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ABSTRACT 

This investigation was carried out at the Ex­
perimental Nursery of the Ornamental Horticulture 
Department, Faculty of Agriculture, Cairo Univer­
sity, Giza, during the two successive seasons of 
2005 and 2006, with the aim of investigating the 
effect of chemical fertilizers (N and P) and / or 
some microbial strains (Rhizobium /eguminosarum 
\:lv. phaseo/i, Azotobacter chroococcum and Ba­
cillus megatherium var. phosphaticum) as a bio­
fertilizers or as a plant growth promoting rhizo­
bacteria (PGPR) on the population of rhizospher 
microorganism (RMO) as well as the vegetative 
characteristics, the yield of fresh and. dry herb, 
essential oil percentage, and oil constituents of 
Mentha piperita, L. plants grown in sandy soil. 

The results showed the ability of the tested mi­
crobial strains to produce lAA, hydrocyanic acid 
(HCN), siderophore production and solubilized 
phosphorus as a qualitative assessment. The most 
effective treatment in promoting total herb fresh 
weight was the application 50% of the recom­
mended amount of chemical fertilizers [175 
Kg/fed ammonium sulphate (20.5% N) and cal­
cium super-phosphate (15.5% P20 S) at 100 
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Kg/fed] in addition to Azotobacter sp. as a bio­
fertilizer. Mentha piperita, L. plants inoculated 
with Rhizobium only gave the significantly higher 
rhizomes fresh and dry weights in both seasons, 
compared to the other treatments. According to the 
results of GLe analysis, it could be noticed that 
using most of the bio-fertilizer treatments either 
alone or in combination with chemical fertilizer 
(NP at 50%) increased the oxygenated compounds 
percentage in the volatile oil of Mentha piperita. 
L. plants. 

The combined treatments of 175 Kg/fed am­
monium sulphate (20.5% N) and calcium super­
phosphate (15.5% P20 S) at 1,00 Kg/fed (50% of 
the recommended amount of chemical fertilizers) 
and Azotobacter or Rhizobium can be recom­
mended because of producing the same oil per­
centage and resulted in insignificantly different 
herb· fresh yield compared to that recorded using 
the full amount of the recommended chemical 
fertilizers, but with much more oxygenated com­
pounds and healthier environment 

INTRODUCTION 

Peppermint belongs to the genus Mentha, fam­
ily: Labiatae (Lamiaceae) which includes about 25 
species (Pandey, 1982 and Bown, 1995). Pep­
permint has been used extensively for a variety of 



452 Swaefy Hend; Weaam; Sabh and Ragab 

complaints, including sore throat, diarrhea, tooth­
aches, cramp and in indigestion. The oil is used as 
flavouring agent in foods and pharmaceuticals 
especially in massage lotions for aching muscles 
and rheumatic joints. Aroma-therapists recom­
mend a footbath of diluted peppermint oil for tired 
feet. It is mildly anesthetic, giving the cooling, 
numbing sensation experienced when smelling or 
tasting (Bown, 1996). 

Chemical fertilization is an important culture 
practice that .has a considerable influence on 
growth, yield and chemical composition of differ­
ent crops especially in sandy soil which may have 
less fertility in general, and less availability of 
some elements such as phosphorus and nitrogen. 

In bio-organic farming systems, chemical fer­
tilization is often replaced (at least partly) by bio­
fertilization, using different N-fixing and P­
solubilizing bal.:teria (Burris, 1976) and using 
some plant growth promoting rhizobacteria (An­
toun et al 19~8 and Ragab el al 2005). The ef­
forts to decrease chemical fertilizers by using bio­
fertilizers might reduce the high costs and envi­
ronmental pollution. Hence biological N2-fixation 
has great attention to cover N-requirements and 
improve the soil fertility (Okon and Lanabdera, 
1994). Plant growth promoting rhizobacteria 
(PGPR) Improve plant growth and increase yield 
productivity, suggesting that Nrfixing bacteria 
may be considered as PGPR and can benefit plants 
growth and yield through different mechanisms of 
action including: a) the production of secondary 
metabolites such as antibiotic, hydrogen cyanide 
and plant hormones like substances, b) the produc­
tion of siderophors, c) antagonism to soil borne 
root pathogens, d) phosphate solubilization and e) 
dinitrogen fixation (Gilic, 1995, Antoun et al 
1998 and Ragab & Rashed, 2003). 

Remarkable effects of bio-fertilizers have been· 
reported by Paramaguru and Natllrajan (1993) 
on chilli (Capsicum annuum. L.), they recorded 
significant enhancement in plant growth due to 
application of Azospirillum as a bio-fertilizer and 
stated that bio-fertilizers saved about 25 to 50% of 
the used mineral fertilizers especially nitrogen and 
phosphorus.AI~0, ~adw~n and Farahat (2002) 
found that application of chicken manure com­
bined with bio-fertilizers (phosphate dissolving 
bacteria, Azospiril/um spp. + Pseudomonas spp.) 
significantly increased fruits yield of coriander 
plant compared to the control (NPK) and Sharaf 
and Khattab (2004) on fennel plant, found that 
bio-fertilizer (Bacillus polymyxa) combined with 
inorganic fertilizer (60 kg N/fed.) produced the 

highest values of umbels number, umbels weight 
and fruits yield/plant in comparison to unfertilized 
plants. Inoculation with Azotobacter, combined 
with a moderate N-fertilization rate had a benefi­
cial effect on plant growth and productivity. In 
this respect, Hassan et al (2006) found that 
moghat plants obtained from inoculated seeds by 
bio-fertilizers then received 50 or 100% of the 
recommended dose of NP as mineral fertilizers 
showed significant increase in all morphological 
and yield characters :,nder investigation when 
compared with moghat plants obtained from un­
inoculated seeds 

This study was aimed to investigate the effect 
of some chemical and bio-fertilizers on vegetative 
characteristics, herb yield and oil composition of 
Mentha piperita,. L. plants as well as the popu la­
tion of rhizospher microorganism (ROM) to assess 
the possibility of using these bio-fertilizers to re­ ....

. 
duce the need for chemical NP fertilization and act 
as a plant growth promoting rhizobacteria 
(PGPR). 

. MATERIALS AND METHODS 

This study was conducted at the Experimental 
Nursery of the Ornamental Horticulture Depart­
ment, Faculty of Agriculture, Cairo University, 
Giza, during the two successive seasons of 2005 
and 2006. ...... 

The strains of Rhizobium leguminosarum bv. \ 

phaseoLi, Azotobacter chrOOCOCCl/li1 and Bacillus 
megatherium val'. phosphaticum- were purifIed 
and. maintained on yeast extract mannitol agar 
medium (Vincent, (970),' Ashby's medium 
(Hegazi and Neimela,1976) and Bunt and Rovira 
medium (Bunt and Rovira, 1955), respectively 
and stored at - 70' C in a liquid media containing 
20% glycerol.M icrobial strains' were checked for 
the ability to produce hydrocyanic acid (HCN), 
(Bakker an~ Schippers, (987), phytohormones 
like indole adiic acid (I AA) (Dc-Britt!' Alvarez 
et al 1995), siderophore production (Alexander 
and Zubeter, 1991) and phosphate solubilization 
(Goldstein, 1986).' Microbial inocula were pre­
pared in this study by adding 100 mlliquid culture 
(Ca ro9/ml) from each microorganisms to 200 g 
vermiculite as a carrier material to be used as a 
bio-fertilizers. 

On March 151h
, (in both seasons), rhizomes of 

Mentha piperita, L. were obtained from the Ex­
perimental Farm of Medicinal and Aromatic 
Plants, Faculty of Pharmacy, Cairo University, 
Giza. The rhizomes (12 em long, with 8-10 
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leaves) were planted in 30-cm clay pots filled with 
a sandy soil. The mechanical and chemical analy­
ses of the sandy soil (Table 1) were carried out 
before planting according to Chapman and Pratt 
(1961). 

Table I. Physical and chemical characteristics of 
the soil used for growing Mentha 
piperita, L plant during 2005 and 2006 
seasons. 

Physical characteristics 

Coarse Fine 
Silt Clay Soil Field capacity 

sand sand 
('Yo) ('Yo) tt.<ture ('Yo V) 

1.7 3.7 Sandy 15.8 

Chemical characteristics 

~~ Available macro 

('Yo) ('Yo) 

32.5 62.1

Organi:: 
CaCOJ 

c'- CEC 

pH matter (dS/m) (meq/lOO • nutrients (ppm) 
(%) 

('Yo) • (1 :2.5) g) N P K 

7.4 1.23 0.43 0.76 5.1 19.8 36 98.1 

Prior to planting, the rhizomes used for pJant­
ing 108 pots (6 treatments) were inoculated with 
Rhizobium, Azotobacter or Bacillus [each at 108 

colony forming units (CFU)/g carrier] at the rate 
of 300 g/fed as bio-fertilizers. The rhizomes were 
inoculated by wetting their bases, then immersing 
them in the bio-fertilizers. A basal dressing of the 
previous bio-fertilizers were repeated after 90 days 
from planting, at the rate of 300 g/fed, and the pots 
were irrigated immediately thereafter, while ver­
miculite (carrier material) was added alone at the 
same rate to pots receiving no bio-fertilization. 

Chemical Nand P fertilizations were added us­
ing ammonium sulphate (20.5% N) and calcium 
super-phosphate (15,5% P20 S). Ammonium sul­
phate at 350 Kg/fed and calcium super-phosphate' 
at 200 Kg/fed (100% NP, a recommended rate 
reported by Swaefy Hend, 1996) were added to 
18 un-inoculated pots. Also, 50% of the recom­
mended rate (ammonium sulphate at 175 Kg/fed 
and calcium super-phosphate at 100 Kg/fed) were 
applied to 1g l:n-:ilO~t:~ated pots. The half number 
of inoculated pots (54 pots) received 50% of 
chemical fertilizers (NP). The above rates were 
divided into two doses: the first dose was added 
after one month from planting, and the second one 
was added two months later (two weeks after the 
first cut). Eighteen un-inoculated pots were left 
without NP chemical fertilization (control). All 

pots were supplied with potassium sulphate (48% 
K20) at the rate of 60 Kg/fed, divided into two 
equal doses. The first dose was applied as a basal 
dressing one month after planting and the second 
one was added two weeks after the first cut. 

The layout of the experiment was a random­
ized complete blocks design. The experiment in­
cluded 9 treatments, with 3 blocks (replicates), 
each consisting of 54 planting pots (six pots for 
each treatment). 

In each season, two cuts were taken on I" June 
and 15th August by cutting the vegetative parts of 
all plants, 5 cm above the soil surface. In both cuts 
of each season, the plant height (em), fresh and air 
dry weights of herb (g/plant), leaf area (cm2

) of 
the fifth leaf from the shoot apex, leaves/stems 
fresh weight ratio and rhizomes fresh and air dry 
weights (g/plant) were recorded. 

Essential oil% was determined in the fresh 
herb for each treatment according to the British 
pharmacopoeia (1963). Also, samples taken from 
the oil obtained in the second cut of the second 
season were analyzed using Gas Liquid Chroma­
tography (GLC), at the Central Laboratory of Fac­
ulty of Agriculture, Cairo University, according to 
the method of Hortman (1967). The qualitative 
identification of the oil components was achieved 
by comparing the retention time (R,) of their peaks 
with those of the expected authentic chromatogra­
phed under the same conditions. 

Data (coIlected on vegetative characteristics 
and oil percentage) were subjected to an analysis 
of variance, and the means were compared using 
the "Least Significant Difference (LSD)" test at 
the 0.05 level according to Snedecor and Coch­
ran (1982). 

Qualitative assessments of indole acetic acid 
(JAA), siderophore, hydrocyanic acid (HCN) and 
phosphate solubilization were carried out before 
the beginning of the experiment. A change of 
color from yeJlow to orange-brown of filter papers 
impregnatyd with 0.5% picric acid - 2% NaCO] 
indicated the production of cyanide (Bakker and 
Schippers, 1987). A bacteria forming an orange 
halo o'n chrorn,e' azurol S (CAS) agar plates or 
growing on TSA (10%) agar plates containing 50 
mgL" of 8-hydroxyquinoline was considered as 
positive siderophOre producers (Alexander and 
ZUbete'r, 1991). IAA producing bacteria were 
separated from organisms producing other indoles 
(Yellow 'to Yellow-brown pigment) by their char­
acteristics pink to red color produced after expo­
sure to Salkowski reagent for 0.5-3.0 h. (De­
Britto Alvarez et 0/1995). The bacterial colonies 
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forming clarification halos on dicalcium phos­
phate agar plates (Goldstein, 1986); were consid­
ered as phosphate solubilizers. 

Also, total counts of bacteria, actinomycetes 
and fungi	 were estimated at the two cuts of the 
second season in soil rhizospher samples accord­
ing to (Wollum, 1982). 

RESULTS AND DISCUSSION 

Bioassay of the bacterial strains 

Data presented in Table (2) indicated that 
Rhizobium leguminosarum bv. Phaseoli and 
Azotobacter chroococcum showed positive reac­
tion for IAA, side!"()phc·c;:, HCN and P- solubiJiz­
ers, while the strain of Bacillus megatherium var. 
phosphaticum showed negative reaction on the 
siderophore and HCN tests. These results are in 
agreement with those obtained by Antoun et at 
(1998), Arora et at (2001), Ragab and Rashed 
(2003); Ragab et lit (2005), and Ragab et at 
(2006), they found that some rhizobia and Azoto­
bacter produce IAA, siderophore, HCN and solu­
ble phosphate. 

Table 2. Qualitative assessments of 'IAA, 
siderophores, cyanagens (HCN) and 
soluble phosphate produced by differ­
ent microbial strains 

Microbial strains 

Strains rela- Rhizobium Azotobacter Bacillus 

tive reaction leguminosarllm chroococcum megaterium 

(ARC315) (AZ3) (BM5) 

lAA ++ +++ ++ 

Siderophores +++ +++ 

Cyanagens + + 

(HeN) 

P-solubilizers ++ + +++ 

(-) no. (+) low, (+ +) moderate and (+ + +) high reaction. 

Microbial status 

Soil microbial status during the growth stage 
of the two cuts in the second season was evalu­
ated. Data presented in Table (3) showed that NP- . 
fertilizers at the rate of 100% of the recommended 
dose (ammonium sulphate at 350 Kg/fed and cal­
cium super-phosphate at 200 Kg/fed) had a nega­

tive effect on rhizospher microorganism (RMO) 
(bacteria, fungi and actinomycetes). This treatment 
scored the lowest values of log number of total 
bacteria, fungi and actinomycetes as compared to 
all the other treatments. 

In generally, in both cuts, inoculation with 
Azotobactar or Rhizobium or Bacillus inocula 
gave higher values of log number of total bacteria, 
fungi and actihomycetes as compared to other 
treatments contain NP-fertilizers. In most cases, 
Azotobacter inoculation recorded highest values of 
log number for RMO. 

Generally, the first cut gave higher values of 
RMO as compared to the second cut among all 
tested treatments. 

Table 3.	 Effect of some chemical and bio­
fertilizers on log number of total bacte:" 
ria, fungi and Actinomycetes of pep­
permint rhizospher area at the first and 
second cuts during the second season, 
2006 . . 

Trealments 

Total bacteria 
I.og number 

Fungi 
log numher 

Actinomycetes 
L\lg nnlnher 

I" 2nd 

cut cut 
5.02 4.63 

I ~I 2nd 

cut cut 
4.72 4.53 

1" 2nd 

cut CuI 

38~. 3.64Control 

NP50% 5.64 4.71 4.25 4.10 3.21 309 

NP 100% 4.32 3.25 401 389 3.05 3.02 

Rhizobium 7.41 6')0 4.63 4.34 3.95 3.71 
(Rh) 
Rh+NP 50% 6.85 5.70 4.52 4.42 3;79 3.45 

Azotabacter 7.52 6.51 4.75 432 4.53 4.12 
(Az) 
Az+NP50% 7.14 5.92 434 4.01 4.50 392 

Bacillus (B) 6.94 6.23 4.50 437 386 3.70 

B +NP 50% 630 5.82 4.42 430 3.72 3.61 

Means 636 5.51 4.46 4.25 382 358 

NPIOO%; AmmoniuKi sulphale at 350 Kg/led and calcium 
super-phosphate at 200 Kg/led 

NP50%; Ammonium sulphate at 175 Kg/ted and calcium 
super-phosphate at 100 Kg/fed 

Rh; Rhizobium leguminosarum bv . phaseoli 
Az ; Azotobacter chroococcum 
B ; Bacillus megatherium vaL phosphaticul/I 

These results are in harmony with those ob­
tained by Pondy et al 1998, Mona et al 2000; 
Abotaleb et at 2002 and Ragab et at 2006, they 
reported that inoculation with diazotrophic bacte­
ria had stimulation effect on the population of 
rhizoshper microorganism (RMO) and increased 
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their numbers by more trail 50% at the end of the 
. experiment compar~d with the numbers recorded 
before planting. 

Vegetative characteristics 

Plant height 

Regarding the effect of fertilization treatments 
on plant height, the data recorded in Table (4) 
showed that plant height of Mentha piperita, L. 
was generally increased as a result of fertilization 
treatments, cmilPar::d to tht> control plants. In most 
cases, it is e~ident that plants received bio­
fertilizers only gave plant height values insignifi­
cantly different than those recorded for unfertil­
ized control plants. Using chemical fertilization at 
175 Kg/fed ammonium sulphate and calcium su­
per-phosphate at 100 Kg/fed (50% of chemical 
fertilizers), in addition to each bio-fertilizers in­
creased the plant height, compared to the plants 
received bio-fertilizer only. In the first cut of the 
first season ana in the second cut of the second 
season, the most effective treatment in promoting 
plant height was the application of 350 Kg/fed 
ammonium sulphate and calcium super-phosphate 
at 200 Kg/fed (100% of chemical fertilizers) giv-­
ing 75.7 and 85.3 em, respectively. In the second 
cut of the first season and the first cut of the sec­

ond season, the most effective treatment in pro­
moting plant height was the application of 175 
Kg/fed ammonium sulphate and calcium super­
phosphate at 100 Kg/fed in add ition to Azotobac­
ter as a bio-fertilizer giving 70.3 and 75.7 em, 
respectively. 

The obtained results are in agreement with the 
Swaefy Hend (1996), Sakr Weaam (2001) on 
Mentha piperi/a and Dessouky (2002) on Borago 
officinalis, they found that nitrogen bio-fertilizer 
treatment (Azotobacter chroococcum) increased 
plant height. Also, Swaefy Hend and Milad 
(2006) on Euryops pectinatus, found that there 
was a significant increase in plant height by using 
the combination of microbein and 50% of the soil 
chemical fertilizers and nofatrein. 

Leaf area 

. RegaFding the effect of fertilization treatments 
on leaf area, the data recorded in Table (4) 
showed that the leaf area of Mentha piperita, L. 
plants was significantly increased as a result of 
fertilization treatments, in most cases, compared to 
the control·plants. The most effective treatment in 
increasing leaf area differed according to the cut 
and the season.' 

Table 4. Effect of some chemical and bio- fertilizers on plant height and leaf area of Mentha piperita, L. 
plants during 2005 and 2006 seasons 

Treatments 

Plant height (cm) Leaf area (cm ~) 

First season 
(2005) 

Second season 

(2006) 

First season 
(2005) 

Second season 
(2006) 

First Second 

cut cut 

First Second 

cut cut 

First Second 

cut cut 

First Second 

cut cut 

Control 
.'. ~ 

63.3 53.3 61.7 61.7 4.39 5.90 4.24 6.28 
NP50% 74.0 66.7 65.7 82.0 4.96 8.79 5.50 7.50 
NPIOO% 75.7 69.3 70.0 85.3 7.80 9.68 8.08 8.72 
Rhizobium (Rh) 62.0 52.3 60.0 57.0 4.66' 7.29 4.98 7.41 
Rh +NP50% 69.3 62.0 68.3 73.7 6.37 10.44 6.83 9.44 
Azotabacter (Az) 71.0 60.0 69.0. 71.0 7.99 9.17 7.69 8.41 
Az+ NP50% 73.0 70.3 75.7 84:7 6.15 9.83 5.73 8.79 
Bacillus (B) 69.3 65.3 63.0 77.7 7.96 10.23 7.64 10.56 
B + NP50%· 70.3 67.3 68.3 79.7 4.84 8.92 4.47 9.36 

LSD 0.05 7.1 7.1 8.4 10.0 0.76 0.64 0.47 0.50 

NP I00% = Ammonium sulphate at 350 Kg/fed and calcium super-phosphate at 200 Kg/fed 
NP50% = Ammonium sulphate at 175 Kg/fed and calcium super-phosphate at 100 Kg/led 
Rh= Rhizobium !eguminosarllm bv . phaseoli Az = Azotobacter chruococcllm 
B = Bacilllls megatherillm var. pho:.phalicllm 
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In the first season, plants inoculated with 
Azotobacter only had the highest leaf area (7.99 
cm2) in the first cut, whereas in the second cut the 
treatment included Rhizobium and 50% of chemi­
cal fertilizers was the most effective treatment in 
increasing leaf area (10.44 cm2

). In the first cut of 
the second season, plants received 100% of 
chemical fertilizers had the highest leaf area (8.08 
cm2

), whereas in the second cut the treatment 
included Bacillus only was the most effective 
treatment in increasing leaf area (10.56 cm2

). The 
present results are in harmony with those obtained 
by Milad (2003), who found that roselle plants 
treated with 50% NPK + bio-fertilization or bio­
fertilization only gave significantly larger leaves 
than those receiving 100% NPK. Generally, unfer­
tilized control plants had the least leaf area in both 
cuts of the two seasons. 

Herb fresh weight 

The data shown in Table (5) revealed that, in 
both seasons, most of the treatments significantly 

increased the herb fresh weight compared to 
the control plants. Applying 100% of chemical 
fertilizers caused significant increase compared 
with applying 50% of chemical fertilizers in the 
first cut in both seasons, while it caused insig­
nificant increase in the second {;ut of both sea­
sons. 

H is worth mentioning that, in most cases, us­
ing chemical fertilization at 175 Kg/fed ammo­
nium sulphate and 100 Kg/fed calcium superphos­
phate in addition to each biofertilizer gave heavier 
fresh herb than the biofertilizer only. 

In the first cut of the first season, the treatment 
of 100% of the chemical fertilizers produced the 
highest herb fresh weight (281.70 g/plant) fol­
lowed by the treatment including 50% of chemical 
fertilization in addition to Rhizobium (265.53 
g/plant). In the second cut of the first season, the 
highest herb fresh weight (475.47g/ plant) was 
achieved by using Azotobacter + 50% NP. This 
treatment gave the highest total herb fresh weight 
in the first season (699.90 g/plant). 

Table 5. Effect of some chemical and bio-fertilizers on herb fresh and dry weights of Mentha piperita,L. 
plants during the 2005 and 2006 seasons 

Fertilization 
Herb fresh weight (g / plant) 

treatments 
First season (2005) Second season (2006) 

First cut Second cut Total First cut Second cut Total 
Control 87.93 216.00 303.90 102.58 241.77 344.30 
NP50% 249.20 394.03 643.20 205.07 121.53 626.60 
NPIOO% 281.70 410.43 692.10 252.50 467.33 719.80 
Rhizobium (Rh) 131.63 322.50 454.10 131.21 284.67 405.90 
Rh + NP50% 265.53 396.67 662.20 258.32 483.53 741.90 
Azotabacter (Az) 153.97 271.33 425.30 142.57 397.20 539.80 
Az+ NP50% 226.39 475.47 699.90 258.10 551.61 809.70 
Bacillus (B) 

, 
i 31.78 336.97 468.70 135.56 385.97 521.50 

B + NP50% 214.55 371.77 586.32 201.12 394.73 595.80 
LSD 005 20.12 53.96 . 55.76 27.51 54.04 60.29 

Herb dry we-ight (0/ plant) 

Control 20.65 47.92 68.57 n~89 50.65 73.54 INP50% 48.80 74.38 123.18 39.84 70.55 110.39 I 

NPIOO% 59.59 62.17 121.76 48.85 85.58 134.43 i 
: 

Rhizobium (Rh) 25.93 57.68 83.61 25.94 46.51 72.45 
Kh + NP50% 50.25 56.49 106.74 43.25 84.37 127.62 
Azotabacter (Az) 29.51 41.62 71.13 27.26 65.24 92.50 
Az+NP50% 44.21 73.23 117.44 45.94 91.74 137.68 
Bacillus (B) 30.73 49.88 80.61 30.62 63.82 94.44 
B+ NP50% 43.30 52.84 96.14 40.43 69.30 109.73 
LSD 0.05 8.01 17.96 20041 8.87 23.57 26.38 

NPIOOO/O - Ammonium sulphate at 350 Kg/led and calcium super-phosphate at 200 Kg/led 
NP500/0 = Allllnonium sulphate at 175 Kg/fed and calcium super-phosphate at 100 Kg/fed 
Rh= Rhizobium leguminosarum bv. phaseoli Az = Azolobacler chroococcllm 
B = Bacillus megalherium var. phosphalicum 
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In the first cut of the second season, the treat­
ment of Rhizobium + 50% NP and Azotobacter + 
50% NP gave approximately the same herb fresh 
weight (258.32 and 258.10 glplant, respectively), 
followed by that recorded with the treatnient of 
100% chemical fertilization (252.50 g/plant) with 
no significant differt%:::~ among them. In the sec­
ond cut of the second season, using Azotobacter + 
50% NP caused superiority in herb fresh weight 
(551.61 glplant) and consequently produced the 
highest total herb fresh weight (809.70 glplant) in 
the second season. These results mean that using 
Azotobacter + 50% NP produced the highest total 
herb fresh weight in both seasons. 

Herb air dry weight 

Data presented in Table (5) revealed that, herb 
dry weight was generally increased as a result of 
using different fertilization treatments as com­
pared to the unfertilized control plants in the two 
cuts of each season. In most cases, using bio­
fertilizers only insignificantly increased herb dry 
weight compared to unfertilized control plants. 
Generally, in both seasons, using 50% of chemical 
fertilizers in addition to each bio-fertilizer gav.c 
heavier total dry herb than the bio-fertilizer only. 
The highest herb dry weight resulted from differ­
ent treatments depending on the cut and the sea­
son. In the first cut of each season, the plarits re­
ceived 100% of chemical fertilizers gave the high­
est herb dry weight (59.59 and 48.85 glplant, re­
spectively). In the second cut of the first season, 
the plants received 50% of chemical fe'rtilizers 
gave the hig:~"s't nerb dry weight (74.38 glplant) 
and the highest total herb dry weight (123.18 
g/plant). In the second cut of the second season, 
the plants received 50% of chemical fertilizers in 
addition to Azotobacter as a bio~fertilizer gave the 
highest herb dry weight (91.74 .g/plantY arid the 
highest total herb dry weight (137.68 glplant). It is 
worth mentioning that, in both seasons, using 50% 
of cl1emical fertilizers in addition to Rhizobium as 
a bio-fertilizer gave values insignificantly lower 
than the highest herb dry weight, in most cases. 

The present findings are' in harmony with those 
reported by Dessouky (2002) on'13o;-o'go offici­
nalis, who found that bio-fertililer treatmertt 
(Az%bac/er· chroococcum) increased dry weight 
of leaves, AL-Qadasi (2004) on oasil plants, who 
found that inoculation with biofertitizets'(AzOfO~ 
bacter chroococcum + Azospirillum /{pojeriuni' + 
Bacillus megatherium var.phosphaticum) at'150 

ml/plant increased herb dry weight. Furthermore, 
Swaefy Hend and Milad (2006) on Euryops pec/­
ina/us, found that the treatment of 75% of the rec­
ommended chemical fertilizers combined with 
microbein gave the heaviest fresh and dry weights 
of plants. 

Leaves/ stems fresh weight ratio 

Concerning the effect of chemical and bio­
fertilization treatments on leaves/ stems fresh 
weight ratio, the data presented in Table (6) 
showed that plants received 50% or 100% of the 
chemical fertilizers gave the lowest leaves/stem 
fresh wGight ratio in both seasons. In most cases, 
using each bio-fertilizer only gave higher 
leaves/stems fresh weight ratio than unfertilized 
control plants, Addition of 50% of chemical fertil­
izers to each bio-fertilizer decreased leaves/stems 
fresh weight ratio, in most cases, compared to that 
recorded with plants received each bio-fertilizer 
only. 

In the first season, using Bacillus only as a bio­
fertilizer resulted in the highest leaves/stems fresh 
weight ratios (I .47 and 1.5 I in the first and second 
cllt, respectively). In the second season, plants 
received Rhizobium only gave the highest 
leaves/stems fresh weight ratio in the first cut 
(1.63), whereas plants received 50% of chemical 
fertiiizers in addition to Azotobac/er gave the 
highest leaves/stems fresh weight ratio in the 
second cut (1.64). Such results are in agreement 
with AL-Qadasi (2004), who found that inocula­
tion of basil plants with a mixture of bio-fertilizers 
at 150 ml/plant plus NPK (25%, 50% and full 
dose) increased leaveslbranches ratio. 

Fresh and air dry weights of Rhizomes 

In both seasons, Men/lid piperi/a, L. plants re­
ceived Rhizobium only gave the significantly 
higher rhiZ9mes fresh and air dry weights, com­
pared to the other treatments (Table 6). The fa­
vourable effect of Rhizobium in improving plant 
groWth and increasing yield productivity may be 
3ttri'buted to different mechanisms of action in­
cluding: a) the production of secondary metabo­
lites such as antibiotic, hydrogen cyanide and 
plant hormones fike substances, b) the production 
of siderophors, c) antagonism t'o soil borne root 
~a~l)bgens, d) phosph~.te solubilization and 'e) dini­
tiogemfixatibn (Gilic; 1995, Antoun et "/ 1998 
and Ragab & Rashed, 2003). . 
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Table 6. Effect of some chemical and bio-fertilizers on .Ieaves/stems fresh weight ratio and rhizomes fresh 
and air dry w~rghts of Mentha piperita, L. plants during 2005 and 2006 seasons. 

Fertilization 

Leaves / stems fresh weight ratio 
Rhizomes fresh 

weight (g / plant) 

Rhizomes dry 
weight (g / 

plant) 
First season 

(2005) 
Second season 

(2006) 
treatments 

First Second First Second 
First Second 

season season 
First Second 

season season 
cut cut cut cut 

(2005) (2006) (2005) (2006) 
Control 1.28 0.95 1.35 1.34 58.0 157.4 31.6 75.1 
NP50% 1.00 0.89 0.75 1.08 138.5 316.7 58.2 94.6 
NPIOO% 0.98 0.97 0.91 1.03 142.6 232.7 46.4 81.2 
Rhizobium (Rh) 1.31 1.22 1.63 1.19 301.8 370.7 111.8 127.6 

I Rh + NP50% 1.22 1.12 1.13 1.28 119.4 226.2 47.7 96.2 
Azotabacter (Az) 1.25 1.12 1.62 1.36 185.6 273.7 56.4 83.4 
Az+NP50% 1.03 1.21 1.32 1.64 140.4 295.5 41.5 94.6 
Baciilus (B) 1.47 1.51 1.58 1.52 163.4 255.5 53.8 101.2 
B+NP50% 1.34 133 1.02 1.49 143.5 282.8 51.0 102.4 
LSD 0.05 0.20 0.17 0.16 0.13 38.5 39.0 9.9 12.9 

NPIOOO/O = Ammonium sulphate at 350 Kg/fed and calCIUm super-phosphate at 200 Kg/led. 
NP500/0 =Ammonium sulphate at 175 Kg/fed and calcium super-phosphate at 100 Kg/fed 
Rh= Rhizobium !egunlinosarum bv .. phaseo!i Az = Azotobacter chroococc/lnI 
B = Bacillus megatherium var. phosphaticum 

In most c<i'ses, unfertilized control plants re­
corded the significantly lower fresh and air dry 
weights in both seasons, compared to the other" 
treatments. Plants that received 50% of chemical 
fertilizers gave significantly higher rhizomes air 
dry weight compan~d to t!le plants which received 
100% of chemical fertilizers. 

Essential oil percentage 

Data presented in Table (7) revealed that in 
the first cut of each season, the plants inoculated 
with Bacillus only gave the significantly higher 
essential oil percentages (0.29 and 0.35% in the 
first and second seasons, respectively) compared 
to the other fertilization treatment. In the second 
cut of the first season, plants received 50% of 
chemical fertilizers gave the significantly higher 
essential oil percentage (0.42%), compared to the 
other fertilization treatments. In the second cut of 
the second season, plants received 100% of 
chemical fertilizers as well as plants received 50% 
of chemical fertilizers in addition to Rhizobium 
gave the highest essential oil percentage (0.44%) 
compared to the other treatments. 

In the first cut of the first season, plants re­
ceived full chemical fertilization as well as that 
received 50% of chemical fertilizers alone and that 
received 50% of chemical fertilizers + Rhizobium 
or Azotobacter gave the lowest essential oil per­
centage (0.20%), compared to the other treat­
ments. 

Table 7.	 Effects of some chemical and bio­
fertilizers on essential oil percentage 
of Mentha piperita, L. plants during 
2005 and 2006 seasons. 

Fertiliz.1tion 
treatments 

Essentialoil% 

First season (2005) Second season 
(2006) 

First cut Second 
cut First cut Second 

cut 
Control 

NP500/0 

NPIOOO/O 

Rhizobium (Rh) 

Rh + NP500/0 

Azotabacter 
(Az) 
Az+NP500/0 

.Bacillus (Bj 

!3+NP500/0 

0.23 0.23 

0.20 0.42 

0.20 0.40 

0.23 0.34 

0.20 0.40 

0.23 0.38 

0.20 OAO, 
0.29 OJ i . 
0.21 0.37 

. 0.02 0.02 

0.22 0.25 

0.24 0.42 

0'.33 0.44 

0.22 0.37 

0.19 0.44 

0.23 0.38 

0.22 0.41 

0.35 0.30 

0.27 0.43 

0.02 0.04LSD O.IIS 

NPI000/0 =AmmoniullIsulphate at 350 Kg/fed and calcium 
super-phosphate at 200 Kg/fed 

NP500/0 = Ammonium sulphate al175 Kg/fed and calcium 
super-phosphate at 100 Kg/fed 

Rh = Rhizobium leguminosarum bv . phaseoli 
Az =Azotobacter chroococcum 
I3 =Bacillus megalherium var. phosphaticum 

In the first cut of the second season, plants re­
ceived 50% of chemical fertilizers in addition to 
Rhizobium gave the lowest essential oil percentage 
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(0.19%), compared to the· other treatments. In the 
second cut of each season, unfertilized control 
plants gave the lowest essential oil percentage 
(0.23 and 0.25% in the first and second seasons, 
respectively), compared to the other treatments. 

The previous results are in agreement with that 
reported by Gad (2001) who reported that apply­
ing bio-fertilizers to fennel and anise plants in­
creased the volatile oil percentage in the seeds and 
AL-Qadasi (2004) who found that the highest oil 
percentage was obtained from basil plants re­
ceived full NPK treatment plus mixture of bio­
fertilizers at 150 ml/plant. Also, Mohamed (2007) 
found that bio-fertilizers applied alone had a 
stimulation effect on the oil percentage of caraway 
and anise fruits as compared to the unfertilized 
plants. The application of two third dose of min­
eral combined with bio-fertilizers to caraway 
plants, gave essential oil percentage similar to that 
produced from plants received full chemical fertil­
izers. 

. 
Essential oil constituents 

Concerning the effect of chemical and bio­
fertilization treatments on the oil constituents, the 
data presented in Table (8) show that, from GLC 
analysis of essenti~1 oil.samples, the components 
separated were' ~"Plnene, menthone, iso­
menthone, menthol and menthyl acetate. 

Regarding the effect of fertilization treatments 
on p-pinene , the treatment of 350 kg/fed ammo­
nium sulphate and 200 kg/fed calcium super­
phosphate (100% NP) produced the highest p­
pinene (9.4%) followed by Rhizobium inoculation 
alone (5.6%) then Azotobacter inoculation alone 
(5.5%). Bacillus inoculation alone gave the same 
result of control plants (5.1%). It is clear that us­
ing the combination between each bio-fertilizer 
and chemical fertilizers (50% NP) resulted in 
lower p-pinene percentage as compared to that· 
recorded with each biofertilizer only or that re­
corded with the control plants. 

Plants received 50% NP in addition to Rhizo­
bium resulted in the highest menthone percentage 
(78.1 %) followed by that recorded with plants 
inoculated with Azotobacter orily (76.4%) and 
Bacillus alone (74.3%). On the other hand, plants 
inoculated with Rhizobium only gave the lowest 
menthone percentage (46.6%). 

The plants received 50% of chemical fertilizers 
in addition to Azotobacter produced the highest 
Iso-menthone percentage (16.3%). Generally, 
plants received bio-fertilizer alone produced 

higher menthol% compared with those received 
bio-fertilizer plus c'ltemical fertilizers. The plants 
inoculated with Rhizobium only resulted in the 
highest menthol percentage (26.8%). 

Among the different treatments, it could be ob­
served that plants received 50% NP in addition to 
Rhizobium gave the best results in terms of oxy­
genated compounds which reached 98.5%. Also, 
the plants received 50% NP in addition to AZOlo­
bacter resulted 95.4% oxygenated compounds. 
These two treatments gave approximately the 
same mean oil percentage and, generally, gave the 
heaviest herb fresh weight. 

Table 8.	 Effect of some chemical and bio­
fertilizers on the percentage of essential 
oil constituents of Menlha piperila, L 
plants in the second cut of the second 
season (2006). 

\ 

Essential oil constilucnts% 

Fertilization p- MCll­
Mcn- Iso- Mell­

trcatmcnts Pincne thyI other 
thone menthone lhol 

acetale 

5.1 52.9 14.3 7.2 10.0 10.5Control 

NP50% 3.3 51.2 15.8 22.9 2.6 4.2 

NPIOO% 9.4 66.1 6.9 10.7 2.1 4.8 

Rhizobium 5.6 46.6 IL7 268 3.7 5.6 

(Rh) 

Rh+ NP50 % 1.9 71U 7.0 9.6 1.9 1.5 

Azotabacter 5.5 76.4 6.1 81 1.8 2.1 

(Az) 

Az+ NP50% 2.1 62.9 16.3 11.8 2.3 4.6 

Bacillus (B) 5.1 74.3 7.0 7.8 2.2 3.6 

B + NP50% 3.3 63.9 13.1 6.2 89 4.6 

NP 100% = Ammonium sulphaie al350 Kg/led and calcium 
. super-phosphate at 200 Kg/fed 

NP50% = Aplmonium sulphate at 175 Kg/fed and calcium 
sl1'per-phosphate at 100 Kg/led 

Rh= Rhizobium leguminosarum bv .. phaseoli 
Az =Azotobacter chroococcum 
D = Bacillus megatherium var. phosphaticum 

In this respect, AL-Qadasi (2004) found that 
inoculation with bio-fertilizers at 150 ml/plant led 
to formation of the highest content of methyl 
chavicol and inoculation at 300 ml/plant gave the 
highest percent of cineol in the Ocimum basilicum 
oil. Applying 50% NPK with inoculation with bio­
fertilizers at 150 ml/plant significantly increased 
eugenol (32.2%) compared with full NPK (27.9%) 
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and with control (11.9%). Also, Mohamed (2007) 
found that all major essential oil constituents were 
increasediasa result to applying two thirds dose of 
chemical fertilizers combined with bio~fertilizers 

to caraway and an'ise plants in comparison to those 
produced from plants received full chemical fertil­
izers. 

CONCLUSION 

It could be advised to apply 175 kg/fed ammo­
nium sulphate and 100 kg/fed calcium super­
phosphate (50% of the recommended amount of 
chemical fertilizers) in addition to inoculation with 
Azotobacter chroococcum or Rhizobium legumi­
nosarum by. phaseo/i as a biofertilizers because of 
producing the same oil percentage and resulted in 
insignificantly different herb fresh yield compared 
to that recorded using the full amount of the rec­
ommended chemical fertilizers, but with much 
more oxygenated compounds and healthier envi­
ronment. 
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Azotobacter chroococcum and Bacillus 
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463 Fertilizers effect on peppermint 
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