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ABSTRACT 
 

This study was carried out to investigate the response of Pinus halepensis Mill. seedlings to six 
biofertilizers treatments. Uniform seedlings with 25cm height and 0.4cm stem diameter were planted 
in 35cm plastic pots, filled with a sandy loam soil. The seedlings were inoculated twice with the 
following biofertilizer suspensions: Azotobacter chroococcum and Azospirillum brasilense as a 
nitrogen fixing bacteria (NFB), Bacillus megaterium var. Phosphaticum as a phosphorus solubilizing 
bacteria (PSB), Bacillus cereus as a potassium solubilizing bacteria, (KSB) and Pseudomonas 
fluorescens as growth stimulator bacteria (GSB), which were added as soil drench at 10 ml/pot, as well 
as arbuscular mycorrhiza fungi (AMF) inoculation was added as a thin layer of the mycorrhizal 
inoculum material at a 20g/pot. The second application was done after 6 months later. The resultes 
obtained showed that the inoculation with (NFB) significantly increased plant height and number of 
branches in both seasons. The application of (AMF) resulted the longest branches and leaves (needles), 
the heaviest stem fresh and dry weights compared to non-inoculated seedlings. The treatment of (PSB) 
significantly produced the thickest of stems and main roots as well as the longest roots and increased 
the fresh and dry weights of leaves and roots. 

The contents of photosynthetic pigments, N, P, K and total carbohydrates increased with all 
biofertilizer treatments, (GSB) and (PSB) treatments were the most effective in case of pigments. The 
content of total carbohydrates in all plant organs increased markedly with the treatment of (NFB). 
 
Key words: Biofertilizers, arbuscular mycorrhiza fungi (AMF), Pinus halepensis. 
 
Introduction 
 

Pinus halepensis Mill. (Aleppo pine), Family Pinaceae  is one of the most economic, domestic 
trees in the Mediterranean area (Alfaro, et al., 2015 and  Farjon and Filer, 2013). Aleppo pine is a 
coniferous, evergreen tree growing to 25meters tall, trunk diameter up to 80cm, exceptionally up to 1m, 
with needle-like leaves distinctly yellowish green and produced in pairs between 6 and 12cm long and 
the branches forming a conical crown (Mauri et al., 2016). In the world of today, pines have a huge 
impact on economy due to the value of its timber, pulp production, watershed management, fuel, 
ecological restoration and amenities  (Fady, 2012). The trees have a very important role in the economy 
and ecology for humans (Barbero et al., 1998), it has been used in several afforestation programmes, 
soil protection and windbreaks (Pâques et al., 2013), improving water infiltration on mountainous 
slopes and to prevent soil erosion on arid slopes (Farjon, 2010). Seeds of Pinus halepensis are also used 
for making pastry in North Africa (Maestre and Cortina, 2004).                                                                                                           

Biofertilization is a recent trend of plant fertilization. Azotobacter chroococcum has an important 
role in nitrogen cycle fixation, producing vitamins thiamine and riboflavin (Revillas et al., 2000), and 
plant hormones, as IAA, GA and cytokinins (Van Loon, 2007). Azospirillum brasilense considers 
another nitrogen fixation bacterium that promoting diverse aspects of plant growth and development 
(Bhattacharyya, 2012). Plant growth promoting rhizobacteria (PGPR) treatments have been decreased 
damping-off and increased growth of Pinus taeda seedlings (Enebak et al., 1998). Inoculation with 
Bacillus megaterium var. phosphaticum like phosphorus dissolvent, increases the availability of 
phosphorus in plant rhizosphere (Rodriguez and Fraga, 1999). Also, B. cereus was applied as potassium 
solubilizing plant growth promoting rhizobacteria (Yadav and Sidhu, 2016). The species of Bacillus 
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strains as, B. cereus and B. megaterium have been presented to colonize the roots and rhizosphere of 
various plants to promote the plant growth and yield, disease resistance, drought tolerance, and heavy 
metal remediation (Zhou et al., 2016).  

The inoculation of Aleppo pine (Pinus halepensis Mill.) with P. fluorescens improved the N 
absorption of the seedlings,  efficiently accelerated seedlings growth, produced root initiation and 
promoted  the formation of roots and root hairs (Dominguez et al., 2015).  

The arbuscular mycorrhizal fungi (AMF) symbiosis is an interaction between the roots of  higher 
plants and soil that enhance the development of plant (Koltai et al., 2010), promotes phosphorus and 
nitrogen release under limiting conditions (Nouri et al., 2014) and it increases the uptake of nutrients 
(Thamsurakul and Charoensook, 2006). El-Khateeb et al., (2011) found that (AMF) had significant 
positive effects on plant height, stem diameter, fresh and dry weights of stem and roots, the chlorophylls 
and total carbohydrates content in Acacia saligna Labill seedlings. 

Various kinds of bacteria as Azospirillum spp., Azotobacter spp., Bacillus spp. and Pseudomonas 
spp. have been observed to promote the growth of plant (Saharan and Nehra, 2011). Inoculation the 
Pinus pinea seedlings with PGPR enhanced the plant growth. The same outcome was obtained, as all 
parameters increased by using different biofertilizers (Probanza et al., 2002, Ramos et al., 2006 and 
Jaiti, 2007). The application with different biofertilizers increased N, P and K contents in plants (Wu et 
al., 2005) and the content of chlorophyll a, b, carotenoids and carbohydrates (Watfa, 2009). 

Therefore, the aim of the present study is to investigate the stimulatory effect of some 
biofertilizers on vegetative growth and some chemical constituents of Pinus halepensis Mill. seedlings. 
 
Materials and Methods 

 
The present study was carried out at the Experimental Nursery of Ornamental Horticulture 

Department, Faculty of Agriculture, Cairo University, Giza, during two seasons 2014-2015 and 2015-
2016, to investigate the response of Pinus halepensis Mill. seedlings to some biofertilizer treatments. 

 
Plant Materials 
 

Uniform seedlings of Pinus halepensis Mill. with an average 25cm height and 0.4cm stem 
diameter were used in this study. 

 On 10th February, during the both seasons, the seedlings were transplanted into 35cm, plastic 
pots filled sandy loam soil, The physical and chemical analysis of these growing media presented in 
Table (1). The plants were inoculated twice with the different microorganisms suspensions, as a soil 
drench at 10 ml /pot, the first one was applied after month from transplanting and the second application 
was added 5 months later from transplanting. Mycorrhizal inoculation was added as a thin layer of the 
mycorrhizal inoculum materials at the time of sowing at a rate of 20 g/pot. All seedlings were irrigated 
regularly. The commercial fertilizer "Kristalon" (N:P:K 19:19:19) at 2.5g/pot was added twice every 
season; the first one was applied after a month from transplanting and the second application was added 
after 5 months. 
 
Table 1: Physical and chemical analysis of the growing media. 

a. Physical analysis 
Clay% Sand % Silt % 
19.6 66.8 13.6 

b. Chemical analysis 
E.C. 
dS/m 

pH 
Anion (meq/L.) Cation (meq/L.) 

HCO3- Cl- SO4-- Ca++ Mg++ Na+ K+ 
0.30 8.01 1.1 1.2 0.70 1.0 0.6 1.2 0.2 

 
  The treatments used in this study were: 

1. No inoculation (control). 

2. A mixture of Azotobacter chroococcum and Azospirillum brasilense at 8x1010 and 7x109 viable 
cell/ml (nitrogen fixing bacteria, (NFB)). 
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3. Bacillus megaterium var. phosphaticum at 5x1010 viable cell/ml (phosphate solubilizing bacteria, 
(PSB)). 

4. Bacillus cereus at 3x1010 viable cell/ml (potassium solubilizing bacteria, (KSB)). 

5. Pseudomonas fluorescens (growth stimulator bacteria, (GSB)) at 8x1010 viable cell/ml. 

6. Arbuscular mycorrhiza fungi (AMF). 
Highly efficient strains of plant growth promoting rhizobacteria (PGPR) as liquid broth cultures, 

while, mycorrhizal inocula consisted of roots, hyphae, spores and growth media from a pot culture of 
onion plant colonization with Glomus mosseae NRC31 and G. fasciculatum NRC15, originally isolated 
from Egyptian soils and multiply on peat: vermiculite: perlite (Badr El-Din et al., 1999). The AMF 
inoculum material contained 275 spores g-1 oven dry bases in addition to the colonization roots pieces 
(the infectivity 104 propagola). (PGPR) and arbuscular mycorrhiza fungi (AMF) were obtained from 
cultural collocation of Agric. Microbiology Dep. National Research Centre, Egypt. 

The layout of the experiment was a complete randomized design including 6 treatments and each 
treatment had 3 replicates (3 seedlings per a replicate). 

 
Data recorded: 

After 11 months from transplanting the following data were recorded: 
Plant height (cm), branches length (cm), number of branches/plant, leaf (needle) length (cm), stem 
diameter (cm, about 3cm from the base), root length (cm), main root diameter (cm), fresh weights of 
leaves, stem and roots (g) and dry weights of leaves, stem and roots (g).  
 
Chemical analysis: 

Photosynthetic pigments (chlorophyll a, b and total carotenoids) in leaves (mg/g F. W.), were 
determined according to Wettstein (1957), the contents of nitrogen, phosphorus and potassium were 
determined in leaves, stems and roots (D.W. %) according to Cottenie et al., (1982) and Chapman and 
Pratt (1961), and the content of total carbohydrates were determined in leaves, stems and roots (D.W. 
%) according to Dubois et al., (1956).  

 
Statistical analysis:  

Analysis of variance of the obtained data from each attribute was computed using the MSTAT 
Computer Program (MSTAT Development Team, 1989). The Duncan’s New Multiple Range test at 
5% level of probability was used to test the significance of differences among mean values of the 
treatments (Steel and Torrie, 1980).   

 
Results and Discussion 

 
Effect on vegetative growth  

As shown in Table (2), all plant growth promoting rhizobacteria (PGPR) treatments used in this 
study increased all growth parameters of Pinus halepensis seedlings. The highest increments of plant 
height and number of branches were obtained with the treatment of NFB giving 41.91 and 132.33% in 
the first season and 58.45 and 57.80%, respectively, in the second one compared with the control. The 
application of arbuscular mycorrhiza fungi (AMF) significantly increased the lengths of branches and 
leaves (needles) by 48.78% and 16.50% in the first season, respectively compared with the control 
plants. In the second season, (AMF) encouraged the increment of branch length and leaves (needles) 
length by 61.61 and 18.50%, respectively, compared with the untreated plants. These results are in 
conformity with that obtained by Tang, (2016) on lodgepole pine (Pinus contorta) who found that 
inoculations with nitrogen fixing bacteria have been demonstrated to promote the plant growth.  

 Data in Table (2) indicated that, inoculating Pinus halepensis seedlings with (PSB) significantly 
increased the diameter of both stem and main root as well as root length. The increments were 52.17%, 
126.92% and 45.21%, respectively in the first season and 87.5%, 47.83% and 47.40%, respectively in 
the second one compared with the control, this may be due to the increase in the nitrogen content in the 
soil as result of N fixation from Azotobacter chroocooum+Azospirillum brasilense and the availability 
of phosphorus from phosphate dissolving bacteria, as well as growth promoting substances such as 
indole acetic acid and gibberellins produced by organisms used (Gad, 2001). 
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Table 2: Effect of different biofertilizers on some vegetative growth parameters of Pinus halepensis Mill. 
seedlings during 2014-2015 and 2015-2016 seasons. 

Biofertilizer 
treatments 

Plant 
height 
(cm) 

Branch 
length 
(cm) 

No of 
branches/

plant 

Leaves 
(needle) 

length (cm) 

Stem 
diameter 

(cm) 

Main 
root 

diameter 
(cm) 

Root 
length 
(cm) 

 First season 
Control 31.83c 8.98b 10.33c 10.73a 0.46b 0.52d 10.33c 

NFB 45.17a 9.26b 24.00a 11.33a 0.50b 0.61cd 12.77ab 
PSB 36.00bc 10.77ab 17.33ab 11.56a 0.70a 1.18a 15.00a 
KSB 40.10ab 12.94a 22.33a 12.07a 0.63a 0.81b 13.37ab 
GSB 35.07bc 12.15ab 19.00ab 11.62a 0.54b 0.72bc 12.97ab 
AMF 34.60bc 13.36a 14.67bc 12.50a 0.51b 0.71bcd 11.20bc 

 Second season 
Control 38.53d 9.56d 15.00b 10.38a 0.48d 0.69c 9.43c 

NFB 61.05a 10.13cd 23.67a 11.13a 0.65c 0.74bc 10.93bc 
PSB 46.88c 11.68b 21.00a 11.66a 0.90a 1.02a 13.90a 
KSB 49.70b 12.51b 22.67a 12.13a 0.72b 0.95a 13.20ab 
GSB 48.45b 11.27bc 20.00a 11.43a 0.75bc 0.92ab 12.73ab 

AMF 41.70cd 15.45a 19.67ab 12.30a 0.67bc 0.87abc 9.67c 

Means within a column having the same letters are not significantly different according to Duncan's Multiple 
Range Test (DMRT) at 5% level. 
NFB: Nitrogen fixing bacteria. PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria.  AMF: Arbuscular mycorrhiza fungi. 
 

The response of fresh and dry weights of Pinus halepensis seedlings to the biofertilizer treatments 
data in (Table 3) indicated that, these treatments increased the fresh and dry weights of all plant organs 
in the both seasons. In the first season, (PSB) was the most effective biofertilizer treatment for 
increasing leaves fresh and dry weights, giving 75.50% and 105.55% increases, respectively, than the 
control plants.  
 
Table 3: Effect of different biofertilizers treatments on fresh and dry weights of leaves, stems and roots of Pinus 

halepensis Mill. seedlings during 2014-2015 and 2015-2016 seasons.  

Biofertilizer 
treatments 

Leaves 
 fresh  
weight  

(g) 

Leaves  
Dry 

 Weight 
 (g) 

Stem 
 Fresh 

 weight  
(g) 

Stem 
 dry 

weight 
 (g) 

Root 
fresh 

weight 
(g) 

Root 
 dry 

weight 
(g) 

 First season 
Control 17.55c 5.77b 6.27c 2.90c 4.86c 2.34c 

NFB 21.14bc 7.21b 7.26c 3.32c 6.18bc 2.98bc 
PSB 30.80a 11.86a 11.25ab 5.06ab 9.20a 4.95a 
KSB 28.59a 10.40a 8.74bc 3.95bc 7.62ab 3.94ab 
GSB 27.17ab 9.95a 7.79c 3.68bc 6.94bc 3.46b 
AMF 19.67c 7.17b 13.12a 6.22a 5.88bc 2.99bc 

 Second season 
Control 30.95c 12.75d 17.96c 8.47c 10.17b 5.19c 

NFB 41.15b 13.50cd 20.29bc 9.93bc 11.38b 5.86bc 
PSB 53.53a 15.57b 22.76b 11.53b 14.97a 7.75a 
KSB 51.96a 16.68b 22.61bc 11.30bc 14.10a 7.04ab 
GSB 49.58a 15.03bc 21.93bc 10.94bc 11.57b 6.12bc 
AMF 38.71b 20.60a 27.73a 14.20a 11.26b 5.75bc 

Means within a column having the same letters are not significantly different according to Duncan's Multiple 
Range Test (DMRT) at 5% level. 
NFB: Nitrogen fixing bacteria. PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria.  AMF: Arbuscular mycorrhiza fungi. 
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In the second one, a similar trend was observed in leaves fresh weight, as (PSB) inoculation gave 
the heaviest fresh weight (53.53g) as compared to the non-fertilized seedlings (30.95g). In the second 
season, the treatment of AMF gave the heaviest leaves dry weight (20.60g) compared with untreated 
plants (12.75g), the same results were obtained on stem fresh and dry weights in the both seasons and 
the increments of fresh and dry weights of stem were 109.25% and 114.48% as well as 54.40% and 
67.65% in the first and second seasons, respectively, as compared to non-inoculated seedlings.  

It is demonstrated clearly that using highly efficient strains of plant growth promoting 
rhizobacteria as (PGPR), (NFB), (PSB), (KSB), (GSB) and (AMF) had positive effects on the 
aforementioned growth parameters of Pinus halepensis seedlings. This effect might be related to the 
improvement of physical conditions of soil provided energy for microorganisms activity and the 
increases in the availability and uptake of N, P and K which were reflected on plant growth (Romero et 
al., 2000). Similar results were obtained by Probanza et al., (2002) on Pinus pinea, Ouahmane et al., 
(2009) on P. halepensis and Asif et al., (2013) on Pinus wallichiana. 
 
Effect on chemical constituents: 
 
1. Photosynthetic pigments content (mg/g F. W.): 
 

Data presented in Fig. (1) and (2) showed the effect of biofertilizers inoculation on the content 
of chlorophyll-a, b and carotenoids in the leaves (needles) of Pinus halepensis seedlings. In the first 
season, the treatments of GSB and NFB, produced the highest chlorophyll-a content (0.27mg/g F. W. 
and 0.26mg/g F. W.) respectively, compared to the non-inoculated seedlings (0.19mg/g F. W.) while 
KSB treatment produced a slight increase. The highest increment on needle content of chlorophyll-b 
was recorded from plants fertilized with (GSB) as well as arbuscular mycorrhiza fungi (AMF), which 
were 0.14mg/g F. W. and 0.13mg/g F. W. for the first one, respectively, comparing to 0.06mg/g F. W. 
for the untreated pine seedlings. Meanwhile, treating plants with AMF gave the highest content of 
cartenoids 0.22mg/g F. W., followed by GSB treatment (0.21mg/g F. W.), compared with 0.17mg/g 
F.W. for the control plants in the first season. Sharma et al. (2003) stated that the inoculation with a 
mixture of plant growth promoting bacteria (PGPBs) increased chlorophylls content and enhanced 
photosynthesis. 
 

 
Fig. 1: Effect of different biofertilizers on the content of chlorophylls and carotenoids (mg/g F.W.) of Pinus 

halepensis Mill. seedlings during the first season (2014-2015). 
NFB: Nitrogen fixing bacteria.     PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria. AMF: Arbuscular mycorrhiza fungi. 
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Fig. 2: Effect of different biofertilizers on the content of chlorophylls and carotenoids (mg/g F.W.) of Pinus 

halepensis Mill. seedlings during  second season (2015-2016). 
NFB: Nitrogen fixing bacteria.      PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria. AMF: Arbuscular mycorrhiza fungi. 
 

Results in the second season, illustrated that Pinus halepensis seedlings  inoculated with (NFB) 
had the highest values for chlorophyll a, b and carotenoids, 0.29, 0.15 and 0.26 mg/g F. W., respectively, 
followed by the treatment of GSB which gave  0.27, 0.07 and 0.018 mg/g F. W., respectively, as 
compared to non-inoculated pine seedlings (0.20, 0.07 and 0.17mg/g F. W., respectively). In this 
concern, Higa and Wididana, (1991) reported that inoculation with nitrogen fixing bacteria enhanced 
photosynthesis rate and efficiency. In the same trend, Choi et al., (2005) on Pinus densiflora and 
Meenakshisundaram et al., (2011) on Delonix regia obtained similar results. 

 
2. Total carbohydrates content (% D.W.) 
 

Data presented in Fig. (3) and (4) indicated that content of total carbohydrates increased in the 
different plant parts of Pinus halepensis seedlings and NFB treatment was the most effective treatment 
in increasing the total carbohydrates percentage in leaves in the first season and stems in the second 
one.  Concerning the effect of different biofertilizers on total carbohydrates in roots, the data showed 
that the application of (GSB) resulted in the highest content of the carbohydrates (51.58%) in the first 
season as compared to the control (41.84%). However, (PSB) treatment gave the highest percentage of 
carbohydrates (56.48%) compared with untreated plants in the second one. Similar results have been 
reported for Ichihara et al., (2001) on Pinus thunbergii, Morte et al., (2001) and Dominguez et al., 
(2015) on Pinus halepensis, Kraj and Grad (2013) on Pinus sylvestris L. seedlings. 
 
3.Nutrient contents (D.W. %): 
 

The response of nitrogen content in the leaves, stems and roots of Pinus halepensis seedlings to 
the different biofertilizers inoculation are presented in Table (4). All types of biofertilizers increased 
nitrogen content in leaves, stems and roots as compared with the control in both seasons. In the first 
season, the most effective biofertilizer was GSB treatment which produced the highest nitrogen content 
in leaves and stems; 1.87% and 2.03%, respectively, compared with control plants and other treatments. 
Whereas, in the second one the treatment of  NFB gave the highest values of nitrogen content in leaves 
and stems, giving 2.13% and 2.01%. In both seasons, the inoculated pine seedlings with (PSB) followed 
by (KSB) gave the highest values of nitrogen content in roots 1.20% and 1.17%, respectively, in the 
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first season and 1.73% and 1.13%, respectively, in the second one. Microorganisms such as, 
Pseudomonas sp., Bacillus sp., Azotobacter sp., Azospirillum sp. favourably influence the plant growth 
directly or indirectly. The direct promotion of plant growth occurs either through release of plant growth 
promoting compounds or by facilitating the uptake of certain nutrients from the environment. Further, 
they indirectly promote plant growth by reducing or preventing the deleterious effect of one or more 
phytopathogenic organisms (Hayat et al., 2010). Studies on the mode of action of Azospirillum on plants 
commonly focus on mechanism, such as hormonal effect, N2 fixation and mineral uptake (Bashan et 
al., 2004). 

 

 
Fig. 3: Effect of different biofertilizers on the contents of total carbohydrates (% D.W.) in the different organs of 

Pinus halepensis Mill. seedlings during 2014-2015 seasons. 
NFB: Nitrogen fixing bacteria.      PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria. AMF: Arbuscular mycorrhiza fungi. 
 

 
Fig. 4: Effect of different biofertilizers on the contents of total carbohydrates (% D.W.) in the different organs 

of Pinus halepensis Mill. seedlings during 2015-2016 season. 
NFB: Nitrogen fixing bacteria.      PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria. AMF: Arbuscular mycorrhiza fungi. 
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The results presented in Table (4) show that the P content in leaves increased markedly in the 
first and second seasons (161.53 and 118.75% respectively), in response to (PSB) inoculation, as 
compared to the non-inoculation seedlings. In stems, the most effective inoculation was (GSB) in the 
first season and (NFB), in the second one, which produced the highest P content 120.0% and 140.0%, 
respectively, compared with the untreated seedlings, where, the nitrogen-fixing bacteria promotes the 
absorption of nutrients (Bellone and Carrizo, 2012). In this regard,  Karličić et al. (2015) on Pinus 
sylvestris L. seedlings obtained similar results. The roots of seedlings inoculated with (PSB) in the first 
season and (GSB) in the second one, showed the highest content of P (0.16% and 0.18% D.W.), as 
compared to the control plants (0.07% and 0.08%, respectively). In the first season, K content in leaves 
reached the highest value 0.91% by applying (PSB) and in the second one, the highest value (0.96% 
D.W.)was obtained with the application of GSB. Treating plants with (GSB) in the first season and 
(KSB) in the second one gave the highest K content in stems (0.45% and 0.45% D.W.), compared with 
control (0.19% and 0.20% D.W., respectively). In case of potassium content in roots, it was observed 
that it responded differently to biofertilizers, as the highest  K content was obtained with the application 
with (KSB) in the first and second seasons (0.43% and 0.42%) compared with control 0.11% and 0.14%, 
respectively. In this concern, Ahangarar et al. (2012) reported that inoculation with Pseudomonas 
fluorescens significantly increased the N, P and K contents in blue pine (Pinus wallichiana) seedlings 
as compared to control. 

 
Table 4: Effect of different biofertilizers on the contents of nitrogen, phosphorus and potassium (% D. 

W.) in the different organs of Pinus halepensis Mill. seedlings during 2014-2015 and 2015-
2016 seasons. 

Biofertilizer 

treatments 

First season Second season 
Nitrogen (% D. W.) 

Leaves Stems Roots Leaves Stems Roots 

Control 1.07c 0.61d 0.55b 1.08e 0.73e 0.65d 
NFB 1.72a 1.13b 1.12a 2.13a 2.01a 0.95c 
PSB 1.17c 0.94c 1.20a 1.48c 1.19c 1.73a 
KSB 1.40b 0.91c 1.17a 1.26d 0.92d 1.13b 
GSB 1.87a 2.03a 0.98a 1.94b 1.45b 0.94c 
AMF 1.34b 1.09bc 0.56b 1.13de 0.82de 0.69d 

 Phosphorus (% D. W.) 
Control 0.13d 0.05a 0.07b 0.16c 0.05b 0.08c 

NFB 0.25b 0.09a 0.09b 0.19bc 0.12a 0.11bc 
PSB 0.34a 0.09a 0.16a 0.35a 0.10ab 0.17a 
KSB 0.2bc 0.07a 0.09b 0.20bc 0.08ab 0.14ab 
GSB 0.25b 0.11a 0.13ab 0.24b 0.10ab 0.18a 
AMF 0.16cd 0.07a 0.11ab 0.17c 0.07ab 0.10bc 

 Potassium (% D. W.) 

Control 0.60cd 0.19e 0.11d 0.58d 0.20c 0.14d 

NFB 0.64c 0.30c 0.39a 0.81b 0.29b 0.22c 
PSB 0.91a 0.23de 0.22c 0.73c 0.22c 0.31b 
KSB 0.81b 0.39b 0.43a 0.85b 0.45a 0.42a 
GSB 0.79b 0.45a 0.31b 0.96a 0.34b 0.39a 
AMF 0.55d 0.27cd 0.29b 0.60d 0.31b 0.29b 

NFB: Nitrogen fixing bacteria. PSB: Phosphate solubilizing bacteria. KSB: Potassium solubilizing bacteria. 
GSB: Growth stimulator bacteria.  AMF: Arbuscular mycorrhiza fungi. 
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