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ABSTRACT 
 

A field experiments were carried out at the Research and Production Station of National Research 
Centre, Nubaria province, Behaira Govornorate, during two successive seasons 2006/2007 and 2007/2008 to 
study the effect of biofertilizer (liquid or powder) and NPK fertilizers on growth and chemical constituents of 
Paulownia kawakamii T.Ito seedlings. The treatments were NPK 1:1:1 (100 g / plant), microbein liquid, 
microbein liquid+25 g NPK, microbein liquid+50 g NPK , microbein liquid+75g NPK, microbein peat moss, 
microbein peat moss+25g NPK, microbein peat moss+50g NPK, microbein peat moss+75g NPK , as well as 
control treatment. All bio and NPK fertilizers improved growth parameters compared to control. Fertilizing the 
plants with NPK fertilizer alon (100 g/ plant) gave the tallest plant The best results in regarding to leaf area, 
leaves number/ plant and leaves fresh and dry weight were obtained from microbein liquid +75 NPK. The 
thickest stems and stems fresh and dry weights were obtained when Paulownia seedlings received microbein 
liquid +25 NPK. Microbein peat moss +75 NPK increased roots fresh and dry weights and root diameter   of  
plants .  Chlorophyll a, b and carotenoides contents of leaves were increased by application of microbein peat 
moss + 50 NPK.The highest contents (%) of carbohydrates, nitrogen, phosphorus in leaves, stems and roots 
were recoreded on the plants treated with    microbein peat moss + 75 NPK  .  
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Introduction 
 
 Paulownia is a deciduous tree species belongs to Fam. Scrophulariaceae, and it is a marvelous tree 
species. Paulownia is a considered one of the best trees for agro forestry (Zhu Zhao. 1981).  Under normal 
conditions, a 10-year old Paulownia tree can measure 30-40 cm diameter at breast height (dbh) and will have a 
timber volume of 0.3-0.5 m3. However, under optimum conditions, they can produce useful timber within five to 
six years. The wood is easily worked, suitable for carving, and has excellent insulation properties. The leaves 
and flowers are rich in nitrogen and therefore serve as good fertilizer and fodder. They also have many 
medicinal uses, and the flowers of Paulownia are a good resource for attracting honey bees (Zhu Zhao et. 
al.1986).  

Chemical fertilization, especially NPK promotes the vegetative growth of tree seedlings. Over 
application of using chemical fertilizers can result in negative effects such as leaching, pollution of water 
resources, destruction of micro-organisms and friendly insects, crop susceptibility to disease attack, acidification 
or alkalization of the soil or reduction in soil fertility — thus causing irreparable damage to the overall system. 
Nutrients are easily lost from soils through fixation, leaching or gas emission and can lead to reduced fertilizer 
efficiency (Chen, 2006).  
         Biofertilizers are microbial inoculants used for application to either seeds or soil for increasing soil fertility 
with objective of increasing the number of such micro- organisms and to accelerate certain microbial processes. 
Such microbiological processes can change unavailable forms of nutrients into available ones that can be easily 
assimilated by plants (Subba Rao, 2001). Soil micro-organisms play a significant role in regulating the dynamics 
of organic matter decomposition and the availability of plant nutrients such as N, P and S. It is well-recognized 
that microbial inoculants constitute an important component of integrated nutrient management that leads to 
sustainable agriculture. In addition, microbial inoculants can be used as an economic input to increase crop 
productivity; fertilizer doses can be lowered and more nutrients can be harvested from the soil(Chen, 2006).  
        Microbeine is a biofertilizer which containing nitrogen fixing bacteria “Azotobacter sp, Azospirillum sp and 
Pseudomonas sp” as well as  phosphate dissolving bacteria “Bacillus megaterium”  
     The objective of this study is to evaluate the effect of combined use of chemical and / or biofertilizer for 
growth parameters and chemical composition of Paulownia kawakamii at Nubaria region, Egypt. 
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Materials and Methods 

 
This study was carried out in the Research and Production Station of National Research Centre (NRC) 

at Nubaria, Behaira Governorate during two successive seasons 2006/2007 and 2007/2008.The aim of this study 
was to investigate the effect of bio and chemical fertilizers on growth and chemical  composition of Paulownia 
kawakamii plants in sandy soil. Paulownia kawakamii T.Ito seedlings were obtained from tissue culture 
Laboratory, Faculty of Agriculture, Ain Shams University with average length of 15-20cm. Sandy soil was used 
as growing medium. On September, 10th in both   seasons (2006/2007), uniformly   seedlings (about 15-20 cm 
length) of Paulownia kawakamii were transplanted on rows (3m apart) in holes (50 cm diameter x 50 cm depth) 
and 3m in between. Drip irrigation system with flow rate of drippers (4 L/hr) was used for 16 hr/week (in 4 
days) at early morning. Every treatment contained three replicates and each replicate was represented by two 
seedlings.  

The experiments continued for 13 successive months and ended on October 10th (2008). The plants 
were pruned monthly to enhance the development of the trunk. The plants were held under natural 
environmental conditions. Microbein peatmoss and microbein liquid (biofertilizers) were obtained from the unit 
of preparation of biofertilizers, Agriculture Research Centre, Ministry of Agriculture.  Biofertilizers were mixed 
with the soil before planting at the rate of 300 g from microbein peat moss or 300 ml from microbein liquid as 
well as control (without biofertilizer). Chemical fertilizers were prepared by using a mixture of NPK (1:1:1).The 
plants were fertilized with NPK fertilization at the rates of 0, 25, 50, 75 and 100 g / plant. NPK fertilizers were 
applied monthly throughout the period of growth from March to October.Each hole received about 500 g 
compost.   
The treatments were as follows 

1. Control (without biofertilizer or NPK) 
2. Microbein peat moss 300 g/hole 
3. Microbein liquid 300 ml/hole  
4. NPK 1-1-1  100 g/plant 
5. Microbein peat moss 300 g/hole + 25 g NPK / plant 
6. Microbein peat moss 300 g/hole + 50 g NPK / plant 
7. Microbein peat moss 300 g/hole + 75 g NPK / plant 
8. Microbein liquid 300 ml/hole + 25 g NPK / plant 
9. Microbein liquid 300 ml/hole + 50 g NPK / plant 
10. Microbein liquid  300 ml/hole + 75 g NPK / plant 

 
The following data were recorded: 
  Plant height (cm), stem diameter (cm), number of leaves/plant, fresh and dry weights of leaves, stems 
and roots (g /plant), leaf area (cm2) at the sixth leaf node from the shoot tip of plant, number of roots/plant and 
root diameter (cm) at 20 cm under the soil surface. The contents of chlorophyll a, b and carotenoids were 
determined according to Wettstein (1957). Total carbohydrate percentage in the dry samples were determined 
according to Dubois et al. (1956). Nitrogen content was determined by modified micro-Kjeldahl method as 
described by Pregl(1945).Phosphorus content was estimated (after wet ashing) using ammonium molybdate 
method according to Snell and Snell (1949).Potassium was determined by using flame photometer according to 
Chapman and Pratt (1961). 
 
Statistical analysis 
       The layout of the experiment was a randomized complete blocks design including 10 treatments in three 
replicates, each replicate contained two seedlings. The data were statistically analyzed for each season and then 
a combined analysis of the two seasons was carried out according to the procedure outlined by Snedecor and 
Cochran (1980) and Gomez and Gomez (1984).The least significant difference (L.S.D) at 5%  was used for 
comparing the treatments means. 
  
Results and Discussion 
 
Vegetative growth 
Plant height (cm) and Stem diameter (cm): 
 

The averages of plant height and stem diameter as affected by biofertilizer and chemical fertilizer are 
presented in Table 1. The tallest plants and the thickest stems  were produced from the treatment of NPK alone 
and microbein liquid (ML) +25 g NPK treatments. It is well known that the chemical fertilizers promote plant 
growth through the role of nitrogen in protein synthesis and increasing the meristmatic activity.   The shortest 
and thinnest plants resulted from fertilizing plants with Microbein peatmoss (MP) alone. Generally, it can be 
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concluded that the application of microbein liquid (ML) was significantly more effective in increasing the plant 
height and stem diameter than MP. Similar results were obtained by Sing and Sing (2003) on rose and 
Karthikeyan et al.,(2007) on Azadirachta indica, they concluded that, using biofertilizer enhanced plant height. 
Ragab (1999) on olive seedlings   and Abd-Rabou (2006) on avocado, reported that, inoculation with microbein 
significantly increased plant thickness. 

 
Number of leaves/plant and leaf area (cm2) 
 
             Regarding the effect of biofertilizers and chemical fertilizer on the number of leaves / plant and leaf 
area, data in Table 1 showed that using microbein liquid +NPK at 75g gave the highest number of leaves/plant 
and the largest leaves. The least number of leaves/plant was recorded with the plants treated with microbein 
liquid alone. The smallest leaves resulted from the treatment of microbein peat moss alone. Increasing the rate 
of NPK from 25g to 50g combined with microbein liquid or peat moss significantly decreased the number of 
leaves/plant. These results are in agreement with those reported by Remesh et al., (1998) on chashew seedling,  
Kabeel et al. (2005) on Canino apricot, Hemavathi et al., (2006) on Dendrocalamus strictus and El 
Khawaga(2007) on guava trees. They found that both number of leaves/plant and leaf area were clearly 
improved with the addition of biofertilizers treatments. 
 
Number of main roots/ plant and root diameter (cm): 
 

Regarding the effect of NPK as well as biofertilizers treatments on root diameter, data presented in 
Table 1 pointed out that, all bio and NPK fertilization treatments increased significantly number of main roots/ 
plant and root diameter compared to the control. The greatest number of main roots/ plant (7.04 roots/plant) 
formed on plants treated with microbein peatmoss+ 50 g NPK. The thickest roots (5.60 cm) resulted from the 
plants fertilized with microbein peatmoss + 75 g NPK, followed by microbein liquid + 50 g NPK (5.17cm). 
Beneficial effects of this plant growth promoting biofertilizer may be attributed to the biological nitrogen 
fixation and production of phytohormones (gibberellines and cytokinins like substances such as auxins) that 
promote root development and proliferation, resulting in efficient uptake of water and nutrients (Hartmann et 
al., 1983; Haahtela et al., 1990). The present findings are in harmony with  Remesh et al., (1998) on cashew 
seedlings reported that, using of Bacillus megatherium, Azotobacter sp and Azospirillum sp, generally increased 
root growth, Mohanty et al., (2004) on Dalbergia sissoo showed that, application of Rhizobium culture with 
FYM to the lime amended soil influenced the seedling vigor, viz., shoot length, root length shoot and root 
biomass, root volume and root nodules. 
 
Table 1. Some vegetative growth parameters of Paulownia kawakamii as affected by bio and chemical fertilizers (Average two seasons 

2006/07 and 2007/08).                                            

Treatments 
Plant height 

(cm) 
Stem diameter 

(cm) 
Leaves number/ 

plant 
Leaf area 

)2(cm 
Main roots 

number/ 
plant 

Root diameter 
(cm) 

Control 153 2.15 33.3 506.17 4.15 2.32 
NPK  100g     282 4.09 30.8 906.99 7.02 4.08 
ML  203 2.72 17.7 561.52 4.99 4.09 
ML+25g NPK  267 4.17 31.5 960.99 6.49 4.64 
ML+50g NPK  239 3.64 23.5 1146.84 6.34 5.17 
ML+75g NPK  208 3.24 35.0 1234.34 6.02 4.45 
MP  130 1.67 18.2 442.49 4.85 2.74 
MP+25g NPK  219 3.19 30.5  775.35 6.52 4.55 
MP+50g NPK  241 3.50 25.0 878.69 7.04 4.85 
MP+75g  NPK  263 3.97 31.7 1210.84 6.99 5.60 
L.S.D at 5% 2.5 0.38 3.1 98.56 1.22 0.47 

ML: Microbein liquid         MP: Microbein peat moss                 NPK=1:1:1                                                                            

 
Plant fresh and dry weights (g): 
 
        The data on the average fresh and dry weights of leaves, stems and roots are presented in Table 2.Treating 
plants with microbein liquid+ NPK at 75g was the most effective treatment for obtaining the heaviest fresh and 
dry weights of leaves. The heaviest fresh and dry weights of stems were obtained when the plants were fertilized 
with microbein liquid+ NPK at 25g. The heaviest fresh and dry weights of roots resulted from plants treated 
with microbein peatmoss + NPK at 75g. The lowest values of fresh and dry weights of leaves, stems and roots 
were obtained from the treatment of microbein peatmoss alone which were significantly lower than the 
untreated plants.  The mixture of microbein (liquid or peat- moss) with NPK fertilizer at the rates of (25, 50 or 
75 g) were most effective on increasing fresh and dry weights of leaves, stems and roots compared to NPK 
fertilizer alone (100 g). Maybe a mixture of chemical and biofertilizer   latest positive impact on the vegetative 
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growth of the plant as a result of increasing utilization of nutrients to this mixture. Therefore, plant height, stem 
diameter and leaf area of Paulownia plant were increased and consequently reflected in increasing the plant 
fresh and dry weights. There was a gradual increase in leaves, stems and roots fresh and dry weights with 
increasing the rate of NPK fertilizer combined with microbein peat- moss.  These results are in accordance with 
the findings obtained by and Mazher et al., (2006) on Sesbania aegyptiaca seedlings, Abd-Rabou(2006) on 
avocado and Raja and Kumari (2008) on Jatropha curcas, they reported that, combined microbial inoculation 
resulted in a significant increase in fresh and dry weight of roots. 
 
Table 2. Fresh and dry weights (g) of leaves, stems and roots of Paulownia kawakamii as affected by bio and chemical fertilizers (Average 

two seasons 2006/07 and 2007/08).                                               

Treatments 
Fresh weight (g) Dry weight (g) 

Leaves Stems Roots Leaves Stems Roots 

Control 320.32 380.00 473.33 104.97 155.10 170.35 
NPK  100g     608.32 1008.34 1004.17 209.55 437.92 384.26 
ML  227.23 506.67 607.50 60.97 287.23 224.01 
ML+25g NPK  733.54 1181.00 1064.12 220.90 519.72 406.91 
ML+50g NPK  586.30 912.49 1120.00 229.20 380.28 447.35 
ML+75g NPK  1027.18 686.67 1291.67 360.83 290.74 510.97 
MP  132.10 288.32 305.00 25.18 110.37 116.60 
MP+25g NPK  535.39 787.49 981.67 164.78 370.86 338.94 
MP+50g NPK  557.15 948.32 1093.34 182.37 396.12 409.44 
MP+75g  NPK  890.63 1096.65 1376.67 211.09 484.73 515.98 
L.S.D at 5% 105.32 88.20 136.25 33.02 39.18 52.08 

ML: Microbein liquid         MP: Microbein peat moss                 NPK=1:1:1   
 
    
Chemical composition 
Pigments content (mg/g F.W): 
 
          Data obtained on the effect of different biofertilizers treatments and NPK fertilizers on pigments content 
in leaves of Paulownia kawakamii are shown in Table 3.  
The highest values of chlorophyll a, b and carotenoids   were recorded in Paulownia kawakamii plants fertilized 
with MP+NPK at 50g. The treatment of Microbien liquid+ NPK at 50g   resulted in the lowest content of 
chlorophyll a, b and carotenoids even less than the control. Microbein peat moss treatments were more effective 
for increasing chlorophyll a, b and carotenoids content than microbein liquid treatments. These results may be 
due to the effect of microorganisms in biofertilizer or the role of N nutrition in producing growth promoting 
substances resulting in more efficient absorption of nutrients, which main components of photosynthetic 
pigments and consequently the chlorophyll content was increased (Gomaa and Abou-Aly, 2001). These results 
are in harmony with those obtained by El-Sayed and Abdou(2002) on Khaya senegalensis,      Mazher et 
al.,(2006) on Sesabania aegyptiaca, Kumudha and Gomathinayagam(2007) on Albizia lebbek, and Saher(2008) 
on  jojoba seedlings, they reported that biofertilizer treatments increased the content of pigments. 
 
Table 3. Chlorophyll a, b and carotenoids mg/g F.W. and total carbohydrates% of    leaves, stems and roots of Paulownia kawakamii  as 

affected by bio and chemical fertilizers (Average two seasons 2006/07 and 2007/08).                                                                           

Treatments Chl. a Chl. b Carotenoids 
Carbohydrates % 

Leaves Stems Roots 

Control 0.475 0.265 0.245 13.91 12.30 8.41 
NPK  100g     0.770 0.215 0.220 27.29 21.41 15.11 
ML  0.595 0.250 0.220 17.25 13.80  10.01  
ML+25g NPK  0.585 0.360 0.240 23.73 19.98 13.84 
ML+50g NPK  0.460 0.200 0.195 25.34 20.95 14.72 
ML+75g NPK  0.670 0.250 0.275 26.54 21.26 15.40 
MP  0.510 0.225 0.205 18.88 15.21  12.37  
MP+25g NPK  0.595 0.265 0.235 26.24 20.99 14.59 
MP+50g NPK  0.920 0.375 0.305 28.34 22.69  16.44  
MP+75g  NPK  0.700 0.300 0.245 29.56 23.63 17.15              
L.S.D at 5% 0.070 0.050 0.050 2.96 2.71 2.38 

ML: Microbein liquid         MP: Microbein peat moss                 NPK=1:1:1                                                                             

 
Carbohydrates content (%): 
 
          Carbohydrates percentage  in different organs of Paulownia kawakamii plants are shown in Table 3. All 
biofertilizer and NPK fertilizer treatments resulted in more percentages of carbohydrates in the leaves, stems 
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and roots compared with control plants. There was a gradual increase in carbohydrates content in different 
organs with increasing the rate of NPK fertilizer combined with microbein peat moss. The plants fertilized with 
microbein peat moss+ NPK at 75g contained the highest percentage of carbohydrate of leaves, stems and roots. 
Supplying the plants with microbein liquid alone resulted in the least percentage of carbohydrates of the 
different parts of the plant, but more than the untreated plants. 
         There were no significant differences between the treatment of microbein liquid and microbein peat moss 
alone on carbohydrates content of leaves, stems and roots. These results are in agreement with those reported by 
Mazher  et al.,(2006)on Sesbania aegyptiaca , Kumudha and Gomathinayagam(2007) on Albizia lebbek, and 
Saher(2008) on jojoba , who reported that biofertilizer treatments increased the accumulation of total sugar 
content.  
 
Minerals content % 
 
             Data in Table4 represented nitrogen content of Paulownia kawakamii plants fertilized with biofertlizer 
and NPK at different rates. Nitrogen, phosphorus and potassium contents were markedly higher in leaves than in 
stems and roots. All biofertlizer and NPK fertilizer treatments increased the accumulation of nitrogen, 
phosphorus and potassium in leaves, stems and roots over the control.  The highest nitrogen, phosphorus and 
potassium content in the leaves,   stems and roots resulted from  applied of microbein peatmoss+NPK at 
75g,while the least nitrogen, phosphorus and potassium contents were recorded with leaves, stems and roots of 
the untreated plants.  Application of 100 g NPK (1:1:1) resulted in a significant increase in the content of 
nitrogen in the leaves, stems and roots compared to control. Increasing N, P and K concentrations and plant 
pigments by bio and chemical fertilization may be due to the increase in root surface per unit of soil volume as 
well as the high capacity of the plants supplied with biofertilizer in building metabolites, which in turn 
contribute much to the increase of nutrient uptake  .  Subba Rao (2001) reported that biofertilizers are microbial 
inoculants used for application to either seeds or soil for increasing soil fertility with objective of increasing the 
number of such micro- organisms and to accelerate certain microbial processes. Such microbiological processes 
can change unavailable forms of nutrients into available ones that can be easily assimilated by plants.   The 
present findings are in harmony with those obtained by   Meshram et al., (1997) on Eucalyptus camaldulensis, 
Assefat (2006) on Khaya senegalensis,    Saher(2008) on jojoba seedlings and Osman (2010) on olive. 
        
Table 4. Nitrogen, phosphorus and potassium percentage of leaves, stems and roots of   Paulownia kawakamii as affected by bio and 

chemical fertilizers (Average two seasons 2006/07 and 2007/08).                                                                           
Treatments N% P% K% 

Leaves Stems Roots Leaves Stems Roots Leaves Stems Roots 

Control 1.84 1.22 0.85 0.300 0.245 0.170 0.74 0.31 0.35 
NPK  100g     2.42 1.41 1.13 0.460 0.365 0.215 0.88 0.57 0.47 
ML  1.98 1.27 0.91 0.380 0.310 0.180 0.79 0.36 0.38 
ML+25g NPK  2.17 1.50 0.94 0.440 0.330 0.185 0.79 0.41 0.37 
ML+50g NPK  2.32 1.40 1.03 0.460 0.340 0.190 0.83 0.42 0.39 
ML+75g NPK  2.48 1.34 1.10 0.445 0.345 0.205 0.75 0.45 0.38 
MP  2.11 1.28 0.98 0.355 0.280 0.155 0.82 0.37 0.37 
MP+25g NPK  2.44 1.43 1.07 0.475 0.340 0.195 0.77 0.57 0.43 
MP+50g NPK  2.68 1.57 1.22 0.505 0.365 0.220 0.80 0.60 0.45 
MP+75gNPK    2.98 1.64 1.29 0.550 0.385 0.235 0.90 0.61 0.49 
L.S.D at 5% 0.33 0.13 0.11 0.060 0.045 0.040 0.05 0.07 0.06 

ML: Microbein liquid         MP: Microbein peat moss                 NPK=1:1:1                                                                            
 
Conclusion 
 
       It could be concluded that from previous obtained data, application efficiency of chemical fertilizer (NPK)  
with biofertilizers are represented in considerable and even significant increases in most studied parameters, 
over the control treatment . In addition to that, it was obvious that NPK fertilizer  was more efficient when 
mixed with biofertilizers due to its characters and enrichment of nutrients in comparison with biofertilizers or 
NPK fertilizer  alone. 
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