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Abstract 

Intensive use of chemical fertilizers has produced environmental, health and agricultural 

hazards besides their high cost. Microbial (plant growth promoting rhizobacteria) 

inoculation as substitute to chemical fertilizers could be an effective way for sustainable 

sunflower production. Therefore, a field study was performed at the Agronomic Research 

Area, Department of Agronomy, University of Agriculture, Faisalabad, to evaluate role of 

plant growth promoting rhizobacteria for improving nitrogen and phosphorus use 

efficiency in sunflower. The study comprised of two experiments carried out during 2012 

and 2013 in randomized complete block design (RCBD) with three replications. In first 

experiment, sunflower hybrid (Hysun-33) was subjected to eleven treatments viz. 

Control, Recommended N (100%), 100% N + PGPR (Azospirillum) seed inoculation, 

75% N + PGPR (Azospirillum) seed inoculation, 50% N + PGPR (Azospirillum) seed 

inoculation, 100% N + PGPR (Azotobactor) seed inoculation, 75% N + PGPR 

(Azotobactor) seed inoculation, 50% N + PGPR (Azotobactor) seed inoculation, 100% N 

+ PGPR (Azospirillum + Azotobactor) seed inoculation, 75% N + PGPR (Azospirillum + 

Azotobactor) seed inoculation, 50% N + PGPR (Azospirillum + Azotobactor) seed 

inoculation. While second experiment comprised of treatments: Control, Recommended P 

(100%), 100% P + PGPR (Bacillus) seed inoculation, 75% P + PGPR (Bacillus) seed 

inoculation, 50% P + PGPR (Bacillus) seed inoculation, 100% P + PGPR (Pseudomonas) 

seed inoculation, 75% P + PGPR (Pseudomonas) seed inoculation, 50% P + PGPR 

(Pseudomonas) seed inoculation, 100% P + PGPR (Bacillus + Pseudomonas) seed 

inoculation, 75% P + PGPR (Bacillus + Pseudomonas) seed inoculation, 50% P + PGPR 

(Bacillus + Pseudomonas) seed inoculation. The results of first experiment depicted that 

both inoculants and their mixture with different nitrogen rates showed an increase in 

growth, yield, quality and nutrients uptake parameters. The results further revealed that 

100% nitrogen + PGPR (Azospirillum + Azotobactor) inoculation not only produced 

highest achene and oil yields but also gave maximum gross and net income and benefit 

cost ratio during both years (2011 and 2012) of experimentation. However, 75% nitrogen 

+ PGPR (Azospirillum + Azotobactor) inoculation produced statistically same yield as 

with recommended nitrogen (100%). The results of the second experiment showed 

significant improvement in growth, yield, quality and nutrients uptake of sunflower crop 

by both inoculation and their mixture sources with various combinations of phosphorus. 

However, maximum achene and oil yields with highest gross, net income and benefit cost 

ratio were obtained with the combination of 100% phosphorus + PGPR (Bacillus + 

Pseudomonas) inoculation during both years. But applying the combination of 50% 

phosphorus + PGPR (Bacillus + Pseudomonas) inoculation achieved the achene and oil 

yield statistically comparable to that of recommended phosphorus (100%) without 

inoculation. The study suggested that 25% of nitrogen and 50% of phosphorus fertilizer 

doses can be reduced by applying PGPR (Azospirillum + Azotobactor) and (Bacillus + 

Pseudomonas) inoculation sources respectively, for achieving sunflower achene yield 

which was obtained by using 100% nitrogen and phosphorus fertilizers without 

inoculation. 

  



 

1 

 

CHAPTER-1 

Introduction 

There has ever been a severe shortage of edible oilseeds in Pakistan that can 

hardly assemble the demand. Getting higher population and never ending rise in 

urbanization has led to broaden the gap between local availability and requirement owing 

to increase in number of mouths as well as rise in per capita consumption. Total domestic 

consumption of edible oil stood at about 3.07 million tons, of which 18.5% (0.57 million 

tons) came from local production (Govt. of Pakistan, 2013). Thus, the country is 

constrained to import edible oil in large quantities (about 81.5% of total requirement). 

Spending on import of edible oil accounts largest drain on national exchequer that is 

second to only mineral oil. The import bill is imposing a severe drain on foreign exchange 

reserves. During 2012-13 (July-May), Pakistan spent Rs. 242 billion for 2.5 million tons 

of oil or oilseeds (Govt. of Pakistan, 2013). A developing country like ours cannot afford 

such a mounting export bill indeed. The situation thus warrants enhancing the indigenous 

oilseed production to set aside the country from a foremost disaster in not too far future. 

Edible oil in the country comes from rapeseed (Brassica napus L.), mustard 

(Brassica juncea L.), groundnut (Arachis hypogaea L.), sesame (Sesamum indicum L.), 

linseed (Linium ustitatissimum L.) caster bean (Ricinus communis L.), sunflower 

(Helianthus annuus L.), soybean (Glycine max L.) and safflower (Carthamus tinctorius 

L.) crops, in conjunction with oil trees for instance; oil palm (Elaeis guineensis Jacq.), 

coconut (Cocos nucifera L.) and olive (Olea europaea L.). Among these, rapeseed and 

mustard are the most important winter oilseed crops and add about 10-13% to the 

indigenous edible oil making. Higher concentrations of erucic acid and glucosinolates, 

restrict the use of rapeseed and mustard oil as regular cooking oil. Cotton (Gossypium 

hirsutum L.) seed contributes about 60-70% to the total oil production. But cotton is 

primarily grown for fiber purpose, and oil contents and fiber are inversely interconnected 

offering little space for breeding cotton in Pakistan for enhancing seed oil content (Govt. 

of Pakistan, 2013). Canola offers a good promise for oilseed production but many of the 

production constraints including its adjustment in existing cropping pattern as well as 

supply of good quality seed pose limitations to its large scale adoption by the growers. 

Keeping in view this scenario, Pakistan will have to make more concerted efforts to 

increase domestic oilseed production.  
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Sunflower stands as a good candidate that can bridge the gap between demand and 

supply of edible oils in the country. As a plant of economic significance its seed contain 

40-47% oil contents and 20-27% protein (Saleem et al., 2003). It is becoming an ever 

more important source of edible oil all over the world because of having high 

polyunsaturated fatty acids including linoleic acid oleic acid and limited cholesterol 

content. Sunflower oil also contains vitamins A, D, E and K. Its oil cake is a source of 

protein for animal feed (Gandhi et al., 2008). 

In Pakistan sunflower is one of the major oilseed crop grown for production of 

edible oils. It ranks second as a source of domestic oil production after cotton 

contributing about 16%. Sunflower is cultivated twice a year during spring and autumn 

seasons. The area under cultivation is 0.196 million hectares with the total seed 

production of 0.244 million tons and edible oil production of 0.095 million tons (Govt. of 

Pakistan, 2013). Average yield of sunflower in Pakistan is far below than the genetic 

potential of various varieties under cultivation. Crop yield and its contributing factors are 

stressed by variety of factors, such as imbalanced nutrition, irrigation water insufficiency, 

sub-optimal soil fertility, saline soils, attack of diseases and insects, sub-optimal plant 

population, poor management practices, lack of appropriate crop management 

technology, delayed and conventional sowing methods. The limited plant nutrients use 

confines the soil production potential and do not allow farmers to utilize full prospective 

of sunflower crop in Pakistan. So improved management of plant nutrition is, therefore, 

necessary for obtaining complete prospective of agricultural crops (Gehl et al., 2005).  

Nitrogen and Phosphorous are essential macronutrient required by the plants. The 

most essential role of nitrogen in the plant is its existence in the protein structure and 

nucleic acids that are the most vital constructing and information elements of every cell. 

Additionally, nitrogen is also found in chlorophyll which assists the plant to transfer 

sunlight energy by photosynthesis. Therefore, nitrogen supply to the plant will affect the 

amino acids, amount of protein, protoplasm and chlorophyll formed. Furthermore, it 

affects cell size, leaf area and photosynthetic activity (Toth et al., 2002). While 

phosphorus is important for many processes especially in photosynthesis, membrane 

formation, carbon metabolism, energy generation, glycolysis, nucleic acid synthesis, 

respiration, enzyme activation/inactivation nitrogen fixation and formation of oil, sugars, 

starches etc. (Wu et al., 2005). It is a vital component of ATP, the "energy unit" of plants 

and of DNA, the genetic "memory unit" of all living things (Griffith, 1999). Phosphorus 

deficiency affects root architecture (Borch et al., 1999; Williamson et al., 2001), seed 
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development and normal crop maturity. It is also the component of all biogeochemical 

cycles in plants. So both nitrogen and phosphorus fertilizers are necessary for increasing 

the protein, oil yields, the food energy yield and energy production efficiency of 

sunflower (Blamey et al., 1981).  

But these are provided to plants chiefly in form of chemical fertilizers. Heavy use 

of chemical fertilizers to enhance soil fertility and crop productivity has possessed 

environmental, health and agricultural hazards beside their higher cost of application 

(Steinshamn et al., 2004). Release of greenhouse gases (Flessa et al., 2002; Jarecki et al., 

2008), depletion of ozone layer (Ma et al., 2007), acid rain and global warming are 

reported as negative impacts of fertilizers (Vitousek et al., 1997; Frink et al., 1999). 

Moreover the use of fertilizers has caused leaching and run-off of nutrients, especially 

nitrogen (N) and phosphorus (P), leading to environmental degradation (Gyaneshwar et 

al., 2002). Nitrogen fertilizers when applied to the soil are lost by volatilization, 

denitrification (Crowly et al., 2010.) and great quantity of phosphorus, applied as 

fertilizer becomes inert due to precipitation effect with highly reactive Al
3+

 and Fe
3+

 in 

acidic, and Ca
2+

 in normal or calcareous soils (Gyaneshwar et al., 2002). Due to which 

recovery of fertilizer nitrogen is often as low as 50% (Scheiner et al., 2002.) and 

effectiveness of phosphorus fertilizer all over the world is around, only 10 - 25% 

(Isherword, 1998). Ultimately causing yield loss and environmental hazards. 

The challenge, therefore, is to continue agricultural productivity in a way that 

minimizes harmful environmental effects of fertilizers, besides from lowering the 

production cost and harvesting more yields. For it number of approaches can be adopted, 

amongst which the best approach is to improve nutrients uptake and their use efficiency 

which can be obtained through changing the timing, source and amount of fertilizers and 

by adding organic materials (Bashan and Levanony, 1990). But microbial (PGPR) 

inoculation as substitute to chemical fertilizers is a low cost and environmental affable 

technology that can trim down the reliance on synthetic resources and can improve crop 

yield (Canbolat et al., 2006). 

The rhizosphere, volume of soil nearby roots effected chemically, physically, and 

biologically by the plant root, is a greatly promising territory for reproduction of the 

microorganisms, that exercises a promising impact on plant health and soil fertility 

(Antoun and Prevost, 2005; Podile and Kishore, 2006). In the rhizosphere, bacteria are 

the most abundant microorganisms. These microbial communities are advantageous for 

plant growth, yield, and crop quality, and they have been called “plant growth promoting 
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rhizobacteria (PGPR)” (Kloepper and Schroth, 1978).  

Various bacteria that have been stated as PGPR belong to the genera 

Pseudomonas, Bacillus, Agrobacterium, Azospirillum, Azotobacter, Alcaligenes, 

Arthrobacter, Rhizobium, Clostridium, Klebsiella, Xanthomonas, Enterobacter and 

Phyllobacterium. Microbial inoculants, such as PGPR, are promising components for 

integrated solutions to agro-environmental problems because inoculants have the ability 

to stimulate plant growth, improve nutrient accessibility and uptake, and support the 

health of plants (Dobbelaere et al., 2003; Han and Lee, 2005; Weller, 2007; Adesemoye 

et al., 2009). Moreover advantages to plants from plant–PGPR interactions have been 

exposed to include improvement in seed germination, root growth, shoot and root 

weights, leaf area, hydraulic activity, yield, chlorophyll content, nutrient uptake, protein 

content, biocontrol, tolerance to abiotic stress and delayed senescence (Bashan et al., 

2004; Bakker et al., 2007; Yang et al., 2009; Mostafa and Abo-Baker, 2010). 

In other words, these stated bacteria can openly cause plant growth or upgrading 

in crop yields by creating and exuding plant growth regulators such as auxins, 

gibberellins and cytokinins. They stimulate the root metabolic activities, provide 

biologically fixed nitrogen, and enhance phosphorous uptake by inorganic phosphates 

solubilization (Burdman et al., 2000; Podile and Kishore, 2006.) and by secondary 

mechanisms that include suppression of bacterial, viral, fungal and nematode pathogens 

(Burdman et al., 2000; Kirankumaretal, 2008). 

Research activities aimed at attaining a improved use efficiency of fertilizers, 

including the usage of PGPR as complements to fertilizers, have steadily enlarged in the 

last two decades, and a number of studies have projected that the addition of PGPR to 

crops can boost yields by increasing uptake of nutrients, including nitrogen, phosphorus, 

potassium and iron. For that Azospirillum, Azotobacter, Pseudomonas and Bacillus are 

the most widely reported PGPR, which considerably enhances growth and yield of 

agronomical crops (Bashan et al., 2004; Amir et al., 2005; Naveed et al., 2008).  

Keeping this in view, selection of effective plant growth promoting rhizobacteria 

for specific oilseed crop and site is a critical aspect in Pakistan. Hence a study was 

conducted on the potential use of PGPR for increasing sunflower yield with following 

objectives: 

 Exploring and documenting the potential of selected PGPR for improving growth, 

yield and quality of sunflower. 



 

5 

 

 To enhance sunflower production and quality through integrated use of PGPR and 

chemical fertilization. 

 To reduce the use of nitrogenous and phosphoric chemical fertilizers and 

maximizing their efficiency to obtain supreme yield with low cost of production. 
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CHAPTER-2 

Review of literature 

Though soil fertilization is considered necessary for agricultural production, but it 

may cause accumulation of nitrates and phosphates that ultimately pollutes surface and 

ground waters. The use of fertilizers, including manures and chemical fertilizers, to 

improve soil fertility and crop productivity has frequently harmfully affected the complex 

system of the biogeochemical cycles (Perrott et al., 1992; Steinshamn et al., 2004). The 

chemical fertilizers production is an exceedingly energy-intensive practice using large 

amounts of fossil energy. High-input farming practices for attaining greater yields have 

produced environmental harms and degradation in natural resources (Sahin et al., 2004). 

Thus, Figueiredo et al. (2008) stated that in the last couple of decades, the use of PGPR for 

sustainable and environment friendly agriculture has been amplified enormously in 

different arears of the world. Growing and expanding the role of bio-fertilizing with 

PGPR would lessen the requirement for chemical fertilizers and reduce their contrary 

environmental effects. Microorganisms are getting significance in agriculture to promote 

the flow of plant nutrients and decrease the necessity for chemical fertilizers (Sahin et al., 

2004; Orhan et al., 2006). 

Plant growth promoting rhizobacteria (PGPR) effect health and productivity of 

plant by a diversity of means that include stimulation of root growth, solubilization of 

mineral nutrients and distraction of root diseases, thereby lessening the necessity for use 

of chemical fertilizers and pesticides (Adesemoye and Kloepper, 2009). Since the 

principal studies on PGPR in the 1950's, several hundreds of aspirant PGPR strains have 

been selected and assessed in laboratory, greenhouse and field studies in many parts of 

the world. Now a day PGPR are generally used in developing countries and inoculants are 

being used on millions of hectares of land (Zehnder et al., 2001). 

Two paradigms that so far have appeared from the study of PGPR is that many of 

the good strains are multifunctional, and secondly, that PGPR characters are usually 

scattered among diverse species and genera of microorganisms. Many PGPR 

simaltanouly produce auxins and solubilize phosphorus that motivate root growth, and 

secrete antibiotics and siderophores that can function for the destruction of root disease. 

Other characters that may support in improvement of plant growth comprise production 

of such materials that induce systemic resistance or ethylene, enzymes degrading 

hydrogen cyanide and reactive oxygen species that are manufactured by plants during 
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environmental stress (Glick, et al., 1999; Chen et al., 2002).  

2.1. Mode of action of PGPR 

2.1.1. Biological nitrogen fixation: 

Nitrogen (N) is one of the key nutrients for improved plant growth, development 

and yield. The global nitrogen cycle contaminates ground water and raises the danger of 

chemical spills. Due to emission or leaching, its high losses and low availability is a 

restrictive aspect in agricultural ecosystems. Therefore bacteria having competence to 

make atmospheric N obtainable for plants play an important role by reducing the 

necessity for chemical fertilizers and decreasing their antagonistic environmental effects 

(Choudhury and Kennedy, 2004).  

Biological nitrogen fixation fixes about 60% of the earth's available nitrogen and 

signifies an economically useful and ecologically sound substitute to chemical fertilizers 

(Ladha and Kundu, 1997). Hence legumes and their rhizobial symbionts are frequently 

introduced to agricultural ecosystems to restore soil fertility and crop growth. On the 

other hand, non-symbiotic biological N fixation is carried out by free living diazotrophs, 

which can stimulate growth in non-legume plants. There are studies showing that N-

fixing bacteria, free-living as well as Rhizobium strains, can stimulate the growth of non-

legumes such as rice, sugar beet, sugar cane, maize and wheat (Sahin et al., 2004; Mirza 

et al., 2006) in this way playing an important role to reduced reliance on N-based 

fertilizers (Bhattacharjee et al., 2008).  

 Among the free living nitrogen fixing bacteria Azospirilum is considered to be 

more efficient with nitrogenase properties comparatively better than the other nitrogen 

fixers. Nitrogen fixation is the first major mechanism for the enhancement of plant 

growth by Azospirilum. At the same time,  Azospirillum leads the list of PGPR evaluated in 

worldwide experiments (Burdman et al., 2000; Dobbelaere et al., 2003; Lucy et al., 2004; 

Ramirez and Mellado, 2005) while Azotobacter is an aerobic, heterotrophic, a-symbiotic 

free living nitrogen fixing bacteria, isolated and described by Beijerinck (1901). In addition 

to fix nitrogen a-symbiotically, it is also known to produce plant growth hormones and 

fungistatic substances. This organism grows well in nitrogen free medium utilizing 

molecular nitrogen for its cell protein synthesis. The dead cells on subsequent 

mineralization contribute towards the nitrogen availability of plants. In an experiment 

conducted by Tamilvendan and Purushothaman (1996) Azospirilum lipoferum and 

Azospirilum brasilense showed nitrogen fixation in the range of 7.54 to 24.53 mg of 
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nitrogen per gram of malic acid after seven days at 28
°
C under static conditions. Of the 88 

Azospirilum isolates, 55 per cent were identified as A. lipoferum and 41.57 per cent as A. 

brasilense. These represented isolates from the rhizosphere/ endorhizosphere of different 

ornamental plants. The nitrogen fixing capacity of these isolates ranged from 1.4 to 20.54 

mg N per g of malic acid. 

Sivaprasad et al. (2003) observed 11 to 21 mg of N fixed per gram malate utilized 

by 50 Azospirilum strains associated with rice plants in acid sulphate soils in Kerala. 

Among several diazotrophic bacteria isolated from diverse crop plants, Azospirilum 

isolates showed highest amount of N fixation ranging from 2.55 to 22.4 mg per gram of „-

C-‟ source added. The amount of N fixed by Beijerinckia isolates were found to vary 

between 2.55 to 4.74 mg per gram of „-C-‟ source used. 

Pseudomonas and Bacillus species (Alam et al., 2001; Cakmakci et al., 2001; 

Kokalis-Burelle et al., 2002) and the other PGPR and endophytic bacteria, such as 

Enterobacter, Klebsiella, Burkholderia and Stenotrophomonas have been screened from 

various soils and due to their relationship with important crops and potential to improve 

plant growth, attracting consideration in recent years (Chelius and Triplett, 2000; Sturz et 

al., 2001; Dong et al., 2003; Ramirez and Mellado, 2005; Bashan and de-Bashan, 2010). 

In organic and low-N input agriculture, the N-fixing A. brasilense sp and Bacillus strains 

had a potential impact on improved plant growth activity of barley and spring wheat 

cultivation (O¨ zt€urk et al., 2003; Canbolat et al., 2006). Chickpea seed inoculation with 

N-fixing Bacillus subtilis (OSU-142) and Rhizobium meaningfully improved nitrogen 

content as compared to control treatment, so they might substitute expensive N fertilizers 

for the production of chickpea even in cold highland areas (Elkoca et al., 2008). 

Likewise, N-fixing bacterial strains Pseudomonas putida RC06, Bacillus OSU-142 and 

Paenibacillus polymyxa RC05 and RC14, possess great ability, and as formulations, these 

are used as biofertilizers for superior yield and quality of spinach, wheat and sugar beet 

growth (Cakmakci et al., 2007; Cakmakci et al., 2006). Moreover, inoculation 

significantly and frequently decreased the required quantities of nitrogen fertilization in 

many greenhouse and field experiments in a number of plant classes (Bashan and 

Levanony, 1990; Bashan and Holguin, 1997; Bashan et al., 2004). 
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2.1.2. Phosphorus solubilization: 

Phosphorus (P) is a vital nutrient for plant growth with low availability in several 

agricultural soils. Mainly it is absorbed during the period of vegetative growth therefore, 

much of its absorbed form is re-translocated in seeds and fruits during the stages of 

reproductive. It plays principal role in different cellular activities and functions such as 

cell division, photosynthesis, development, sugars breakdown, uptake and transport of 

nutrients within the plant (Griffith, 1999). The plants having phosphorus deficiency 

display growth retardation and dark green colouration due to enrichment of anthocyanin 

formation (Khan et al., 2009). Today numerous agricultural soils possess high total P 

content due to P fertilizers application over long periods of time, but only about 10-25% 

of fertilizer P is assimilated by the plants for promoting their functions (Saha and Biswas, 

2009). Well documented literature reveals that in different soils, a huge fraction of 

phosphorus becomes insoluble and thus, unavailable to plants as plants take only 

inorganic form of phosphorus, resulting into low recovery by crops and an accumulation 

of considerable P in soils (Alam and Ladha, 2004; Naik et al., 2008b). On the other hand, 

most of the phosphorus is slowly available to plants due to its presence in mineral forms 

(Rodriguez et al., 2006 and Richardson et al., 2009). Much of the insoluble P forms are 

existing as iron and aluminum phosphates in acidic soils (Mullen, 2005) while as calcium 

phosphates in alkaline soils (Goldstein and Krishnaraj, 2007). Root and soil associated 

bacteria with growth enhancing traits by a variety of mechanisms termed as (PGPB) plant 

growth promoting bacteria (Glick et al., 1999) and P-solublization via the beneficial 

activities of these microorganisms is generally regarded as one of the most vital 

characteristics linked with P- nutrition for proper plant growth (Rodriguez et al., 2006). 

Rendering of insoluble phosphate into available P-fraction by these beneficial 

rhizobacteria is brought about through chelation, acidification and exchange reaction 

(Neumann and Romheld, 2007; Delvasto et al., 2009). The microbes in the soil dissolve 

the soil P through production of organic acids having low molecular weight (Goldstein, 

1995). Organic acids, that solubilize phosphorus, are primarily citric acid, oxalic acid, 

lactic acid, acetic acid, gluconic acid, 2-ketogluconic acid and tartaric acid (Ivanova et al., 

2006). From these, ketogluconic acid and gluconic acid are chiefly manufactured by soil 

microorganisms (Goldstein, 1995). These organic acids are the basis of biotically 

produced H
+
 ions that are capable of dissolving the mineral phosphate and to make it 

obtainable for the plants (Bhattacharya and Jain, 2000). These acids can either dissolve 

the phosphorous directly by dropping the soil pH, which can aid in ion exchange of PO4
2-
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by means of acid ions or they can cause chelation of heavy metal ions such as Al, Ca and 

Fe and discharge phosphorus connected with them. 

The active strains of PGPR and PSB are being used to boost the level of soluble P 

in the soil which helps in overall improvement in the plant growth. Symbiotic association 

was detected between the PSB and crop plants in which bacteria provide the soluble 

phosphorus to the plants that in turn offer carbon for the microbes (Rodriguez et al., 2006 

and Fraga, 1999). Maximum of the bacterial species isolated from the soil possess the 

capability to dissolve the rock phosphate in soil as well as in culture medium, by exuding 

low molecular weight organic acids (Ivanova et al., 2006) which cause breakdown of 

phosphorus structure and render it accessible for the plants. In soil the phosphorus 

compounds, that are insoluble, are solubilized by phosphatase enzymes, organic acids and 

complexing agents formed by plants and microorganisms (Park et al., 2009). These 

bacteria are categorized as members of the Burkholderia, Bacillus, Enterobacter, 

Kluyvera, Klebsiella, Streptomyces and Pseudomonas genera (Chung et al., 2005: 

Hariprasad and Niranjana, 2009; Oliveira et al., 2009) in different studies of P 

solubilizing bacteria from various rhizospheric soils. This practice not only reimburses for 

the high price manufacturing of phosphate fertilizers but also activates and solublizes the 

fertilizers, added to soil. Various studied revealed the active phosphate solublization by 

these favorable rhizobacteria (Poonguzhali et al., 2008; Mahalakshmi and Reetha, 2009; 

Oliveira et al., 2009; Rau et al., 2009).  

Following reviews outlines the recent trends, progress and development with 

respect to mineral phosphate solublization by various plant growth promoting 

rhizobacteria. Hariprasad and Niranjana (2009) studied 43 bacterial isolates, isolated from 

different rhizospheric soil samples of tomato for plant health improvement. It was found 

that 33 isolates produce positive results for both inorganic and organic phosphate 

solublization. Further examination of available rhizospheric soil phosphorus and pH 

revealed that higher available P-content was found with phosphate solublizing bacterial 

treatment with respect to control. Linu et al. (2009) found prominent competence of two 

bacterial strains identified as (Gluconacetobacter sp. and Burkholderia sp.) on the basis 

of their phenotypic traits for solublization of mineral phophates on Pikovskaya medium. 

These bacteria provoked phosphatase, dehydrogenase and available soil P contents.  

Kundu et al. (2009) studied the biodiversity of native bacterial population with 

phosphate solublization activity in the root zone of chickpea, wheat and mustard. 

Biochemical analysis identified four important genera (Pseudomonas, Aeromonas, 
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Klebsiella and Enterobacter) which had variable activity of phosphate solublization 

ranging from 5.9-123.8% and 2.2-227.2 µg ml
-1

 in both solid and liquid Pikovskaya
,
s 

medium respectively. PGPR driven beneficial impacts of phosphate solublization on 

different plant species were also well documented by (Fischer et al., 2007; Someya et al., 

2008; Szczech and Dysko, 2008). While Yazdani et al. (2009) revealed that 50% 

reduction in applied phosphorus can be achieved without any significant drop in grain 

yield. Increase in yield and additional growth improvement is attributable to organic acids 

and acid phosphates which have vital contribution in the mineralization of organic soil 

phosphorus. 

2.1.3. Phytohormones production: 

The phytohormones production by PGPR is now considered as one of the best 

promising mechanisms by which several rhizobacteria improve plant growth (Spaepen et 

al., 2007). Phytohormones are signal molecules which perform as chemical messengers 

and have a vital role as plant growth and development regulators. These are organic 

compounds which influence morphological, physiological and biochemical processes in 

plants at very low concentrations (Fuentes-Ramírez and Caballero-Mellado, 2005). Many 

bacterial and fungal species can synthesize these phytohormones (Tsavkelova et al., 

2006) and the capability to produce phytohormones is broadly scattered amongst bacteria 

related with soil and plants. Experiments have revealed that the PGPR can motivate plant 

growth through the production of auxins (indole acetic acid) (Spaepen et al., 2008), 

gibberellines (Bottini et al., 2004) and cytokinins (Timmusk et al., 1999), or by regulating 

the higher intensities of endogenous ethylene in the plant (Glick et al., 1998). 

Auxin, indole-3-acetic acid (IAA), is a quantitatively significant phytohormone 

manufactured by a member of PGPR, and treating with this auxin-producing rhizobacteria 

improved the plant growth significantly (Vessey, 2003; Erturk et al., 2008). The IAA 

plays an important role in the division, expansion and differentiation of cells and tissues 

in plant and encourages elongation of roots. The capability to produce IAA has been 

identified in numerous free living and symbiotic species of bacteria (Costacurta et al., 

1995; Tsavkelova et al., 2006). Among PGPR species, Azospirillum is one of the best 

studied IAA producers (Dobbelaere et al., 2003). Strains of Azospirillum displayed that 

synthesis of IAA depended on the type of culture media and availability of tryptophan as 

a precursor and A. brasilense Cd produced the highest level of IAA among the different 

Azospirillum tested strains (Radwan, 1998; Bashan et al., 2004). Other IAA synthesizing 

bacteria belonging to Azotobacter (Ahmad et al., 2008), Aeromonas (Hal da-Alija, 2003), 
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Burkholderia (Hal da-Alija, 2003), Bacillus (Swain et al., 2007), Pseudomonas 

(Hariprasad and Niranjana, 2009), Enterobacter (Shoebitz et al., 2009) and Rhizobium 

(Ghosh et al., 2008) genera have also been isolated from various rhizosphere soils. 

Inoculation with IAA synthesizing PGPR has been used to promote seed germination, 

root growth and resultantly to enhance the root biomass.  

For example inoculation with Bacillus sp. increased rooting percentages when 

matched with control due to IAA production by the bacteria. Likewise, treatments with 

Agrobacterium rubi (A1, A16, and A18) and Bacillus subtilis OSU 142 stimulated 

rooting ratio and enhanced the lateral roots numbers (Ercisli et al., 2003; Ercisli et al., 

2004; Orhan et al., 2007). Swain et al. (2007) described an optimistic effect of IAA 

producing Bacillus subtilis strains on the edible tuber Dioscorea rotundata L in one of 

their experiments. They applied B. subtilis suspension on the plants surface that caused a 

rise in stem and root length, stem and root fresh weight, enhanced root: stem ratio and 

more numbers of sprouts as compared to non-inoculated plants. Ali et al. (2009) 

examined the ability of different bacterial strains of herbaceous flora to boost up IAA 

content of Triticum aestivum var. Inqalab-91. Auxin production by bacterial strains and 

endogenous IAA content of T. aestivum, both yielded a positive correlation. Likewise, a 

highly substantial positive correlation for shoot length and shoot fresh weight was noticed 

with auxin production in axenic environment. Respective bacterial inoculations also 

increased numbers of tillers (97.35%), spike length (25-20%), shoot length (29.16%) and 

seed weight (13.70%). Root associated bacteria can have noticeable effects on plant 

growth by contributing an external phytohormones source as reported by (Arkhipova et 

al., 2005; Cohen et al., 2008). Ramezanpour et al. (2010) identified 111 strains of 

fluorescents pseudomonas for their ability to produce Indole acetic acid (IAA). In the 

presence of L-tryptophan (50 mg L
-1

), IAA production recorded was in the range from 

17.7- 95.9 µg ml
-1

. Upon inoculation with selected IAA producing rhizobacteria, plant 

growth, yield and nutrient uptake substantially increased over control. 

Gibberellins are a class of phytohormones usually allied with modification of 

plant morphology by the extension of plant tissue, particularly stem tissue (Salisbury, 

1994). PGPR such as A. lipoferum, R. phaseoli, Acetobacter diazotropicus, 

Azotospirillum brasilense, Herbospirillum seropedicae, Bacillus macroides CJ-29, 

Bacillus licheniformis, Bacillus cereus MJ-1, were reported to produce GAs (Gutierrez-

Manero et al., 2001; Joo et al., 2004). While the isolation and quantification of cytokinins 

generally in nonpathogenic soil bacteria and particularly in diazotrophic bacteria has also 
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gained a little attention. These are assorted group of labile compounds that are generally 

presented in minor quantities in biological tasters and are often tough to recognize and 

quantify (Dobbelaere et al., 2003). 

Cytokinins are synthesized by bacteria like Pseudomonas Azospirillum spp. 

Furthermore, a limited PGPR strains were described to synthesize cytokinins, like 

Paenibacillus polymyxa, Rhizobium leguminosarum and Pseudomonas fluorescens (De 

Salamone et al., 2001; Bent et al., 2001; Vessey, 2003). These studies sufficiently cloud 

the synthesis of cytokinins, as compared to IAA or GAs, in PGPR. 

2.1.4. Siderophores production and enhanced iron uptake: 

Iron deficiency has been reported extensively under biological environments and 

it presents a strict challenge for all organisms to acquire iron for their growth and 

development (Glick, 2009). Regardless of the abundant iron resources in nature, it is the 

third most growth limiting nutrients for plant after N and P because of its low solubility in 

most of the soils, particularly under aerated conditions at neutral to alkaline pH (Rachid 

and Ahmed, 2005). Siderophores are small molecular weight compounds which are 

synthesized and used by bacteria and fungi as iron (Fe) chelating agents. These are 

synthesized by different kinds of bacteria in reaction to iron deficit that generally arises in 

neutral to alkaline pH soils, due to less solubility of iron at higher pH (Sharma and Johri, 

2003). Siderophores play a key role in extracellular iron solublization from organic and 

mineral surfaces. Iron is critical for cellular growth and metabolism, such that Fe 

procurement by siderophore production plays a crucial part in shaping the competitive 

suitability of bacteria to colonize plant roots and to strive for iron with other 

microorganisms in the rhizosphere (Crowley and Gries, 1994; Crowley, 2006). 

Several plants can use different bacterial siderophores as source of iron, though 

the overall concentrations are perhaps too small to contribute significantly to iron uptake 

of plant. To acquire iron plants also exploit their own mechanisms; dicots by means of a 

root membrane reductase protein which transforms insoluble Fe
3+

 into the more soluble 

Fe
2+

 ion or in the circumstance of monocots by fabrication of phytosiderophores 

(Crowley, 2006). Microbial production of siderphores has been well documented by 

(Selvakumar et al., 2009; Kummerli et al., 2009). Numerous studies have isolated 

siderophore-synthesizing bacteria belonging to the Pseudomonas (Boopathi and Rao, 

1999), Rhizobium (Roy and Chakrabartty, 2000), Bradyrhizobium (Khandelwal et al., 

2002), Serratia (Kuffner et al., 2008) and Streptomyces (Kuffner et al., 2008) genera 

from the rhizosphere. Braud et al. (2009) found production and secretion of a major 
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siderphore, Pyochelin, for iron assimilation by Pseudomonas aeruginosa. Iron chelating 

ability through outer membrane transporter (FptA) in the extracellular medium and 

translocation into the cell by siderphores producing bacterium was also reported. Zhang et 

al. (2009) studied and revealed the transcriptional activation and up-regulation of iron by 

a growth promoting bacteria Bacillus subtilis in Arabidopsis. They stated that Fe-

deficiency induced transcriptional factor (FIT1) is very crucial for bacterial strain 

induction of ferric reductase and iron transporter IRT1. Additionally, B. subtilis acidifies 

the root zone by increasing root proton release. They concluded that possible facilitation 

in the mobilization of iron is due to bacterial acidification.  

Someya et al. (2008) studied the growth promotion activities by a PGPR strain 

(Pseudomonas fluorescens under Fe-limiting environment on lettuce. Respective strains 

had strong affinity for the secretion of siderophores and iron chelation. A significant 

increase in the lettuce growth was noted under iron limiting conditions. They concluded 

that an iron chelator, siderophores by the rhizobacterial strain plays an important role in 

the growth enhancement of lettuce under iron limiting condition. Carrillo-Castañeda et al. 

(2002) after the inoculation of siderophore producing Rhizobium, Pseudomonas and 

Azospirillum described constructive effects on alfalfa plantlet growth grown in iron 

deficient cultures. The inoculated seeds of alfalfa improved their germination as well as 

the dry weight of root and stem. 

2.1.5. PGPR as stress tolerance and growth promotion by ACC deaminase and 

ethylene production: 

In the last few years, a novel mechanism of plant growth promotion comprising 

ethylene has been projected (Burdman et al., 2000). For the growth and development of 

plants ethylene is indispensable, but depending on its concentration in root tissues it has 

different influences on plant growth. At greater concentrations, it may be damaging, as it 

encourages defoliation and cellular processes which lead to inhibition of stem and root 

growth, and premature senescence, all of which lead to decreased performance of crop (Li 

et al., 2005). Under various kinds of environmental stress, such as flooding, cold, 

drought, heavy metal presence, pathogenic infections, among others, plants react by 

synthesizing 1-aminocyclopropane -1- carboxylate (ACC), which is the ethylene 

precursor (Chen et al., 2002; Glick, 2007). Some of the ACC is releazed into the 

rhizosphere and is reabsorbed by the roots, where it is transformed into ethylene. This 

ethylene accumulation leads to a downward spiral effect, as poor root growth leads to a 

reduced capability to attain water and nutrients that in turn, leads to more stress. Thus, 
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PGPR having the capacity to lower ACC in the rhizosphere may support to disrupt this 

downward cycle and regenerate a vigorous root system that is required to cope with 

environmental stress. Glick et al. (1998) gave a theory that the mode of action of certain 

PGPR was the fabrication of an enzyme, 1-aminocyclopropane-1-carboxylate (ACC) 

deaminase that could split ACC, the immediate precursor to ethylene in the biosynthetic 

pathway for ethylene in plants. They said that ACC deaminase activity would reduce 

production of ethylene in the roots of host plants and results in lengthening of the root. 

PGPR (comprising ACC deaminase) lift plant growth predominantly under stressed 

environments by the regulation of accelerated of ethylene in reaction to a multitude of 

biotic and abiotic stresses such as pathogenicity, drought, salinity, waterlogging, 

temperature and contaminants (Saleem et al., 2007).  

Rhizosphere bacteria with ACC deaminase activity belonging to the Bacillus 

(Ghosh et al., 2003), Enterobacter (Li et al., 2001), Azospirillum (Li et al., 2005), 

Achromobacter (Govindasamy et al., 2008), Pseudomonas (Govindasamy et al., 2008) 

and Rhizobium (Duan et al., 2009) genera have been isolated from different soils. 

Numerous studies have shown that treatment of plants with PGPR bacteria that can 

produce ACC deaminase, have improved their resistance to environmental stresses. 

Grinchko and Glick (2001) treated tomato seeds with the ACC deaminase expressing 

bacteria Pseudomonas putida and Enterobacter cloacae and recorded an escalation in 

plant resistance at 55 days of age to 9 successive days of flooding. In some 

circumstances, the growth elevation influence of ACC deaminase producing PGPR is 

indicated best in stress environments including drought (Zahir et al., 2008) and salt (Zahir 

et al., 2009; Nadeem et al., 2010) stress. Under water and saline stress conditions Mayak 

et al. (2004) assessed tomato plants inoculated with the bacterium Achromobacter 

piechaudii. They described a substantial rise in fresh and dry weight of inoculated plants. 

In soils having a higher copper content, Reed and Glick (2005) found an increase in dry 

matter content of the root in rape seeds treated with the ACC deaminase synthesizing 

bacterium Pseudomonas asplenii. 

In addition to stress factors, current studies showed that canola plants inoculated 

with the P. putida strain HS-2 displayed an improvement in plant biomass (Rodriguez et 

al., 2008). Nadeem et al. (2010) evaluated that potent ability of ACC-deaminase 

producing rhizobacteria alleviate salinity stress in wheat. By conducting a jar experiment 

under axenic conditions eighteen rhizobacterial strains containing ACC-deaminase were 

screened at 1 (original), 5, 10, and 15 dS m
-1

. The four most operative strains were further 
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assessed in a pot trial at salinity levels of 1.46 (original), 5, 10, and 15 dS m
-1

. In general, 

salinity dejected the wheat growth, but inoculation enhanced the growth and yield of 

wheat compared with the un-inoculated controls. At the level of high salinity (15 dS m
-1

) 

root length, plant height, plant biomass, and grain yield improved up to 37, 70, 116, and 

111%, respectively, compared with the control. Results showed that inoculated plants had 

higher K
+
/Na

+
 ratios, relative water contents and chlorophyll content; however, relatively 

low proline contents compared with controls. The results also displayed that intensity of 

the classical triple response decreased due to inoculation with these strains. Pseudomonas 

putida (W2) and P. fluorescens (W17) were the most effective strains for lessening salt 

stress even at higher levels of salinity. 

2.1.6. PGPR as bio control agent: 

Over the years, significant dip in crop yield was recorded due to massive impact 

of phytopathogenic microorganisms on agricultural production, even occasionally results 

into total crop failure (Antoun and Prevost, 2005). Biocontrol is the procedure by which a 

pathogenic organism is retained at low inoculum density or is controlled or eliminated by 

beneficial organisms. Numerous microorganisms like as PGPR and insects, existing in the 

natural environment assist as putative biocontrol agents.  

Various plant pathogenic microbes such as fungi, bacteria, nematodes and viruses 

etc. involved in several disease and infections spreading in crop plants can be controlled 

via the beneficial rhizobacteria (Vidhyasekaran et al., 2001; Viswanathan and 

Samiyaappan, 2002). PGPR are environmentally-friendly, nonpathogenic, inexpensive to 

produce, not difficult to handle, and may build long-lasting effects (Chinnasamy, 2005). 

Biocontrol mechanisms for different plant diseases may involve induce systemic 

resistance through secretions of antifungal compounds, anti-bacterial and anti-viral 

activities in addition to antagonisms, nutrients competition, defense enzymes and PR-

proteins (Cho et al., 2009; Lee et al., 2009). 

Recently, PGPRs are being used progressively and broadly in biological control of 

fungal and viral plant diseases (Lourenco et al. 2006; Saravanakumar et al., 2009; Sang et 

al., 2008; Dutta et al., 2008). Altindag et al. (2006) proposed that Burkholdria gladii 

OSU 7 has the ability to be used as biopesticide for vigorous control of brown rot disease 

on apricot. 

Sang et al. (2008) in a study stated that Chryseobacterium indologenes, 

Pseudomonas corrugata and Flavobacterium sp. exhibited constantly good control ability 
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against Phytophthora capsici. These strains could also be useful either by drench or root-

dip treatment as substitutes to agricultural chemicals for controlling Phytophthora blight 

of pepper. Akgul and Mirik (2008) in another experiment also described that Bacillus 

megaterium strains could also be used for Phytophthora capsici biocontrol. 

The use of PGPR (Bacillus cereus and Pseudomonas aeruginosa) and rhizobia in 

combined form were recommended for generation of systemic resistance in pigeon pea 

against fusarial wilt (Dutta et al., 2008). Zhang and Xue (2010) assessed the potential 

efficacy of Bacillus subtilis to suppress soybean stem rot disease under lab and 

greenhouse environment. Cell suspension and cell-free culture filtrates of respective 

bacterium (SB24) caused considerable reduction (50 to 75%) in the mycelial growth of 

(Sclerotinia sclerotiorum) causing organism and ceased sclerotial formation by > 90%. 

Distinctive (45 to 90%) reduction in the incidence of soybean stem rot severity was noted 

at concentrations ranging from 5×10
6
 to 10

9
 CFU ml

-1
 by both cell suspension and broth 

culture preparations. The most effective concentration was 5x10
8
 CFU ml

-1
 for all three 

preparations with decrease in the severity by 60 to 90%. For reducing severity of disease 

the B. subtilis SB24 was found to be most effective when applied ~ 24 h before plant 

inoculation with S. sclerotiorum and a significant usefulness was witnessed up to 15 days 

after plant inoculation. On soybean leaves under field conditions, the population density 

of B. subtilis decreased by 1.5 to 2.5 log units over 15 days and by 0.8 log units over 5 

weeks under control conditions. 

Validov et al. (2009) demonstrated biocontrol activity of a rhizobacterial strain of 

Pseudomonas putida (PCL 1760) on foot and root rot disease of tomato (TFRR). Partially 

reinstated level of seed germination was observed in the presence of biocontrol agent 

(PCL1760). Significant biological control of TFRR was also noted attributable to 

beneficial effects of P. putida. PCR quantification also disclosed that substantial 

reduction in the amount of Forl DNA (disease causing agent) in tomato plant tissues. 

Biocontrol activity of Pseudomonas genera in tomato was also reported by (Kamilova et 

al., 2006; Validov et al., 2007). 

Chan et al. (2009) identified the production of lipopeptide antibiotics to control 

Fusarium graminearum diseases in maize and wheat by Bacillus subtilis. Suppression in 

gibberella ear rot and Fusarium head blight by applying Bacillus sp. biocontrol agent was 

noted for field-grown maize and chamber grown wheat crop. Antibiotic base, lipopeptide 

mediated antifungal activity by Bacillus sp. has also been reported by (Williams et al., 

2002). Tripathi and Johri (2002) studied the biocontrol potential of Fluorescent 
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pseudomonads that are isolated and recovered from rhizoplane and rhizosphere of pea and 

wheat using in vitro inhibition of Coletotrichum dematium, Rhizoctonia solani and 

Sclerotium rolfsi and in-vivo biocontrol action in maize against sheath blight caused by 

Rhizoctonia solani. Some isolates were having multiple disease control potential while 

some others showed biocontrol potential against a specific pathogen. This study indicated 

that the Fluorescent Pseudomonads are diverse with respect to their biocontrol potential. 

Earnapalli et al. (2005) isolated several rhizobacteria, screened and selected 

promising strains effective against A. solani and worked on the biocontrol potential of ten 

efficient antagonistic bacteria against early blight of tomato in a glasshouse. Results 

revealed that seven strains possessed high biocontrol potential. Out of these, 

Pseudomonas strain B-25 was found to be the most promising strain with a disease 

control of 57.78 per cent and good plant growth promotion. While Bardas et al. (2009) 

tested the ability of two bacterial strain of Pseudomonas sp. alone and in combination to 

control bean anthracnose. They investigated (PCL1391) strain effectiveness as reduced 

pathogen growth, sporulation and conidial germinability. Likewise findings were also 

achieved by combination of both bacterial strains, in contrast to results obtained from 

(WCS365) which has not been effective to exhibit these traits in alone. Assumably, 

production of phenazine -1- carboxamide by (PCL1391) has significant role in the 

exhibition of in vitro activity. 

Cho et al. (2009) found antiviral activity of a root associated bacterium 

Pseudomonas fluorescens against Cucumber Mosaic Virus (CMV). Likewise, antiviral 

activity by P. fluorescence was shown by (Kandan et al., 2002). Mello (2001) reported 

that compatible strains of Pseudomonas fluorescens suppresses Fusarium wilt of radish 

and strain combination was more efficient than single strain inoculation for controlling 

the Coletotrichum orbiculare, P. syringae pv. Lachrymans and Erwinia tracheiphila in 

cucumber. Boer and Vander Sluis (2004) proved that inoculation with the strains of 

Pseudomonas sp. on radish resulted in enhancement of suppression of Fusarium wilt. 

Couillerot et al. (2009) analyzed the biocontrol potential of Pseudomonas fluorescens 

against soil-borne phytopathogens. P. fluorescens and closely-related species have now 

become prominent models for analysis of plant protection mechanisms and secondary 

metabolism. They reviewed contemporary genomic analysis of root zone competence and 

biocontrol features which possibly initiate the expansion of novel tools for effective 

management of indigenous and inoculated P. fluorescens biocontrol agents. 
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In another study on tomato, P. fluorescens strains were explored for biocontrol 

effectiveness against tomato spotted wilt virus (TSWV). Virus concentration value openly 

displayed a decline in viral antigen concentration in P. fluorescens-treated tomato plants 

conforming to reduced disease scores (Kandan et al., 2005). In a greenhouse experiment, 

with faba bean against bean yellow mosaic potyvirus (BYMV) Rhizobium leguminosarum 

and P. fluorescens were applied alone and in mixture to induce systemic resistance as 

seed inoculants. The outcomes revealed that BYMV challenged plants developed from 

Pseudomonas fluorescens inoculated seeds not only exhibited a distinct and substantial 

decrease in percent disease occurrence but also a substantial reduction in virus 

concentration in the challenged plants, compared with the non-inoculated seeds. 

Rhizobium alone also exhibited a considerable decrease both in in viral concentration 

value and percent disease incidence, but the reduction was less prominent than that 

resulting from Pseudomonas inoculation (Elbadry et al., 2006). Significant progress in 

particularized role of P. fluorescens has also been evaluated by (Mark et al., 2006; 

Wiyono et al., 2008). 

PGPR could also be applied for the biological control of parasitic nematodes of 

plant. Among the biological control mediators that have been evaluated to antogonize 

nematodes, Bacillus spp. and Pseudomonas spp. were found as leading populations in the 

rhizosphere (Tian et al., 2007). In other words, PGPR can destroy pathogens and pests of 

plants for helping to promote plant growth. For example, B. subtilis and P. aeruginosa 

revealed nematicidal action by slaying the second stage larvae of Meloidogyne javanica 

to a variable degree. Particularly, B. subtilis meaningfully inhibited root-knot infection 

and population densities of nematode under greenhouse and field conditions and thus 

boosted plant growth and yield in mungbean (Siddiqui et al., 2001). 

The effect of P. fluorescens inoculation on the seed germination, migration and 

penetration of Meloidogyne incognita in aubergine was assessed under laboratory 

conditions. The outcomes exposed that P. fluorescens stimulated germination and was 

operative in decreasing root penetration and the number of gall formation by M. incognita 

(Inam-ul-Haq et al., 2003). 
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2.2. PGPR with reference to improved plant growth and yield: 

Significant improvement in growth and yield of agriculturally important crops in 

response to inoculation with plant growth promoting rhizobacteria has been reported. 

These bacteria are beneficial for improvement of yield performance for cereals, oil seed 

crops, legumes, horticultural and fibre crops. Here, we present some observations about 

the effects of PGPR on different types of crops. 

2.2.1. Cereal crops:  

Sohal et al. (1996) carried out a study to evaluate the effect of Azotobacter 

chroococcum and phosphate solubilizing microorganisms (PSMs) on growth of winter 

maize, grain yield and fertilizer economy. Twenty four combinations, consisting of three 

levels of P2O5; two levels of Azotobacter and four levels of PSM were tested in a factorial 

split plot design. The results indicated that single inoculation, either with Azotobacter or 

PSM, significantly increased shoot dry mass, N and P content of winter maize. The 

increase in these parameters was significantly high upto 40 kg P2O5 ha
-1

, and it became 

almost constant at higher doses. Similar results were observed for nitrogen and 

phosphorus contents in grains. Dually inoculated plants were found to be superior to 

single inoculation at all P levels. The percentage increase in grain yield with Azotobactor 

was 9% and with dual inoculation it was 17.7% over control. Chabot et al. (2006) 

examined Rhizobium leguminosanum bv. phaseoli strains of P31, Pseudomonas sp. strain 

24, Rhizopus sp. strain 68 and Serratia sp. strain 22b, for their growth promoting effect 

on lettuce and forage maize. The results obvious demonstrated that rhizobia selected for 

Phosphate solubilization functioned as PGPR with the non-legumes (lettuce and maize). 

The P solubilization effect appears as the most important mechanism for plant growth 

promotion in the moderately fertile and very fertile soils when P uptake was enhanced 

with rhizobia and other PSM. 

Kumar et al. (2001) conducted a pot trial in the green house to examine the 

establishment of P-solubilizing strains of Azotobacter chroococcum, including soil 

isolates and mutants of the soil isolates, in the rhizosphere and their effectiveness on 

growth and root parameters of three genetically different wheat cultivars (Triticum 

aestivum L.). Five fertilizer treatments were tested: Control, 90 kg N ha
-1

, 90 kg N + 60 

kg P2O5 ha
-1

, 120 kg N ha
-1

 and 120 kg N + 60 kg P2O5 ha
-1

. Phosphate solubilizing and 

hormone producing indegenous soil isolates and mutant strains of A. chroococcum were 

isolated and selected by an enrichment method. In vitro P-solubilization and growth 

hormone production by mutant strains was enhanced as compared with soil isolates. 
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Wheat varieties treated as seed inoculation with P-solubilizing and phytohormone 

producing A. chroococcum exhibited better response as compared to control. Mutant 

strains of A. chroococcum presented greater improvement in grain (12.6%) and straw 

(11.4%) yield over control and their survival (12-14%) in the rhizosphere as compared to 

their parent soil isolate (P4). In all three varieties mutant strain M37 executed better in 

terms of improvement in grain yield (14.0%) and root biomass (11.4%) over control. 

Zaidi and Khan (2005) determined the interactive effect of rhizobacteria on growth, yield, 

and nutrient uptake of wheat (Triticum aestivum L.) in a pot trial using a sterilized soil 

deficient in available P. A positive effect on plant growth, nutrient uptake, and yield in 

wheat plants was noted in the treatment receiving mixed inocula of nitrogen-fixing A. 

chroococcum + phosphate solubilizing microbe (PSM) Pseudomonas striata + arbuscular 

mycorrhizal (AM) fungi Glomus fasciculatum. The available P status of the soil improved 

significantly following triple inoculation with A. chroococcum, P. striata, and G. 

fasciculatum. The population of Azotobacter chroococcum, PSM, percentage of the root 

infection, and spore density of AM fungi in inoculated treatments increased at 80 days of 

wheat growth. The present finding showed that rhizotrophic microorganisms can interact 

positively in promoting plant growth, as well as N and P uptake, of wheat plants, leading 

to improved yield. 

(Sharma and Prasad, 2003) conducted a field experiment to study the effect of 

phosphorus fertilization on grain, straw yields, NPK uptake of rice-wheat cropping 

system, available P, organic C and available K content of soil. Application of Mussoorie 

rock phosphate had no significant effect on the grain and straw yields of rice, however, 

when it was inoculated with P-solubilizing bacteria, it increased grain yield by 0.9-1.8 

tonnes ha
-1

, straw yield by 0.8-2.1 tonnes ha
-1

, N uptake by 18-38 kg ha
-1

, P uptake by 

2.7-6.6 kg ha
-1 

and K uptake by 16-41 kg ha
-1 

of rice-wheat cropping system. These 

increases were similar to those obtained with diammonium phosphate, application of 

diammonium phosphate increased available P only by 3-4.7 kg ha
-1

 in soil. Singh and 

Kapoor (2004) studied the effect of inoculating wheat (Triticum aestivum L.) with the 

PO4
3-- 

solubilizing microorganisms (PSM) Bacillus circulans and Cladosporium 

herbarum and the vesicular-arbuscular mycorrhizal (VAM) fungus Glomus sp. 88 with or 

without Mussoorie rock phosphate (MRP) amendment in a nutrient deficient natural 

sandy soil. In the sandy soil of low fertility root colonization by VAM fungi was low. 

Inoculation with Glomus sp. 88 improved root colonization. At maturity, grain and straw 

yields as well as N and P uptake improved significantly following inoculation with PSM 
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or the VAM fungus. These increases were higher on combined inoculation of PSM and 

the VAM fungus with MRP amendment. In general, a larger population of PSM was 

maintained in the rhizosphere of wheat in treatments with VAM fungal inoculation and 

MRP amendment. The results suggest that combined inoculation with PSM and a VAM 

fungus along with MRP amendment can improve crop yields in nutrient-deficient soils. 

Likewise Alagawadi and Gaur (1994) conducted a field experiment in medium 

black soil under rainfed conditions to evaluate the effect of combined inoculation of 

Azospirillum brasilense and Pseudomonas striata or Bacillus polymyxa (with and without 

fertilizer nitrogen and rock phosphate) on the yield and nutrient uptake of sorghum. The 

results showed a significant increase in grain and dry matter yields and N and P uptake of 

sorghum from the combined inoculation over single inoculation of individual organisms. 

In pot trials accompanied to study the influence of inoculation with single and 

mixed cultures of nitrogen fixers Arthobacter mysorens, Azospirilum lipoferum and PSB 

strain Agrobacterium radiobacter on growth and mineral nutrition of two barley 

cultivars, an optimistic result on growth, grain yield and nitrogenous nutrition was 

achieved after inoculation with mixtures of these strains (Belimov et al., 1995). Twenty 

seven PSB including seventeen bacteria and ten fungal isolates were isolated from the 

rhizosphere soil of (Triticum aestivum) crop plants. Out of these, Penicilium 

vermiculosum and Aspergillus niger were recorded to be the supreme effective strains 

(Jisha and Mathur, 2005) and the four bacteria Bacillus sp. and Pseudomonas stutzeri 

were selected to test their ability to solubilize phosphates in liquid media. Gram positive 

PSB Bacillus presented substantial effects on yield, total phosphorous and plant biomass 

of winter wheat both under pot and field conditions. It was perceived that these bacteria 

had the proficiency to transform the non-available forms of phosphorus into plant 

obtainable forms (Chen et al., 2006). Maize (Zea mays) inoculation with two competent 

screened strains i.e. Serratia marcescens and Pseudomonas sp. under greenhouse as well 

as in field conditions, exhibited the amplified plant biomass. These both strains persisted 

upto 96 days after sowing (Hameeda et al., 2006). In order to evaluate the role of 

phosphate solubilization by PSB (Azospirilum brasilens, Azotobacter coroocoocum, 

Bacillus lentus and Pseudomonas putida) on corn (Zea mays) growth and yield 

components a study was conducted. Increased number of rows, grain number per ear, ear 

weight, grain yield, biological yield and harvest index was recorded as compared to 

control (Yazdani et al., 2009). 
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2.2.2. Leguminous crops: 

Seed inoculation with Bacillus polymyxa, Pseudomonas striata and Rhizobium 

strains in chickpea (Cicer arietinum) improved the yield response and nutrient uptake 

under field conditions. Improved dry matter content, nodulation and nitrogenase activity 

was also noted which was associated with substantial improvement in nitrogen and 

phosphorous uptake over uninoculated (Alagawadi and Gaur, 1988). In another 

experiment on gram, Tomar et al. (1996) verified the effectiveness of a Pseudomonas sp. 

on the chickpea (Cicer arietinum) growth and yield that resulted in superior growth and 

grain yield. Among the sources of P, rock phosphate and pyrite found to be best to 

increase the grain yield. 

The application of Pseudomonas sp. in soybean (Glycine max) boosted the nodule 

number, nodules dry weight, yield components, grain yield, nutrient accessibility and 

uptake (Son et al., 2006). Likewise microbial inoculation and addition of rock phosphate 

enhanced biomass production and phosphorus accumulation in alfalfa (Barea et al., 

2002b). In green gram (Vigna radiata), the inoculation with various PGPR isolates like 

Pseudomonas, Serratia, Xanthomonas, Bacillus and Enterobacter caused greater 

number  of nodules, nodule dry weight, dry matter  of shoot and total dry matter. Majority 

of PGPR were capable to improve growth characteristics of green gram meaningfully 

compared to rock phosphate control and uninoculated control (Vikram and 

Hamzehzarghani, 2008). 

Cowpea (Vigna unguiculata) seed inoculation with Gluconacetobacter sp. and 

Burkholderia sp. facilitated in enriched nodulation, root and shoot biomass, straw and 

grain yield and uptake of phosphorous and nitrogen in crops. However, much better 

results were displayed by Burkholderia sp. (Linu et al., 2009). 

2.2.3. Oil seed and fiber crops: 

A field study was carried out for three consecutive years to evaluate the 

groundnut (Arachis hypogea) performance under alluvial soils of eastern India with 

diverse kinds of inoculants such as Bacilius polymyxa, Rhizobium, no inoculants and 

various levels of cobalt. Rhizobium and Bacillus polymyxa inoculation resulted in higher 

yield and nutrient uptake as compared to no inoculants (Basu and Bhadoria, 2008). 

Ekin (2010) explored the effectiveness of PSB, Bacillus M-13 on sunflower 

(Helianthus annuus) growth and productivity which resulted in the enriched seed quality 

and oil yield. An improvement in head diameter, weight of 1000 seed, kernel ratio and oil  
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content was noted which led to 15 and 24.7% seed and oil yield increase over no 

application, respectively. 

Stimulatory effects on growth, yield, nitrogen and phosphorous uptake of cotton 

(Gossipium hirusitum) with bacterial species such as Bacillus, Pseudomonas, Arthrobacter 

and Rhizobium was observed (Egamberdiyeva et al., 2005). The results also revealed the 

greater root and shoot length and soil phosphorous content. Kaymak et al. (2009) 

recommended that bio-priming with Burkholderia gladii, A. rubi, P.putida, Rhizobium 

leguminosarum and Azotobacter sp., improved root length, root dry weight and growth in 

cotton (Hafeez et al., 2004). 

A field study was carried out on cotton crop with Bacillus sp. (Akhtar et al., 

2010). Results displayed that Bacillus sp. meaningfully enhanced the plant height, bolls 

number per plant, boll weight, seed cotton yield, staple length, plant phosphorous and 

available phosphorous in the soil. It was concluded that PGPR not only employ 

advantageous effects on crop, but also increase the phosphate concentration in the soil. 

2.2.4. Vegetable and horticultural crops: 

An experiment was conducted with pepper and cucumber in nutrient deficient soil 

to assess the ability of Bacillus megaterium var. phosphaticum and potassium solubilizing 

bacteria Bacillus mucilaginosus. Results exhibited that rock phosphorus and potassium 

applied either singly or in dual combination did not enhance considerably soil availability 

of P and K, showing their incompatibility for direct application. However co-inoculation 

of PSB and KSB resulted in regularly greater P and K accessibility than in the control 

without bacterial inoculum. Integrated use of P with inoculation of PSB enhanced the P 

and K availability in soil, the N, P and K uptake by shoot and root, and the growth of 

pepper and cucumber (Han et al., 2006). 

Tomato (Lycopersicon esculentum) is considered one of the main vegetable crops. 

Tantawy et al. (2009) perceived the effects of inoculation with phosphate solubilizing 

bacteria on tomato rhizosphere, colonization process, plant growth and yield. The 

inoculation with Pseudomonas sp. and manuring with diverse organic sources had an 

optimistic noteworthy influence on phosphorous content of tomato leaves. In another 

study, the PGPR (Bacillus FS-3) application effects with five different fertilizer 

treatments were deliberated on phosphorous content of tomato (Lycopersicon esculentum) 

under greenhouse conditions. A significant increase was observed in root, shoot weight 

and phosphorous uptake of plant in PGPR application treatments than without PGPR in all 
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of fertilizer treatments (Turan et al., 2007). Hariprasad and Niranjana (2009) studied the 

effect of phosphate solubilizing rhizobacteria and revealed that phosphate solubilizing 

rhizobacteria promoted plant growth significantly in 30 day-old-seedlings. Of the 16 

isolates of phosphate solubilizing rhizobacteria, PSRB19 exhibited substantial rise in 

length of shoot (14.0 cm), root (18.0 cm), fresh mass (0.762 g) and dry mass (0.110 g) 

followed by PSRB8 isolate. In the control, root length, shoot length, fresh and dry mass 

was found to be 12.5 cm, 9.0 cm, 0.225 and 0.041 g per seedling respectively. 

Phosphorous is considered an important nutrient necessary by the sugarcane (Sacchrum 

officinarum) for the greater sugar productivity. Application of phosphate solubilizing 

bacteria, Bacillus megaterium var. phosphaticum, with different quantities of 

phosphorous fertilizer, on sugarcane enhanced the growth and yield of sugarcane and the 

available phosphorous status of the soil. Higher tillering, population and weight of stalk 

was recorded, which led to enhanced cane yield (Sundara et al., 2002). 

PGPR were able to exert a beneficial effect (Nelson, 2004) on plant growth, such 

as improved seed germination rate and percentage. Rodriguez et al. (2001) described that 

in both tomato and pepper seeds, using Azospirillum sp. provided better germination 

compared with the control. Soybean inoculation either with Pseudomonas or with B. 

japonicum also amplified seed emergence (Zaidi, 2003). Likewise, Basavaraju et al. 

(2002) found that inoculation of Azotobacter chroococcum considerably improved the 

germination percentage in radish. The inoculation trial with pepper and maize in 

greenhouse pointed out that Azotobacter sp.strains 17 and 20 stimulated pepper 

germination, whereas the maize germination was stimulated by Azospirillum strains 1 and 

23 (Reyes et al., 2008). 

2.3. PGPR and nutrients uptake: 

Living plants need 16 vital elements to survive. Three (carbon, hydrogen, and 

oxygen) of these 16 elements are provided principally from air and water. The left over 13 

are usually taken up by plant roots. Every one of these vital elements possesses at least one 

particularly distinct role in plant growth (Swaider et al., 1992). PGPR have been 

undertaken as a constituent in approaching for retaining satisfactory plant nutrition and 

decreasing the harmful environmental effects of fertilizers. PGPR can improve nutrient 

uptake from soils, hence decreasing the necessity for fertilizers and inhibiting the buildup 

of nitrates and phosphates in agricultural soils (Sundara et al., 2002; Podile and Kishore, 

2006 and Yang et al., 2009). 
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Moreover, some PGPR stimulate root development (Mantelin and Touraine, 2004) 

by phytohormones production such as indole acetic acid (Kloepper et al., 2007). Given 

that root tips and root surfaces are sites of nutrient uptake, it is probable one mechanism 

by which PGPR lead to enhance nutrient uptake through stimulation of root development 

(Yang et al., 2009). It has also been proposed that PGPR rise uptake of mineral ions via 

stimulation of the proton pump ATPase (Mantelin and Touraine, 2004). 

Several studies can be cited about the relations with PGPR and enhancement of 

nutrient uptake. For example, the effect of bacterial inoculation of Azotobacter on N, P, 

and K uptake by three phosphate responsive wheat genotypes (Triticum aestivum L.) 

under greenhouse conditions was studied. In vitro, P-solubilization and growth hormone 

secretion by mutant strains was more than by the soil isolates. Mutant strains M15 and 

M37 were proved to be effective for all three wheat varieties with regard to NPK uptake 

as well as root biomass production under greenhouse conditions (Narula et al., 2000). 

Naveed et al. (2008) notified that application of PGPR significantly improved N, P, and 

K uptakes. The Pseudomonas fluorescens biotype G (N-3) was noticed to be the best in 

boosting the maize grain yield and nutrient uptake. In addition, the inoculation process with 

Azospirillum and Bacillus spp. displayed affirmative reaction in augmenting higher 

nitrogen, phosphorus, and potassium accumulation in the plant tissues, increased root dry 

weight and top growth of seedlings under field nursery conditions (Amir et al., 2005). In 

other fresh study, Dursun et al. (2008) found that Burkholderia gladii, B. subtilis, B. 

megaterium, P. putidita and A. rubi applications improved mineral contents predominantly 

N, P, K, Zn, Fe, Na, Mn, Ca, and Mg in rocket leaves when compared with the control. 

In a study designed for assessing effects of Bacillus OSU-142, Burkholderia OSU-

7, and Pseudomonas BA-8 foliar application of, it was indicated that application of 

bacteria caused in an increase of leaves N, P, K, Ca, and Mg contents (Esitken et al., 

2005). Likewise, Esitken et al. (2003 a) proposed that N, P, K, Ca, and Mg contents of 

leaves were greater on OSU 142-treated plants than on the untreated control. 

An increase in phosphorus availability to plants by the inoculation of PSM has 

been reported priorly in pot trials and under field conditions (Zaidi et al., 2003). 

Shatokhina and Khristenko (1996) found a positive effect of the inoculation of maize 

seeds by Rhizoenterine, an associative nitrogen fixing bacterium, in complex with a 

culture of phosphate solubilizing bacteria in field experiments with a background of 

minimized organomineral fertilization. Results showed that the application of this 

complex bacterial preparation enhanced the biological potential of the soil, improved the 



 

27 

 

trophic regime, and favored a more efficient recovery of nutrients from soil and fertilizers 

by plants. Therefore, PGPR contributed expressively to the decreasing nutrient build up in 

the soil. Numerous studies are proceeding that will further describe the utility of PGPR in 

strategies of nutrient management aimed at decreasing rates of fertilizer application and 

nutrient runoff from agricultural sources (Yang et al., 2009; Kumar et al., 2009). 
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CHAPTER-3 

Materials and Methods  
 

3.1. Site and Soil: 

The research studies were conducted for two consecutive years (2012 and 2013) at 

the Agronomic Research Area, University of Agriculture, Faisalabad. The experimental 

area is located at 73° East longitude, 31° North latitude and at an altitude of 135 meters 

above sea level. 

Soil of the experimental area was quite uniform, so a composite and representative 

soil samples to a depth of 30 cm were obtained with soil auger, before sowing of crop. 

Soil samples were analyzed in the laboratory of Soil Fertility Survey and Soil Testing 

Institute, Ayub Agricultural Research Institute, Faisalabad, for various physico-chemical 

properties. 

3.1. Physico-chemical analysis of soil (before sowing) 

Determinations Unit Value 

   2012 2013 

A Physical analysis    

 Sand % 64.5 65 

Silt % 16.5 17 

Clay % 18 18.8 

Textural class Sandy clay loam 

B Chemical analysis    

 Saturation % 39 37 

pH  7.8 7.7 

EC dSm
-1

 1.37 1.30 

Organic matter % 0.83 0.80 

Total nitrogen % 0.042 0.046 

Available phosphorus ppm 7.9 8.4 

Available potassium ppm 140 142 
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3.1.1 Mechanical analysis: 

Percentage of sand, silt and clay was determined by Bouyoucos hydrometer 

method. Soil (50 g) was soaked overnight with one percent sodium hexameta phosphate 

solution plus distilled water. Then this was dispersed with electric stirrer, transferred to a 

1 L graduated cylinder; silt and clay particles (%) were determined using Bouyoucos 

hydrometer. Textural class was determined by following the international textural 

triangle (Moodie et al., l959). 

3.1.2. Chemical analysis: 

3.1.2.1. Saturation (%): 

A portion of saturated soil (field capacity level) paste was transferred to a tarred 

china dish. It was weighed, dried to constant weight at 105°C and weighed again. 

Saturation percentage was calculated using the formula (Handbook 60, Method 27a).  

3.1.2.2. Soil paste (pH): 

About 250 g soil was saturated with distilled water. The paste was allowed to 

stand for one hour and pH was recorded by pH meter with glass electrode using buffers of 

4.0 and 9.0 pH as standards (Handbook 60, Method 21a). 

3.1.2.3. Electrical conductivity (ECe):  

Saturated soil extract was taken by using vacuum pump (Method 3a) and its 

electrical conductivity was measured using digital conductivity meter (Model Jenway 

4070). 

3.1.2.4. Organic matter: 

1 gram of soil was mixed with 10 ml of 1 N potassium dichromate solution and 

added 20 ml of concentrated sulphuric acid. Then 150 ml of distilled water and 25 ml of 

0.5 N ferrous sulphate solution were added and excess was titrated with 0.1 N potassium 

permanganate solution to a pink end point (Moodie et al., 1959). 

3.1.2.5. Total nitrogen:  

Its determination was performed by H2SO4 digestion and distillation procedure of 

Ginning and Hibbard with macro Kjeldhal‟s apparatus (Jackson, 1962).  

 3.1.2.6. Available phosphorus:  

  In an acid mixture of HNO3 and HClO4, samples were digested. Then phosphorus 

was determined by developing colour, using colour reagent (ammonium molybdate, 

ammonium vanadate and nitric acid) with a spectrophotometer at 470 nm wave length 

after calibrating with P standards (Handbook 60, Method 61). 
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3.1.2.7. Extractable potassium: 

Extraction and determination were carried out with 1 N ammonium acetate (pH 7) 

and potassium respectively by Flame Photometer (Jenway PFP-7) (Method 1la, Salinity 

Laboratory Staff, 1954).  

3.2. Meteorological data:  

Climatic data as temperature, rainfall and humidity for the both cropping seasons 

were collected from the metrological station located at University of Agriculture, 

Faisalabad. Weather summary for the growing years 2012-2013 is presented in Fig.3.1 

 

 

Fig. 3.1. Meteorological data showing mean monthly temperature, humidity and 

rainfall during growing seasons (2012 and 2013) of sunflower. 

 

3.3. Experimental details:  

Two field experiments were conducted for evaluating role of plant growth 

promoting rhizobacteria for improving nitrogen and phosphorus use efficiency in 

sunflower. Investigations were carried out for two seasons during 2012 and 2013. The 

details of each experiment are given below.  

3.3.1. Experiment No. 1:  

Evaluating role of plant growth promoting rhizobacteria for improving nitrogen use 

efficiency in sunflower (Helianthus annuus L.) 

 Treatments 

 T1= Control (without N) 

 T2= Recommended N (100%) (110 kg ha
-1

) 
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 T3= 100% of recommended N + PGPR (Azospirillum) seed inoculation 

 T4= 75% of recommended N + PGPR (Azospirillum) seed inoculation 

 T5= 50% of recommended N + PGPR (Azospirillum) seed inoculation 

 T6= 100% of recommended N + PGPR (Azotobactor) seed inoculation 

 T7= 75% of recommended N + PGPR (Azotobactor) seed inoculation 

 T8= 50% of recommended N + PGPR (Azotobactor) seed inoculation 

 T9= 100% of recommended N + PGPR *(Azospirillum + Azotobactor) seed inoculation 

 T10= 75% of recommended N + PGPR *(Azospirillum + Azotobactor) seed inoculation 

 T11= 50% of recommended N + PGPR *(Azospirillum + Azotobactor) seed inoculation 

 * = Dual inoculation 

The experiment was laid out in randomized complete block design (RCBD) with 

three replications. Net plot size was 4.5 m   7 m.  

3.3.2. Crop Husbandry: 

The seedbed preparation was uniform in each experiment. Each year before 

seedbed preparation, presoaking irrigation of 10 cm depth was applied. When the soil 

reached the proper moisture level (Locally called as "Watter" condition), the seedbed was 

prepared by cultivating the soil for 2-3 times with tractor mounted cultivator to a depth of 

10-12 cm each followed by planking. Sunflower hybrid (Hysun-33) was sown in 2
nd

 week 

of February, during both the years as a test crop using seed rate of 6 kg ha
-1

 in the pattern 

of 75 cm apart single rows with the help of dibbler maintaining plant to plant distance of 

20 cm. For inoculation prepared inocula of respective rhizobacterial species were added 

into sterilized peat of an appropriate proportion (100 ml kg
-1

 peat) and seed to peat ratio 

was kept 5:1 (w/w). 50 ml sticking agent in the form of 10% sterilized sugar solution was 

also used. Inoculated peat was thoroughly mixed to carry out procedural inoculation for 

sunflower seeds. Control remained untreated as the seeds were coated with cementing 

suspension but without inocula. Phosphorus and potassium were applied at the rate of 57 

kg ha
-1

 and 62 kg ha
-1

 each in the form of SSP and SOP, respectively while nitrogen was 

applied in the form of urea according to the treatments (110 kg ha
-1

, 82.5 kg ha
-1

, 55 kg 

ha
-1

). Whole of the phosphorous, potash and 1/2 of the nitrogen was applied at sowing 

while remaining dose of nitrogen was applied in two splits, 1/4 at 1
st
 irrigation and 1/4 at 

flowering. Similarly, under good crop management, crop was kept free of weeds by hand 

hoeing as required to avoid competition between weeds and sunflower crop. 
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3.3.3. Observations recorded 

In the experiment, the following observations were recorded in both years during 

course of study. 

A. Agronomic traits 

1. Plant height at maturity (cm)  

2. Stem diameter (cm)  

3. Head diameter (cm)  

4. Number of achenes per head  

5. 1000-achene weight (g)  

6. Achene yield (kg ha
-1

)  

7. Biological yield (kg ha
-1

) 

8. Oil yield (kg ha
-1

)   

9. Harvest index (%)  

B. Phenological traits 

1. Days taken to 50% germination 

2. Days taken to 50% flowering 

3. Days taken to 50% maturity 

C. Growth and development 

1. Leaf area index (LAI)  

2. Leaf area duration (days)  

3. Crop growth rate (g m
-2

 day
-1

)  

4. Net assimilation rate (g m
-2

 day
-1

) 

5. Root length (cm) 

6. Root dry weight (g) 

D. Nutrients uptake 

1. N uptake in plant (kg ha
-1

)  

2. P uptake in plant (kg ha
-1

) 

3. Nutrients use efficiency (kg ha
-1

) 

E. Quality Traits 

1. Achene oil content (%)  

2. Achene protein content (%)  

3. Achene fatty acid profile (%) 

F. Economic analysis  
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3.3.4. Data recording procedures 

The procedures adopted for recording data on various parameters are described as under:  

A. Agronomic traits: 

1. Plant height (cm): 

The height of ten randomly selected plants from each plot was measured with a  

meter rod from the base of a plant to the point of attachment of stem to capitulum at 

maturity.  

2. Stem diameter (cm):  

At final harvesting, vernier caliper was used to determine stem diameter of ten 

randomly selected plants at base, middle and top of each stem and then was averaged to 

compute stem diameter in cm. 

3. Head diameter (cm):  

Diameter of 10 randomly selected heads were measured in cm with the help of a 

measuring tape and then averaged. 

4. Number of achenes per head: 

After manual threshing, number of achenes in ten randomly selected heads were 

counted and then averaged. 

5. 1000-achene weight (g):  

From the seed lot of every plot five samples, each of 1000-achenes were randomly 

selected and then recorded their weight and mean 1000-achene weight was computed. 

6. Achene yield (kg ha
-1

): 

After harvesting the matured plants, the heads were separated, sun dried and 

threshed manually. The achene yield per plot was taken separately to determine moisture 

contents. The method involved removal of all the moisture from the seed by heating to 

drive off the water in the seed. The seed samples were weighed and then heated at 130°C 

(266°F) in an oven till all the moisture was removed (A.S.A.E, 1977). The dry weight 

was determined. The difference of the two weight i.e. total moisture was divided by the 

initial sample wet weight and multiplied by 100 to obtain% moisture, which ranged 

between 30-35%. Thereafter the plot yield was calculated at 10% seed moisture content 

accordingly and then converted to kg ha
-1

. 

7. Biological yield (kg ha
-1

): 

Without achenes, weight of air-dried plants was recorded on plot basis (4.5 × 7 m) 

and then converted into kg ha
-1

. The recorded weight was then added to the already 

calculated achene yield (kg ha
-1

) to find out biological yield. 



 

34 

 

8. Oil yield (kg ha
-1

): 

Oil content (%) determined for each experimental unit was multiplied with achene 

yield of respective plot to compute the oil yield on ha
-1

 basis. 

9. Harvest index (%)  

Harvest index was computed as the ratio of achene yield to biological yield and 

calculated as follows. 

Harvest index (%)   
Achene yield

Biological yield
   100 

 

B. Phenological traits: 

1. Days taken to 50% germination: 

Days taken to 50% germination was recorded when 50% seeds of sunflower sown 

in each plot emerged out. 

2. Days taken to 50% flowering: 

Ten randomly selected plants from each plot were tagged and date was noted, 

when 50% of these plants flowered and then average was calculated. The days to 50% 

flowering were calculated from the days taken from the sowing date of the crop. 

3. Days taken to 50% maturity: 

The same ten tagged plants (used for days taken to 50% flowering) were used, and 

date was noted when 50% of these plants were matured, then average was calculated for 

days taken to 50% maturity. 

C. Growth and development traits: 

Sampling:  

Plant sampling was done fortnightly starting from 30 days after sowing and total 

five harvests were made. After leaving appropriate borders, five plants representing each 

plot were clipped from ground surface, and leaves, stem and head (when appeared) were 

separated and their fresh weights recorded. After this, samples were oven dried to a 

constant dry weight at 75°C. The procedure for computing various attributes are 

described below. 

1. Leaf area index (LAI):  

From above sampling, leaves were separated, fresh weight recorded at each 

sampling and a subsample of 20 g was used to measure leaf area by a leaf area meter (DT 

Area Meter, model MK2). Total leaf area was computed after making calculations of total  
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leaf dry weight. Leaf area index (LAI) was calculated by using the formula given by 

Watson (1947).  

LAI   
Leaf area

Land area
 

2. Leaf area duration (days):  

Leaf area duration (LAD) was measured by using the formulae suggested by Hunt 

(1978) as under:  

LAD   
(           )   (     )

2
 

Where, LAI1 and LAI2 are leaf area indices at times t2 and t1 respectively.  

3. Crop growth rate (g m
-2

 day
-1

):  

Total dry weight of periodic samples was used to estimate crop growth rate as 

proposed by Hunt (1978). 

CGR   
(      ) 

(     )
 

Where, W2 and W1 are total dry weight per unit land area (g m
-2

) at time t2 and t1 

respectively.  

4. Net assimilation rate (g m
-2

 day
-1

):  

Net assimilation rate was determined by using the formula given by Hunt (1978). 

NAR   
   

   
 

Where, TDM is total dry matter, and LAD is seasonal leaf area duration. 

5. Root length (cm): 

 The soil around five plants (45 DAS) was dig out with the sharp shovel (8 cm 

sharp cutting edge) up to 40 cm depth and then laid the roots of plants in running water 

until all the soil is washed away from the roots. The root length in cm was measured 

using meter tap and averaged. 

6. Root dry weight (g): 

Root samples were kept in the oven at 75°C for drying, after raping them with 

paper bag, until constant weight was obtained and then root dry weight per plant was 

calculated and averaged. 

D. Nutrients uptake: 

Sample preparation:  

Plant samples were oven dried at 75°C to a constant weight. The oven dried plant 

material was ground to a powdered form with electric grinding machine and stored in 
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clean dry plastic bags for chemical analysis.  

1. Nitrogen uptake (kg ha
-1

):  

The nitrogen content of achenes, and stalk (including stem, leaf and head) was 

also determined as an average of one sample from each of three replications by micro 

Kjeldahl method (A.O.A.C, 1990). Then from the standard curve, nitrogen concentration 

(%) in plant was calculated and then converted in plant uptake (kg ha
-1

) by multiplying 

with dry matter yield. 

2. Phosphorus uptake (kg ha
-1

):  

One gram oven dried plant material was digested in di acid mixture (20 ml 

concentrated HNO3 and 10 ml of 72% HC1O4), cooled the digest, transferred to 100 ml 

volumetric flask and made the volume with distilled water (Method 54a, US Salinity Lab. 

Staff, 1954). Five ml of the digested aliquot was taken in 50 ml volumetric flask, added 5 

ml of ammonium vanadate (0.25%) and ammonium molybdate (5%), made volume and 

allowed to stand for 15-30 minutes. Reading was recorded on spectrophotometer at 410 

nm. Then from the standard curve, phosphorus concentration (%) in plant was calculated 

and then converted in plant uptake (kg ha
-1

) by multiply with dry matter yield. 

Nutrients use efficiency (kg kg
-1

):  

  The nutrients (N and P) use efficiency (NUE) was calculated as the ratio of 

achene yield (kg ha
-1

) to respective nutrient applied (kg ha
-1

) to the crop as suggested by 

Montemurro and Giorgio, (2005). 

E. Quality traits: 

1. Achene oil content (%):  

Oil content was determined by Soxhlet Fat Extraction method (A.O.A.C, 1990). 

Seeds were dried at 105°C in an oven for about 8 hours. For moisture content analysis, 

seeds were weighed before and after drying. Two gram seeds per thimble were ground in 

a coffee mill for the analysis. Thimbles were weighed separately and ground seed was 

added and the final weight was recorded. The thimbles were placed in extractors. Six dry 

and clean 250 ml round bottom flasks were weighed and weights recorded. Solvent 

(petroleum ether) was added to flasks, they were connected to the extractors and placed 

on heating mantles, connected with condensers. Flasks were heated and extraction was 

continued for at least 6 hours. Then extraction was stopped, removed thimbles and then 

reheated the flasks, so that all of the solvent could be collected in the Soxhlet extractors. 

Allowed the apparatus to cool and dried the flasks at 105°C for 1 hr. After cooling, the 

flasks and oil were weighed together. Percent oil content was calculated using the 



 

37 

 

following equation.  

% oil = wt. of flask + oil – wt. of flask / wt. of flask + seed – wt. of flask × 100 

2. Achene protein content (%):  

The nitrogen content of achenes was determined by micro Kjeldahl method 

(A.O.A.C, 1990). A 1g sample of dried and finely ground achenes was taken in a Kjeldahl 

flask. 11.5g of digestion mixture (K2SO4 + FeSO4 + CuSO4) in the ratio of 10:1:0.5 was 

added followed by 20 ml of H2SO4. The sample was boiled in digestion apparatus for 2-

2.5 h until the contents became clear. The digested material was cooled and diluted up to 

250 ml in a volumetric flask by adding distilled water. An aliquot 10 ml of this was 

transferred to the micro Kjeldahl distillation apparatus. It was mixed with 10 ml of 40% 

NaOH and distilled in a receiver containing 10 ml of 2 % boric acid solution with methyl 

red as indicator. The contents of the distillate were titrated against standard sulfuric acid 

(N/10 H2SO4) to light pink color end point. From the volume of acid used, percentage of 

nitrogen was calculated based on ammonia liberated. Nitrogen and crude protein (CP) 

percentage were worked out as under.  

Nitrogen percentage = Volume of acid used × 0.0014 × 250 × 100 / sample × 10 ml  

Crude protein percentage = % nitrogen × 6.25 

3. Achene fatty acid profile (%): 

Gas liquid chromatography was done for determining relative composition of 

different fatty acids in oil (Martin, 1979). Oil was prepared with rancy oilseeds crusher. 

One ml of methylating solution and 0.5 ml petroleum ether dispensed into 10 × 75 mm 

test tubes, and a loop of oil was added. Swirled the loop in solution and rinsed with 

petroleum ether between sampling. Capped the tubes and mixed at room temperature for 

30 minutes. Added 1ml distilled water, mixed and waited for 10 minutes, then injected 

1µL of the upper layer into the gas chromatograph. 

F. Economic Analysis: 

The experimental data for both years were analyzed economically by using the 

methodology described in CIMMYT (1988). Net benefit and benefit cost ratio were 

calculated. Net benefits were calculated by subtracting the total variable cost from the 

gross income for each treatment combination. Benefit cost ratio was calculated for each 

treatment by the following formula: 

      
Gross income

Total cost
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3.3.2. Experiment No. 2: 

Evaluating role of plant growth promoting rhizobacteria for improving phosphorus 

use efficiency in sunflower (Helianthus annuus L.). 

Treatments 

T1 = Control (without P) 

T2 = Recommended P (100%) (57 kg ha
-1

) 

T3 = 100% of recommended P + PGPR (Bacillus) seed inoculation 

T4 = 75% of recommended P + PGPR (Bacillus) seed inoculation 

T5 = 50% of recommended P + PGPR (Bacillus) seed inoculation 

T6 = 100% of recommended P + PGPR (Pseudomonas) seed inoculation 

T7 = 75% of recommended P + PGPR (Pseudomonas) seed inoculation 

T8 = 50% of recommended P + PGPR (Pseudomonas) seed inoculation 

T9 = 100% of recommended P + PGPR *(Bacillus + Pseudomonas) seed inoculation 

T10= 75% of recommended P + PGPR *(Bacillus + Pseudomonas) seed inoculation 

T11 = 50% of recommended P + PGPR *(Bacillus + Pseudomonas) seed inoculation 

* = Dual inoculation 

3.3.2.1 Crop Establishment   

Almost uniform number of plants in each treatment was established in both the 

experiments during both the years (Table presented in appendix 1 and 2). 

3.3.2.2 Observations recorded: 

Observations recorded were almost same as in the experiment No.1. 

3.3.2.3 Crop husbandry: 

Nitrogen and potassium were applied at the rate of 110 kg ha
-1

 and 62 kg ha
-1

 in 

the form of urea and SOP, respectively. While, phosphorus was applied in the form of 

SSP according to the treatments (57 kg ha
-1

,42.75 kg ha
-1

, 28.5 kg ha
-1

). Other crop 

production technology and procedures was same as described in the experiment No.1. 

3.4. Statistical analysis: 

Data recorded for both experiments were statistically analyzed by using the 

Fisher's analysis of variance technique and LSD test at 5% probability was used to 

compare the differences among treatments' means (Steel et al., 1997). The possible 

contrasts were also made and their analysis was carried at 5% probability level. Simple 

correlation coefficients and regression equations for yield components and seed yield as 

well as for achene quality parameters and seed yield were also computed. 
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CHAPTER-4 

Results and discussion 

 

4.1. Results of experiment-1  

Evaluating role of plant growth promoting rhizobacteria for improving nitrogen use 

efficiency in sunflower (Helianthus annuus L.) 

4.1.1. Agronomic traits: 

4.1.1.1. Plant height at maturity (cm): 

The results presented in table (4.1) show that various PGPR inoculation and 

chemical nitrogen rates had significant effect on plant height during both growing 

periods. In 2012, the highest plant height (195 cm) was obtained in T9 treatment where 

nitrogen was applied 100% with dual inoculation. It was followed by T3 (100% N + 

Azospirillum inoculation) and T6 (100% N + Azotobactor inoculation) treatments 

producing plant height of 189 cm and 185 cm respectively, which however, were 

statistically at par with each other. While the lowest plant height (135 cm) was obtained 

in T1 in which no inoculation and nitrogen was applied. Almost similar trend was 

revealed in 2013 and in average of two years (pooled data) mean. The year also had 

substantial influence on plant height by giving taller plants in 2012 than in 2013. 

The analysis of contrast shows that, in 2012 all the contrasts i.e T1 vs all, T2 vs 

(T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs 

(T9-T11) had significant effect on plant height. However, in the next year (2013) of 

trialing, contrasts among T2 vs (T3-T5) and T2 vs (T6-T8) did not significantly affected the 

plant height. 

4.1.1.2. Stem diameter (cm): 

Stem diameter of sunflower was significantly influenced by the treatments under 

study (Table 4.2) during both years. In 2012, the maximum stem diameter (2.79 cm) was 

recorded in T9 (100% N + dual inoculation) treatment, which was statistically similar with 

(T3) and (T6) where 100% N + Azospirillum inoculation and 100% N + Azotobactor 

inoculation was applied. However, the minimum stem diameter (1.79 cm) was found in 

T1 (control) treatment. Similar data trend was observed in 2013 and in pooled values over  
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two years. Year effect was non-significant. But on an average, the plants had slightly 

more stem diameter during 2012 than in 2013. 

Among different contrasts, in each year (2012 and 2013) T1 vs all, (T3-T5) vs (T6-

T8) and (T3-T5) vs (T9-T11) showed highly significant effect on stem diameter, while T2 vs 

(T3-T5), T2 vs (T6-T8), T2 vs (T9-T11) and (T6-T8) vs (T9-T11) presented non-significant 

effect for the parameter under discussion. 

4.1.1.3. Head diameter (cm): 

Data (Table 4.3) displays significant effects of different PGPR inoculation and 

chemical nitrogen rates on head diameter. In each growing period, T9 (100% N + dual 

inoculation) treatment significantlly improved head diameter (18.96 and 18.07 cm) 

compared to all other treatments, with the exception of T3 (100% N + Azospirillum 

inoculation) in 2013, where the difference in head diameter among the two treatments 

was non-significant. However, minimum head diameter (11.50 and 11.07 cm) was noted 

in T1 (control), where no inoculation and chemical nitrogen was added. Similar trend 

regarding head diameter was noted in average of two years mean data. Whereas, year 

influence on head diameter was non-significant. 

The statistical investigation with contrasts point out that during 2012 all the tested 

contrasts, except T2 vs (T6-T8) had significant effect upon head diameter. However, in 

2013 T2 vs (T9-T11) were also non-significant along with T2 vs (T6-T8). 

The relationship between head diameter and achene yield is also displayed in Fig. 

4.1.1 which indicates a strong and positive association among the two parameters. 

4.1.1.4. Number of achenes per head: 

The productive potential of a head is measured in terms of number of achenes per 

head. It is one of the most important yield components and has direct bearing on final 

achene yield of sunflower. Different PGPR inoculation and chemical nitrogen rates 

enhanced number of achenes per head over control (T1) during both the years of 

experimentation (Table 4.4). In each year, T9 (100% N + dual inoculation) treatment 

significantly enhanced number of achenes (929 and 887) per head in comparison to all 

other treatments, except that of T3 (100% N + Azospirillum inoculation) with which the 

difference was statistically non-significant. Same trend was established by averaging the 

both year‟s results. Regarding year effect, more number of achenes per head was counted 

in 2012 than 2013 but difference among these did not reach at significant level. 
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Table 4.1. Effect of PGPR inoculation and chemical nitrogen rates on plant height 

(cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 135.40  i 133.00  i 134.20 

T2=100% Recommended nitrogen 179.80  d 175.30  cd 177.55 

T3=100% N + Azospirillum inoculation 189.10  b 182.50  ab 185.80 

T4=75% N + Azospirillum inoculation 173.5    e 169.50  de 171.50 

T5=50% N + Azospirillum inoculation 161.80  gh 159.30  gh 160.55 

T6=100% N + Azotobactor inoculation 185.93  bc 179.00  bc 182.47 

T7=75% N + Azotobactor inoculation 169.90  ef 167.10  ef 168.50 

T8=50% N + Azotobactor inoculation 157.30  h 156.00  h 156.65 

T9=100% N + Dual inoculation  195.97  a 188.30  a 192.13 

T10=75% N + Dual inoculation  181.03  cd 175.60  cd 178.32 

T11=50% N + Dual inoculation 166.00  fg 162.90  fg 164.45 

LSD 5% 6.04 6.2  

Year means 173.25 a 168.95 b  

LSD 5% 3.77  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * NS  

T2 vs (T9-T11) * NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 

  

 

 

 

 

 

 

 

 

 

 



 

42 

 

Table 4.2. Effect of PGPR inoculation and chemical nitrogen rates on stem diameter 

(cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 1.79  g 1.81  g 1.80 

T2=100% Recommended nitrogen 2.63  cd 2.59  cd 2.61 

T3=100% N + Azospirillum inoculation 2.74  a 2.69  ab 2.72 

T4=75% N + Azospirillum inoculation 2.59  cd 2.57  d 2.58 

T5=50% N + Azospirillum inoculation 2.48  ef 2.44  f 2.46 

T6=100% N + Azotobactor inoculation 2.72  ab 2.67  abc 2.70 

T7=75% N + Azotobactor inoculation 2.55  de 2.53  de 2.54 

T8=50% N + Azotobactor inoculation 2.43  f 2.40  f 2.42 

T9=100% N + Dual inoculation  2.79  a 2.74  a 2.77 

T10=75% N + Dual inoculation  2.65 bc 2.61  bcd 2.63 

T11=50% N + Dual inoculation 2.50  ef 2.46  ef 2.48 

LSD 5% 0.082 0.085  

Year means 2.53 2.50  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.3. Effect of PGPR inoculation and chemical nitrogen rates on head diameter 

(cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 11.50  h 11.07    f 11.28 

T2=100% Recommended nitrogen 17.39  cd 16.69  c 17.04 

T3=100% N + Azospirillum inoculation 18.26  b 17.58  ab 17.92 

T4=75% N + Azospirillum inoculation 16.98  de 16.24  cd 16.61 

T5=50% N + Azospirillum inoculation 15.78  g 15.09    e 15.435 

T6=100% N + Azotobactor inoculation 17.94  bc 17.30  b 17.615 

T7=75% N + Azotobactor inoculation 16.65  ef 15.92    d 16.285 

T8=50% N + Azotobactor inoculation 15.38  g 14.69    e 15.035 

T9=100% N + Dual inoculation  18.96  a 18.07  a 18.515 

T10=75% N + Dual inoculation  17.66  c 17.30 b 17.48 

T11=50% N + Dual inoculation 16.39  f 15.77   d 16.08 

LSD 5% 0.55 0.59  

Year means 16.63 15.97  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) * NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.1 Relationship between head diameter (cm) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean 
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 The results further showed that for number of achenes per head contrasts among 

T1 vs all, T2 vs (T3-T5), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) 

were significant, while T2 vs (T6-T8) and T2 vs (T9-T11) were non-significant in 2012. But 

in 2013 all the contrasts were significant except only from T2 vs (T6-T8) which did not 

show significant effect for enhancing number of achens per head. 

 In each year and their pooled values a strong positive correlation was detected 

between number of achenes per head and achene yield (Fig. 4.1.2). 

4.1.1.5. 1000-achene weight (g): 

1000-achene weight has a key role in defining the yield potential of a seed crop, as 

it expresses the extent of seed development. Data (Table 4.5) shows that the treatments 

under study had a significant effect on the parameter under discussion during both 

growing periods. 

In both years, T9 (100% N + dual inoculation) produced significantly the heaviest 

1000-achenes in weight (51.00 and 49.79 g) compared to all other treatments. It was 

followed by T3 (100% N + Azospirillum inoculation) and T6 (100% N + Azotobactor 

inoculation) which were statistically similar with each other during both years. While, 

statistically the lightest 1000 achenes (40.20 and 39.43 g) were produced by T1 (control) 

treatment where no nitrogen and inoculation was applied. Two year mean data also 

exhibited the same trend. However year effect was found significant with heavier 1000 

achenes weight in first year (2012) than the following year (2013). 

From statistical analysis for orthogonal contrasts it can be concluded that all the 

contrasts, between the treatments T1 vs all, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) significantly increased 1000 

achenes weight during both years (2012 and 2013) of experimentation.  

A highly significant and positive association among 1000 achene weight and 

achene yield was obtained (Fig. 4.1.3) showing that achene yield has high dependence on 

1000-achene weight. 

4.1.1.6. Achene yield (kg ha
-1

): 

Different PGPR inoculation and chemical nitrogen rates significantly affected the achene 

yield (Table 4.6) in both seasons. In 2012 the highest achene yield (3016 kg ha
-1

) was 

produced in plots of the treatment (T9), where 100% nitrogen was applied with dual 

inoculation. This was followed by T3 (100% N + Azospirillum inoculation) and T6 (100%  
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Table 4.4. Effect of PGPR inoculation and chemical nitrogen rates on number of 

achenes per head of sunflower 
  

Treatments 2012 2013 Mean 

T1=Control 576  h 540  f 558 

T2=100% Recommended nitrogen 827  d 797  c 812 

T3=100% N + Azospirillum inoculation 907  ab 869  ab 888 

T4=75% N + Azospirillum inoculation 797  de 767  cd 782 

T5=50% N + Azospirillum inoculation 726  g 704  e 715 

T6=100% N + Azotobactor inoculation 894  bc 853  b 873.5 

T7=75% N + Azotobactor inoculation 772  ef 748  d 760 

T8=50% N + Azotobactor inoculation 710  g 680  e 695 

T9=100% N + Dual inoculation  929  a 887  a 908 

T10=75% N + Dual inoculation  871  c 838  b 854.5 

T11=50% N + Dual inoculation 762   f 738  d 750 

LSD 5% 34.05 32.39  

Year means 797 766  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * **  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

  

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.2 Relationship between number of achenes per head and achene yield (kg ha
-

1
) in sunflower during 2012, 2013 and their mean 
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Table 4.5. Effect of PGPR inoculation and chemical nitrogen rates on 1000 achene 

weight (g) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 40.02  g 39.43  h 39.83 

T2=100% Recommended nitrogen 48.26  c 47.31  d 48.51 

T3=100% N + Azospirillum inoculation 50.10  b 48.96  b 50.43 

T4=75% N + Azospirillum inoculation 47.03  d 46.03  e 47.32 

T5=50% N + Azospirillum inoculation 45.00  ef 43.70  g 45.65 

T6=100% N + Azotobactor inoculation 49.50  b 48.52  bc 49.56 

T7=75% N + Azotobactor inoculation 46.56  d 45.39  ef 46.95 

T8=50% N + Azotobactor inoculation 44.50  f 43.28  g 44.64 

T9=100% N + Dual inoculation  51.00  a 49.79  a 51.05 

T10=75% N + Dual inoculation  48.63  c 47.71  cd 48.61 

T11=50% N + Dual inoculation 45.70  e 44.60  f 45.90 

LSD 5% 0.85 0.81  

Year means 48.37 a 45.89 b  

LSD 5% 1.23  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * **  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

  

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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Fig. 4.1.3 Relationship between 1000 achene weight (g) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean 
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Table 4.6. Effect of PGPR inoculation and chemical nitrogen rates on achene yield 

(kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 1402  h 1351  h 1377 

T2=100% Recommended nitrogen 2621  d 2524  d 2573 

T3=100% N + Azospirillum inoculation 2831  b 2720  b 2776 

T4=75% N + Azospirillum inoculation 2457  e 2379  e 2418 

T5=50% N + Azospirillum inoculation 2176  g 2094  g 2135 

T6=100% N + Azotobactor inoculation 2751  bc 2660  bc 2706 

T7=75% N + Azotobactor inoculation 2385  ef 2309  ef 2347 

T8=50% N + Azotobactor inoculation 2096  g 2014  g 2055 

T9=100% N + Dual inoculation  3016  a 2882  a 2949 

T10=75% N + Dual inoculation  2693 cd 2581 cd 2637 

T11=50% N + Dual inoculation 2332  f 2235  f 2288 

LSD 5% 124.5 118.1  

Year means 2433 a 2342 b  

LSD 5% 40.36  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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N + Azotobactor inoculation) which however, were statistically identical among 

themselves. While achene yield produced in case of T1 (control) plots (1402 kg ha
-1

) was 

the lowest. Among different inoculation sources, dual inoculation with different nitrogen 

rates significantly increased achene yield over all single inoculation and nitrogen rates. 

However, among single inoculation treatments Azospirillum gave better results than 

Azotobactor, but they did not vary statistically. Same data pattern was observed in 2013 

and in pooled values over two years. However, 2012 was recorded significantly more 

productive by giving higher yield than 2013. 

The orthogonal contrasts among treatments T2 vs (T6-T8) and T2 vs (T9-T11) 

displayed significant effect for increasing achene yield of sunflower. While among the 

treatments of contrasts T1 vs all, T2 vs (T3-T5), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and 

(T6-T8) vs (T9-T11) highly significant increase in achene yield for each year (2012 and 

2013) was exhibited. 

4.1.1.7. Biological yield (kg ha
-1

): 

The outcomes related to biological yield are presented in table (4.7) and it shows 

significant effect on biological yield in response to various PGPR inoculation and 

chemical nitrogen rates during both years of experimentation. The T9 (100% N + dual 

inoculation) treatment produced the highest biological yield (11580 and 11190 kg ha
-1

) 

than other treatments in both years, excluding T3 (100% N + Azospirillum inoculation), 

where the difference among the two treatments were only substantial in 2012 but not in 

2013. However, statistically lowest biological yield (6931 and 6740 kg ha
-1

) was 

produced by T1 (control) treatment. Similar trend was noted in pooled values of two 

years, while year effect on biological yield was also significant with higher values in 

2012 than in 2013.  

As far as contrasts having concerned, in both years of trial T1 vs all, T2 vs (T3-T5), 

(T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed significant 

response for producing higher biological yield. While T2 vs (T6-T8) and T2 vs (T9-T11) 

both remained non-significant in 2012 but T2 vs (T9-T11) produced significant effect for 

improving biological yield in 2013.  

The Fig. 4.1.4 presents a strong positive relationship between biological yield with 

achene yield during 2012, 2013 and pooled values. 
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4.1.1.8. Oil yield (kg ha
-1

): 

Statistics in table (4.8) reveals significant difference among various PGPR 

inoculation and nitrogen rate treatments during both growing periods, for oil yield of 

sunflower.  

In each growing period (2012 and 2013) maximum oil yield (1197 and 1026 kg 

ha
-1

) was obtained from the plots of treatment (T9) where 100% nitrogen was applied with 

dual inoculation, and it was found statistically superior against rest of the treatments. 

Whereas minimum oil yield (603 and 577 kg ha
-1

) was obtained from the plots where 

neither inoculation nor nitrogen was applied (T1). Parallel data fashion was observed in 

pooled values over two growing periods. The year influence on oil yield was also found 

statistically substantial with greater values in 2012 than in 2013. 

The orthogonal contrasts among treatments T2 vs (T6-T8) and T2 vs (T9-T11) had 

statistically similar values for oil yield, but the contrasts among the treatments T1 vs all, 

T2 vs (T3-T5), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) presented 

highly significant values of oil yield during both years of experimentation (2012 and 

2013). 

4.1.1.9. Harvest index (%):  

The physiological capacity of plant to partition dry matter among its economic 

and non-economic parts can be assessed from its harvest index. Results pertaining to 

harvest index in response to different PGPR inoculation and chemical nitrogen rates are 

presented in table (4.9). During both seasons (2012 and 2013) harvest index was affected 

significantly by the applied treatments. Results also displayed that year revealed 

statistically significant effect on harvest index. During both seasons maximum harvest 

index (26.03 and 25.74%) was given by 100% nitrogen with dual inoculation (T9) against 

the rest of inoculation sources and nitrogen rates. However in 2012 treatment T9 was 

found statistically at par with treatment T3 (100% N + Azospirillum inoculation) which 

gave harvest index 25.71%. While the minimum harvest index was recorded (20.22%) in 

control (T1) where no inoculation and nitrogen was applied. Similar trend was noted in 

mean values of two year data. As year effect was significant which showed that 

statistically greater harvest index was obtained in 2012 than in 2013. 

The statistical analysis using contrasts show that various tested contrasts i.e. T1 vs 

all, T2 vs (T3-T5), T2 vs (T6-T8), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-

T11) highly significantly influenced the harvest index in both years of trial. 
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Table 4.7. Effect of PGPR inoculation and chemical nitrogen rates on biological 

yield (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 6931  g 6740  h 6836 

T2=100% Recommended nitrogen 10520 cd 10200 d 10360 

T3=100% N + Azospirillum inoculation 11005 b 10871 ab 10938 

T4=75% N + Azospirillum inoculation 10324 de 10071 de 10198 

T5=50% N + Azospirillum inoculation 9690  f 9390  g 9540 

T6=100% N + Azotobactor inoculation 10860 b 10695 bc 10778 

T7=75% N + Azotobactor inoculation 10180 e 9830  ef 10005 

T8=50% N + Azotobactor inoculation 9500  f 9180  g 9340 

T9=100% N + Dual inoculation  11580 a 11190 a 11385 

T10=75% N + Dual inoculation  10795 bc 10390 cd 10593 

T11=50% N + Dual inoculation 10090 e 9733  f 9908 

LSD 5% 329.97 320.93  

Year means 10134 a 9844 b  

LSD 5% 93.28  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.4 Relationship between biological yield (kg ha
-1

) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean  
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Table 4.8. Effect of PGPR inoculation and chemical nitrogen rates on oil yield (kg 

ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 603  g 577  g 590 

T2=100% Recommended nitrogen 1026  cd 977  cd 1001 

T3=100% N + Azospirillum inoculation 1121  b 1059  b 1090 

T4=75% N + Azospirillum inoculation 995  d 956  d 975 

T5=50% N + Azospirillum inoculation 915  ef 868  ef 891 

T6=100% N + Azotobactor inoculation 1083  bc 1034  bc 1058 

T7=75% N + Azotobactor inoculation 964  de 926  de 945 

T8=50% N + Azotobactor inoculation 879  f 834  f 857 

T9=100% N + Dual inoculation  1197  a 1126  a 1161 

T10=75% N + Dual inoculation  1095  bc 1039  bc 1067 

T11=50% N + Dual inoculation 982  de 933  d 958 

LSD 5% 70.55 64.36  

Year means 987 a 939 b  

LSD 5% 26.76  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.9. Effect of PGPR inoculation and chemical nitrogen rates on harvest index 

(%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    20.22  g    20.08  f 20.15 

T2=100% Recommended nitrogen    24.90  c    24.73  b 24.82 

T3=100% N + Azospirillum inoculation    25.71  ab    25.01  b 25.36 

T4=75% N + Azospirillum inoculation    23.77  d    23.60  c 23.69 

T5=50% N + Azospirillum inoculation    22.43  f    22.27  e 22.35 

T6=100% N + Azotobactor inoculation    25.31  bc    24.86  b 25.09 

T7=75% N + Azotobactor inoculation    23.39  de    23.47  cd 23.43 

T8=50% N + Azotobactor inoculation    22.04  f    21.92  e 21.98 

T9=100% N + Dual inoculation     26.03  a    25.74  a 25.89 

T10=75% N + Dual inoculation     24.94  c    24.82 b 24.88 

T11=50% N + Dual inoculation    23.09  e    22.96  d 23.02 

LSD 5% 0.63 0.61  

Year means 23.81 a 23.59 b  

LSD 5% 0.18  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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4.1.2. Phenological traits 

4.1.2.1. Days taken to 50% germination: 

The results presented in (Table 4.10) show that various PGPR inoculation and 

chemical nitrogen rates had non-significant effect on number of days taken to 50% 

germination by sunflower during both growing periods (2012 and 2013) and their pooled 

values. While the year effect and the analysis of different contrasts among treatments also 

depicted non-significant effect for days taken to 50% germination. 

4.1.2.2. Days taken to 50% flowering: 

Table 4.11 presents the statistics of days taken to 50% flowering as affected by 

different PGPR inoculation and chemical nitrogen rates. In both years (2012 and 2013), 

T9 (100% N + dual inoculation) took more days (64.40 and 62.66) to 50% flowering than 

all other treatments. This was however, statistically at par with T3, T6, T2 and T10 

regarding days taken to 50% flowering. Whereas statistically least number of days to 50% 

flowering (59.00 and 57.33) were taken by T1 (control) in either year. Two year mean 

statistics also exhibited same trend for days taken to 50% flowering by sunflower crop. 

Year effect was also significant by taking more days to 50% flowering in 2012 than in 

2013.  

As far as the effects of orthogonal contrast analysis is concerned, during 2012 as 

well as in 2013 all the contrasts i.e. T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs 

(T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) were found non-significant, except 

only from T1 vs all which had statistically different effect for days taken to 50% 

flowering. 

4.1.2.3. Days taken to 50% maturity: 

Days taken to 50% maturity were significantly affected by different PGPR 

inoculation and chemical nitrogen rates during both research periods i.e 2012 and 2013 

(Table 4.12). 

In the first period of research (2012) maximum number of days for 50% maturity 

(110.00) were taken by T9 (100% N + dual inoculation) treatment, but it did not vary 

significantly with T3, T6, T2 and T10 treated plots. However, minimum days (103.00) were 

taken by T1 (control) for 50% maturity. Same trend was also noted in second period of 

research (2013) and in pooled values.  Year also showed significant effect by taking more 

days to 50% maturity in 2012 than in 2013. 
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Table 4.10. Effect of PGPR inoculation and chemical nitrogen rates on days taken to 

50% germination of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 7.33 7.00 7.17 

T2=100% Recommended nitrogen 8.66 8.00 8.33 

T3=100% N + Azospirillum inoculation 8.66 8.00 8.33 

T4=75% N + Azospirillum inoculation 8.00 7.33 7.67 

T5=50% N + Azospirillum inoculation 7.66 7.33 7.50 

T6=100% N + Azotobactor inoculation 8.66 8.33 8.50 

T7=75% N + Azotobactor inoculation 8.33 7.66 8.00 

T8=50% N + Azotobactor inoculation 7.66 7.33 7.50 

T9=100% N + Dual inoculation  9.00 8.33 8.67 

T10=75% N + Dual inoculation  8.33 8.00 8.17 

T11=50% N + Dual inoculation 8.33 7.66 8.00 

LSD 5% NS  

Year means 8.24 7.72  

LSD 5% NS  

Contrast analysis    

T1 vs All NS NS  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) NS NS  

(T6-T8) vs (T9-T11) NS NS  

 

NS=Non-significant 
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Table 4.11. Effect of PGPR inoculation and chemical nitrogen rates on days taken to 

50% flowering of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 59.00    f 57.33   d 58.17 

T2=100% Recommended nitrogen 63.00  abcd 61.36  ab 62.18 

T3=100% N + Azospirillum inoculation 63.60  ab 62.10  ab 62.85 

T4=75% N + Azospirillum inoculation 62.36  bcde 60.66  abc 61.51 

T5=50% N + Azospirillum inoculation 61.30    de 59.20   c 60.25 

T6=100% N + Azotobactor inoculation 63.33  abc 62.00  ab 62.67 

T7=75% N + Azotobactor inoculation 62.26  bcde 60.43  bc 61.35 

T8=50% N + Azotobactor inoculation 61.00    e 59.00   c 60.00 

T9=100% N + Dual inoculation  64.40    a 62.66   a 63.53 

T10=75% N + Dual inoculation  62.90 abcd 61.00  abc 61.95 

T11=50% N + Dual inoculation 61.66   cde 59.26   c 60.46 

LSD 5% 1.8 2.00  

Year means 62.26 a 59.45 b  

LSD 5% 1.33  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) NS NS  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.12. Effect of PGPR inoculation and chemical nitrogen rates on days taken to 

50% maturity of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 103.00   f 101.33  d 102.17 

T2=100% Recommended nitrogen 108.67  abc 106.67  ab 107.67 

T3=100% N + Azospirillum inoculation 109.43  ab 107.80  a 108.62 

T4=75% N + Azospirillum inoculation 107.76  bcde 105.33  bc 106.55 

T5=50% N + Azospirillum inoculation 106.60   de 104.76  bc 105.68 

T6=100% N + Azotobactor inoculation 109.16  abc 107.43  a 108.30 

T7=75% N + Azotobactor inoculation 107.47  cde 105.06   bc 106.27 

T8=50% N + Azotobactor inoculation 106.00  e 104.40  c 105.20 

T9=100% N + Dual inoculation  110.00  a 108.30  a 109.15 

T10=75% N + Dual inoculation  108.33  abcd 106.56  ab 107.45 

T11=50% N + Dual inoculation 106.73  de 105.00  bc 105.87 

LSD 5% 1.79 2.01  

Year means 107.56 a 105.69 b  

LSD 5% 1.21  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) NS NS  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Among contrasts, in both years (2012 and 2013) with the exception of T1 vs all, 

all the contrasts i.e. T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T6-T8), (T3-T5) 

vs (T9-T11) and (T6-T8) vs (T9-T11) displayed statistically non-significant effect on the trait 

under argument. 

4.1.3. Growth and development traits 

4.1.3.1. Root length (cm): 

It can be inferred from the table (4.13) that in both cropping periods various 

treatments of PGPR inoculation and nitrogen rates differed significantly for root length 

(45 DAS). 

In each cropping period (2012 and 2013), T9 (100% N + dual inoculation) 

treatment gave significantly the maximum root length (28.00 and 26.22 cm) compared to 

all other treatments, with the exception of T3 (100% N + Azospirillum inoculation) in 

2012, where the difference in root length among two treatments was non-significant. 

However, the least root length was noted in T1 (control) treatment (18.70 and 17.04 cm). 

Similar trend regarding root length was noted in average of two years mean data. The 

year effect on root length shows that significantly longer roots were noted in 2012 than in 

2013.  

From statistical analysis for orthogonal contrasts it can be concluded that all the 

contrasts, between the treatments T1 vs all, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) significantly increased root 

length in both growing periods (2012 and 2013) of experimentation. 

4.1.3.2. Root dry weight (g): 

Data in table (4.14) displays that during two years of investigation root dry weight 

varied significantly in response to various PGPR inoculation and chemical nitrogen rates.  

In year 2012, the highest root dry weight (7.50 g) was gained by T9 (100% N + dual 

inoculation), while lowest (4.51 g) was given by T1 (control) treatment. However, root 

dry weight of (T9) was recorded statistically identical to that of T3 (100% N + 

Azospirillum inoculation). Likewise, in the following year (2013) highest and lowest root 

dry weight (6.99 and 4.09 g) was also attained with (T9) and (T1) respectively. But this 

time root dry weight of treatment (T9) and (T3) were found statistically different from 

each other. Identical data trend was received in average of two years mean. While year 

effect attained, was not varying significantly. 
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 During both years (2012 and 2013) all the contrasts, between the treatments T1 vs 

all, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), 

(T6-T8) vs (T9-T11) displayed significant effect for improvement in root dry weight of 

sunflower. 

4.1.3.3. Leaf area index: 

 Leaf area index is a vital physiological character of plant growth. Greater the 

value of leaf area index, the higher will be the dry matter buildup potential of the crop. 

Periodic results of LAI are given in Fig 4.1.5a which presents that there was progressive 

rise in leaf area index till the end of the growth period. In the start (30 days after sowing) 

variations in LAI were less clear. But with the passage of time, those variations became 

more distinct up to the end of grand growth period and declined thereafter as the crop 

proceeded towards physiological maturity.  

Data regarding leaf area index documented at 75 DAS (Table 4.15) expose that 

various PGPR inoculation and chemical nitrogen fertilizer treatments had significant 

effect during the two years of experimentation. In 2012 significantly maximum value 

(4.45) for leaf area index was noted in plots of the treatment (T9) where 100% nitrogen 

was applied with dual inoculation. This was followed by T3 (100% N + Azospirillum 

inoculation) and T6 (100% N + Azotobactor inoculation) which however, were 

statistically same with each other. The minimum value for leaf area index (2.44) was 

achieved in plots where no inoculation and chemical nitrogen was added (T1). Parallel 

data fashion was observed in 2013 and in pooled values over two years. While the 

comparison of both years‟ values depicts that year had non-significant influence on leaf 

area index. 

The statistical analysis with contrasts indicated that nearly highly significant 

increase in LAI values, between the treatments of each contrast was exhibited, except the 

contrast among treatments T2 vs (T9-T11), which had statistically identical values for LAI 

of sunflower during both years. 

The results of correlation analysis indicate a highly significant positive association 

between achene yield and leaf area index at 75 DAS (Fig. 4.1.5b). 
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Table 4.13. Effect of PGPR inoculation and chemical nitrogen rates on root length 

(cm) (45 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 18.70  g 17.04  g 17.87 

T2=100% Recommended nitrogen 26.32  c 24.45  c 25.39 

T3=100% N + Azospirillum inoculation 27.53  a 25.49  b 26.51 

T4=75% N + Azospirillum inoculation 25.27  d 23.61  d 24.44 

T5=50% N + Azospirillum inoculation 24.11  ef 22.62  f 23.37 

T6=100% N + Azotobactor inoculation 26.83  b 25.06  b 25.95 

T7=75% N + Azotobactor inoculation 25.01  d 23.29  de 24.15 

T8=50% N + Azotobactor inoculation 23.73  f 22.41  f 23.07 

T9=100% N + Dual inoculation  28.00  a 26.22  a 27.11 

T10=75% N + Dual inoculation  25.93  c 24.10  c 25.02 

T11=50% N + Dual inoculation 24.48  e 22.93  e 23.71 

LSD 5% 0.47 0.43  

Year means 25.08 a 23.38 b  

LSD 5% 1.63  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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Table 4.14. Effect of PGPR inoculation and chemical nitrogen rates on root dry 

weight (g) (45 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 4.51  g 4.09  h 4.30 

T2=100% Recommended nitrogen 6.72  c 6.28  cd 6.50 

T3=100% N + Azospirillum inoculation 7.24  ab 6.74  b 6.99 

T4=75% N + Azospirillum inoculation 6.19  d 5.77  e 5.98 

T5=50% N + Azospirillum inoculation 5.43  f 4.94  g 5.19 

T6=100% N + Azotobactor inoculation 7.03  b 6.52  bc 6.78 

T7=75% N + Azotobactor inoculation 6.06  d 5.60  ef 5.83 

T8=50% N + Azotobactor inoculation 5.32  f 4.80  g 5.06 

T9=100% N + Dual inoculation  7.50  a 6.99  a 7.25 

T10=75% N + Dual inoculation  6.49  c 6.05  d 6.27 

T11=50% N + Dual inoculation 5.76  e 5.38  f 5.57 

LSD 5% 0.28 0.24  

Year means 6.20 5.74  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * *  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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Table 4.15. Effect of PGPR inoculation and chemical nitrogen rates on leaf area 

index (75 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 2.44  h 2.27  i 2.36 

T2=100% Recommended nitrogen 3.90  cd 3.75  de 3.83 

T3=100% N + Azospirillum inoculation 4.19  b 4.01  b 4.10 

T4=75% N + Azospirillum inoculation 3.75  de 3.61  ef 3.68 

T5=50% N + Azospirillum inoculation 3.34  g 3.16  h 3.25 

T6=100% N + Azotobactor inoculation 4.13  b 3.96  bc 4.05 

T7=75% N + Azotobactor inoculation 3.66  ef 3.51  fg 3.59 

T8=50% N + Azotobactor inoculation 3.23  g 3.03  h 3.13 

T9=100% N + Dual inoculation  4.45  a 4.25  a 4.35 

T10=75% N + Dual inoculation  3.96  c 3.80  cd 3.88 

T11=50% N + Dual inoculation 3.51  f 3.35  g 3.43 

LSD 5% 0.16 0.17  

Year means 3.69 3.50  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11)  NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig 4.1.5a Effect of PGPR inoculation and chemical nitrogen rates on periodic leaf 

area index (LAI) of sunflower in 2012 and 2013 
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Fig. 4.1.5b Relationship between leaf area index at 75 DAS and achene yield (kg ha
-

1
) in sunflower during 2012, 2013 and their mean 
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4.1.3.4. Leaf area duration (days):  

The data regarding effect of different PGPR inoculation and chemical nitrogen 

rates showed significant differences in leaf area duration (LAD) in both cropping seasons 

(Table 4.16). In year 2012 and 2013, T9 (100% N + dual inoculation) significantly 

improved leaf area duration (190.27 and 182.85 days) as related to all other treatments. 

This was trailed by T3 (100% N + Azospirillum inoculation) and T6 (100% N + 

Azotobactor inoculation) which improved leaf area duration compared to remaining 

treatments in each cropping season with giving values (179.77 and 171.52 days) and 

(176.92 and 168.75 days) respectively. However, the least leaf area duration (105.52 and 

98.62 days) was given by without inoculation and nitrogen applied plots (T1) in both 

cropping seasons. Similar trend was revealed in average of two seasons (pooled data) 

means. The year also had considerable influence by recording greater leaf area duration in 

first season (2012) than in second season (2013). 

The statistical analysis with contrasts, in each year of experimentation (2012 and 

2013) indicated that nearly highly significant increase in LAD values, between the 

treatments of each contrast was revealed, excluding the contrast among treatments T2 vs 

(T9-T11) which showed statistically similar values for LAD of sunflower. 

 

4.1.3.5. Mean crop growth rate (g m
-2

 d
-1

): 

Efficient use of applied inputs in a particular set of situations is revealed by crop 

growth rate (CGR) which in fact, is the improvement in weight of community of 

vegetation per unit of land and time. The outcomes on periodic growth rate of the crop 

with different treatments (F1 - F11) in each season are shown in (Fig. 4.1.6a). It was 

recorded that CGR was slow in the beginning and changes in the treatments were not 

distinct. However, the CGR increased gradually and reached up to its maximum value 

from 60-75 days after sowing (DAS) and after that it started to drop in all the treatments 

and reached its minimum value towards maturity. 

The data related to mean CGR (30 DAS to 90 DAS) given in table (4.17) depicts 

that during two years of investigation CGR varied significantly in response to various 

PGPR inoculation and chemical nitrogen rates. CGR ranged between 9.60-17.65 g m
-2

 d
-1

 

and 9.20-17.07 g m
-2

 d
-1

 during 2012 and 2013 respectively. In 2012 highest improvement 

in CGR was observed in T9 ((100% N + dual inoculation) while the lowest improvement 

in CGR was found in T1 (control) treatment. However T9 varied significantly for 



 

69 

 

improving CGR in comparison to all other treatments. A same pattern of results was 

attained in the next year (2013) and for average of both years‟ consequences. Year effect 

was found non-significant, however relatively better CGR was achieved in 2012 than that 

of 2013. 

The orthogonal contrasts among treatments T2 vs (T6-T8) and T2 vs (T9-T11) had 

statistically similar values for CGR, but the contrasts among the treatments T1 vs all, T2 

vs (T3-T5), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) presented highly 

significant values of CGR during both years of experimentation (2012 and 2013).  

The correlation analysis outcomes show that highly significant and positive 

relationship among achene yield and mean crop growth rate was exhibited during 2012, 

2013 and also in their average values (Fig. 4.1.6b). 

4.1.3.6. Net assimilation rate (g m
-2

 d
-1

): 

Net assimilation rate (NAR) is the net accumulation of photosynthetic assimilates 

per unit of leaf area and time. Statistics in table (4.18) reveal significant difference among 

various PGPR inoculation and nitrogen rate treatments during both growing periods, for 

NAR of sunflower.  

In each growing period (2012 and 2013) maximum increase in NAR ( 6.30 and 

5.87 g m
-2

 d
-1

) was recorded from the plots of treatment (T9) where 100% nitrogen was 

applied with dual inoculation, and it was found statistically superior against rest of the 

treatments. Whereas, minimum increased NAR (4.60 and 4.15 g m
-2

 d
-1

) was recorded in 

plots where neither inoculation nor nitrogen was added (T1). Parallel data fashion was 

observed in pooled values over two growing periods. The year influence on NAR was 

also found statistically substantial with greater values in 2012 than in 2013. 

There was highly significant rise in net assimilation rate of sunflower in 

combinations of each contrast like, T1 vs all, T2 vs (T3-T5), (T3-T5) vs (T6-T8), (T3-T5) vs 

(T9-T11) and (T6-T8) vs (T9-T11), in each year, excluding the contrast among treatments T2 

vs (T9-T11) which showed statistically similar values for NAR of sunflower. 

The Fig. 4.1.7 indicates that the association among achene yield and net 

assimilation rate was highly significant and positive in 2012, 2013 and mean values of 

both years. 
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 Table 4.16. Effect of PGPR inoculation and chemical nitrogen rates on leaf area 

duration (days) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 105.52  i 98.62  h 102.07 

T2=100% Recommended nitrogen 169.05  d 160.42 c 164.74 

T3=100% N + Azospirillum inoculation 179.77  b 171.52 b 175.65 

T4=75% N + Azospirillum inoculation 159.90  e 151.95 d 155.93 

T5=50% N + Azospirillum inoculation 142.87  gh 132.52 fg 137.70 

T6=100% N + Azotobactor inoculation 176.92  bc 168.75 bc 172.84 

T7=75% N + Azotobactor inoculation 155.55  ef 146.77 de 151.16 

T8=50% N + Azotobactor inoculation 137.55  h 126.52 g 132.04 

T9=100% N + Dual inoculation  190.27  a 182.85 a 186.56 

T10=75% N + Dual inoculation  169.87  cd 162.52 c 166.20 

T11=50% N + Dual inoculation 149.62   fg 140.40 ef 145.01 

LSD 5% 7.83 8.41  

Year means 157.90 a 149.35 b  

LSD 5% 6.71  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.17. Effect of PGPR inoculation and chemical nitrogen rates on mean crop 

growth rate (g m
-2

 d
-1

) (30 DAS to 90 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 9.60  h 9.20  h 9.40 

T2=100% Recommended nitrogen 15.50 de 15.05 d 15.28 

T3=100% N + Azospirillum inoculation 16.66 b 16.11 b 16.39 

T4=75% N + Azospirillum inoculation 14.70 ef 14.38 de 14.54 

T5=50% N + Azospirillum inoculation 13.15 g 12.67 g 12.91 

T6=100% N + Azotobactor inoculation 16.49 bc 15.93 bc 16.21 

T7=75% N + Azotobactor inoculation 14.45 f 14.13 ef 14.29 

T8=50% N + Azotobactor inoculation 12.81 g 12.30 g 12.56 

T9=100% N + Dual inoculation  17.65 a 17.07 a 17.36 

T10=75% N + Dual inoculation  15.70 cd 15.21 cd 15.46 

T11=50% N + Dual inoculation 14.03 f 13.53 f 13.78 

LSD 5% 0.85 0.83  

Year means 14.61 14.14  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig 4.1.6a Effect of PGPR inoculation and chemical nitrogen rates on periodic crop 

growth rate (CGR) of sunflower in 2012 and 2013 
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Fig. 4.1.6b Relationship between mean crop growth rate (g m
-2

 d
-1

) (30 DAS to 90 

DAS) and achene yield (kg ha
-1

) in sunflower during 2012, 2013 and their mean  
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Table 4.18. Effect of PGPR inoculation and chemical nitrogen rates on net 

assimilation rate (g m
-2

 d
-1

) (45 DAS to 90 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 4.60  g 4.15  g 4.38 

T2=100% Recommended nitrogen 5.74  cd 5.37  c 5.56 

T3=100% N + Azospirillum inoculation 5.99  b 5.60  b 5.80 

T4=75% N + Azospirillum inoculation 5.54  de 5.15  d 5.35 

T5=50% N + Azospirillum inoculation 5.14  f 4.73  f 4.94 

T6=100% N + Azotobactor inoculation 5.90  bc 5.50  bc 5.70 

T7=75% N + Azotobactor inoculation 5.45  e 5.04  de 5.25 

T8=50% N + Azotobactor inoculation 5.04  f 4.62  f 4.83 

T9=100% N + Dual inoculation  6.30  a 5.87  a 6.09 

T10=75% N + Dual inoculation  5.80  bc 5.39  c 5.60 

T11=50% N + Dual inoculation 5.37  e 4.94  e 5.16 

LSD 5% 0.221 0.203  

Year means 5.53 a 5.12 b  

LSD 5% 0.18  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.7 Relationship between net assimilation rate (g m
-2

 d
-1

) (45 DAS to 90 DAS) 

and achene yield (kg ha
-1

) in sunflower during 2012, 2013 and their mean 
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4.1.4. Nutrients uptake traits 

4.1.4.1. Achene nitrogen content (%): 

Statistics pertaining to the achene nitrogen content of two years trialing (Table 

4.19) point out that differencing inoculation and chemical nitrogen rates had significant 

effect on achene nitrogen content of sunflower.  

In each year of trialing (2012 and 2013), highest achene nitrogen content (3.19 

and 3.15%) were received from the plots treated with 100% N + dual inoculation (T9) 

against rest of the treatments, while lowest achene nitrogen content (1.94 and 1.89%) 

were obtained in control plots (T1) where no inoculation and nitrogen was applied. A 

same pattern of achene nitrogen content was recorded in average of both years‟ results. 

Year effect was found non-significant, however relatively better achene nitrogen content 

were achieved in 2012 than that of 2013. 

Furthermore during both years (2012 and 2013) all the contrasts, between the 

treatments i.e T1 vs All, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T6-T8), 

(T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) displayed significant effect on achene nitrogen 

content . 

4.1.4.2. Achene phosphorus content (%): 

Achene phosphorus content was significantly affected by different PGPR 

inoculation and chemical nitrogen rates during both cropping periods i.e 2012 and 2013.  

It can be inferred from data (Table 4.20) that during both years, maximum achene 

phosphorus content (0.631 and 0.599%) was attained in response of treatment T9 (100% 

N + dual inoculation), though it was noted statistically same with T3 (0.618 and 0.587%) 

and T6 (0.613 and 0.582%). Moreover, minimum achene phosphorus content (0.504 and 

0.482%) was attained in T1 (control) treatment. Alike trend of data was noted in average 

of 2012 and 2013 results. While the year effect on achene phosphorus content showed 

that significantly more achene phosphorus content were obtained in 2012 than in 2013. 

The orthogonal contrasts among treatments T1 vs All, (T3-T5) vs (T6-T8) and (T3-

T5) vs (T9-T11) showed significant effect for achene phosphorus content, but the contrasts 

between the treatments T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11) and (T6-T8) vs (T9-T11) 

presented statistically non-significant effects during both years. 
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Table 4.19. Effect of PGPR inoculation and chemical nitrogen rates on achene 

nitrogen content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 1.94  g 1.89  g 1.92 

T2=100% Recommended nitrogen 2.99  c 2.96  c 2.98 

T3=100% N + Azospirillum inoculation 3.12  b 3.08  b 3.10 

T4=75% N + Azospirillum inoculation 2.92  d 2.89  d 2.91 

T5=50% N + Azospirillum inoculation 2.75  f 2.70  f 2.73 

T6=100% N + Azotobactor inoculation 3.09  b 3.06  b 3.08 

T7=75% N + Azotobactor inoculation 2.88  de 2.85  d 2.87 

T8=50% N + Azotobactor inoculation 2.71  f 2.67  f 2.69 

T9=100% N + Dual inoculation  3.19  a 3.15  a 3.18 

T10=75% N + Dual inoculation  2.99  c 2.96  c 2.98 

T11=50% N + Dual inoculation 2.82  e 2.76  e 2.80 

LSD 5% 0.064 0.061  

Year means 2.86 2.82  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.20. Effect of PGPR inoculation and chemical nitrogen rates on achene 

phosphorus content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 0.504  g 0.482  g 0.493 

T2=100% Recommended nitrogen 0.595  bc 0.568  bc 0.582 

T3=100% N + Azospirillum inoculation 0.618  ab 0.587  ab 0.603 

T4=75% N + Azospirillum inoculation 0.586  cd 0.558  cd 0.572 

T5=50% N + Azospirillum inoculation 0.562  ef 0.532  ef 0.547 

T6=100% N + Azotobactor inoculation 0.613  ab 0.582  ab 0.598 

T7=75% N + Azotobactor inoculation 0.580  cde 0.552  cde 0.566 

T8=50% N + Azotobactor inoculation 0.555  f 0.526  f 0.541 

T9=100% N + Dual inoculation  0.631  a 0.599  a 0.615 

T10=75% N + Dual inoculation  0.598  bc 0.569  bc 0.584 

T11=50% N + Dual inoculation 0.571  def 0.541  def 0.556 

LSD 5% 0.023 0.023  

Year means 0.583 a 0.554 b  

LSD 5% 0.014  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) * *  

(T3-T5) vs (T9-T11) * *  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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4.1.4.3. Nitrogen uptake (kg ha
-1

): 

The results presented in table (4.21) show that various PGPR inoculation and 

chemical nitrogen rates had significant effect on nitrogen uptake during both growing 

periods.  

In first growing period (2012), the maximum nitrogen uptake (118.11 kg ha
-1

) was 

obtained by T9 treatment (100% N + dual inoculation). It was trailed by T3 (100% N + 

Azospirillum inoculation) and T6 (100% N + Azotobactor inoculation) treatments 

recording nitrogen uptake (109.16, 106.75 kg ha
-1

 respectively) which however, were 

statistically similar among themselves. While, the minimum nitrogen uptake (35 kg ha
-1

) 

was obtained in T1 (control) treatment. Almost similar trend was revealed in second 

growing period (2013) and in average of two growing periods (pooled data) mean. Year 

effect on nitrogen uptake was also found significant recording higher nitrogen uptake in 

first year than second year. 

From statistical analysis for orthogonal contrasts it can be concluded that all the 

contrasts, between the treatments i.e T1 vs All, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) significantly increased nitrogen 

uptake of sunflower not only in 2012 but also in 2013. 

The results of correlation analysis display that a positive relationship between 

achene yield and nitrogen uptake was observed in each year and their average data (Fig. 

4.1.8). 

4.1.4.4. Phosphorus uptake (kg ha
-1

): 

Data in table (4.22) displays that during two years of investigation phosphorus 

uptake varied significantly in response to different PGPR inoculation and chemical 

nitrogen rates. 

In 2012 highest phosphorus uptake (45.08 kg ha
-1

) was recorded in the plots 

fertilized with 100% N + dual inoculation (T9), while lowest phosphorus uptake (30.53 kg 

ha
-1

) was recorded in plots where no fertilizer and inoculation was applied (T1). However, 

phosphorus uptake of (T9) was not found statistically different from the phosphorus 

uptake (43.39 kg ha
-1

) of T3 (100% N + Azospirillum inoculation). Likewise, maximum 

uptake of phosphorus (43.18 kg ha
-1

) with (T9) and minimum (27.85 kg ha
-1

) with (T1) 

was also attained in 2013.  
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Table 4.21. Effect of PGPR inoculation and chemical nitrogen rates on nitrogen 

uptake (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 35.00  h 32.00  g 33.50 

T2=100% Recommended nitrogen 101.20 d 96.59  c 98.90 

T3=100% N + Azospirillum inoculation 109.16 b 105.22 b 107.19 

T4=75% N + Azospirillum inoculation 94.94  e 90.07  d 92.51 

T5=50% N + Azospirillum inoculation 83.31  g 78.18  f 80.75 

T6=100% N + Azotobactor inoculation 106.75 bc 102.32 b 104.54 

T7=75% N + Azotobactor inoculation 91.80  ef 86.52  de 89.16 

T8=50% N + Azotobactor inoculation 80.03  g 75.27  f 77.65 

T9=100% N + Dual inoculation  118.11 a 113.11 a 115.61 

T10=75% N + Dual inoculation  102.74 cd 97.81  c 100.28 

T11=50% N + Dual inoculation 89.21  f 83.59  e 86.40 

LSD 5% 4.02 4.31  

Year means 92.02 a 87.33 b  

LSD 5% 3.13  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * *  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 
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Fig. 4.1.8 Relationship between nitrogen uptake (kg ha
-1

) and achene yield (kg ha
-1

) 

in sunflower during 2012, 2013 and their mean 
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Table 4.22. Effect of PGPR inoculation and chemical nitrogen rates on phosphorus 

uptake (kg ha
-1

) of sunflower 
 

Treatments 2012 2013 Mean 

T1=Control    30.53  f    27.85  g 29.19 

T2=100% Recommended nitrogen    41.58  bc    39.88  bc 40.73 

T3=100% N + Azospirillum inoculation    43.39  ab    41.60  ab 42.50 

T4=75% N + Azospirillum inoculation    40.52  cd    38.78  cd 39.65 

T5=50% N + Azospirillum inoculation    38.55  de    36.60  ef 37.58 

T6=100% N + Azotobactor inoculation    42.79  b    40.95  b 41.87 

T7=75% N + Azotobactor inoculation    39.88  cd    38.08  cde 38.98 

T8=50% N + Azotobactor inoculation    37.63  e    35.87  f 36.75 

T9=100% N + Dual inoculation     45.08  a    43.18  a 44.13 

T10=75% N + Dual inoculation     41.91  bc    40.05  bc 40.98 

T11=50% N + Dual inoculation    39.40  de    37.55  def 38.48 

LSD 5% 2.09 1.987  

Year means 40.11 38.22  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) * *  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.9 Relationship between phosphorus uptake (kg ha
-1

) and achene yield (kg ha
-

1
) in sunflower during 2012, 2013 and their mean 
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Identical data trend was received in average of two years mean. However, year effect was 

noted non-significant. 

Among orthogonal contrasts, during both years (2012 and 2013) T2 vs (T6-T8), T2 

vs (T9-T11) and T2 vs (T3-T5) had statistically similar values for phosphorus uptake. 

However, the contrasts among T1 vs All, (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) and (T6-

T8) vs (T9-T11) displayed highly significant increase in phosphorus uptake of sunflower. 

The relationship between phosphorus uptake and achene yield is also displayed in 

Fig. 4.1.9 which indicates a strong and positive association among the two parameters. 

4.1.4.5. Nitrogen use efficiency (kg kg
-1

): 

Nitrogen use efficiency is given in table (4.23) which shows that for the growing 

season of both years (2011 and 2012) the influence of various PGPR inoculation and 

chemical nitrogen rates on nitrogen use efficiency was remained significant. 

In the first year of trial (2012), treatment T11 (50% N + dual inoculation) recorded 

supreme nitrogen use efficiency (16.91), which was found statistically at par with T10 

(75% N + dual inoculation). While relatively least nitrogen use efficiency (11.08) was 

recorded where recommended nitrogen (T2) was applied. Results obtained in 2013 and 

two years average, showed similar trend to that observed during 2012. Year effect on 

nitrogen use efficiency was non-significant. However its value was slightly greater in 

2012 than in 2013.   

From statistical analysis for orthogonal contrasts it can be concluded that all the 

contrasts, between the treatments T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs 

(T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) significantly increased nitrogen use 

efficiency during both years (2012 and 2013) of experimentation. 
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Table 4.23. Effect of PGPR inoculation and chemical nitrogen rates on nitrogen use 

efficiency (kg kg
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    -----    ----- --- 

T2=100% Recommended nitrogen 11.08  f 10.64  f 10.86 

T3=100% N + Azospirillum inoculation 12.27  ef 11.87 ef 12.12 

T4=75% N + Azospirillum inoculation 11.91  ef 11.58  ef 13.74 

T5=50% N + Azospirillum inoculation 12.62  def 12.00  def 12.31 

T6=100% N + Azotobactor inoculation 12.99  de 12.42 cde 13.71 

T7=75% N + Azotobactor inoculation 12.79  de 12.42  cde 12.60 

T8=50% N + Azotobactor inoculation 14.07  cd 13.45  bcd 13.71 

T9=100% N + Dual inoculation  14.67  bc 13.89 bc 14.27 

T10=75% N + Dual inoculation  15.65  ab 14.87  ab 15.36 

T11=50% N + Dual inoculation 16.91  a 16.16  a 16.54 

LSD 5% 1.55 1.51  

Year means 12.27 11.76  

LSD 5% NS  

Contrast analysis    

T1 vs All -- --  

T2 vs (T3-T5) * *  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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4.1.5. Quality traits 

4.1.5.1. Achene protein content (%): 

Data pertaining to the achene protein content of two years trialing (Table 4.24) 

point out that differencing inoculation and chemical nitrogen rates had significant effect 

on achene protein content of sunflower.  

In each year of trialing (2012 and 2013), the highest achene protein content (20 

.00 and 19.76%) were received from the plots treated with 100% nitrogen + dual 

inoculation (T9)  against rest of the treatments, while lowest achene protein content (12.12 

and 11.81%) were obtained in control plots (T1) where no inoculation and chemical 

nitrogen was applied. A same pattern of results was attained in average of both years‟ 

consequences. Year effect was found non-significant, however relatively better achene 

protein content were achieved in 2012 than that of 2013. 

From statistical analysis for orthogonal contrasts it can be concluded that all the 

contrasts, between the treatments T1 vs all, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) significantly increased achene 

protein content in both years of experimentation. 

The Fig. 4.1.10 presents a strong positive relationship between achene yield with 

achene protein content during 2012, 2013 and pooled values. 

4.1.5.2. Achene oil content (%): 

Achene oil content is given in table (4.25) which shows that in the growing season 

of both years (2012 and 2013) the effect of different PGPR inoculation and chemical 

nitrogen rates was significant for the parameter under discussion. 

In the first year of experimentation (2012), treatment T1 (control) produced 

highest achene oil content (43.00%) while the lowest achene oil content (39.14%) were 

produced by T2 (100% nitrogen without inoculation)  presenting a negative effect on oil 

content. However, treatments of 100 % nitrogen with different PGPR inoculation sources 

i.e T9, T3 and T6 improved the achene oil content as compare to T2, depicting a positive 

effect on oil content, nevertheless statistically T9, T3, T6 and T2 did not vary significantly 

among themselves. The recorded data show similar trend in 2013 and pooled values. Year 

effect of achene oil content was also significant by producing higher oil content in 2012 

than in 2013. 
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As far as the effects of orthogonal contrast analysis is concerned, during 2012 as 

well as in 2013 all the contrasts i.e. T1 vs All, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) were found highly significant for oil content, 

except only from (T3-T5) vs (T6-T8) which remained statistically non-significant in each 

year. 

The analysis of correlation indicated that a negative association was found among 

achene yield and achene oil content. However, this association was found significant 

during 2012, 2013 and mean values of both years (Fig. 4.2.11). 

4.1.5.3. Fatty acid profile (%): 

Fatty acid composition of sunflower oil (Hysun-33) was mainly comprised of 

Linoleic (18:2) and oleic (18:1) acids which are the prime unsaturated fatty acids while 

palmitic (16:0) and stearic (18:0) acids were the chief saturated fatty acids.  

4.1.5.3.1. Linoleic acid (%): 

Linoleic acid content in oil of sunflower seed was improved by different 

inoculation and nitrogen rates, significantly, during both growing periods of crop (table 

4.26). In 2012 highest improvement of linoleic acid content in oil (49.08%) was achieved 

with treatment T9 (100% N + dual inoculation) in contrast to the rest of treatments, but it 

did not vary significantly with T3 (100% N + Azospirillum inoculation) and T6 (100% N + 

Azotobactor inoculation) where the linoleic acid content were 48.79% and 48.60% 

respectively. While, minimum improvement of linoleic acid content (44.36%) was 

recorded in T1 (control) treatment. Same trend was also noted in 2013 and in pooled 

values.  Furthermore, results show that year effect on linoleic acid content in sunflower 

oil was significant and it was higher in 2012 than in 2013. 

The statistical investigation with contrasts point out that during 2012 all the tested 

contrasts, except (T6-T8) vs (T9-T11) had significant effect for linoleic acid content of 

sunflower oil. However, in 2013 (T3-T5) vs (T6-T8) were also non-significant along with 

(T6-T8) vs (T9-T11). 
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Table 4.24. Effect of PGPR inoculation and chemical nitrogen rates on achene 

protein content (%) of sunflower 
 

Treatments 2012 2013 Mean 

T1=Control    12.12  g    11.81  g 11.97 

T2=100% Recommended nitrogen    18.75  c    18.54  c 18.65 

T3=100% N + Azospirillum inoculation    19.56  b    19.34  b 19.45 

T4=75% N + Azospirillum inoculation    18.32  d    18.13  d 18.23 

T5=50% N + Azospirillum inoculation    17.23  f    16.91  f 17.07 

T6=100% N + Azotobactor inoculation    19.36  b    19.15  b 19.26 

T7=75% N + Azotobactor inoculation    18.06  de    17.86  d 17.96 

T8=50% N + Azotobactor inoculation    17.00  f    16.71  f 16.86 

T9=100% N + Dual inoculation     20.00  a    19.76  a 19.88 

T10=75% N + Dual inoculation     18.77 c    18.58  c 18.68 

T11=50% N + Dual inoculation    17.68  e    17.31  e 17.50 

LSD 5% 0.40 0.39  

Year means 17.90 17.65  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) * *  

T2 vs (T9-T11) * *  

(T3-T5) vs (T6-T8) ** **  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.10 Relationship between achene protein content (%) and achene yield (kg 

ha
-1

) in sunflower during 2012, 2013 and their mean  
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Table 4.25. Effect of PGPR inoculation and chemical nitrogen rates on achene oil 

content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 43.00  a 42.71  a 42.86 

T2=100% Recommended nitrogen 39.14  d 38.70  d 38.92 

T3=100% N + Azospirillum inoculation 39.60  d 38.94  d 39.27 

T4=75% N + Azospirillum inoculation 40.50  c 40.17  c 40.34 

T5=50% N + Azospirillum inoculation 42.03  b 41.45  b 41.74 

T6=100% N + Azotobactor inoculation 39.34  d 38.86  d 39.10 

T7=75% N + Azotobactor inoculation 40.40  c 40.10  c 40.25 

T8=50% N + Azotobactor inoculation 41.95  b 41.40  b 41.68 

T9=100% N + Dual inoculation  39.68  d 39.06  d 39.37 

T10=75% N + Dual inoculation  40.67  c 40.27 c 40.47 

T11=50% N + Dual inoculation 42.13  b 41.61 b 41.87 

LSD 5% 0.66 0.81  

Year means 40.77 a 40.29 b  

LSD 5% 0.17  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig. 4.1.11 Relationship between achene oil content (%) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean  
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Table. 4.26. Effect of PGPR inoculation and chemical nitrogen rates on linoleic acid 

content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    44.36  g    43.93  f 44.15 

T2=100% Recommended nitrogen    48.33  b    47.69  b 48.01 

T3=100% N + Azospirillum inoculation    48.79  ab    48.25  a 48.52 

T4=75% N + Azospirillum inoculation    47.34  c    46.76  c 47.05 

T5=50% N + Azospirillum inoculation    46.46  ef    45.91  e 46.19 

T6=100% N + Azotobactor inoculation    48.60  ab    48.10  ab 48.35 

T7=75% N + Azotobactor inoculation    47.03  cd    46.55  cd 46.79 

T8=50% N + Azotobactor inoculation    45.96  f    45.59  e 45.78 

T9=100% N + Dual inoculation     49.08  a    48.51  a 48.80 

T10=75% N + Dual inoculation     47.43  c    46.88  c 47.16 

T11=50% N + Dual inoculation    46.64  de    46.10  de 46.37 

LSD 5% 0.52 0.52  

Year means 47.27 a 46.75 b  

LSD 5% 0.14  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** *  

(T3-T5) vs (T6-T8) * NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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4.1.5.3.2. Oleic acid (%): 

The data in table (4.27) reveals significant difference among various PGPR 

inoculation and nitrogen rate treatments during both years. 

In 2012, maximum oleic acid content (43.92%) in oil of sunflower seed was 

produced by control treatment (T1) and minimum oleic acid content (38.96%) in oil was 

found in treatment (T2) where 100% nitrogen without inoculation was applied. However, 

treatments of 100% nitrogen with different inoculation sources i.e T9, T3 and T6 improved 

the oleic acid content as compare to T2, though the difference among T9, T3, T6 and T2 

was statistically not significant. Almost similar data fashion was observed in year 2013 

and average of both years values. Year effect of oleic acid content in oil was also 

significant giving greater values in 2012 than 2013. 

Among orthogonal contrasts, the treatments combinations i.e. T1 vs All, T2 vs (T3-

T5), T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) were found 

highly significant for improving oleic acid content of oil. However (T3-T5) vs (T6-T8) 

remained statistically non-significant in both years of experimentation. 

4.1.5.3.3. Palmitic acid (%): 

Data pertaining to the palmitic acid of two years experimentation (Table 4.28) 

point out that differencing inoculation and chemical nitrogen rates had significant effect 

on palmitic acid content of oil. However, year had non-significant effect on palmitic acid. 

In both growing seasons of crop (2012 and 2013), the highest palmitic acid 

content (6.96 and 6.86%) was established by T2 (Recommended nitrogen without 

inoculation) and it was observed statistically at par with T6 (100% N + Azotobactor 

inoculation) by generating palmitic acid (6.77 and 6.64% respectively) in both years. 

Whereas lowest palmitic acid (5.65 and 5.55%) was observed where crop was neither 

fertilized nor inoculated (T1). Similar data fashion was recorded in average of two years 

results. 

The results further displayed that for palmitic acid content in oil, contrasts among 

T1 vs all, T2 vs (T3-T5), T2 vs (T9-T11), (T3-T5) vs (T9-T11) were found highly significant, 

while (T3-T5) vs (T6-T8) T2 vs (T6-T8) and (T6-T8) vs (T9-T11) displayed non-significant 

effect in 2012. But in 2013 all the contrasts were highly significant except only from (T3-

T5) vs (T6-T8) which did not show significant effect for palmitic acid content of oil. 
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4.1.5.3.4. Stearic acid (%): 

Stearic acid is characterized as unsaturated fatty acid and is an unwanted 

parameter for oil quality. The results regarding the stearic acid content in oil of sunflower 

are presented in table (4.29) which show that different PGPR inoculation and chemical 

nitrogen rates had non-significant effect on stearic acid content in oil during both years 

(2012 and 2013). However, it was found in the range of 4.23-4.34% and 4.19-4.29% 

during 2012 and 2013 respectively. While the year effect and the analysis of different 

contrasts among treatments also depicted non-significant effect for stearic acid content of 

oil. 
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Table 4.27. Effect of PGPR inoculation and chemical nitrogen rates on oleic acid 

content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    43.92  a    43.49  a 43.71 

T2=100% Recommended nitrogen    38.96  f    38.40  g 38.68 

T3=100% N + Azospirillum inoculation    39.12  f    38.64  fg 38.88 

T4=75% N + Azospirillum inoculation    40.28  e    39.82  e 40.05 

T5=50% N + Azospirillum inoculation    42.15  bc    41.50  c 41.83 

T6=100% N + Azotobactor inoculation    39.06  f    38.51  fg 38.79 

T7=75% N + Azotobactor inoculation    40.02  e    39.58  e 39.80 

T8=50% N + Azotobactor inoculation    41.71  cd    41.21  cd 41.46 

T9=100% N + Dual inoculation     39.30  f    38.99  f 39.15 

T10=75% N + Dual inoculation    41.33   d   40.90   d 41.12 

T11=50% N + Dual inoculation   42.57   b   42.10  b 42.34 

LSD 5% 0.70 0.57  

Year means 40.77 a 40.29 b  

LSD 5% 0.18  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) * **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.28. Effect of PGPR inoculation and chemical nitrogen rates on palmitic acid 

content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 5.65  g 5.55  h 5.60 

T2=100% Recommended nitrogen 6.96  a 6.86  a 6.91 

T3=100% N + Azospirillum inoculation 6.69  b 6.56  bc 6.63 

T4=75% N + Azospirillum inoculation 6.48  cd 6.36  cd 6.42 

T5=50% N + Azospirillum inoculation 6.12  f 5.99  fg 6.06 

T6=100% N + Azotobactor inoculation 6.77  ab 6.64  ab 6.71 

T7=75% N + Azotobactor inoculation 6.60  bcd 6.46  bcd 6.53 

T8=50% N + Azotobactor inoculation 6.21  ef 6.13  ef 6.17 

T9=100% N + Dual inoculation  6.66  bc 6.51  bc 6.59 

T10=75% N + Dual inoculation  6.40  de 6.30  de 6.35 

T11=50% N + Dual inoculation 6.01  f 5.88  g 5.95 

LSD 5% 0.21 0.20  

Year means 6.30 6.18  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) NS *  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.29. Effect of PGPR inoculation and chemical nitrogen rates on stearic acid 

content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   4.23   4.19 4.21 

T2=100% Recommended nitrogen   4.34   4.29 4.32 

T3=100% N + Azospirillum inoculation   4.33   4.28 4.31 

T4=75% N + Azospirillum inoculation   4.28   4.26 4.27 

T5=50% N + Azospirillum inoculation   4.26   40.22 4.24 

T6=100% N + Azotobactor inoculation   4.33   4.29 4.31 

T7=75% N + Azotobactor inoculation   4.29   4.26 4.28 

T8=50% N + Azotobactor inoculation   4.26   4.23 4.25 

T9=100% N + Dual inoculation    4.31   4.27 4.29 

T10=75% N + Dual inoculation    4.27   4.24 4.26 

T11=50% N + Dual inoculation   4.26   4.22 4.24 

LSD 5% NS NS  

Year means 4.29 4.25  

LSD 5% NS  

Contrast analysis    

T1 vs All NS NS  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) NS NS  

(T6-T8) vs (T9-T11) NS NS  

 

NS=Non-significant 
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4.1.6. Relationship between achene yield vs. growth, yield, nutrients uptake and 

quality characteristics of sunflower: 

 The outcomes of simple correlation analysis shown in table (4.30) indicated 

highly significant and positive affiliation between achene yield and different components 

of growth, yield, nutrients uptake and quality characteristics, except the association 

between achene yield and achene oil contents where the resultant was a negative 

correlation during both years (2012 and 2013) and for their mean values.  

4.1.7. Economic analysis: 

The particulars of cost of production for sunflower under local circumstances of 

Faisalabad, Pakistan are exhibited in Appendix 1. Different treatments of inoculation 

sources and chemical nitrogen rates resulted in diverse net income (Rs. ha
-1

) as indicated 

in (Tables 4.31 and 4.32). Treatment T9 resulted in highest net income of Rs. 87227 and 

80527 per hectare during 2012 and 2013, respectively. In 2012, the uppermost benefit 

cost ratio of 2.37 was also obtained in T9 where 100% nitrogen + dual inoculation were 

applied and it ranged from 1.26 to 2.23 among other treatments. However, for growing 

period of 2013, T9 gained relatively lesser benefit cost ratio (2.27) than in 2012 and it 

ranged from 1.22 to 2.14 among other treatments. 
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Table 4.30. Simple correlation coefficient between achene yield vs. growth, yield, 

nutrients uptake and quality characteristics of sunflower 

  

characters 2012 2013 Mean 

Achene yield vs. Head diameter  0.984** 0.982** 0.984** 

Achene yield vs. Number of achenes per head 0.970** 0.980** 0.975** 

Achene yield vs. 1000 achene weight 0.931** 0.974** 0.982** 

Achene yield vs. Biological yield 0.917** 0.965** 0.943** 

Achene yield vs. Leaf area index (75 DAS) 0.995** 0.997** 0.9876** 

Achene yield vs. CGR (30 DAS to 90 DAS) 0.995** 0.995** 0.995** 

Achene yield vs. NAR (30 DAS to 90 DAS) 0.962** 0.955** 0.964** 

Achene yield vs. Nitrogen uptake 0.968** 0.981** 0.972** 

Achene yield vs. Phosphorus uptake 0.990** 0.984** 0.987** 

Achene yield vs. Achene protein content 0.944** 0.952** 0.948** 

Achene yield vs. Achene oil content -0.749* -0.802** -0.778* 

 

**=Highly significant at 5% level of probability 

*=Significant 

DAS=Days after sowing 

CGR=Crop growth rate 

NAR=Net assimilation rate 
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Table 4.31. Effect of PGPR inoculation and chemical nitrogen rates on net income 

and benefit cost ratio (BCR) of sunflower in 2012 

 

Treatments 
G.I  

(Rs. ha
-1

) 

T.E 

(Rs. ha
-1

) 

N.I 

(Rs. ha
-1

) 
BCR 

T1=Control 70100    55347  14753 1.26 

T2=100% Recommended nitrogen 131050    63473 67577 2.06 

T3=100% N + Azospirillum inoculation 141550    63573 77977 2.23 

T4=75% N + Azospirillum inoculation 122850    61532 61318 2.00 

T5=50% N + Azospirillum inoculation 108800    59510 49290 1.83 

T6=100% N + Azotobactor inoculation 137583    63573 74010 2.16 

T7=75% N + Azotobactor inoculation 119250    61532 57718 1.94 

T8=50% N + Azotobactor inoculation 104800    59510 45290 1.76 

T9=100% N + Dual inoculation  150800    63573 87227 2.37 

T10=75% N + Dual inoculation  134650    61532 73118 2.19 

T11=50% N + Dual inoculation 116600    59510 57090 1.96 

 

 

 

Table 4.32. Effect of PGPR inoculation and chemical nitrogen rates on net income 

and benefit cost ratio (BCR) of sunflower in 2013 

 

Treatments 
G.I  

(Rs. ha
-1

) 

T.E 

(Rs. ha
-1

) 

N.I 

(Rs. ha
-1

) 
BCR 

T1=Control 67700    55347    12353  1.22 

T2=100% Recommended nitrogen 126200    63473 62727 1.99 

T3=100% N + Azospirillum inoculation 136000    63573 72427 2.14 

T4=75% N + Azospirillum inoculation 118950    61532 57418 1.93 

T5=50% N + Azospirillum inoculation 104700    59510 45190 1.76 

T6=100% N + Aztobactor inoculation 133000    63573 69427 2.09 

T7=75% N + Aztobactor inoculation 115450    61532 53918 1.88 

T8=50% N + Aztobactor inoculation 100700    59510 41190 1.69 

T9=100% N + Dual inoculation  144100    63573 80527 2.27 

T10=75% N + Dual inoculation  129050    61532 67518 2.10 

T11=50% N + Dual inoculation 112150    59510 52640 1.88 

 

G.I= Gross income 

T.E=Total expenditure 

N.I=Net income 

BCR=Benefit cost ratio 
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4.1.8. Discussion 

 

Sunflower can be grown twice a year and may fit well into our existing cropping 

systems therefore; experiments were accomplished to set selected isolates of rhizobacteria 

under test with sunflower, as an important oil seed crop. 

The results of spring grown sunflower determined that integrated application of 

nominated bacterial isolates with different chemical nitrogen fertilizer rates significantly 

promoted the plant growth, yield, nutrients uptake and qualitative aspects. Evaluations 

among the single inoculation of PGPR revealed that rhizobacterial isolate Azospirillum 

performed better than Azotobactor under field condition for respective traits through 

association with chemical nitrogen fertilizer, though the difference among themselves 

was non-significant for most of the parameters. Differential specificity of the individual 

bacterial isolate might be expressed by numerous features like competition, capability of 

bacteria to colonize, soil characteristics, climatic conditions and indigenous micro flora 

existing in root zone (Khalid et al., 2004a; Kannan et al., 2005; Lalfakzual et al., 2008). 

Also because some Azospirillum strains have an attraction for certain crops and the key 

benefit of this genus is that it is not plant-specific as it may increase the growth of many 

plant species. Various field studies have revealed that inoculation with Azospirillum raises 

crop yields by 5-30%. It is one of the best considered genera among associative plant 

growth-promoting rhizobacteria and the bacterial strains of this genus are capable to 

employ favorable effects on plant growth and yield of several agronomic crops 

(Steenhoudt and Vanderleyden, 2000). Azotobacter is a free-living and nitrogen fixing 

bacteria that can promote plant development and crop yield under suitable conditions. 

Motivation of crop performance by Azotobacter inoculation has also been described by 

different workers (Rodelas et al., 1999). Narula et al. (2005a, b) also stated that 

inoculation of cotton and wheat by various Azotobacter strains resulted in substantial 

enhancement in crop yield and growth characteristics under field conditions. 

However all plant parameters were united for more pronounced improvement by 

mixtures of both inoculants. Increased plant growth following co-inoculation was might 

be due to the synergistic influence of both bacteria in which Azospirillum operated as a 

`helper' bacterium to improve the performance of other PGPR. Combine inoculations 

have a greater success rate and it has been found (Khammas and Kaiser, 1992) that these 

microorganisms collaborate synergistically by providing nutrients, eliminating some 
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inhibitory products, or exciting each other by physical or biochemical mechanisms and 

looked like that in co-inoculation nutrition is more balanced and the adsorption of N, P, 

and other mineral nutrients is expressively improved, yielding a better crop. It was 

established that the combination of Azospirillum with Azotobacter chroococcum was 

superior in positively boosting the growth (plant height, head diameter and dry matter 

production) and yield (no of seeds head
-1

, stalk yield and achene yield) parameters of 

sunflower crop (Joe and Sivakumaar, 2009). Elshanshoury (1995) stated that dual 

inoculation of Azospirillum brasilense with Azotobacter chroococcum in disinfected soil 

resulted in substantial encouragement of their populations in the rhizosphere of wheat 

seedlings. Additionally, he proposed that dual inoculations meaningfully amplified the 

plant growth, indole acetic acid (IAA) concentrations, N, P, Mg, and total soluble sugars 

in wheat shoots. Several other studies (Acharya et al., 1999, Selvakumari et al., 2000, Joe 

and Sivakumaar, 2009) also proposed the optimistic influence of Azotobacter and 

Azospirillum coinoculation in augmenting the growth and yield of different crops.  

Among different levels of chemical N (50-75-100%), 100% N level was the most 

suitable dose as far as yield of sunflower is concerned, when treated with rhizobacterial 

isolates. This might be due to the reason that nitrogen is the most vital nutrient constraint 

to sunflower production as its N need is comparatively on higher side as compared to 

other crops like cereals due to its superior energy and lipids source and concentration 

along with high production of biomass which in turn require higher nutrients input (Ruffo 

et al., 2003). Nitrogen affects dry matter production by influencing development and 

maintenance of leaf area plus its photosynthetic efficiency (Fageria and Baligar, 2005). 

Massignam et al. (2009) noted that improved crop growth with increasing supply of 

nitrogen was associated with improvement in both, intercepted radiation and its use 

efficiency (RUE). It is recognized to be an indispensable nutrient for plant growth and 

development that is involved in dynamic plant functions such as photosynthesis, DNA 

synthesis, respiration and formation of protein. The growth traits such as LAI, CGR, 

NAR and biomass are significantly reduced due to unsatisfactory availability of nitrogen. 

While adding N enhanced the total dry matter production in plants which might increase 

the ability of plant to produce higher stem and head diameter, number of grains and their 

weight that eventually resulted in high grain and biological yield (Elfadl et al., 2009; 

Namvar et al., 2012). It validated that nitrogen fertilization prominently affected the 

sunflower seed yield as high yielding sunflower hybrids had more requirement of 

nitrogen than old cultivars (Ozer et al., 2004).  
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Plant height and root growth responded positively in reaction to rhizobacterial 

inoculation. It may involve that the inoculation with rhizobacteria might have resulted in 

the development of better seed germination and longer roots thus, dropping endogenous 

inhibitory levels of ethylene, that consequently affected plant and root growth positively. 

This argument is solidly claimed through research findings of many other researchers 

(Wang et al., 2000; Belimov et al., 2002; Shahroona et al., 2003, 2007a, b; Zafarul- Hye 

et al., 2007). 

The improvement in the yield components and achene yield in the PGPR-

inoculated treatments could be attributed to plant growth regulators (PGRs), such as 

auxins (Fallik et al., 1989) and gibberellin (Lucangeli and Bottini, 1997) exudation by 

Azospirillum and Azotobacter (Martinez-Toledo et al., 1988: Vessey, 2003). This 

improvement may also probably due to the presence of microbial communities in the soil 

or rhizosphere which supported the plant growth through cycling and availability of 

nutrients, improving the roots health by competing with root pathogens during the growth 

stage and raising the absorption of nutrients (Roesty et al., 2006).  

Datta et al. (2009) showed that combined use of mineral and biofertilizers had an 

important influence towards the morphological & physiological traits viz. height, LAI, 

CGR and NAR of an oil seed crop. It might be due to appropriate integrated nutrients 

combination approach via biofertilizer and chemical fertilizer that significantly improved 

photosynthetic rate which speeded up accumulation of the dry matter, thus stirring up the 

improving rate of LAI, CGR and NAR. Comparable finding had also been described by 

(Mandal and Sinha, 2004). It can, thus, be established that these bacteria directly 

influenced the plants growth by enhancing the absorption of nitrogen, phytohormones 

synthesis and dissolving the minerals (Herman et al., 2008). 

The resulting improvements in biological yield with the integrated levels might be 

attributed to improvement in the vegetative parts (leaf area and plant height height) and 

reproductive components (head weight, number of achenes and 1000 achene weight). As 

has been formerly established (Basu et al., 2008) higher nutrients absorption enhances the 

growth and biochemical events of the plant, resulting in an improvement in the seed and 

biological yield of plant. Furthermore, phytohormones (growth promoting substances) 

might have been produced by these organisms which played a key role because 

phytohormones are secondary metabolites and these are known to have a crucial role in 

regulation of plant growth. They promote elongation in root and stimulation of leaf 

expansion. In addition, in response to biofertilizer Azotobacter and Azospirillum activities 
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more root development and proliferation of plants enhance water and nutrient uptake 

(Vessay, 2003; Namvar et al., 2012). 

In both years of study 75% nitrogen + Azospirillum and Azotobactor inoculation 

produced statistically same yield as with recommended nitrogen (100%), suggesting that 

25% of nitrogen fertilizer doses can be reduced by applying dual inoculation sources, for 

achieving sunflower achene yield as by using 100% nitrogen fertilizers without 

inoculation. This might be because of improved nitrogen use efficiency and its uptake by 

the crop. Shankaraiah and Nagaraju (1997) also stated that, Azotobacter and Azospirillum 

inoculation resulted in 20-25 percent economy of nitrogen fertilizer needs besides 

improving the residual nitrogen content of sugarcane soils. Furthermore, inoculation 

considerably and regularly reduced the required quantities of nitrogen fertilization in 

several greenhouse and field trials in a number of plant species (Bashan and Levanony, 

1990; Bashan and Holguin, 1997; Bashan et al., 2004). 

The results also showed significant effect on quality characteristics of sunflower 

seed by improving the protein content in achene that might be due to increased nitrogen 

uptake in plant and greater concentration in achene as high nitrogen rate enhances the 

synthesis of amino acids, which are the building blocks of protein (Ciampitti et al .,2011; 

Namvar et al., 2012).  But on the other hand highest achene oil content were recorded in 

control treatment and minimum with 100% nitrogen without inoculation, that might be 

due to highly negative correlation between nitrogen fertilization and oil yield as high 

nitrogen rate improves the amino acids synthesis in the leaves, and this inspires the 

protein accumulation in seed rather than oil content. However, applied inoculation 

sources helped to improve the achene oil contents and this positive contribution in oil 

content and yield by PGPR had been observed by several other researchers. These results 

also corroborate with the findings of (Shehata and El-Khawas, 2003; Kanase et al., 2006). 
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4.2. Results of experiment No.2 

Evaluating role of plant growth promoting rhizobacteria for improving phosphorus 

use efficiency in sunflower (Helianthus annuus L.). 

4.2.1. Agronomic traits 

4.2.1.1. Plant height at maturity (cm): 

The outcomes related to plant height at maturity are presented in table (4.33) and 

it shows significant effect in response to various PGPR inoculation and chemical 

phosphorus rates during both years of experimentation. The T9 (100% P + dual 

inoculation) treatment produced the tallest plants (202.07 and 196.17 cm) than all other 

treatments in both years, excluding only T10 (75% P + dual inoculation), where the 

difference among the two treatments were only substantial in 2012 but not in 2013. 

However, statistically lowest plant height (147.83 and 144.00 cm) was gained by T1 

(control) treatment. Similar trend was noted in pooled values of two years, while year 

effect on plant height was also significant with higher values in 2012 than in 2013. 

The orthogonal contrasts among treatments T2 vs (T6-T8) and (T3-T5) vs (T9-T11) 

had statistically similar values for plant height, but the contrasts among the treatments T1 

vs all, T2 vs (T3-T5), T2 vs (T9-T11), (T3-T5) vs (T6-T8), and (T6-T8) vs (T9-T11) presented 

highly significant values of plant height during both years of experimentation (2012 and 

2013). 

4.2.1.2. Stem diameter (cm): 

Stem diameter of sunflower plants was improved by different inoculation and 

phosphorus rates, significantly, during both growing periods of the crop (Table 4.34). 

In 2012 maximum improvement of stem diameter (2.83 cm) was achieved with 

treatment T9 (100% P + dual inoculation) in contrast to rest of the treatments, but it did 

not vary significantly with T10 (75% P + dual inoculation) and T6 (100% P + 

Pseudomonas inoculation) where the stem diameter was 2.78 cm and 2.74 cm 

respectively. While minimum stem diameter (1.80 cm) was recorded in T1 (control) 

treatment. Same trend was also noted in 2013 and in pooled values.  Furthermore, results 

show that year effect on stem diameter was non-significant. 

Among orthogonal contrasts, during both years (2012 and 2013) T2 vs (T3-T5), T2 

vs (T6-T8) and (T3-T5) vs (T6-T8) had statistically non-significant effect on stem diameter.  
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Table 4.33. Effect of PGPR inoculation and chemical phosphorus rates on plant 

height (cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 147.83   h 144.00   h 145.91 

T2=100% Recommended phosphorus 180.20  de 176.20  de 178.20 

T3=100% P + Bacillus inoculation 189.13   c 184.43   c 186.78 

T4=75% P + Bacillus inoculation 173.07   f 168.90   f 170.98 

T5=50% P + Bacillus inoculation 165.37   g 161.50   g 163.43 

T6=100% P + Pseudomonas inoculation 192.03   bc 187.40   bc 189.72 

T7=75% P + Pseudomonas inoculation 176.33   ef 171.70   ef 174.02 

T8=50% P + Pseudomonas inoculation 167.27    g 163.77    g 165.52 

T9=100% P + Dual inoculation  202.07   a 196.17   a 199.12 

T10=75% P + Dual inoculation  196.00   b 191.67  ab 193.83 

T11=50% P + Dual inoculation 183.03   d 179.03   d 181.03 

LSD 5% 5.20 5.02  

Year means 180.21 a 175.89 b  

LSD 5% 3.54  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.34. Effect of PGPR inoculation and chemical phosphorus rates on stem 

diameter (cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    1.80   g    1.78   g 1.79 

T2=100% Recommended phosphorus    2.60  d    2.57   de 2.59 

T3=100% P + Bacillus inoculation    2.70  bc    2.69   bc 2.70 

T4=75% P + Bacillus inoculation    2.48  ef    2.49    e 2.49 

T5=50% P + Bacillus inoculation    2.43   f    2.36    f 2.40 

T6=100% P + Pseudomonas inoculation    2.74  ab    2.70  ab 2.72 

T7=75% P + Pseudomonas inoculation    2.54  de    2.51   de 2.53 

T8=50% P + Pseudomonas inoculation    2.46  ef    2.48   e 2.47 

T9=100% P + Dual inoculation    2.83    a   2.79   a 2.81 

T10=75% P + Dual inoculation    2.78   ab   2.72   ab 2.75 

T11=50% P + Dual inoculation   2.62   cd   2.60   cd 2.61 

LSD 5% 0.09 0.09  

Year means 2.54 2.52  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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However, the contrasts among T1 vs All, T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs 

(T9-T11) displayed highly significant increase in stem diameter of sunflower. 

4.2.1.3. Head diameter (cm): 

In years 2012 and 2013 a significant effect of various PGPR inoculations with 

chemical phosphorus fertilizer rates was found for head diameter (Table 4.35). 

In the first year (2012) the largest head diameter (19.30 cm) was noted in T9 

(100% P + dual inoculation) which was significantly different as compared to other 

treatments, and was followed by T10 (75% P + dual inoculation) with head diameter of 

18.83 cm. However smallest heads in size (12.20 cm) were noted in T1 (control) 

treatment. Similar trend regarding head diameter was noted in average of two years mean 

data. Year effect was also significant and head diameter was larger in in 2012 than 2013. 

As far as contrasts having concerned, in both years of trial T1 vs all, T2 vs (T3-T5), 

T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed significant response for 

enhancing head diameter. While T2 vs (T6-T8) and (T3-T5) vs (T6-T8) both remained non-

significant not only in 2012 but also in 2013.  

The results of correlation analysis also indicate a highly significant and positive 

association between achene yield and head diameter (Fig. 4.2.1.). 

4.2.1.4. Number of achenes per head: 

 Data regarding number of achenes per head (Table 4.36) reveal that various PGPR 

inoculation and chemical phosphorus fertilizer treatments had significant effect during the 

two years (2012 and 2013) of experimentation. 

 In 2012 significantly greater number of achenes (954) per head was counted in 

sunflower from the treatment (T9) where 100% phosphorus was applied with dual 

inoculation. This was followed by T10 (75% P + dual inoculation) and T6 (100% P + 

Pseudomonas inoculation) which however, were statistically same with each by giving 

(915 and 888) number of achenes, respectively. The lowest number of achenes per head 

(610) was counted in plots where no inoculation and chemical phosphorus was added 

(T1). Parallel data fashion was observed in 2013 and in pooled values over two years. 

While the comparison of both years‟ values depicts that year had non-significant 

influence on achene numbers per head. 
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Table 4.35. Effect of PGPR inoculation and chemical phosphorus rates on head 

diameter (cm) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    12.20  h    11.83  h 12.01 

T2=100% Recommended phosphorus    17.30  e    16.76  de 17.03 

T3=100% P + Bacillus inoculation    18.03  cd    17.55  c 17.79 

T4=75% P + Bacillus inoculation    16.66   f    16.12  f 16.40 

T5=50% P + Bacillus inoculation    15.60   g    15.23  g 15.42 

T6=100% P + Pseudomonas inoculation    18.30   c    17.79  bc 18.05 

T7=75% P + Pseudomonas inoculation    16.83   f    16.30  ef 16.57 

T8=50% P + Pseudomonas inoculation    15.86   g    15.42  g 15.64 

T9=100% P + Dual inoculation    19.30   a   18.82   a 19.06 

T10=75% P + Dual inoculation    18.83   b   18.27   b 18.56 

T11=50% P + Dual inoculation   17.60   de   17.02   d 17.31 

LSD 5% 0.44 0.52  

Year means 16.96 a 16.47 b  

LSD 5% 0.14  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.1 Relationship between head diameter (cm) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean 
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Table 4.36. Effect of PGPR inoculation and chemical phosphorus rates on number of 

achenes per head of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    610  i   586  i 598 

T2=100% Recommended phosphorus    810  de   786  e 798 

T3=100% P + Bacillus inoculation    870  c   839  cd 855 

T4=75% P + Bacillus inoculation    771  fg   745  fg 758 

T5=50% P + Bacillus inoculation    739  h   700  h 720 

T6=100% P + Pseudomonas inoculation    888  bc   859  bc 874 

T7=75% P + Pseudomonas inoculation    785  ef   757   f 771 

T8=50% P + Pseudomonas inoculation    750  gh   719  gh 735 

T9=100% P + Dual inoculation    954   a   916   a 935 

T10=75% P + Dual inoculation    915   b   884   b 900 

T11=50% P + Dual inoculation   820   d   816   d 818 

LSD 5% 30.54 27.60  

Year means 810 783  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS *  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.2 Relationship between number of achenes per head and achene yield (kg ha
-

1
) in sunflower during 2012, 2013 and their mean  
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The analysis of contrast shows that, in 2012 the contrasts i.e T1 vs all, T2 vs (T9-

T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) had highly significant effect for 

improving number of achenes per head, while the contrasts between treatments T2 vs (T3-

T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) did not vary significantly. However, in the next 

year (2013) of trialing only T2 vs (T6-T8) remained non-significant, while all other 

contrast combinations displayed significant effect on number of achenes per head. 

A highly significant and positive association among achene yield and number of 

achenes per head was also obtained (Fig. 4.2.2) showing that achene yield has high 

dependence on achenes number per head. 

4.2.1.5. 1000 achene weight (g): 

 Different PGPR inoculation and chemical phosphorus rates significantly affected 

1000-achene weight (Table 4.37) in the both seasons (2012 and 2013). 

 In each seasons, the heaviest 1000 achene in weight (54.01 and 52.62 g) was 

recorded in treatment T9 (100% P + dual inoculation). It was followed by T10 (75% P + 

dual inoculation) and T6 (100% P + Pseudomonas inoculation) respectively.  However, 

the difference among these two (T10 and T6) was also significant. Whereas, 1000 achene 

in T1 (control) was found least in weight (39.13 and 38.00 g) during both seasons.  The 

means of two years data also exhibited the same trend. But year effect was found 

significant with heavier 1000 achenes in first year (2012) than the following year (2013). 

The results further displayed that, for 1000 achene weight, contrasts among T1 vs 

all, T2 vs (T9-T11), (T3-T5) vs (T9-T11), (T6-T8) vs (T9-T11) and (T3-T5) vs (T6-T8) were 

found statistically significant, while T2 vs (T3-T5) and T2 vs (T6-T8) displayed non-

significant effect in 2012 for increasing 1000 achene weight. However in 2013, (T3-T5) vs 

(T6-T8) were also found non-significant along with T2 vs (T3-T5) and T2 vs (T6-T8). 

The results of correlation analysis display that a positive relationship between 

achene yield and 1000 achene weight was observed in each year (2012 and 2013) and 

their average data (Fig. 4.2.3). 

4.2.1.6. Achene yield (kg ha
-1

): 

 Results pertaining to achene yield in response to different PGPR inoculation and 

chemical phosphorus rates are presented in table (4.38). During both cropping periods 

achene yield was affected significantly by the applied treatments. 

The application of 100% P with dual inoculation (T9) in both cropping periods 
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(2012 and 2013) produced the maximum achene yield (3190 and 3027 kg ha
-1

), lagging 

behind T10 (75% P + dual inoculation) which was also significantly different against rest 

of the treatments by producing (2970 and 2830 kg ha
-1

) achene yield. While the plots 

where no inoculation and chemical phosphorus was applied (T1), produced the minimum 

achene yield (1618 and 1570 kg ha
-1

) in each cropping period. Among different 

inoculation sources, dual inoculation with different phosphorus rates significantly 

increased achene yield over all single inoculation and phosphorus rates. However, among 

single inoculation treatments, Pseudomonas performed better than Bacillus, but they did 

not show significant difference. Same data pattern was observed in pooled values over 

two years. However, 2012 was recorded significantly more productive by giving higher 

yield than 2013. 

The statistical investigation with contrasts point out that during 2012 all the tested 

contrasts, except T2 vs (T6-T8) and (T3-T5) vs (T6-T8) had significant effect for improving 

achene yield. However, in 2013 only (T3-T5) vs (T6-T8) showed non-significant effect for 

achene yield. 

4.2.1.7. Biological yield (kg ha
-1

): 

Table 4.39 depicts that during two years of investigation (2012 and 2013) 

biological yield varied significantly in response to various PGPR inoculation and 

chemical phosphorus rates. 

In 2012 significantly highest value (12102 kg ha
-1

) for biological yield was noted 

in plots of the treatment (T9) where 100% phosphorus was applied with dual inoculation. 

This was followed by T10 (75% P + dual inoculation) and T6 (100% P + Pseudomonas 

inoculation) which however, were statistically same with each. The minimum value for 

biological yield (7819 kg ha
-1

) was attained in plots where no inoculation and chemical 

phosphorus was added (T1). Similar data trend was observed in 2013 and in average mean 

values of two years. While, the year influence on biological yield was also found 

statistically substantial with greater values in 2012 than in 2013. 

The analysis of contrast shows that, in 2012 the contrasts i.e T1 vs all, T2 vs (T9-

T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) had highly significant effect for 

biological yield, while the contrasts between treatments T2 vs (T3-T5), T2 vs (T6-T8) and 

(T3-T5) vs (T6-T8) did not vary significantly. Similar contrasted results were obtained in  
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Table 4.37. Effect of PGPR inoculation and chemical phosphorus rates on 1000 

achene weight (g) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    39.13  h    38.00  g 38.56 

T2=100% Recommended phosphorus    48.52  e    47.23  d 47.88 

T3=100% P + Bacillus inoculation    51.40  c    50.20  c 50.80 

T4=75% P + Bacillus inoculation    47.02  f    45.56  e 46.29 

T5=50% P + Bacillus inoculation    45.60  g    44.30  f 44.95 

T6=100% P + Pseudomonas inoculation    51.70  c    50.56  c 51.13 

T7=75% P + Pseudomonas inoculation    47.44  f    46.16  e 46.80 

T8=50% P + Pseudomonas inoculation    46.92  f    44.57  f 45.75 

T9=100% P + Dual inoculation    54.01  a   52.62  a 53.32 

T10=75% P + Dual inoculation    52.82  b   51.56  b 52.19 

T11=50% P + Dual inoculation   49.51  d   48.12  d 48.82 

LSD 5% 0.94 0.98  

Year means 48.55 a 47.17 b  

LSD 5% 0.27  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.3 Relationship between 1000 achene weight (g) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean  
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Table 4.38. Effect of PGPR inoculation and chemical phosphorus rates on achene 

yield (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control  1618  h    1570  h 1594 

T2=100% Recommended phosphorus  2603  e    2497  e 2551 

T3=100% P + Bacillus inoculation  2793  cd    2671  cd 2732 

T4=75% P + Bacillus inoculation  2471   f    2369   f 2422 

T5=50% P + Bacillus inoculation  2223   g    2121   g 2172 

T6=100% P + Pseudomonas inoculation  2825   c    2701   c 2763 

T7=75% P + Pseudomonas inoculation  2486   f    2394   f 2441 

T8=50% P + Pseudomonas inoculation  2240   g    2139   g 2190 

T9=100% P + Dual inoculation   3190   a   3027   a 3109 

T10=75% P + Dual inoculation   2970   b   2830   b 2900 

T11=50% P + Dual inoculation  2680   de   2580   de 2630 

LSD 5% 116.22 97.12  

Year means 2555 a 2446 b  

LSD 5% 31.30  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * **  

T2 vs (T6-T8) NS *  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.39. Effect of PGPR inoculation and chemical phosphorus rates on biological 

yield (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control     7819  g     7602  h 7710 

T2=100% Recommended phosphorus    10598 e    10336 d 10467 

T3=100% P + Bacillus inoculation    11249 cd    11001 c 11125 

T4=75% P + Bacillus inoculation    10301 e     9840  ef 10096 

T5=50% P + Bacillus inoculation     9551  f     9250  g 9496 

T6=100% P + Pseudomonas inoculation    11380 bc    11090 bc 11235 

T7=75% P + Pseudomonas inoculation    10352 e     9929   e 10115 

T8=50% P + Pseudomonas inoculation     9741  f     9526  fg 9538 

T9=100% P + Dual inoculation    12102  a    11790 a 11946 

T10=75% P + Dual inoculation    11660  b   11380  b 11520 

T11=50% P + Dual inoculation   11012  d   10635  d 10823 

LSD 5% 299.14 319.42  

Year means 10524 a 10216 b  

LSD 5% 120.73  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.4 Relationship between biological yield (kg ha
-1

) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean 
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the following year 2013 with the exception of T2 vs (T3-T5), which presented significant 

effect for increasing biological yield. 

In each year and their pooled values a strong positive correlation was detected 

between biological yield and achene yield (Fig. 4.2.4) of sunflower. 

4.2.1.8. Oil yield (kg ha
-1

): 

Statistics in table (4.40) reveals significant difference among various PGPR 

inoculation and phosphorus rate treatments during both growing periods, for oil yield of 

sunflower.  

In each growing period (2012 and 2013) maximum oil yield (1286 and 1200 kg 

ha
-1

) was obtained from the plots of treatment (T9) where 100% phosphorus was applied 

with dual inoculation, and it was found statistically superior against rest of the treatments. 

Whereas minimum oil yield (597 and 571 kg ha
-1

) was obtained from the plots where 

neither inoculation nor phosphorus was applied (T1). Similar trends were observed in 

pooled values over two growing periods. The year influence on oil yield was also found 

statistically substantial with greater values in 2012 than in 2013.  

Among different contrasts, in each year (2012 and 2013) T1 vs all, T2 vs (T9-T11), 

(T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed highly significant effect on oil yield, 

while T2 vs (T3-T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) presented non-significant effect 

for the parameter under discussion. 

4.2.1.9. Harvest index (%): 

The data regarding effect of different PGPR inoculation and chemical phosphorus 

rates showed significant differences in harvest index in both cropping seasons (Table 

4.41). In 2012 and 2013, the treatment T9 (100% P + dual inoculation) significantly 

improved harvest index (26.35 and 25.66 %) as related to all other treatments. This was 

followed by T10 (75% P + dual inoculation) and T6 (100% P + Pseudomonas inoculation) 

which improved harvest index compared to remaining treatments in each cropping season 

with giving values (25.46 and 24.87%) and (24.82 and 24.34%) respectively. However, 

the least improved harvest index (20.69 and 20.65%) was given by T1 (control) in both 

cropping seasons. Similar trend was revealed in average of two seasons (pooled data) 

means. The year also had considerable influence by recording greater harvest index in 

first season (2012) than in second season (2013).  
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Table 4.40. Effect of PGPR inoculation and chemical phosphorus rates on oil yield 

(kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 597  g 571  h 584 

T2=100% Recommended phosphorus 1026  d 969  de 998 

T3=100% P + Bacillus inoculation 1112  c 1045  c 1078 

T4=75% P + Bacillus inoculation 953  e 895  f 924 

T5=50% P + Bacillus inoculation 845  f 792  g 818 

T6=100% P + Pseudomonas inoculation 1130  bc 1065  bc 1097 

T7=75% P + Pseudomonas inoculation 964  e 910  ef 937 

T8=50% P + Pseudomonas inoculation 853  f 804  g 829 

T9=100% P + Dual inoculation  1286  a 1200  a 1243 

T10=75% P + Dual inoculation  1178  b 1105  b 1141 

T11=50% P + Dual inoculation 1049  d 991  d 1020 

LSD 5% 61.13 66.02  

Year means 999 a 940 b  

LSD 5% 21.11  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.41. Effect of PGPR inoculation and chemical phosphorus rates on harvest 

index (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control  20.69   g  20.65  e 20.67 

T2=100% Recommended phosphorus  24.56  cd  24.15  c 24.36 

T3=100% P + Bacillus inoculation  24.82  bc  24.26  c 24.54 

T4=75% P + Bacillus inoculation  23.87  de  24.06  c 23.97 

T5=50% P + Bacillus inoculation  22.81   f  22.90  d 22.86 

T6=100% P + Pseudomonas inoculation  24.82  bc  24.34  bc 24.58 

T7=75% P + Pseudomonas inoculation  24.13  cde  24.09  c 24.12 

T8=50% P + Pseudomonas inoculation  23.45  ef  22.43  d 22.94 

T9=100% P + Dual inoculation   26.35   a  25.66  a 26.01 

T10=75% P + Dual inoculation   25.46   b  24.87  b 25.17 

T11=50% P + Dual inoculation  24.33  cd  24.26  c 24.30 

LSD 5% 0.80 0.55  

Year means 24.12 a 23.79 b  

LSD 5% 0.22  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * NS  

T2 vs (T6-T8) NS *  

T2 vs (T9-T11) * **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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From statistical analysis of orthogonal contrasts, it can be concluded that 

contrasts, between the treatments T1 vs all, T2 vs (T3-T5), T2 vs (T9-T11), (T3-T5) vs (T9-

T11), (T6-T8) vs (T9-T11) statistically varied significantly, while T2 vs (T6-T8) and (T3-T5) 

vs (T6-T8) did not varied significantly during 2012. Whereas in the next year 2013, 

contrast among T2 vs (T3-T5) showed non-significant effect instead of T2 vs (T6-T8), while 

all other contrasts remained statistically significant for harvest index. 

4.2.2. Growth and development 

4.2.2.1. Root length (cm): 

It can be inferred from the table (4.42) that in both cropping periods various 

treatments of PGPR inoculation and phosphorus rates differed significantly for root 

length recorded 45 days after sowing (45 DAS). 

Root length ranged between 31.10-16.51 cm and 29.29-14.89 during 2012 and 

2013 respectively. In 2012 roots of the plants in plots of the treatment T9 (100% P + dual 

inoculation) were recorded significantly longest (31.10 cm) while the roots of plants in T1 

(control) treatment were recorded as smallest (16.51 cm) among all the treatments. A 

similar pattern of results was attained in the next year (2013) and for average of both 

years‟ consequences. Year effect was found significant and longer roots were recorded in 

2012 than that of 2013. 

The analysis with contrasts indicated that in each year (2012 and 2013) T1 vs all, 

T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed highly significant effect 

on root length, while T2 vs (T3-T5) and T2 vs (T6-T8) presented non-significant effect for 

the parameter under discussion. However, contrast among the treatments (T3-T5) vs (T6-

T8) was significant in first year (2012), but it displayed statistically non-significant effect 

for root length during second year (2013) of trial. 

4.2.2.2. Root dry weight (g): 

Data in table (4.43) displays that during two years of study (2012 and 2013) root 

dry weight varied significantly in response to different PGPR inoculation and chemical 

phosphorus rates.  

In 2012 significantly maximum dry weight (8.02 g) of roots was obtained in 

treatment T9 (100% P + dual inoculation). This was followed by T10 (75% P + dual 

inoculation) and T6 (100% P + Pseudomonas inoculation) where the difference among 

themselves was only significant in 2012 but not in 2013. However, the minimum dry 
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weight (3.41 g) of roots was obtained in T1 (control). Parallel data fashion was observed 

in 2013 and in average mean values of two years. While the year influence on root dry 

weight was found non-significant.  

The statistical investigation with contrasts point out that during 2012 all the tested 

contrasts, except T2 vs (T6-T8) and (T3-T5) vs (T6-T8) had significant effect for improving 

root dry weight. However, in 2013 only (T3-T5) vs (T6-T8) showed non-significant effect 

for dry weight of root. 

4.2.2.3. Leaf area index: 

In years 2012 and 2013 a significant effect of various PGPR inoculations with 

chemical phosphorus fertilizer was found for leaf area index (Table 4.44). Periodic results 

of leaf area index (LAI) are given in Fig 4.2.5a which presents that there was progressive 

rise in LAI till the end of the growth period. In the start (30 days after sowing) variations 

in LAI were less clear. But with the passage of time, those variations became more 

distinct up to the end of the grand growth period and declined thereafter as the crop 

proceeded towards physiological maturity. 

In the first year (2012) the application of 100% phosphorus with dual inoculation 

(T9) produced the largest LAI (4.70), which significantly varied as compared to other 

treatments, followed by T10 (75% P + dual inoculation) with LAI of 4.46. However 

smallest value for LAI (2.60) was noted in T1 (control) treatment. Similar trend was 

achieved in second year (2013) and average of two year mean data. Year effect was also 

significant and leaf area index recorded, was larger in in 2012 than in 2013. 

 The analysis with contrasts indicated that statistically significant increase in LAI 

values, between the treatments of each contrast was exhibited, except the contrast among 

treatments T2 vs (T6-T8), which had statistically identical values for LAI of sunflower 

during both years (2012 and 2013) of experimentation. 

The correlation analysis outcomes show that highly significant and optimistic 

relationship among achene yield and leaf area index was exhibited during 2012, 2013 and 

also in their average values (Fig. 4.2.5b). 
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Table 4.42. Effect of PGPR inoculation and chemical phosphorus rates on root 

length (cm) (45 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 16.51  h 14.89  g 15.70 

T2=100% Recommended phosphorus 26.44  e 24.58  d 25.51 

T3=100% P + Bacillus inoculation 28.37  c 25.80  c 27.09 

T4=75% P + Bacillus inoculation 25.19  f 23.03  e 24.11 

T5=50% P + Bacillus inoculation 23.58  g 21.82  f 22.70 

T6=100% P + Pseudomonas inoculation 28.51  c 26.10  c 27.31 

T7=75% P + Pseudomonas inoculation 26.03  e 23.51  e 24.77 

T8=50% P + Pseudomonas inoculation 24.09  g 22.19  f 23.14 

T9=100% P + Dual inoculation  31.10  a 29.29  a 30.20 

T10=75% P + Dual inoculation  29.23  b 27.00  b 28.12 

T11=50% P + Dual inoculation 27.02  d 24.90  d 25.96 

LSD 5% 0.54 0.49  

Year means 26.01 a 23.92 b  

LSD 5% 1.44  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.43. Effect of PGPR inoculation and chemical phosphorus rates on root dry 

weight (g) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 3.41  h 3.01  h 3.21 

T2=100% Recommended phosphorus 6.47  e 6.06  e 6.27 

T3=100% P + Bacillus inoculation 7.27  c 6.60  cd 6.94 

T4=75% P + Bacillus inoculation 5.86  fg 5.49  f 5.68 

T5=50% P + Bacillus inoculation 5.46  g 4.96  g 5.21 

T6=100% P + Pseudomonas inoculation 7.47  bc 6.82  c 7.15 

T7=75% P + Pseudomonas inoculation 6.06  f 5.69  f 5.88 

T8=50% P + Pseudomonas inoculation 5.61  g 5.15  g 5.38 

T9=100% P + Dual inoculation  8.02  a 7.51  a 7.77 

T10=75% P + Dual inoculation  7.72  b 7.13  b 7.43 

T11=50% P + Dual inoculation 6.84  d 6.33  de 6.59 

LSD 5% 0.27 0.30  

Year means 6.38 5.89  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * **  

T2 vs (T6-T8) NS *  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.44. Effect of PGPR inoculation and chemical phosphorus rates on leaf area 

index (75 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    2.60  h    2.39  h 2.50 

T2=100% Recommended phosphorus    3.85  e    3.72  de 3.79 

T3=100% P + Bacillus inoculation    4.20  c    4.00  c 4.10 

T4=75% P + Bacillus inoculation    3.60  f    3.54  f 3.57 

T5=50% P + Bacillus inoculation    3.35  g    3.21  g 3.28 

T6=100% P + Pseudomonas inoculation    4.30  c    4.10  c 4.20 

T7=75% P + Pseudomonas inoculation    3.76  e    3.65  ef 3.71 

T8=50% P + Pseudomonas inoculation    3.44  g    3.28  g 3.36 

T9=100% P + Dual inoculation    4.70   a   4.53   a 4.62 

T10=75% P + Dual inoculation    4.46   b   4.25   b 4.36 

T11=50% P + Dual inoculation   4.02   d   3.83   d 3.93 

LSD 5% 0.147 0.144  

Year means 3.84 a 3.68 b  

LSD 5% 0.11  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * *  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.5a Effect of PGPR inoculation and chemical phosphorus rates on periodic 

leaf area index (LAI) of sunflower in 2012 and 2013 
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Fig. 4.2.5b Relationship between leaf area index (75 DAS) and achene yield (kg ha
-1

) 

in sunflower during 2012, 2013 and their mean 
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4.2.2.4. Leaf area duration (days): 

Statistics in table (4.45) reveals significant difference among various PGPR 

inoculation and phosphorus rate treatments during both growing periods, for leaf area 

duration (LAD) of sunflower.  

In each growing period (2012 and 2013) maximum increase in LAD (202.50 and 

198.08 days) was recorded from the plots of treatment (T9) where 100% phosphorus was 

applied with dual inoculation, and it was also found statistically superior against rest of 

the treatments. Whereas, minimum increased LAD (107.02 and 102.07 days) was 

recorded in plots where neither inoculation nor phosphorus was added (T1). Parallel data 

fashion was observed in pooled values over two growing periods. The year influence on 

LAD was also found statistically substantial with greater values in 2012 than in 2013. 

Among contrasts, in year 2012, with the exception of T2 vs (T6-T8), all the 

contrasts i.e. T1 vs all, T2 vs (T3-T5), T2 vs (T9-T11), (T3-T5) vs (T6-T8), (T3-T5) vs (T9-T11) 

and (T6-T8) vs (T9-T11) displayed statistically significant effect on LAD, but in year 2013, 

T2 vs (T3-T5) and (T3-T5) vs (T6-T8) also showed non-significant effect along with T2 vs 

(T6-T8) for LAD. 

4.2.2.5. Mean crop growth rate (g m
-2

 d
-1

): 

The results presented in table (4.46) show that various PGPR inoculation and 

chemical phosphorus rates had significant effects on mean crop growth rate (CGR) during 

both growing periods. The outcomes on periodic growth rate of the crop with different 

treatment (F1 - F11) in each season are shown in (Fig. 4.2.6a). It was recorded that CGR 

was slow in the beginning and changes in the treatments were not distinct. However, the 

CGR increased gradually and reached up to its maximum value from 60-75 days after 

sowing (DAS) and after that it started to drop in all the treatments and reached its 

minimum value towards maturity.  

In first growing period (2012), the maximum CGR (18.21 g m
-2

 d
-1

) was obtained 

in T9 treatment (100% phosphorus + dual inoculation). It was followed by (75 P + dual 

inoculation) and T6 (100% P + Pseudomonas inoculation) treatments recording CGR 

(17.46 and 16.94 g m
-2

 d
-1

 respectively) which however, were statistically similar among 

themselves. While, the minimum CGR (10.41 g m
-2

 d
-1

) was obtained in T1 (control) 

treatment. Almost similar trend was revealed in second growing period (2013) and in 

average of two growing periods (pooled data) mean. Year effect on CGR was also found 

significant recording higher CGR in first year than second year. 
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Among different contrasts, in each year (2012 and 2013) T1 vs all, T2 vs (T9-T11), 

(T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed highly significant effect on CGR, 

while T2 vs (T3-T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) presented non-significant effect 

for the parameter under discussion. 

The relationship between mean crop growth rate and achene yield is also 

displayed in Fig. 4.2.6b which indicates a strong and positive association among the two 

parameters. 

4.2.2.6. Net assimilation rate (g m
-2

 d
-1

): 

The data regarding effect of different PGPR inoculation and chemical phosphorus 

rates showed significant differences in net assimilation rate (NAR) in both cropping 

seasons (Table 4.47).  

In year 2012 and 2013, T9 (100% P + dual inoculation) significantly improved 

NAR (6.41 and 5.99 g m
-2

 d
-1

) as related to all other treatments. This was trailed by T10 

(75 P + dual inoculation) and T6 (100% P + Pseudomonas inoculation) which improved 

NAR compared to remaining treatments in each cropping season with giving values (6.18 

and 5.76 g m
-2

 d
-1

) and (6.07 and 5.63 g m
-2

 d
-1

) respectively. However, the least NAR 

(4.80 and 4.35 g m
-2

 d
-1

) was recorded by without inoculation and phosphorus applied 

plots (T1) in both cropping seasons. Similar trend was revealed in average of two seasons 

(pooled data) means. The year also had considerable influence by recording greater NAR 

in first season (2012) than in second season (2013). 

The statistical investigation with contrasts indicated that during both yeas (2012 

and 2013), T1 vs all, T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed 

highly significant effect on NAR, while T2 vs (T6-T8) and (T3-T5) vs (T6-T8) presented 

non-significant effects for the parameter under discussion. However, contrast among the 

treatments T2 vs (T3-T5) was non-significant in first year (2012), but it displayed 

statistically significant effect for NAR during second year (2013) of trial. 

A highly significant and positive association among net assimilation rate and 

achene yield was obtained (Fig. 4.2.7) showing that achene yield has high dependence on 

net assimilation rate. 
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Table 4.45. Effect of PGPR inoculation and chemical phosphorus rates on leaf area 

duration (days) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    107.02  h    102.07  g 104.55 

T2=100% Recommended phosphorus    162.88  e    157.35  e 160.11 

T3=100% P + Bacillus inoculation    181.28  c    176.10  c 178.69 

T4=75% P + Bacillus inoculation    154.42  f    151.20  e 152.81 

T5=50% P + Bacillus inoculation    135.22  g    136.57  f 135.90 

T6=100% P + Pseudomonas inoculation    185.40  bc    179.55  bc 182.48 

T7=75% P + Pseudomonas inoculation    159.46  ef    154.65  e 157.05 

T8=50% P + Pseudomonas inoculation    140.25  g    139.06  f 139.65 

T9=100% P + Dual inoculation     202.50  a   198.08  a 200.29 

T10=75% P + Dual inoculation    190.42   b   184.42   b 187.42 

T11=50% P + Dual inoculation   172.28   d   164.02   d 168.15 

LSD 5% 6.65 6.52  

Year means 162.83 a 158.46 b  

LSD 5% 2.01  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) * NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) * NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.46. Effect of PGPR inoculation and chemical phosphorus rates on mean 

crop growth rate (g m
-2

 d
-1

) (30 DAS to 90 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control      10.41  h     10.26  h 10.34 

T2=100% Recommended phosphorus     15.17 e    14.80 e 14.99 

T3=100% P + Bacillus inoculation     16.71 c    16.26 c 16.49 

T4=75% P + Bacillus inoculation     14.36 f    14.00 f 14.18 

T5=50% P + Bacillus inoculation     13.23 g    12.75 g 12.99 

T6=100% P + Pseudomonas inoculation     16.94 bc    16.44 bc 16.69 

T7=75% P + Pseudomonas inoculation     14.56 ef    14.32 ef 14.44 

T8=50% P + Pseudomonas inoculation     13.40 g    12.89 g 13.15 

T9=100% P + Dual inoculation      18.21 a   17.60  a 17.91 

T10=75% P + Dual inoculation      17.46 b   16.94  b 17.20 

T11=50% P + Dual inoculation     15.91 d   15.50  d 15.71 

LSD 5% 0.73 0.65  

Year means 15.13 a 14.71 b  

LSD 5% 0.24  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig.4.2.6a. Effect of PGPR inoculation and chemical phosphorus rates on periodic 

crop growth rate (CGR) of sunflower in 2012 and 2013 
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Fig. 4.2.6b Relationship between mean crop growth rate (g m
-2

 d
-1

) (30 DAS to 90 

DAS) and achene yield (kg ha
-1

) in sunflower during 2012, 2013 and their mean 
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Table 4.47. Effect of PGPR inoculation and chemical phosphorus rates on net 

assimilation rate (g m
-2

 d
-1

) (45 DAS to 90 DAS) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   4.80  h    4.35   i 4.58 

T2=100% Recommended phosphorus    5.67  de    5.33  ef 5.50 

T3=100% P + Bacillus inoculation    5.99   c    5.54  cd 5.77 

T4=75% P + Bacillus inoculation    5.48   f    5.12   g 5.30 

T5=50% P + Bacillus inoculation    5.24   g    4.87   h 5.06 

T6=100% P + Pseudomonas inoculation    6.07  bc    5.63  bc 5.85 

T7=75% P + Pseudomonas inoculation    5.54  ef    5.20  fg 5.37 

T8=50% P + Pseudomonas inoculation    5.27   g    4.90   h 5.09 

T9=100% P + Dual inoculation    6.41   a   5.99   a 6.20 

T10=75% P + Dual inoculation    6.18   b   5.76   b 5.97 

T11=50% P + Dual inoculation   5.78   d   5.41   de 5.60 

LSD 5% 0.169 0.160  

Year means 5.28 a 5.68 b  

LSD 5% 0.06  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS *  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.7 Relationship between net assimilation rate (g m
-2

 d
-1

) (45 DAS to 90 DAS) 

and achene yield (kg ha
-1

) in sunflower during 2012, 2013 and their mean 
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4.2.3. Nutrients uptake 

4.2.3.1. Achene nitrogen content (%): 

Achene nitrogen content is given in table (4.48) which shows that for the growing 

season of both years (2011 and 2012) the influence of various PGPR inoculation and 

chemical phosphorus rates on achene nitrogen content was remained significant. 

In the first year of trial (2012), the highest nitrogen content in achene (3.15%) was 

accumulated in plants of the treatment T9 (100% P + dual inoculation) which were found 

statistically at par with T10 (75% P + dual inoculation) with achene nitrogen content of 

3.09%. While, the least nitrogen content in achene (2.59%) was recorded in plots where 

no inoculation and chemical phosphorus was applied (T1). Results obtained in 2013 and 

two years average, showed similar trend to that observed during 2012. Year effect on 

achene nitrogen content was non-significant. However its value was slightly greater in 

2012 than in 2013. 

The results further displayed that for achene nitrogen content contrasts among the 

treatments T1 vs all, T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) varied 

highly significantly, while T2 vs (T3-T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) showed 

non-significant effect for the parameter under discussion during both years (2012 and 

2013) of the trialing. 

4.2.3.2. Achene phosphorus content (%): 

Different PGPR inoculation and chemical phosphorus rates improved achene 

phosphorus content over control (T1) during both years (2012 and 2013) of 

experimentation (Table 4.49). In each year, T9 (100% P + dual inoculation) treatment 

significantly improved achene phosphorus content (0.675 and 0.640%) in comparison to 

all other treatments, except that of T10 (75% P + dual inoculation) with which the 

difference was statistically non-significant in each year. The minimum phosphorus 

content in achene (0.362 and 0.345%) were achieved by T1 (control) treatment.  Same 

trend was established by averaging the both year‟s results. Regarding year effect, more 

phosphorus content in achene of sunflower was found in 2012 than 2013, but difference 

among these did not reach at significant level. 
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Table 4.48. Effect of PGPR inoculation and chemical phosphorus rates on achene 

nitrogen content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    2.59  h    2.51  h 2.55 

T2=100% Recommended phosphorus    3.00  cde    2.97  cde 2.98 

T3=100% P + Bacillus inoculation    3.06   bc    3.02   bc 3.04 

T4=75% P + Bacillus inoculation    2.94   ef    2.92   ef 2.93 

T5=50% P + Bacillus inoculation    2.87   g    2.84   g 2.86 

T6=100% P + Pseudomonas inoculation    3.08   b    3.04   b 3.07 

T7=75% P + Pseudomonas inoculation    2.97   de    2.93   de 2.96 

T8=50% P + Pseudomonas inoculation    2.89   fg    2.86   fg 2.88 

T9=100% P + Dual inoculation    3.15   a   3.11   a 3.13 

T10=75% P + Dual inoculation    3.09   ab   3.06   ab 3.07 

T11=50% P + Dual inoculation   3.01   cd   2.97   cd 3.00 

LSD 5% 0.06 0.05  

Year means 2.97 2.93  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.49. Effect of PGPR inoculation and chemical phosphorus rates on achene 

phosphorus content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    0.362  h    0.345  h 0.353 

T2=100% Recommended phosphorus    0.596  e    0.568  e 0.582 

T3=100% P + Bacillus inoculation    0.629  cd    0.600  cd 0.619 

T4=75% P + Bacillus inoculation    0.565   f    0.536   f 0.554 

T5=50% P + Bacillus inoculation    0.531   g    0.503   g 0.521 

T6=100% P + Pseudomonas inoculation    0.637  bc    0.608  bc 0.619 

T7=75% P + Pseudomonas inoculation    0.572   f    0.546   f 0.556 

T8=50% P + Pseudomonas inoculation    0.538   g    0.514   g 0.523 

T9=100% P + Dual inoculation    0.675   a   0.640   a 0.658 

T10=75% P + Dual inoculation    0.658  ab   0.624  ab 0.641 

T11=50% P + Dual inoculation   0.610   de   0.580   de 0.595 

LSD 5% 0.023 0.021  

Year means 0.551 0.580  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS *  

T2 vs (T6-T8) * NS  

T2 vs (T9-T11) ** *  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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From statistical analysis of orthogonal contrasts, it can be concluded that contrasts 

between the treatments T1 vs all, T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs (T9-T11), (T6-T8) 

vs (T9-T11) statistically varied significantly, while T2 vs (T3-T5) and (T3-T5) vs (T6-T8) did 

not vary significantly during 2012. Whereas in the next year 2013, contrast among T2 vs 

(T6-T8) showed non-significant effect instead of T2 vs (T3-T5) along with (T3-T5) vs (T6-

T8) which had non-significant effect during both years. 

4.2.3.3. Nitrogen uptake (kg ha
-1

): 

Data (Table 4.50) displayed significant effect of different PGPR inoculation and 

chemical phosphorus rates on nitrogen uptake. In each growing period T9 (100% P + dual 

inoculation) treatment significantly improved nitrogen uptake (111.98 and 108.10 kg ha
-1

) 

compared to all other treatments, with the exception of T10 (75% P + dual inoculation) in 

2013, where the difference in nitrogen uptake among the two treatments was non-

significant. However, minimum nitrogen uptake (60.14 and 54.12 kg ha
-1

) was noted in 

T1 (control) where no inoculation and chemical phosphorus was added. Similar trend was 

noted in average of two years mean data. While, year also had significant influence on 

nitrogen uptake with greater values in 2012 than 2013. 

The statistical investigation with contrasts point out that during both years (2012 

and 2013), T1 vs all, (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed highly significant 

effect on nitrogen uptake, but contrast among treatments T2 vs (T6-T8), T2 vs (T9-T11) and 

(T3-T5) vs (T6-T8) did not varied significantly for nitrogen uptake of sunflower. 

The Fig 4.2.8 indicates that the association among achene yield and nitrogen 

uptake was highly significant and positive in 2012, 2013 and mean values of both years. 

4.2.3.4. Phosphorus uptake (kg ha
-1

):  

Statistics pertaining to the phosphorus uptake of two years trialing (Table 4.51) 

point out that differencing inoculation and chemical nitrogen rates had significant effect 

on phosphorus uptake of sunflower crop.  

In each year of trialing (2012 and 2013) highest uptake (53.20 and 50.47 kg ha
-1

) 

of phosphorus was received from the plots treated with 100% phosphorus + dual 

inoculation (T9)  against rest of the treatments, while lowest uptake (18.77 and 16.76 kg 

ha
-1

) of phosphorus was obtained in control plots (T1) where no inoculation and 

phosphorus was applied. A same pattern of phosphorus uptake was recorded in average of  
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both years‟ results. Year effect was also found significant and better phosphorus uptake 

was achieved in 2012 than that of 2013. 

Among different contrasts, in each year (2012 and 2013) T1 vs all, T2 vs (T9-T11), 

(T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) showed highly significant effect on 

phosphorus uptake, while T2 vs (T3-T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) presented 

non-significant effect for the parameter under discussion. 

In each year and their pooled values a strong positive correlation was also 

detected between achene yield and phosphorus uptake (Fig. 4.2.9). 

4.2.3.5. Phosphorus use efficiency (kg kg
-1

):  

The data regarding effect of different PGPR inoculation and chemical phosphorus 

rates showed significant differences in phosphorus use efficiency for both cropping 

seasons (Table 4.52).  

In years 2012 and 2013, treatment T11 (50% P + dual inoculation) significantly 

improved phosphorus use efficiency (37.26 and 35.46 kg kg
-1

) as related to all other 

treatments. This was followed by T10 (75% P + dual inoculation) which improved 

phosphorus use efficiency compared to remaining treatments in each cropping season 

with giving values (31.63 and 29.49 kg kg
-1

) respectively. However, the least phosphorus 

use efficiency (17.29 and 16.27 kg kg
-1

) in both cropping seasons was given by (T2) 

where recommended phosphorus was applied without any inoculation. Similar trend was 

revealed in average of two seasons (pooled data) mean. The year also had considerable 

influence by recording greater phosphorus use efficiency in first season (2012) than in 

second season (2013). 

As far as the effects of orthogonal contrast analysis is concerned, during 2012 as 

well as in 2013 the contrasts among treatments T2 vs (T6-T8), T2 vs (T9-T11), (T3-T5) vs 

(T9-T11) and (T6-T8) vs (T9-T11) were found highly significant, whereas T2 vs (T3-T5) and 

(T3-T5) vs (T6-T8) did not had statistically different effect for phosphorus use efficiency. 

4.2.4. Quality traits 

4.2.4.1. Achene protein content (%): 

Data pertaining to the achene protein content of two years experimentation (Table 4.53) 

point out that differencing inoculation and chemical phosphorus rates had significant 

effect on protein content in achene of sunflower.  
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Table 4.50. Effect of PGPR inoculation and chemical phosphorus rates on nitrogen 

uptake (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 60.14  h 54.12  h 57.13 

T2=100% Recommended phosphorus 100.60  d 96.80  cd 98.70 

T3=100% P + Bacillus inoculation 103.02  bcd 99.83  bc 101.43 

T4=75% P + Bacillus inoculation 95.26  ef 91.70  ef 93.48 

T5=50% P + Bacillus inoculation 89.59  g 84.78  g 87.19 

T6=100% P + Pseudomonas inoculation 106.61  bc 103.01  b 104.81 

T7=75% P + Pseudomonas inoculation 98.31  de 94.65  de 96.48 

T8=50% P + Pseudomonas inoculation 92.00  fg 88.26  fg 90.13 

T9=100% P + Dual inoculation  111.98  a 108.10  a 110.04 

T10=75% P + Dual inoculation  107.19  b 103.58  ab 105.39 

T11=50% P + Dual inoculation 102.28  cd 99.27  bcd 100.78 

LSD 5% 4.71 4.80  

Year means 97 a 93.10 b  

LSD 5% 2.36  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.8 Relationship between nitrogen uptake (kg ha
-1

) and achene yield (kg ha
-1

) 

in sunflower during 2012, 2013 and their mean 
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Table 4.51. Effect of PGPR inoculation and chemical phosphorus rates on 

phosphorus uptake (kg ha
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    18.77  h    16.76  g 17.77 

T2=100% Recommended phosphorus    41.26  e    39.40  d 40.33 

T3=100% P + Bacillus inoculation    46.23  c    43.95  c 45.10 

T4=75% P + Bacillus inoculation    39.00  f    36.48  e 37.98 

T5=50% P + Bacillus inoculation    34.89  g    33.12  f 34.27 

T6=100% P + Pseudomonas inoculation    46.58  c    44.77  c 45.68 

T7=75% P + Pseudomonas inoculation    39.47  f    37.01  e 38.01 

T8=50% P + Pseudomonas inoculation    35.42  g    34.39  f 34.64 

T9=100% P + Dual inoculation    53.20  a   50.47  a 51.84 

T10=75% P + Dual inoculation    49.66  b   47.36  b 48.52 

T11=50% P + Dual inoculation   43.75   d   41.38  d 42.57 

LSD 5% 1.36 2.05  

Year means 40.75 a 38.65 b  

LSD 5% 2.01  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.9 Relationship between phosphorus uptake (kg ha
-1

) and achene yield (kg ha
-

1
) in sunflower during 2012, 2013 and their mean 
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Table 4.52. Effect of PGPR inoculation and chemical phosphorus rates on 

phosphorus use efficiency (kg kg
-1

) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    -----    -----  

T2=100% Recommended phosphorus 17.29 f 16.27 f 16.78 

T3=100% P + Bacillus inoculation 19.97 e 18.78 e 19.37 

T4=75% P + Bacillus inoculation 20.32 d 19.29 de 19.81 

T5=50% P + Bacillus inoculation 20.62 d 19.32 d 19.97 

T6=100% P + Pseudomonas inoculation 21.18 d 19.33 d 20.25 

T7=75% P + Pseudomonas inoculation 21.24 d 19.85 d 20.55 

T8=50% P + Pseudomonas inoculation 21.82 d 19.96 d 20.89 

T9=100% P + Dual inoculation  27.58 c 25.56 c 26.57 

T10=75% P + Dual inoculation  31.63 b 29.49 b 30.56 

T11=50% P + Dual inoculation 37.26 a 35.46 a 36.36 

LSD 5% 2.67 2.65  

Year means 23.89 a 22.33 b  

LSD 5% 1.01  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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In both growing seasons of crop (2012 and 2013), the highest protein content 

(19.69 and 19.44%) was proven in achene of treatment T9 (100% P + dual inoculation) 

and it was observed statistically at par with T10 (75% P + dual inoculation) by giving 

(19.35 and 19.08% respectively) achene protein content in both years. Whereas, lowest 

protein content (16.21 and 15.90%) in achene was received where crop was neither 

fertilized nor inoculated (T1). Similar data fashion was recorded in average of two years 

results. However, year did not show significant effect on achene protein content. 

The results further displayed that for achene protein content contrasts among the 

treatments T1 vs all, T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) varied 

highly significantly, while T2 vs (T3-T5), T2 vs (T6-T8) and (T3-T5) vs (T6-T8) showed 

non-significant effect for the parameter under discussion during both years (2012 and 

2013) of trialing. 

The results of correlation analysis indicate a highly significant positive association 

between achene yield and achene protein content (Fig. 4.2.10). 

4.2.4.2. Achene oil content (%): 

Achene oil content of sunflower was improved by different inoculation and 

phosphorus rates, significantly, during both growing periods of crop (Table 4.54). 

In 2012 highest improvement of achene oil content (40.30%) was achieved with 

treatment T9 (100% P + dual inoculation) in contrast to the rest of treatments, but it did 

not vary significantly with T6 (100% P + Pseudomonas inoculation) and T3 (100% P + 

Bacillus inoculation) where the achene oil content were 39.99% and 39.80% respectively. 

While, minimum improvement of achene oil content (36.91%) was recorded in T1 

(control) treatment. Same trend was also noted in 2013 and in pooled values.  

Furthermore, results show that year effect on achene oil content in sunflower was 

significant and it was higher in first season (2012) than from second season (2013). 

The statistical investigation with contrasts for achene oil content point out that 

during both yeas (2012 and 2013), all the contrasts i.e. T1 vs all, T2 vs (T3-T5), T2 vs (T6-

T8), T2 vs (T9-T11), (T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) were found highly 

significant, except only from (T3-T5) vs (T6-T8) which sowed significant effect during 

first year (2012) but did not had statistically different effect during second year (2013). 

The correlation analysis outcomes show that highly significant and positive 

relationship among achene yield and achene oil content was exhibited during 2012, 2013 

and also in their average values (Fig. 4.2.11). 
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Table 4.53. Effect of PGPR inoculation and chemical phosphorus rates on achene 

protein content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control    16.21   h    15.90   h 16.06 

 T2=100% Recommended phosphorus    18.77  cde    18.54  cde 18.66 

T3=100% P + Bacillus inoculation    19.13   bc    18.88   bc 19.01 

T4=75% P + Bacillus inoculation    18.45   ef    18.23   ef 18.34 

T5=50% P + Bacillus inoculation    18.00    g    17.76   g 17.88 

T6=100% P + Pseudomonas inoculation    19.29    b    19.03   b 19.16 

T7=75% P + Pseudomonas inoculation    18.58   de    18.36   de 18.47 

T8=50% P + Pseudomonas inoculation    18.11   fg    17.87   fg 17.99 

T9=100% P + Dual inoculation    19.69   a   19.44   a 19.57 

T10=75% P + Dual inoculation    19.35  ab   19.08   ab 19.22 

T11=50% P + Dual inoculation   18.85  cd   18.62   cd 18.74 

LSD 5% 0.3634 0.3674  

Year means 18.58 18.34  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.10 Relationship between achene protein content (%) and achene yield (kg 

ha
-1

) in sunflower during 2012, 2013 and their mean 
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Table 4.54. Effect of PGPR inoculation and chemical phosphorus rates on achene oil 

content (%) of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control 36.91  i 36.40  g 36.66 

T2=100% Recommended phosphorus 39.40  cd 38.81  bc 39.11 

T3=100% P + Bacillus inoculation 39.80  abc 39.13  ab 39.47 

T4=75% P + Bacillus inoculation 38.55  fg 37.71  ef 38.13 

T5=50% P + Bacillus inoculation 37.99  h 37.33  f 37.66 

T6=100% P + Pseudomonas inoculation 39.99  ab 39.43  ab 39.71 

T7=75% P + Pseudomonas inoculation 38.75  ef 38.00  de 38.38 

T8=50% P + Pseudomonas inoculation 38.10  gh 37.61  ef 37.86 

T9=100% P + Dual inoculation  40.30  a 39.65  a 39.98 

T10=75% P + Dual inoculation  39.65  bcd 39.03  abc 39.34 

T11=50% P + Dual inoculation 39.14  de 38.40  cd 38.77 

LSD 5% 0.55 0.60  

Year means 38.96  a 38.32  b  

LSD 5% 0.43  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Fig. 4.2.11 Relationship between achene oil content (%) and achene yield (kg ha
-1

) in 

sunflower during 2012, 2013 and their mean 
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4.2.4.3. Fatty acid profile (%): 

Fatty acid composition of sunflower oil (Hysun-33) was mainly comprised of 

linoleic (18:2) and oleic (18:1) acids which were the major unsaturated fatty acids while 

palmitic (16:0) and stearic (18:0) acids were the chief saturated fatty acids. The share of 

unsaturated fatty acids was greater than 85% while that of saturated fatty acids was less 

than 12%. 

4.2.4.3.1. Linoleic acid (%):  

Table 4.55 presents the statistics of linoleic acid content in oil of sunflower, as 

affected by different PGPR inoculation and chemical phosphorus rates.  

In both years (2012 and 2013) the highest linoleic acid concentration in oil of 

sunflower (48.56 and 47.99%) was achieved in T9 (100% P + dual inoculation) than all 

other treatments. This was however, statistically at par with T3, T6, T2 and T10 in year 

2012 but differed significantly with T10 in 2013. Whereas, statistically least linoleic acid 

concentration (44.56 and 44.10%) in oil was gained by T1 (control) in either year. Two 

years mean statistics also exhibited same trend. While year effect was also significant by 

producing higher linoleic acid concentration in sunflower oil in 2012 than in 2013. 

The orthogonal contrasts among treatments (T3-T5) vs (T6-T8) and (T6-T8) vs (T9-

T11) had statistically similar values for linoleic acid, but the contrasts among the 

treatments T1 vs all, T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11) and (T3-T5) vs (T9-T11) 

presented highly significant values of linoleic acid content in oil during both years of 

experimentation (2012 and 2013). 

4.2.4.3.2. Oleic acid (%): 

The data in table (4.56) reveals significant difference among various PGPR 

inoculation and phosphorus rate treatments during both years (2012 and 2013) for oleic 

acid. 

In 2012 maximum oleic acid content (43.80%) in oil of sunflower seed was made 

by plants of control treatment (T1) and minimum oleic acid content (39.06%) in oil was 

found in treatment (T2) where 100% phosphorus was applied without inoculation. 

However, treatments of 100 % phosphorus with different inoculation sources i.e T9 (dual 

inoculation), T6 (Pseudomonas inoculation) and T3 (Bacillus inoculation) improved the 

oleic acid content as compare to T2, though the difference among T9, T6, T3 and T2 was 

statistically not significant. Almost similar data fashion was observed in year 2013 and 
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average of both years values. Year effect of oleic acid in oil was also significant giving 

greater concentration in 2012 than 2013. 

As far as the results of orthogonal contrast analysis are concerned, during 2012 as 

well as in 2013 all the contrasts i.e. T1 vs all T2 vs (T3-T5), T2 vs (T6-T8), T2 vs (T9-T11), 

(T3-T5) vs (T9-T11) and (T6-T8) vs (T9-T11) were found highly significant, except only 

from (T3-T5) vs (T6-T8) which did not produce statistically different effect for oleic acid 

content in oil of sunflower. 

4.2.4.3.3. Palmitic acid (%): 

Palmitic acid content in oil of sunflower was significantly affected by different 

PGPR inoculation and chemical phosphorus rates in both years of experimentation i.e 

2012 and 2013 (Table 4.57). 

In the results of first period research (2012) maximum palmitic acid content in oil 

(6.99%) was given by treatment (T9), where recommended phosphorus was applied 

without any inoculation, but it did not vary significantly with T3, T6, T9 and T7 treatments. 

However, minimum palmitic acid (5.98%) in sunflower oil was produced by (T1) 

treatment in which neither inoculation nor chemical phosphorus was applied. Same trend 

was also noted in the results of second period research (2013) and in pooled values.  

However, year had non-significant effect on palmitic acid content in oil. 

The analysis of contrast shows that, in 2012 the contrasts i.e T1 vs all, T2 vs (T3-

T5), T2 vs (T9-T11) and (T3-T5) vs (T9-T11) had highly significant effect for palmitic acid, 

while the contrasts between treatments T2 vs (T6-T8) and (T3-T5) vs (T6-T8) and (T6-T8) vs 

(T9-T11) did not vary significantly. Similar contrasted results were obtained in the 

following year 2013 with the exception of (T6-T8) vs (T9-T11) which presented significant 

effect for increasing palmitic acid content in oil. 

4.2.4.3.4. Stearic acid (%): 

 The analyzed data regarding stearic acid content in sunflower oil (Table 4.58) 

expose that various PGPR inoculation and chemical phosphorus fertilizer treatments 

displayed non-significant effect during the two years (2012 and 2013) of experimentation. 

However, it was found in the range of 4.26 - 4.33% and 4.25 - 4.29% during 2012 and 

2013 respectively. While the year effect and the analysis of different contrasts among 

treatments also depicted non-significant effect for stearic acid content of oil. 
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Table 4.55. Effect of PGPR inoculation and chemical phosphorus rates on linoleic 

acid content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   44.56  f   44.10   g 44.33 

T2=100% Recommended phosphorus   48.05  a   47.50  ab 47.78 

T3=100% P + Bacillus inoculation   48.30  a   47.75  ab 48.03 

T4=75% P + Bacillus inoculation   46.52  cde   46.08  de 46.30 

T5=50% P + Bacillus inoculation   45.80   e   45.32   f 45.56 

T6=100% P + Pseudomonas inoculation   48.20   a   47.66  ab 47.93 

T7=75% P + Pseudomonas inoculation   46.82  cd   46.33   d 46.58 

T8=50% P + Pseudomonas inoculation   46.14  de   45.59  ef 45.87 

T9=100% P + Dual inoculation    48.56   a   47.99   a 48.28 

T10=75% P + Dual inoculation    47.85  ab   47.24  bc 47.55 

T11=50% P + Dual inoculation   47.16  bc   46.60  cd 46.88 

LSD 5% 0.75 a 0.73 b  

Year means 47.09 46.56  

LSD 5% 0.14  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** *  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) NS NS  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.56. Effect of PGPR inoculation and chemical phosphorus rates on oleic acid 

content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   43.80  a   43.42  a 43.61 

T2=100% Recommended phosphorus   39.06  g   38.46  f 38.76 

T3=100% P + Bacillus inoculation   39.65  fg   39.10  f 39.38 

T4=75% P + Bacillus inoculation   41.30  cd   40.73  cd 41.02 

T5=50% P + Bacillus inoculation   42.05   b   41.55  b 41.80 

T6=100% P + Pseudomonas inoculation   39.50   g   39.00  f          39.25 

T7=75% P + Pseudomonas inoculation   41.07   d    40.57  d 40.82 

T8=50% P + Pseudomonas inoculation   41.75  bc   41.30  bc 41.53 

T9=100% P + Dual inoculation    39.23   g   38.60  f 38.92 

T10=75% P + Dual inoculation    40.20  ef   39.76  e 39.98 

T11=50% P + Dual inoculation   40.77  de   40.33  de 40.55 

LSD 5% 0.60 0.65  

Year means 40.76 a 40.26 b  

LSD 5% 0.24  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) ** **  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) ** **  

 

Means not sharing common letters in column differ significantly at 5% probability 

**=Highly significant 

NS=Non-significant 
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Table 4.57. Effect of PGPR inoculation and chemical phosphorus rates on palmitic 

acid content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   5.98   g   5.87   f 5.92 

T2=100% Recommended phosphorus   6.99   a   6.85   a 6.92 

T3=100% P + Bacillus inoculation   6.92   ab   6.79  ab 6.86 

T4=75% P + Bacillus inoculation   6.73   bc   6.61  bc 6.67 

T5=50% P + Bacillus inoculation   6.34   ef   6.26   e 6.30 

T6=100% P + Pseudomonas inoculation   6.88   ab   6.74  ab 6.81 

T7=75% P + Pseudomonas inoculation   6.80  abc   6.67  abc 6.74 

T8=50% P + Pseudomonas inoculation   6.44   de   6.35  de 6.40 

T9=100% P + Dual inoculation    6.85   ab   6.72  abc 6.79 

T10=75% P + Dual inoculation    6.64   cd   6.53  cd 6.59 

T11=50% P + Dual inoculation   6.23    f   6.15   e 6.19 

LSD 5% 0.20 0.20  

Year means 6.62 6.50  

LSD 5% NS  

Contrast analysis    

T1 vs All ** **  

T2 vs (T3-T5) ** **  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) ** **  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) ** **  

(T6-T8) vs (T9-T11) NS *  

 

Means not sharing common letters in column differ significantly at 5% probability 

*=Significant 

**=Highly significant 

NS=Non-significant 
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Table 4.58. Effect of PGPR inoculation and chemical phosphorus rates on stearic 

acid content (%) in oil of sunflower 

 

Treatments 2012 2013 Mean 

T1=Control   4.26   4.25 4.25 

T2=100% Recommended phosphorus   4.33   4.29 4.31 

T3=100% P + Bacillus inoculation   4.33   4.29 4.31 

T4=75% P + Bacillus inoculation   4.31   4.27 4.29 

T5=50% P + Bacillus inoculation   4.29   4.26 4.28 

T6=100% P + Pseudomonas inoculation   4.33   4.29 4.31 

T7=75% P + Pseudomonas inoculation   4.32   4.29 4.31 

T8=50% P + Pseudomonas inoculation   4.29   4.26 4.28 

T9=100% P + Dual inoculation    4.33   4.29 4.31 

T10=75% P + Dual inoculation    4.29   4.26 4.28 

T11=50% P + Dual inoculation   4.28   4.26 4.27 

LSD 5% NS NS  

Year means 4.31 4.27  

LSD 5% NS  

Contrast analysis    

T1 vs All NS NS  

T2 vs (T3-T5) NS NS  

T2 vs (T6-T8) NS NS  

T2 vs (T9-T11) NS NS  

(T3-T5) vs (T6-T8) NS NS  

(T3-T5) vs (T9-T11) NS NS  

(T6-T8) vs (T9-T11) NS NS  

 

NS=Non-significant 
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4.2.5. Relationship between achene yield vs. growth, yield, nutrients uptake and 

quality characteristics of sunflower  

 The results of simple correlation analysis are presented in table (4.59) which 

displays that a highly significant and positive relationship between achene yield and 

various components of growth, yield, nutrients uptake and quality parameter were 

exhibited not only in both years (2012 and 2013) of experimentation but also in their 

pooled values. 

 

4.2.5. Economic analysis:  

The facts of cost of production for sunflower under local circumstances of 

Faisalabad, Pakistan are exhibited in Appendix 2. Different treatments of inoculation 

sources and chemical phosphorus rates resulted in diverse net income (Rs. ha
-1

) as 

indicated in tables (4.60 and 4.61). Highest net income of Rs. 95927 and 87777 per 

hectare was achieved in treatment T9 (100% P + dual inoculation) in each year (2012 and 

2013) respectively. In 2012, the maximum benefit cost ratio of 2.51 was also obtained in 

T9 and it ranged from 1.39 to 2.40 among other treatments. However, in the next year 

(2013), T9 gained relatively lesser benefit cost ratio (2.39) than in 2012 and it ranged 

from 1.35 to 2.29 among other treatments. 
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Table 4.59. Simple correlation coefficient between achene yield vs. growth, yield, 

nutrients uptake and quality characteristics of sunflower 

  

characters 2012 2013 Mean 

Achene yield vs. Head diameter  0.980** 0.971** 0.981** 

Achene yield vs. Number of achenes per head 0.961** 0.955** 0.965** 

Achene yield vs. 1000 achene weight 0.974** 0.979** 0.978** 

Achene yield vs. Biological yield 0.971** 0.989** 0.994** 

Achene yield vs. LAI (75 DAS) 0.992** 0.996** 0.995** 

Achene yield vs. CGR (30 DAS to 90 DAS) 0.971** 0.986** 0.977** 

Achene yield vs. NAR (30 DAS to 90 DAS) 0.969** 0.990** 0.961** 

Achene yield vs. Nitrogen uptake 0.926** 0.920** 0.932** 

Achene yield vs. Phosphorus uptake 0.988** 0.978** 0.985** 

Achene yield vs. Achene protein content 0.964** 0.961** 0.958** 

Achene yield vs. Achene oil content 0.944** 0.913** 0.932** 

 

**=Highly significant at 5% level of probability 

DAS=Days after sowing 

LAI=Leaf area index 

CGR=Crop growth rate 

NAR=Net assimilation rate 
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Table 4.60. Effect of PGPR inoculation and chemical phosphorus rates on net 

income and benefit cost ratio (BCR) of sunflower in 2012 

 

Treatments 
G.I  

(Rs. ha
-1

) 

T.E 

(Rs. ha
-1

) 

N.I 

(Rs. ha
-1

) 
BCR 

T1=Control 80900    57776   23124 1.39 

T2=100% Recommended phosphorus 130167    63473 66694 2.05 

T3=100% P + Bacillus inoculation 139667    63573 76094 2.20 

T4=75% P + Bacillus inoculation 123583    61881 61702 2.00 

T5=50% P + Bacillus inoculation 111167    60729 50438 1.83 

T6=100% P + Pseudomonas inoculation 141250    63573 77677 2.22 

T7=75% P + Pseudomonas inoculation 124333    61881 62452 2.01 

T8=50% P + Pseudomonas inoculation 112000    60729 51271 1.84 

T9=100% P + Dual inoculation  159500    63573 95927 2.51 

T10=75% P + Dual inoculation  148500    61881 86619 2.40 

T11=50% P + Dual inoculation 134000    60729 73271 2.21 

 

 

 

 

Table 4.61. Effect of PGPR inoculation and chemical phosphorus rates on net 

income and benefit cost ratio (BCR) of sunflower in 2013. 

 

Treatments 
G.I  

(Rs. ha
-1

) 

T.E 

(Rs. ha
-1

) 

N.I 

(Rs. ha
-1

) 
BCR 

T1=Control 78500    57776    20724 1.35 

T2=100% Recommended phosphorus 124883    63473 61410 1.96 

T3=100% P + Bacillus inoculation 133550    63573 69977 2.10 

T4=75% P + Bacillus inoculation 118633    61881 56752 1.92 

T5=50% P + Bacillus inoculation 106050    60729 45321 1.75 

T6=100% P + Pseudomonas inoculation 135083    63573 71510 2.12 

T7=75% P + Pseudomonas inoculation 119733    61881 57852 1.93 

T8=50% P + Pseudomonas inoculation 106950    60729 46221 1.76 

T9=100% P + Dual inoculation  151350    63573 87777 2.38 

T10=75% P + Dual inoculation  141533    61881 79652 2.29 

T11=50% P + Dual inoculation 129033    60729 68304 2.12 

 

G.I= Gross income 

T.E=Total expenditure 

N.I=Net income 

BCR=Benefit cost ratio 
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4.2.6. Discussion 

 

Both years 2012 and 2013 experiments revealed that integrated use of 

rhizobacterial isolates with chemical phosphorus fertilizer compensated substantially for 

chemical phosphorus fertilization in sunflower. As most of plant growth, yield, nutrients 

uptake and quality attributes gave relatively comparable response to 50% phosphorus 

application with dual inoculation as that with recommended dose of phosphorus without 

inoculation. It might be due to improved nutrients use efficiency as favorable bacterial 

inoculation may have exploited nutrient availability exclusively to the plants through 

mineralization, solubilization of phosphorus, production of phytohormones, organic acids 

and redox changes (Romkens et al., 2002; Abou-Shanab et al., 2003; Raghothama, 2005). 

Phosphorus solubilizing microbes (PSM) have high potential as bio-fertilizers particularly 

in soils with P deficiency to increase the growth and yield performance of crops (Miller et 

al., 2010; Awasth et al., 2011) and for this most efficient phosphate solubilizing 

microorganism (PSM) comprises of Bacillus and Pseudomonas genera (Tilak et al., 

2005). These microorganisms in addition to offering P to plants also assist plant growth 

by other means. Plants inoculation with these bacterium produce morphological 

modifications like as improvement in root surface area by more root hairs production, 

which in turn increase water and mineral uptake (Zaidi and Mohammad, 2006; Yazdani 

and Bagheri, 2011) and resultantly crop growth and yields.  

The single inoculation of Pseudomonas as well as Bacillus showed statistically 

significant results compared to control because they are not only phosphate solubilizers 

but can also produce growth hormones. However, evaluation among the single 

inoculation of PGPR exposed that the Pseudomonas performed better than Bacillus in 

promoting growth and yield parameters of sunflower though the difference among 

themselves was non-significant for most of the parameters. This might be due to more 

solubilizing ability of insoluble soil P in earlier case compared to second one that 

attributed to increased root growth, better nutrients and water uptake. The data of P 

content in achene and P uptake by crop also recognized in improvement of P nutrition of 

plants inoculated with PGPR Pseudomonas than that recorded in case of plants inoculated 

with Bacillus. Similar findings have been reported by several researchers (Banik and Dey, 

1982; Chabot et al., 1996; Zaidi et al., 2003) who recorded the improvement in 

phosphorus availability to plants by the inoculation of PSM in pot and field conditions. 
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Microbial inoculation with P solubilizing Bacillus may also enhance applied 

phosphorus efficiency by reducing fixation of phosphate in soil fractions. Earlier studies 

have revealed that for improving the P-nutrition of different crops these P solubilizing 

bacteria may function as efficient bio fertilizer candidates (Sahin et al., 2004; Çakmakçı 

et al., 2006; Orhan et al., 2006).  

Collective use of rhizobacterial inoculation in combination with chemical 

fertilizer presented significant effect on root and shoot growth of sunflower. This might 

indicate to key ability of the certain microorganism to have (ACC-deaminase) an enzyme, 

which is a biosynthetic precursor of ethylene phytohormone, that may enable superior 

root growth (Glick, 2005; Saleem et al., 2007; Mcdonnel et al., 2009). Husen et al. (2009) 

depicted optimistic effect of rhizobacteria (Pseudomonads) generating IAA with ACC 

deaminase activity on seedling root growth of soybean. They determined that bacteria 

manufacturing ACC deaminase aid plant growth by reducing ethylene production and 

allowing IAA to excite plant cell without the damaging effect of increasing ACC. 

Formerly, importance of ACC deaminase as one of the dynamic qualities among several 

other valuable features of plant growth promoting bacteria had also been addressed in 

various crops and in environment (Wang et al., 2000; Saravanakumar and Samiyappan, 

2007; Shaharoona et al., 2007a, b; Prashanth and Mathivanan 2009). 

Combined use of chemical phosphorus fertilizer and rhizobacteria also displayed 

promising effect on grain yield of sunflower. Grain yield is dependent mainly on source 

sink relation. As the reproductive parts obtain more photosynthetic assimilate, an 

improvement in grain yield is resulted. Increase in various plant growth characters (such 

as plant height, leaf area, CGR, NAR) and yield components (head diameter, number of 

achenes per head, 1000 achene weight) ultimately results into increase in seed yield .This 

might be the reasons for significant increase in overall seed yield of sunflower. Sharma 

(2003) recorded that the phosphate-solubilizing bacteria, when inoculated in conjunction 

with phosphorus fertilization, effectively enriched grain, straw yield and NPK uptake of 

rice-wheat cropping system. Gupta et al. (2009) in chickpea found that grains yield, straw 

yield, nitrogen and phosphorus uptake were recorded highest with application of 40 kg 

P2O5 ha
-1

 along with Bacillus polymyxa and with Bacillus megaterium. 

Co-inoculation in our study had a benefit compared to single inoculation as co-

inoculation with all the chemical phosphorus fertilizer levels produced a significant effect 

for improving all the parameters of experiment, this might be due to the fact that the 

microbial inoculation of both microbes were aiming at increasing phosphorus 
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solubilization in the root zone. As both the microbes were working towards the similar 

aim, results were constructive and they performed even well without suppressing the 

effect of each other. Literature as well as practical studies proposes that co-inoculation 

displays better results because of a synergistic association among the microbes. So co- 

inoculation is superior than single application (Akhtar et al, 2013). It is very likely that 

phosphate solubilizing action of the nominated strains improved the P discharge from 

complexes of insoluble P. This statement is supported by the data of P content in achene 

and P uptake by plant as P content and uptake were also the maximum where seeds were 

inoculated with these dual PGPR.  

Similarly the statistics of root growth (root length and dry weight) indicated much 

better root growth in case of plants inoculated with dual PGPR than that of single. 

Comparatively upgraded root and shoot growth of sunflower paralleled with improved 

nutrition of phosphorus further support the opinion that P nutrition by dual inoculation is 

indispensable for better plant growth. The additive effect of dual inoculation made these 

strains far superior to single inoculation. Comparable outcomes were stated by Afzal and 

Asghari (2008) who found that co-inoculation of Rhizobium leguminismarum and 

phosphate solubilizing bacteria (Pseudomonas sp.) along with P fertilizer yielded highest 

root weight. These results are in line with those who recorded that inoculation with multi 

microorganisms (co-inoculation) such as PSM + mycorrhizal fungi boosted availability of 

nutrients and P uptake by plant which caused superior growth and yield of inoculated 

plants (Zaidi and khan, 2005). Likewise, Shaharoona et al. (2008) also established that 

PGPR strains Pseudomonas fluorescens and Pseudomonas fluorescens meaningfully 

amended the root and shoot growth of wheat grown in soil fertilized with different NPK 

levels. 

In both years 2012 and 2013 study revealed 50% reduction in required chemical 

phosphorus fertilizer with dual inoculation for getting the yield and its components 

comparable to recommended P without inoculation. Yazdani et al. (2011) stated that 

application of PGPR and PSM together decreased P application by 50%. In his 

experiment, grain yield, biological yield, harvest index and nutrients uptake increased 

significantly compared to check. Similar results had also been described by researchers 

that dual inoculation in combination of half the recommended doses of NPK enhanced 

growth parameters of maize (Afifi et al., 2003; El-Kholy et al., 2005). The results are also 

in agreement with the findings of Sohal et al. (1996) who found that co-inoculation of 

phosphate solubilizating microorganisms (PSM) and Azotobacter chroococcum increased 
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growth, yield and fertilizer economy of winter maize.  

The results also showed significant improvement in quality characteristics of 

sunflower seed which might also be due to increased phosphorus nutrition of crop by 

different inoculation sources as phosphorus  is a  critical  element  directly  contributing  

in  dynamic  biochemical reactions,  including  synthesis  of  proteins,  oils  and  fats  

building structures  such  as  phospholipids. Kumar et al. (2009) found decrease in 

chemical fertilizer dose and improved growth, yield and quality traits of sesame 

(Sesamum indicum L.) upon inoculation with rhizospheric Pseudomonas aeruginosa. It 

was exposed that the oil yield improved by 33.3%, while improvent in protein yield was 

47.5% with treatment of half dose of fertilizer along with Pseudomonas inoculated seeds, 

as compared to full dose of fertilizers. These results also agree with the findings of 

(Gyaneshwar et al., 2002; Vessey et al., 2003; Shaharoona et al., 2007a, b) who recorded 

increased seed quality by application of microbial inoculants with different phosphorus 

treatments. 

The dominance of dual traits over single trait was continued throughout the 

experimentation. This may suggest that for the formulations of effective biofertilizer, one 

should prefer dual traits PGPR strains. 
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CHAPTER-5 

Summary 

Two sets of field experiments were conducted during 2012 and 2013 for evaluating role 

of plant growth promoting rhizobacteria for improving nitrogen use efficiency in 

sunflower (experiment-1), and for evaluating role of plant growth promoting 

rhizobacteria for improving phosphorus use efficiency in sunflower (experiment-2) at the 

Agronomic Research Area, Department of Agronomy, University of Agriculture, 

Faisalabad. In first experiment, sunflower hybrid Hysun-33 was subjected to eleven 

treatments viz. Control, Recommended N (100%), 100% N + PGPR (Azospirillum) seed 

inoculation, 75% N + PGPR (Azospirillum) seed inoculation, 50% N + PGPR 

(Azospirillum) seed inoculation, 100% N + PGPR (Azotobactor) seed inoculation, 75% N 

+ PGPR (Azotobactor) seed inoculation, 50% N + PGPR (Azotobactor) seed inoculation, 

100% N + PGPR (Azospirillum + Azotobactor) seed inoculation, 75% N + PGPR 

(Azospirillum + Azotobactor) seed inoculation, 50% N + PGPR (Azospirillum + 

Azotobactor) seed inoculation, while second experiment, comprised of same eleven 

treatments replacing nitrogen with phosphorus, Azospirillum with Bacillus and 

Azotobactor with Pseudomonas. In both experiments treatments were carried out in 

randomized complete block design (RCBD) with three replications. Seed coating for 

inoculation was done with inoculated peat, assorted with 10% sugar solution. The crop 

was sown in 75 cm separate rows maintaining plant to plant distance of 20 cm with net 

plot size of 4.5 m × 8 m. Whole of the nitrogen was applied in three splits i.e. 1/2 at 

sowing time, 1/4 at 1
st
 irrigation and remaining 1/4 at flowering. While all of the 

phosphorus and potassium was applied at sowing. All other agronomic operations except 

nitrogen and phosphorus rates were reserved usual and constant for all the treatments. 

Data on different growth, yield, nutrients uptake and quality parameters was verified by 

standard procedures and was evaluated by using suitable statistical techniques. For 

comparison of treatment‟s means least significant difference (LSD) test at 0.05 

probability was applied. Results obtained are summarized below. 

Experiment- 1 

 All the agronomic, phenology, growth and development, nutrients uptake and 

quality characteristics except days taken to 50% germination and stearic acid content in 
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oil were significantly affected by application of different PGPR inoculation and nitrogen 

rates during both years (2012 and 2013). 

 The agronomic traits such as plant height at maturity, stem diameter, head 

diameter, number of achenes per head, 1000-achene weight, biological yield, oil yield 

and harvest index produced supreme performance with T9 (100% nitrogen + dual 

inoculation) treatment compared to other treatments.  

 The highest achene yield 3016 kg ha
-1

 and 2882 kg ha
-1

 was also obtained in plots 

of the treatment (T9) where 100% nitrogen was applied in combination with dual 

inoculation during both years 2012 and 2013, respectively. However, 75% nitrogen + 

PGPR (Azospirillum + Azotobactor) inoculation produced statistically same yield as with 

recommended nitrogen (100%) without inoculation. 

 Regarding phenology traits maximum days to 50% flowering and maturity were 

taken by treatment (T9) where 100% nitrogen was applied in combination with dual 

inoculation. However, days taken to 50% germination did not presented significant effect 

in response to inoculation and different nitrogen rates during both years. 

 All the growth and development traits like root length, root dry weight, LAI, 

LAD, CGR and NAR gave significantly highest values with the application of 100% 

nitrogen + dual inoculation during both years of experimentation. 

 The parameters of nutrients uptake also showed best response to T9 (100% 

nitrogen + dual inoculation). However, nitrogen use efficiency was found maximum 

where 50% nitrogen was applied in combination with dual inoculation. 

 Different quality traits such as achene protein content and linoleic acid content of 

oil also found highest in T9 (100% nitrogen + dual inoculation), while achene oil content 

and oleic acid content of oil were recorded maximum in control (T1) treatments. 

 Among the single inoculation sources, PGPR Azospirillum performed better than 

Azotobactor for almost all the studied traits. However, the difference among themselves 

was non-significant for most of the parameters.  

 A positive correlation of achene yield with yield components (head diameter, 

number of achenes per head, 1000-achene weight, biological yield), growth (LAI, CGR 

and NAR) and nutrients uptake (nitrogen and phosphorus uptake) was observed, however 

for quality traits protein content also presented positive correlation but with oil content a 

negative relationship was recorded.  

 In case of economic analysis highest net income and benefit cost ratios were 
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obtained with the application of 100% nitrogen + dual inoculation (T9) during both years.  

 

Experiment- 2 

 All the agronomic, growth and development, nutrients uptake and quality 

characteristics except stearic acid content in oil were significantly affected by application 

of different PGPR inoculation and chemical phosphorus rates during both years (2012 

and 2013). 

 The agronomic traits such as plant height at maturity, stem diameter, head 

diameter, number of achenes per head, 1000-achene weight, biological yield, oil yield 

and harvest index produced supreme performance with T9 (100% phosphorus + dual 

inoculation) treatment compared to other treatments.  

 The highest yield 3190 kg ha
-1

 and 3027 kg ha
-1

 was also obtained in plots of the 

treatment (T9), where 100% phosphorus was applied in combination with dual 

inoculation during both years 2012 and 2013, respectively. However, 50% phosphorus + 

PGPR (Bacillus + Pseudomonas) inoculation produced statistically same yield as with 

recommended phosphorus (100%). 

 All the growth and development traits like root length, root dry weight, LAI, 

LAD, CGR and NAR gave significantly highest values with the application of 100% 

phosphorus + dual inoculation during both years of experimentation. 

 All the parameters of nutrients uptake also showed best response to T9 (100% 

phosphorus + dual inoculation). However, phosphorus use efficiency was found 

maximum where 50% phosphorus was applied in combination with dual inoculation. 

 Different quality traits such as achene protein content, oil content and linoleic 

acid content of oil also found highest in T9 (100% phosphorus + dual inoculation), while 

oleic acid content of oil were recorded maximum in control (T1) treatments. 

 Among the single inoculation sources, PGPR Pseudomonas performed better 

than Bacillus for almost all the studied traits. However, the difference among themselves 

was non-significant for most of the parameters.  

 A positive correlation of achene yield with yield components (head diameter, 

number of achenes per head, 1000-achene weight and biological yield), growth (LAI, 

CGR and NAR), nutrients uptake (nitrogen and phosphorus uptake) and quality traits 

(protein content and oil content) was recorded in both years.  

 Economic analysis showed that highest net income and benefit cost ratios were 
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obtained with the application of 100% phosphorus + dual inoculation (T9) during both 

years.  

Conclusions: 

The study suggests that PGPR in combination with chemical nitrogen and 

phosphorus fertilizers, has a great potential to increase growth and yield components of 

sunflower and to improve the usage efficiency of chemical fertilizers, as PGPR 

(Azospirillum + Azotobactor) and (Bacillus + Pseudomonas) with 75% nitrogen and 50% 

phosphorus fertilizer gave the crop yield as with full doze of nitrogen and phosphorus 

fertilizers respectively. 

However, the highest achene yield and greater economic benefit was obtained, 

when the sunflower hybrid (Hysun-33) was fertilized by 100% nitrogen and phosphorus 

in conjunction with dual inoculation of (Azospirillum + Azotobactor) and (Bacillus + 

Pseudomonas) respectively.  

The results also document that the consistency of these PGPR as dual inoculation 

for promoting growth, yield and nutrients use of inoculated crop was found much 

impressive compared to the single inoculation. So, dual inoculations of PGPR are 

excellent candidate for formulation of an effective biofertilizers to be used as supplement 

to chemical fertilizers and as an economic input to increase crop productivity. 

Future needs: 

 Further studies on fertilizer use efficiency with PGPR should be carried out for 

different sunflower hybrids under various edaphic and climatic conditions of Pakistan. 

 Chemical analysis of different plant parts and soil should be conducted 

fortnightly in order to get better understanding of nutrient response to the crop 

throughout the growing season. 

 More analytical studies of nutritional management are required to evaluate the 

effect of PGPR with different organic fertilizer sources alone and in combination with 

chemical fertilizers. 

 Effect of PGPR in other oilseed crops for better nutrient use, yield and quality 

should be studied. 

 It is further needed to explore the beneficial aspects of other microbial 

communities and their combinations (plant growth promoting fungi) as potential 

microbial inoculants for the betterment of sunflower crop and its nutrients use efficiency. 
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Appendices 

 
Appendix 1. Plant population at harvest (plot 

-1
) during both years for experiment 

No.1 

Treatments 2012 2013 Mean 

T1=Control 176 178 177 

T2=100% Recommended nitrogen 179 178 178 

T3=100% N + Azospirillum inoculation 179 179 179 

T4=75% N + Azospirillum inoculation 179 178 178 

T5=50% N + Azospirillum inoculation 178 176 177 

T6=100% N + Azotobactor inoculation 177 179 178 

T7=75% N + Azotobactor inoculation 179 179 179 

T8=50% N + Azotobactor inoculation 179 179 178 

T9=100% N + Dual inoculation  179 178 178 

T10=75% N + Dual inoculation  179 178 178 

T11=50% N + Dual inoculation 179 177 178 

LSD 5% NS NS  

Year means 178.27 178.00  

LSD 5% NS  

 

Appendix 2. Plant population at harvest (plot 
-1

) during both years for experiment 

No.2 

Treatments 2012 2013 Mean 

T1=Control 178 177 177 

T2=100% Recommended phosphorus 178 178 178 

T3=100% P + Bacillus inoculation 179 179 179 

T4=75% P + Bacillus inoculation 179 177 178 

T5=50% P + Bacillus inoculation 179 178 178 

T6=100% P + Pseudomonas inoculation 179 177 178 

T7=75% P + Pseudomonas inoculation 177 178 177 

T8=50% P + Pseudomonas inoculation 179 179 178 

T9=100% P + Dual inoculation  179 179 179 

T10=75% P + Dual inoculation  179 179 179 

T11=50% P + Dual inoculation 178 179 178 

LSD 5% NS NS  

Year means 178.45 178.27  

LSD 5% NS  
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Appendix 3. Experiment No.1 Cost of production during 2012 and 2013 

Operation/input Average no. of 

Operation/units/ 

Acre 

Rates per 

Unit 

(Rs.) 

Total 

expenditure 

(Rs. ha
-1

) 

Tillage and seed bed preparation 

Ploughing 2 600 3000 

Planking 1 200 500 

Sowing 

Hybrid seed 6 kg 1170 7020 

Bund making 2 men full day 200 400 

Sowing 8 men for ½ day 200 800 

Plant protection 

Spray including labour 

charges 

 

2 

 

1000 

 

2500 

Watch and wards 1 man for 30 days 200 6000 

Interculture 

Weeding/hoeing 2 men day 200 400 

Cleaning of water channel 1 man day 200 200 

Labour charges for four 

irrigations 

1 men day 200 200 

Abyana  130 130 

Fertilizer 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Harvesting charges 6 men day 200 1200 

Threshing charges 6 men day 200 1200 

Management charges 

(10000 per month for 100 

acres) 

 

4 month 

 

250 

 

1000 

Land rent (6 month) 6 30000 annum
-1

 15000 

Sub-total (a)   39950 
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Cost of production for different treatments during 2012 and 2013 

Fertilizer/inoculation 

T1=Control (without nitrogen and inoculation) 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Application  1 man day 200 200 

Sub-Total (b) 5697+9500+200 15397 

 

T2=100% Recommended nitrogen 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Application  1 man day 200 200 

Sub-Total (c) 8126+5697+9500+200 23523 

 

T3=100% N + Azospirillum inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (d) 8126+5697+9500+100+200 23623 

 

T4=75% N + Azospirillum inoculation 

Urea 3.58 bag 1700 6086 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (e) 6086+5697+9500+100+200 21583 

 

T5=50% N + Azospirillum inoculation 

Urea 2.39 bag 1700 4063 
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SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (f) 4063+5697+9500+100+200 19560 

 

T6=100% N + Aztobactor inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (g) 8126+5697+9500+100+200 23623 

 

T7=75% N + Aztobactor inoculation 

Urea 3.58 bag 1700 6086 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (h) 6086+5697+9500+100+200 21583 

 

T8=50% N + Aztobactor inoculation 

Urea 2.39 bag 1700 4063 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (i) 4063+5697+9500+100+200 19560 

T9=100% N + Dual inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 
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SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (j) 8126+5697+9500+100+200 23623 

 

T10=75% N + Dual inoculation 

Urea 3.58 bag 1700 6086 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (k) 6086+5697+9500+100+200 21583 

 

T11=50% N + Dual inoculation 

Urea 2.39 bag 1700 4063 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (l) 4063+5697+9500+100+200 19560 
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Total expenditure of treatments 

T1=Control (sub-total a + sub-total b) 39950+15397    55347 

T2=100% Recommended nitrogen 

(sub-total a + sub-total c) 39950+23523    63473 

T3=100% N + Azospirillum inoculation 

(sub-total a + sub-total d) 39950+23683    63573 

T4=75% N + Azospirillum inoculation 

(sub-total a + sub-total e) 39950+21583    61532 

T5=50% N + Azospirillum inoculation 

(sub-total a + sub-total f) 39950+19560    59510 

T6=100% N + Azotobactor inoculation 

(sub-total a + sub-total g) 39950+23683    63573 

T7=75% N + Azotobactor inoculation 

(sub-total a + sub-total h) 39950+21583    61532 

T8=50% N + Azotobactor inoculation 

(sub-total a + sub-total i) 39950+19560    59510 

T9=100% N + Dual inoculation  

(sub-total a + sub-total j) 39950+23683    63573 

T10=75% N + Dual inoculation  

(sub-total a + sub-total k) 39950+21583    61532 

T11=50% N + Dual inoculation 

(sub-total a + sub-total l) 39950+19560    59510 
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Appendix 4. Experiment No.2 Cost of production during 2012 and 2013 

Operation/input Average no. of 

Operation/units/ 

Acre 

Rates per 

Unit 

(Rs.) 

Total 

expenditure 

(Rs. ha
-1

) 

Tillage and seed bed preparation 

Ploughing 2 600 3000 

Planking 1 200 500 

Sowing 

Hybrid seed 6 kg 1170 7020 

Bund making 2 men full day 200 400 

Sowing 8 men for ½ day 200 800 

Plant protection 

Spray including labour 

charges 

 

2 

 

1000 

 

2500 

Watch and wards 1 man for 30 days 200 6000 

Interculture 

Weeding/hoeing 2 men day 200 400 

Cleaning of water channel 1 man day 200 200 

Labour charges for four 

irrigations 

1 men day 200 200 

Abyana  130 130 

Fertilizer 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Harvesting charges 6 men day 200 1200 

Threshing charges 6 men day 200 1200 

Management charges 

(10000 per month for 100 

acres) 

 

4 month 

 

250 

 

1000 

Land rent (6 month) 6 30000 annum
-1

 15000 

Sub-total (a)   39950 
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Cost of production for different treatments during 2012 and 2013 

Fertilizer/inoculation 

T1=Control (without phosphorus and inoculation) 

Urea 4.78 bag 1700 8126 

SOP 2.5 bag 3800 9500 

Application  1 man day 200 200 

Sub-Total (b) 8126+9500+200 17826 

 

T2=100% Recommended phosphorus 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Application  1 man day 200 200 

Sub-Total (c) 8126+5697+9500+200 23523 

 

T3=100% P + Bacillus inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (d) 8126+5697+9500+100+200 23623 

 

T4=75% P + Bacillus inoculation 

Urea 4.78 bag 1700 8126 

SSP 4.75 bag 900 4005 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (e) 8126+4005+9500+100+200 21931 

 

T5=50% P + Bacillus inoculation 

Urea 4.78 bag 1700 8126 
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SSP 3.17 bag 900 2853 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (f) 8126+2853+9500+100+200 20779 

 

T6=100% P + Pseudomonas inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (g) 8126+5697+9500+100+200 23623 

 

T7=75% P + Pseudomonas inoculation 

Urea 4.78 bag 1700 8126 

SSP 4.75 bag 900 4005 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (h) 8126+4005+9500+100+200 21931 

 

T8=50% P + Pseudomonas inoculation 

Urea 4.78 bag 1700 8126 

SSP 3.17 bag 900 2853 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (i) 8126+2853+9500+100+200 20779 

T9=100% P + Dual inoculation 

Urea 4.78 bag 1700 8126 

SSP 6.33 bag 900 5697 
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SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (j) 8126+5697+9500+100+200 23623 

 

T10=75% P + Dual inoculation 

Urea 4.78 bag 1700 8126 

SSP 4.75 bag 900 4005 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (k) 8126+4005+9500+100+200 21931 

 

T11=50% P + Dual inoculation 

Urea 4.78 bag 1700 8126 

SSP 3.17 bag 900 2853 

SOP 2.5 bag 3800 9500 

Inoculum source 5 bag 20 100 

Application  1 man day 200 200 

Sub-Total (l) 8126+2853+9500+100+200 20779 
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Total expenditure of treatments 

T1=Control(sub-total a + sub-total b) 39950+17826    57776 

T2=100% Recommended phosphorus 

(sub-total a + sub-total c) 39950+23523    63473 

T3=100% P + Bacillus inoculation 

(sub-total a + sub-total d) 39950+23683    63573 

T4=75% P + Bacillus inoculation 

(sub-total a + sub-total e) 39950+21931    61881 

T5=50% P + Bacillus inoculation 

(sub-total a + sub-total f) 39950+20779    60729 

T6=100% P + Pseudomonas inoculation 

(sub-total a + sub-total g) 39950+23683    63573 

T7=75% P + Pseudomonas inoculation 

(sub-total a + sub-total h) 39950+21931    61881 

T8=50% P + Pseudomonas inoculation 

(sub-total a + sub-total i) 39950+19560    60729 

T9=100% P + Dual inoculation  

(sub-total a + sub-total j) 39950+23683    63573 

T10=75% P + Dual inoculation  

(sub-total a + sub-total k) 39950+21931    61881 

T11=50% P + Dual inoculation 

(sub-total a + sub-total l) 39950+19560    60729 

 

 

 


