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Abstract 

Tomato crop was evaluated for the effect of phosphorus and phosphate solubilizing bacteria, at 

Agricultural Research Station Buner, during March 2016.  Randomized Complete Block Design 

was used, replicated three times.  Different  phosphorus  levels  (0,  50,  75,  100  and  125  kg  

ha-1)  with  and  without  phosphate solubilizing bacteria (PSB)  were  used.  The application of 

phosphorus (P) and phosphate solubilizing bacteria (PSB) significantly influenced all the 

studied parameters.  Phosphorus  @ 125  kg  ha-1  influenced  early  flowering  (32days),  

maximum  number  of  branches  plant-1  (9.12),  wider  stem  diameter  (1.26 cm),  maximum  

leaf  area  plant-1  (2340.3 cm2),  increased  plant  height  (81.62  cm),  wider  diameter  of  fruit  

(17.21  cm),  maximum  number  of  fruits  plant-1  (64),  higher  yield  (25.9  tons  ha-1),  

maximum  root  length  (14.62 cm)  and  maximum  fresh  root  weight  (89.92  gm). Application  

of  phosphate  solubilizing  bacteria  took  minimum  flowering  days  (31),  maximum  number  

of  branches  plant-1  (6.9),  wider  stem  diameter  (1.2  cm),  increased  plant  height  (76.34  

cm),  wider  fruit  diameter  (13.62  cm),  maximum  number  of  fruits  plant-1  (63.56),  higher  

fruit  yield  (24.6  tons  ha-1),  maximum  root  length  (14.27  cm),  and  maximum  fresh  root  

weight  (87.94  gm),  except  leaf  area  plant-1  (1911  cm2).  Hence  it  is  concluded  that  

phosphorus  @  125  kg  ha-1,  and  seedlings  inoculated  with  PSB  resulted  in  maximum  

growth  and  yield  in  the  study  area. 
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Introduction 

The tomato (Solanum lycopersicum)  

belongs  to  the  family  solanaceae,  an  

important  worldwide  vegetable  crop.  The  

tomato  crop  was  introduced  from  Europe  

to  Indo-Pak  sub-continent  by  the  second  

half  of  the  nineteenth  century.  In 

subcontinent tomato rapidly got flourished.  

Annually  tomato  two  crops  are  produced  

(summer  and  winter)  in  Pakistan.  The  

winter  crop  is  common  to  frost-free  areas  

like  Jaban  Dargai  [1].  In  most  of  the  

tropical  countries  it  is  available  

throughout  the  year  during  the  seasonal  

peaks  June-October.  Tomatoes  are  used  

in  different  forms,  as  a  salad  in  raw  
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form  and  also  cooked  in  soups,  sauces  

and  stews  etc.  it  is  also  used  as  a  

seasoning  ingredient  in  various  dishes  in  

some  regions.  It  is  a  source  of  a  major  

antioxidant  lycopene  which  has  several  

health  benefits  such  as  reducing  risk  of  

heart  diseases  and  cancer.  They  also  

have  a  good  amount  of  vitamin  C,  and  

K,  potassium  and  folate  [2].  A  number  

of  factors  determine  the  productivity  of  

a  crop,  for  tomatoes  to  produce  best  a  

warm  weather  for  3-4  month  with  a  

constant  high  temperature  of  55º-75º  F  

is  best.  Tomatoes  prefer  deep,  well-

drained  soil  with  a  little  sand  and  good  

amount  of  clay  in  subsoil.  The  pH  of  

the  soil  should  be  around  6-6.8.In  

addition,  soil  nutrients  also  have  great  

importance  for plant’s health and yield.  

The  role  of  appropriate  fertilizer  to  

produce  vigorous  plants  having  more  

number  of  shoots,  leaves,  flowers  and  

fruits  cannot  be  denied.  NPK are essential 

nutrients, for healthy growth and flowering.  

Fertilizer  is  also  important  for  higher  

flower  production  and  quality  seed  yield  

of  crops  [3]. Fertilizers  are  substances  

that  contain  most  of  the  essential  

elements  which  have  positive  impact  on  

plants  growth.  The  application  of  

fertilizer,  boost  up  the  tolerance  of  the  

plants  to  suppress  diseases,  insects,  and  

weeds.  These  substances  can  also  play  a  

crucial  role  to  prevail  over  the  drought  

condition  by  raising  the  plant’s  ability  to  

sustain  more  water  and  improve  

penetration  of  roots  [4].  Phosphorus  is  

very  important  to  accelerate  proper  and  

vigorous  growth  of  plants.  The  important  

functions  that  are  related  with  P  are:  

greater  root  growth,  vigorous  stalk  and  

stem,  qualitative  formation  of  flower  and  

seeds,  crop  earlier  maturity  and  improved  

quality  of  crops  [5]. Phosphorus  is  

absorbed  by  the  plants  in  the  form  of  

H2PO4
-1  -  or  HPO4

-2  ion.  It  quickly  

attaches  with  magnesium,  iron  and  

aluminum  on  soil  particles,  when  applied  

under  the  low  pH  conditions  [6]. P  

deficiency  is  very  crucial  chemical  factor  

hindering  growth  of  plant,  therefore  

inorganic  phosphate  fertilizers  are  

frequently  used  to  get  optimum  yields.  

Soluble  forms  of  P  fertilizer  are  easily  

precipitated  as  insoluble  forms  leading  to  

high  and  frequent applications  of  P  

fertilizers  to  the  crop.  The  viable  

substitute  of  phosphorus  supply  through  

biological  means,  have  been  reported  that  

phosphate  solubilizing  bacteria  (PSB)  

and  other  P  solubilizing  agents  help  in  

exchange  of  insoluble  phosphate  to  

soluble  primary  and  secondary  

orthophosphate  ions  [7]. PSB  have  great  

potential  to  make  available  the  soil  

phosphates  for  plant  growth.  Phosphate  

bio  fertilizer  enhances  the  availability  of  

complex  P  for  growth  of  plant  by  

solubilization  [8]. Moreover,  these  

microorganisms  also  play  a  vital  role  in  

the  uptake  of  other  essential  elements  

and  releasing  of  metabolites  [9].  The  

ability  of  PSB  to  convert  the  insoluble  

phosphorus  to  the  soluble  form,  allows  

a  sustainable  use  of  phosphate  fertilizers  

[10].  Inorganic  P  is  mobilized  and  

solubilized  by  organic  and  inorganic  

acids  released  by  PSB  in  which  OH-  and  

COH-  acids  chelate  cations  “Al,  Fe,  Ca”  

and  also  lowers  the  pH  of  alkaline  soils,  

hence  enhances  the  availability  of  certain  

other  elements  which  likes  low  soil  pH  

[11].  The  purpose  of  the  current  study  

was  to  determine  different  levels  of  

phosphorus,  with  and  without  bio  

fertilizer  (PSB)  and  their  interaction  on  

growth  and  yield  of  tomato.   

Materials and methods 

The  experiment  was  conducted  at  

Agriculture  Research  Station  Buner,  

Khyber  Pakhtunkhwa  during  2016.  

Randomized  Complete  Block  Design  

(RCBD)  was  used  with  two  factors  and  

three  replications.  Tomato var. Roma  was  

used  as  a  study  material.  The  nursery  

was  raised  during  the  month  of  February  

and  transplantation  of  saplings  were  done  

in  the  month  of  March.    Row  to  row  

distance  was  kept  75  cm  and  plant  to  

plant  distance  60  cm.  The  size  of  the  
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plot  used  was  1.5  m  x  2.4  m  (Plot  area  

=  3.6  m2).  Bio  fertilizer  were  used  @  2  

kg  ha-1.The  PSB  (Pseudomonas  striata)  

contains  1  x  108  cells  of  bacteria  per  kg.  

For inoculation of tomato seedlings slurry 

was prepared from 10% gur solution, PSB 

and media (vegetable oil, saw dust, sucrose) 

and seedlings were kept in it for 10-15 

mints under shed before transplanting. A 

uniform  fertilizer  dose  of  150  kg  

Nitrogen  and  75  kg  K2O  per  hectare  was  

applied  in  the  form  of  urea  and  sulphate  

of  potash  (SOP).  The nitrogen dose was 

split  into  two  equal  applications.  The  soil  

of  experimental  site  was  analyzed  for  its  

physiochemical  properties  before  and  

after  the  experiment,  the  findings  of  

which  are  given  in  (Table 1).

 

Table 1. The Physio-Chemical properties of the experimental site 

Soil  Characteristics Sample  (Before  experiment) Sample  (After  experiment) 
Ec  (1:5)  dsm-1 0.45 0.55 

pH 8 7.5 
Organic  matter 1 1.2 

Total  Nitrogen  % 0.05 0.07 
Available  P  (μg  g-1) 11.25 14.56 

Exchangeable  K  (μg  g-1) 120.54 124.24 

 

Studied parameters   

Data were recorded on the following 

parameters 

Days to flowering 

Days  to  flowering  were  counted  from  

date  of  sowing  to  50%  flowering  in  each  

plot. 

Number of branches plant-1   
In  each  plot  five  plants  were  selected  

randomly,  the  branches  of  each  plant  

were  counted  and  their  average  was  

taken. 

Stem diameter (cm)   

Five  plants  were  randomly  selected,  and 

beneath first branch raised, diameters were  

measure  with  the  help  of  Vernier  caliper. 

Leaf area (cm2) plant-1 

The  leaf  area  of  selected  plants  in  each  

plot  was  calculated  by  leaf  area  

machine., first at blooming stage, second 

after first picking and third prior last 

picking.   

Plant height (cm) 
Height  of  selected  plants  was  measured  

with  the  help  of  measuring  tape  and  their  

average  was  taken. 

Fruit diameter (cm) 

From  each  plot  of  all  treatments  five  

fruits  were  selected,  and  their  diameters  

were  calculated  with  the  help  of  Vernier  

caliper. 

Number of fruits  plant-1 

Number  of  the  fruits  was  counted  by  the  

number  of  fruits  picked  from  each  

selected  plant. 

Yield (tons  ha-1) 

Yield  tons  ha-1 of  tomato  fruits  was  

calculated  by  the  following  formula. 

Yield (tons ha-1) = (
𝑌𝑖𝑒𝑙𝑑 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 (𝑘𝑔)

𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡
  ×

10000)/1000 

 Root length (cm) 

The root length was taken after the picking 

of fruits, selected plants were dugged out, 

and their roots were rinsed with water and 

with the help of measuring tape root length 

were measured. 

Root weight (g) 

The  selected  plants  from  each  treatment  

were  uprooted  and  rinsed  with  water  to  

remove  the  adhering  soil  and  weighed  

by  digital  balance  and  average  was  

calculated. 

Statistical analysis 

The  collected  data  was  analyzed  

statistically  by  Statistix 8.1  while  for 

means  comparison  LSD-test  with 5%  

probability  level  was  used,  and  for  

graphical  presentation  SigmaPlot 10.0  

was  used. 

Results and discussion 
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Days  to  flowering,  number of branches  

plant-1,  stem  diameter,  leaf  area  plant-

1,  plant  height   

The  analysis  of  the  data  showed  highly  

significant  effects  of  various  phosphorus  

levels,  PSB  and  their  interaction  on  the  

studied  attributes except leaf area. The 

mean values are presented in (Table 2, 

Fig.1).  Among  the  phosphorus  levels,  the  

minimum  days  to  flowering  (32days),  

maximum  number  of  branches  plant-1  

(9.12),  wider  stem  diameter  (1.26 cm),  

wider  leaf  area  plant-1  (2340.3 cm2),  and  

maximum  plant  height  (81.62 cm)  was  

recorded  in  plants  supplied  with  

phosphorus  @  125  kg  ha-1,  while  

maximum  days  to  flowering  (42days),  

less  number  of  branches  plant-1(3.32),  

thin  stem  diameter  (0.65 cm2),  smaller  

leaf  area  plant-1  (1544.6 cm2),  and  

minimum  plant  height  (60.01 cm)  was  

noted  in  control  plots.  Concerning  PSB  

data  less  number  of  days  to  flowering  

(31days),  maximum  number  of  branches  

plant-1  (6.74),  wider  stem  diameter  (1.24  

cm),  wider  leaf  area  plant-1  (1911.9 cm2),  

and  maximum  plant  height  (76.33 cm)  

was  observed  with  PSB,  while  maximum  

days  to  flowering  (43days),  less  number  

of  branches  plant-1(5.86),  thin  stem  

diameter  (0.85 cm2),  smaller  leaf  area  

plant-1  (1904.8 cm2),  and  minimum  plant  

height  (66.7 cm)  was  noted  in  without  

PSB  plots.  Regarding  the  interaction  of  

phosphorus  levels  and  PSB,  minimum  

days  to  flowering  (26days),  maximum  

branches  plant-1  (12.17),  and  maximum  

plant  height  (93.76 cm)  was  recorded  in  

plots  supplied  with  phosphorus  @  125kg  

ha-1  along with  PSB  treatment.  However,  

wide  stem  diameter  (1.55 cm)  was  

observed  with  phosphorus  @  100kg  ha-1  

with  PSB, while maximum  days  to  

flowering  (48days),  less  number  of  

branches  plant-1(2.62),  thin  stem  diameter  

(0.62 cm2),  and  minimum  plant  height  

(58.95 cm)  was  recorded  for control  

without  PSB  plots  (Fig. 2).

 

Table 2. The  influence  of  Phosphate  solubilizing  bacteria  and  Phosphorus  levels  on  

different  growth  characteristics  of  Tomato 

PSB 

 

Days  to  

flowering 

No.  branches  

plant-1 

Stem  diameter  

(cm) 

Leaf  area  

plant-1 

Plant  height  

(cm) 

without 43  a 5.86  b 0.85  b 1904.8 66.66b 

with 31  b 6.74  a 1.24  a 1911.9 76.33a 

Phosphorus (kg  ha-1) 

control 42  a 3.32  d 0.65  d 1544  e 60.01d 

50 40  b 5.56  c 1.00  c 1694  c 64.75  c 

75 37  c 7.32  c 1.09  b 1876  b 74.83  b 

100 34  d 6.19  b 1.24  a 2085  b 76.28  b 

125 32  e 9.12  a 1.26  a 2340  a 81.62  a 

Interaction 0.54 2.25 0.0465 NS 4.6 

PSB:  phosphate solubilizing bacteria,  NS:  non-significant 
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Figure 1.  The  effect  of  Phosphorus  levels  and  Phosphate  solubilizing  bacteria  on  

growth  and  yield  characteristics  of  Tomato 
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Figure 2. The  interactive  effect  of  Phosphate  solubilizing  bacteria  and  Phosphorus  

levels  on  growth  and  yield  characteristics  of  Tomato 
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Phosphorus  being  an  essential  component  

of  ATP  plays  a  vital  role  in  plant  

biochemical  reactions  such  as  

photosynthesis,  respiration,  cell  division  

and  enlargement   and  various  other  

important  processes  in  plants.  [12]  found  

that  phosphorus  enhanced  the  vegetative  

growth,  and  yield  contributing  

characteristics,  such  as  plant  height,  

number  of  branches,  leaf  area,  number  

of  fruits  plant-1,fruit  yield  with  

phosphorus  @  80  kg  ha-1.  [13]  found  

that  in  protoplasm  and  chlorophyll  

phosphorus  is  the  basic  component  which  

helps  to  convert  photosynthates  into  

phospholipids,  ensuring  proper  vegetative  

growth  and  flowering.  The  maximum  

dose  of  phosphorus  (200  kg  ha-1)  cause  

adverse  effects  on  time  of  flowering,  

flower  number  and  size  of  flower.  

Phosphorus  is  necessary  for  the  general  

health  and  vigor  of  all  plants.  Out  of  

100%  only  10-20%  of  the  applied  

phosphorus  fertilizer  is  available  for  the  

plants,  while  the  remaining  amount  

converts  to  insoluble  phosphate  by  

making  a  complex  with  calcium  and  

magnesium.  Similar  results  were  also  

found  by  [14].  [15, 16] found  that  the  

application  of  bio  fertilizer  increase  total  

tomato  yield, brings  early  maturity  and  

improves  quality  of  crop.  Insoluble  

inorganic  phosphates  become  available  to  

the  plants  by  the  help  of  PSB.  PSB  

helps  in  P  uptake,  solubilization  and  

mobilization.  The  capability  of  these  

microorganisms  is  mentioned  to  have  one  

of  the  vital  roles  in  relation  to  plant  

phosphorus  availability.  The  biological  

supply  of  P  is  a  viable  substitute  through  

phosphate  solubilizing  bacteria  [7]  In  line 

with these findings  [17]  also  observed  

that  application  of  bio  fertilizers  had  

significant  effect  on  plant  height  and  

number  of  branches  plant-1.  [18]  

Reported  that  various  fertilizer  (NPK)  

along  PSB  treatments  significantly  

increased  plant  height  (164.24 cm)  and  

number  of  branches  plant-1(7.85).  They  

attributed  these  increases  in  growth  

characteristics  to  the  increased  

availability  of  phosphorus  and  auxin  

production  under  the  influence  of  PSB.  

These  reports  are  also  in  line  with  the  

findings  of  [19].  [20] Observed  that  leaf  

area  and  stem  diameter  was  significantly  

enhanced  by  the  application  of  PSB  

along  the  recommended  dose  of  fertilizer  

(NPK;  250:250:250  kg).  The  application  

of  PSB  and  inorganic  fertilizer  at  proper  

stage  and  levels  enhances  fertilizer  use  

efficiency  of  plants,  leading  to  higher  

vegetative  growth  through  the  production  

of  metabolites  and  its  translocation  

particularly  auxin,  which  promotes  

growth  by  increase  cell  division  and  cell 

enlargement. 

Number  of  fruits  plant-1,  fruit  

diameter,  yield  (tons  ha-1),  root  length,  

fresh  root  weight   

Highly  significant  differences  were  found  

among  various  treatments  and  their  

interaction;  their  mean  values  are  

presented  in (Table 3, Fig. 3).  Concerning  

phosphorus  levels  maximum  number  of  

fruits  plant-1(63),  maximum  fruit  

diameter  (17.21 cm),  maximum  yield  

(25.9  tons  ha-1),  maximum  root  length  

(14.4 cm),  and  maximum  fresh  root  

weight  (89.9 gm)  was  recorded  in  plants  

fertilized  with  phosphorus  @125  kg  ha-

1,  while  minimum  number  of  fruits  plant-

1(35),  minimum  fruit  diameter  (7.22 cm),  

minimum  yield  (18.3  tons  ha-1),  

minimum  root  length  (10.5 cm),  and  

minimum  fresh  root  weight  (70.1 gm)  

was  observed  in  control  plots.  Regarding  

PSB  treatment,  maximum  number  of  

fruits  plant-1(64),  maximum  fruit  

diameter  (13.62 cm),  maximum  yield  

(24.6  tons  ha-1),  maximum  root  length  

(14.3 cm),  and  maximum  fresh  root  

weight  (87.9 gm)  was  noticed  with  PSB  

application,  whereas  minimum  number  of  

fruits  plant-1(31),  minimum  fruit  diameter  

(12.71 cm),  minimum  yield  (18.4  tons  ha-

1),  minimum  root  length  (10.6 cm),  and  

minimum  fresh  root  weight  (69.3 gm)  

was  noted  in  without  PSB  plots.  The  

interaction  of  phosphorus  and  PSB  was  
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also  found  significant  for  the  stated  

attributes  except  fruit  diameter  and  root  

length.  In  this  case  the  maximum  

number  of  fruits  plant-1(85),  maximum  

yield  (26.8  tons  ha-1),  and  maximum  

fresh  root  weight  (105.9 gm)  was  

recorded  at  125  kg  ha-1  phosphorus  along  

with  PSB  treatment,  while  least  number  

of  fruits  plant-1(22),  minimum  yield  (14.3  

tons  ha-1),  and  minimum  fresh  root  

weight  (63.5 gm)  was  recorded  at  50  kg  

ha-1  phosphorus  and  at  control  

respectively  in  without  PSB  plots  (Fig. 

2). 

[21] stated  that  the  yield  contributing  

factors  such  as  number  of  fruits  plant-1,  

fruit  weight,  length,  fruit  diameter  and  

total  yield  were  significantly  affected  by  

organic  and  inorganic  sources  of  

nutrients  along  phosphate  solubilizing  

bacteria.  Among  different  treatment  of  

nutrients  along  PSB  the  maximum  

number  of  fruits  plant-1,  fruit  diameter,  

and  total  yield  was  recorded  with  the  

integrated  application  of  recommended  

dose  of  fertilizer  and PSB.  They  stated  

that  the  increase  in  the  yield  contributing  

factors  might  be  due  the  overall  action  

of  phosphorus  and  other  nutrients  which  

help  in  auxin  synthesis.  Auxin  a  growth  

promoting  hormone,  leads  to  increased  

cell  division  and  elongation  by  increasing  

cell’s  water  and  osmotic  solutes  

permeability.  It  also  plays  a  great  part  

in  the  synthesis  of  specific  enzymatic  

proteins  and  m-RNA,  which  increases  

cell  elasticity  and  extension,  ultimately  

results  in  cell  enlargement [22]. Besides,  

the  higher  yield  could  also  be  due  to  

more  uptake  of  nutrients  by  the  plants  

under  the  influence  of  PSB,  [21, 23]  also  

found  similar  results.  [18]  reported  a  

positive  effect  of  the  combined  

application  of  PSB  and  inorganic  

fertilizer  on  fruit  yield  of  tomato.  They  

attributed  the  enhancement  of  fruit  yield  

to  an  improve  shoot  and  root  growth  

which  results  in  higher  yield  

characteristics.  The  organic  acids  

released  by  PSB  helps  in  solubilization  

of  insoluble  phosphates  to  soluble  form  

and  in  mineralization  of  organic  P.  These  

microorganisms  consequently  serve  as  a  

source  of  P  in  soils  for  plants.  These  

results  are  also  in  line  with  the  findings  

of  [24]  in  tomato.  [25]  Stated  that  a  

significant  difference  of  phosphate  

solubilizing  bacterial  isolates  and  control  

strain  was  found  on  shoot  and  root  

length,  and  fresh  and  dry  weight  of  roots  

in  tomato.  A  mean  root  length  of  

(28.9cm)  and  fresh  root  weight  

(11.65gm)  was  recorded  in  PSB  treated  

plants  as  compared  to  control.  The  

improved  root  characteristics  can  be  

attributed  to  higher  levels  of  soluble  

phosphate  and  their  availability  to  the  

plants  in  soil..

 

Table 3. The  influence  of  Phosphate  solubilizing  bacteria  and  Phosphorus  levels  on  

different  yield  and root  characteristics  of  Tomato 

 

PSB Fruit  diameter  

(cm) 

No.  of  fruits  

plant-1 

Yield  

tons  ha-1 

Root  length  

(cm) 

Fresh  root  weight  

(g) 

without 12.71  b 31  b 18.4  b 10.3  b 69.3  b 

with 13.62  a 64  a 24.6  a 14.3  a 87.9  a 

Phosphorus (kg  ha-1) 

control 7.22  e 35  e 18.3  d 10.5  d 70.1  d 

50 11.54  d 38  d 19.8  c 10.6  d 73.8  c 

75 14.04  c 46  c 20.7  c 12.2  c 76.7  c 

100 15.82  b 55  b 22.8  b 13.6  b 82.7  b 

125 17.21  a 63  a 25.9  a 14.4  a 89.9  a 

Interaction NS 3.21 1.77 NS 4.11 
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PSB:  phosphate solubilizing bacteria  

Figure 3. The  effect  of  Phosphorus  levels  and  Phosphate  solubilizing  bacteria  on  

growth  and  yield  characteristics  of  Tomato 

 

Conclusion 

In  current  study,  five  levels  of  

phosphorus  with  and  without  phosphate  

solubilizing  bacteria  were  used  for  

growth  and  yield  enhancement  in  tomato,  

which  revealed  significant  effects  on  

studied  parameters.  Among  different  

phosphorus  levels,  phosphorus  @ 125  kg  

ha-1  along  with  PSB  treatment  proved  to  

be  most effective,  hence  it  is  

recommended  for  better  growth  and  yield  

of  tomato. 
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