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CHAPTER 1 

 
INTRODUCTION 

 

In Pakistan, the area under wheat cultivation is 8.36 mha with a total annual 

production of 21.61 million Mg ensuring on an average yield of 2.59 Mg ha-1 (GOP 

2006). Pakistan has set a goal for increasing the total wheat production from the current 

21.61 to 26.41 million Mg by 2010. The area reserved for wheat production is almost 

static, i.e. 8.30 (1992-93) to 8.36 mha (2004-05; GOP, 2006), and no more area can 

further be spared for wheat cultivation. Therefore, food security can only be assured 

through increasing productivity, especially targeting small farmers and putting emphasis 

on major wheat growing districts. Among the factors that influence wheat yield, fertilizer 

P application plays an important role (Alam et al., 2003) and management of P is 

considered as critical under native crop-environment conditions for good crop yield. As P 

is an expensive nutrient compared to N, and wheat commonly suffers from P deficiency 

while grown on alkaline calcareous soils. It is, therefore, imperative to manage it properly 

to achieve maximum benefits (Malik et al., 1992).  Over 90 % soils are low in available P 

and suffer from moderate to severe P deficiency (Nisar et al., 1992). 

The major role of mineral fertilizers is to improve crop yields but the main 

constraint in achieving proven crop potential is low use of fertilizers particularly that of P 

and K as compared to N (NFDC, 2002). Plants require adequate P from the very early 

stages of growth for optimum crop production (Grant et al., 2005). Soils of Pakistan are 

alkaline (pH > 7.0) and mostly calcareous (CaCO3 > 3.0 %) in nature (Saleem, 1992). 

When fertilizer P is added to soil, part of it goes to soil solution which may be either 

taken up by crops or precipitates, while >80% of added P gets fixed (White, 1982; 

Leytem and Mikkelsen, 2005). The fixation of P is of great importance in the 

interpretation of soil tests and fertilizer recommendations. However, the plants readily 

utilize only 8-33% of applied P in the first growing season and recovery is hardly around 
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10-15% (Saleem et al., 1986). With time adsorbed P is firmly adsorbed, thus becomes 

difficult to release into soil solution. Consequently, efficiency of fertilizer P in calcareous 

soils remains low (Delgado et al., 2002). 

Nutrient efficiency has been widely used as a measure of the capacity of a plant to 

acquire and utilize nutrient for biological and grain yield. It is generally agreed that 

higher P supply is a prerequisite for the realization of high yield potential of modern 

wheat cultivars (Clark, 1990), as it plays a crucial role in energy storage and transfer 

within the cells, speeds up root development, facilities greater N uptake and results in 

higher grain protein. P fertilizer when applied to soil after mixing (12 hours before 

application) with moist and well-decomposed farmyard manure in the ratio of 1:2 

resulted in 30 % higher P use efficiency (Anonymous, 2003). Post sowing P application 

in 5 % or dilute solution along with irrigation water (fertigation) is even better for P use 

efficiency (Zafar et al., 2003). The fertilizer efficiency improved significantly, when 

integrated (organic and inorganic) source of P was used (Yamoah et al., 2002). The use 

of FYM improved soil organic matter, and soil physical, chemical and microbial 

properties that ultimately affect the P nutrition of plants (Belay et al., 2001; Karaman et 

al., 2001). Among other agronomic practices that influence the efficiency of applied 

fertilizer, time and method of application are also critically important. 

As soil acts as a link and buffer between the fertilizer P and the crop, so it must 

regulate the P supply from exchange sites to solution form which is ultimately taken up 

by plant roots in the form of orthophosphate (H2PO4
- and HPO4

2-) ions by diffusion 

process. The availability of applied fertilizer P remained erratic in soils differing in 

textures (Kunishi and Vickers, 1980; Dhillon et al., 2004). 

There is need to make P fertilizer recommendations site as well as crop specific 

on scientific basis (Nisar et al., 1992). The information is required about the quantities of 

P fertilizer required to adjust the soil solution P to a level optimal for targeted crop yield 

(Samadi, 2003). Wheat roots absorb P only from the soil solution (Johnston et al., 1999); 

thus, external soil solution P requirement may be plant characteristics (Fox, 1981). Once 

the soil solution P level optimum for plant growth is identified, P adsorption isotherms 
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can be utilized to predict fertilizer P rates required to adjust soil solution P to the desired 

level necessary for maximum plant growth. An adsorption isotherm could successfully 

relate P concentration in soil solution to the P adsorbed onto soil surface and takes into 

account both intensity as well as capacity factors. Many researchers have suggested the 

use of P adsorption isotherm to predict amount of P required for maximum plant growth. 

Moreover, it is a rapid and accurate method for assessing P fertilizer requirements of soils 

(Samadi, 2003). A little information is available on the use of this technique for 

calcareous soils. 

The recommended method of P fertilizer application in Pakistan is to broadcast it 

on the surface of the soil, followed by incorporation, before seeding of the crop. This 

practice enhances the conversion of soluble P to insoluble forms (Malik et al., 1992). 

Ahmad et al. (1992) while reviewing the effect of method and time of P application 

concluded that under irrigated conditions, P fertilizer should be top dressed at the time of 

first irrigation rather than its incorporation in the soil at seeding. The results of some 

studies however, suggest that split application of N and P by top dressing or by 

fertigation method could produce equivalent or in some cases, higher grain yield and p 

uptake compared to incorporation of P at sowing (Alam et al., 1999a; 2002; Latif et al., 

2001).  

It is considered that soil nutrition can be a constraint under moisture stress. 

Negative interaction between P and water shows that increasing P could enhance crop 

drought resistance under water shortage conditions (DU et al., 2003). The soil moisture 

affects practically every aspect of plant growth, modifying their anatomy, morphology, 

physiology and biochemistry. Soil moisture not only affects the physiochemical activities 

of plant but also regulates the availability and translocation of plant food material to 

various organs of the plant and thus hinders plant growth. Hence, adequate and timely 

irrigation is one of the most important cultural practices that should be considered 

necessary for successful crop husbandry. Crop water requirements and crop responses to 

irrigation vary with the nature of soil, crop variety, stage of growth, climatic conditions 

and management of crop.  
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The irrigation water supply, at farmer level is quite inadequate and the water 

requirement of crop is not met fully. For wheat crop too, the soil moisture levels are 

rarely optimal during its growing season, because the irrigation water is often in short 

supply. The ground water is, generally not fit for irrigation purposes. It is, therefore, 

essential to find out the crucial plant growth stages, where the irrigation must be applied 

to avoid moisture stress and get normal yield (Iqbal et al., 1999). Soil water contents 

control the availability of essential nutrients to plants and also affect nutrient uptake and 

root growth (Mirrch and ketcheson, 1973). Lower water content reduces P diffusion 

through soil to the root surface (Hira and Singh, 1977).  

Keeping in view the importance of such types of applied research, the present study 

was conducted with the following objectives. 

1- To examine the effects of rate, method of P application and FYM on wheat yield 

and PUE 

2- To examine the effects of irrigation scheduling, rate and method of P application 

on wheat yield and PUE on calcareous soils  
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CHAPTER 2 
 

REVIEW OF LITERATURE  
 

It is imperative to develop a soil atmosphere for higher crop yields to meet the 

demand of mounting population (Hall, 1995). The insufficient supply of essential plant 

nutrients in soil is a growth restrictive factor towards production. Among all the nutrient 

elements required by a plant, phosphorus (P) is the most important nutrient for crop 

production and emphasis is being given on the efficient use of fertilizer P for sustainable 

crop production (Ryan, 2002). It is generally agreed that higher P supply is a prerequisite 

for the realization of high yield potential of modern wheat cultivars (Clark, 1990). 

2.1. Scope of the problem 

Major problem in the maintenance and improvement of soil fertility is by large 

the soluble P compounds in the soil, which react rapidly with various soil components, 

and are quickly converted to slowly available forms. Surfaces of soil particles can adsorb 

P. It can be adsorbed on positive edges of kaolinite clay and on CaCO3 in calcareous soils. 

The reaction between orthophosphate ions and soil has been a subject of considerable 

study and controversy. However, workers agree that the reactions are complex and 

generally range from true adsorption to the precipitation with out clear delineation 

between the two mechanisms (Mott, 1970). The degree of P adsorption progressively 

decreases with increasing rate of P fertilizer (Reddy et al., 1999). Bertrand et al. (1999) 

observed that P adsorption dominance at low P concentration (fast initial reaction) and 

precipitation at high P concentration (slow reaction). Soil properties control dynamics of 

P in soil. Calcareous soils strongly retain P and consequently establish low P 

concentration in soil solution (Sharif et al., 2000). In alkaline calcareous soils, few 

studies have been aimed at the relationships between chemical properties and P 

adsorption of soil or to define relationships between the adsorption characteristics of the 

soils.   
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2.2. Forms of P in soil 

 The relationship between the different forms of P in the soil-plant system can be 

represented by the following scheme. 

Non labile –P        →              Labile –P      →       P in soil solution →    P in plant root 

P in Soil  (Solid phase) ← (Slowly available) ← (Readily available) 

(Fernandez and Warren, 1994) 

 When soluble P compounds are added to the soil these react rapidly with various 

soil components and are quickly converted to slowly available forms creating one of the 

main problems relevant to the maintenance and improvement of soil fertility. 

2.3. Reactions of P with soil components 

 The probable reactions of P in calcareous soils are i) precipitation of relatively 

insoluble calcium P such as octacalcium phosphate, hydroxyl apatite and carbonate 

apatite favored by high calcium activity and high pH, ii) surface precipitation with free 

calcium carbonate, iii) fixation of P by clays saturated with calcium. The observation 

suggests that at low concentration of P exchanges with a) adsorbed sulphate and silicate, 

b) with water and hydroxyl of metal hydrous oxides and edge aluminum of clays. At high 

concentration, displacing the structural silicates of clays adsorbs additional P. The 

increase in P adsorption by structural silicate release over that of surface exchange 

reactions is about 50 and 25 % in soils containing kaolinite and allophane clays, 

respectively (Sample et al., 1980). 

Reaction of P with various soil surfaces may be summarized hereafter. 

a. Surfaces of variable charges including calcite for which Ca2+ and CO3
2- are 

the potential determining ions and Fe (III) and Al oxides and organic 

matter for which H+ or OH- ions determine the charge and potential. 
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b. Surfaces of constant charges i.e. crystalline clay minerals that interact with 

P primarily through the cations in the electrical double layer at their 

planner surfaces (Fox and Searle, 1978). 

2.4. Adsorption of P 

 P adsorption capability is an important characteristic of soils that affects the rate 

and plant response to P fertilizers. P adsorption delineated from P precipitation in that the 

suspension’s initial solution phase composition does not exceed the solubility product of 

any known P compound (Fixen and Grove, 1990).  Adsorption curves and the equations 

have been a popular means of describing P adsorption and proposing P bonding 

mechanisms (Sample et al., 1980). 

2.4.1. Adsorption on CaCO3 

 The reactivity of calcium carbonate in soils depends upon the specific surface area 

of the carbonate and on its total surface area (Rashid and Rowell, 1988). Bertrand et al. 

(1999) stated that Ca2+ is dominating ion in soil solution of calcareous soils and it is 

possible that formation of less soluble complexes with weak acid anions like 

orthophosphate is due to unavoidable dominance of this ion. The dynamics of P is 

managed by calcite, which strongly holds P and consequently maintains low P 

concentration in soil solution. Papini et al. (1999) noted that low CaCO3 showed a P 

adsorption upper limit varying from 1.4 to 3.5 mg P kg-1 that was not modified by further 

increment of P in solution. In contrast, soil with high CaCO3 content, P adsorption 

increased up to the maximum experimental concentration of P in solution (2 g L-1). 

 The cation forms a sparingly soluble compound with an anion surface. 

Precipitation may follow anion adsorption where the concentration of the cation is high. 

This is complicated and there is not yet a clear picture about the surface compounds, even 

though such compounds will be of key importance in determining soil solution 

concentration of the ions concerned. Though Ca2+ has long been known to enhance P 

adsorption, the clay-Ca-P linkage model was thus inappropriate (Velayutham, 1980).  
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 In calcareous soils, P adsorption occurs on soil carbonates, whose impurities 

result in great specific surface than that of pure calcite. The adsorbed P sites serve as 

nucleation points for the formation of basic Ca–P compounds (White, 1980). Though 

adsorption is through exchange sites to dominate the initial reaction of soluble P with 

calcareous soils at low P concentration, precipitation of P as Ca-P compounds is the 

ultimate fate (Barrow, 1980a). Further observations on Ca enhanced P adsorption in both 

silicate and oxide clay systems have led to the proposal that Ca2+ and P sorption are 

complementary interacting a Ca-P surface complex (Smillie et al., 1987). This 

mechanism is distinct from that proposed to explain the role of Ca on P fixation in acid 

soils by the displacement and hydrolysis of reactive Al (Traina et al., 1986).  

2.4.2. Adsorption on layer silicates 

 It was reported by He et al. (1991) that labile–P determined as E value increased 

with kaolinite and decreased with goethite. Gimsing and Borggaard (2002) evaluated the 

competitive adsorption of glyphosate and phosphate on goethite and gibbsite and on illite, 

montmorillonite and two kaolinites differing in surface area. The results showed that 

glyphosate and phosphate were competing for the adsorption sites, but the degree of 

competition was dependent upon the adsorbent. On goethite the competition was very 

much in favour of phosphate, on gibbsite the competition was closer, but still phosphate 

was favoured, while on illite, montmorillonite and kaolinite the competition was almost 

equal. The amounts of glyphosate and phosphate, which could be adsorbed, also 

depended on the adsorbent: the oxides adsorbed more than the clay silicates. The amount 

adsorbed on kaolinite was dependent on the specific surface area. Changes in the surface 

area did not affect the competition between glyphosate and phosphate for adsorption 

sites. The results indicated that differences among soils of different mineralogical 

composition regarding the adsorption of glyphosate and phosphate could be expected.  

 Penn et al. (2005) worked on mineralogy in relation to phosphorus sorption and 

dissolved phosphorus losses in runoff. They concluded that P retention for adsorption and 
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desorption in separated clay fractions and whole soils was well correlated to Al bearing 

minerals such as hydroxy-interlayered-vermiculite (HIV), gibbsite, and amorphous Al. 

However, P retention was negatively related to kaolinite content, which was also 

confirmed by isotherms conducted on pure clay minerals. Based on the isotherm results, 

all soils were split into two groups based on the ratio of HIV/kaolinite. Soils with a 

HIV/kaolinite ratio >0.5 had a significantly lower concentration of dissolved reactive P 

(DRP) in runoff for a given soil water soluble P level compared with soils with a ratio 

<0.5.  

2.4.3. Adsorption on hydrous oxides, Fe and Al 

 Some P is likely adsorbed at the broken edges of the silicate clay lattice by legend 

exchange at Al (White, 1980). Singh and Singpuri (1986) reported that oxides of Fe and 

Al were correlated significantly with P adsorption maxima. Higher value of P adsorption 

maxima in case of soil containing higher content of oxides of Fe and Al might be due to 

formation of their respective metal phosphate.  

Hydrous oxide surfaces are the principal sites on which phosphate is strongly 

adsorbed (high energy surfaces) as H+ and OH- determine the surface charge and 

potential. The liability of P adsorbed on an oxide surface depends on the formation of 

ring structure (Parfitt, 1990). Papini et al. (1999) stated that soils differed markedly in 

their ability to hold P. Though P adsorption was high in all observed soils when P was 

held by Fe oxides and Al oxides contents dissolved, reactive P could be found in 

percolating water in consequence of Fe solubility enhanced by reducing condition.  

A relationship between the iron content in high reactivity form and the adsorption of 

P resulting from a decreased P in solution was found. Therefore, after flooding drained 

condition, P availability to plants decreased due to adsorption of P with recently 

precipitated high reactivity forms of iron oxides (Hernandez and Meurer, 2000). 

Furthermore, contents of amorphous iron oxides of the soils increase significantly with 

the decrease in crystalline iron oxides content during the flooding process and the 
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maximum capacity for P adsorption increased markedly while the adsorption P: 

desorption P ratio decreased (Su-Ling et al., 2001).  

)(Insoluble                                                   (Soluble)                                    
POHAl(OH)           2H            O2H         POH           Al               4222

 -
423 +↔++ ++

 

2.4.4. Adsorption on organic matter 

 There are two major mechanisms whereby organic matter may affect the 

detention and hence availability of P in soils; 

(i) Negatively charged organic matter adsorbs or complexes cations such as 

Al and Fe in acid soils (Bloom et al., 1979) and Ca in calcareous soils 

(Barrow, 1973) and hence reduces their solution activities and their role in 

P sorption and precipitation. 

 (ii) Organic anions compete with P ions for adsorption sites on P reactive 

surfaces. These reactions may be manifested by a decrease in P adsorption 

capacity or in high affinity adsorption of P (Lindsay, 1979).  

 Most probably, the organic matter itself contains available chelates of Al and Fe. 

Robert (1969) pointed out that P is initially bonded to anion exchange sites on organic 

matter and subsequently transformed into less soluble Fe and Al phosphate.  

 Lopez-Hernandez et al. (1986) studied the competition of the organic anions 

(oxalate and malate) currently present in the rhizosphere and P for adsorption sites in 

tropical soils. The results indicated that in the presence of organic anions P adsorption by 

soil was reduced. The extent of such reactions is dependent on the way in which either P 

or the organic anions are added to the soil. The organic oxy-anions are more rapidly 

adsorbed to the soil surface than the P and consequently those anions when present in the 

rhizosphere can improve the P availability status of the soil.  The results of Inskeep and 

Silvertooth (1988) revealed that the presence of organic acid such as humic, fulvic, tannic 

and citric acid at concentrations similar to those in soil solution reduced the rate of 
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precipitation of hydroxyl apaptite. They noted that organic acids adsorbed onto seed 

crystals and inhibited crystal growth. Similar results were reported by Grossel and 

Inskeep (1991) who observed that humic, fulvic, tannic and citric acid inhibit the rate of 

dicalcium phosphate dihydrate (DCPD) crystal growth by adsorption onto DCPD 

surfaces and blocking of sites for new crystal growth. Cajuste et al. (1996) reported that 

increasing the loading of organic anions (oxalate and citrate) decreased the maximum P 

adsorption capacity of the soils and increased the P release. 

2.4.5. Adsorption on the whole soil 

 In most circumstances soils themselves will have a large number of sites charged 

with H+ and OH- as potential determining ions and it may be a possible mechanism of 

phosphate adsorption on hydrous oxides discussed earlier. If this is the case, the soils will 

behave as the anions just like hydrous oxide, but with the isotherm shape and pH 

dependence modified by the presence of organic matter and other mineral, the chief 

modifier is likely to be Ca2+ and CaCO3 in calcareous soils (Singh et al., 1990; Lucresio 

and Dugue, 1999).  

 The adsorption of P increased with clay content and was not affected by the soil 

organic carbon concentration (Boschetti et al., 1998). Moreover, the porosity of Al 

hydroxide aggregated particles can also be a factor controlling the rate of P uptake from 

solution, if the aggregate is stable (is not suspended) in solution (Lookman et al., 1994). 

Furthermore, the Al has been reported as predominant cation associated with phosphate, 

regardless of soil pH (Pierzyneski et al., 1990). Buffering capacity and maximum 

buffering were found correlated with dithionite extractable Al of soil (Kuo, 1990). On the 

other hand, Fe oxides have also been reported to be the most active P sorbent in the 

calcareous soils (Yli-Halla and Chirstenson, 1990; Torrent et al., 1994). Morais et al. 

(1996) revealed that P adsorption increased with P concentration in the equilibrium 

solution and with the clay level of the soil sample. The highest P adsorption values (838 

mg kg-1) were obtained in the plinthic soil with 10 % clay whereas the highest affinity 

constant (0.215 mg L-1) was with 4 % clay. It means that the difference was due to 

variation in the mineralogical composition of the soil. Similarly, Huang (1998) revealed 
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that P adsorption maxima and combining energy positively correlated with soil pH and 

amount of organic matter, available-P and total P. He also indicated that P adsorption 

maxima calculated from the Langmuir equation could be considered as a reference for 

rational application of P fertilizer.  

2.4.6. P adsorption and soil texture 

 Soil texture is an important factor affecting the availability of P to plants (Sanyal 

et al., 1993). The higher requirement on sandy soils is probably due to two factors, which 

influence P availability, diffusion rate and buffering capacity (Kamprath and Watson, 

1980). Chaudhary and Qureshi (1980) reported average P fixation as 71, 62, 56, 29, and 

29 % of added P in clay, clay loam, loam, sandy loam and loamy sand soils, respectively 

after one month of incubation. Thus, more P is to be added to raise the soil test level of 

clay than loam and sandy soils. Response to fertilizer P at a certain P soil test level tends 

to be greater on sandy soils than on those containing more silt and clay.  

 Zhou and Li (2001) observed that carbonate clay contributed to P adsorption 

when it was dominant in the soil, and when large amount of P was applied. Grant et al. 

(2005) revealed that a given amount of fertilizer P resulted in a much greater increase in 

solution P (approximately three times more) on coarse-textured soils as compared with 

fine textured soils because the sand phase does not react with P. 

2.5. Precipitation of P 

 When P fertilizer is applied to soil, P concentration in soil solution becomes very 

high. The solubility product of one or more P compounds is likely to be exceeded and 

precipitation ensures. Many different types of reaction products are possible (Sample et 

al., 1980). Fixen et al. (1983) concluded that P solubility was being controlled by beta-

tricalcium phosphate in two calcareous soils with reduced P availability. He further stated 

that octacalcium phosphate controlled solution P if NaHCO3-extractable P rose above 35 

mg kg-1 while beta-tricalcium phosphate or similar mineral phase dominated P intensity 

in the range of 10 to 25 mg kg-1. Laverdiere and Karam (1984) stated that equilibrium 

solutions of only few samples were found with respect to either dicalcium phosphate 
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dihydrate or octacalcium phosphate. In calcareous soils, soluble P should ultimately be 

transformed to an apatite, through the presence of free iron oxides in these soils (Ryan et 

al., 1985). 

 Two approaches to understand the solid phase soil P are in general use, solubility 

product-chemical potential evaluation and chemical fractionations of soils P. In general, 

the composition of the solution in equilibrium with the soil is determined and plotted in 

phase diagram. If the point lies above the nearest line, then the solution is supersaturated 

relative to that mineral and precipitation can occur. A point below the line indicates under 

saturation of the solution and dissolution is plausible (Fixen and Grove, 1990). 

2.6. Sorption of P 

 P sorption by soils is initially rapid and then slows down with time (Barrow, 

1983). Among the soil parameters that affect sorption process are pH (Reddy et al., 

1999), the amount and type of clay mineral (Morais et al., 1996; Sharif et al., 2000), 

organic matter (Rashid and Rowell, 1988; Guilherme et al., 2000) and extractable Fe and 

Al oxides (Bertrand et al., 1999).  

 The word ‘sorption’ is used to include both adsorption and precipitation. Afif et 

al. (1993) reported that at low P rates, the P concentration in the soil solution is low, and 

adsorption rather than precipitation takes place. While at high P application rates, super-

saturation with respect to insoluble Ca-P and precipitation probably occurs. At low P 

concentration up to 0.4 mg L-1, active CaCO3 and/or Fe dithionite could provide for P- 

adsorption capacity, whereas, at high concentration precipitation could be predominant 

over the adsorption process (Papini et al., 2000). Freshly adsorbed P showed greater 

desorption than native soil P and total amount of P sorbed increased in a given soil with 

the increase in P addition corresponding to high content of calcium carbonate and clay 

(Hussain and Haq, 2000). Del-Bubba et al. (2003) stated that the adsorption process per 

se could be studied only in the absence of P precipitation. Phosphorus is mainly governed 

by Ca-P (tricalcium phosphate) precipitation at high concentration. They further stated 

that Freundlich equation does not seem to give useful information on adsorption 
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phenomenon per se. It can be concluded that it is very difficult to distinguish between the 

two processes of P adsorption and precipitation. Borling (2003) stated that P sorption is a 

continuous sequence of adsorption and precipitation. It consists of two processes, first 

relatively fast, reversible adsorption process and second relatively slow, practically 

irreversible precipitation-like process. 

2.7. P status of soils of Pakistan 

 Olsen-P is the accepted methodology for estimating P availability and developing 

fertilizer recommendations in neutral and high pH calcareous soils and removes about 

half of surface-adsorbed P (Olsen et al., 1954). This method was developed specially for 

alkaline and calcareous soils and still being used in Pakistan. The soils in Pakistan are 

alkaline and calcareous. Various workers estimated the plant available P status of these 

soils. Some of the work is reported hereunder.  

 In Therparker district, Anwar and Sattar (1975) analysed 48 soil samples and 

found an average of 6.85 mg P kg-1 soil. Similarly in North Western Frontier Province 

(NWFP), Hamid (1978) compiled the results of 15000 soil samples analyzed up to 1977-

78. It was shown that in Mardan district 90 % of soil samples fell in low to medium 

ranges (< 10 mg P kg -1 by Olsen method) whereas in Peshawar, Swat and Hazara, soil 

samples within medium range (10 mg P kg–1) were 34, 36 and 42 %, respectively. The 

soil samples of Kohat, Bannun and D.I. Khan fell below the medium level and were 54, 

83 and 68 % respectively. Chaudhary and Qureshi (1980) reported low to medium 

available Olsen P (4.0-15 mg kg-1) in soils of Sindh. Malik et al. (1984) collected more 

than thirteen thousand soil samples from Punjab soils during 1981 to 1984 and found that 

about 93 % of soil samples contained less than 10 mg P kg-1 of soil.  

 Most Pakistani soils are deficient in available P that will further deplete in future. 

These soils require supplementary P application to improve their productivity and to raise 

the crop yield. Qayyum (1984) collected 240 soil samples from Rawalpindi and 

Islamabad districts and after analyzing these samples, he observed that 52 % of the 

samples contained < 10 mg P kg -1, 30 % contained between 10-20 mg P kg -1 and only 
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18 % contained > 20 mg P kg -1. Wahhab (1985) analyzed 200 soil samples collected 

from various districts of Punjab by a histogram and found that Olsen P ranged from < 2 

mg P kg -1 to over 25 mg P kg -1   with a mean of 4-5 mg P kg -1. In 1986-87, he also 

conducted a study and collected results of soil samples analyzed by soil testing 

laboratories in the Punjab and observed that out of total 16841 soil samples, 63 % were 

within range of 0-5 mg P kg -1, 22 % between 5-10 mg P kg -1 and 15 % >10 mg P kg-1. 

Similarly Memon (1986) analyzed 125 soils and found that 50 % contained < 10 mg P 

kg-1. An intensive mining of nutrients have depleted soil reserves at very rapid rate.  

 From 1981 to 1989 about 0.34 million soil samples were analyzed in fertility 

laboratories and 77 %, soils were found poor, 21.7 % medium and only 1.3 % adequate in 

P status. Further, decreasing trend was observed in fertility status with passage of time in 

fertility trials conducted on farmers’ fields (Malik et al., 1992). 

 Based on the research findings Nisar et al. (1991) suggested the following soil test 

critical P levels and proposed fertilizer rates: 

Soil 

test/category 

NaHCO3-P 

(mg kg-1) 

Recommended fertilizer rates (kg P2O5 ha-1) 

Full technology adoption 
Partial technology 

adoption 

Irrigated Rainfed Irrigated Rainfed 

Very Low <05 90-120 75 75 60 

Low 05-10 75 60 60 40 

Medium 10-15 60 40 40 20 

High 15-20 40 20 20 - 

Very High >20 20 - - - 

  

 One has to make adjustments to the generalized recommendations. It is, therefore, 

rather difficult to workout a fertilizer prescription for an individual field. The expected 

yield level of a crop is also an important consideration. Unfortunately, all these research 

findings and recommendations are not made keeping in view the mineralogical, chemical 
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and some physical soil characteristics. In these studies, no correlations were studied 

between P availability and soil properties like texture, amount and type of clay minerals, 

soil pH, calcareousness, soil organic matter etc. Rehman et al. (1992) evaluated the P 

levels for wheat as very low (<3.60 mg P kg-1), low (3.60-7.30 mg P kg-1), medium (7.30-

25.0 mg P kg-1) and high > 25.0 mg P kg-1. Similarly, Nisar et al. (1992) concluded that 

over 90 % soils of Pakistan are low in available P (Olsen-P) and needed P use for 

profitable crop production. Rahmatullah et al. (1994) found that application of 90 mg P 

kg-1 soil increased plant dry matter yield and uptake of P by plants on ten different soil 

series except Kotli. It was found that Olsen P could be used to predict P availability in 

calcareous soils. Some generalized adjustments in fertilizer recommendations to suit 

individual situation based on certain important factors influencing crop response to P 

fertilizers (NFDC, 1997) are as under: 

Category Olsen-P (mg kg-1) Adjustment 

Low <8 Full recommended dose, high range. 

Medium 8-15 
Cotton-reduce to ½ of recommended dose and to 

cereals as in above table. 

High >15 
Cotton-reduce to ¼ or ½ of recommended dose as in 

above table 

 

 According to Rahmatullah et al. (2003) recovery of applied P by NaHCO3 

extraction ranged from 56 to 77 % (mean 69%) in the calcareous soils. Ahmad et al. 

(2003) conducted a survey on evaluation of nutrient status in the rice growing area of 

Punjab and observed that the available P ranged from 0.3-12.6 mg kg-1 with an average of 

5.89 mg kg-1 soil. 
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2.8. P adsorption isotherms 

 Equilibrium relationship between the amounts of adsorbed and dissolved species 

of phosphate at constant temperature in quantitative terms can suitably be described by 

adsorption isotherms. Earlier, Langmuir (1918) and Freundlich (1930) quantitatively used 

gas adsorption by solids with some success in solid-liquid systems, although the 

Freundlich equation is often considered purely empirical in nature. Kipling (1965) 

presented a justification for its application to P adsorption from dilute solution. Langmuir 

equation has also been used to describe the adsorption of P by soils. Adsorption of P from 

dilute solution agrees more closely with the predicted values of Langmuir isotherm than 

the Freundlich isotherm (Olsen and Watanabe, 1965).  

It was suggested by Fox (1981) that the concentration of P in dilute salt solution is 

a useful indicator of the P nutrition of crops and that the external P requirement might be 

widely applied in conjunction with P sorption curves to estimate P fertilizer requirement.  

Holford (1997) studied the reaction of phosphate with soil and found that the 

modified two surfaces Langmuir equation fitted very well to adsorption data for solutions 

initially with concentrations 103 M P for a wide range of soils. Huang (1998) and 

Zamuner and Culot (1999) further revealed that two types of soil surfaces with 

contrasting bonding energies were responsible for phosphate adsorption. Research 

workers have successfully confirmed phosphate adsorption relationships using different 

equations.  

The Langmuir and the Freundlich equations described the adsorption phenomena 

satisfactorily (Boschetti et al., 1998). The simple form of the Freundlich model proposed 

by Le Mare (1982) is as follows: 

P = a C b  

Where a is the amount of P adsorbed (μg g-1), when the concentration C is 1 μg mL-1 

and b (mL g-1), is the buffer power defined by the slope of the sorption curve at the point 
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where P / C = 1 (mL g-1). The value of P = C at which this point occurs varies between 

soils.  

Similarly, the Langmuir equation is given as: 

C/(x/m) = 1/kb + C/b 

 Where C is the equilibrium solution P or K concentration (mg L-1), x/m is the 

mass of P or K adsorbed per unit mass of soil (mg kg-1), k is a constant related to bonding 

energy of P or K to the soil, and b is the maximum P or K adsorption capacity of the soil.  

 Ghanbari et al. (1998) fitted the Langmuir and the Freundlich isotherms to P 

adsorption data for 10 calcareous soils and observed that adsorption data closely followed the 

Freundlich isotherm while the Langmuir isotherm was positively correlated with pH, clay and 

CEC and negatively correlated with CaCO3 in a multiple regression analysis. Linear 

relationship was observed between P adsorption and desorption. The slope of line was 

different for different soils. Muralidharan et al. (1999) studied the soil P adsorption 

relationships and found that the adsorption was satisfactorily described by all the three 

equations for all the soils under study except for Kari soil series, where the fit was not 

statistically significant for the Langmuir equation. They also reported that adsorption in soil 

was spontaneous, endothermic and highly disordered as evidenced by high values of enthalpy 

and entropy changes.  

 Cox et al. (2000) reported P adsorption maxima in non-fertilized soils as 4007 mg kg-1 

in the Davison soil and 2179 mg kg-1 in the Tatum soil. The maximum adsorption capacities 

in both the soils were decreased only by 5 % due to 30 years of continuous P fertilization. The 

Davison soil as compared to Tatum soil had low pH (5.4 vs.6.2), high amount of clay (40 vs. 

30 %), Fe oxides (16.7 vs. 6.2 %) and Al oxides (1.5 vs. 0.8 %). The negligible effect of P 

application on the P adsorption power of soil might be due to transformation of adsorbed P 

into non-labile P and occluded P as well as creation of new sites and exposing of original sites 

due to weathering.  
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2.9. Use of adsorption isotherms for assessing P requirement of crops 

 P requirement should be determined on the basis of soil test P and crop yield 

response. P sorption capability is an important characteristic that affects the rate and plant 

response to P fertilizers. According to the scale, reported by Juo and Fox (1977) the data 

from P sorption studies indicated that the soils of Pakistan had low P sorption capacities. 

Addition of 50-100 kg P2O5 ha-1 in many cases increased the level of solution P to the 

desired level for optimal production. A system used for predicting the amount of P 

fertilizer to bring soil solution to various levels of adequacy for crop production should 

consider capacity and intensity factors. Van-der-zaag et al., (1979) estimated the P 

requirement of potatoes from a composite curve representing diverse soil and climatic 

conditions to be 0.2 µ g P mL-1. The results obtained by Rajan (1975) for millet grown in 

pots implied that measurement of the P in solution as an indicator of plant available P 

would be useful only when P sorption capacities of the soil used are of same order. It was 

therefore, suggested to group soils according to their capacities for determining the plant 

requirement for P in solution. It was studied by Kamprath and Watson (1980) that 

average range of P concentration in plough layer is 500-14000 kg P2O5 ha-1 and 0.2-7.0 g 

kg-1 soil and in soil solution 0.07-0.5 mg P2O5 L-1. Estimates of soil P concentration 

above little or no crop response to P addition is obtained vary with the extractant used 

and is 10 mg P kg-1 for Olsen P and 10 and 25 mg P kg-1 for clayey and sandy soils, 

respectively. Critical limits of Olsen's extractable soil P have been reported on alluvial 

soils for rice by Panda et al. (1981) and wheat (Sidhu et al., 1983). Lower soil test levels 

are associated with lower yields and a higher probability of crop response to P inputs. It 

is of practical importance to know the rate of change in available P in relation to the rates 

of P fertilizer applied in different soils and cropping systems.  

 Using P sorption approach, P requirement of several crops has been determined 

under a variety of soil and climatic conditions. Mathematical functions are used to 

describe the response of a crop to changes in soil concentration of an extractable 

immobile nutrient. Memon and Fox (1983) determined the external P requirement of 

wheat which was 0.025 mg P L-1 and mentioned that predicted quantities of added P 

required to establish 0.025 mg P L-1 in solution ranged from native to 62 kg ha-1 at 
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different locations. He further stated that the internal P requirement of wheat associated 

with the external P requirement (0.025 mg P L-1) was 0.25 % P in a recently mature leaf 

at tillering. 

 Hassan et al. (1993) determined P fertilizer requirement through sorption 

isotherm that was considered the more accurate method compared to the conventional 

soil testing. They stated that quantity of fertilizer P (mg P kg-1 soil) required for adjusting 

the standard soil solution P concentration (0.2 mg P L-1) were 83 for the Missa, 51 for the 

Gujranwala, 50 for the Abbotabad and 8 for the Rasulpur soil series. Based on these 

values, they found that the Langmuir model was better fitted with adsorption data than 

the Freundlich model and indicated that the order of maximum adsorption capacity (b) 

was: the Missa > the Abbotabad = the Gujranwala > the Rasulpur. The P sorption curves 

were used to develop the soil solution P concentration in the Gujranwala and the Missa 

soils varying from native to 0.5 mg P L-1. Soil solution P requirement of corn and 

sunflower for near maximum 95 % biomass production was approximately the same, i.e. 

0.32 mg P L-1. Internal P requirement in whole shoots (< 30 cm tall) were 0.29 % for 

corn and 0.39 % for sunflower, respectively. Similarly, Hedley et al. (1995) described 

the average range of solution P concentration in soil as 0.07-0.50 mg P2O5 L-1 (0.031-

0.22 mg P L-1).         

 P requirement of maize by using sorption isotherm was determined by fitting data 

into Langmuir and modified Freundlich equations by Chaudhry et al. (2003). It was 

found that 22-67 mg P kg-1 was required to maintain 0.2 mg P L-1 soil solution in 

different soil series. External P requirement for 95 % relative yield of maize ranged from 

0.15-0.32 mg P L-1 and internal P requirement ranged between 0.178-0.29 percent. Javid 

and Rowell (2002) found maximum P adsorption ranging from 153 to 667 µg g-1 for 

different soil series of Pakistan using Langmuir equation and suggested that amount of 

clay is more important than difference in clay minerals. They also concluded that 

Langmuir and Freundlich described the P adsorption data well and both were found to be 

equally good   for Pakistani soils.  Singh et al. (2003) concluded that at low and medium 

P levels, soil solution concentration is more important in determining P uptake than the 

ability of the roots to absorb P and at high level ability of the roots to absorb P is more 
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important than P supplying characteristics of the soil. 

 Rashid et al. (2007) constructed P adsorption isotherms by equilibrating 2.5 g soil 

with 25 ml of 0.01 M CaCl2 solution containing 0, 20, 40, 60, 80, 100, 200, 300, 400 and 

500 µg P mL-1 as KH2PO4 for sorghum crop. The researchers observed that different P 

fertilizer doses were required to adjust different soil solution P levels. They further 

reported that adsorption of P increased with P application rate but marginal adsorption 

decreased significantly. Consequently, yield of sorghum fodder increased where P was 

applied @ 83 kg ha-1 but quality traits (P concentration, dry matter, crude protein, crude 

fiber and ash contents (%) improved with the highest rate of P use i.e. 98 kg ha-1.  

 Sarfraz et al. (2008) determined external and internal P requirement for wheat by 

using P adsorption isotherms and recorded maximum wheat grain (4.36 Mg ha-1) and 

straw yield (4.45 Mg ha-1) with 0.30 mg P L-1 soil solution developed by adding 54.10 

mg P kg-1 soil. The maximum P concentration in wheat grain and straw was 0.318 and 

0.118 % respectively with P level of 0.50 mg L-1. External soil solution P requirement 

was 0.273 mg L-1 soil solution and internal P requirement found was 0.276 % for 

obtaining 95 % relative yield of wheat.  

2.10. P fertilization to wheat 

 Memon (1982) showed a composite yield response curve of wheat grown at seven 

locations as a function of P concentration in soil solution. The P in soil solution 

associated with 95 % maximum yield for all locations was found to be 0.025 mg L-1. The 

results further indicated that P sorption curves could be used as basis for transforming 

information about P fertilizer requirement from one area to another irrespective of 

difference in P sorption capacities. He also conducted wheat trials at two different 

locations in Pakistan and said that the higher yield was obtained with variety Pavon at 

Tandojam while the yield response curves were similar to the P in soil solution of 0.029 

µg mL-1 for Pak 70 variety and 0.023 µg P mL-1 for Pavon associated with 95 % of 

predicted maximum yield. The quantities of P required to obtain 95 % of maximum yield 
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were 20 and 19 kg ha-1 for location in Tandojam and Tarnab respectively. P fertilizer 

estimations based on the P in soil solution requirement ranged from zero to 62 kg P ha-1. 

 Soil Chemistry Section, Ayub Agricultural Research Institute (1983) conducted a 

study that involved correlation and calibration of soil test P with crop response to added P 

fertilizer on wheat. The researchers observed that when the original available P level of 

the soil was 15 mg kg-1, there was no response to the application of P. Elliot et al. (1984) 

also reported that critical concentration in wheat grain for near maximum grain yield 

ranged from 0.19 to 0.25 %. Nisar (1988) reported the results of wheat grown on different 

soil series at four locations i.e. Hafizabad, Gujranwala, Lyallpur and Sultanpur and 

observed that P in soil solution at 95 % maximum yield varied significantly among these 

soils. The P in solution for the Lyallpur, the Gujranwala, the Hafizabad and the Sultanpur 

series were found to be 0.09, 0.052, 0.26 and 0.90 µ g mL-1, respectively. Based on these 

values, the corresponding P requirement for 95 % of maximum yield was 75, 92, 114 and 

150 kg P2O5 ha-1 for the Lyallpur, the Gujranwala, the Hafizabad and the Sultanpur soils, 

respectively. It is evident that P requirement of medium textured soil (the Lyallpur and 

the Gujranwala) was lower than for the light textured soils (the Hafizabad and the 

Sultanpur). Corresponding to 95 % of maximum yield, using the composite yield 

response curve, the P in the solution was found to be 0.35 µ g mL-1. 

 Yang and Jacobsen (1990) stated that critical Olsen-P concentration generally 

ranged from 16-18 mg kg-1. However, they observed positive crop responses to P-

fertilizers applications in soils with high soil-test P concentration (>25 mg kg-1) in 

numerous field research and calibration trials. They advised that factors not adequately 

measured by Olsen-P also might determine soil P availability on certain soils.  

 Similarly, Memon et al. (1991) reported that soil solution P requirement of wheat 

grown on calcareous soils of Pakistan was 0.032 mg L-1 for 95 % yield as determined from a 

composite yield response curve. It was reported by Azad et al. (1993) that on soils low in 

available P, wheat responded significantly up to 39 kg P ha-1 at different locations in 

Gurdaspur district of Indian Punjab and application of 26 kg P ha-1 was a must for achieving 

its yield potential. Rashid and Bughio (1993) found that the internal P concentration in whole 
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shoots associated with 95 % grain yield in wheat and lentil each was 0.28 % and critical P 

concentration in recently mature leaves of lentil and wheat was 0.33 % and 0.30 %, 

respectively. 

 Rashid et al. (1997) in a field experiment indicated that 8.0 mg P kg -1 in various 

soils was sufficient for reaping optimum wheat yield and 50-75 kg P ha-1 was required to 

maintain that optimum level of available P. A pot study was carried out by Akram et al. 

(1998) on wheat (Pak-81). Five rates of P i.e. 0,10,12,30 and 50mg kg-1 soil were applied. 

Dry matter yield increased progressively with applied P but maximum yield was obtained 

with 30 or 50mg P kg-1 soil in a curvilinear way. A level of 20 mg P Kg-1 soil was found 

critical for soils containing 10-14 mg Olsen P Kg-1 soil. According to Johnston et al. 

(1999) at flowering about 45 % of the total P was accumulated by wheat. During grain 

fill, the remaining 55% of the P was accumulated. Much of the P in the leaves, stem, and 

head tissues was translocated to the grain. Wheat acquires P throughout its life cycle. 

 Meelu et al. (2000) summarized field studies on P management in wheat and rice 

undertaken throughout Northern India and noted that crop response to P fertilizer 

decreased as the soil available P increased. Residual effect of P applied to wheat on the 

following rice crop was enough to skip the need for P application. Brar et al. (2000) 

observed maximum dry matter yield, plant P (%) contents and P uptake by wheat from 

the pots where 50 mg P kg-1 soil was applied. Anyhow, the magnitude of response 

declined sharply with rise in soil P fertility as well as with higher levels of P application. 

They suggested that both soil fertility rating limits and critical levels of P for different 

crops need to be verified for various soil subgroups for accurate fertilizer 

recommendations.  

 Plant species and even varieties within species vary in their behavior to acquire 

and utilize P for grain production Alam et al. (2003).  They also reported the response of 

wheat (cv. Inqulab-91) to different levels of P and stated the harvest index ranged from 

39.47 to 42.51 %, straw yield ranged from 6.09 to 7.55 Mg ha-1, grain yield ranged from 

4.10 to 5.69 Mg ha-1, 1000 grain weight ranged from 39.04 to 42.47 g, P concentration in 
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wheat grain ranged from 0.38 to 0.42 % and P uptake (grain + straw) ranged from 17.12 

to 26.62 kg ha-1.  

 Wheat genotypes were evaluated for their response to P deficiency stress in a 

solution culture experiment by Kosar et al. (2003). It was observed that wheat genotypes 

differed significantly in their biomass accumulation, root shoot ratio, P concentration, and 

total P uptake in shoot and P utilization efficiency.  Total P uptake and P utilization 

efficiency correlated significantly with their shoot dry matter yield, root dry matter yield 

and total biomass production. Rehman et al. (2004) reported that maximum wheat grain 

and straw yield of 3.37 and 3.50 Mg ha-1 respectively was obtained at 0.2 mg P L-1 soil 

solution. P concentration in wheat grain and straw was 0.41 and 0.14% respectively, 

which was found at 0.40 mg P L-1 soil solution. External solution P requirement was 

0.146 mg P L-1 and internal P requirement was found to be 0.289 mg P L-1 soil solution 

for obtaining 95 % relative yield of wheat.  

 Rehman et al. (2006) conducted field study regarding effect of balanced 

fertilization on yield and phosphorus uptake in wheat-rice rotation during 2002-2004. 

They reported maximum wheat grain (4.2-4.67 Mg ha-1) and paddy (3.30-4.35 Mg ha-1) 

yields during both the years with the application of recommended dose of NP. Yield 

components like number of tillers and 1000-grain weight also increased with balanced 

fertilization (NPK). A significant higher P uptake was also observed by wheat (24.11-

34.89 kg ha-1) and rice (17.44-24.56 kg ha-1) with the recommended rate of NPK. 

2.11. Effect of method of P application on P availability for crops 

 The efficiency of fertilizer P is much lower than actual potential due to 

imbalanced fertilization, coupled with inappropriate application time and method. Alessi 

and Power (1980) found that banding phosphate with wheat seed gives early availability 

of P, and increased total dry matter and grain yield, even in soils with medium to high 

levels of available P. Peterson et al. (1981) stated that the effectiveness of row placement 

might be three to four times that of broadcasting in case of low P soils for winter wheat. 

Sanders (1986) found that P banded in fall and with seed application was equally 



 42

effective for wheat production. Both were effective more than other application methods 

for grain yield, P uptake and fertilizer efficiency. Fertilizer efficiency was increased from 

5.5 % for broadcast to 36 % for band and 40 % for seed application. This study indicated 

that undistributed fertilizer P bands had more value than either with seed or broadcast P, 

which could differentially influence the P fertilizer requirement for succeeding crops. 

Miller and Wolf (1987) found that applied fertilizer might be lost due to run off and 

leaching which could be utilized properly through proper method of application.  

 Ranjha and Mehdi (1990) while studying the effect of source and method of 

application of P on the growth of maize and wheat found that on soil that need more 

supplemental P source and method of application had no significance. However, when 

rates were less then band placement gave healthier results. The immediate use of 

irrigation water after P application was key factor in improving P fertilizer use efficiency. 

Halvorson and Halvin (1992) studied the effect of P placement and rate on no till winter 

wheat. P was surface broadcast with or without incorporation or was banded below the 

seed zone, at 0, 34, 67,101, or 134 kg P ha-1 with 56 kg N ha-1. They found that grain 

yield increased curvi-linearly with increasing P rate up to 101 kg P ha-1. Fertilizer P 

increased straw yield and P uptake by grain. N application increased mean grain yield 

from 3.17 to 4.12 Mg ha-1 and increased grain protein concentration and grain P uptake. 

 In a review paper on the effect of method and time of P application Ahmad et al. 

(1992) suggested that under irrigated conditions, P fertilizer should be top dressed at the 

time of first irrigation instead of its incorporation in soil at seeding. Dravid (1996) 

concluded that placement of phosphate fertilizer 7.5 cm below the seed was more 

effective than broadcasting it. He further observed that combined application of P and Zn 

with saline irrigation water improved dry matter (DM) accumulation and P utilization in 

wheat compared with their single application. Alam et al. (1999b) conducted pot and 

field experiments on wheat and compared the recommended method of broad casting and 

incorporation of solid P fertilizer before sowing with top dressing of P after plant 

emergence and as solution application along with irrigation water (fertigation). They 

found that the lower P rate applied by fertigation at first irrigation resulted in equivalent 

wheat yield and 25-30 % higher P fertilizer efficiency compared to higher rate applied as 
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broadcast and incorporated at sowing, indicating the possibility of a substantial saving in 

P input. Valizadch et al. (2003) applied P fertilizer as a band at 20 mg P kg-1 soil in dry 

top soil (5cm) deep, significantly increased P uptake and shoot weight compared with a 

nil P (control). It was concluded that roots of various wheat genotypes lift water from wet 

sub soil into the dry top soil (hydraulic lift). P fertilizer banded at 5 cm depth in dry top 

soil increased P uptake and wheat growth due to the presence of hydraulically lifted water  

 Ansar et al. (2008) conducted an excellent study regarding efficiency of fertilizer 

application methods for wheat crop under rainfed conditions of Pakistan. They used five 

methods of fertilizer application viz. 1. control, 2. broadcast, 3. drill placement of DAP 

and urea mixed with seed, 4. drill placement of DAP mixed with seed and urea as 

broadcast, and 5. drill placement of fertilizer and seed separately. They revealed that 

fertilizer application via drill consistently proved more efficient in wet and dry years and 

produced yield more than 4 Mg ha-1 in good moisture year. Whereas dry year adversely 

affected yield and produced only upto 0.5 Mg ha-1
 yield due to reduced efficiency of 

nutrient availability. Moreover, broadcast method proved the second choice for rainfed 

wheat growers that produced 0.41 Mg ha-1
 in dry year and 2.7 Mg ha-1 in each year. They 

concluded that efficiency of fertilizer availability is largely associated with moisture 

availability. The drill placement of seed and fertilizer separately was found to be the most 

suitable method of wheat sowing in rainfed areas. 

2.12. FYM and P availability 

 It was observed that addition of farmyard manure to mineral soils suppress P 

fixation under acidic and alkaline soil conditions (Gilani et al., 1983; Mian et al., 1985; 

Singh et al., 1983). Tomar et al. (1984) evaluated the efficiency of cattle dung to 

solubilize the rock phosphate on calcareous soil. Wheat yield was significantly increased 

in the organic matter treated plots. In the absence of organic matter, rock phosphate was 

the least effective sources of phosphorus. They concluded that application of organic 

matter significantly increased the phosphorus uptake by wheat. This might be due to 

increased solubilization of rock phosphate during decomposition of organic matter. 

Kafkafi et al. (1988) reported that several anions of organic acids have been found to 
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prevent P fixation and are able to replace P bound to the soil resulting in greater 

concentration of available P.  

 Organic matter behaves as a rather ill defined ion exchanger, and has a net 

negative charge. Organic matter presorbed on hydrous oxides has been reported to block 

sites on which P could sorb (Easterwood and Sartain, 1990; Parfitt, 1990). Jairaj et al. 

(1991) stated that P availability is low under the depressing effect of organic matter. Toor 

and Bhal, (1997) concluded that the use of P fertilizer in combination with an appropriate 

ratio of manures can prove beneficial since the manures, in addition to supply a small 

amount of P, also assist in mobilizing the native P. 

 The change in soil organic matter and fertility status of sandy soils was studied by 

Shaheen et al. (1998) under different crop rotations containing wheat as the main crop in 

addition to potato, alfalfa and fallow. It was observed that increase in soil organic carbon 

significantly correlated with total and available concentration of N and P in soil. Reddy et 

al. (1999) also noted a synergistic effect when manure and fertilizer P was applied 

together and available P increased more than the sum of the increase from either applied 

singly.  

 The organic matter and lime significantly increase pH and extractable P of the 

acidic soils therefore, application of organic matter and lime decreased P adsorption 

capacity and index of bonding energy of the soil particles for P (Lucresio and Duque, 

1999). The maximum buffering capacity was directly correlated with soil organic water, 

potential acidity and inversely correlated with base saturation (Guilherme et al., 2000). 

 Reddy et al. (2001) found that the incorporation of 5 Mg organic residues ha-1 in 

combination with fertilizer application resulted in improvement of soil physical 

characteristics (infiltration rate, hydraulic conductivity, water stable aggregates and 

moisture retention) along with available nutrient status (available NPK and S) and 

enhanced crop yields of intercropping systems (cotton + soybean and sorghum + pigeon 

pea). Bar-Tal et el. (2004) conducted a study regarding nitrogen, phosphorus and 

potassium uptake by wheat and their distribution in soil following successive annual 
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compost applications. They found that total dry matter, grain production and the amount 

of N, P, and K taken up by plants increased with increasing compost rate. P and K uptake 

by the plants amended with the highest compost rate was much higher than by the 

fertilized control plants. The successive application of high rates of composts resulted in 

P and K accumulation in the soil profile. 

 Gupta et al. (2007) conducted a study regarding yield and phosphorus 

transformations in rice-wheat system with crop residue and phosphorus management and 

they found significant straw x P management interactions, observed after four year 

suggested that residues can increase yield under inadequate P supply situations. 

Application of 26 kg P ha-1 to wheat increased grain yield by 6 to 15 % compared with no 

P. Wheat and rice straw incorporation lead to positive P balance at the recommended 

level (26 kg P ha-1 to wheat only). Changes in total soil P suggested that the two crops 

remove significant P from below 15 cm depth. Incorporation of residues increased soil 

Olsen p, inorganic, and organic P whereas it reduced P sorption and increased P release. 

2.13. Effect of irrigation on P availability 

 Barrow (1974) found a large decrease in residual P in air dry soil and soil with 

water content around the permanent wilting point of the soil. Between permanent wilting 

point and near to field capacity, the effectiveness continues to decrease, though between 

water logging and 0.015 MPa (Mega Pascal), there was a little change. A similar effect 

was observed by Sharpley and Ahuja (1982). 

 Wheat requires water at different critical growth stages (Frank et al., 1973). It was 

reported by Larcher and Wool (1985) that 540 g of water was needed to produce 1 g dry 

matter of wheat. Ahmad (1994) reported that leaf area index, total dry matter, mean crop 

growth rate, grain yield, number of tillers per unit area and harvest index were not 

significantly affected by the irrigation treatments. The water content of the soil affected 

the residual effectiveness of applied P. Strong et al. (1997) studied the effect of water 

deficit on the residual value of P fertilizer in some Australian soils. They reported that the 
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effect of water deficit for the majority of wheat crops grown between 1979 and 1985 

reduced the apparent availability of P fertilizer residues. 

 Adequate water at or after anthesis not only allows the plant to increase 

photosynthesis rate but more importantly gives the plant extra time to translocate the 

carbohydrate to grains, thus enhancing grain size and ultimately resulting in higher grain 

yield (Zhang et al., 1998). Thakur et al. (1999) reported that wheat crop with four 

irrigations at crown root initiation, maximum tillering, boot and milk stages produced 

4071 kg grain ha-1 and consequently gave 33.8 and 32.4 % higher energy through grain 

and total biomass respectively along with higher grain (3.08 Mg ha-1) and total biomass 

(6.55 Mg ha-1) energy-use efficiency and required less specific energy (4769 MJ). They 

further stated that reduction in energy production owing to omission of irrigation at the 

crown root initiation stage of wheat could not be mitigated by increasing seed and 

fertilizer rates. Qadir et al. (1999) observed that water stress during vegetative growth 

caused the reduction of leaf area index while water stress during the reproductive growth, 

reduces number of fertile tillers per square meter, grains per spike and 1000 grain weight 

and thus reduction in grain yield of four wheat cultivars. 

 Hussain (2000) concluded that water stress during the months of March and April 

showed a decrease of 400 kg acre-1 in wheat yield. A field trial was conducted by Wang 

et al. (2000) with spring wheat in semi arid area of Ouna and observed that there was a 

close correlation between high yield and water use and limited irrigation and P fertilizer 

application, with irrigation being the key factor. When there was severe soil water deficit 

before sowing, irrigation before sowing but not during crop growth was required to 

encourage the crop to absorb soil water fully P increased yield more without than with 

irrigation. Hemandez and Meurer (2000) reported that flooding-draining condition 

decreased P availability to plant due to adsorption of P with recently precipitated high 

reactivity forms of iron oxide. Redox process affects reactivity of iron oxide and this 

effect increases P availability in soil during flooding and decreased during drying period. 

 Maqsood et al. (2002) concluded that irrigation at crown root, booting and 

anthesis stage and the application of 150 kg N ha-1 gave the maximum number of 
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productive tillers, number of grain per spike, 1000-grain weight, grain yield and harvest 

index. DU et al. (2003) stated that insufficient water supply was most important factor-

effecting yield of wheat. The effect of N, P and water on increasing yield was statistically 

significant and consistent with the law of diminishing returns. A positive interaction 

existed between N and water. A negative interaction existed between NP and 

combination of low P and high N could increase yield. The negative interaction between 

P and water indicated that increasing P could enhance crop drought resistance under 

water shortage condition. Soil water content affects the residual effectiveness of applied 

P. Mohr et al. (2004) reported that very dry spring soil moisture conditions, reducing the 

availability of soil P to plants and contributing to the positive crop response to fertilizer 

P.  

In the present study, the intention was to overcome the moisture stress with 

physical treatment of controlled irrigation and the appropriate technique of P application 

along with FYM application to improve the overall production of wheat crop in Pakistan. 

2.14. P use efficiency 

Nutrient efficiency is best defined as the increase in yield of the harvested section 

of the crop per unit of nutrient supplied by fertilizer (Cooke, 1987). Agronomic 

efficiency of grain production in crop plant is frequently expressed as percentage of 

harvest index. Harvest index is calculated by dividing the total grain yield by total plant 

yield. Thus economic yield / total plant yield gives harvest index (Rashid et al., 2007). 

Increase in harvest index have contributed significantly to increasing yields of rice and 

wheat and a value of more than 50 % has been achieved in these cereals but it seems 

unlikely that it will be able to rise much above 60 % in cereals (Evans, 1980). 

Duivenbooden et al. (1996) described the maximum harvest index of wheat as 49 % and 

55 % for rice. However, efficient crop and soil management practices could improve 

grain crop harvest index. Balance use of inputs like seed, fertilizers and moisture is 

essential for improving harvest index of grain crops similarly; role of weeds in declining 

crop harvest index is obvious. Insect / pests attack at different crop growth stages also 

cause heavy toll on yield. Importantly, creating awareness among the growers by using 
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all available measures is crucial. Sadly, the distribution of these inputs remained lopsided 

during the last many years (Rashid et al., 2007). 

Fageria et al. (1997) described nutrient (P) efficiency ratio of wheat grain as 200 

and wheat straw as 714. P requirements are estimated for vegetative and grain portion of 

wheat plant to be from 6-8 kg P ton-1of grain (Halvorson et al., 1987). P use efficiency of 

various crops is low and only about 15-20 % of applied P is used by first crop (Nisar, 

1985). Delgado et al. (2002) reported that the various reactions of the applied P in the soil 

resulting in the formation of compounds, that are difficult to become available to plants, 

are considered one of the factors attributing to low P recovery. Sharif (1985) stated that 

the application of super phosphate to alkaline calcareous soils of Pakistan converted to 

insoluble form of Ca-P (45-59 %), Fe- and Al-P (14-19 %) while water-soluble fractions 

ranged from 5-9 % only. The plant tissue recovered only 11-19 % of the applied P.  

To widen the useful life of the P reserves in the world, to reduce the cost of 

producing crops and to improve the value of the grain and straw produced, more efficient 

utilization of P by wheat plant is needed (Batten, 1992). Bakhsh et al. (1990) conducted a 

field study to evaluate the relative efficiency of various P fertilizers viz. diammonium 

phosphate, nitrophos, single super phosphate and triple super phosphate alone and 

premixed with FYM on wheat crop. The results indicated that premixing it with FYM 

increased the efficiency of nitrophos. Soil available P and uptake in leaves was 

considerably increased with FYM. Increase in P use efficiency by addition of FYM to P 

fertilizers was also reported by Chaudhry and Qureshi, 1981, Mohammad and Qureshi, 

1980. 

Latif et al. (1997) found in field experiment on wheat that P application through 

broadcast, incorporation, top-dressing and fertigation significantly increased the grain 

and straw yield and P content over control. They further concluded that rate and method 

of application positively influenced P use efficiency by wheat. The percentage increase in 

P use efficiency due to split P application ranged from 6.2 to 25.3 % over broadcast 

method at higher rate of application. Alam et al. (2005) conducted three field 

experiments during 2001-2003 on wheat. They showed that P applied through fertigation 
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or top-dressing methods were equally effective for production of wheat grain and straw. 

Fertigation applied N and P fertilizer increased wheat grain yield by 16 %, P uptake by 

13 %, P-fertilizer efficiency by 74 % and agronomic efficiency by 240 % over top-

dressed N and P.  

Iqbal et al. (2003) conducted field studies to determine the effect of fertilized P on 

crop yield and P use efficiency. They concluded that P uptake; P use and agronomic 

efficiency were higher in fertigation than broadcast method. Averaged 8 % P use 

efficiency was calculated when P was broadcast and incorporated and 16 % when P was 

either knifed with anhydrous ammonia or applied with the seed in winter wheat (Sander 

et al., 1990, 1991). It was reported by Eghball and Sander (1989) that 13.8 to 26.4 kg P 

ha-1 was taken up in corn grain at yield levels between 4.24 and 8.83 Mg ha-1, and a 

concentration of 0.31 % P. Similarly Raun et al. (1987) concluded that total up taken P in 

corn grain ranged from 21.4 to 47.4 kg P ha-1 at yield levels from 8.10 to 14.47 Mg ha-1, 

or 0.30 % P. It was observed that root zone P is depleted and plants could not get P when 

it is needed because diffusion coefficient of P in soil is very low (Clarkson, 1981). Latif 

et al. (1994) reported less P use efficiency of applied P before sowing until first irrigation 

to wheat crop. Similarly, Alam et al. (1999a) concluded that rapid P uptake took place 

after irrigation, 3-4 weeks after germination because the requirement of P at this stage of 

growth is much higher compared to other stages of growth (Romer and Schilling, 1986). 

That is why application of P through different methods and mixing with FYM is 

important to improve its use efficiency.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Site selection and preliminary investigations 

 Two sites were selected keeping in view the texture, calcareousness and salinity. 

Composite soil samples, from 0-30cm depths were collected with the help of 5 cm 

diameter auger. Each sample was thoroughly mixed, air dried and sieved through a 2 mm 

sieve. These samples were analyzed for Physical and chemical characteristics based on 

the methods described in part-3 of “Methods of Soil Analyses” (Bigham, 1996).  

3.2 Preparation of saturated soil paste 

 Paste of 250 g soil was prepared by adding distilled water (method 2, P 84). 

3.3 pH of saturated soil paste  

 pH meter was used to determine the pH of saturated soil paste with glass and 

calomel electrodes using buffer solutions of pH 7.0 and 9.2 as standards (method 21a, P 

102). 

3.4 Electrical conductivity of saturated extract 

 Electrical conductivity of saturated extract was measured by EC meter (method 

46, P 89). 

3.5 Soluble calcium + magnesium 

 Calcium + magnesium were estimated by titrating the saturated extract with 

ethylene diamine tetra-acetate disodium salt (versenate) by using buffer solution (NH4Cl 

+ NH4OH) and Eriochrome black T as indicator until the solution turns blue or greenish 

blue (method 7, P 94). 
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3.6 Soluble sodium 

 An aliquot from saturated extract was used for sodium determination by using 

flame photometer model PFP.7 Jenway (method 10a, P 96).  

3.7 Lime  

 Lime was determined by the calcimeteric method using 6 M HCl solutions. Five g 

soil sample was treated with 1:1HCl and volume of CO2 liberated from CaCO3 present in 

the soil was noted (Moodie et al., 1959). 

CaCO3 (%) = CO2 released (ml) X (0.00399) / weight of soil sample taken (g) 

3.8 Particle size analysis 

 To 40 g of soil added 40 ml of 1 % sodium hexa metaphosphate solution and kept 

over night. Soil was transferred to dispersion cup and dispersed with the help of 

mechanical stirrer and reading was recorded with the help of Bouyoucos hydrometer 

(Moodie et al., 1959). Soil texture was determined using triangle of International Society 

of Soil Science. 

3.9 Available P  

 0.5 M NaHCO3 solution adjusted to pH 8.5 by the addition of 50 % w/w NaOH 

was used for extraction of P from 2.5 g soil (Watanabe and Olsen, 1965). Phosphorus 

determination was made by the method as described by Murphy and Riley (1962). 

It is based on the reaction of mixed reagent solution (containing sulphuric acid, 

ammonium molybdate, Antimony potassium tartrate and ascorbic acid) with phosphate to 

produce a blue colour within 10 minutes that is stable for 24 h.  The absorbance of the 

developed colour was measured in the 5-cm flow through cell of the spectrophotometer at 

880 nm wavelength. 

 3.10 Soluble K  

 An aliquot from the saturated extract was used for potassium determination by 

using flame photometer model PFP.7 Jenway (method 12, P 98). 



 52

3.11 Extractable K 

 Extraction was made by neutral 0.145 M ammonium acetate and extractable 

potassium was determined in the extract by flame photometer model PFP. 7 Jenway 

(method 18, P 100-101). 

3.12 Organic matter in soil 

 Method used was the same as described by (Nelson and Sommers, 1996). One g 

of soil was mixed well with 10 mL of I M potassium dichromate solution in a 50 mL 

conical flask. 20 mL concentrated H2SO4 (commercial) was added and kept for 30 

minutes. Adding 200 mL water diluted the contents, then added 1 mL of diphenylamine 

indicator, and titrated against 0.071 M FeSO4.7H2O until the solution turned purple or 

blue in colour. 

3.13 Phosphorous adsorption isotherms and application of model 

 Phosphorus (P) adsorption capacities of the soils were determined by 

shaking 2.5g soil sample with 25ml 0.01M CaCl2 containing 0, 5, 20, 40, 60, 80, 

100, 200, 300, 400 and 500 µg P mL-1 for 24 hours at 25 oC. Sorption isotherms 

were constructed according to the methods described by Rowell (1994). The 

amount of P adsorbed was calculated from the difference of P added and P 

remaining in the solution after equilibrium was established. The adsorption data 

were fitted to the modified Freundlich equation (Samadi, 2003). 

3.14 Field Experiments 

 Three experiments were conducted at each site under farmers’ field’s conditions 

to examine the interaction of rate, method of P application, farmyard manure and 

irrigation scheduling on wheat yield and PUE.  

Experiment 1: Effect of rate and method of P application on wheat yield and PUE 

 Design                 Randomized Complete Block Design (RCBD) 

 Fertilizer P rates:   Five (0,27,47,81 and 111 for sandy loam and 0, 36,  

  61, 104 and 142 kg P2O5 ha-1 for sandy clay loam) 

 Method of P application Three 
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                         i- Broadcasting  (at seed bed preparation) 

                        ii- Band placement  (5 cm to the side and 5cm below the seed before 

sowing)  

                        iii-Top dressing   (immediately after first irrigation)  

 Replications   Three 

 Treatments   Fifteen 

 Computed five levels of P along with 130 kg N and 65 kg K ha-1 was applied as 

DAP, Urea and SOP, respectively. Half of N and whole of K was applied during seedbed 

preparation and other half of N with first irrigation. Wheat crop cv. Inqulab - 91 was 

sown by Rabi drill using 125 kg seed ha-1 during the second week of November at both 

the sites after treating the seed with benlate @ 100 g per 40 kg of wheat seed. A total of 

four irrigations were applied. The potential yield of this wheat variety is 6.92 Mg ha-1. 

The crop was harvested at maturity and the data regarding, total no. of tillers m-2, no. of 

grains per spike, 1000-grain weight and grain yield was recorded. The plant samples 

were collected for the determination of P concentration and total protein in wheat grain. 

Post harvest soil samples were collected to determine available P status in soil.  

Experiment 2: Effect of rate, method of P application and farm yard manure on 

wheat yield and PUE 

All other treatments and procedure was the same as experiment 1 except that the 

role of well-decomposed 300 kg ha-1 FYM was observed on PUE by mixing with 

fertilizer P. FYM was used from the small cattle farm of the farmer. Farmers store FYM 

in pits and use it after every six months in moist condition. 

Experiment 3:  Effect of irrigation scheduling, rate and method of P application on 

wheat yield and PUE 

 Design    RCBD with Split Plot arrangement 

 Fertilizer P rates:    Four (0,47,81 and 111 for sandy loam and 0, 61,  

  104 and 142 kg P2O5 ha-1 for sandy clay loam)  

 Method of P application two (Band placement and Broadcasting)  
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  Irrigations   Four 

Irrigation schedule was as under. 

1- No irrigation  

2- Two irrigations - crown root and booting stages. 

3- Three irrigations - crown root, booting and grain development stages. 

4- Four irrigations - crown root, booting, anthesis and grain development stages. 

 Replications   three 

 Treatments   thirty two 

Computed four levels of P along with 130 kg N and 65 kg K ha-1 was applied as 

DAP, Urea and SOP, respectively. Half of N and whole of K was applied during seedbed 

preparation and other half of N with first irrigation. The data regarding, total no. of tillers 

m-2, no. of grains per spike, 1000-grain weight and grain yield was recorded. The plant 

samples were collected for the determination of P concentration and total protein in 

wheat grain. Post harvest soil samples were collected to determine available P status in 

soil. Grain samples were ground, passed through 0.5 mm sieve and used for assessing P 

concentration. 

3.15 Wet digestion of grain samples for P content 

One gram oven dried grain was digested in 10 mL of di-acid mixture (Concentrated 

HNO3 and 72 % HC1O4, with 9:4 ratio) cooled the digest, transferred to 100 mL 

volumetric flask and made volume (method 54a, US Salinity Lab. Staff, 1954). 

3.16 P concentration in grain (%) 

Five mL of the digested aliquot was taken in 50mL 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. Then 

from the standard curve, P concentration (%) in grain was calculated. 
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3.17 P use efficiency 

The calculations were done on the basis of formulae as described by Fageria et al. 

(1997).  

 
                                                Total P uptake (kg ha-1)   _ Total P uptake (kg ha-1) 
              PUE % =                    in fertilized plot                      in control plot              x 100 
                                                                P dose applied (kg ha-1) 
 
 
Total P uptake (kg ha-1) =P Concentration (%) in plant part (dry matter) x yield (kg ha-1) 
                                                                                      100 
 

3.18 Total protein  

 Total protein was determined by Chapman and Parker, (1961). One gram of dried 

and ground sample was digested in Kjeldhal flask with 5 g mixture of K2SO4, CuSO4 and 

FeSO4 (90: 10: 1) as catalyst and 30 ml of concentrated sulfuric acid. The contents of the 

flask were heated till a clear solution was obtained. After cooling, the contents of the 

flask were diluted upto 250 ml in a volumetric flask by adding distilled water. 10 ml of 

diluted solution was mixed with 10 ml of 40 percent sodium hydroxide solution and 

distilled by using steam in micro Kjeldahl distillation apparatus. The ammonia so 

produced was collected in 10 ml of two percent boric acid solution having two drops of 

methyl red as indicator. The distillate was titrated against 0.1 N sulphuric acid to 

determine the volume of NH3 (ammonia) evolved.  

3.19 Statistical Analysis 

 Analysis of Variance (ANOVA) and Duncan's Multiple Range (DMR) tests was 

used to test the significance of difference among treatments mean (Duncan, 1955). 

Statistical analysis was done using M Stat C software. 
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CHAPTER 4 
 

RESULTS AND DISCUSSION 
P management studies were conducted to improve wheat yield on farmers’ fields. P 

doses were calculated by using adsorption isotherms. These P doses were applied by 

three methods and also by mixing with nominal quantity of farmyard manure. As the 

moisture is crucial for P availability and wheat growth so different irrigation scheduling 

was followed. Three experiments were conducted each at two sites. These soils were 

calcareous (CaCO3 > 5 %), low in organic matter (0.8 to 1.13 %), deficient in available P 

(7.6 to 8.0 mg kg-1), available K (90-140 mg kg-1) and normal from salinity point of view 

(ECe=1.8-2.3 dS m-1) (Table 4.1a). Model based fertilizer P doses along with 

recommended N and K were applied. All agronomic and cultural practices were followed 

as needed. Crop was harvested at maturity and grain samples were taken for P 

concentration (%) and protein content. Wheat yield parameters recorded were tillers m-2, 

grains spike-1 and 1000-grain weight. Soil samples were collected after harvesting of 

crop for the determination of Olsen P. The results thus obtained are given below  

Table 4.1a.  Physical and chemical properties of soils 

Properties 
Site-I  Site-II 

0-30 (cm) 

ECe (dS m-1) 1.81 2.3 

pHs 8.2 7.8 

CaCO3 (%) 5.0 5.6 

O. M (%) 1.13 0.8 

Olsen  P (mg kg-1) 8.0 7.7 

Extractable K (mg kg-1) 90 140 

Sand (%) 69 56 

Silt (%) 17 22 

Clay (%) 14 23 

Textural Class Sandy Loam Sandy clay loam 
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Table 4.1b.  P adsorption by soils  
 

P added (mg L-1) Sandy loam Sandy clay loam 

P adsorbed (%)
20 75.10 91.42 

40 83.05 89.01 

60 83.55 86.36 

80 81.21 84.58 

100 78.91 80.43 

200 74.33 77.35 

300 71.07 72.82 

400 68.59 69.87 

500 54.05 56.41 

4.21. Computation of fertilizer P doses for wheat by using Freundlich equation 

 The Freundlich parameter Kf is useful in summarizing the adsorption properties of 

soils over wide range of equilibrium concentrations. The sandy clay loam soil under this 

study showed a high P adsorption capacities, therefore, linear form of derived 

Freundlich adsorption equation [Log x/m = Log Kf + 1/n (Log EPC)] was used for 

computing P fertilizer doses to adjust the soil solution P level of, 0.05, 0.10, 0.20 and 

0.30 mg L-1. The regression equations can be solved for any desired solution P level by 

putting the value of Log EPC on x-axes and Log x/m on y-axes from the equation 

obtained, for required solution P level. The calculated amount of P (kg ha-1) required 

was converted to P2O5 (kg ha-1) by multiplying P with 2.29. 

Table 4.2. Derived Freundlich adsorption equations 

Soil  
Derived Freundlich adsorption equations 

Derived form 
        x /m =   Kf    (EPC)1/n Linear forms 

Sandy loam x /m = 62.10  (EPC) 0.164 Y=0.164 (Log EPC) +1.7931 

Sandy clay 
Loam x /m = 78.22  (EPC) 0.171 Y=0.718 (Log EPC) +1.8933 
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Table 4.3.  Computed P doses for two soils 

Adjusted 
Soil solution P levels Sandy Loam Sandy Clay Loam 

P P2O5 P P2O5 
mg L-1 Kg ha-1 

0.00 0 0 0 0 
0.05 12 27 16 36 
0.10 20 47 26 61 
0.20 35 81 45 104 
0.30 48 111 61 142 

4.2 Field Study-I (Effects of rate and method of P application on number of 

tillers m-2) 

Field study-I was conducted to examine the effect of rate and method of P 

application on wheat yield and PUE on two differently textured soils i.e., sandy loam and 

sandy clay loam soil. Computed P doses for both the soils (Table 4.3) were applied to 

wheat crop by three methods (broad cast, band placement and top dressing). The results 

obtained are described below: 

Sandy loam soil  

The data regarding number of tillers m-2, depicted in Table 4.4, showed that the 

tillering in wheat increased significantly with increase in the rate of P application in 

sandy loam soil. The maximum tillers m-2 (287) were noted where P was applied at 81 kg 

P2O5 ha-1 and the minimum tillers (231) were found in control plot. Higher rate of 111 kg 

P2O5 ha-1 could not improve tillering over its lower rate. Increase in number of tillers with 

P application could be related to timely availability of P during early season and which 

safe plants from early stresses. It is evident from the data that optimum P rate was 81 kg 

P2O5 ha-1. The results of this study are in line with those reported by Malik et al. (1992). 

They observed a significant response of wheat upto 150 kg P2O5 ha-1 beyond which there 

was a quantum decline. They also concluded that optimum dose of P2O5 for heavy, 

medium and coarse textured soil was 123, 125 and 175 kg ha-1, respectively. Rodriguez et 

al. 1999 also reported that number of tillers increased when P level increased from 0 to 
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200 kg P2O5 ha-1. They also reported that P deficiency directly altered the normal pattern 

of tiller emergence by slowing the emergence of leaves on the main stem and by reducing 

the maximum rate of tiller emergence. 

When methods of P application were compared, band placement proved superior 

to the other two methods. Top dressing and broad casting remained at par. Banding near 

the seed provided ready access to P supplies during early season growth. Maintaining 

adequate P supplies throughout the soil ensured sufficient P to meet plant needs during 

the remainder of the season (Sander and Eghball, 1999). Turk and Tawaha (2001) found 

that the total number of tillers m-2 were significantly greater with band placement than 

with broadcast method of P application. 

Table 4.4. Effect of rate and method of P application on number of tillers m-2 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Number of tillers m-2 Means 

Broad Casting 231 238 265 278 276 257.67b 

Band Placement 231 244 272 297 290 266.87a 

Top Dressing 231 240 268 285 280 260.86b 

Means 231.0d 240.9c 268.2b 286.7a 282.0a  

Means sharing same letters are statistically at par at 5 % level of probability. 

The interaction of fertilizer rate and method was found statistically non significant 

(Appendix 1).  

Sandy clay loam soil  

The results presented in Table 4.5 showed that in the case of sandy clay loam soil, 

P application significantly increased number of tillers at all P levels. The maximum (301) 

and the minimum (238) tillers were produced with 104 kg P2O5 ha-1 and with zero P 

(control plot), respectively. When compared the method of P application, band placement 

proved better to the other two methods. This might be due to effective contact of P with 

the emerging radicle and seminal roots during seedling establishment (Cook and Veseth, 
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1991). Statistically, there was no difference between top dressing and broad casting 

method on number of tillers m-2. Interaction of rate and method of P application was 

found statistically non significant (Appendix 2). 

Table 4.5. Effect of rate and method of P application on number of tillers m-2  

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Number of tillers m-2 Means 

Broad Casting 238 247 273 297 298 270.87b 

Band Placement 238 265 287 306 305 280.27a 

Top Dressing 238 253 278 300 300 273.87ab 

Means 238.33d 255.11c 279.33b 301.00a 301.22a  

Means sharing same letters are statistically at par at 5 % level of probability 

Comparison of soils for tillers m-2 under field study-I 

Different P doses were applied in both the soils to adjust the same soil solution P 

levels. The rates of fertilizer P applied were comparatively higher for sandy clay loam 

soil due to more adsorption of P than that for sandy loam soil.  

The statistical analysis of the data showed that there was no significant difference 

in number of tillers. Anyhow, there was a small edge of sandy clay loam soil on sandy 

loam soil for producing fertile tillers (Appendix 62).  

When method and soil texture were compared, band placement proved to be a 

better method at both the soils. The interaction between soil texture and method of P 

application was non-significant (Appendix 62). This shows that method of P application 

had same effect on both the soils in producing tillers.  

4.3 Field Study-II (Comparative effect of FYM on tillers in sandy loam and 

sandy clay loam soils)  

In field study-II, P application rate and method were the same as were used in 

field study-I, whereas fertilizer P was applied after mixing with 300 kg well-decomposed 
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FYM on both the soils. The results of study-II (with FYM) and study-I (without FYM) 

are compared below of each soil type. 

Sandy loam soil 

 On sandy loam soil, application of FYM increased the number of tillers 

significantly at all P rates. The increase in tillers was 4.04, 7.84, 1.38, 4.09 and 4.14 % at 

0, 27, 47, 81 and 111 kg P2O5 ha-1 by mixing with FYM (Appendix 65 and Fig. 4.1). The 

highest increase of 7.84 % in tillers with FYM application was at P rate of 27 kg P2O5 ha-

1 when compared with the same soil and rate without FYM (Appendix 57).  Similar 

results were found by Bakhsh et al. (1990). Methods of application had no significant 

effect on tillers whether P was applied with or without FYM (Appendix 65).  

 LSD (P=0.05) = 5.5313 
 
Fig. 4.1.  Graphical presentation of the interaction of FYM and P rate on tillers 

m-2 at sandy loam soil 

Sandy clay loam soil 

In the case of sandy clay loam soil, application of FYM increased tillering but this 

increase was non significant. The interaction of FYM with P application rate and P 

application method was non significant (Appendix 66).  
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On sandy loam and sandy clay loam soil, production of tillers differed 

significantly when nominal amount of FYM was mixed with P fertilizer (Appendix 64). 

The comparative effect of FYM on tillering was better in sandy loam soil than that in 

sandy clay loam soil, but still the number of tillers are more on sandy clay loam soil as 

compared to sandy loam soil (Fig. 4.2). This indicated the greater necessity of FYM use 

on course textured soil to retain more moisture.  
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LSD (P=0.05) = 12.22 

Fig. 4.2.  Graphical presentation of interaction of FYM and site-I, site-II and P 

rate on tiller m-2  

4.4 Field Study–I (Effects of rate and method of P application on grains spike-1)  

Sandy loam soil  

The data regarding grains spike-1 depicted in Table 4.6 shows that grains spike-1 

increased as compared to control in all the treatments but this increase was static after 81 

kg P2O5 ha -1. The higher rate of applied P could not further increase the grains spike-1. 

The maximum numbers of grains spike-1 (32.67) were noted with 81 kg P2O5 ha-1. The 

increase in number of grains confirmed the necessity of P application in P deficient soils 

for obtaining better yields. It was observed that there was non significant effect of 
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method of P application on grains spike-1. Interaction of fertilizer rate and method of P 

application was also statistically non significant (Appendix 7). 

The results of this study are in line with those of Chaudhary (1985) who reported 

P levels (mg kg-1) as 6, 8 and 10 on which wheat responded positively on sandy loam, 

loam and clay loam soils, respectively.  Further increase in P level could not increase the 

number of grains. Similar results were reported by Azad et al. (1993).  

Table 4.6.  Effect of rate and method of P application on grains spike-1 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Grains spike-1 Means 

Broad Casting 26.7 29.5 30.1 31.8 30.3 29.66a 

Band Placement 26.7 30.5 30.7 33.3 31.9 30.62a 

Top Dressing 26.7 28.7 29.9 32.9 30.8 29.81a 

Means 26.69c 29.58b 30.21ab 32.67a 31.0ab 

Means sharing same letters are statistically at par at 5 % level of probability. 

Sandy clay loam soil  

The grains spike-1 increased significantly with the increase in P rate but upto 104 

kg P2O5 ha-1 which was at par with 142 kg P2O5 ha-1. The highest grains spike-1 (36.70) 

were observed at fertilizer P rate of 104 kg ha-1 (Table 4.7). Method of P application 

statistically could not improve the grains spike-1. Interaction of fertilizer P and method of 

its application was also statistically non significant (Appendix 8). Imtiaz et al. (2003) 

also reported a significant increase in grains spike-1 (56.60) over that of control with 

application of N and P2O5 at 120 and 90 kg ha-1, respectively. 



 64

Table 4.7. Effect of rate and method of P application on grains spike-1 

Methods 

P rate (kg ha-1) 

6 0 36 61 104 142 

Grains spike-1 Means 

Broad Casting 28.0 29.9 34.6 35.7 35.5 32.73a 

Band Placement 28.0 31.2C 35.0 37.8 37.0 33.96a 

Top Dressing 28.0 29.4 34.5 36.5 36.0 32.89a 

Means 28.00d 30.14c 34.83b 36.70a 36.28ab  

Means sharing same letters are statistically at par at 5 % level of probability 

Comparison of soils for grains spike-1 under field study-I 

The effect of soil texture was statistically significant on grains spike-1 (Appendix 

62). At all P levels, grains spike-1 were higher on sandy clay loam soil as compared to 

sandy loam soil as discussed earlier. The rate of fertilizer P applied was comparatively 

high in sandy clay loam soil because adsorption was more due to more clay and thus P 

supplying power (capacity factor) was more as compare to sandy loam soil (Fig. 4.3). 

Similar results were observed by Sharif et al. (2000) and Morais et al. (1996) who 

reported that in the case of clay loam soil the grains spike-1 were more as compared to 

sandy loam and loam soil that was perhaps due to high P supplying power of clay loam 

soil. Interaction between method and texture was statistically non-significant (Appendix 

62). 
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LSD (P=0.05) = 2.22 
 
Fig. 4.3.  Graphical presentation of interaction of site-I, site-II and P rate on 

grains spike-1 

 

 

4.5    Field Study–II (Grains spike-1 as affected by FYM) 

Sandy loam soil 

The application of FYM had non significant effect on grains spike-1 when 

compared to without FYM. Grains spike-1 were not affected significantly by rate and 

method of P use with FYM as compared to without FYM (Appendix 65). 

 Sandy clay loam soil  

The mixing of fertilizer P with FYM significantly improved grains spike-1 as 

compared to without FYM on sandy clay loam soil. The interaction effect of FYM on 

grains spike-1 was non significant with P dose and P application method (Appendix 66).  
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LSD (P=0.05) = 5.43 

Fig. 4.4.  Graphical presentation of interaction of FYM and site-I, site-II and P 

rate on grain spike-1  

4.6 Field Study–I (Effects of rate and method of P application on 1000-grain 

weight)  

Sandy loam soil  

In the case of wheat crop, grain weight is an important yield-determining 

parameter. Heavier the grains the more will be the yield. Data regarding 1000-grain 

weight are given in Table 4.8. There was a significant increase in 1000-grain weight with 

the increase in P rate. Increase in 1000-grain weight was statistically at par with higher 

rates. It is evident from the data that optimum P rate for maximum grain weight was 81 

kg P2O5 ha-1 for sandy loam soil. Similarly, when P was applied by band placement, the 

grain weight was improved and it was statistically significant over other methods, which 

showed the higher efficiency of band placement over other methods of P application.  



 67

Table 4.8. Effect of rate and method of P application on 1000-grain weight 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

1000 grain weight (g) Means 

Broad Casting 33.5 35.2 37.3 38.7 38.4 36.61b 

Band Placement 33.5 37.2 38.0 42.8 42.0 38.62a 

Top Dressing 33.5 35.1 37.5 41.7 41.0 37.65ab 

Means 33.47c 35.82b 37.47b 41.10a 40.31a  

Means sharing same letters are statistically at par at 5 % level of probability. 

Interaction of fertilizer rate and method of P application was statistically non 

significant (Appendix 13). Similar results were reported by Latif et al. (1991). Alam et al. 

(2003) reported that 1000–grain weight ranged from 39.04 to 42.47 g in wheat cv. 

Inqulab-91 when different levels of fertilizer P were applied. Similar results were 

reported by Azad et al. (1993). 

Sandy clay loam soil  

 The data regarding 1000-grain weight given in Table 4.9 shows that 1000-grain 

weight increased significantly with increase in P dose and the maximum weight 41.44 g 

was found with 104 kg P2O5 ha-1. However, this rate was statistically at par with 142 kg 

P2O5 ha-1.  Among methods of P application, band placement of P improved 1000 grain 

weight (40.00g) as compared to top dressing (38.65g) and broad casting (38.33g). 

Interaction of fertilizer rate and method of application with respect to 1000- grain weight 

was non significant (Appendix 14). These results are in conformity with those of Imtiaz 

et al. (2003) who reported a significant increase in 1000-grain weight (47.5 g) over that 

of control with application of N and P2O5 at 120 and 90 kg ha-1, respectively. 
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Table 4.9. Effect of rate and method of P application on 1000-grain weight 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

1000 grain weight (g) Means 

Broad Casting 35.9 36.8 38.8 40.2 39.9 38.33b 

Band Placement 35.9 38.1 39.5 43.0 42.0 40.00a 

Top Dressing 35.9 36.9 38.9 41.1 40.5 38.65ab 

Means 35.87c 37.26c 39.10b 41.44a 40.79a  

Means sharing same letters are statistically at par at 5 % level of probability 

Comparison of soils for 1000-grain weight under field study-I 

 It is clear from the Appendix 62 that soil texture did not significantly affect the 

1000-grain weight. Similarly, interaction of soil texture with P rate and method of P 

application was non significant (Appendix 62).  

4.7 Field Study–II (1000-grain weight as affected by FYM)  

Sandy loam soil  

The effect of FYM along with P fertilizer on improving 1000-grain weight at 

sandy loam soil was statistically significant over that without FYM on the same site. 

(Appendix 65).  

The interaction of FYM with fertilizer P was non significant while interaction 

with method of P application was significant (Appendix 65). Among methods, the 

maximum increase of 4.34 % was noted with broadcasted P by using FYM followed by 

3.16 and 1.54 % with banded and top dressed P (Appendix 58).  
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  LSD (P=0.05)=1.21 
Fig. 4.5.  Graphical presentation of interaction of FYM and method of P 

application on 1000-grain weight at sandy loam soil 

Sandy clay loam soil 

In the case of sandy clay loam soil, the effect of FYM on 1000-grain weight was 

non significant. The interaction of FYM with fertilizer P and method of P application was 

non significant (Appendix 66). The comparative performance of FYM was better in 

sandy loam soil than that in sandy clay loam soil (Fig. 4.6). However, the 1000-grain 

weight remained higher in sandy clay loam soil as compared to sandy loam soil.   
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Fig. 4.6.  Graphical presentation of interaction of site-I, site-II and P rate on 
1000-grain weight  
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4.8 Field Study–I (Effects of rate and method of P application on grain yield)  

Sandy loam soil  

Improvement in wheat grain yield was the main purpose of these trials. The data 

(Appendix 19) showed that yield increased with increase in adjusted soil solution P level 

in all the treatments. The soil solution P level for obtaining maximum wheat grain yield 

was 0.20 mg L-1 in sandy loam soil. The statistical analysis indicated that maximum grain 

yield of 3.96 Mg ha-1 was obtained with 81 kg P2O5 ha-1 calculated against adjusted soil 

solution P level of 0.20 mg L-1 on sandy loam soil. Maximum P rate (111 kg P2O5 ha-1) 

could not further improve the yield. The minimum grain yield (2.40 Mg ha-1) was noted 

in control plot where original P status was 8 ppm. The results are in line with those of 

Memon (1982). Iqbal et al. (1998) observed a marked response to P in different soil 

series of Pakistan. Tandon (1987) also found that wheat yield response to applied P were 

highest on low P alluvial soils and progressively lower on soil of higher soil fertility. 

Among major crops grown in sequence, wheat was more responsive to P application in 

low P soil and at lower level of P application. Brar et al. (2000), and Kolar and Grewal 

(1989) found similar wheat grain yield results in response to P application. 

Band placement of P gave significantly more grain yield as compared to broad 

casting and top dressing. Grain yield of 3.36, 3.16 and 3.03 Mg ha-1 was obtained with 

band placement, top dressing and broad casting of fertilizer P, respectively. Band 

placement of P at 47 kg P2O5 ha-1 produced almost same yield as broad casting P at 

higher rates. The superiority of band placement was probably due to better fertilizer 

efficiency as developing roots were in intimate contact with P-enriched soil adjacent to 

fertilizer granules. Turk and Tawaha (2001) reported that the grain yield, straw yield, 

total biomass, total number of tillers m-2 were significantly greater with band placement 

than with broadcast method of P application. 

Interaction of fertilizer rate and method of P application was found significant 

(Fig. 4.7 and Appendix 20). Maximum grain yield of 4.25 Mg ha-1 was obtained with 81 

kg P2O5 ha -1 when it was applied by band placement.  
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  LSD (P=0.05) = 0.245 
  Fig. 4.7.  Graphical presentation of interaction of rate and method of P 

application on grain yield 

Sandy clay loam soil  

The data on wheat gain yield for sandy clay loam soil are given in Table 4.10. The 

soil solution P level for obtaining maximum wheat grain yield was also 0.20 mg L-1 on 

sandy clay loam soil. The statistical analysis indicated that the maximum grain yield of 

4.01 Mg ha-1 was obtained with 104 kg P2O5 ha-1 calculated against adjusted soil 

solution P level of 0.20 mg L-1 in sandy clay loam soil. Higher rate could not further 

improve the yield. The grain yield in control plot (with 7.7ppm of pre-sowing soil P) 

was 2.30 Mg ha-1. Band placement of P gave significantly more grain yield as compared 

to broadcasting and top dressing of P. Grain yield of 3.37, 3.20 and 3.14 Mg ha-1 was 

obtained with band placement, top dressing and broad casting of P, respectively. Band 

placement of 61 kg P2O5 ha-1 produced almost same yield as obtained with broadcasting 

P at higher rates. Interaction of fertilizer rate and method of P application with respect to 

grain yield was found non significant (Appendix 21). Although the maximum grain 

yield of 4.34 Mg ha-1 was obtained with 104 kg P2O5 ha-1 by its band application. The 

optimum solution P level for maximum grain yield in sandy clay loam was 0.20 mg L-1. 

The results of this study are in line with those of Alam et al. (2003) who reported that 

the wheat grain yield ranged from 4.01 to 5.69 Mg ha-1 at different levels of applied P. 

Farooq et al. (1994), Latif et al. (1997) also reported improved grain yield of wheat due 

to application of P at first irrigation compared to its incorporation at sowing. 
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 Table 4.10. Effect of rate and method of P application on grain yield 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Grain yield (Mg ha-1) Means 

Broad Casting 2.30 2.89 3.30 3.76 3.45 3.14b 

Band Placement 2.30 2.90 3.42 4.34 3.90 3.37a 

Top Dressing 2.30 2.78 3.31 3.92 3.65 3.20b 

Means 2.30e 2.86d 3.34c 4.01a 3.67b  

Means sharing same letters are statistically at par at 5 % level of probability 

Comparison of soils for grain yield under field study-I 

The increase in grain yield with P use was greater on sandy clay loam soil as 

compared with sandy loam soil (Fig. 4.8). The interaction of soil texture with P dose was 

significant but interaction of soil texture with the method of P application was non 

significant (Appendix 62). The higher grain yield was recorded at 0.20 mg P L-1 soil 

solution P level in both sandy loam and sandy clay loam soil. Although different fertilizer 

P doses were required for sandy loam and sandy clay loam soils to adjust the same soil 

solution P level (Table 4.3). To adjust 0.20 mg P L-1 soil solution P level, P rate of 81 kg 

P2O5 ha-1 was required in sandy loam soil and in sandy clay loam soil it was 104 kg P2O5 

ha-1. From the results it was evident that grain yield responded to soil types and P rates. 

Similarly, Morais et al. (1996) and Walthall and Nolfe (1998) stated that the rate of 

fertilizer applied was comparatively high in sandy clay loam soil because adsorption was 

more due to more clay.  

Rehman et al. (2005) reported an increase in wheat grain yield with increasing 

soil solution P levels up to 0.15 mg L-1, but on soils under the present study significant 

increase in wheat grain yield was observed with increasing soil solution P up to 0.20 mg 

L-1 on both the soils. It was probably due to different texture and CaCO3 contents of the 

soils under study. Sanchez and Uehara (1980) stated that the soil solution P concentration 

required for maximum plant growth differs between species, growth stages and growth 

rate, and with soil properties related to the diffusion of P to plant roots. Regarding the 
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methods of P application the highest grain yield was obtained with the banded application 

of P fertilizer on both the soils. Early P uptake due to banded P increased the yield 

potential of the wheat crop by stimulating the growth and development of the plants 

(Matar and Brown, 1989). This might be due to effective contact of P with the emerging 

radicle and seminal roots during seedling establishment (Cook and Veseth, 1991). 

 
  LSD (P=0.05) = 0.1505 
  Fig. 4.8.  Graphical presentation of the interaction of Site-I, Site-II and P rate 

on grain yield 
 
 

4.9 Field Study –II (Grain yield as affected by FYM)  

Sandy loam soil 

Application of FYM with fertilizer P improved grain yield significantly on sandy 

loam soil as compared with fertilizer alone (Appendix 65).  It is interesting to note that 

the highest increase of 17.50 % in grain yield was obtained with the sole application of 

FYM in plots (control) where no P was applied. An increase of 13.85 % in grain yield 

was obtained when 27 kg P2O5 ha-1 was mixed with FYM; this increase in grain yield was 

maximum as compared to other P rates with FYM application (Appendix 57). An 

increase of 6.27, 5.56 and 7.18 % in grain yield was noted with 47, 81 and 111 kg P2O5 

ha-1 with the use of FYM respectively. When P doses were mixed with FYM broadcast 

proved to be a better method of P use as compared to other methods. The increase in 
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grain yield was 11.22, 8.54 and 8.33 % with broadcast, top dressing and band placement 

respectively, with FYM over without FYM (Appendix 58).  

Interactive effect of FYM with P rate and method of P application on grain yield 

was non significant (Appendix 65). These results demonstrate that greater yields are 

attainable with lesser amounts of inorganic fertilizer, if FYM is integrated into the 

nutrient supply system. Bar-Tal et al. (2004) also observed increase in total dry matter, 

grain production and the amount of P taken up by plants with the application of compost. 

Satyanarayana et al. (2002) indicated that FYM plays an important role in improving soil 

permeability to air and water and water-stable aggregates, thus improving soil properties 

and nutrient uptake, which in turn results in greater growth and yield. Similar long-term 

studies on different crops have shown increased yield due to application of FYM, and 

these effects were attributed largely to improved soil organic matter, and soil physical, 

chemical, and microbial properties (Belay et al., 2001; Satyanarayana et al., 2002). Soil 

physical and chemical characteristics greatly affect the P nutrition of plants (Karaman et 

al., 2001). Application of FYM also influences plant growth physiologically by providing 

growth-regulating substances (Sharma and Mittra, 1988). 

Sandy clay loam soil 

In sandy clay loam soil, mixing FYM with fertilizer P increased the grain yield 

significantly over without FYM (Appendix 66). Application of 36 kg P2O5 ha-1 by mixing 

FYM gave the highest increase (20.63 %) in grain yield as compared to application of the 

same P rate without FYM (Appendix 59). The increase in grain yield was 5.65, 10.18, 

8.48 and 11.17 % with 0, 61, 104 and 142 kg P2O5 ha-1 by using FYM. Among methods, 

the maximum percent increase in grain yield (13.44 %) was observed in top dressing of P 

with application of FYM. However, maximum yield was attained with band placement 

(Appendix 60). These results are in line with Ahmad et al. (1992) who proposed that 

under irrigated conditions; P fertilizer should be top dressed at the time of first irrigation 

instead of its incorporation in soil at seeding. 
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The interaction of FYM with P rate and method of P application was non 

significant (Appendix 66). Similarly, Sarir et al. (1992) concluded that wheat yield was 

significantly more when P fertilizer was applied in combination with organic manure. 

Sharif et al. (1974) and Chauhdary (1976) attributed superior response of fertilizer 

phosphate to premixing with FYM. The high yields associated with FYM may be 

attributed to its role as a source of nutrients, improved water holding capacity, increased 

soil organic matter, stimulation of beneficial microorganisms, and an increase in cation 

exchange capacity (Tester, 1990; Kandeler and Eden, 1993). Roy and Jha (1987) found 

significantly higher paddy yield with premixing 86 kg ha-1 SSP with 258 kg of fresh cow 

dung, 10 to 12 hours before application. Dhillon and Dev (1993) found similar wheat 

grain yield results in response to P application. 

Interaction of soil types with and without FYM use, showed non significant 

relationship (Appendix 64). However, yield in sandy clay loam was slightly higher than 

sandy loam. This might be due to that high P rates were required to adjust the same soil 

solution P level in sandy clay loam soil as compared with sandy loam soil.  

 

4.10 Field Study–I (Effects of rate and method of P application on P concentration 

(%) in wheat grain)  

Sandy loam soil  

P concentration in grain increased significantly with each increment of P 

application (Table 4.11). The minimum P concentration of 0.093 % was noted in grains 

harvested from control and the maximum of 0.290 % was noted in grains where 111 kg 

P2O5 ha-1 was used. Alam et al. (2003) reported response of wheat to different levels of P 

and stated that P concentration in wheat grain ranged from 0.38 to 0.42 %. Rashid et al. 

(2005) proposed critical P concentration range for spring wheat in Punjab (Pakistan) as 

0.13-0.27 % this variation in critical level in grain as compare to those reported by other 

researchers can presumably be due to differences in crop genotypes (Jones et al., 1991). 
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P concentration in grains was 0.195, 0.175 and 0.147 % where P was used by 

band placement, topdressing and broadcasting respectively. Method and fertilizer rate 

interaction did not significantly change the P concentration in wheat grain (Appendix 26). 

In wheat, grain adequate P concentration is 0.42 % (PPIC, 1995). Other researchers 

reported internal P concentration in wheat grain varied from 0.19 % to 0.25 % (Elliot et 

al., 1984) or 0.38 to 0.42 % (Alam et al., 2003) for 95 % of maximum grain yield. While, 

Reuter et al. (1997) estimated critical P concentration values for spring wheat grain to 

range from 0.19 to 0.23 % for maximum grain yield. Bolland et al. (1999) reported 

average P concentration in wheat grain of 0.35 %. 

Table 4.11. Effect of rate and method of P application on P concentration in grain 

(%) 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

P concentration in grain (%) Means 

Broad Casting 0.093 0.100 0.163 0.177 0.203 0.147c 

Band Placement 0.093 0.137 0.197 0.203 0.216 0.195a 

Top Dressing 0.093 0.133 0.153 0.170 0.194 0.175b 

Means 0.093e 0.123d 0.171c 0.183b 0.290a  

Means sharing same letters are statistically at par at 5 % level of probability. 
   

Sandy clay loam soil  

The data regarding P concentration are given in Appendix 27. It showed that 

increasing level of P had significant effect on P concentration in wheat grain. The 

maximum P concentration (0.284 %) was observed in plants treated with 142 kg P2O5 ha-

1. P concentration in grains was 0.100, 0.089, 0.132 and 0.154 % with 0, 36, 61 and 104 

kg P2O5 ha-1 respectively. Methods of P application significantly affected P concentration 

of wheat grain. It was 0.137, 0.152, and 0.167 % where P was applied by broad casting, 

top dressing and band placement, respectively.  
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Interaction of fertilizer and method of application provided significantly different 

grain P concentration as given in Fig. 4.9 and Appendix 28. The highest P concentration 

of 0.330 % in wheat grain was calculated from plots treated with 142 kg P2O5 ha-1 where 

P was applied in bands. Similar results were noted by Singh et al. (2000). These results 

are also supported by the findings of Alam (1995), Hassan et al. (1996), Gurmani et al. 

(1997), Brar et al., (2000) and Delong et al. (2001) who reported that increasing P level 

in soil increased P concentration in grain. 

 
  LSD (P=0.05) =0.01 
  Fig. 4.9.  Graphical presentation of interaction of rate and method of P 

application on P concentration in grain 

Comparison of soils for P concentration in grain under field study-I 

When two soils were compared, a slightly significant difference was observed 

between the two soils with respect to P concentration in grain (Appendix 62, Fig 4.10). P 

concentration in grain was high at all P levels on sandy loam soil as compared to sandy 

clay loam soil. The maximum of 0.290 % P concentration in grain was noted in plants 

treated with 111 kg P2O5 ha-1 on sandy loam soil while, on the sandy clay loam soil the 

maximum P concentration (0.284 %) was observed in plants treated with 142 kg P2O5 ha-

1 at the adjusted soil solution P level of 0.30 mg L-1 in both the soils. The interaction of 

soil texture with P application method was significant (Appendix 62). This shows that 

methods have tendency to provide easy access of roots to P, ultimately increases more P 

absorption by roots and its translocation to upper parts. Among the methods of P 
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application, band placement gave maximum 0.195 % and 0.167 % P concentration in 

grain on sandy loam soil and sandy clay loam soil respectively (Fig 4.11).  

 
  LSD (P=0.05) =0.0063 
  Fig. 4.10.  Graphical presentation of interaction of site-I, site-II and P rate on P 

concentration in grain 
 
 
 
 

 
  LSD (P=0.05)=0.00258 
  Fig. 4.11.  Graphical presentation of interaction of site-I, site-II and method of P 

application on P concentration in grain 
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4.11 Field Study–II (P concentration in grain as affected by FYM)  

Sandy loam soil  

The addition of FYM significantly affected the P concentration in grain on sandy 

loam soil. The interaction of FYM with P rate and P application method was statistically 

significant (Appendix 65, Figs. 4.12 and 4.13). This showed that synchronized effect of 

FYM, P application rate and method enhanced the P solubility in soil, and its availability 

to roots. The highest (38 %) increase in P concentration in grain was noted at P rate of 81 

kg P2O5 ha-1 mixed with FYM when compared to the same rate without FYM (Appendix 

57). FYM caused P concentration to increase by 10 % in grains in control plots. 

However, mixing FYM with 27, 47 and 111 kg P2O5 ha-1 increased P concentration in 

grain by 2.44, 18.71 and 23.79 %. The increase in P concentration in grains was 25.85, 

18.86 and 13.85 % with broadcast, top dressing and band placement, respectively by 

using FYM (Appendix 58).  

 
  LSD (P=0.05)=0.0223 
  Fig. 4.12.  Graphical presentation of interaction of FYM and P rate on P 

concentration in grain at sandy loam soil 
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  LSD (P=0.05) =0.0218 
  Fig. 4.13.  Graphical presentation of interaction of FYM and method of P 

application on P concentration in grain at sandy loam soil 

 

Sandy clay loam soil  

Similarly in sandy clay loam soil addition of FYM affected significantly the P 

concentration in grain over no FYM application very much likes sandy loam soil. The 

interaction of FYM with P rate and P application method was also significant (Appendix 

66). 

Mixing FYM with P fertilizer increased P concentration in grain at all P rates. The 

application of 104 kg P2O5 ha-1 by mixing with FYM obtained the highest increase (29.87 

%) over without FYM (Appendix 59). By mixing FYM with 36, 61 and 142 kg P2O5 ha-1 

it increased P concentration in grain by 20.22, 7.58 and 9.15 % over without FYM. The 

increase in P concentration was 13.87, 7.19 and 11.18 % with broadcast, band placement 

and top dressing by applying FYM (Appendix 60).  
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LSD (P=0.05)=0.00618 
Fig. 4.14.  Graphical presentation of interaction of FYM and P rate on P 

concentration in grain at sandy clay loam soil 

 

LSD (P=0.05) =0.00537 
Fig. 4.15.  Graphical presentation of interaction of FYM and method of P 

application on P concentration in grain at sandy clay loam soil 
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4.12 Field Study–I (Effects of rate and method of P application on Olsen P status 

of soils after wheat harvest)  

Sandy loam soil  

 After the harvest of wheat crop, soil samples were collected from all the plots of 

the sandy loam soil and analyzed for Olsen P. The data presented in Appendix 33 

revealed that P application rate significantly increased the available P status ranging 

from 4.10 to 14.80 mg kg-1 but the native P decreased from 8.00 to 4.10 mg kg-1 in 

control plots with no external P application. Among P rates, the maximum Olsen P (13.7 

mg kg-1) was observed where P was applied at 111 kg P2O5 ha-1. The interaction of 

fertilizer and method was significant (Fig 4.16 and Appendix 34). Post harvest status of 

Olsen P was high in plots where P was applied through broadcasting as compared to 

band placement and top dressing. However, P status was statistically at par with band 

placement and top dressing.  

 
    LSD (P=0.05)=0.059 
    Fig. 4.16.  Graphical presentation of interaction of rate and method of P 

application on Olsen P 

Thus Olsen P level can be affected by method of placement and rate of 

application. It is widely recognized that the efficiency of applied P increases if P 

application rates are tailored to the initial P fertility of the soil. The results are in line with 
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those of Tandon (1987) and Sharma (2006) who described that the continuous application 

of recommended level of P resulted in a significant increase of available P status of the 

soil. Similarly, Rashid et al. (1997) stated that 8 mg P kg-1 in various soil was sufficient 

for reaping optimum wheat yield and 114-172 kg P2O5 ha-1 was required to maintain this 

optimum level of available P. 

Sandy clay loam soil  

 Results regarding Olsen P status in sandy clay loam soil after wheat harvest 

(Appendix 35) showed an increasing trend in all the treatments. Soil Olsen P was ranged 

from minimum 3.05 mg kg-1 in control to the maximum level of 14.43 mg kg-1 with 142 

kg P2O5 ha-1. The maximum Olsen P was found in treatments where P was applied by 

broadcast and the minimum was observed in plots where P was applied by band 

placement. Interaction of fertilizer and method of P application was also significant (Fig 

4.17 and Appendix 36). The maximum Olsen P (14.66 mg kg-1) was found where P was 

applied at 142 kg P2O5 ha-1 by broadcasting. These results are in confirmatory with 

Rehman et al. (2006) who stated that the availability of readily soluble P fertilizer is 

influenced by the volume of soil that comes in contact with the applied P (Racz and 

Soper, 1967; Barber, 1984) and the time of contact between soil and the P fertilizer (Holt 

and Winkelman, 1983; Soon, 1997). Anghinoni and Barber (1980) concluded that method 

of P application and frequency of application affects the availability as well as uptake of 

fertilizer P. They found decrease in P uptake occurs as soluble P fertilizer is mixed with 

more soil because a larger fraction of P is fixed by soil in less available forms. 
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  LSD (P=0.05)=0.031 
  Fig.  4.17.  Graphical presentation of interaction of rate and method of P 

application on Olsen P 

Comparison of soils for Olsen P under field study-I 

Olsen P status was more in sandy clay loam soil as compared with sandy loam 

soil (Fig. 4.18) because higher P rates were applied on the former soil than that on the 

latter one. There was no difference in the trend of P status in both the soils. The 

interaction of soil texture with P rate and method of P application was significant 

(Appendix 62). Olsen P status in both the sites was more in broadcasted P as compared 

with banded and top-dressed P (Fig. 4.19). Chaudhary (1985) reported P levels (mg kg-1) 

as 6, 8 and 10 on which wheat responded positively on sandy loam, loamy and clay loam 

soils, respectively. Similar results were discussed by Harapiak and Beaton (1986). 
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LSD (P=0.05) =0.0261 
Fig. 4.18.  Graphical presentation of the interaction of site-I, site-II and P rate 

on Olsen P 
 
 

 
LSD (P=0.05)=0.0256 
Fig. 4.19.  Graphical presentation of the interaction of site-I, site-II and method 

of P application on Olsen P  
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4.13 Field Study–II (Olsen P as affected by FYM)  

Sandy loam soil  

 There was no effect of FYM on Olsen P in sandy loam soil. P contents increased 

gradually with increase in P rates but did not differed significantly when amended with 

FYM. However, the interaction of FYM with P rate and method of P application was 

found significant (Appendix 65).  

 
LSD (P=0.05)=0.0307 
Fig. 4.20.  Graphical presentation of interaction of FYM and P rate on Olsen P 

at sandy loam soil 
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LSD (P=0.05)=0.034 
Fig. 4.21.  Graphical presentation of interaction of FYM and method of P 

application on Olsen P at sandy loam soil 

Sandy clay loam soil  

Application of FYM significantly affected the Olsen P status in sandy clay loam 

soil. The interaction of FYM with P dose and P application method was also statistically 

significant (Appendix 66). The Olsen P increased by 36.72, 9.83, 2.94, 0.36 and 2.29 % 

with FYM at application rate of 0, 36, 61, 104 and 142 kg P2O5 ha-1 (Appendix 59). 

Among methods the maximum of 6.18 % increase was found in Olsen P with FYM 

application in broadcasted P that followed by 0.12 and 1.28 % increase with band 

placement and top dressing, respectively (Appendix 60). The increase in available P with 

FYM could be due to addition of P and mobilization of soil P. Grewal et al. (1981) also 

observed improvement in available P with application of P and FYM. Nair and Graetz 

(2002) suggested that the increased P loading through continuous use of high levels of 

FYM and inorganic P fertilizer might accentuate the degree of P saturation to a level, 

which can cause sub-surface leaching of P. 

The soils under study differed significantly for Olsen P status with respect to 

comparative effect of FYM. When compared the two sites, Olsen P was more in sandy 

clay loam soil due to the use of relatively higher P rates on this soil. The differences in 

the values of Olsen P on both the soils might be due to variable physical and chemical 
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properties of the soils like texture, soil minerals, clay, CaCO3 contents, soil pH etc. These 

soil properties affect soil solution P concentration, P availability to plants and recovery of 

P fertilizer by crops (Havlin et al., 1999).  

 
LSD (P=0.05)=0.0220 
Fig. 4.22.  Graphical presentation of interaction of FYM and P rate on Olsen P 

at sandy clay loam soil 
 

 
LSD (P=0.05)=0.0170 
Fig. 4.23.  Graphical presentation of interaction of FYM and method of P 

application on Olsen P at sandy clay loam soil 
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4.14 Field Study–I (Effects of rate and method of P application on P use efficiency 

of wheat)  

Sandy loam soil  

The data of P use efficiency (PUE) of wheat are given in Appendix 41. PUE was 

calculated in terms of P uptake per unit of fertilizer P application. The results revealed 

that average over methods of P application, the maximum 10.84 % of PUE was obtained 

with 47 kg P2O5 ha-1 on sandy loam soil. The minimum PUE was recorded at 27 kg P2O5 

ha-1. The higher PUE at lower P level was probably a consequence of intense root 

competition and thereby an efficient exploitation of applied P for absorption. At higher P 

application rates plants used smaller proportion of fertilizer P. Similar results reported by 

Vig and Singh (1983). However, it was clear from Appendix 41 that P application 

through band placement gave statistically significant PUE as compared to broad casting 

and top dressing. Similarly, top dressing performed better than broad casting. Interactions 

were found significant (Fig 4.24 and Appendix 42). 

Interaction between P rates and methods revealed that the highest PUE of 14.33 % 

was calculated from plots treated with 47 kg P2O5 ha-1 along with band placement. Band 

placement proved better at all P rates as compared to P application with other methods. 

Results are in confirmatory with Alam et al. (2005) and Latif et al. (1997) who concluded 

that P placement methods improve PUE significantly as compared to broadcast and 

incorporation at sowing. Similarly, they found that rate and method of P application 

positively influenced the PUE of wheat. 
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LSD (P=0.05)=1.50 
Fig. 4.24.  Graphical presentation of interaction of rate and method of P 

application on PUE 

Sandy clay loam soil  

Tailoring plants to adjust to conditions of low P supply and yield more from every 

unit of applied P is considered an option or high input agriculture. The data of P use 

efficiency (PUE) of wheat in sandy clay loam is given in Appendix 43. The PUE 

increased with increase in rate of p application. The maximum PUE of 9.08 % was at 142 

kg P2O5 ha-1 in sandy clay loam soil. Interaction between fertilizer P and method of 

application was found significant. The highest PUE of 11.00 % was noted in plots treated 

with 142 kg P2O5 ha-1 with band placement. Band placement of P at all rates significantly 

improved PUE as compared to other methods of P application. Analysis of variance with 

respect to interaction for PUE is given in Fig. 4.25 and Appendix 44. Rashid and Din 

(1993); Mahmood ul Hassan et al. (1993) also reported that fixation of broadcast P is 

much greater than the fertilizer P applied in bands because of narrow soil to fertilizer 

ratio in the later situation, since P sorption maxima depends on the ratio of soil to applied 

P.  
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  LSD (P=0.05)=1.04 
  Fig 4.25.  Graphical presentation of interaction of rate and method of P 

application on PUE 

Comparison of soils for PUE under field study-I 

Soil textures differed significantly in their effect on PUE of wheat (Appendix 62). 

PUE was high on sandy loam soil as compared with sandy clay loam soil. The maximum 

PUE was noted with 142 kg P2O5 ha-1 in sandy clay loam soil while in sandy loam soil 

the maximum PUE was found with 47 kg P2O5 ha-1 and decreased at higher rates on both 

soils (Fig. 4.26). This might be due to fact that in sandy loam soil lower rates of P were 

applied and denominator was less to calculate PUE as compared to sandy clay loam soil. 

Whereas, sandy clay loam soil has high P adsorption capacity and required a large 

amount of P2O5 to saturate the soil first; thereafter it was available to the crop. Due to this 

P fixing power, the P requirement of the crop grown on sandy clay loam soil was high 

and PUE decreased. At high rates of P application, PUE started to decrease primarily due 

to less biomass being produced with each unit of P increment 

Interaction of soil texture with P rate and method of P application was significant 

(Appendix 62). Band placement of P resulted in maximum PUE in both the soils as 

compared with broadcast and top dressing (Fig. 4.27). The PUE was different with the 

method of P application because P is known to become fixed in many soils. Sultani et al. 

(2004) also discussed similar results. 
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LSD (P=0.05)=0.7471 
Fig. 4.26.  Graphical presentation of interaction of site-I, site-II and P rate on 

PUE 
 
 

 
LSD (P=0.05)=0.5464 
Fig. 4.27.  Graphical presentation of interaction of site-I, site-II and method of P 

application on PUE 
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4.15. Field Study–II (PUE as affected by FYM)  

Sandy loam soil  

With the application of FYM, a significant increase in PUE was calculated at all P 

rates (Appendix 65). About (63.58 %) increase in PUE was observed when FYM was 

applied after mixing with 81 kg P2O5 ha-1 (Appendix 57). The increase in PUE with FYM 

at other rates was 29.77, 62.82 and 45.28 % with 27, 47 and 111 kg P2O5 ha-1, 

respectively. Similarly, interaction of method of P application and FYM was significant 

(Appendix 65). PUE was improved in all methods of P application with FYM and the 

highest increase (60.89 %) in PUE was resulted in top dressing of P that followed by 

56.24 % and 45.36 % increase with broadcast and band placement, respectively 

(Appendix 58). These observations agree with the results of Yamoah et al. (2002) who 

reported better fertilizer use efficiency when crop residue and inorganic fertilizers were 

combined than when fertilizer was applied alone. The improved efficiency of inorganic 

fertilizer, when used in combination with FYM, could be due to the fact that high root 

density due to improved physical conditions of the soil and greater water availability 

might have enhanced nutrient-absorption capacity of the crop, thereby improving 

biological yield at a given level of fertilizer application (Boparai et al., 1992).  

 
LSD (P=0.05)=1.330 
Fig. 4.28.  Graphical presentation of interaction of FYM and P rate on PUE at 

sandy loam soil 
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LSD (P=0.05)=1.172 
Fig. 4.29.  Graphical presentation of interaction of FYM and method of P 

application on PUE at sandy loam soil 

Sandy clay loam soil  

There was a significant effect of FYM on PUE in sandy clay loam soil as well. 

The application of FYM significantly improved PUE at all P rates (Appendix 66). The 

percent increase in PUE with FYM was more at lower P rates as compared with higher 

rates. Application of 36 kg P2O5 ha-1 after mixing with FYM improved the highest PUE 

upto 257 % over no FYM application (Appendix 59). The increase in PUE was 28.5, 41.7 

and 34.3 % with 61, 104 and 142 kg P2O5 ha-1 along with the use of FYM.  

Interaction of FYM with methods of P application was non significant (Appendix 

66). Increase in PUE by the addition of FYM to P fertilizers has also been reported by 

Chaudhry and Qureshi (1981) and Mohammad and Qureshi (1980). This increase in PUE 

with FYM may be due to chemical, enzymatic and metabolic transformations of organic 

material, as the FYM is continuously subjected to degradation and thus more susceptible 

to change in metal uptake than the inorganic soil fraction (Hodgson, 1963). 

When both soils were compared, PUE was better in sandy loam soil as compared 

with sandy clay loam soil (Appendix 64). This greater PUE on sandy loam soil was due 

to the reason that lesser amount of P was required to develop the same level of soil 
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solution P for sandy loam than that on sandy clay loam soil. Improved PUE on sandy 

loam soil as compared with sandy clay loam soil may be due to less P adsorption in 

former soil than in latter soil. 

 
LSD (P=0.05)=0.7390 
Fig. 4.30.  Graphical presentation of interaction of FYM and P rate on PUE at 

sandy clay loam soil 
 
 
 

 
LSD (P=0.05)=0.6203 
Fig. 4.31.  Graphical presentation of interaction of FYM and method of P 

application on PUE at sandy clay loam soil 
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4.16. Field Study–I (Effects of rate and method of P application on protein content 

in wheat grain)  

Sandy loam soil  

The total protein content of the wheat grains was calculated from the analyzed 

total nitrogen content of the grains. The data regarding protein content in wheat grain are 

presented in Appendix 49. The protein content in wheat grain increased with the increase 

of fertilizer P. The maximum protein content of 12.97 % was noted with 111 kg P2O5 ha-1 

and the minimum 8.51 % in grains from the control plots. Protein contents were more in 

grains supplied with P use in bands as compared with other methods. Olsen P was less 

with band placement but protein was more thus P was used efficiently when applied in 

bands. The interaction of fertilizer and method of P application was found significant (Fig 

4.32 and Appendix 50) for protein content of wheat grains. Application of P at 81 and 

111 kg P2O5 ha-1 by band placement resulted in protein content (13.2 %) that was 

significantly higher as compared to all other interactions.  

 
  LSD (P=0.05)=0.26 
  Fig. 4.32.  Graphical presentation of interaction of rate and method of P 

application on protein 
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Sandy clay loam soil  

P fertilization enhanced the protein content of the wheat grain on sandy clay loam 

soil on every level of its application (Appendix 51). The maximum protein content 13.16 

% was noted with 142 kg P2O5 ha-1 and the minimum (8.48 %) from the control plots. 

Methods of P application also caused significant effect on protein content in wheat grain. 

The maximum protein content (11.13 %) was noted in plots where P was applied by band 

placement. The interaction of rate and method of P application was significant (Fig.4.33 

and Appendix 52). Application of P at 142 kg P2O5 ha-1 by band placement caused 

maximum (13.41 %) protein content in wheat grain. This increase in protein was due to 

the facts that P is an important structural component of DNA and RNA. The phosphate 

group in nucleic acids bridges the RNA or DNA, respectively. DNA is the carrier of 

genetic information and RNAs function in protein synthesis (Mengel and Kirkby, 2001). 

Bari (1990) reported that wheat grain supplies carbohydrates, protein, minerals and 

certain vitamins and further concluded that wheat is more nutritious than rice. Chaudhary 

and Karwasra (1984), Hussain (1991) also reported that crude protein contents were 

increased with P application.  

 
  LSD (P=0.05)=0.27 
  Fig 4.33.  Graphical presentation of interaction of rate and method of P 

application on protein 
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Comparison of soils for Protein content in wheat grain under field study-I 

The effect of soil texture on protein content in wheat grain was significant with P 

level and P application method (Appendix 62). Sandy loam soil gave high grain protein 

as compared with sandy clay loam soil when compared both in P rate and P application 

method as discussed earlier (Fig.4.34 and Fig.4.35). It might be due to higher P 

utilization efficiency on sandy loam soil as compared with sandy clay loam soil.  

 
LSD (P=0.05)=0.1460 
Fig. 4.34.  Graphical presentation of interaction of site-I, site-II and P rate on 

protein 
 
 

 
LSD (P=0.05)=0.1529 
Fig. 4.35.  Graphical presentation of interaction of site-I, site-II and method of P 

application on protein 
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4.17. Field Study–II (Protein content in wheat grain as affected by FYM)  

Sandy loam soil  

There was a significant positive effect of FYM on protein content. Application of 

300 kg FYM ha−1 along with fertilizer P increased the grain protein content by 7.40, 28, 

16.09, 4.64 and 11%, at 0, 27, 47, 81 and 111 kg P2O5 ha-1 respectively (Appendix 57). 

This result is in accordance with the report of Chang et al. (1993), who observed 

increased protein concentration of barley grain with manure applications. Grant et al. 

(1991) indicated that protein concentration would be high when N supply is high relative 

to crop demand. Thus, the increased protein concentration with FYM application could 

be ascribed to improved N availability and greater N consumption during the grain filling 

period. In areas like Pakistan, where cereal grains are a major source of proteins, any 

increase in grain protein content from improved fertility management would be a cost-

effective approach for the improvement of nutrition for the people.  

 
LSD (P=0.05)=0.1385 
Fig. 4.36.  Graphical presentation of interaction of FYM and P rate on protein at 

sandy loam soil 

The effects of FYM with P application methods were significant (Appendix 65). 

The highest increase in protein (12.96 %) was noted in top dressing of P with the use of 

FYM that followed by 11.69 and 9.91 % increase with band placement and broadcast 
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over without FYM (Appendix 58). Metho et al. (1999) also reported increased grain 

protein yield in wheat with the application of NPK fertilizers alone and in combination 

with manure. 

 
LSD (P=0.05)=0.1062 
Fig. 4.37.  Graphical presentation of interaction of FYM and method of P 

application on protein at sandy loam soil 

Sandy clay loam soil  

The protein (%) in wheat grain was more where FYM and fertilizer P were used 

in combination than where fertilizer P was used alone. The combined application of FYM 

with fertilizer P increased grain protein by 7.90, 13.89, 16.18, 15.88 and 4.71% at 0, 36, 

61, 104 and 142 kg P2O5 ha-1, respectively (Appendix 59). Method of P application also 

significantly increased the protein content of wheat grain with application of FYM. The 

increase in protein content was 10.55, 9.16 and 15.20 % with broad casting, band 

placement and top dressing of P that were statistically significant with each other 

(Appendix 60). Interaction of FYM with P rate and P application method was also 

significant (Appendix 66).  

The sandy loam and sandy clay loam soil differed non significantly with respect 

to protein content in wheat grain when FYM was mixed with P fertilizer in both the soils 

(Appendix 64). Each P rate premixed with FYM improved the protein (%) in both the 

sandy loam and sandy clay loam soil but this increase in protein was comparatively more 



 101

on sandy loam soil as compared with sandy clay loam soil. Similarly, protein contents 

remained high with methods of P application on sandy loam soil as compared with sandy 

clay loam soil 

 
LSD (P=0.05)=0.3987 
Fig. 4.38.  Graphical presentation of interaction of FYM and P rate on protein at 

sandy clay loam soil 
 
 
 

 
LSD (P=0.05)=0.4010 
Fig. 4.39.  Graphical presentation of interaction of FYM and method of P 

application on protein at sandy clay loam soil 

 



 102

4.18. Field Study –III 

This study was conducted to examine the effects of irrigation scheduling and rate 

and method of P application on wheat yield and PUE on a sandy loam and a sandy clay 

loam soil. Computed P doses (Table 4.3) were applied to wheat crop by two methods 

(band placement and broad cast). The results obtained are described below.  

4.19.  Sandy loam soil 

4.19.1. Number of tillers m-2 

Tillering increased significantly with the increase of P rate (Table 4.12). The 

highest number of tillers m-2 (307.38) was obtained with 81 kg P2O5 ha-1. Number of 

tillers m-2 increased from 229.33 in control to 271.71 with 47 kg P2O5 ha-1. Tillering in 

wheat increased significantly with the increase in number of irrigations from zero to 

three. Fourth irrigation could not help to further improve number of fertile tillers m-2. 

Thus, the optimum numbers of irrigations were three i.e. at crown root, booting and grain 

development stages. Khan et al. (2002) also reported the significantly maximum number 

of fertile tillers with three irrigation levels. 

Band application of P also significantly affected the number of tillers m-2 as 

compared to its broadcast application. Interaction of fertilizer rate and method of 

application was also significant and all other interactions were statistically non significant 

(Appendix 67). The maximum number of tillers m-2 (311) were obtained by band 

placement of P at 81 kg P2O5 ha-1 which was statistically at par with interaction of the 

same P rate by its broadcast application. It was concluded that on sandy loam soil the 

optimum P rate for producing maximum productive tillers was 81 kg P2O5 ha-1. Higher 

rate was not judicious. Similarly, three irrigations proved better. Here again the banded P 

proved better. These results are in confirmatory with those of Turk and Tawaha (2001) 

who reported that the numbers of tillers m-2 were significantly greater with band 

placement than with broadcast method of P application. 
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Table 4.12.  Effect of number of irrigation, rate and method of P application on 
tillers m-2 

Treatment P rate (kg ha-1) Means 
T1 0 229.33d 
T2 47 271.71c 
T3 81 307.38a 
T4 111 295.00b 
LSD (P=0.05)  7.648 
Treatment No. of irrigation  
T1 0 259.04c 
T2 2 272.79b 
T3 3 290.67a 
T4 4 287.92a 
LSD (P=0.05)  7.648 
Treatment Method  
T1 Band placement 280.58a 
T2 Broadcast 271.13b 
LSD (P=0.05)  5.408 
 

4.19.2. Grains spike-1 

The number of grains spike-1 increased significantly with the increase of P 

application rate (Table 4.13). The highest number (39) of grains spike-1 was obtained 

with 81 kg P2O5 ha-1 and higher rate could not increase grains spike-1. Grains spike-1 

increased significantly with the increase in number of irrigation from zero to three. 

Fourth irrigation was at par with third one. Similar results were obtained by Qadir et al. 

(1999) who reported that water stress during the reproductive growth, reduced number of 

fertile tillers m-2, grains spike-1 and 1000-grain weight and thus reduction in grain yield of 

wheat. Band placement of P had also significant effect on grains spike-1 as compare to 

broad casting. All interactions were statistically non significant (Appendix 68).  



 104

Table 4.13. Effect of number of irrigation, rate and method of P application on 
grains spike-1 

Treatment P rate (kg ha-1) Means 
T1 0 26.21c 
T2 47 31.11b 
T3 81 39.01a 
T4 111 37.29a 
LSD (P=0.05)  1.88 
Treatment No. of irrigation  
T1 0 30.61c 
T2 2 32.13bc 
T3 3 34.53a 
T4 4 33.35ab 
LSD (P=0.05)  1.88 
Treatment Method  
T1 Band placement 33.37a 
T2 Broadcast 31.95b 
LSD (P=0.05)  1.33 
 

4.19.3. 1000–Grain weight (g) 

Results regarding 1000–grain weight are presented in Table 4.14. It was observed 

that 1000–grain weight increased significantly with increase of P application rate. 

Relatively heavier grains were produced with 81 kg P2O5 ha-1 and higher rate of 111 kg 

P2O5 ha-1 could not further increase 1000–grain weight. 1000–grain weight increased 

significantly with the increase in number of irrigation from zero to three. Fourth irrigation 

could not help to improve 1000–grain weight. Thus, the optimum number of irrigation 

was three. These results are in line with those of Maqsood et al. (2002) who concluded 

that three irrigations at critical growth stages gave the maximum number of productive 

tillers, number of grains per spike, 1000 grain weight and grain yield.  

Band placement of P proved better over broadcast of P for producing heavier 

grains. All interactions were statistically non significant except that of irrigation and 

fertilizer P (Appendix 69). Best interaction of irrigation and fertilizer was seen with 

application of 81 kg P2O5 ha-1 along with three irrigations but it was statistically at par 

with interaction of same P rate along with four irrigations. The maximum of 41.38 g 

1000-grain weight was calculated in best interaction. Similar results were obtained by 
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Turk and Tawaha (2001) who reported that the grain yield, straw yield, total biomass, 

total number of tillers m-2, 1000-grain weight were significantly greater with band 

placement than with broadcast method of P application. 

4.19.4. Grain yield  

 Ultimate goal of agriculture research is food security. Wheat is a staple food of 

the people of Pakistan. The present study was conducted to improve wheat yield and 

PUE. The data regarding grain yield are given in Table 4.15. It was observed that grain 

yield increased significantly with increase of P application rate. Higher grain yield was 

obtained with 81 kg P2O5 ha-1 and further higher rate could not increase grain yield. It 

might be due to the reason that 81 kg P2O5 ha-1 is sufficient. Wheat grain yield increased 

from 1.58 Mg ha-1 in control to 3.33 Mg ha-1 with 47 kg P2O5 ha-1. With the increase of P 

rate upto 81 kg P2O5 ha-1 yield increased to an optimum level of 3.94 Mg ha-1.  

 Grain yield increased significantly with the increase in number of irrigation from 

zero to three. Fourth irrigation could not help to further improve wheat grain yield. Thus, 

the optimum number of irrigation was three i.e. at crown root, booting and grain 

development stages. Without irrigation yield of 2.32 Mg ha-1 was obtained this was due 

to two rains at critical stages, with two irrigations the wheat grain yield increased upto 

2.98 Mg ha-1. There was non significant effect of method of P application. Interaction of 

fertilizer P and irrigation was found highly significant and all other interactions were 

statistically non significant (Appendix 70).  

 Best interaction of irrigation and fertilizer was seen with application of 81 kg 

P2O5 ha-1 along with three and four irrigations that was statistically at par. The maximum 

of 4.48 and 4.43 Mg ha-1 grain yield was obtained in best interactions respectively. After 

this, there was decreasing trend in grain yield with all interaction of irrigation and 

fertilizer. Reddi and Reddi (1995), Hussain et al. (1997) and Sharif (1999) also reported 

higher grain yield of wheat with enhanced irrigation level. Similar results were obtained 

by Turk and Tawaha (2001) who reported that grain yield, straw yield, total biomass, 

total number of tillers m-2 were significantly greater with band placement than with 

broadcast method of P application. The superiority of band placement was probably due 
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to better fertilizer efficiency as developing roots are in intimate contact with P-enriched 

soil adjacent to fertilizer granules.  

Table 4.14. Effect of number of irrigation, rate and method of P application on 
1000-grain weight 

Treatment P rate (kg ha-1) Means 
T1 0 26.28d 
T2 47 31.92c 
T3 81 36.25a 
T4 111 34.48b 
LSD (P=0.05)  1.047 
Treatment No. of irrigation  
T1 0 28.63d 
T2 2 30.63c 
T3 3 35.60a 
T4 4 34.07b 
LSD (P=0.05)  1.047 
Treatment Method  
T1 Band placement 32.75a 
T2 Broadcast 31.72b 
LSD (P=0.05)  0.74 
 
Table 4.15. Effect of number of irrigation, rate and method of P application on 

grain yield (Mg ha-1) 
Treatment P rate (kg ha-1) Means 
T1 0 1.58d 
T2 47 3.33c 
T3 81 3.94a 
T4 111 3.67b 
LSD (P=0.05)  0.107 
Treatment No. of irrigation  
T1 0 2.32c 
T2 2 2.98b 
T3 3 3.65a 
T4 4 3.57a 
LSD (P=0.05)  0.107 
Treatment Method  
T1 Band placement 3.17a 
T2 Broadcast 3.10a 
LSD (P=0.05)  0.076 
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4.19.5. P Concentration (%) in wheat grain 

It was observed that P concentration in wheat grain increased significantly with 

the increase of P rate from 0.113 % in control to 0.201 % with 111 kg P2O5ha-1. P 

concentration increased significantly with the increase in number of irrigation from zero 

to four. Without irrigation, P concentration of 0.116 % was obtained. The P concentration 

increased upto (0.195 %) with four irrigations. When compared method of P application, 

P concentration in grain was more when applied in bands as compared to broad casting. 

All interactions of fertilizer, irrigation and method of application were found significant 

(Appendix 71). The highest P concentration (0.22 %) in wheat grain was determined with 

interaction of higher P rate i.e. 111 kg P2O5ha-1 along with its band application. While in 

interaction of P fertilizer with irrigation number, the highest (0.32 %) P concentration in 

wheat grain was found at 111 kg P2O5 ha-1 along with four irrigations. Where as other 

interactions showed decreasing trend. Similarly band application of P with four 

irrigations obtained maximum of 0.21 % P concentration as compared to all other 

combinations of method of application and irrigation numbers. Overall, interaction of all 

factors (fertilizer x method x irrigation) was also found significant and best interaction 

was observed with 111 kg P2O5 ha-1 by band application along with four irrigations.  



 108

Table 4.16.  Effect of number of irrigation, rate and method of P application on P % 
in grain 

Treatment P rate (kg ha-1) Means 
T1 0 0.113d 
T2 47 0.130c 
T3 81 0.147b 
T4 111 0.201a 
LSD (P=0.05)  0.0042 
Treatment No. of irrigation  
T1 0 0.116d 
T2 2 0.128c 
T3 3 0.152b 
T4 4 0.195a 
LSD (P=0.05)  0.0042 
Treatment Method  
T1 Band placement 0.156a 
T2 Broadcast 0.140b 
LSD (P=0.05)  0.0030 
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4.19.6. Olsen P status in soil after wheat harvest  

Olsen P contents after wheat harvest was calculated and data are illustrated in 

Table 4.17. At harvesting available P status of soil was significantly increased over 

control. The highest Olsen P of 10.57 mg kg-1 was found in plots treated with 111 kg 

P2O5 ha-1 and lowest of 3.22 mg kg-1 was found in control plots. The results are in line 

with those of Tandon (1987) and Sharma (2006) who described that the continuous 

application of recommended levels of P resulted in a significant increase in the soils 

available P status. It was observed that Olsen P increased significantly with the decrease 

in number of irrigation. The maximum of 7.56 mg kg-1 Olsen P was noted in plots with 

zero irrigation and it decreased gradually at each increasing irrigation number and the 

minimum of 5.65 mg kg-1 was calculated in plots where four irrigations were given. It 

was concluded that lower water content reduces P diffusion through soil to the root 

surface and similar results were obtained by (Hira and Singh, 1977). Methods of P 

application also significantly affected Olsen P status. Higher Olsen P content of 6.97 mg 

kg-1 was noted in plots where P was applied through broadcasting as compared to band 

placement. All interactions were significant (Appendix 72). The highest of 11.89 mg kg-1 

Olsen P was calculated with interaction of higher P rate i.e. 111 kg P2O5 ha-1 along with 

its broadcast application. While in interaction of P fertilizer with irrigation number, 

highest (12.92 mg kg-1) Olsen P content was calculated in plots with 111 kg P2O5 ha-1 

along with zero irrigation. Similarly maximum of 8.02 mg kg-1 Olsen P content was noted 

in plots with zero irrigation by broadcast of P as compared to all other combinations of 

irrigation numbers and method of application. Overall interaction of all factors (fertilizer 

x method x irrigation) was also found significant and maximum Olsen P content was 

observed with 111 kg P2O5 ha-1 by broad cast application along with zero irrigations. It 

was also concluded in a study that the availability of readily soluble P fertilizer is 

influenced by the volume of soil that is exposed to the applied P (Racz and Soper, 1967; 

Barber, 1984) and the time of contact between soil and the fertilizer P (Holt and 

Winkelman, 1983; Soon, 1997). 
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Table 4.17.  Effect of number of irrigation, rate and method of P application on 
Olsen P (mg kg-1) 

Treatment P rate (kg ha-1) Means 
T1 0 3.22d 
T2 47 5.57c 
T3 81 6.53b 
T4 111 10.57a 
LSD (P=0.05)  0.016 
Treatment No. of irrigation  
T1 0 7.56a 
T2 2 6.70b 
T3 3 5.97c 
T4 4 5.65d 
LSD (P=0.05)  0.016 
Treatment Method  
T1 Band placement 5.98b 
T2 Broadcast 6.97a 
LSD (P=0.05)  0.011 
 

4.19.7. P use efficiency of wheat 

Data of P use efficiency (PUE) of wheat are given in Table 4.18. PUE was 

calculated in terms of P uptake per unit of fertilizer P application. The results revealed 

that lower PUE was seen at higher P rates. The maximum PUE of 14.68 % was observed 

at 47 kg P2O5 ha-1 and it decreased significantly at higher P rates. Similarly, irrigation 

numbers significantly affected the PUE and the minimum of 3.45 % was obtained with 

zero irrigation and it increased with each irrigation number, the maximum PUE (14.36 

%) was noted with four irrigations. Results are in confirmatory with those of (Hira and 

Singh, 1977) who concluded that lower water content reduces P diffusion through soil to 

the root surface. However, it is clear from the Table 4.18 that P application through band 

placement obtained significant PUE as compared to broad casting. All interactions were 

found significant (Appendix 73). Application of P at 47 kg P2O5 ha-1 with four irrigations 

presented the maximum (22.60 %) PUE that was significant as compared to other 

combinations of P rate and irrigation numbers. Similarly in case of interaction between 

irrigation and method of P application, combination of four irrigations with band 

placement of P obtained the highest (15.40 %) PUE. With respect to interaction between 
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method of P application and its rate the best combination was found with the lowest rate 

of 47 kg P2O5 ha-1 by band application. Looking at overall interaction (irrigation x 

fertilizer x method of application), the maximum (23.86 %) PUE was calculated in plots 

with 47 kg P2O5 ha-1 by band placement along with four irrigations. A decreasing trend of 

PUE was found in all other combinations.  These results are in confirmatory with Alam et 

al. (2005) and Latif et al. (1997) who concluded that P placement methods improve PUE 

significantly as compared to broadcast and incorporation at sowing. Similarly, they found 

that rate and method of P application positively influenced the PUE by wheat. Mahtab et 

al.1971, Olsen et al. (1965) and Turner and Gilliam (1976) have also been reported that 

more frequent irrigations increase labile P, enhance P diffusion as cross sectional area for 

diffusion increases and tortuosity of path is decreased. Hence wetter soil moisture 

regimes increased uptake and utilization of applied and native P. 

 
Table 4.18.  Effect of number of irrigation, rate and method of P application on P 

use efficiency (%) 

Treatment P rate (kg ha-1) Means 
T1 0 0.000 
T2 47 14.68a 
T3 81 11.42b 
T4 111 11.02c 
LSD (P=0.05)  0.307 
Treatment No. of irrigation  
T1 0 3.45d 
T2 2 7.35c 
T3 3 11.97b 
T4 4 14.36a 
LSD (P=0.05)  0.307 
Treatment Method  
T1 Band placement 10.09a 
T2 Broadcast 8.47b 
LSD (P=0.05)  0.217 
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4.19.8. Protein content in wheat grain (%) 

The data regarding protein content in wheat grain are given in Table 4.19. Protein 

content in wheat grains increased at each increment of fertilizer P. This increase was 

significant at higher P rates. The maximum protein content of 12.35 % was noted in 

grains with 111 kg P2O5 ha-1. The minimum protein content (8.01 %) was observed in 

grains harvested from control plots. Grain protein content was also influenced by 

irrigation treatments. The highest grain protein content of 13.65 % in grains was recorded 

with three irrigations at crown root, booting and grain development stages and irrigation 

missed at anthesis stage followed by zero and four irrigations which are statistically at par 

with each other. The lowest grain protein content (9.70 %) was noted in plots where two 

irrigations were given. Band placement of P caused significantly more (10.73 %) protein 

content over broad casting (9.93 %).  

Analysis of variance showed high significance for all interactions (Appendix 74). 

Application of P at 111 kg P2O5 ha-1 with three irrigations obtained the maximum (13.05 

%) protein content in wheat grain than that combination of P rate and irrigation numbers. 

Similarly, in case of interaction between irrigation numbers and method of P application, 

combination of three irrigations with band placement of P obtained the highest (11.88 %) 

protein content in wheat grain. With respect to interaction between method of P 

application and its rate the best combination was found with highest rate of 111 kg P2O5 

ha-1 by band application, which produced grains containing 12.67 % protein content. 

Overall interaction (irrigation x fertilizer x method of application), the maximum (13.65 

%) protein content was calculated in grains harvested from plots with 111 kg P2O5 ha-1 by 

band placement along with three irrigations. All other interactions were found with 

decreasing trend in grain protein content. In the present study, grain protein percentage 

was improved with less irrigation. Increased grain protein with limited irrigation might be 

the results of reduction and synthesis of carbohydrates under water deficit, allowing more 

nitrogen concentration accumulation in the grain per unit of starch. Similar results were 

reported by Dubetz and Bole (1973), Clark et al. (1990) and Panozzo and Eagles (2000) 

who observed positive effect of water stress applied at different stages of growth on grain 

protein contents in wheat. Bari (1990) reported that wheat grain supplies carbohydrates, 
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protein, minerals and certain vitamins and further concluded that wheat is more nutritious 

than rice.  

 
Table 4.19.  Effect of number of irrigation, rate and method of P application on 

protein in grain (%) 

Treatment P rate (kg ha-1) Means 
T1 0 8.01d 
T2 47 9.66c 
T3 81 11.29b 
T4 111 12.35a 
LSD (P=0.05)  0.083 
Treatment No. of irrigation  
T1 0 10.16b 
T2 2 9.70c 
T3 3 11.33a 
T4 4 10.11b 
LSD (P=0.05)  0.083 
Treatment Method  
T1 Band placement 10.73a 
T2 Broadcast 9.93b 
LSD (P=0.05)  0.059 
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4.20.  Sandy clay loam soil 

4.20.1. Number of tillers m-2 

The number of tillers m-2 increased significantly with increase of P rate. The 

maximum tillers (302) were produced with P rate of 104 kg P2O5 ha-1 and then decreased 

(Table 4.20). Tillering in wheat increased significantly with the increase in number of 

irrigations from zero to three. Fourth irrigation could not help to further improve number 

of fertile tillers m-2. P application by band placement significantly improved the number 

of tillers m-2 as compared to broad casting. Interaction of irrigation and fertilizer P was 

found significant and all other interactions were non significant (Appendix 75). The 

maximum number of tillers m-2 (325.8) were counted with 104 kg P2O5 ha-1 with three 

irrigations which was statistically at par with interaction of same P rate with four 

irrigations. These results are in confirmatory with those of Ghazal et al. (1998). The 

interactions among the irrigation levels, P fertilizer rates and method of P application 

were also found to be significant.  

 
Table 4.20.  Effect of number of irrigation, rate and method of P application on 

tillers m-2 
Treatment P rate (kg ha-1) Means 
T1 0 214d 
T2 61 277c 
T3 104 302a 
T4 142 290b 
LSD (P=0.05)  8.18 
Treatment No. of irrigation  
T1 0 249c 
T2 2 261b 
T3 3 290a 
T4 4 283a 
LSD (P=0.05)  8.18 
Treatment Method  
T1 Band placement 274a 
T2 Broadcast 267b 
LSD (P=0.05)  5.78 
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4.20.2. Grains spike-1 

 Grains spike-1 increased significantly with the increase of P rate (Table 4.21). The 

highest (34.22) number of grains spike-1 were observed with 104 kg P2O5 ha-1 which was 

at par with the 142 kg P rate. Number of grains spike-1 increased significantly with the 

increase in number of irrigations from zero to three. Fourth irrigation could not help to 

improve grains spike-1. Thus, the optimum number of irrigation was three i.e. at crown 

root, booting and grain development stages. Without irrigation grains spike-1 were 

(28.70) and with two irrigations the grains spike-1increased up to 30.10 but statistically 

non significant with respect to zero irrigation. This might be due to varying response of 

wheat to irrigation at different growth stages. Ahmad et al. (1998) also found significant 

differences for the number of grains spike-1. P application by band placement and broad 

casting remained at par with each other. All interactions were non significant (Appendix 

76).  

Table 4.21.  Effect of number of irrigation, rate and method of P application on 
grains spike-1 

Treatment P rate (kg ha-1) Means 
T1 0 25.75c 
T2 61 30.34b 
T3 104 34.22a 
T4 142 32.35a 
LSD (P=0.05)  1.93 
Treatment No. of irrigation  
T1 0 28.70c 
T2 2 30.10bc 
T3 3 32.52a 
T4 4 31.33ab 
LSD (P=0.05)  1.93 
Treatment Method  
T1 Band placement 31.06a 
T2 Broadcast 30.26a 
LSD (P=0.05)  1.36 
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4.20.3. 1000 – Grain weight (g) 

1000–grain weight increased significantly with the increase of P rate (Table 4.22). 

Heavier grain weight (40.68 g) was obtained with 104 kg P2O5 ha-1 and further higher rate 

could not increase 1000–grain weight. 1000–grain weight increased significantly with the 

increase in number of irrigations from zero to three. Fourth irrigation could not help to 

improve it. Without irrigation 1000–grain weight of 34.72 g was obtained while with two 

irrigations it increased up to 36.30 g. Ahmad et al. (1997) had also reported an increase in 

1000-grain weight by different irrigation levels. 1000 grain was also significantly 

affected by method of P application. It was 37.48 g in case of band placement of P and 

36.53 g in broad casting. All interactions were non significant (Appendix 77).  

 
Table 4.22.  Effect of number of irrigation, rate and method of P application on 

1000-grain weight (g) 
Treatment P rate (kg ha-1) Means 
T1 0 28.03c 
T2 61 39.28b 
T3 104 40.68a 
T4 142 40.03ab 
LSD (P=0.05)  1.13 
Treatment No. of irrigation  
T1 0 34.72d 
T2 2 36.30c 
T3 3 39.10a 
T4 4 37.90b 
LSD (P=0.05)  1.13 
Treatment Method  
T1 Band placement 37.48a 
T2 Broadcast 36.53b 
LSD (P=0.05)  0.80 

4.20.4. Grain yield  

The grain yield increased significantly with the increase of P rate (Table 4.23). 

The higher grain yield (4.06 Mg ha-1) was obtained with 104 kg P2O5 ha-1 and further 

higher rate could not increase grain yield.  
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A significant increase in grain yield was observed with the increase in number of 

irrigations from zero to three. Fourth irrigation could not help to improve wheat grain 

yield. Without irrigation yield of 2.46 Mg ha-1 was obtained this was due to two rains at 

critical stages. With two irrigations, the wheat grain yield increased up to 3.14 Mg ha-1. 

These findings are in agreement with those of Ahmad et al. (1997). Similarly, Khan et al. 

(2002) reported that significantly maximum grain yield was produced with three 

irrigation levels. Among method of P application grain yield was found non significant. 

Interaction of fertilizer P and irrigation number was found significant and all other 

interactions were non significant (Appendix 78). The best interaction of irrigation number 

and fertilizer P was seen with application of 104 and 142 kg P2O5 ha-1 along with three 

and four irrigations that was statistically at par. Meelu et al. (1974) achieved higher 

wheat yield when P was drilled as compared with broadcast application. Similarly higher 

yields with placement of fertilizer P were reported by Barber (1974) and Anghinoni and 

Barber (1980), Chandra et al. (1999). 

 
Table 4.23.  Effect of number of irrigation, rate and method of P application on 

grain yield (Mg ha-1) 
Treatment P rate (kg ha-1) Means 
T1 0 1.10d 
T2 61 3.27c 
T3 104 4.06a 
T4 142 3.80b 
LSD (P=0.05)  0.16 
Treatment No. of irrigation  
T1 0 2.46c 
T2 2 3.14b 
T3 3 3.63a 
T4 4 3.60a 
LSD (P=0.05)  0.16 
Treatment Method  
T1 Band placement 3.24a 
T2 Broadcast 3.17a 
LSD (P=0.05)  0.11 
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4.20.5. P concentration (%) in wheat grain 

P concentration in wheat grain increased significantly with increase of P 

application rate (Table 4.24). Higher P concentration of 0.224 % in wheat grain was 

obtained with 142 kg P2O5 ha-1. P concentration in wheat grain increased from 0.105 % in 

control to 0.162 % with 104 kg P2O5 ha-1. Limited irrigations were applied at critical 

stages of wheat crop; it was observed that P concentration increased significantly with the 

increase in number of irrigations from zero to four i.e. 0.112 % to 0.211 %. Band 

placement of P caused higher P concentration (0.168 %) in wheat grain as compared to 

broad casting (0.147 %). Interaction of irrigation number and method of P application as 

well as interaction of irrigation number, rate and method of P application was found non 

significant while interaction of irrigation number and fertilizer P and of fertilizer P and 

method of application was significant (Appendix 79). The highest of 0.24 % P 

concentration in wheat grain was calculated with interaction of higher P rate i.e. 142 kg 

P2O5 ha-1 along with its band application. While in interaction of P fertilizer with 

irrigation number, highest (0.35 %) P concentration in wheat grain was calculated at 142 

kg P2O5ha-1 along with four irrigations.  

Table 4.24. Effect of number of irrigation, rate and method of P application on P % 
in grain 

Treatment P rate (kg ha-1) Means 
T1 0 0.105d 
T2 61 0.140c 
T3 104 0.162b 
T4 142 0.224a 
LSD (P=0.05)  0.0068 
Treatment No. of irrigation  
T1 0 0.112d 
T2 2 0.140c 
T3 3 0.168b 
T4 4 0.211b 
LSD (P=0.05)  0.0068 
Treatment Method  
T1 Band placement 0.168a 
T2 Broadcast 0.147b 
LSD (P=0.05)  0.0048 
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4.20.6. Olsen P status in soil after wheat harvest  

At harvesting P content of soil was significantly increased over control (Table 

4.25). The highest Olsen P content of 11.82 mg kg-1 was found in plots treated with 142 

kg P2O5 ha-1 and the lowest of 3.14 mg kg-1 in control plots. It was observed that Olsen P 

increased significantly with the decrease in number of irrigation. Olsen P of 7.85 mg kg-1 

was calculated in plots with zero irrigation and it decreased gradually at each increasing 

irrigation level and the minimum of 5.53 mg kg-1 was calculated in plots with four 

irrigations.  

Method of P applications also significantly affected Olsen P contents. Olsen P 

content of 7.03 mg kg-1 was calculated in plots where P was applied by broadcasting 

while in case of band placement of P it was 6.20 mg kg-1. All interactions were 

significant (Appendix 80). The highest of 12.88 mg kg-1 Olsen P was calculated with 

interaction of higher P rate i.e. 142 kg P2O5 ha-1 along with its broadcast application. 

While in interaction of fertilizer P with irrigation numbers, the highest (15.13 mg kg-1) 

Olsen P content was calculated in plots treated with 142 kg P2O5 ha-1 along with zero 

irrigation. Similarly, the maximum of 8.15 mg kg-1 Olsen P content was noted in plots 

with zero irrigation by broadcast of P as compared to all other combinations of irrigation 

numbers and method of P application.  

Overall, interaction of all factors (fertilizer x method x irrigation) was also found 

significant and the maximum (16.01 mg kg-1) Olsen P content was calculated at 142 kg 

P2O5ha-1 by broadcast application along with zero irrigations.  
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Table 4.25.  Effect of number of irrigation, rate and method of P application on 
Olsen P (mg kg-1) 

Treatment P rate (kg ha-1) Means 
T1 0 3.14d 
T2 61 5.15c 
T3 104 6.35b 
T4 142 11.82a 
LSD (P=0.05)  0.012 
Treatment No. of irrigation  
T1 0 7.85a 
T2 2 6.88b 
T3 3 6.20c 
T4 4 5.53d 
LSD (P=0.05)  0.012 
Treatment Method  
T1 Band placement 6.20b 
T2 Broadcast 7.03a 
LSD (P=0.05)  0.0084 
 

4.20.7. P use efficiency of wheat 

PUE was more with lower rates than that with higher rates (Table 4.26). The 

maximum PUE of 10.78 % was observed with 61 kg P2O5 ha-1 and it decreased at higher 

rates. The minimum PUE (2.71 %) was with zero irrigation and it increased with increase 

of irrigation number and the maximum PUE of 12.14 % was with four irrigations. Band 

placement improved PUE significantly over broad casting.  

  Application of P at 61 kg P2O5 ha-1 with four irrigations gave the maximum 

(17.06 %) PUE (Appendix 81), which was significant as compared to other combinations 

of P rate and irrigation numbers. Combination of four irrigations with band placement of 

P obtained the highest (13.23 %) PUE. With respect to interaction between method of P 

application and its rate best combination was found with lowest rate of 61 kg P2O5 ha-1 by 

band application.  
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Table 4.26.  Effect of number of irrigation, rate and method of P application on P 
use efficiency (%) 

Treatment P rate (kg ha-1) Means 
T1 0 0.00 
T2 61 10.78a 
T3 104 10.22b 
T4 142 9.90b 
LSD (P=0.05)  0.37 
Treatment No. of irrigation  
T1 0 2.71d 
T2 2 6.29c 
T3 3 9.76b 
T4 4 12.14a 
LSD (P=0.05)  0.37 
Treatment Method  
T1 Band placement 8.48a 
T2 Broadcast 6.97b 
LSD (P=0.05)  0.26 
 

4.20.8. Protein content in wheat grain 

Protein content in wheat grain increased significantly with increase in P rate 

(Table 4.27). The maximum protein content of 11.37 % in wheat grain was noted with 

142 kg P2O5 ha-1 and the minimum (7.27 %) in grains from control plots. Protein content 

of 9.59 % in wheat grain was obtained by band application and (9.38 %) by broad casting 

of P. The highest grain protein content (11.66 %) was recorded with three irrigations 

followed by with fourth irrigation (9.58 %). The lowest grain protein content of 8.55 % 

was obtained in plots with two irrigations. Plots with zero irrigation also obtained higher 

protein content of 9.18 % as compared to plots with two irrigations.  

All interactions were found significant (Appendix 82). Application of P at 142 kg 

P2O5 ha-1 with three irrigations obtained the maximum (12.49 %) protein content in wheat 

grain that was significant as compared to other combinations of P rate and irrigation 

numbers. Combination of three irrigations with band placement of P caused the highest 

(10.76 %) protein content in wheat grains. Another better combination was found with 

the highest rate of 142 kg P2O5 ha-1 by band application that produced grains containing 

11.60 % protein content. An overall interaction (irrigation x fertilizer x method of 
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application), the maximum (12.99 %) protein content was calculated in grains harvested 

from plots with 142 kg P2O5 ha-1 by band placement along with three irrigations.  

Table 4.27. Effect of number of irrigation, rate and method of P application on 
protein in grain (%) 

Treatment P rate (kg ha-1) Means 
T1 0 7.27d 
T2 61 9.29c 
T3 104 10.02b 
T4 142 11.37a 
LSD (P=0.05)  0.084 
Treatment No. of irrigation  
T1 0 9.18c 
T2 2 8.55d 
T3 3 10.66a 
T4 4 9.56b 
LSD (P=0.05)  0.084 
Treatment Method  
T1 Band placement 9.59a 
T2 Broadcast 9.38b 
LSD (P=0.05)  0.059 
 
Brief comparison of two soils under field study-III 
 

The grain yield increased with the increase in number of irrigations from zero to 

three and fourth irrigation could not improve further the grain yield on both the soils. 

Method of P application showed non-significant effect on grain yield on both the soils. 

Irrigation improved PUE more on sandy loam soil (14.36 %) as compared to sandy 

clay loam soil (12.14 %). Banding of P proved better method on both the sites. 

Interactive effect of irrigation and method of P application on grain yield was non 

significant. The combination of four irrigations with band placement of P caused the 

highest PUE on both the sites. 
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CHAPTER 5 

SUMMARY 
 

 A field study was conducted to examine the effects of rate, method of P 

application, FYM and irrigation scheduling on wheat yield and PUE on calcareous soils.  

 Two sites; P deficient calcareous and varying in clay content (Table 4.1a) were 

selected. Sorption isotherms were constructed in the laboratory by equilibrating and 

shaking 2.5 g soil with 25 ml of 0.01 M CaCl2 containing 0, 5, 20, 40, 60, 80, 100, 120, 

200, 300, 400 and 500 mg P L-1 as KH2PO4 for 24 h (Rowell, 1994). Sorption data were 

fitted into Freundlich model and P adsorption capacities were determined from the 

equations. Theoretical P doses were computed against adjusted soil solution P levels of 

0.05, 0.10, 0.20, and 0.30 mg L-1 (Table 4.3). Three field trials were conducted.  In the 

first trial effects of five rates and three methods of P application i.e. broadcasting, band 

placement and top dressing on wheat yield and PUE were observed. In the second trial, 

effects of rate and method of P application by mixing with nominal amount of farmyard 

manure on wheat yield and PUE were assessed. In the third trial, four P rates were 

applied by two methods, band placement and broad casting with irrigation schedule as (i) 

zero irrigation. (ii) two irrigations (crown root and booting stages). (iii) three irrigations 

(crown root, booting and grain development stages). (iv) four irrigations (crown root, 

booting, anthesis and grain development stages). Wheat crop was sown according to 

Randomized Complete Block Design with three replications at both the sites. Model 

based fertilizer P doses along with recommended N and K were applied. Crop was 

harvested at maturity and grain samples were taken for P concentration (%) and protein 

content. Wheat yield parameters tillers m-2, grains spike-1, 1000-grain weight and grain 

yield were recorded. Soil samples were collected after harvesting of crop for the 

determination of Olsen P. Salient results drawned from these studies are as under 
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1. Adsorption of P and computation of fertilizer P doses 

 Adsorption of P increased with increase of its rate but percentage of adsorbed P 

decreased. Adsorption of P was more in sandy clay loam soil as compared to sandy loam 

soil. Calculated P doses against adjusted soil solution P levels of 0.00, 0.05, 0.10, 0.20, 

and 0.30 mg L-1 were 0, 27, 47, 81, 111 for sandy loam and 0, 36, 61, 104, 142 kg P2O5 

ha-1 for sandy clay loam soil (Table 4.3).  

2. Effect of rate and method of P application on wheat yield and PUE 

 Yield parameters like tillers m-2, grains spike-1, 1000-grain weight significantly 

increased with increase of P rate. Optimum fertilizer P rate was 81 for sandy loam soil 

and 104 kg P2O5 ha-1 for sandy clay loam soil. Band placement proved better than other 

methods (Alam et al., 2003).  

 Wheat yield was different on both soils. When compared P rates optimum grain 

yield of 3.96 and 4.01 Mg ha-1 was obtained with 81 and 104 kg P2O5 ha-1 on sandy loam 

and sandy clay loam soil, respectively (Fig. 4.7 and Table 4.10). Similarly, a significantly 

higher grain yield of 3.36 and 3.37 Mg ha-1 was obtained by band placement as compared 

to top dressing and broadcasting on sandy loam and sandy clay loam soil, respectively.  

The maximum grain yield harvested was 4.25 and 4.34 Mg ha-1 on sandy loam and sandy 

clay loam soil, where P was applied @ 81 and 104 kg P2O5 ha-1 respectively by band 

application (Appendix 19; Table 4.10). 

 PUE was affected with rate and method of P use. The maximum PUE was 14.33 

% when 47 kg P2O5 ha-1 was banded on sandy loam soil while it was only 11.00 % at 142 

kg P2O5 ha-1 with band placement of P on sandy clay loam soil. PUE was 5.37, 7.16, 9.37 

% with broadcasting, top dressing and band placement of P, respectively on sandy loam 

soil and 4.21, 4.74 and 6.38 % with broadcasting, top dressing and band placement of P, 

respectively on sandy clay loam soil (Appendix 41; Appendix 43).  
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 Olsen P status in the soils after harvesting of wheat crop was improved over 

control from 4.10 to 14.80 mg P kg-1 in sandy loam and 3.05 to 14.66 mg P kg-1 in sandy 

clay loam soil (Appendix 33; Appendix 35). 

 The grain protein content was increased with P use on both the soils. The 

maximum protein content 12.97 % in wheat grain was obtained with 111 kg P2O5 ha-1 on 

sandy loam soil while, 13.16 % with 142 kg P2O5 ha-1on sandy clay loam soil. Role of 

method of P use in improving protein content of wheat grain was also observed. It was 

10.60, 10.80 and 11.21 % from sandy loam soil and 10.33, 10.52 and 11.13 % on sandy 

clay loam soil with broadcasting, top dressing and band placement of P, respectively 

(Appendix 49; Appendix 51). 

3. Comparative effect of farmyard manure on wheat yield and PUE 

The number of tillers and 1000 grain weight of wheat were increased significantly 

in the case of sandy loam soil but non significantly on sandy clay loam soil with the 

application of FYM over without FYM at all P rates. The highest increase of 7.84 % at P 

rate of 27 kg P2O5 ha-1 was observed when compared with the same soil and rate without 

FYM. The application of FYM with all P rates improved grains spike-1 on sandy clay 

loam soil while non-significant effect on sandy loam soil. The wheat grain yield was 

improved significantly by the application of FYM with P fertilizer on both the sandy 

loam and sandy clay loam soils. It was observed that 13.85 % grain yield was increased 

when 27 kg P2O5 ha-1 was mixed with FYM in case of sandy loam soil; this increase in 

grain yield was maximum as compared to other P rates with FYM application. However 

in case of sandy clay loam soil the application of 36 kg P2O5 ha-1 by mixing FYM 

possessed the highest increase (20.63 %) in grain yield as compared to application of 

same P rate without FYM.  

Moreover, the P use efficiency was improved by the use of P fertilizer along with 

FYM but more on sandy loam soil than that on sandy clay loam soil.  
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4. Effect of irrigation level, rate and method of P application on wheat grain yield 

and PUE 

Site- I. sandy loam soil 

The grain yield increased with the increase in number of irrigation upto three. 

Fourth irrigation could not further improve grain yield. To save water, three irrigations 

i.e. at crown root, booting and grain development stages of wheat should be 

recommended (Khan et al., 2002). There was non-significant effect of method of P 

application on grain yield. The maximum grain yield of 4.48 Mg ha-1 was obtained with 

81 kg P2O5 ha-1 along with three irrigations (Appendix 70.1). 

The residual P in soil after wheat harvest increased with increase of P use. It was 

maximum 10.57 mg kg-1 in plots where P was applied at 111 kg P2O5 ha-1 and the 

decreased from 4.15 to 3.22 mg kg-1 in control plots. When compared number of 

irrigation the maximum Olsen P 7.56 mg kg-1 noted was in plots with zero irrigation and 

it decreased gradually at each increasing irrigation number and the minimum of 5.65 mg 

kg-1was calculated in plots where four irrigations were given. Higher Olsen P content of 

6.97 mg kg-1 was calculated from plots where P was applied through broadcasting as 

compared to band placement (5.98 mg kg-1). So residual P was more with broadcast P 

application. The maximum Olsen P content 14.57 mg kg-1 was observed with 111 kg 

P2O5 ha-1 by broadcast application along with zero irrigation (Appendix 72.4). 

PUE was more with lower rates as compared to higher rates. It was maximum 14.68 

% where 47 kg P2O5 ha-1 was applied and it decreased at higher P rates. Similarly, the 

minimum PUE 3.45 % was obtained with zero irrigation and it increased with each 

irrigation number, and the maximum PUE (14.36 %) was noted with four irrigations. 

PUE was 8.47 and 10.09 % by band placement and broadcasting of P, respectively. The 

maximum (23.86 %) PUE was calculated in plots with 47 kg P2O5 ha-1 by band 

placement along with four irrigations (Appendix 73.4). 
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 When compared irrigation level the highest grain protein content of 13.65 % in 

grain was recorded in plots where three irrigations were applied at crown root, booting 

and grain development stages and irrigation missed at anthesis stage. The lowest grain 

protein content (9.70 %) noted was in plots where two irrigations were given. Band 

placement of P obtained more (10.73 %) protein content over broadcasting (9.93 %). In 

overall interaction (irrigation x fertilizer x method of P application), maximum (13.65 %) 

protein content was calculated in grains harvested from plots with 111 kg P2O5 ha-1 by 

band placement along with three irrigations (Appendix 74.4). 

Site- II. sandy clay loam soil 

 The maximum grain yield of 4.58 Mg ha-1 was obtained with 104 kg P2O5 ha-1 

along with three irrigations (Appendix 78.1). 2.46, 3.14, 3.60 and 3.63 Mg ha-1 grain 

yield was obtained with zero, two, four and three irrigations, respectively. Optimum 

number of irrigation was three i.e. at crown root, booting and grain development stages 

of wheat. Grain yield showed non-significant response to methods of P application.  

 The highest Olsen P 11.82 mg kg-1 found was in plots treated with 142 kg P2O5 

ha-1 and the lowest 3.14 mg kg-1 in control plots. Olsen P of 7.85 mg kg-1 was calculated 

in plots with zero irrigation and it decreased gradually at each increasing irrigation level 

and the minimum 5.53 mg kg-1 was calculated in plots with fourth irrigations. Similarly, 

Olsen P content 7.03 mg kg-1 was calculated in plots where P was applied by 

broadcasting while in case of band placement of P it was 6.20 mg kg-1. So in broadcast P 

application residual P was more as compared to banding of P. The maximum (16.01 mg 

kg-1) Olsen P content was calculated at 142 kg P2O5ha-1 by broadcast application along 

with zero irrigation (Appendix 80.4). 

 The maximum PUE 11.78 % was observed with 61 kg P2O5 ha-1 and it decreased 

at higher rates. When compared the number of irrigation, minimum PUE 2.71 % was 

calculated in plots with zero irrigation and it increased at each irrigation level, the 

maximum PUE 12.14 % noted was in plots with four irrigations. PUE of 6.97 % and 8.48 

% was achieved with band placement and broadcasting of P, respectively. So banding of 
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P also improved PUE. Application of P at 61 kg P2O5 ha-1 with four irrigations presented 

the maximum (17.06 %) PUE as well (Appendix 81.3). 

 The highest protein content of grain (11.66 %) recorded was in plots where three 

irrigations were applied at crown root, booting and grain development stages and 

irrigation was missed at anthesis stage followed by four irrigations (9.58 %). The lowest 

grain protein content of 8.55 % was obtained in plots with two irrigations. Plots with zero 

irrigation obtained protein content of 9.18 %. Protein content of 9.59 % in wheat grain 

was obtained by band application of P as compared to protein content (9.38 %) by 

broadcast application of P. In overall interaction (irrigation x fertilizer x method of P 

application), the maximum (12.99 %) protein content was calculated in grains harvested 

from plots with 142 kg P2O5 ha-1 by band placement along with three irrigations 

(Appendix 82.4). 

Main conclusions  

• P use should be soil test based.  

• Freundlich model may be used to assess P requirements for different soils and 

crops, as it takes care of readily available soil solution P.  

• More work is needed to assess adsorption based P requirement of all the crops on 

different soils.  

• Band placement is preferable method for fertilizer P application to improve PUE. 

• Mixing P fertilizer with nominal quantity of well-decomposed organic matter may 

improve PUE especially on coarse textured soils. 

• To save irrigation water three irrigations each at crown root, booting and grain 

development stages may help to save water but be site specific. 
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APPENDICES  
 

Appendix 1. Analysis of variance with respect to number of tillers m-2 

Source DF SS MS F P 

Replication 2 73.6 36.82   

Fertilizer 4 22109.6 5527.41 212.49 0.0000 

Method 2 664.6 332.29 12.77 0.0001 

Fertilizer x Method 8 356.1 44.51 1.71 0.1397 

Error 28 728.4 26.01   

Total 44 23932.3    

LSD (P = 0.05) =8.53 

Appendix 2. Analysis of variance with respect to tillers m-2 

Source DF SS MS F P 

Replication 2 548.8 274.40   

Fertilizer 4 28101.60 7025.39 53.98 0.0000 

Method 2 691.6 345.80 2.66 0.0878 

Fertilizer x Method 8 272.2 34.09 0.26 0.9733 

Error 28 3643.9 130.14   

Total 44 33258.0    

LSD (P = 0.05) =19.08 

 

Appendix 3. Effect of rate, method of P application and FYM on number of tillers 
m-2 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Tillers m-2 Means 

Broad Casting 240 258 265 291 287 268.40c 

Band Placement 240 263 277 307 300 277.53a 

Top Dressing 240 258 273 297 294 272.53b 

Means 240.33d 259.78c 271.89b 298.44a 293.67a  

Means sharing same letters are statistically at par at 5 % level of probability 



 

Appendix 4. Analysis of variance with respect to tillers m-2 

Source DF SS MS F P 

Replication 2 32.0 16.02   

Fertilizer 4 2085.9 5214.48 203.55 0.0000 

Method 2 627.5 313.76 12.25 0.0002 

Fertilizer x Method 8 299.8 37.48 1.46 0.2152 

Error 28 717.3 25.62   

Total 44 22534.6    

LSD (P = 0.05) =8.47 

 

Appendix 5. Effect of rate, method of P application and FYM on number of tillers 
m-2 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Tillers m-2 Means 

Broad Casting 248 251 281 300 298 276b 

Band Placement 248 274 294 312 309 287a 

Top Dressing 248 265 285 306 303 281ab 

Means 248d 263c 287b 306a 303a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 6.  Analysis of variance with respect to tillers m-2 

Source DF SS MS F P 

Replication 2 212.8 106.40   

Fertilizer 4 23153.5 5788.31 57.16 0.0000 

Method 2 1032.5 516.27 5.10 0.0129 

Fertilizer x Method 8 415.0 51.88 0.51 0.8368 

Error 28 2835.2 101.26   

Total 44 27648.8    

LSD (P = 0.05) =16.83 

 



 

Appendix 7. Analysis of variance with respect to grains spike-1 

Source DF SS MS F P 

Replication 2 9.07 4.53   

Fertilizer 4 173.85 43.46 6.53 0.0008 

Method 2 7.98 3.99 0.60 0.5561 

Fertilizer x Method 8 5.68 0.710 0.11 0.9987 

Error 28 186.31 6.65   

Total 44 382.88    

LSD (P = 0.05) =4.31 

 

Appendix 8. Analysis of variance with respect to grains spike-1 

Source DF SS MS F P 

Replication 2 4.50 2.25   

Fertilizer 4 546.82 136.71 38.93 0.0000 

Method 2 13.39 6.70 1.91 0.1674 

Fertilizer x Method 8 5.63 0.70 0.20 0.9884 

Error 28 98.33 3.51   

Total 44 668.67    

LSD (P = 0.05) =3.13 

 

Appendix 9. Effect of rate, method of P application and FYM on grains spike-1 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Grains spike-1 Means 

Broad Casting 28 28 29 34 31 29.72b 

Band Placement 28 29 32 37 34 31.96a 

Top Dressing 28 28 31 36 32 30.99ab 

Means 28.0d 28.32cd 30.41bc 35.69a 32.18b  

Means sharing same letters are statistically at par at 5 % level of probability 

 



 

Appendix 10. Analysis of variance with respect to grains spike-1 

Source DF SS MS F P 

Replication 2 11.23 5.62   

Fertilizer 4 367.07 91.77 13.24 0.0000 

Method 2 37.71 18.85 2.72 0.0832 

Fertilizer x Method 8 17.03 2.13 0.31 0.9569 

Error 28 194.05 6.93   

Total 44 627.09    

LSD (P = 0.05) =4.40 

 

Appendix 11. Effect of rate, method of P application and FYM on grains spike-1 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Grains spike-1 Means 

Broad Casting 32 32 37 42 39 37a 

Band Placement 32 34 39 43 43 38a 

Top Dressing 32 33 37 41 41 37a 

Means 32c 33c 38b 42a 41a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 12. Analysis of variance with respect to grains spike-1 

Source DF SS MS F P 

Replication 2 6.25 3.123   

Fertilizer 4 766.94 191.74 34.77 0.0000 

Method 2 16.96 8.48 1.56 0.2324 

Fertilizer x Method 8 13.37 1.67 0.30 0.9585 

Error 28 154.39 5.51   

Total 44 957.91    

LSD (P = 0.05) =3.96 

 



 

Appendix 13. Analysis of variance with respect to 1000- grain weight 

Source DF SS MS F P 

Replication 2 38.90 19.45   

Fertilizer 4 357.33 89.33 17.11 0.0000 

Method 2 30.21 15.11 2.89 0.0721 

Fertilizer x Method 8 25.75 3.22 0.62 0.7566 

Error 28 146.21 5.22   

Total 44 598.41    

LSD (P = 0.05) =3.82 

 

Appendix 14. Analysis of variance with respect to 1000-grain weight 

Source DF SS MS F P 

Replication 2 17.70 8.85   

Fertilizer 4 197.80 49.45 17.99 0.0000 

Method 2 15.17 7.58 2.76 0.0806 

Fertilizer x Method 8 7.99 0.998 0.36 0.9314 

Error 28 76.98 2.75   

Total 44 315.63    

LSD (P = 0.05) =2.77 

 

Appendix 15. Effect of rate, method of P application and FYM on 1000-grain weight 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

1000 grain weight (g) Means 

Broad Casting 35.1 37.7 38.6 40.9 38.7 38.20a 

Band Placement 35.1 39.0 39.5 44.0 42.0 39.84a 

Top Dressing 35.1 35.9 39.0 42.4 38.8 38.23a 

Means 35.13c 37.54b 39.01b 42.42a 39.68b  

Means sharing same letters are statistically at par at 5 % level of probability 

 



 

Appendix 16. Analysis of variance with respect to 1000-grain weight 

Source DF SS MS F P 

Replication 2 35.32 17.70   

Fertilizer 4 260.53 65.13 10.58 0.0000 

Method 2 26.32 13.18 2.14 0.1365 

Fertilizer x Method 8 19.69 2.46 0.40 0.9112 

Error 28 172.43 6.16   

Total 44 514.33    

LSD (P = 0.05) =4.15 

 

Appendix 17. Effect of rate, method of P application and FYM on 1000-grain weight 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

1000 grain weight (g) Means 

Broad Casting 36 39 41 42 41 39.9a 

Band Placement 36 40 41 44 42 40.8a 

Top Dressing 36 38 41 43 42 40.0a 

Means 36.4d 39.2c 41.0b 42.8a 41.7ab  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 18. Analysis of variance with respect to 1000-grain weight 

Source DF SS MS F P 

Replication 2 4.86 2.43   

Fertilizer 4 230.81 57.70 23.91 0.0000 

Method 2 7.91 3.95 1.64 0.2124 

Fertilizer x Method 8 10.42 1.30 0.54 0.8166 

Error 28 67.58 2.41   

Total 44 321.580    

LSD (P = 0.05) =2.8 

 



 

Appendix 19. Effect of rate and method of P application on grain yield 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Grain yield (Mg ha-1) Means 

Broad Casting 2.40 2.58 3.18 3.65 3.35 3.03c 

Band Placement 2.40 2.68 3.54 4.25 3.90 3.36a 

Top Dressing 2.40 2.51 3.32 3.97 3.60 3.16b 

Means 2.40e 2.60d 3.35c 3.96a 3.62b  

Means sharing same letters are statistically at par at 5 % level of probability. 

 

Appendix 20. Analysis of variance with respect to grain yield 

Source DF SS MS F P 

Replication 2 0.0372 0.0186   

Method 2 0.7834 0.3917 18.23 0.0000 

Fertilizer 4 15.9508 3.9877 185.63 0.0000 

Method x Fertilizer 8 0.4453 0.0557 2.59 0.0295 

Error 28 0.6015 0.02148   

Total 44 17.8183    

LSD (P = 0.05) =0.245 

 

 

Appendix 21. Analysis of variance with respect to grain yield 

Source DF SS MS F P 

Replication 2 0.070 0.0348   

Fertilizer 4 16.24 4.061 127.60 0.0000 

Method 2 0.43 0.216 6.78 0.0040 

Fertilizer x Method 8 0.45 0.056 1.76 0.1291 

Error 28 0.89 0.032   

Total 44 18.082    

LSD (P = 0.05) =0.30 

 



 

Appendix 22. Effect of rate, method of P application and FYM on grain yield 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Grain yield (Mg ha-1) Means 

Broad Casting 2.82 2.87 3.49 3.92 3.75 3.37b 

Band Placement 2.82 3.14 3.64 4.51 4.10 3.64a 

Top Dressing 2.82 2.88 3.53 4.11 3.80 3.43b 

Means 2.82d 2.96d 3.56c 4.18a 3.88b  

Means sharing same letters are statistically at par at 5 % level of probability 

 

 

Appendix 23. Analysis of variance with respect to grain yield 

Source DF SS MS F P 

Replication 2 0.017 0.0084   

Fertilizer 4 12.254 3.064 90.38 0.0000 

Method 2 0.621 0.3105 9.16 0.0009 

Fertilizer x Method 8 0.321 0.0402 1.19 0.3421 

Error 28 0.949 0.034   

Total 44 14.162    

LSD (P = 0.05) =0.308 

 

Appendix 24. Effect of rate, method of P application and FYM on grain yield 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Grain yield (Mg ha-1) Means 

Broad Casting 2.43 3.21 3.63 4.07 3.90 3.45b 

Band Placement 2.43 3.59 3.71 4.59 4.25 3.72a 

Top Dressing 2.43 3.54 3.69 4.38 4.10 3.63a 

Means 2.43d 3.45c 3.68c 4.35a 4.08b  

Means sharing the same letters are statistically at par at 5 % level of probability 

 



 

Appendix 25. Analysis of variance with respect to grain yield 

Source DF SS MS F P 

Replication 2 0.174 0.087   

Fertilizer 4 19.65 4.91 84.71 0.0000 

Method 2 0.57 0.286 4.93 0.0147 

Fertilizer x Method 8 0.304 0.0380 0.65 0.7260 

Error 28 1.624 0.0580   

Total 44 22.33    

LSD (P = 0.05) =0.403 

 

Appendix 26. Analysis of variance with respect to P concentration grain 

Source DF SS MS F P 

Replication 2 0.0002 0.0001   

Method 2 0.0003 0.0001 3.03 0.0643 

Fertilizer 4 0.0115 0.0029 62.23 0.0000 

Method x Fertilizer 8 0.0005 0.0001 1.29 0.2899 

Error 28 0.0013 0.0001   

Total 44 0.0137    

LSD (P = 0.05) =0.011 

 

Appendix 27. Effect of rate and method of P application on P concentration in 
wheat grain 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

P concentration in wheat grain (%) Means 

Broad Casting 0.100 0.087 0.127 0.137 0.237 0.137c 

Band Placement 0.100 0.087 0.143 0.173 0.330 0.167a 

Top Dressing 0.100 0.093 0.127 0.153 0.287 0.152b 

Means 0.100d 0.089e 0.132c 0.154b 0.284a  

Means sharing same letters are statistically at par at 5 % level of probability 

 



 

Appendix 28. Analysis of variance with respect to P concentration in grain 

Source DF SS MS F P 

Replication 2 0.0003 0.0002   

Fertilizer 4 0.0363 0.0090 252.03 0.0000 

Method 2 0.0012 0.0010 15.97 0.0000 

Fertilizer x Method 8 0.001 0.0001 3.41 0.0074 

Error 28 0.001 0.00004   

Total 44 0.0397    

LSD (P = 0.05) =0.01 

 

Appendix 29. Effect of rate, method of P application and FYM on P concentration in 
wheat grain 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

P concentration in wheat grain (%) Means 

Broad Casting 0.083 0.120 0.137 0.247 0.337 0.185c 

Band Placement 0.083 0.130 0.240 0.273 0.383 0.222a 

Top Dressing 0.083 0.127 0.233 0.240 0.357 0.208b 

Means 0.083e 0.126d 0.203c 0.253b 0.359a  

Means sharing same letters are statistically at par at 5 % level of probability 

 

Appendix 30. Analysis of variance with respect to P concentration grain 

Source DF SS MS F P 

Replication 2 0.0001 0.00003   

Fertilizer 4 0.0454 0.0113 247.99 0.0000 

Method 2 0.0018 0.0009 19.40 0.0000 

Fertilizer x Method 8 0.0018 0.0002 4.99 0.0006 

Error 28 0.0013 0.0001   

Total 44 0.0503    

LSD (P = 0.05) =0.011 

 



 

Appendix 31. Effect of rate, method of P application and FYM on P concentration in 
wheat grain 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

P concentration in wheat grain (%) Means 

Broad Casting 0.087 0.077 0.123 0.190 0.303 0.156c 

Band Placement 0.087 0.133 0.157 0.197 0.320 0.179a 

Top Dressing 0.087 0.110 0.147 0.197 0.307 0.169b 

Means 0.087e 0.107d 0.142c 0.200b 0.310a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 32. Analysis of variance with respect to P concentration in grain 

Source DF SS MS F P 

Replication 2 0.0001 0.0001   

Fertilizer 4 0.069 0.0172 531.79 0.0000 

Method 2 0.00001 0.00001 0.21 0.8151 

Fertilizer x Method 8 0.0004 0.0001 1.49 0.205 

Error 28 0.001 0.00003   

Total 44 0.070    

LSD (P = 0.05) =0.0095 

 

Appendix 33. Effect of rate and method of P application on Olsen P 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Olsen P (mg kg-1) Means 

Broad Casting 4.1 6.7 8.3 11.1 14.8 9.0a 

Band Placement 4.1 6.4 7.2 10.9 13.2 8.3b 

Top Dressing 4.1 6.8 7.6 10.1 13.1 8.3b 

Means 4.1e 6.6d 7.7c 10.7b 13.7a  

Means sharing same letters are statistically at par at 5 % level of probability. 

 



 

Appendix 34. Analysis of variance with respect to Olsen P 

Source DF SS MS F P 

Replication 2 0.001 0.00030   

Fertilizer 4 491.771 122.943 99657.7 0.0000 

Method 2 4.402 2.201 1784.15 0.0000 

Fertilizer x Method 8 5.253 0.6567 532.30 0.0000 

Error 28 0.035 0.0012   

Total 44 501.462    

LSD (P = 0.05) =0.059 

 

Appendix 35. Effect of rate and method of P application on Olsen P 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Olsen P (mg kg-1) Means 

Broad Casting 3.05 5.60 8.77 11.68 14.66 8.90a 

Band Placement 3.05 5.37 8.24 10.62 14.20 8.37b 

Top Dressing 3.05 5.48 8.52 10.96 14.44 8.59b 

Means 3.05e 5.49d 8.51c 11.09b 14.43a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 36. Analysis of variance with respect to Olsen P 

Source DF SS MS F P 

Replication 2 0.001 0.0003   

Fertilizer 4 698.80 174.70 522606 0.0000 

Method 2 2.15 1.07 3209.01 0.0000 

Fertilizer x Method 8 0.93 0.116 346.56 0.0000 

Error 28 0.009 0.0003   

Total 44 70.88    

LSD (P = 0.05) =0.031 

 

 



 

Appendix 37. Effect of rate, method of P application and FYM on Olsen P 

 

P rate (kg ha-1) 

 0 27 47 81 111 

Methods Olsen P (mg kg-1) Means 

Broad Casting 4.22 6.67 7.65 10.31 15.17 8.80a 

Band Placement 4.22 5.25 6.74 9.71 12.68 7.72c 

Top Dressing 4.22 5.73 7.09 10.03 13.32 8.08b 

Means 4.22e 5.88d 7.16c 10.02b 13.72a  

Means sharing same letters are statistically at par at 5 % level of probability 

 

Appendix 38. Analysis of variance with respect to Olsen P 

Source DF SS MS F P 

Replication 2 0.0004 0.0002   

Fertilizer 4 504.87 126.22 153745 0.0000 

Method 2 9.13 4.56 5560.43 0.0000 

Fertilizer x Method 8 5.83 0.728 887.16 0.0000 

Error 28 0.023 0.0008   

Total 44 519.85    

LSD (P = 0.05) =0.048 

 

Appendix 39. Effect of rate, method of P application and FYM on Olsen P 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Olsen P (mg kg-1) Means 

Broad Casting 4.17 6.37 9.27 11.27 16.95 9.45a 

Band Placement 4.17 5.76 8.31 10.77 13.27 8.38c 

Top Dressing 4.17 5.96 8.69 11.10 14.06 8.70b 

Means 4.17e 6.03d 8.76c 11.05b 14.76a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

 



 

Appendix 40. Analysis of variance with respect to Olsen P 

Source DF SS MS F P 

Replication 2 0.00005 0.00003   

Fertilizer 4 656.73 164.18 214019 0.0000 

Method 2 9.08 4.54 5921.61 0.0000 

Fertilizer x Method 8 15.31 1.91 2495.10 0.0000 

Error 28 0.021 0.0007   

Total 44 681.15    

LSD (P = 0.05) =0.05 

 

Appendix 41. Effect of rate and method of P application on PUE 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

PUE (%) Means 

Broad Casting 0.0 2.69 8.77 8.44 6.94 5.37c 

Band Placement 0.0 7.18 14.33 11.75 13.59 9.37a 

Top Dressing 0.0 5.88 9.41 8.97 11.52 7.16b 

Means 0.0 5.24c 10.84a 9.72b 10.69a  

Means sharing same letters are statistically at par at 5 % level of probability. 

 

Appendix 42. Analysis of variance with respect to PUE 

Source DF SS MS F P 

Replication 2 1.99 0.992   

Fertilizer 4 786.10 196.52 245.35 0.0000 

Method 2 120.25 60.13 75.06 0.0000 

Fertilizer x Method 8 55.45 6.93 8.65 0.0000 

Error 28 22.43 0.80   

Total 44 986.21    

LSD (P = 0.05) =1.50 

 

 



 

Appendix 43. Effect of rate and method of P application on PUE 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

PUE (%) Means 

Broad Casting 0.00 1.70 5.84 6.31 7.21 4.21c 

Band Placement 0.00 2.11 8.98 9.80 11.00 6.38a 

Top Dressing 0.00 1.79 5.88 7.05 9.02 4.74b 

Means 0.00e 1.87d 6.90c 7.72b 9.08a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 44. Analysis of variance with respect to PUE 

Source DF SS MS F P 

Replication 2 0.507 0.254   

Fertilizer 4 560.28 140.32 364.77 0.0000 

Method 2 38.27 19.14 49.75 0.0000 

Fertilizer x Method 8 23.45 2.93 7.62 0.0000 

Error 28 10.77 0.39   

Total 44 634.28    

LSD (P = 0.05) =1.04 

 

Appendix 45. Effect of rate, method of P application and FYM on PUE 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

PUE (%) Means 

Broad Casting 0.0 3.85 9.66 14.35 14.09 8.39c 

Band Placement 0.0 9.76 22.66 18.19 17.49 13.62a 

Top Dressing 0.0 6.79 20.62 15.16 15.01 11.52b 

Means 0.0d 6.80c 17.65a 15.90b 15.53b  

Means sharing same letters are statistically at par at 5 % level of probability 

 

 



 

Appendix 46. Analysis of variance with respect to PUE 

Source DF SS MS F P 

Replication 2 3.04 1.52   

Fertilizer 4 2045.34 511.33 373.50 0.0000 

Method 2 207.95 103.97 75.95 0.0000 

Fertilizer x Method 8 181.08 22.64 16.53 0.0000 

Error 28 38.33 1.37   

Total 44 2475.74    

LSD (P = 0.05) =1.96 

 

Appendix 47. Effect of rate, method of P application and FYM on PUE 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

PUE (%) Means 

Broad Casting 0 3.56 7.55 10.20 11.04 6.47c 

Band Placement 0 9.74 10.14 11.50 13.34 8.94a 

Top Dressing 0 6.74 8.92 11.11 12.22 7.80b 

Means 0e 6.68d 8.87c 10.94b 12.20a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 48. Analysis of variance with respect to PUE 

Source DF SS MS F P 

Replication 2 0.739 0.37   

Fertilizer 4 831.74 207.94 358.50 0.0000 

Method 2 46.04 23.02 39.69 0.0000 

Fertilizer x Method 8 31.10 4.00 6.90 0.0001 

Error 28 16.24 0.58   

Total 44 926.76    

LSD (P = 0.05) =1.27 

 

 



 

Appendix 49. Effect of rate and method of P application on protein in wheat grain 
(%) 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Protein in wheat grain (%) Means 

Broad Casting 8.5 8.5 10.4 12.7 12.7 10.60c 

Band Placement 8.5 9.5 11.5 13.2 13.2 11.21a 

Top Dressing 8.5 8.8 11.0 12.9 12.8 10.80b 

Means 8.51d 8.93c 11.00b 12.93a 12.97a  

Means sharing same letters are statistically at par at 5 % level of probability. 

 

Appendix 50. Analysis of variance with respect to protein 

Source DF SS MS F P 

Replication 2 0.013 0.0063   

Fertilizer 4 162.081 40.520 1719.18 0.0000 

Method 2 2.93 1.463 62.06 0.0000 

Fertilizer x Method 8 1.44 0.180 7.63 0.0000 

Error 28 0.66 0.024   

Total 44 167.12    

LSD (P = 0.05) =0.26 

 

Appendix 51. Effect of rate and method of P application on protein in wheat grain 
(%) 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Protein in wheat grain (%) Means 

Broad Casting 8.48 8.90 10.55 11.63 13.03 10.52b 

Band Placement 8.48 10.01 11.53 12.20 13.41 11.13a 

Top Dressing 8.48 9.39 9.62 11.12 13.05 10.33c 

Means 8.48e 9.43d 10.57c 11.65b 13.16a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

 



 

Appendix 52. Analysis of variance with respect to protein 

Source DF SS MS F P 

Replication 2 0.059 0.03   

Fertilizer 4 121.68 30.42 1138.26 0.0000 

Method 2 5.21 2.61 97.489 0.0000 

Fertilizer x Method 8 4.22 0.53 19.75 0.0000 

Error 28 0.75 0.027   

Total 44 131.92    

LSD (P = 0.05) =0.27 

 

Appendix 53. Effect of rate, method of P application and FYM on percent protein in 
wheat grain 

Methods 

P rate (kg ha-1) 

 0 27 47 81 111 

Protein in wheat grain (%) Means 

Broad Casting 9.14 10.40 12.05 13.28 13.40 11.65c 

Band Placement 9.14 12.24 13.47 13.70 14.04 12.52a 

Top Dressing 9.14 11.65 12.78 13.60 13.83 12.20b 

Means 9.14e 11.43d 12.77c 13.53b 13.76a  

Means sharing same letters are statistically at par at 5 % level of probability 

 

Appendix 54. Analysis of variance with respect to protein 

Source DF SS MS F P 

Replication 2 0.003 0.0017   

Fertilizer 4 129.98 32.50 1271.17 0.0000 

Method 2 5.76 2.88 112.73 0.0000 

Fertilizer x Method 8 3.54 0.443 17.31 0.0000 

Error 28 0.716 0.0256   

Total 44 140.00    

LSD (P = 0.05) =0.27 

 



 

Appendix 55. Effect of rate, method of P application and FYM on protein in wheat 
grain (%) 

Methods 

P rate (kg ha-1) 

 0 36 61 104 142 

Protein in wheat grain (%) Means 

Broad Casting 9.15 10.66 11.63 13.24 13.47 11.63c 

Band Placement 9.15 10.85 12.90 13.73 14.10 12.15a 

Top Dressing 9.15 10.72 12.32 13.52 13.76 11.90b 

Means 9.15e 10.74d 12.28c 13.50b 13.78a  

Means sharing the same letters are statistically at par at 5 % level of probability 

 

Appendix 56. Analysis of variance with respect to protein 

Source DF SS MS F P 

Replication 2 0.468 0.234   

Fertilizer 4 135.89 33.973 988.54 0.0000 

Method 2 2.02 1.01 29.35 0.0000 

Fertilizer x Method 8 1.44 0.18 5.25 0.0005 

Error 28 0.96 0.034   

Total 44 140.78    

LSD (P = 0.05) =0.31 

 



 

Appendix 57. Effect of P application rate with FYM on % increase/decrease in 
different parameters of wheat yield and PUE at sandy loam soil 

Parameters 

P rate (kg ha-1) 

0 27 47 81 111 

% Increase/Decrease 

No. of tillers meter-2 4.04 7.84 1.38 4.09 4.14 

Grains spike-1 1.12 -4.26 0.66 9.24 3.81 

1000 grain weight 4.96 4.80 4.11 3.21 -1.56 

Grain yield 17.50 13.85 6.27 5.56 7.18 

P conc. in grain -10.75 2.44 18.71 38.25 23.79 

Olsen P 2.93 -10.91 -7.01 -6.36 0.15 

PUE 0.00 29.77 62.82 63.58 45.28 

Protein 7.40 28.00 16.09 4.64 6.09 

 

 

Appendix 58. Effect of P application method with FYM on % increase/decrease in 
different parameters of wheat yield and PUE at sandy loam soil 

Parameters 

Methods of P application 

Broad 
Casting 

Band 
Placement Top Dressing 

% Increase/Decrease 

No. of tillers meter-2 4.16 3.99 4.47 

Grains spike-1 0.20 4.38 3.96 

1000 grain weight 4.34 3.16 1.54 

Grain yield 11.22 8.33 8.54 

P conc. in grain 25.85 13.85 18.86 

Olsen P -2.22 -6.99 -2.65 

PUE 56.24 45.36 60.89 

Protein 9.91 11.69 12.96 

 

 



 

Appendix 59. Effect of P application rate with FYM on % increase/decrease in 
different parameters of wheat yield and PUE at sandy clay loam soil 

Parameters 

P rate (kg ha-1) 

 0 36  61  104  142  

% Increase/Decrease 

No. of tillers meter-2 4.06 3.09 2.75 1.66 0.59 

Grains spike-1 14.29 9.49 9.10 14.44 13.01 

1000 grain weight 1.48 5.21 4.86 3.28 2.23 

Grain yield 5.65 20.63 10.18 8.48 11.17 

P conc. in grain -13.00 20.22 7.58 29.87 9.15 

Olsen P 36.72 9.83 2.94 0.36 2.29 

PUE 0.00 257.22 28.55 41.71 34.36 

Protein 7.90 13.89 16.18 15.88 4.71 

 

 

Appendix 60. Effect of P application method with FYM on % increase/decrease in 
different parameters of wheat yield and PUE at sandy clay loam soil 

Parameters 
Methods of P application 

Broad Casting Band Placement Top Dressing 

% Increase/Decrease 

No. of tillers meter-2 1.89 2.40 2.60 

Grains spike-1 13.05 11.90 12.50 

1000 grain weight 4.10 2.00 3.49 

Grain yield 9.87 10.39 13.44 

P conc. in grain 13.87 7.19 11.18 

Olsen P 6.18 0.12 1.28 

PUE 53.68 40.13 64.56 

Protein 10.55 9.16 15.20 

 



 

Appendix 61. Field study I. Sandy loam (SL) and sandy clay loam soil (SCL)  

Source of 
Variation 

Tillers m-2 Grains 
spike-1 

1000-Grain 
weight(g) 

Grain yield 
(Mg ha-1) 

P conc. in 
grain (%) 

Olsen P (mg 
kg-1) PUE (%) Protein (%)

SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL 

Fertilizer ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

Method ** ns ns ns ns ns ** ** ns ** ** ** ** ** ** * 

Fertilizer* 
Method ns ns ns ns ns ns ns ns ns ** ** ** ** ** ns ns 

** = Highly significant: * = Significant: ns = non-significant  

 

Appendix 62. Comparison between soils (without FYM) 

Source of Variation 
Tillers

m-2 

Grains

spike-1

1000-grain

weight (g) 

Grain yield

(Mg ha-1) 

P conc. in grain

(%) 

Olsen P 

(mg kg-1)
PUE (%) Protein (%)

Texture ns * ns * ** ** ** ** 

Method ** ns ** ** ** ** ** ** 

Texture*Method ns ns ns ns ** ** ** ** 

Fertilizer ** ** ** ** ** ** ** ** 

Texture*Fertilizer ns * ns * ** ** ** ** 

Method*Fertilizer ns ns ns ** ** ** ** ** 

Method*Fertilizer*Texture ns ns ns ns ** ** * ** 

 



 

Appendix 63. Field study II Sandy loam (SL) and sandy clay loam soil (SCL) 

Source of 
Variation 

Tillers m-2 Grains 
spike-1 

1000-Grain 
weight(g) 

Grain yield 
(Mg ha-1) 

P conc. in 
grain (%) 

Olsen P (mg 
kg-1) PUE (%) Protein (%)

SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL SL SCL 

Fertilizer ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** 

Method ** ** ns ns ns ns ** ** ** ns ** ** ** ** ** ** 

Fertilizer* 
Method ns ns ns ns ns ns ns ns ** ns ** ** ** ** ** ** 

 

Appendix 64. Comparison between soils (with FYM) 

Source of Variation 
Tillers

m-2 

Grains

spike-1

1000-grain

weight (g) 

Grain yield

(Mg ha-1) 

P conc. in grain

(%) 

Olsen P 

(mg kg-1)
PUE (%) Protein (%)

Texture * ** ns ns * ** ** ns 

Method ** ns * * ** ** ** ** 

Texture*Method ns ns ns ns * ns ** ** 

Fertilizer ** ** ** ** ** ** ** ** 

Texture*Fertilizer ns * ns ** ** ** ** ** 

Method*Fertilizer ns ns ns ns ** ** ** ** 

Method*Fertilizer*Texture ns ns ns ns ** ** ** ** 

 



 

Appendix 65. Sandy loam soil with and without FYM 

Source of Variation 
Tillers

m-2 

Grains

spike-1

1000-grain

Weight (g)

Grain yield

(Mg ha-1) 

P conc. in grain

(%) 

Olsen P 

(mg kg-1)
PUE (%) Protein (%)

FYM ** ns * ** * ** ** ** 

Method ** ns ** ** ** ** ** ** 

FYM*Method ns ns * ns * ** * ** 

Fertilizer ** ** ** ** ** ** ** ** 

FYM*Fertilizer ** ns ns ns ** ** ** ** 

Method*Fertilizer * ns ns * ** ** ** ** 

FYM*Method*Fertilizer ns ns ns ns ** ** ** ** 

 

Appendix 66. Sandy clay loam soil with and without FYM 

Source of Variation 
Tillers

m-2 

Grains

spike-1

1000-grain

weight (g) 

Grain yield

(Mg ha-1) 

P conc. in grain

(%) 

Olsen P 

(mg kg-1)
PUE (%) Protein (%)

FYM ns * ns * ** ** ** ** 

Method ** ns * ** ** ** ** ** 

FYM*Method ns ns ns ns ** ** ns ** 

Fertilizer ** ** ** ** ** ** ** ** 

FYM*Fertilizer ns ns ns ns ** ** ** ** 

Method*Fertilizer ns ns ns ns ** ** ** ** 

FYM*Method*Fertilizer ns ns ns ns ** ** ** ** 
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Appendix 67. Analysis of variance with respect to interaction for tillers m-2 

Source DF SS MS F P 

Replication 2 184 92.1   

Irrigation 3 12890 4296.6 24.46 0.0000 

Fertilizer 3 84996 28332.0 161.29 0.0000 

Method 1 2147 2147.0 12.22 0.0009 

Irrigation x Fertilizer 9 1655 183.9 1.05 0.4143 

Irrigation ×Method 3 46 15.5 0.09 0.9664 

Fertilizer x Method 3 1800 599.9 3.42 0.0227 

Irrigation x Fertilizer x method 9 294 32.6 0.19 0.9949 

Error 62 10891 175.7   

Total 95 114902    

LSD (P=0.05) 21.63 

 

Appendix 67.1. Effect of interaction of rate and method of P application on 
tillers m-2 

P rate (kg ha-1) 0 47 81 111 

Method BP BC BP BC BP BC BP BC 

Tillers m-2 229.5f 229.5f 283.5d 259.75e 311a 304ab 299.75bc 291.25cd
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Appendix 68. Analysis of variance with respect to interaction for Grains 
Spike-1 

Source DF SS MS F P 

Replication 2 23.33 11.66   

Irrigation 3 202.28 67.43 6.34 0.0008 

Fertilizer 3 2086.88 695.63 65.44 0.0000 

Method 1 48.45 48.45 4.56 0.0367 

Irrigation x Fertilizer 9 47.49 5.28 0.50 0.8715 

Irrigation ×Method 3 8.74 2.91 0.27 0.8440 

Fertilizer x Method 3 22.75 7.58 0.71 0.5478 

Irrigation x Fertilizer x method 9 33.33 3.70 0.35 0.9545 

Error 62 659.08 10.63   

Total 95 3132.32    

LSD (P=0.05) 5.32 

 

Appendix 69.  Analysis of variance with respect to interaction for 1000-grain 
weight 

Source DF SS MS F P 

Replication 2 3.18 1.59   

Irrigation 3 726.86 242.29 73.67 0.0000 

Fertilizer 3 1360.62 453.54 137.91 0.0000 

Method 1 25.63 25.63 7.79 0.0070 

Irrigation x Fertilizer 9 161.38 17.93 5.45 0.0000 

Irrigation ×Method 3 1.04 0.35 0.11 0.9565 

Fertilizer x Method 3 9.56 3.19 0.97 0.4132 

Irrigation x Fertilizer x method 9 9.18 1.02 0.31 0.9688 

Error 62 203.90 3.29   

Total 95 2501.33    

LSD (P=0.05) 2.96 
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Appendix 69.1.  Effect of interaction of number of irrigation and P rate on 
1000-grain weight 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) 1000-grain weight (g) 

0 24.53j 26.37ij 27.4i 26.83i 

47 28.18hi 31.35fg 35.03de 33.12ef 

81 31.63fg 32.52f 41.38a 38.6bc 

111 30.18gh 32.27fg 39.48ab 36.85cd 

 

Appendix 70.  Analysis of variance with respect to interaction for grain yield 

Source DF SS MS F P 

Replication 2 0.78 0.39     

Fertilizer 3 81.16 27.05 788.72 0.0000 

Method 1 0.11 0.11 3.23 0.0773 

Irrigation 3 27.72 9.24 269.37 0.0000 

Fertilizer x Method 3 0.04 0.01 0.39 0.7575 

Fertilizer ×Irrigation 9 5.61 0.62 18.18 0.0000 

Method x Irrigation 3 0.01 0.00 0.10 0.9596 

Fertilizer x Method x Irrigation 9 0.04 0.00 0.14 0.9982 

Error 62 2.13 0.03     

Total 95 117.61       

LSD (P=0.05) 0.0302 

Appendix 70.1  Effect of interaction of number of irrigation and P rate on 
grain yield Mg ha-1 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Grain yield Mg ha-1 

0 1.34i 1.55hi 1.75h 1.69h 

47 2.10g 3.10e 4.11bc 4.00c 

81 3.15e 3.71d 4.48a 4.43a 

111 2.67f 3.57d 4.27ab 4.18bc 
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Appendix 71.  Analysis of variance with respect to interaction for P % in 
grain 

Source DF SS MS F P 

Replication 2 0.0004 0.0002   

Fertilizer 3 0.1058 0.0353 658.56 0.0000 

Method 1 0.0060 0.0060 112.40 0.0000 

Irrigation 3 0.0886 0.0295 551.45 0.0000 

Fertilizer x Method 3 0.0027 0.0009 16.76 0.0000 

Fertilizer × Irrigation 9 0.0661 0.0074 137.32 0.0000 

Method x Irrigation 3 0.0006 0.0002 3.48 0.0211 

Fertilizer x Method x Irrigation 9 0.0018 0.0002 3.81 0.0007 

Error 62 0.0033 0.0001   

Total 95 0.275    

LSD (P=0.05) 0.0119 

 

Appendix 71.1. Effect of interaction of rate and method of P application on P 
% in grain 

P rate (kg ha-1) 0 47 81 111 

Method BP BC BP BC BP BC BP BC 

P concentration in grain (%) 0.11f 0.11f 0.14d 0.12e 0.16c 0.14d 0.22a 0.19b

 

Appendix 71.2.  Effect of interaction of number of irrigation and method of P 
application on P % in grain 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

P concentration in grain (%) 0.12f 0.11g 0.13e 0.12f 0.16c 0.14d 0.21a 0.18b
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Appendix 71.3.  Effect of interaction of number of irrigation and P rate on P % 
in grain 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) P concentration in grain (%) 

0 0.11ij 0.10j 0.11hi 0.13fg 

47 0.11ij 0.12gh 0.14e 0.16d 

81 0.12gh 0.13ef 0.16d 0.18c 

111 0.13efg 0.16d 0.20b 0.32a 

 

Appendix 71.4.  Effect interaction of number of irrigation, rate and method of 
P application on P % in grain 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) P concentration in grain (%) 

0 

BP 0.11mn 0.10n 0.11lmn 0.13jk 

BC 0.11mn 0.10n 0.11lmn 0.13jk 

47 

BP 0.12klm 0.13jk 0.15hi 0.16fg 

BC 0.10n 0.11lmn 0.13jk 0.15gh 

81 

BP 0.13jk 0.14ij 0.18de 0.19d 

BC 0.11lmn 0.12kl 0.14hi 0.17ef 

111 

BP 0.14ij 0.17ef 0.21c 0.35a 

BC 0.12kl 0.15hi 0.19d 0.29b 
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Appendix 72.   Analysis of variance with respect to interaction for Olsen P 

Source DF SS MS F P 

Replication 2 0.0005 0.0002   

Irrigation 3 51.727 17.242 23098.5 0.0000 

Fertilizer 3 676.27 225.42 301983 0.0000 

Method 1 23.711 23.711 31763.9 0.0000 

Irrigation x Fertilizer 9 29.086 3.2318 4329.43 0.0000 

Irrigation ×Method 3 0.796 0.2652 355.32 0.0000 

Fertilizer x Method 3 24.463 8.1541 10923.6 0.0000 

Irrigation x Fertilizer x method 9 3.213 0.3570 478.21 0.0000 

Error 62 0.0463 0.00074   

Total 95 809.31    

LSD (P=0.05) 0.045 

 

Appendix 72.1. Effect of interaction of rate and method of P application on 
Olsen P (mg kg-1) 

P rate (kg ha-1) 0 47 81 111 

Method BP BC BP BC BP BC BP BC 

Olsen P (mg kg-1) 3.22g 3.22g 5.39f 5.74e 6.03d 7.03c 9.26b 11.89a

 

Appendix 72.2.  Effect of interaction of number of irrigation and method of P 
application on Olsen P (mg kg-1) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

Olsen P (mg kg-1) 7.10c 8.02a 6.05f 7.36b 5.56g 6.38d 5.19h 6.12e
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Appendix 72.3.   Effect of interaction of number of irrigation and P rate on 
Olsen P (mg kg-1) 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Olsen P (mg kg-1) 

0 3.26m 3.25m 3.22n 3.16o 

47 6.61g 5.83i 5.14k 4.69l 

81 7.45e 6.67f 6.2h 5.79j 

111 12.92a 11.06b 9.33c 8.98d 

 

Appendix 72.4.  Effect interaction of number of irrigation, rate and method of 
P application on Olsen P (mg kg-1) 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) Olsen P (mg kg-1) 

0 

BP 3.26v 3.25vw 3.22w 3.16x 

BC 3.26v 3.25vw 3.22w 3.16x 

47 

BP 6.58n 5.23r 5.12s 4.64u 

BC 6.63m 6.43o 5.16s 4.74t 

81 

BP 7.27j 6.15p 5.56q 5.13s 

BC 7.63i 7.19k 6.84l 6.45o 

111 

BP 11.27c 9.58f 8.34g 7.84h 

BC 14.57a 12.55b 10.31d 10.11e 
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Appendix 73.  Analysis of variance with respect to interaction for P use 
efficiency (%) 

Source DF SS MS F P 

Replication 2 1.11 0.554   

Irrigation 3 1697.66 565.885 1989.62 0.0000 

Fertilizer 3 2950.86 983.618 3458.34 0.0000 

Method 1 62.87 62.872 221.05 0.0000 

Irrigation x Fertilizer 9 711.72 79.080 278.04 0.0000 

Irrigation ×Method 3 4.74 1.579 5.55 0.0019 

Fertilizer x Method 3 21.79 7.263 25.54 0.0000 

Irrigation x Fertilizer x method 9 6.72 0.747 2.62 0.0122 

Error 62 17.63 0.284   

Total 95 5475.09    

LSD (P=0.05) 0.870 

 

Appendix 73.1.  Effect of interaction of rate and method of P application on 
PUE (%) 

P rate (kg ha-1) 0 47 81 111 

Method BP BC BP BC BP BC BP BC 

PUE (%) 0f 0f 15.91a 13.46b 12.39c 10.45d 12.06c 9.98e

 

Appendix 73.2.  Effect of interaction of number of irrigation and method of P 
application on PUE (%) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

PUE (%) 3.90f 3.00g 8.16d 6.55e 12.91b 11.03c 15.40a 13.32b
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Appendix 73.3.  Effect of interaction of number of irrigation and P rate on PUE 
(%) 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) PUE (%) 

0 0l 0l 0l 0l 

47 4.08k 11.73g 20.33b 22.60a 

81 5.03j 9.18h 14.88e 16.61d 

111 4.69jk 8.50i 12.66f 18.24c 

 

Appendix 73.4.  Effect interaction of number of irrigation, rate and method of 
P application on PUE (%) 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) PUE (%) 

0 

BP 0p 0p 0p 0p 

BC 0p 0p 0p 0p 

47 

BP 4.69mn 13.37h 21.73b 23.86a 

BC 3.48no 10.08j 18.90d 21.35b 

81 

BP 5.62l 9.93j 16.34fg 17.69e 

BC 4.44mn 8.43k 13.41h 15.53g 

111 

BP 5.31lm 9.33j 13.56h 20.06c 

BC 4.07no 7.68k 11.77i 16.41f 
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Appendix 74.  Analysis of variance with respect to interaction for protein in 
grain (%) 

Source DF SS MS F P 

Replication 2 0.108 0.052   

Irrigation 3 35.451 11.817 575.47 0.0000 

Fertilizer 3 260.356 86.785 4226.30 0.0000 

Method 1 15.336 15.336 746.84 0.0000 

Irrigation x Fertilizer 9 8.213 0.913 44.44 0.0000 

Irrigation ×Method 3 0.688 0.229 11.17 0.0000 

Fertilizer x Method 3 7.055 2.352 114.53 0.0000 

Irrigation x Fertilizer x method 9 0.748 0.083 4.05 0.0004 

Error 62 1.273 0.021   

Total 95 329.228    

LSD (P=0.05) 0.234 

 

Appendix 74.1.  Effect of interaction of rate and method of P application on 
protein in grain (%) 

P rate (kg ha-1) 0 47 81 111 

Method BP BC BP BC BP BC BP BC 

Protein in grain (%) 8.01g 8.01g 10.39e 8.94f 11.84c 10.75d 12.67a 12.02b

 

Appendix 74.2.  Effect of interaction of number of irrigation and method of P 
application on protein in grain (%) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

Protein in grain (%) 10.51c 9.82e 10.04d 9.36f 11.88a 10.79b 10.48c 9.73e
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Appendix 74.3.  Effect of interaction of number of irrigation and P rate on 
protein in grain (%) 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Protein in grain (%) 

0 7.75l 7.60l 8.70j 7.96k 

47 9.14i 8.71j 11.20f 9.59h 

81 11.11f 10.50g 12.38c 11.18f 

111 12.66b 12.00d 13.05a 11.69e 

 

Appendix 74.4.  Effect interaction of number of irrigation, rate and method of 
P application on protein in grain (%) 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) Protein in grain (%) 

0 

BP 7.75st 7.60t 8.70p 7.96rs 

BC 7.75st 7.60t 8.70p 7.96rs 

47 

BP 9.88m 9.27n 12.15fg 10.24l 

BC 8.40q 8.15q 10.23l 8.95o 

81 

BP 11.67h 10.98j 13.00b 11.70h 

BC 10.55k 10.01lm 11.77h 10.66k 

111 

BP 12.73c 12.31ef 13.65a 12.01g 

BC 12.60cd 11.69h 12.45de 11.36i 
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Appendix 75.  Analysis of variance with respect to interaction for tillers m-2 

Source DF SS MS F P 

Replication 2 754 376.9   

Irrigation 3 26020 8673.5 43.21 0.0000 

Fertilizer 3 110985 36995.1 184.31 0.0000 

Method 1 1269 1268.8 6.32 0.0145 

Irrigation x Fertilizer 9 4033 448.1 2.23 0.0313 

Irrigation ×Method 3 27 9.1 0.05 0.9871 

Fertilizer x Method 3 540 179.9 0.90 0.4483 

Irrigation x Fertilizer x method 9 107 11.9 0.06 1.0000 

Error 62 12445 200.7   

Total 95 156180    

LSD (P=0.05) 23.12 

 

Appendix 75.1. Effect of interaction of number of irrigation and P rate on 
tillers m-2 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Tillers m-2 

0 205.7h 210.7h 220.0h 218.0h 

61 255.8g 265.3fg 298.0c 289.8cd 

104 273.2ef 289.5cde 325.8a 318ab 

142 261.3fg 277.2def 316.2ab 304.3bc 
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Appendix 76.  Analysis of variance with respect to interaction for grains 
spike-1 

Source DF SS MS F P 

Replication 2 82.91 41.46   

Irrigation 3 193.90 64.63 5.79 0.0015 

Fertilizer 3 952.62 317.54 28.44 0.0000 

Method 1 15.20 15.20 1.36 0.2478 

Irrigation x Fertilizer 9 10.16 1.13 0.10 0.9995 

Irrigation ×Method 3 6.81 2.27 0.20 0.8937 

Fertilizer x Method 3 11.85 3.95 0.35 0.7865 

Irrigation x Fertilizer x method 9 12.09 1.34 0.12 0.9991 

Error 62 692.31 11.17   

Total 95 1977.85    

LSD (P=0.05) 5.45 

 

 

Appendix 77.  Analysis of variance with respect to interaction for 1000-grain 
weight 

Source DF SS MS F P 

Replication 2 23.07 11.53   

Irrigation 3 262.27 87.42 22.96 0.0000 

Fertilizer 3 2599.26 866.42 227.53 0.0000 

Method 1 21.76 21.76 5.71 0.0199 

Irrigation x Fertilizer 9 23.26 2.59 0.68 0.7250 

Irrigation ×Method 3 1.27 0.43 0.11 0.9530 

Fertilizer x Method 3 7.59 2.53 0.66 0.5770 

Irrigation x Fertilizer x method 9 1.30 0.14 0.04 1.0000 

Error 62 236.09 3.81   

Total 95 3175.87    

LSD (P=0.05) 3.19 
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Appendix 78.  Analysis of variance with respect to interaction for grain yield 

Source DF SS MS F P 

Replication 2 0.625 0.313   

Irrigation 3 21.601 7.200 92.24 0.0000 

Fertilizer 3 80.314 26.771 342.95 0.0000 

Method 1 0.128 0.128 1.63 0.2058 

Irrigation x Fertilizer 9 4.959 0.551 7.06 0.0000 

Irrigation ×Method 3 0.015 0.005 0.06 0.9786 

Fertilizer x Method 3 0.045 0.015 0.19 0.9024 

Irrigation x Fertilizer x method 9 0.021 0.002 0.03 1.0000 

Error 62 4.840 0.078   

Total 95 112.547    

LSD (P=0.05) 0.46 

 

Appendix 78.1.  Effect of interaction of number of irrigation and P rate on 
grain yield Mg ha-1 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Grain yield Mg ha-1 

0 1.49g 1.59fg 1.88f 1.85f 

61 2.26e 3.51bc 3.66bc 3.65bc 

104 3.37c 3.74b 4.58a 4.55a 

142 2.72d 3.72b 4.40a 4.36a 
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Appendix 79.  Analysis of variance with respect to interaction for P % in 
grain 

Source DF SS MS F P 

Replication 2 0.0002 0.0001   

Irrigation 3 0.130 0.0432 312.22 0.0000 

Fertilizer 3 0.181 0.0603 435.75 0.0000 

Method 1 0.104 0.0104 75.22 0.0000 

Irrigation x Fertilizer 9 0.070 0.0078 55.96 0.0000 

Irrigation ×Method 3 0.001 0.0003 2.47 0.0704 

Fertilizer x Method 3 0.004 0.0012 8.77 0.0001 

Irrigation x Fertilizer x method 9 0.001 0.0002 1.08 0.388 

Error 62 0.009 0.0001   

Total 95 0.406    

LSD (P=0.05) 0.019 

 

Appendix 79.1.  Effect of interaction of rate and method of P application on P 
% in grain 

P rate (kg ha-1) 0 61 104 142 

Method BP BC BP BC BP BC BP BC 

P concentration in grain (%) 0.11f 0.11f 0.15d 0.13e 0.17c 0.15d 0.24a 0.21b

 

Appendix 79.2.  Effect of interaction of number of irrigation and P rate on P % 
in grain 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) P concentration in grain (%) 

0 0.10i 0.10i 0.11gh 0.12gh 

61 0.11hi 0.13fg 0.16e 0.18d 

104 0.11gh 0.16e 0.18d 0.20c 

142 0.14f 0.18d 0.23b 0.35a 
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Appendix 80.  Analysis of variance with respect to interaction for Olsen P 

Source DF SS MS F P 

Replication 2 0.00046 0.00023   

Irrigation 3 70.3808 23.4603 55939.2 0.0000 

Fertilizer 3 991.609 330.536 788139 0.0000 

Method 1 16.3845 16.3845 39067.7 0.0000 

Irrigation x Fertilizer 9 71.6143 7.95714 18973.2 0.0000 

Irrigation ×Method 3 4.70239 1.56746 3737.50 0.0000 

Fertilizer x Method 3 15.4214 5.14048 12257.1 0.0000 

Irrigation x Fertilizer x method 9 14.7862 1.64291 3917.40 0.0000 

Error 62 0.02600 0.00042   

Total 95 1184.92    

LSD (P=0.05) 0.0334 

 

Appendix 80.1. Effect of interaction of rate and method of P application on 
Olsen P (mg kg-1) 

P rate (kg ha-1) 0 61 104 142 

Method BP BC BP BC BP BC BP BC 

Olsen P (mg kg-1) 3.14g 3.14g 4.96f 5.34e 5.95d 6.75c 10.75b 12.88a

 

Appendix 80.2.  Effect of interaction of number of irrigation and method of P 
application on Olsen P (mg kg-1) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

Olsen P (mg kg-1) 7.55c 8.15a 6.09e 7.68b 5.88f 6.52d 5.29h 5.78g

 



 cc

Appendix 80.3.  Effect of interaction of number of irrigation and P rate on 
Olsen P (mg kg-1) 

 

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Olsen P (mg kg-1) 

0 3.22m 3.18n 3.14o 3.05p 

61 6.04h 5.41j 4.66k 4.49l 

104 7.01e 6.44f 6.21g 5.74i 

142 15.13a 12.50b 10.78c 8.85d 

 

 

Appendix 80.4.  Effect interaction of number of irrigation, rate and method of 
P application on Olsen P (mg kg-1) 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) Olsen P (mg kg-1) 

0 

BP 3.22y 3.18z 3.14A 3.05B 

BC 3.22y 3.18z 3.14A 3.05B 

61 

BP 5.81p 5.11s 4.56w 4.35x 

BC 6.26n 5.71r 4.77u 4.63v 

104 

BP 6.93j 6.06o 5.76q 5.06t 

BC 7.09i 6.81k 6.67l 6.42m 

142 

BP 14.25c 10.00f 10.06e 8.70h 

BC 16.01a 15.00b 11.50d 9.00g 
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Appendix 81.  Analysis of variance with respect to interaction for P use 
efficiency (%) 

Source DF SS MS F P 

Replication 2 2.10 1.05   

Irrigation 3 1220.12 406.71 1015.69 0.0000 

Fertilizer 3 1919.43 639.81 1597.84 0.0000 

Method 1 54.57 54.57 136.29 0.0000 

Irrigation x Fertilizer 9 428.07 47.56 118.78 0.0000 

Irrigation ×Method 3 8.39 2.80 6.99 0.0004 

Fertilizer x Method 3 22.23 7.41 18.50 0.0000 

Irrigation x Fertilizer x method 9 4.34 0.48 1.20 0.3094 

Error 62 24.83 0.40   

Total 95 3684.08    

LSD (P=0.05) 1.03 

 

Appendix 81.1. Effect of interaction of rate and method of P application on 
PUE (%) 

P rate (kg ha-1) 0 61 104 142 

Method BP BC BP BC BP BC BP BC 

PUE (%) 0d 0d 12.12a 9.44c 11.07b 9.37c 10.73b 9.07c

 

Appendix 81.2.  Effect of interaction of number of irrigation and method of P 
application on PUE (%) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

PUE (%) 3.01f 2.41g 7.00d 5.58e 10.68b 8.85c 13.23a 11.05b
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Appendix 81.3.  Effect of interaction of number of irrigation and P rate on PUE 
(%) 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) PUE (%) 

0 0k 0k 0k 0k 

61 3.11j 9.38f 13.58d 17.06a 

104 3.96i 8.40g 13.29d 15.23c 

142 3.78ij 7.38h 12.19e 16.26b 

 

 

Appendix 82.  Analysis of variance with respect to interaction for Protein in 
grain (%) 

Source DF SS MS F P 

Replication 2 0.192 0.096   

Irrigation 3 56.190 18.730 887.56 0.0000 

Fertilizer 3 211.063 70.355 3333.91 0.0000 

Method 1 1.038 1.038 49.16 0.0000 

Irrigation x Fertilizer 9 14.461 1.607 76.14 0.0000 

Irrigation ×Method 3 0.398 0.133 6.29 0.0009 

Fertilizer x Method 3 0.878 0.293 13.87 0.0000 

Irrigation x Fertilizer x method 9 1.582 0.176 8.33 0.0000 

Error 62 1.308 0.021   

Total 95 287.110    

LSD (P=0.05) 0.237 

 

Appendix 82.1. Effect of interaction of rate and method of P application on 
protein in grain (%) 

P rate (kg ha-1) 0 61 104 142 

Method BP BC BP BC BP BC BP BC 

Protein in grain (%) 7.27f 7.27f 9.45d 9.14e 10.05c 9.99c 11.60a 11.13b
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Appendix 82.2. Effect of interaction of number of irrigation and method of P 
application on protein in grain (%) 

Number of irrigation 0 2 3 4 

Method BP BC BP BC BP BC BP BC 

Protein in grain (%) 9.35d 9.02e 8.69f 8.41g 10.76a 10.55b 9.56c 9.57c

 

Appendix 82.3. Effect of interaction of number of irrigation and P rate on 
protein in grain (%) 

  

Number of irrigation 

0 2 3 4 

P rate (kg ha-1) Protein in grain (%) 

0 7.22k 7.01l 7.75j 7.09kl 

61 9.12g 8.30i 10.60e 9.15g 

104 9.20g 8.49h 11.77b 10.62e 

142 11.19d 10.39f 12.49a 11.40c 

 

Appendix 82.4.  Effect interaction of number of irrigation, rate and method of 
P application on protein in grain (%) 

  

  Number of irrigation 

Method 

0 2 3 4 

P rate (kg ha-1) Protein in grain (%) 

0 

BP 7.22q 7.01q 7.75p 7.09q 

BC 7.22q 7.01q 7.75p 7.09q 

61 

BP 9.41k 8.44n 10.64h 9.31k 

BC 8.84lm 8.17o 10.56hi 8.99l 

104 

BP 9.48k 8.68m 11.70cd 10.34ij 

BC 8.91lm 8.30no 11.86bc 10.90g 

142 

BP 11.28ef 10.65h 12.99a 11.51de 

BC 11.10fg 10.15j 12.01b 11.28ef 

 

 

 


