44.9 49.5  

L.S.D. at 5% For (A) = 1.3 For (B) = 0.8 For (AB) = 1.4 

 Second season (2016/2017) 

Control 23.3 28.8 27.8 31.7 27.9 

Soubaea phosphate 75 k.g 32.6 42.7 44.0 47.2 41.6 

Soubaea phosphate 100 k.g 36.7 47.3 49.7 54.7 47.1 

Soubaea phosphate 125 k.g 39.9 59.1 56.3 63.8 54.8 

Safaja phosphate 100 k.g 28.9 41.7 42.3 44.6 39.4 

Safaja phosphate 150 k.g 35.0 43.6 46.6 51.0 44.1 

Safaja phosphate 200 k.g 37.5 55.3 53.6 59.3 51.4 

Mean (B) 33.4 45.5 45.8 50.3  

L.S.D. at 5% For (A) = 0.9 For (B) = 1.1 For (AB) = 1.9 

 
Effect of rock phosphate level, biofertilization type and their combination treatments on 

caraway yield components: 

 

Fruit yield (g/plant): 

 
Shown data in Table (4) clear that fertilizing caraway plant using different sources of rock 

phosphate at all treatments caused a significant increase in fruit yield compared with control in both 

seasons. However, the use of the high level of soubaea phosphate (30% P2O5) at 125 kg / feddan 
recorded the highest values in this regard over untreated control in the first and second seasons. The 

promoting effect of rock phosphate in increasing yield per plant was insured by Ghanem et al. (1990) 

on guar and Hani et al. (2015) on coriander. 
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Table 4: Effect of rock phosphate level, bio fertilizers type and their combination treatments on fruit 

yield per caraway plant (g) during (2015/2016) and (2016/2017) seasons 
 

Rock phosphate sources 

level(R) 

Bio fertilization type (B) 

control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 12.7 13.3 13.2 14.1 13.3 

Soubaea phosphate 75 k.g 16.0 18.8 18.9 20.8 18.6 

Soubaea phosphate 100 k.g 17.0 20.5 20.3 21.0 19.7 

Soubaea phosphate 125 k.g 17.2 20.7 20.5 21.7 20.0 

Safaja phosphate 100 k.g 15.1 17.9 18.1 19.6 17.7 

Safaja phosphate 150 k.g 15.9 18.7 19.1 20.3 18.5 

Safaja phosphate 200 k.g 16.7 18.8 19.6 20.4 18.9 

Mean (B) 15.8 18.4 18.5 19.7  

L.S.D. at 5% For (A) = 0.2 For (B) = 0.4 For (AB) = 0.7 

 Second season (2016/2017) 

Control 11.2 13.7 13.3 14.3 13.1 

Soubaea phosphate 75 k.g 15.3 18.4 19.3 21.3 18.6 

Soubaea phosphate 100 k.g 16.3 20.4 21.1 21.8 19.9 

Soubaea phosphate 125 k.g 16.4 21.7 21.3 22.3 20.4 

Safaja phosphate 100 k.g 14.3 18.4 18.6 20.2 17.9 

Safaja phosphate 150 k.g 15.2 19.3 19.3 21.3 18.8 

Safaja phosphate 200 k.g 16.3 19.3 20.3 21.3 19.3 

Mean (B) 15.0 18.7 19.0 20.4  

L.S.D. at 5% For (A) = 0.3 For (B) = 0.3 For (AB) = 0.6 

 

In the mean time, it could be noticed that better results recorded of fruit yield at mixture of 

biofertilizers strains AM + BM treatments reached 19.7 and 20.4g/plant over control in the two 

consecutive seasons, respectively. However, Hassan et al. (2010) on Khella and Hellal et al. (2011) 

on dill also reported similar results. 

The combined effect between the two studied factors was listed data in Table (4) and reveals 

that it was significant effect on fruit yield of caraway plant, in the two consecutive seasons. The most 

combined treatments increased seeds yield compared to untreated plants. Moreover, it is clear that 

inoculating the plants with mixture of strains (AM+BM) with soubaea phosphate at 125 kg/ feddan 

gave better results of seeds yield compared to that obtained by other combined treatments in both 

seasons. These results are in accordance with those reported by Hassan et al. (2009) on black cumin 

and Sakr et al. (2014) on Hibiscus subdariffa. 

 
Fruit yield (kg/feddan): 

 
The recorded results in Table (5) reported that fertilizing caraway plant using different sources 

of rock phosphate at all treatments caused a significant increase in fruit yield/feddan compared with 

control in the two seasons. However, the use of the high level of soubaea phosphate at the rate of 125 

kg per feddan registered the maximum values in this connection over untreated control in the first and 

second seasons. Furthermore, seed yield was gradually increased by increasing rock phosphate levels 

during both seasons. 

Also, all of biofertilizers type caused a significant augment in fruit yield / feddan of caraway 

plant compared to un-inoculated ones in the two experimental seasons (Table 5). It could be noticed 

that better results recorded at mixture of biofertilizers strains treatments reached 875.5 and 904.9 kg  

/feddan over control in the two consecutive seasons, respectively. 

Moreover, it was clear that inoculating the plants with mixture of strains AM plus BM 

treatments with soubaea phosphate at 125 kg/feddan gave better results of fruit yield / feddan 

compared to that obtained by other combined treatments in both seasons as clearly shown in Table 

(5). 
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Table 5: Effect of rock phosphate level, bio fertilizers type and their combination treatments on fruit 

yield per feddan (kg)of caraway plant during (2015/2016) and (2016/2017) seasons 

Rock phosphate sources 

level(R) 

Bio fertilization type (B) 

Control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 565.8 589.6 585.1 626.6 591.8 

Soubaea phosphate 75 k.g 711.0 835.5 838.4 922.9 827.0 

Soubaea phosphate 100 k.g 754.0 909.5 902.1 931.8 874.4 

Soubaea phosphate 125 k.g 762.9 921.4 911.0 962.9 889.6 

Safaja phosphate 100 k.g 669.6 795.5 802.9 872.5 785.1 

Safaja phosphate 150 k.g 708.1 829.5 848.8 903.6 822.5 

Safaja phosphate 200 k.g 743.6 834.0 871.0 908.1 839.2 

Mean (B) 702.1 816.4 822.8 875.5  

L.S.D. at 5% For (A) = 10.8 For (B) = 17.6 For (AB) = 30.7 

 Second season (2016/2017) 

Control 499.2 607.3 589.6 637.0 583.3 

Soubaea phosphate 75 k.g 681.4 816.2 859.2 945.1 825.5 

Soubaea phosphate 100 k.g 722.9 905.1 936.2 970.3 883.6 

Soubaea phosphate 125 k.g 728.8 965.8 948.1 992.5 908.8 

Safaja phosphate 100 k.g 635.5 816.2 828.1 899.2 794.8 

Safaja phosphate 150 k.g 677.0 856.2 857.7 945.1 834.0 

Safaja phosphate 200 k.g 725.9 857.7 903.6 945.1 858.1 

Mean (B) 667.2 832.1 846.1 904.9  

L.S.D. at 5% For (A) = 14.2 For (B) = 14.8 For (AB) = 25.8 

 

Similar results regarding rock phosphate were obtained by Ghosh and Chattopaddhyay (2012) 

on Brassica juncea and Hani et al. (2015) on coriander. Whereas, Hassan et al. (2010) on Khella and 

Hellal et al. (2011) on dill reported similar results regard the effect of biofertilizers on fruit yield per 

feddan as well as Rezapouret al. (2011) on Brassica napus and Sakr et al. (2014) on Hibiscus 

subdariffa regard the combination effect between rock phosphate and biofertilizers strains 

 
Effect of rock phosphate level, biofertilization type and their combination treatments on 

caraway volatile oil production and phosphorus percentage: 

 

Volatile oil yield /plant (ml): 

 
Data illustrated in Table (6) verified that fertilizing caraway plant using different sources of 

rock phosphate at all treatments caused a significant increase in essential oil yield/plant compared 
with control in both seasons. Moreover, the use of safaja phosphate (20% P2O5) at 200 kg per feddan 

registered the highest values as ranged 0.292 and 0.343 ml over untreated control in the first and 

second seasons, respectively. However, Hani et al. (2015) on coriander and Matter and El Sayed 
(2015) on caraway were reported similar results. 

It is quite clear from the data in Table (6) that, it could be noticed that better results recorded of 

essential oil yield/plant at mixture of biofertilizers strains treatments (AM + BM) reached 0.306ml in 

the first season, also when inoculating caraway with (AM) reached 0.294 ml in the second season 

over the check treatment. Similar results were stated by El-Mekawy (2013) on Achillea santolina, Ali 

and Hassan (2014) on black cumin. 

Similarly, the highest values of essential oil yield of caraway / plant were detected when 

inoculating the plants with mixture of (AM + BM) with soubaea phosphate 75 kg per feddan reached 

0.366 ml in the first season, also when applying (AM + safaja phosphate at 200 kg) reached 0.403ml 

in the second season compared to that obtained by other combined treatments as clearly indicate in 

Table (6).These results coincided with those found by Hassan et al. (2009) on black cumin. 
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Table 6: Effect of rock phosphate level, bio fertilizers type and their combination treatments on 

volatile oil yield per plant (ml)of caraway plant during (2015/2016) and (2016/2017) 

seasons 

Rock phosphate sources 

level(R) 

Bio fertilization type (B) 

Control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 0.204 0.189 0.192 0.195 0.195 

Soubaea phosphate 75 k.g 0.246 0.237 0.238 0.366 0.272 

Soubaea phosphate 100 k.g 0.227 0.315 0.280 0.260 0.271 

Soubaea phosphate 125 k.g 0.227 0.282 0.255 0.364 0.282 

Safaja phosphate 100 k.g 0.220 0.218 0.242 0.279 0.240 

Safaja phosphate 150 k.g 0.195 0.257 0.283 0.321 0.264 

Safaja phosphate 200 k.g 0.244 0.285 0.278 0.360 0.292 

Mean (B) 0.223 0.255 0.253 0.306  

L.S.D. at 5% For (A) = 0.002 For (B) = 0.003 For (AB) = 0.005 

 Second season (2016/2017) 

Control 0.157 0.180 0.159 0.223 0.180 

Soubaea phosphate 75 k.g 0.172 0.195 0.298 0.374 0.260 

Soubaea phosphate 100 k.g 0.290 0.318 0.211 0.245 0.266 

Soubaea phosphate 125 k.g 0.298 0.270 0.303 0.277 0.287 

Safaja phosphate 100 k.g 0.232 0.323 0.336 0.263 0.289 

Safaja phosphate 150 k.g 0.225 0.381 0.351 0.281 0.310 

Safaja phosphate 200 k.g 0.242 0.351 0.403 0.374 0.343 

Mean (B) 0.231 0.288 0.294 0.291  

L.S.D. at 5% For (A) = 0.003 For (B) = 0.003 For (AB) = 0.005 

 

Volatile oil yield /feddan (liter): 

 
Data of both seasons in Table (7) indicate that, fertilizing caraway plant using different sources 

of rock phosphate at all treatments caused a significant increase in essential oil yield/feddan compared 

with control in both seasons. Moreover, the highest values in this concern were obtained by the 

treatment of safaja phosphate level at 200 kg/feddan in the first and second seasons compared to 

control. These results are in agreement with those stated by Hani et al. (2015) on coriander and Matter 

and El Sayed (2015) on caraway. 
As shown in Table (7) that, inoculating caraway plant with different strains of bio fertilizers 

(fungi and bacteria) treatments, all of them caused a significant augment in essential oil yield/feddan 

of caraway plant. It could be noticed that better results recorded of essential oil yield/feddan at 

mixture of biofertilizers strains treatments (AM + BM) reached 13.61liter in the first season, also 

when inoculating caraway with (AM) reached 13.08 liter in the second season over the check 

treatment. These results coincided with those found by Ali and Hassan (2014) on black cumin. From 

the obtained results, it could be noted that the highest values of essential oil yield of caraway/plant 

were detected when inoculating the plants with mixture of (AM + BM) with soubaea phosphate75 kg / 

feddan reached 16.24 liter in the first season, also when applying (AM + safaja phosphate 200 kg) 

reached 17.90 liter in the second season compared to that obtained by other combined treatments. 

These results are in line with those reported by Hassan et al. (2009) on black cumin, Abd El-Kader 

and Ghaly (2003) on coriander. 
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Table 7: Effect of rock phosphate level, bio fertilizers type and their combination treatments on 

volatile oil yield per feddan (liter)of caraway plant during (2015/2016) and (2016/2017) 

seasons 
 

Rock phosphate sources 

level(R) 

Bio fertilization type (B) 

Control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 9.05 8.37 8.54 8.65 8.65 

Soubaea phosphate 75 k.g 10.95 10.53 10.56 16.24 12.07 

Soubaea phosphate 100 k.g 10.11 14.00 12.45 11.56 12.03 

Soubaea phosphate 125 k.g 10.07 12.53 11.29 16.18 12.52 

Safaja phosphate 100 k.g 9.78 9.71 10.76 12.39 10.66 

Safaja phosphate 150 k.g 8.64 11.45 12.56 14.28 11.73 

Safaja phosphate 200 k.g 10.86 12.68 12.37 15.98 12.97 

Mean (B) 9.92 11.32 11.22 13.61  

L.S.D. at 5% For (A) = 0.21 For (B) = 0.30 For (AB) = 0.53 

 Second season (2016/2017) 

Control 6.99 8.02 7.07 9.94 8.01 

Soubaea phosphate 75 k.g 7.63 8.65 13.23 16.64 11.54 

Soubaea phosphate 100 k.g 12.87 14.12 9.36 10.87 11.81 

Soubaea phosphate 125 k.g 13.27 11.98 13.46 12.31 12.76 

Safaja phosphate 100 k.g 10.29 14.36 14.91 11.69 12.81 

Safaja phosphate 150 k.g 10.02 16.95 15.61 12.47 13.76 

Safaja phosphate 200 k.g 10.74 15.61 17.90 16.63 15.22 

Mean (B) 10.26 12.81 13.08 12.94  

L.S.D. at 5% For (A) = 0.26 For (B) = 0.25 For (AB) = 0.44 

 

Phosphorus percentage: 

 
Results under discussion in Table (8) indicate that, fertilizing caraway plant using different 

sources of rock phosphate at all treatments led to a significant increase in phosphorus percentage of 

dry herb compared with control in both seasons. Moreover, the use of the high concentration of 

soubaea phosphate (30% P2O5) at 125 kg/feddan registered the maximum values as ranged  0.50  

and 0.46 % over untreated control in the first and second seasons, respectively. Hassan et  al.  

(2010) on khella also has reported similar results. 

Table (8) pointed out that, the best treatment in this respect recorded with the mixture of 

biofertilizers strains treatments (AM + BM) reached 0.50 and 0.45 % over control in the two 

consecutive seasons, respectively. Likewise, all of biofertilizers type caused a significant augment in 

phosphorus percentage of dry herb compared to un-inoculated ones during both seasons. These results 

also found by Ali and Hassan (2014) on black cumin and Hassan et al. (2015) on rosemary. 

Concerning to the combined effect between the two tested factors, the listed data in Table (8) 

reveals that it was significant effect on phosphorus percentage of dry herb, in the two consecutive 

seasons. The most combined treatments increased P percentage compared to untreated plants. 

Moreover, it is clear that inoculating the plants with mixture of strains fungi plus bacteria with 

soubaea phosphate at 125 kg per feddan gave better results in this regard which reached 0.65 and 

0.62 % compared to that obtained by other combined treatments in both seasons, respectively. These 

results are in harmony with those found by Hassan et al. (2010) on Khella and Sakr et al. (2014) on 

roselle. 
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Table 8: Effect of rock phosphate level, bio fertilizers type and their combination treatments on 

phosphorus percentage of caraway plant during (2015/2016) and (2016/2017) seasons 

 
Rock phosphate sources level® 

Bio fertilization type (B) 

control BM AM BM+AM Mean (R) 

First season (2015/2016) 

Control 0.07 0.20 0.20 0.34 0.20 

Soubaea phosphate 75 k.g 0.15 0.33 0.35 0.40 0.31 

Soubaea phosphate 100 k.g 0.25 0.39 0.20 0.48 0.33 

Soubaea phosphate 125 k.g 0.19 0.53 0.62 0.65 0.50 

Safaja phosphate 100 k.g 0.15 0.35 0.56 0.53 0.40 

Safaja phosphate 150 k.g 0.12 0.26 0.27 0.50 0.29 

Safaja phosphate 200 k.g 0.13 0.48 0.51 0.63 0.44 

Mean 

(B) 

0.15 0.36 0.39 0.50  

L.S.D. at 5% For (A) = 0.03     For (B) = 0.03    For (AB) = 0.05 

 Second season (2016/2017) 

Control 0.11 0.18 0.17 0.26 0.18 

Soubaea phosphate 75 k.g 0.16 0.29 0.36 0.39 0.30 

Soubaea phosphate 100 k.g 0.21 0.32 0.36 0.46 0.32 

Soubaea phosphate 125 k.g 0.26 0.39 0.59 0.62 0.46 

Safaja phosphate 100 k.g 0.18 0.31 0.43 0.44 0.34 

Safaja phosphate 150 k.g 0.19 0.33 0.52 0.42 0.36 

Safaja phosphate 200 k.g 0.20 0.42 0.51 0.53 0.41 

Mean 

(B) 

0.19 0.32 0.42 0.45  

L.S.D. at 5% For (A) = 0.02    For (B) = 0.03    For (AB) = 0.05 

 
Conclusion 

 

The above mentioned results demonstrate that the highest growth parameters and fruit yield 

components of caraway plants were belonged to rock phosphate at the rate of 125 kg/feddan of 

Soubaea (P2O5) inoculated with a mixture of biofertilizers (BM + AM). Also, the obtained data were 

supported this result since the above mentioned treatments were more advantageous than other ones 

under study and seems promising in the development of sustainable caraway production with a 

limited use of external inputs. 
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