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Abstract 

Phosphorus is the 2nd nutrient that is scarce (< 10 mg P kg−1 soil) after nitrogen (N) in 90%> 

of soils in Pakistan. The phosphorus contents decreased in calcareous salt affected soils. 

Salinity decreases the progress of plants and availability of macro and micronutrients due 

to high soil pH. Liquid fertilizers are more efficient than granular fertilizers due their rapid 

availability to the plants and less fixation in the soil. Phosphoric acid is the phosphorus 

containing liquid fertilizer which not only improves the availability of phosphorus to the 

plants, as well as it improves the availability of other nutrients like potassium, iron and 

copper. Potassium humate (PH) is the potassium salt of humic acid (HA) contains 5.2% 

K2O and 32% carbon. A successive trials were undertaken at different locations of 

University of Agriculture Faisalabad including field and pot experiments. Nitrogen (N), 

Phosphorus(P) and potassium(K) were applied by using Urea, SSP and SOP in case of 

control. Phosphorus was applied through phosphoric acid (10% and 50%) while PH was 

applied 50 and 100 kg ha-1. NPK rate of 200-150-200 kg ha-1 was followed for maize hybrid 

Pioneer 30Y87. Similarly for wheat recommended NPK dose 120-90-60 kg ha-1 was 

followed. Pot and field trial were harvested at maturity while lysimeter trial was harvested 

at flowering stage (65 days) and leachate was collected three time during growth period 

with an interval of 20 days. Plants were picked and all the samples were analyzed for 

growth, ionic and quality parameters. The results showed that in pot experiments growth 

was more with the use of 50 kg ha-1 PH and phosphoric acid (10 and 50%). All the nutrients 

were available in the next crop up to 25% as compared to the previous crop growth. While 

in case of lysimeter growth was more in mutual use of phosphoric acid and PH. Phosphorus 

concentration was more where phosphoric acid was applied alone however leaching of 

nutrients was more due to light texture of theused soil especially macro nutrients (N, P and 

K). Micronutrients were not detected in all the leachate samples. Results of field experiment 

showed the mutual use of phosphoric acid and PH considerably improved the grain ash 

contents, soil microbial biomass and soil respiration whereas the grain gluten contents were 

reduced as related to control. There was noteworthy +ve correlation among soil and crop 

quality parameters. Grain yield was positively associated with dry weight of shoot (r2 = 

0.7592). However grain ash contents had significant negative correlation. Post-harvest 

analysis showed the destructive correlation among grain yield and ECe or with SAR. In 

field experiment higher level of both the amendments perform best as compared to other 

treatment including the quality parameters as well. All the data were analyzed statistically 

under CRD design in pot and lysimeter experiment whereas data of field experiment were 

analysed under RCBD design with Tukey multiple comparison test using STATISTICS 8.1 

(R) software package. 
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Chapter-1            INTRODUCTION 

 Plant yield and growth is highly affected by salt stress, all over the world (Abbasi 

et al., 2012). 100 mha of cultivated land worldwide is under salinity which eventually 

declines crop production (Ghassemi et al., 1995). Each crop has its own threshold limit for 

salinity and sodicity at lower and higher ECe respectively (Munns, 2005; Jamil et al., 

2011). About 20 % of cultivated world lands are salt affected which are 33% of irrigated 

agricultural lands. Soils are converting to saline soils with a speed of 10% per year; as a 

result of different reasons; including less precipitation, more evapotranspiration, using 

saline irrigation water, weathering of parent rocks and non-suitable cultural practices. It is 

expected that almost 50 % of fertile soils would be salt affected up to 2050 (Jamil et al., 

2011).  In Pakistan 6.68 mha soils are under salt stress with more share 2.67 mha from 

Punjab Province which have modest to extraordinary salinity and sodicity (Ghaffor et al., 

2004).   

The soils with ECe ≥ 4 dS m-1, SAR < 13.2, ESP < 15, and pHs < 8.5 are called saline soils. 

However soils containing ECe< 4, ESP ≥ 15, SAR ≥ 13.5 and pHs ≥ 8.5 are refered as sodic. 

Similarly saline-sodic are those soils which have ECe ≥ 4, ESP ≥ 15, SAR ≥ 13.2 and pHs 

≥ 8.5 (US Salinity Lab Staff, 1954).  

Salinity intensely affects rhizosphere environment as it increases the osmotic 

potential in root zone. Micronutrients especially (Cu, Mn, Fe, Zn and Mo) become deficient 

in plants growing on salt affected soils due to the less solubilisation of these elements (Page 

et al., 1990). 

Phosphorus ion precipitate with Ca+2 ions hence its availability reduces (Bano and 

Fatima, 2009) due to more Na+ build up in cell walls which can rapidly leads to salinity 

stress and apoptosis (Munns, 2002). Salt stress affects whole plant food production process 

known as photosynthesis by disturbing the morphology and physiology of the plant 

(Netondo et al., 2004). Plant growth and yield during whole life cycle is affected by salinity 

which is not required. When soil salinity and sodicity level changes then it affects the all 

soil chemical and physical properties and affects the decomposition of organic matter and 

nutrient dynamics (Wong et al. 2005). 

A range of responses are exhibited by agricultural crops under salinity. Salinity 

decreases the yield and overall agricultural production of crops, a huge number of soil 

assets and ecology of soil are also changed. Salinity causes mainly less agricultural 
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productivity, reduced economic returns as well as soil erodibility, (Hu and Schmidhalter, 

2002). Different responses of salinity are due to the complicated reactions in between 

morphological, biochemical, and physiological processes as well as seed sprouting, crop 

growing, uptake of water and nutrient (Akbarimoghaddam et al., 2011).  

The soils in Pakistan are generally alkaline and sodication of soils further causes 

increase in pH that results in reduction in availability of phosphorus and some other 

nutrients in soil (Alam et al., 2003). In salt-affected soils, the conventional phosphorus 

containing fertilizers showed inefficiency and causes low yield of wheat (Sial et al., 2005 

and Sarwar et al., 2008) over long time. Application of liquid phosphorus fertilizers having 

soil acidification effect can not only enhance crop yield in salt-affected soils but could also 

ameliorate such soils by lowering their pH and SAR. PA is a liquid fertilizer, which has 

revealed to help plants for high nutrient availability (Rengrudkij and Partida., 2003). Using 

phosphoric acid is an efficient way not only for improving soil fertility; as well as 

improving soil reclamation due to the dissolution of calcium carbonate with less amount of 

water as compared to gypsum (Gharaibeh, et al., 2012).  Farming grade (green) H3PO4 is a 

fresh substance to make DAP by increasing its value, however the cost of production, 

energy and labour cost increases by following this procedure. Therefore, applying 

phosphoric acid directly is the most, suitable, economical and reliable way for phosphorus 

availability (Akhtar, et al., 2016). 

Phosphoric acid is usually used to produce P fertilizers which is a costly and energy 

consuming process. However, its direct use has been observed effecient when used with 

irrigation next to emergence of wheat and maize developed under alkaline and calcareous 

soil conditions. Less amount of PA is required to fulfil the same amount of phosphorus in 

comparison to solid fertilizers. (Hussain et al., 2011). Some Australian scientists also 

confirmed the superiority of liquid Phosphatic fertilizers over the granular P-fertilizer and 

produced 31% more wheat yield using soluble P-fertilizers in comparison to granular 

fertilizer (Holloway et al., 2001). Organic matter increases by using phosphoric acid and 

PH in the soil which ultimately improves the H2O holding capability of the soil. Use of PA 

application enhanced the seedling seprouting of sugar beet. It has no adverse effect on OM 

(Robbins et al., 1972). 

In Pakistan farmers are using phosphoric and PH more and more without knowing 

the chemistry and reactions carried out by these substances. A lot of experimentation is 
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needed by using phosphoric acid with different concentrations keeping in mind the 

economic problems of the farmer. Farmers are using phosphoric acid as liquid phosphatic 

fertilizer however; there is need of long term experimentation by using phosphoric acid. 

When phosphoric acid is added in the soil it dissolves the native CaCO3 which improve the 

nutrient availability but mineralogy of soil might be changed, or some nutrients might be 

leached down (Robbins 1986). 

When organic substances like PH are applied to the soil then it decreases the bulk 

density and pH while increases the accessible K, P and N and OC- content in the soil 

(Dhanushkodi and Subrahmaniyan, 2012). Phosphate is less available in saline soils, this is 

not only due to ionic size which decrease the PO4
-3 reactions. There is another reason of 

this problem which is adsoption, desorption process and also low Ca-P solubility. 

Due to high evapotranspiration and low precipitation organic matter is low in salt 

affected soils which is the main reason to low plant productivity. To alleviate the 

deleterious response of saline and sodic conditions, farmer’s common practice is addition 

of organic substances like farm yard manure, compost, green manure and humic substances. 

These substances improve soil properties but also improve producing ability of salt affected 

soils (Yadvinder et al. 2005).  

Potassium humate is a product which is obtained by OM decomposition, improve 

plant growth by complexing unreachable nutrients and also fight back the change in pH of 

soil (Tahir et al., 2011). K-humate is the salt of HA. PH is dark in colored which is water 

soluble and alkali insoluble (Patil, 2011). Actually, it stimulates soil structure which 

increases the WHC of the soil. Soil organism gets a lot of benefits, while its chemistry 

relates as complex for adsorption and desorption for many inorganic nutrients (Brannon 

and Sommers, 1985). The complexes favour the plant by converting the elements into 

suitable form useable to the plant (Vaughan and Donald, 1976) depending upon the soil 

acidity or alkalinity, as Fe-Al-P bond can be broken down in acidic soils while Ca-P bond 

in alkaline soils which discharge P in soil water and increases the accessibility for growing 

crops (Malcolm and Vaughan, 1979; Hajra and Debnath, 1987).  

Farmers are using potassium humate for improvement of soil health and nutrient 

accessibility in normal and salt stressed soils. Khattak et al. (2013) recognised the useful 

outcome of K-humate on crop yield in saline-sodic soils to its part in supporting 
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microscopic evolution, cation exchange capacity and enzyme action. It acts as a binding 

agent and enhances the accessibility of mineral nutrients. 

Maize (Zea mays L.) is ranked 3rd cereal which is very important after rice and 

wheat all over the world. Grain of maize is widely used for the making of starch, syrup, oil 

dextrose, corn flakes, grain cake, gluten, acetone and lactic acid which are used by various 

industries such as foundary, textile, fermentation and food industries (Awwad, et al., 2015).  

Both phosphoric acid and PH can be used as fertilizer for increasing the nutrients 

availability however less literature is available on the phosphoric acid application and PH 

as a reclaimant in salt affected soil. Farmers did not know the exact chemistry of phosphoric 

acid and its reactions to use this acid efficiently and economically. Wheat and maize are 

both grain crops and have high edibility in Pakistan. Both are highly nutritious as wheat is 

staple food in Pakistan. Salt affectes the yield and growth of wheat and maize (Huang and 

Rozelle, 1995). There is a need to check the new genotypes of wheat and maize against salt 

stress. 

Keeping in mind the above discussed facts a successive experiments were carried 

out including following objectives: 

 To investigate the effect of phosphoric acid and potassium humate on availability 

of macro (N,P,K) and micro nutrients (Fe, Zn, Cu, Mn) in maize 

 To estimate the residual response of phosphoric acid and K-humate on yield and 

growth of wheat in saline-sodic soil 

 To investigate salt leaching and nutrient movement by using phosphoric acid and 

potassium humate in maize 

 To investigate soil and crop quality with phosphoric and potassium humate 

application in saline-sodic soil in wheat 
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CHAPTER-2               REVIEW OF LITERATURE 

Environmental concerns becoming more and more as a result of global warming. 

Global water consumption is also increasing due to the more population burden for which 

more food is needed. The agricultural land of Pakistan have arid to semi-arid climate with 

very less yearly precipitation. Whereas evapotranspiration is high, so salt leaching in such 

soils is inadequate which results in salt accumulation on soil surface. 

Fertility status of nutrient deficient soils can be enhanced either through fertilizer 

inputs or by organic residue amendments. Plenty of data is available on beneficial influence 

of OM and especially humic compounds in soil-plant system (Malik and Azam, 1985; 

Piccolo et al., 1993; Nardi et al., 2002; Arancon et al., 2006; Campitelli et al., 2006; 

Steinberg et al., 2008; Khaled and Fawy, 2011). In Pakistan, Thar area is claimed to have 

an estimated lignite reserves of >170 billion tons (Anonymous, 2012). The humates have 

been found of immense use in agriculture over the past few decades and combination of 

formulations are found in the market as pure humates or products there from (Anonymous, 

2011). However, in view of the diversity of the plants from which these humates would 

have originated, their chemistry and physiological functioning is deemed to vary. It is 

pertinent therefore to evaluate the marketed products for their effectivity in agriculture.  

Like other acids phosphoric acid is quite helpful for better crop production as well as for 

improving the economic condition of the farmer.  

2.1. Salt affected soils and their extent 

Salinity is a major abiotic stress, reducing the yield of wide variety of crops all over 

the world (Tester and Davenport, 2003; Ashraf and Foolad, 2007). The salt affected soils 

alone have assumed significant global dimension as about one billion hectare areas in 100> 

countries exist mostly under arid and semi-arid climates (Biswas 2014). Currently, 20% of 

the world's irrigated land is salt-affected. Among those affected by salt, about 60% are 

sodic (Qadir et al. 2006). 8.331x106 ha agriculture land of the country is salt affected (Azhar 

& Tariq, 2003).  Salt affected soils are well-known in three categories according to the type 

of salts; sodic (exchangeable salts)  saline (soluble salts), and saline-sodic. The restraining 

elements in these soils is surplus salts (soluble, exchangeable or both) (Horneck et al., 

2007). Salts badly affect the soil chemical properties stimulating their impression on plants. 

Salt stress is a problem of dry and semi areas of the world. Water is not surplus for the 

leaching of salts from root zone in these areas (Khan and Duke, 2001).  
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In our country, 6.68 mha soils are salt-affected, of which 2.67 mha which exist in 

containing medium to high salinity and sodicity (Ghaffor et al., 2004). Soils with high 

sodium contents as in case of saline sodic soil form the hard pan and become compact on 

the soil surface (Rehman et al., 2002). Salt leaching reduces and root proliferation become 

minimum due to this compactness and makes the reclamation of such soils with only water 

ineffective (Abro and Mahar, 2007). 

2.2. Crop yield losses due to salinity and sodicity  

The plant stunted growth in saline soils is maily due to two reasons: First, their 

ability of to reduce the intake of H2O from soil due to a high concentration of different salts 

in the soil solution, which leads to very slow growth. It is osmotic effect of salinity which 

causes a water shortage. Secondly, the transpiration flow, excessive quantities of salts enter 

that finally hurt the cells in the leaves and the growth is more reduced. This is the result of 

specific toxicity of the ions (Munns, 1993). The salts in high concentrations in the soil also 

with mineral nourishment, which can lead to an imbalance in the nutrients, and ultimately 

lead to nutrient shortages. As a result of reduced growing and molecular injury caused by 

all such factors, plant mortality can occur. (McCon and Hanson, 1990). In saline 

environment, a decrease in development was detected in most of the plants, but reduced 

growth rate and acceptance levels are different for different crop species (Hasegawa et al., 

2000). Many processes are affected in plants such as progress, energy and fat metabolic 

rate, photosynthesis and protein synthesis that cause stress. Reduction of salt in plant 

growth due to salinity stress, it was said by many experts (Cherian et al, 1999; 

Chartzoulakis and Klapaki, 2000). Salinity stress causes a noteworthy reduction in plant 

length, fresh weight and root mass (Mohammad et al., 1998). Similarly, Melloni et al. 

(2001) indicated that greater levels of sodium chloride caused in lower sprouts and root 

density, leaf progress. 

Salinity affects the operations of the physiological plant and produces different 

changes as the efficiency of the reduction of photosynthesis (Ashraf Shahbaz, 2003) and 

increases the injuriousness of the ions and the respiratory rate, changes in metal dispersal 

and stability of the membrane is reduced due to the movement of potassium, sodium and 

calcium (Grattan and Grieve, 1992). The decrease in the process of photosynthesis under 

salt pressure for the closure of Stomotal leading to a lower absorption of CO2 between cells 

and non-Stomotal factors as the reduction of the area of the green pigment sheet that affects 
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the salts Excessive in representative enzymes, ionic content and chlorophyll (Misra et al., 

1997). 

2.3. Phosphorus behavior in normal and salt affected soil 

  Phosphorus is 2nd most important nutrient after nitrogen. In calcareous soils 

phosphorus become unavailable due to the formation of Ca-P and Al/Fe-P in Alkaline and 

acidic soils respectively. Although phosphorus content of some of our soils is sufficient, 

their precise characteristic like as high CaCO3, high pH and sodicity hamper its 

accessibility to crops (Archer, 1988). Moreover, in contrast to nitrogen, no biological 

addition is available to phosphorus. Thus a great majority of soils need extraneous 

supplementation of phosphorus of sustained crop yield. In salt affected conditions although 

phosphorus is relatively more available as compared to normal soils; however due to the 

presence of CaCO3 and passage of time still fixation of phosphorus occurs depending upon 

the category of salt affected soil. i.e. saline> saline-sodic > sodic. Lower availability of 

phosphorus (P) to plants from granular phosphatic fertilizers has remained a matter of 

concern in dry lands owing to the presence of free lime, Ca+2 and/or Mg+2. Liquid fertilizers 

have been found better than the granular ones in improving the crop productivity and the 

fertilizer use efficiency. Their better efficiency is due to the chemical effect rather than 

placement effect. The liquid fertilizer may be less reactive to the soil constituents due to 

the dilute solution of phosphate ions around the fluid stream in the soil than that around the 

fertilizer granule. The responses in other words may be due to the even distribution of P 

via a liquid application as compared to randomly distributed fertilizer granules (Holloway 

and Frischke, 1999). Phosphorus availability was more just after application with and 

without crop residue application which was reduced gradually with time (Mahmood et al., 

2013). 

2.4. Potassium humate 

In Pakistan, soils are very low in organic matter. It is reported that soil carbon 

ranged from 0.52 to 1.38% in different soil series. Most of them have less than 1% (Azam 

et al., 2001), of which about 10% occurs in alkali soluble humic fractions (humates). Soils 

in Pakistan are generally low in organic matter (<1%) firstly because of low returns and 

secondly because of the rapid decomposition of any plant residues that are left in/on soil or 

applied as organic amendment. Comics are a component of humus. The massive materials 

are widely distributed on the surface of the Earth. Digestive substances classified into three 
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categories, such as humic acid, fulvic acid and Humen (Solange and Rezende., 2008). 

Potassium Humate is a salt of humic acid. Potassium Humatos is a dark color, soluble in 

water but alkaline is insoluble. Its direct effect is due to its metabolic activity in the growth 

of plants (Mallikarjuna, 1987). Treating the plants with potassium humates increased the 

chlorophyll contents. At the entrance to the plant cell, the functional group can operate from 

humic acids and Alfolvicah a source of complementary respiratory stimuli (such as 

polyphenols) and oxidation / reduction systems (Vaughan and Ord., 1991) . 

Determination of physical and chemical properties of fatty acids and physiological 

activity are mainly through the qualitative and quantitative composition of oxygen-holding 

functional groups, which vary during decomposition, thermal decomposition, and oxidation 

(Butuzova et al., 1998). 

2.5. Mechanism of PH for nutrient translocation and plant growth 

It is known that the carbon-based material has high cultivation value when it is 

added to the soil. HA can be very possible in a variable area restricted in the soil. This 

restricted area can be a seed or fertilizer ring (Mikkelsen, 2005). 

It has also found a better absorption of micronutrients, such as iron, zinc, copper 

and manganese. Humix technology promotes the absorption of nutrients by stimulating 

microbial activity (Mayhew, 2004). Humic acids are specifically prone to increase the 

accessibility and absorption of P by inhibiting the precipitation of calcium phosphate, 

forming phospho-humates that contest at adsorption sites or that reduce adsorption sites by 

promoting the solution of solid metal phases to mixing rates. It has been found that the 

greater availability of micronutrient materials and their possible absorption in the soil 

system have increased in the presence of humic acids, possibly due to a greater composition 

(Jones et al., 2007). 

The study exposed the fractions of acids (humic acid, fulvic acid and humin) of the 

organic matter in soil, responsible for the general improvement of soil fertility and the 

improvement of productivity (Kononova 1966 Fortun et al., 1989) knows that Humic acid 

has many agricultural tools, which actively participates in the decomposition of the 

properties of organic material, rocks and minerals, and to improve the soil structure and 

change the physical properties of the soil and promote chelating many of the elements and 

put them At the disposal of the plants, and assistance in the correction of the plant chlorides, 
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improve the intensity of photosynthesis and the root of the respiration of the plants led to 

an increase in the growth of plants (Smidova, 1960; Chen 1990). The increase of the 

permeability of the membranes of the plant carried by the application of the nevus to 

improve the growth of the different groups of useful microorganisms and accelerate the cell 

division and increase the roots and all the organs of the plant by a number of gardening and 

growth of marble crops, as well as some of the growth trees, Rousso and Berlyn (1990), 

and Sanders et al., (1990) and Poincelot (1993). It is believed that hemic acid increases the 

penetrability of the membranes of the plant and improves the absorption of almost all the 

nutrients. (Patil, 2010) that there is an increase in the length of roots and shoots in seedlings 

treated with potassium humates. In addition, it was applied acidic effects significant in the 

growth rate in the soybean plant (Peymaninia, et al. 2012]). Motivational effects of the 

harmonized system have been directly associated with the strengthening of nutrient uptake 

such as large minutes N, P and S (Chen and Aviad, 1990), not iron, zinc, copper, manganese 

and nutrients (Chen et al. . 1999). In addition, humic substances improve the absorption of 

minerals by stimulating microbiological activity (Day et al. 2000 and Mayhew 2004). 

2.6. Effect of PH on nutrient availability and yield in salt affected soil 

Potassium humate plays an essential part in increasing biological accessibility of 

nutrients for plants and in reducing the negative effect of some free ions due to their 

complex efficiency (Bloom et al., 1979). Micronutrients that typically transform into 

insoluble salts like carbonate, OH- or sulfides at a higher pH are certainly maintained with 

in the solution of more than chelate (Sposito, 1989). Organic phosphates are complexes 

that afford energy for the maximum chemical responses that take place in living cells and 

help promote root growth. In numerous soils, phosphate is freely produced in an almost 

insoluble inorganic mixture, as apatite. Soil OM stimulates availability of nutrients, usually 

N, S and P.  

2.7. Role of PH for soil reclamation  

The recovery of soils affected by salt requires the improvement of the physical and 

biochemical properties. Humic acids can greatly reduce the evaporation of water and 

increase its use by plants in non-clayey, arid and sandy soils. In addition, HS promotes the 

conversion of a series of mineral elements into available forms for plants. The greater 

availability of P2O5 has been documented in the presence of humic acids (Delgado et al., 

2002, Guppy et al., 2005, Hua et al., 2008). Removal of soluble salts depends that how 
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much salt is removed by a method and its leaching from root zone(Chhabra, 1994). These 

mineral elements maintained the sites of cation exchange in the soil particles, improving 

the losses we suffered during the events Precipitation.  

2.8. The role of PA for the availability of nutrients in the affected natural area and 

salinity 

Phosphoric acid is a liquid fertilizer manufactured by treating phosphate rock with 

sulfuric acid. It is used as a phosphorus fertilizer. The phosphoric acid was applied in a 

range of 4 to 6 cm above the row of seeds at the time of sowing and before irrigation, 

reduced crusts and increased blood sugar and trefoil emergence. The seedlings derived from 

the treated acids of phosphoric acid were larger, and a rice (10-15 ha / ha) was maintained 

in the support facility (Denis et al., 1975). 

Tests at several sites have shown that phosphoric acid (PA) produces 16% higher 

wheat grains than commercial P fertilizers, ie, ammonium phosphate (DAP) and triple 

superphosphate (TSB). Effects P significant application method was observed in grain yield 

and efficiency in the manner in order: Distribution of the Palestinian Authority under the 

seeds> Ba, Dap or curse fertilization> transmitted Dap or TSP (Akhtar et al, 2015) In 

addition, according to the previous results, the effectiveness of P-fertilizer can be improved 

by 20% with the application of liquid fertilizer P. The effectiveness of phosphoric acid can 

be increased if it is applied by placing bands, such as Holloway et al. 2013 Agricultural 

Grade (Green) Phosphoric acid is a raw material for the manufacture of ammonium 

phosphate (ADP) when adding value. The acidification of phosphoric acid implies 

additional energy / work, which increases the cost of production. However, the direct 

application of phosphoric acid appears economically because it omits the various steps 

involved in the production of fertilizers. 

2.9. Effect of H3PO4 on soil, plant yield and growth 

Production of liquid phosphate fertilizers 31% higher yield of wheat related to 

granular fertilizers (Holloway et al., 2001). H3PO4 is a liquid fertilizer. The inclusion of 

phosphoric acid in diseased avocado plants leads to greater root growth in diseased areas 

generated in the soil. Phytic acid (Ba; C6H6 (H2PO4) 6 is the largest basic P compound 

that is organic in the soil, and is ~ 60% of the organic P. Adhesion to the Palestinian 

Authority of clay mineral deposits exceed those of Oortovosvat (Aube; H3PO4) (Bar-
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Joseph 2003), so that the special effects of the Palestinian Authority on the disintegration 

of mud, and therefore the ability to separate the soil can be predicted to be very large, but 

the effects both of the Palestinian Authority and Aube in the ability of a separate soil to 

combine and soil structure and is believed to be indirect as the use of organic phosphate 

separation Since P fertilizer and phosphoric acid as a solution to organic soil reduce 

movement of Al3 + or Ca2 + AT act as adherent excreted soil (Haynes and Naidu, 1998), 

leading to dissolution (Wann and Uehara (1978) and Lima et al. (2000) to improve P 

adsorption). resulting from the entry of organic phosphate to soil leads to the disintegration 

of the process Alterph.ccant recommended clay is the same humic acid process that 

promote negative in the corners of mud due to T organic phosphorus or adsorption of 

phosphoric acid boarding (Lima et al. 2000). However, noted Celi et al., (2000) that, in that 

it contains calcium carbonate in the soil, it is possible La calcite significantly disrupts AP 

interactions and promotes soil accumulation, calcite has a colic capacity of the Palestinian 

Authority, thus reducing the absorption of the Palestinian Authority by 2: 1 crystals and 

reduce the development of dispersion pay negative charge in the mud corners. In addition, 

the calcite solution maintains a balanced Ca2 + concentration in the soil solution, thus 

satisfying its ability to separate the soil bond despite possible PA precipitation. Abiven et 

al. (2009) re-evaluate the interactions between soil organic binding capacity of separate 

inputs, especially close to the improved soil had been interrupted by management and / or 

storms. 

A promising method has been developed to prevent soil erosion in the chain of 

forbidden soils in southern Idaho. Agricultural grade phosphoric acid, was reduced to a 12-

24% phosphoric acid solution, workshops in the 3-inch bands in the quality sugar planted 

directly behind the Planter beet. Chemical reactions between the soil and the acid 

components prevent the soil in the bark bands, but do not damage the seedlings (Robbins 

et al., 1972). The application of the phosphoric acid division was not superior to the 

application of one which indicates that all P as phosphoric acid can be applied as a single 

dose. Phosphoric acid would be much more effective than phosphoric fertilizer for wheat 

growth in saline soils (Hussain et al., 2011). 

2.10. Role of phosphoric acid for soil reclamation 

Phosphoric acid (PA) is gradually .used as source of water-soluble P, nevertheless 

it has not been generally verified for its efficacy in retrieving CaCO3 containg sodic and 
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saline-sodic soils relative to equivalent amounts of gypsum.  The regeneration of saline 

soils is carried out by adding a chemical modification that is normally mixed with the upper 

parts of the soil or dissolved directly in the water or cultivating crops capable of 

accumulating salts in their parts (Qadir & Schubert, 2002). Recovery requires large 

amounts of water to filter the salts. The desalination and desodification curves showed that 

saline soil with high saline calcium content could be efficiently restored with phosphoric 

acid with significantly lower amounts of water compared to gypsum (Gharaibeh, et al., 

2011). 

2.11. Current use of phosphoric acid and potassium humate in agriculture 

Potassium humate usually considered by somewhat greater carbon contents, larger 

molecular and aromatic ring concentration. Also, it comprises comparatively greater 

quantity of necessary amino acids; however comparatively less quantity of low pH amino 

acids. Foliar application has been beneficial as a matter of providing additional amounts of 

small and main nutrients, crop improving hormones, as well as stimulants, and other useful 

elements. Perceived special effects of foliar application have involved yield 

intensifications, fight to pest’s,  and insect diseases, enhanced drought acceptance, also 

greater crop excellence. In terms of food concentration, foliar use can be absorbed as 8 to 

20 times as effective as soil use. Lab trials on crop plants showed that the application of 

humic materials as growth media alterations or foliar showers can support better shoot and 

root progress; more root branching; total leaf chlorophyll; nutrient uptake rate, 

photosynthesis and respiration. Habashy and laila (2005) showed that the N, P and K in 

wheat grain has been considerably improved due to use of 50 ppm humic acid alone or 

collective with 30 ppm indole acetic acid. Phosphoric acid was found a suitable source for 

this purpose due to its complete solubility and access down to the root zone through water 

used for irrigation (Hussain, et al., 2011). Phosphoric acid helps to prevent the formation 

of surface crusts and improved the emergence of sugar beet and alfalfa seedlings as an 

average of more than 20%. Phosphoric acid also provided phosphorus and this enhanced 

seedling weight and vigor (Robbins, et al., 1972).  

2.12. Prospective benefits and losses of using PA and PH 

Phosphoric acid was found an economical and suitable source for fertilization due 

to its comparatively lower price and complete solubility down to root zone of the plant 

through irrigation water. Phosphoric acid application through drip is recommended in 

calcareous soils (Bar-Yousef, et al., 1999). The leaching coefficients (k) of phospho-
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gypsum and H3PO4 are an average of 0.26 and 0.24 for desalinization and 0.23 and 0.18 for 

desodification, correspondingly. Desalination of soils needed large amount of water than 

desodification. Furthermore, application rate did not have a solid effect on leaching 

constant (k) for both ameliorants. Phosphoric acid needed smaller quantity of H2O for 

percolation and amelioration in comparison to phosphogypsum (Gharaibeh, et al., 2012). 

Potassium humate is organic substance which improves plant growth and increase 

yield (Ayus, et al., 1999). It is mainly used to amend or decrease the harmful outcome of 

abiotic stress. It may have mutually direct and indirect effects on the plant growth. Indirect 

effects include enhancements of the soil assets such as accumulation, exposure to air, 

absorbency, water absorption capacity, micronutrient movement and accessibility (Tan, 

2003). Direct effects are those, which need uptake of humic material into the crop tissue 

causing in numerous living effects. The significance of bio-stimulating substances lies in 

their capability to encourage hormonal action in foliage as well as encourage antioxidant 

quantity in plants which, in turn, decreases free elements. It enlarged root vitality, enhanced 

nutrient uptake, improved green pigment production, healthier seed sprouting and better 

fertilizer holding (Liu and Cooper, 2000). Application of humic substances have been 

shown to increase membrane permeability, photosynthesis, N, P and K uptake, nitrogen use 

efficiency and root elongation (Russo and Berlyn, 1990). Also, application of humic 

substances has stimulatory effects on cytokinin (Russo and Berlyn, 1990) and auxin or 

gibberellin-like substance (Piccolo et al., 1991; Pizzeghello et al., 2001) along with indirect 

effect on plant metabolism. Potassium humate decreases the quantity of fertilizer nutrition 

feeding, and makes plant healthier against stress, water deficit conditions. It also decrease 

lethal effects of different type of salts on monocots (Masciandaro et al., 2002) and dicots 

(Ferrara et al., 2001), together with soybean, wheat (Ozkutlu et al., 2006), rapeseed 

(Keeling et al., 2003), fodder, turnip (Albayrak, 2005) and mustard (Duval et al., 1998). 

The application of potassium humate enhanced the activities of different antioxidant 

enzymes like superoxide dismutase, catalase and peroxidase on ginger roots (Liang et al., 

2007).  The values of minerals (N, P, K, Ca and Mg) contents of maize fodder showed good 

results with 25 kg of humic acid kg ha−1, though statistically the values were similar to all 

the other levels of humic (Daur and Bakhashwain., 2013). 

Adding K in growth medium involved in increasing salinity tolerance in rice (Bohra 

& Doerffling, 1993), wheat (Shirazi et al., 2001) and corn (Bar-Tal et al., 2004). Results of 
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earlier research evidently depicted that greater amount of potassium in plant body 

significantly reduced the production of ROS (Cakmak, 2005). The application of PH 

enhanced the events of different antioxidant enzymes like superoxide dismutase, 

catalase(CAT) and peroxidase on ginger roots (Liang et al., 2007). 

Potassium humate increased physical, ionic and ecological properties of the soil and 

affected plant growth. In this regard, Hussein and Hassan (2011) pointed out that humus 

substances are significant soil constituents; they can increase nutrient ease of access and 

have effect on other vital ionic, biotic, and morphological characteristics of soils. Also, 

humic acid application on foliage improved the uptake of P, K, Mg, Na, Cu and Zn. Demir 

& Cimrin (2011); Zhang et al., (2013) have assessed HA up to a very minor amount (1 to 

3 kg ha-1) that was observed helpful to plants and soil by reducing the influence of drought 

and salt stresses and improving seed germination, as well as increasing plant growth and 

development, while still there is a query that what will be the outcome of large quantities 

of HA. 

Conclusion: 

 Phosphoric acid is the phosphorus containing acidic fertilizer which provides 

phosphorus very easily as compared to powder or granular fertilizer. 

 With phosphoric acid application phosphorus recovery efficiency is high as 

compared to other fertilizer. 

 Phosphoric acid can improve 50% phosphorus availability to plants as compared to 

DAP which provide 20% phosphorus availability of the applied fertilizer. 

 Combine application of phosphoric acid and potassium humate is better option for 

reclamation of salt affected soils which facilitates salt leaching by improving soil 

physical, chemical and biological properties. 
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CHAPTER-3      MATERIALS AND METHODS 

A successive experiments were carriedout to estimate the effect of PA and PH on 

nutrient availability in salt affected soil in the wire house of the Institute of Soil and 

Environmental Sciences University of Agriculture Faisalabad. There were four 

experiments, including pot, lysimeter and field experiment. Trials were carried out on 

maize and wheat alternatively.  The detailed experimental conditions are as follows. 

3.1. Study-1 Effect of phosphoric acid and potassium humate on growth and yield of 

maize in saline-sodic soil 

3.1.1 Soil collection 

The trial was carriedout in the wire house of the Institute of Soil and Environmental 

Sciences, University of Agriculture, Faisalabad to assess the influence of phosphoric acid 

and potassium humate on growth and yield of maize. A detailed soil survey was conducted 

at different locations in Faisalabad including University of Agriculture, Faisalabad farms 

(main campus, Chakera and Proka-II). Soil of Proka-II farm was selected after analyzing 

the soil samples. Saline-sodic soil was taken from University farm Proka-II (Table 3.1). 

The soil was deficient in available macro and micro nutrients. Saline-sodic soil was 

excavated which was sieved and mixed thoroughly and 20 kg soil was filled in all twenty 

seven plastic pots. 
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Table: 3.1. Soil characteristics 

Sr.# Name Unit Value 

1 ECe dS m-1 7.5 

2 pHs ---- 8.6 

3 SAR mmolc kg-1 26 

4 Texture - Sandy clay loam 

5 % Clay % 24 

6 % Silt % 11 

7 % Sand % 65 

8 Saturation percentage % 30 

9 Organic matter % 0.3 

10 CaCO3 content % 16.4 

11 CO3
-- meL-1 nil 

12 HCO3
- meL-1 4.8 

13 Ca+++Mg++ meL-1 22.5 

14 CEC (mmolc kg-1) 9.7 

15 ESP ---- 64 

16 Exc. Na+ me 100 g-1 6.5 

17 N % 0.03 

18 P ppm 5.4 

19 K ppm 73 

20 Fe mg kg-1 2.46 

21 Zinc mg kg-1 4.37 

22 Copper mg kg-1 3.59 

23 Manganese mg kg-1 8.15 
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3.1.2. Soil Analysis  

3.1.3. Soil Texure  

For this hydrometer method (Bouyoucos, 1962) was used for determination of soil 

texture.  

3.1.4. Soil saturated paste  

soil saturated paste was made by following the method defined by US Salinity Lab 

Staff, 1954. 

3.1.5. Saturation percentage 

A measured amount of saturated soil paste was dried in an oven at 1050C till  

constant weight and its percentage was measured by the equation. 

SP =
𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑛 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔)

𝑂𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100 

3.1.6. Soil pH 

pH was determined by using pH meter (model HM-12P), which was calibrated with 

buffer solutions of pH 4.00 and 9.00.  

3.1.7. Soil saturated extract 

An extract from the soil saturated paste was collected by inserting positive pressure 

with the help of  press. Sodium hexametaphosphate (0.1 %) solution was added @ one drop 

per 25 mL extract to avoid recrystalization of salts during handling and storage (US Salinity 

Lab Staff, 1954). 

3.1.8. Electrical conductivity (ECe) 

With the help of Lovibond Model Sensodirect Con- 200 conductivity meter ECe 

was noted after calibrating it with 0.01 N KCl solution. Cell constant (k) was calculated 

using formula: 

K =
1.4118 𝑑𝑆 𝑚−1

EC of 0.01 𝑁 KCl 𝑑𝑆 𝑚−1
× 100 

The exchangeable sodium percentage (ESP) of the soil was calculated using Mohsen et al., 

(2009) formula as follows: 

ESP =
𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑎𝑏𝑙𝑒 𝑆𝑜𝑑𝑖𝑢𝑚

𝑆𝑜𝑖𝑙 𝐶𝐸𝐶
× 100 

3.1.9. Soil OM 

OM was determined with modified Walkley and Black technique as defined by Nelson and 

Sommers (1982). 
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3.1.10. Soil total nitrogen 

This has been determined by digestion and distillation as described in Soil Laboratory staff 

(1984).  

3.1.11. Exchangeable Potassium from given soil sample 

250 g soil was taken for making soil saturated paste. Soil saturated paste extract was 

taken. Potassium concentration in extract was determined by flame photometer Chapman 

and Parker (1961).  

3.1.12. Available phosphorus 

5 g of soil was taken into 100 ml plastic bottle. Add 100ml NaHCO3 solution of pH 

8.5 in it. The solution was shaken on a mechanical shaker for 30 minutes on high speed. 

Filter the sample through Whatman # 42 filter paper. Take 5ml in 25ml conical flask, then 

add in it 5ml color developing reagent and shake to prevent excessive foaming. Wait for 10 

minute and make the volume up to the mark by adding 15ml distilled water. Bluish color 

was developed. Concentration of “available P” is directly proportional to the intensity of 

blue color. Analyze the sample in ppm using 880 nm wavelength on Spectrophotometer 

(Olsen, et al. 1954). 

3.1.13. Available micronutrients 

Available micronutrients were determined by following the method of Soltanpour 

and Schwab (1977), and later modified by Soltanpour and Workman (1979) to omit the use 

of carbon black.  

3.1.14. Lime contents 

The lime content was determined according to Richards (1954). Weigh 1 gram of 

dry and dry earth (0.15 mm) in a 250 ml vernamer flask. Add 10 ml of N 1 solution to the 

flask in the flask with the volumetric pipette. Vortex and leave the vial overnight or heat at 

50-60 ° C, allowing the vial to cool. Add 50 - 100 ml of water using a graduated cylinder, 

and add 2-3 drops of phenolphthaleine indicator. Calibrate with a 1 N sodium hydroxide 

solution while stirring the flask. Continue the calibration until the color of dark pink 
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develops, and take the reading, R. To standardize hydrochloric acid (1N) and sodium 

hydroxide (1N), the solutions used to determine CaCO3: 

Pipette 10 ml of 1 N Na2CO3 solution into a 100 ml Erlenmir flask, add 2 drops of 

methyl orange index and calibrate this solution with 1 N hydrochloric acid (in Borite). The 

color of the solution changes from light to dark orange. The case of natural hydrochloric 

acid is: 

𝑁𝑁𝑎𝑂𝐻 =
10 × 𝑁𝑁𝑎2𝐶𝑂3

𝑉𝑁𝑎𝑂𝐻
 

3.1.15. Calcium and Magnesium (Ca++ + Mg++) 

10ml of the soil saturated paste extract was taken with the help of pipette in a conical flask. 

Add a few drops of buffer, and a 3-4 drops of EBT indicator. The sample was titrated 

against standardized 0.01 N EDTA solution till blue green end point. 

Calculation:  

Ca2+ + 𝑀𝑔2+(𝑚𝑔 𝐿−1) =
𝑚𝑙 𝑜𝑓 𝐸𝐷𝑇𝐴 × 𝑁 𝑜𝑓 𝐸𝐷𝑇𝐴 × 1000

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒
 

3.1.16. Sodium and potassium: 

 Sodium and potassium were determined by flame photometer. 

3.1.17. Carbonates (CO3
--): 

Take 50ml water in a conical flask. Add 2-3 drops of phenolphthalein. If no color 

appear then CO3
--   are absent. If the solution turns pink, CO3

-- are present, then titrate the 

contents of flask against 0.1N H2SO4 solution taken in a burette to a colorless end point 

(US Salinity Lab Staff, 1954). Calculate the carbonate contents by the following formula: 

CO3
−−(𝑚𝑔 𝐿−1) =

2 × (𝑚𝑙 𝑜𝑓 𝐻2𝑆𝑂4 × 𝑁 𝑜𝑓 𝐻2𝑆𝑂4 × 1000

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 𝑇𝑎𝑘𝑒𝑛
 

3.1.18. Bicarbonate (HCO3
- -) 

After carbonate analysis same sample was used for the determination of bicarbonate 

ions using methyl orange indicator. Solution was titrated against standard 0.1 N H2SO4 

solutions to color changes from golden yellow to light pink (US Salinity Lab Staff, 1954). 

Bicarbonate ions were calculated by the following formula: 

HCO3
−(𝑚𝑔 𝐿−1) =

2×(𝑚𝑙 𝑜𝑓 𝐻2𝑆𝑂4 𝑓𝑜𝑟 HCO3
−−𝑚𝑙 𝑜𝑓 𝐻2𝑆𝑂4 𝑓𝑜𝑟 CO3

−−)×𝑁 𝑜𝑓 𝐻2𝑆𝑂4×1000

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 𝑇𝑎𝑘𝑒𝑛
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3.1.19. SAR 

It was calculated by using the following equation! 

SAR =
𝑁𝑎+

√𝐶𝑎++ + 𝑀𝑔++

2

 

Organic matter content was analyzed according to the modified Walkley-Black method 

(Nelson and Sommers, 1982).  

3.1.20. Treatment Plan 

The experiment was conducted on maize in which recommended dose of NPK (200-

150-200 kg ha-1) was applied, while maize hybrid Pioneer-30Y87 was used. Three level of 

PH (Control, 50 and 100 kg ha-1) and phosphoric acid (Control, 10% and 50%) were used 

in the pot experiment. 

The detailed experimental plan is as under. 

T1 = Control (EC-7.5+ SAR-26) + Urea (4.34g 20kg-1 soil), SSP (18.88g 20kg-1 soil), SOP 

(4.8g 20kg-1 soil) 

T2 = Phosphoric Acid 10 % (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SOP (4.8g 20kg-1 soil)) 

T3 = Phosphoric Acid 50 % (6.8ml 20kg-1 soil) + (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SOP (4.8g 20kg-1 soil))  

T4 = Potassium humate 50 kg ha-1 (0.5g 20kg soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SSP (18.88g 20kg-1 soil), SOP (4.8g 20kg-1 soil)) 

T5 = Phosphoric Acid 10 % (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) +  

(Urea (4.34g 20kg-1 soil), SOP (4.8g 20kg-1 soil)) + Potassium humate (0.5g 20kg 

soil) 

T6 = Phosphoric Acid 50% (6.8ml 20kg-1 soil) + (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-1 

soil), SOP (4.8g 20kg-1 soil)) + Potassium humate (0.5 g 20 kg soil) 

T7 = Potassium humate (1g 20kg-1 soil) + (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-1 soil), 

SSP (18.88g 20kg-1 soil), SOP (4.6g 20kg-1 soil)) 

T8 = Phosphoric Acid 10% (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SOP (4.6g 20kg-1 soil)) + Potassium humate (1g 20kg-1 soil) 

T9 = Phosphoric Acid 50% (6.8ml 20kg-1 soil), (EC-7. 5+ SAR-26) + (Urea (4.34g 20kg-1 

soil), SOP (4.6g 20kg-1 soil)) + Potassium humate (1g 20kg-1 soil) 
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Saline sodic soil was used in all the experiments. In first treatment saline sodic soil 

was used (EC-7.5+ SAR-26) while Urea, SSP and SOP were added according to the 

recommended dose of NPK (200-150-200 kg ha-1) for hybrid maize. T2 was comprised of 

phosphoric acid (34 ml pot-1) only Urea and SOP were added in this treatment. Treatment 

three was different from treatment two with only difference is the increased level of 

phosphoric acid was used in the third treatment and Urea, SOP were used according to the 

recommended dose of N and K. While the recommended dose of phosphorus was fulfilled 

with phosphoric acid. In treatment T4 potassium humate was applied 0.5g per 20kg of soil. 

In T5 and T6 phosphoric acid was used along with 1st level of PH (0.5g 20kg-1 soil). 

Potassium humate (PH) was applied @ of 1g per 20 kg of soil with recommended dose of 

NPK in treatment seven. Last two treatments were comprised of both levels of phosphoric 

acid and higher level of potassium humate while Urea and SOP were applied according to 

the recommended dose of N and K. 

3.1.21. Seed sowing 

There were nine treatments along with three replications. Twenty seven plastic pots 

were used in the current study, which were arranged in a completely randomized design. 

Each pot was filled with 20 kg of saline-sodic soil. Pots were irrigated with tap water at 

field capacity six seeds were sown in each pot, which were germinated after 6 days. Initially 

3 plants were maintained, which were further decreased to one plant in each pot.  

3.1.22. Treatment application 
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Urea was applied into two splits. First split of urea was applied at sowing, while 

second split was applied at first irrigation which was done after two week of seed 

germination. Potassium humate was applied at sowing while phosphoric acid was applied 

at first irrigation.  

Fig. 3.1 Crop growth under glass house 

3.1.23. Harvesting 

Plants in the each pot were harvested at maturity and were stored in brown paper 

bags. These were placed in an oven at 65oC±0.5 for 24 to 48 hours. 

3.1.24. Grinding 

Each plant sample was grounded after oven drying with the help of electric grinder. 

1 g plant ground sample was used for further analysis. 

3.1.25. Plant macro (N,P,K) and micronutrients 

Total nitrogen (TN) content was determined by the Kjeldahl method. Total 

phosphorus (TP) was determined by spectrometer after soil samples were digested with di 

acid. The data was recorded for K+ and Na+ concentrations after digestion. For this purpose 

plant shoot was collected and digested with di-acid mixture of HNO3 and HClO4 (3:1) for 

potassium and sodium analysis (Yoshida et al., 1976). The concentrations of K+ and Na+ 

in the digested samples were estimated by flame-photometry, while the concentration of 

micronutrients (Fe, Zn, Cu and Mn) was estimated by Atomic Absorption 

Spectrophotometer. All the nutrients concentration was determined in root, soot and grain. 
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Physiological parameters were recorded at maturity, while RWC and MSI was measured 

by a standard protocol. Grain and straw yield was measured by analytical balance.  

3.1.26. Statistical Analysis 

 All the data were analyzed statistically under CRD design with three replications. 

All value were shown in this experiment were average of three replications. Data were 

analysed by operating Statistics 8.1®. All the results were compared by using Tukey 

multiple comparison test HSD. Each value in the Table is mean of three replications ±S.E. 

while the values in () is the percentage of respective control. 

3.2. Study-2: Residual effect of phosphoric acid and K-humate on growth and yield of 

wheat and soil properties 

Present research experiment was conducted to check the availability of both 

phosphoric acid and potassium humate over time duration showed its residual effect. After 

the completion of first experiment, same pots were used for 2nd experiment on wheat. The 

wheat variety Galaxy-2013 was sown in all the pots. At field capacity, soil was loosened 

and six seeds were sown in each pot. Wheat seeds were germinated after 7-8 days. 3 plants 

were maintained after thinning. First irrigation was done after 25 days of germination. 

Fertilizer was added in these pots according to the recommended dose of NPK (120-90-60 

kg ha-1). Urea, SSP and SOP were applied as 2.6g, 11.45g and 1.44g respectively. 

Phosphoric acid and PH were not added again.  

3.2.1. Harvesting 

Physiological data were recorded at growth stage. Growth attributes were recorded at 

maturity related to shoot and root. All the soil and plant analysis were done by adopting 

their standard protocol as described earlier in study-1. 

3.2.3. Statistical Analysis 

 All the data were analyzed statistically under CRD design with three replications. 

All value were recorded in this experiment were mean of 3 repeats. Data were explained  

by operating Statistics 8.1®. All the results were compared by using Tukey multiple 

comparison test HSD. Each value in the Table is mean of three replications ±S.E. while the 

values in () is the percentage of respective control. 
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3.3. Study-3: Effect of phosphoric acid and K-humate on salts leaching and nutrient 

movement in saline-sodic soil 

A Lysimeter trial was carriedout in the Institute of Soil and Environmental Sciences, 

University of Agriculture Faisalabad. Saline-sodic soil was used in this experiment with an 

ECe and SAR level of 7.5 and 26 respectively. Healthy seeds of maize hybrid Pioneer 

30Y87 were sown in each lysimeter containing 20 kg soil. After one week of germination 

1 plant was maintained in each lysimeter. The experiment was conducted on maize in which 

recommended dose of NPK (200-150-200 kg ha-1) was applied. Three level of potassium 

humate (Control, 50 and 100 kg ha-1) and phosphoric acid (Control, 10% and 50%) were 

used in the lysimeter experiment which were equal to (Control, 0.5 g and 1g per 20 kg soil) 

for PH and phosphoric acid (control, 38ml and 6.8ml per 20 kg soil).  

3.3.1. Construction of Lysimeter 

Each lysimeter was the PVC pipe having diameter 6 inch while its length was 26 

inch. Lower end of the pipe was covered with iron funnel. Glass wool was placed just above 

the iron funnel, after which gravel were added and in the last fine mica sand was filled to 

facilitate the percolation of water through the soil column. Plastic bottles were placed for 

the collection of leachate which was used for further analysis. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.2. A Schematic Diagram of Lysimeter 

3.3.2. Overall Experimentation 

Irrigation was done to the lysimeter which was equal to pore volume (4.5 L per 20 

kg soil), after the complete filling these were allowed for one month to attain the complete 

saturation of soil. During this time period leachate was recycled when necessary to maintain 
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the required salt level. After one month, on field capacity first the soil was loosen then 

maize seeds were sown in each lysimeter. Seeds were germinated after 7 days. After one 

week of germination, one plant was maintained in each lysimeter upto flowering stage. 

Leachate was sampled three times with an interval of twenty days during the growth time 

of maize plants. 

3.3.3. Treatment plan 

 Following were the treatments which were applied to each lysimeter. The 

experiment was conducted on maize in which NPK (200-150-200 kg ha-1) was used, while 

maize hybrid Pioneer-30Y87 was used. Three level of potassium humate (Control, 50 and 

100 kg ha-1) and phosphoric acid (Control, 10% and 50%) were used in the pot experiment. 

The detailed experimental plan is as under. 

T1 = Control (EC-7.5+ SAR-26) + Urea (4.34g 20kg-1 soil), SSP (18.88g 20kg-1 soil), SOP 

(4.8g 20kg-1 soil) 

T2 = Phosphoric Acid 10 % (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SOP (4.8g 20kg-1 soil)) 

T3 = Phosphoric Acid 50 % (6.8ml 20kg-1 soil) + (EC-7.5+ SAR-26) +  

(Urea (4.34g 20kg-1 soil), SOP (4.8g 20kg-1 soil))  

T4 = Potassium humate 50 kg ha-1 (0.5g 20kg soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SSP (18.88g 20kg-1 soil), SOP (4.8g 20kg-1 soil)) 

T5 = Phosphoric Acid 10 % (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) +  

(Urea (4.34g 20kg-1 soil), SOP (4.8g 20kg-1 soil)) + Potassium humate (0.5g 20kg 

soil) 

T6 = Phosphoric Acid 50% (6.8ml 20kg-1 soil) + (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-1 

soil), SOP (4.8g 20kg-1 soil)) + Potassium humate (0.5 g 20 kg soil) 

T7 = Potassium humate (1g 20kg-1 soil) + (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-1 soil), 

SSP (18.88g 20kg-1 soil), SOP (4.6g 20kg-1 soil)) 

T8 = Phosphoric Acid 10% (34.88ml 20kg-1 soil), (EC-7.5+ SAR-26) + (Urea (4.34g 20kg-

1 soil), SOP (4.6g 20kg-1 soil)) + Potassium humate (1g 20kg-1 soil) 

T9 = Phosphoric Acid 50% (6.8ml 20kg-1 soil), (EC-7. 5+ SAR-26) + (Urea (4.34g 20kg-1 

soil), SOP (4.6g 20kg-1 soil)) + Potassium humate (1g 20kg-1 soil) 
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3.3.4. Harvesting 

 After 65 days of growth maize crop was harvested. Plant shoot and root were 

separated and stored after recording the root and shoot fresh weight in a brown paper bag. 

Oven dry weight of root and shoot was note down after one week of first sun and then oven 

drying the samples at 65oC±5. All the soil and plant analysis were done by adopting the 

standard protocols as described earlier in study-1. The Sampled leachate was examined for 

P, K, N, Zn, Fe, Cu, Mn, SAR, EC and pH. Micronutrients were not detected in all the 

leachate samples. 

3.3.5. Statistical analysis 

 All the collected data were evaluated under CRD design with three replications. All 

value were average of 3 replications. Data were described by opearting Statistics 8.1®. All 

the results were compared by using Tukey Multiple Comparison test HSD. Each value in 

the Table is mean of three replications ±S.E. 

3.4. Study-4: Improving soil and crop quality with phosphoric acid and potassium 

humate application in saline-sodic soil on wheat  

3.4.1. Experimental conditions 

A field trial was carriedout at Proka-II farm, University of Agriculture, Faisalabad. 

Same field of saline-sodic soil was used from where the soil was excavated for study-1, 2 

and 3. There were three replications. Nine plots were made in each replication.  The size of 

each plot was 18 m2. Soil samples were taken from the whole area in zigzag fashion. Blocks 

were made perpendicular to the salinity because the salinity was increasing from west to 

east. However the difference in the salinity was very small. Each replication was comprised 

of one block in which nine treatments were allocated randomly.  
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Fig.3.3  Wheat sown at Proka-II University Farm 

Healthy seeds of wheat variety Glaxy-2013 were sown in each line. Germination 

was started after five to seven days of sowing.  Fertilizer was applied in their respective 

plots, according to the recommended dose of NPK for wheat (120-90-60) kg ha-1. 

After seed sowing irrigation was done. Fertilizer application was done according to 

general recommendation of National Fertilizer Development Company. Half dose of 

nitrogen as urea and full dose of potassium as SOP was used at sowing while left over dose 

of N was incorporated at 1st irrigation after seed germination. Phosphoric acid and 

potassium humate were also applied at first irrigation.  

Treatment Plan 

The detailed experimental plan is as under. 

T1 = Control (120-90-60 kg ha-1),  

T2 = PA (10%) + Recommended dose of NK  

T3 = PA (50%) + Recommended dose of NK 

T4 = PH (50 kg ha-1) + + Recommended dose of NPK 

T5 = PA (10%) + PH (50 kg ha-1) + Recommended dose of NK 

T6 = PA (50%) + PH (50 kg ha-1) + Recommended dose of NK 

T7 = PH (100 kg ha-1) + Recommended dose of NPK 

T8 = PA (10%) + PH (100 kg ha-1) + Recommended dose of NK 

T9 = PA (50%) + PH (100kg ha-1) + Recommended dose of NK 
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3.4.2. Harvesting 

 All the necessary agronomic practices were performed as usual. The crop was 

harvested at maturity. Plant samples from 1 m2 area were taken for the analysis of root, 

shoot and grain. After harvest soil was taken from each experimental unit for soil analysis, 

including quality parameters such as soil microbial biomass nitrogen and carbon, soil 

respiration. 

3.4.3. Soil analysis 

Soil EC, pH, SAR, was evaluated through their standard procedures as described 

earlier in study-01.  

3.4.4. Soil Respiration 

Soil microbial (C) and N were observed under the various chemicals and cropping 

system. The chloroform fumigation analytical procedure was adopted defined by Ladd and 

Amato (1989).  

Fig. 3.4. Soil respiration determination 
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3.4.5. Plant analysis 

Plant samples were analyzed for growth and ionic analysis by adopting their 

standard procedures. Ash contents were determined by adopting the procedure as described 

by AACC (2000). A 10g of the sample was taken in weighted china crucible (w1). Then the 

crucible was heated gradually until the substance carbonized. Then this crucible was heated 

in to the muffle furnace at about 550-600oC till white/grey ash was noticed. Ash weight 

was recorded after cooling the crucible in the desiccator, and then weight of ash (W2) was 

recorded. 

𝐴𝑠ℎ (%) =
𝑊2 − 𝑊1

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 

3.4.6. Gluten content 

 Gluten content was determined by following method of Glutamatic according to 

AACC (2000) Method No.38-12. After making small dough it was placed in Glutamatic 

Plexiglas. Instrument was stopped after washing the material, which was washed again and 

again with tap water for the removal of  sodium chloride solution for getting benefit of 

elastic matter as wet gluten. The matter was dried at hot plate, and weighed as dry gluten. 

The result was described as percent dry gluten. 

3.4.7. Statistical Analysis 

 All the data were evaluated statistically under RCRD design with three replications. 

All the written data were mean of 3 replications. Data were explianed by using Statistics 

8.1®. All the results were associated by using Tukey Multiple comparison test HSD. Each 

value in the Table is mean of three replications ±S.E. while the values in () is the percentage 

of respective control. 
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CHAPTER-04      Results and Discussion 

4.1. Study-01: Effect of phosphoric acid and potassium humate on growth and yield 

of maize 

4.1.1. Growth attributes 

The data regarding growth responses of maize presented in the Table 4.1.1 are 

significant at P<0.05.  On an overall average basis growth parameters increased 

significantly with the application of both the amendments either alone or in combination 

under salt stress. The extreme increase in SDW was detected in T8 (15.12) where 

phosphoric acid (10%) was applied along with potassium humate (100kg ha-1) followed by 

T3 (13.44) where phosphoric acid (50%) was applied alone. The treatment effect of T2 (PA 

10%) and T9 (PA 50 % + PH 100 kg ha-1) was not significant and a similar shoot dry weight 

was obtained. Similar result was observed in T4 and T6. The application of potassium 

humate (100kg ha-1) produced significantly lowest shoot dry weight (8.98g) compared to 

other treatments however it was more than control (6.26). 

The highest shoot dry weight was found in T8 (241 %) in comparison with control 

and other treatments on relative basis. However lowest SDW has been recorded in T7 

(143%) in which the potassium humate was applied @ of 100 kg ha-1. Maximum root dry 

weight was produced by the application of phosphoric acid (50%) along with potassium 

humate (100 kg ha-1); however it was 315 % of respective control. Similarly shoot and root 

length were recorded maximum in T9 which were 181% and 232 % of their respective 

control on relative basis. 

4.1.2. (a)  Physiological attributes 

(Photosynthetic rate, Transpiration rate and Stomatal conductance) 

The data regarding all the physiological attributes are significantly different at 

P<0.05. Physiological attributes decreased under salt stress; however use of phosphoric 

acid and potassium humate alone or in combination had increase the physiology of maize 

plants. As displayed in the Table (4.1.2a) photosynthetic rate for maize varied from (6.20) 

to (18.30) including control. It is interesting to note that the maximum photosynthetic rate 

was observed in T3 (18.30) followed by T2 (16.80). Evaluation of both the amendments 

showed that photosynthetic rate for higher level of potassium humate (100 kg ha-1) was 

significantly lower as compared to other treatments. However it was more from control. 
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Results further displayed that combined application of phosphoric acid and potassium 

humate showed insignificant photosynthetic rate (T5, T6, T8 and T9). The highest relative 

photosynthetic rate was observed in T3 (295 %) while the minimum photosynthetic rate 

was shown by T7 (147 %). Transpiration rate showed significant difference among all the 

treatments. (P<0.05). The control treatment for transpiration rate (0.17) resulted in the 

lowest transpiration rate. Maximum transpiration was recorded in T5 (phosphoric acid 10% 

+potassium humate 50 kg ha-1) (0.84). This was 5 times more than control. Significant 

reduced transpiration rate was observed in control treatments. Comparison of all the 

treatments for stomatal conductance clearly showed that phosphoric acid and potassium 

humate increased stomatal conductance significantly (0.97) from all other treatments. This 

performance was about 349% than control while minimum relative stomatal conductance 

was recorded in T2 (148%).  

Table. 4.1.1. Response of maize for growth in saline-sodic soil with PA and PH 

application 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml),  

T4 = Potassium humate (0.5 g), T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g),  

T6 = Phosphoric Acid (6.8 ml)+ Potassium humate (0.5 g), T7 =  Potassium humate (1 g), T8 =  Phosphoric 

Acid (34.88 ml)+ Potassium humate (1 g), T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

 

 

 

 

 

 

 

Treatment 

Growth parameters 

Shoot dry 

weight 

(g pant-1) 

Root dry 

weight 

(g plant-1) 

Shoot length 

(cm) 

Root length 

(cm) 

T1      6.26±0.53  0.51±0.07 44.3±2.05 24.3±1.45 

T2 12.65±0.92 (202) 1.08±0.06 (213) 68.7±1.19 (155) 33.3±2.14 (137) 

T3 13.44±0.60 (215) 1.18±0.10 (234) 68.0±1.78 (153) 37.1±2.21 (152) 

T4 9.48±1.06 (152) 0.96±0.08 (189) 70.7±1.86 (159) 29.4±1.29 (121) 

T5 11.63±1.17 (186) 1.29±0.10 (254) 77.0±2.31 (174) 41.2±2.01 (169) 

T6 9.29±0.94 (148) 1.37±0.12 (270) 71.7±1.70 (162) 46.8±0.52 (192) 

T7 8.98±0.15 (143) 1.10±0.09 (216) 62.3±2.32 (141) 31.6±1.73 (130) 

T8 15.12±1.17 (241) 1.38±0.11 (273) 67.3±1.77 (152) 51.2±1.07 (211) 

T9 12.17±1.45 (194) 1.60±0.08 (315) 80.3±1.53 (181) 56.5±0.50 (232) 

Mean 11.00 1.16 67.9 39.0 

HSD 

Tukey 

Value 

5.06 0.46 9.42 7.75 
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Table4.1.2. (a) Response of maize for physiological attributes in saline-sodic soil with 

PA and PH application 

Treatments 

Physiological attributes 

Photosynthetic rate 

(µmolm-2S-1) 

Transpiration rate 

(µmolm-2S-1) 

Stomatal 

conductance 

(µmolm-2S-1) 

T1     6.20±1.00      0.17±0.02      0.28±0.03 

T2 16.80±1.92 (271) 0.33±0.04 (194) 0.41±0.04 (148) 

T3 18.30±1.56 (295) 0.36±0.03 (212) 0.66±0.03 (237) 

T4 11.10±1.75 (179) 0.51±0.02 (300) 0.82±0.02 (295) 

T5 10.70±2.04 (173) 0.84±0.02 (494) 0.97±0.02 (349) 

T6 13.90±1.51 (224) 0.75±0.04 (441) 0.91±0.05 (330) 

T7 9.10±2.06 (147) 0.71±0.05 (418) 0.88±0.03 (317) 

T8 11.40±1.55 (184) 0.63±0.04 (371) 0.77±0.04 (278) 

T9 12.30±2.23 (198) 0.57±0.04 (335) 0.71±0.01 (255) 

Mean 12.20 0.54 0.71 

HSD 

Tukey 

Value 

8.8363 0.15 0.17 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml),  

T4 = Potassium humate (0.5 g), T5 = Phosphoric acid (34.88 ml)+ Potassium humate (0.5 g),  

T6 =  Phosphoric Acid (6.8 ml)+ Potassium humate (0.5g), T7 =  Potassium humate (1 g), T8 =  Phosphoric 

Acid (34.88 ml)+ Potassium humate (1 g), T9 = Phosphoric Acid (6.8 ml)+ Potassium humate (1 g) 

4.1.2. (b) Physiological attributes  

A summary of the analysis of variance evaluates the effect of treatment given in the 

Table (4.1.2b). Results showed that membrane stability index was evaluated statistically at 

P<0.05. The maximum membrane stability index was recorded in T9 with combined 

application of PA 50% and PH 100kg ha-1. While minimum membrane stability index was 

recorded with potassium humate (100kg ha-1) application as shown by control. Though 

nonsignificant membrane stability index was a noteworthy value showed by T2, T3 and T6; 

which was significantly different from other treatments. Maximum relative membrane 

stability index was about 339% in T9, however its minimum value was recorded in T7 

(110%). 

Table (4.1.2b) clearly indicated that relative water contents were not significantly 

different except T9 and control. Combined and alone application of treatments concluded 

the nonsignificant response for relative water content and total chlorophyll contents. 

However these treatments were significantly different than control and T9 which shows the 

maximum relative water contents (43.46) and chlorophyll contents (42.73).  
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Table 4.1.2. (b) Response of maize for physiology of plants in saline-sodic soil with PA 

and PH application 

Treatments 

Physiological attributes 

Membrane stability 

index 

(%) 

Relative water 

contents 

(%) 

Total chlorophyll 

contents (SPAD) 

T1      19.55±0.56       23.24±1.58    32.20±1.70 

T2 50.23±1.35 (257) 35.37±1.37 (152) 37.47±1.22 (116) 

T3 51.86±1.31 (265) 32.67±3.03 (141) 43.67±1.23 (136) 

T4 32.12±1.41 (164) 37.63±1.94 (162) 36.93±1.81 (115) 

T5 35.19±1.59 (180) 35.15±2.09 (151) 42.97±1.50 (133) 

T6 48.67±0.80 (249) 37.05±3.41 (159) 39.50±2.40 (123) 

T7 21.48±1.02 (110) 30.92±3.07 (133) 40.80±2.13 (127) 

T8 59.68±0.54 (305) 39.18±0.32 (169) 37.13±1.89 (115) 

T9 66.17±0.84 (339) 43.46±3.75 (187) 42.73±3.52 (133) 

Mean 42.77 34.96 39.27 

HSD 

Tukey 

Value 

5.4972 0.46 10.137 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 

g) T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88 ml)+ Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

4.1.3. N-Content in root, shoot and grain (%) 

Nitrogen concentration in root, shoot and grain was estimated by expressing the 

amount of total nitrogen in each part. Application of phosphoric acid and potassium humate 

had significant effect on nitrogen concentration in all the parts. The greatest N content was 

recorded in T5 in root (1.21%) shoot (1.30%) and grain (1.50%) (Table.4.1.3). N root 

content was minimum in T2 (0.60%) however it was more than control (0.39%). There was 

more than 250 times increase in nitrogen concentration in root, shoot and grain on relative 

basis. Nitrogen content was found more in grain followed by shoot and root. Data clearly 

indicated that with combined application of both the amendments nitrogen uptake was 

maximum as compared to control. In contrast to root, alone application of phosphoric acid 

had no significant effect on nitrogen concentration in shoot and grain. Similar results were 

observed in T4 and T9 of shoot nitrogen concentration and between T4, T7 and T9 which 

were similar relative to each other.  
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Table.4.1.3. Response of maize for N content in saline-sodic soil with PA and PH 

application 

Treatments 
Nitrogen concentration (%) 

Root Shoot Grain 

T1     0.39±0.03     0.45±0.04     0.52±0.03 

T2 0.60±0.04 (154) 0.62±0.02 (137) 0.73±0.03 (141) 

T3 0.68±0.02 (177) 0.71±0.02 (159) 0.83±0.02 (160) 

T4 0.94±0.06 (244) 1.06±0.03 (236) 1.14±0.02 (221) 

T5 1.21±0.07 (313) 1.30±0.04 (288) 1.50±0.05 (290) 

T6 1.14±0.05 (294) 1.26±0.03 (279) 1.42±0.04 (274) 

T7 0.78±0.03 (201) 0.91±0.05 (203) 1.03±0.03 (199) 

T8 1.05±0.05 (271) 1.18±0.03 (263) 1.37±0.02 (265) 

T9 0.82±0.04 (211) 1.01±0.05 (225) 1.10±0.03 (214) 

Mean 0.84 0.95 1.07 

HSD Tukey 

Value 
0.2337 0.1742 0.1546 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

4.1.4. Phosphorus concentration in root, shoot and grain (%) 

Phosphorus content was significantly affected at P<0.05. (Anexxure.4.1.5). 

Phosphoric acid alone application influenced the phosphorus concentration in root, shoot 

and grain. Application of phosphoric acid (50 %) significantly showed higher phosphorus 

concentration in root (0.42 %), shoot (0.39 %) and grain (0.46 %) followed by T2 

(phosphoric acid 10 %) (Table.4.1.4). Overall phosphorus concentration was maximum in 

grain and shoot. Potassium humate (100 kg ha-1) had not showed a significant phosphorus 

concentration in root, shoot and grain. Its relative performance was double (113 %) than 

control. However this response was less than all other treatments. Maximum relative 

response for phosphorus concentration in root (280 %), shoot (279 %) and grain (271 %) 

was more than 250 times than un-amended control.  
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Table.4.1.4. Response of maize for P contents in saline-sodic soil with PA and PH 

application 

Treatments 
Phosphorus concentration (%) 

Root Shoot Grain 

T1        0.15±0.04     0.14±0.02    0.17±0.03 

T2 0.38±0.01 (253) 0.35±0.02 (250) 0.41±0.02 (241) 

T3 0.42±0.03 (280) 0.39±0.03 (279) 0.46±0.02 (271) 

T4 0.21±0.03 (140) 0.19±0.02 (136) 0.23±0.03 (135) 

T5 0.31±0.02 (207) 0.28±0.03 (200) 0.33±0.01 (194) 

T6 0.34±0.01 (227) 0.31±0.02 (221) 0.37±0.03 (218) 

T7 0.17±0.02 (113) 0.16±0.03 (114) 0.21±0.02 (124) 

T8 0.28±0.04 (187) 0.25±0.03 (179) 0.31±0.02 (182) 

T9 0.24±0.03 (160) 0.21±0.03 (150) 0.28±0.02 (165) 

Mean 0.28 0.25 0.31 

HSD Tukey 

Value 
0.1261 0.1214 0.0986 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml),  

T4 = Potassium humate (0.5 g), T5 = Phosphoric acid (34.88 ml)+ Potassium humate (0.5 g),  

T6 =  Phosphoric Acid (6.8 ml)+ Potassium humate (0.5 g), T7 =  Potassium humate (1 g), T8 =  Phosphoric 

Acid (34.88 ml)+ Potassium humate (1 g), T9 = Phosphoric Acid (6.8ml) + Potassium humate (1g) 

4.1.5. Potassium concentration in root, shoot and grain (%) 

Maize potassium concentration was significantly influenced by the potassium 

humate and phosphoric acid treatment. Comparison showed that potassium concentration 

was more in grain followed by root and shoot. Potassium humate (PH) (50 kg ha-1) 

produced highest K content in root (4.17) shoot (3.71) and grain (4.26). Further increase in 

potassium humate application had reduced the potassium concentration in all the plant 

parts.  

Alone application of both the amendments showed significant response for 

potassium concentration as compared to their combined application. Minimum potassium 

concentration was recorded in un-amended control for root (2.75), shoot (2.31) and grain 

(2.84). Data (Table.4.1.5) showed maximum K+ concentration in root (152 %), shoot (161 

%) and grain (150 %) related to control. 
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Table.4.1.5. Response of maize for K contents in saline-sodic soil with PA and PH 

application 

Treatments 
Potassium concentration (%) 

Root Shoot Grain 

T1        2.75±0.05   2.31±0.03    2.84±0.03 

T2 3.31±0.04 (121) 2.67±0.03 (116) 3.32±0.04 (117) 

T3 3.35±0.05 (122) 3.15±0.04 (136) 3.75±0.03 (132) 

T4 4.17±0.03 (152) 3.71±0.03 (161) 4.26±0.05 (150) 

T5 3.77±0.02 (137) 3.44±0.05 (149) 3.87±0.03 (136) 

T6 3.82±0.02 (139) 3.57±0.04 (155) 3.94±0.03 (139) 

T7 3.89±0.04 (142) 3.64±0.01 (158) 3.97±0.02 (140) 

T8 3.71±0.03 (135) 3.39±0.04 (147) 3.84±0.02 (135) 

T9 3.63±0.02 (132) 3.32±0.02 (144) 3.80±0.03 (134) 

Mean 3.60 3.24 3.73 

HSD Tukey 

Value 
0.1700 0.1657 0.1471 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml),  

T4 = Potassium humate (0.5 g), T5 = Phosphoric acid (34.88 ml)+ Potassium humate (0.5 g),  

T6 =  Phosphoric Acid (6.8 ml)+ Potassium humate (0.5 g), T7 =  Potassium humate (1 g), T8 =  Phosphoric 

Acid (34.88 ml)+ Potassium humate (1 g), T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1g) 

4.1.6. Micronutrients (Iron, Zn, Cu and Mn concentration in root, shoot and grain) 

(ppm) 

In comparison to other micronutrients, iron concentration was significantly affected 

with phosphoric acid application which was more as compare to potassium humate alone 

or in combination (P<0.05).  Iron concentration was recorded maximum in root (60.11) 

followed by shoot (62.38) and grain (64.23) (Table.4.1.6). Phosphoric acid (50 %) resulted 

maximum iron concentration in root (171%), shoot (165%) and grain (191%) on relative 

basis. Results revealed that combined application of PA and PH showed maximum zinc 

concentration in grain (37.27) followed by shoot (31.18) and root (30.74). Relative zinc 

concentration in root (365 %), shoot (493 %) and grain (333 %) was observed in T6 (Table 

4.1.7). Results further indicated that copper and manganese were more in shoot, followed 

by root and grain. However maximum copper value in root (9.52) and shoot (12.46) was 

recorded in treatment T4 which showed the 1002 % and 1271 % relative to control. While 

grain copper contents (12.24) was recorded in T7. Application of phosphoric acid along 

with potassium humate showed maximum Mn concentration in root (18.29), shoot (16.37) 

and grain (11.74) being 477 %, 709 % and 556 % on relative basis. 
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Table.4.1.6. Response of maize for Fe and Zn contents in saline-sodic soil with PA and PH application 

Treatments 
Fe (ppm) Zn (ppm) 

Root Shoot Grain Root Shoot Grain 

T1  35.17±2.12  37.92±1.89  33.63±2.55    8.42±1.24    6.33±1.06   11.19±1.63 

T2 38.12±2.09 (108) 40.93±2.44 (108) 41.14±2.24 (122) 11.26±0.95 (134) 11.03±1.91 (174) 14.39±1.47 (129) 

T3 41.25±1.44 (117) 44.27±2.66 (117) 51.83±1.50 (154) 14.16±1.46 (168) 13.15±1.91 (208) 25.42±1.18 (227) 

T4 42.33±1.42 (120) 45.77±2.06 (121) 48.61±1.68 (145) 24.82±1.25 (295) 21.75±1.53 (344) 27.18±1.84 (243) 

T5 58.13±2.56 (165) 50.28±1.47 (133) 53.28±2.17 (158) 27.19±1.40 (323) 28.16±1.52 (445) 28.16±1.82 (252) 

T6 51.28±0.69 (146) 53.22±1.54 (140) 64.42±1.77 (192) 30.74±1.48 (365) 31.18±1.57 (493) 37.27±1.16 (333) 

T7 37.94±2.62 (108) 40.12±1.40 (106) 50.72±1.68 (151) 26.42±1.60 (314) 25.83±2.33 (408) 30.46±2.15 (272) 

T8 60.11±3.55 (171) 62.38±1.21 (165) 64.23±1.54 (191) 21.94±1.10 (261) 18.35±2.22 (290) 25.28±1.47 (226) 

T9 57.13±2.69 (162) 58.94±2.34 (155) 61.29±1.44 (182) 18.42±1.47 (219) 16.15±1.56 (255) 32.62±1.28 (292) 

Mean 46.83 48.20 52.13 20.37 19.10 25.77 

HSD Tuckey 

Value 
11.286 9.6678 9.2948 6.6475 8.7977 7.8554 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g), T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g),  

T6 = Phosphoric Acid (6.8 ml) + Potassium humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88 ml)+ Potassium humate (1 g),  

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 
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Table.4.1.7. Response of maize for Cu and Mn contents in saline-sodic soil with PA and PH application 

Treatments 
Cu (ppm) Mn (ppm) 

Root Shoot Grain Root Shoot Grain 

T1   0.95±0.20    0.98±0.04     1.24±0.48     3.83±0.35     2.31±1.05     2.11±0.44 

T2 1.05±0.19 (111)    1.77±0.59 (181) 2.27±0.23 (183) 6.13±0.90 (160) 6.25±0.87 (271) 3.42±0.91 (162) 

T3  1.77±0.68 (186)    2.59±0.45 (264) 3.16±0.29 (255) 8.37±1.18 (218) 5.14±1.47 (223) 3.04±1.16 (144) 

T4 9.52±0.51 (1002) 12.46±1.24 (1271) 8.16±0.57 (658) 15.51±1.60 (405) 11.29±2.13 (489) 8.27±0.93 (392) 

T5  3.12±0.60 (328) 4.17±0.56 (426) 5.88±0.31 (474) 18.29±1.09 (477) 16.37±2.12 (709) 11.74±1.31 (556) 

T6  4.22±0.83 (445) 6.38±0.58 (651) 7.26±0.53 (585) 17.31±0.77 (452) 13.88±0.97 (601) 9.45±0.90 (448) 

T7  5.82±0.25 (612) 9.53±0.95 (972) 12.24±0.89 (987) 13.19±1.03 (344) 9.52±1.37 (412) 7.93±0.73 (376) 

T8  7.04±0.90 (741) 8.74±0.67 (892) 5.13±0.61 (414) 11.37±1.45 (297) 9.24±2.10 (400) 5.34±1.49 (253) 

T9  7.32±0.36 (771) 8.16±0.55 (833) 3.95±0.21 (319) 10.82±0.98 (282) 7.64±1.44 (331) 5.11±1.01 (242) 

Mean 4.53 6.09 5.48 11.65 9.07 6.27 

HSD Tuckey 

Value 
2.7808 3.4610 2.4920 5.4197 7.8068 5.1041 

T1 = Control, T2 = Phosphoric acid (34.88ml), T3 = Phosphoric acid (6.8ml), T4 = Potassium humate (0.5g) T5 = Phosphoric acid (34.88ml) + Potassium humate (0.5g),  

T6 = Phosphoric Acid (6.8ml) + Potassium humate (0.5g), T7 = Potassium humate (1g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1g)  

T9 = Phosphoric Acid (6.8ml) + Potassium humate (1g) 
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4.1.8. Crop grain yield (g pot-1) 

The data presented in Table.4.1.9 describe the significant relationship among different 

treatments (P<0.05). Grain yield was maximum in T8 (34.76) followed by T9 (32.60), while 

the minimum grain yield (27.11) was recorded in T2. However it was more than control 

(17.66). It was clear from the data that maximum Relative performance of T8 for grain yield 

was recorded as 197%.  Grain yield was significantly positively correlated (r= 0.6618) at 

5% level with shoot dry weight. Fig.4.1 presented that yield improved significantly with 

increase in shoot dry weight.  

 Table.4.1.8. Response of maize for grain yield in saline-sodic soil with PA and PH 

application 

Treatments Grain yield (g pot-1) 

T1                                    17.66±1.57 

T2 27.11±2.06 (154) 

T3 28.42±1.82 (161) 

T4 24.63±2.92 (139) 

T5 28.97±1.90 (164) 

T6 30.86±2.08 (175) 

T7 21.42±1.47 (121) 

T8 34.76±2.13 (197) 

T9 32.60±1.91 (185) 

Mean 27.38 

HSD Tuckey Value 10.024 
T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5g) 

T5 = Phosphoric acid (34.88ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1g)  

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1g) 
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Fig.4.1. Correlation between shoot dry weight and grain yield 
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4.1.9. Soil analysis after harvesting the crop (Soil ECe, pHs and SAR) 

Post-harvest soil ECe was significantly (P<0.05) different among treatments 

(Table.4.1.10). The maximum decrease in soil ECe was recorded in T3 (6.72). This 

reduction was followed by T2 (6.94). The soil pH differed non significantly due to the effect 

of amendments. It was maximum in control (8.59) followed by T5 (8.54). There was 85 % 

reduction relative to control. Soil SAR was also considerably different (P<0.05). However 

application of phosphoric acid decreased the SAR as compared to the combined application 

of both the amendments. Maximum decrease in SAR was recorded in in T3 (21.24) as 

compared to control, this reduction was about 82 % on relative basis.  Soil pH changes 

temporarily which ultimately reaches at its initial reading due to high soil buffering 

capacity. It was observed from the Table that phosphoric acid decrease the salt 

accumulation in the soil which helps in the reclamation of salt affected soils. 

Table.4.1.9. Impact of phosphoric acid and K- humate on post-harvest soil roperties 

of saline-sodic soil 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml)+ Potassium humate (0.5 g), T6 =  Phosphoric Acid (6.8 ml)+ Potassium 

humate (0.5 g), T7 =  Potassium humate (1 g), T8 =  Phosphoric Acid (34.88 ml)+ Potassium humate (1 g)  

T9 = Phosphoric Acid (6.8 ml)+ Potassium humate (1 g) 

4.1.10. Discussions 

Salt stress is major abiotic stress which hinders plant growth (Wu et al., 2012; Li et 

al., 2011). Some growth stages of the plant are prone to be more affected however it upsets 

the whole plant life (Garg and Manchanda, 2009). In case of primary salinity it affects the 

plant just after germination, this effect continues up to before flowering after which 

secondary salinity affects whole growth of the plant including flowering and fruiting stage. 

Potassium humate improves the growth responses including dry weight and length of root 

Treatments 

Post-harvest Soil Analysis 

ECe 

(dS m-1) 
pHs 

SAR 

mmol L-1 

T1       7.89±0.04    8.59±0.03    26.00±0.36 

T2 6.94±0.07 (88) 8.46±0.03 (99) 22.33±0.61 (86) 

T3 6.72±0.17 (85) 8.42±0.04 (98) 21.24±0.15 (91) 

T4 7.55±0.22 (96) 8.52±0.02 (99) 24.33±0.57 (94) 

T5 7.19±0.13 (91) 8.54±0.03 (99) 22.92±0.26 (88) 

T6 7.36±0.31 (93) 8.52±0.04 (99) 23.36±0.39 (90) 

T7 7.69±0.08 (97) 8.50±0.02 (99) 24.00±0.18 (92) 

T8 7.28±0.06 (92) 8.48±0.02 (99) 23.67±0.16 (82) 

T9 7.44±0.13 (94) 8.43±0.06 (98) 23.16±0.36 (89) 

Mean value 7.34 8.49 23.13 

HSD Tuckey Value 0.7739 0.1737 1.8603 
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and shoot which is might be due to more nutrient uptake. The results were observed similar 

as defined by different researchers in different crops including rice, wheat.  

The elements have a straight influence with binding of humic substances. This is 

might be due to the increase quantity of available phosphorus and other nutrients by plant 

and thus influencing the enzymatic activities and permeability of membranes (Nardi et al. 

2002). Salinity reduces plant height Essa (2002) and Shalhevet et al. (1995). The 

application of humic acid alone and/or in combination with other fertilizers has significant 

beneficial effect on the growth and yield of mustard (David and Samule, 2002).   

In present study shoot dry weight was severely affected due to the salt accumulation 

in shoot, however combined application of phosphoric acid and potassium humate improve 

the growth responses of the plant. Correlation between grain yield and shoot dry weight 

was significantly positive r2 = 0.5911(Fig.4.2) 

There was significant positive correlation between grain yield and total chlorophyll 

contents r2 = 0.5911which states that as total chlorophyll contents increases grain yield also 

increases. Photosynthetic rate was positively correlated (r2 = 0.6181) with total chlorophyll 

contents which is might be due to increase in photosynthesis.  

y = 0.7912x + 16.049
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y = 0.5194x - 1.4872
R² = 0.6795

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Ph
ot

os
yn

th
et

ic
 ra

te
 

To
ta

l c
hl

or
op

hy
ll 

co
nt

en
ts

 (S
PA

D
)

Grain yield (g pot-1)

Fig.4.2 Correlation between photosynthetic rate, total chlorophyll contents and grain yield 

Similar results were observed by many researchers concluding that increasing 

salinity decreased chlorophyll contents of which could be due to high level of chlorophyll 
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degrading enzyme, chlorophyllase (Jamil et al. 2007), and the destruction of the chloroplast 

structure and the instability of pigment protein complexes (Singh and Dubey 1995).  

Potassium humate improve the potassium uptake and its translocation in other parts 

of the plant. Being inorganic osmo-regulator, potassium excludes the sodium and reduces 

its effects on the plant growth responses (Amer, and El-Ramady, 2015). Phosphoric acid 

contains phosphorus more in soluble form as compared to other solid fertilizer. So when 

roots uptake this available phosphorus then root of the plant grows better which improves 

the uptake of other nutrients including macro as well as micronutrients and ultimately the 

shoot biomass increases (Hussain et al., 2011).  Phosphoric acid by itself caused significant 

increase in plant height and diameter (Rengrudkij and Partida, 2003). They also reported 

that addition of phosphoric acid stimulate growth, dry weight and N and P uptake. Fig. 

showed a significant positive relationship between phosphorus and iron concentration in 

grain (r2 = 0.7454) however both the variables are non-significantly correlated with zinc 

concentration in grain, although zinc concentration was increased significantly as compared 

to control.  

This is might be due to the dissolution and interconversion of iron, phosphorus and 

zinc compounds. When the phosphoric acid was applied alone it increase the phosphorus 

in soil due to temporary change in pH, iron concentration in soil solution become more 

however zinc availability decreases due to the formation of zinc phosphate which is 

unavailable form. At low pH Fe (III) reduces to Fe (II) which is more available form to 

plants, in addition the maize plants can take up Fe (III) which should be converted into Fe 

(II) inside the plant for its better utilization. At high pH, under salt affected conditions there 

are more carbonate, bicarbonate fix the iron and make it unavailable to the plants.  
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Fig.4.3 Correlation between phosphorus, zinc and iron concentration in grain 

The sodium concentration increases under salt affected conditions while in salt 

tolerated genotype potassium uptake increases as compared to sodium concentration due to 

similar atomic size. The result obtained is in accordance with previous findings that 

genotypes which are more tolerant to salinity are usually more able to regulate ion uptake 

and to reduce a high accumulation of sodium in the leaves (Schmutz and Ludders., 1998; 

Flower et al., 1977).  

Soil post-harvest analysis was very impressive which describe the significant 

negative correlation with grain yield. Grain yield has not highly significant negative 

correlation with soil SAR (r2 = 0.5942) which was almost opposite to that of soil ECe (r2 = 

0.829) at 5 % and 1 % level respectively. The results of present experiment explains that 

this is might be due to the dissolution of salts. Phosphoric acid dissolve the salts more 

especially the exchangeable sodium which leach down on irrigation with good quality of 

water. The correlation showed that as yield increases then soil ECe and SAR decreases. 

Single of mixed application of potassium humate with other fertilizers improves the 

ionic amount in plant. Simultanious application of phosphoric acid and potassium humate 

improved the grain yield. This is might be due to the increase quantity of available 

phosphorus and other nutrients. Matching results were described by Akhtar et al., 2015; 

Hussain et al., 2011. Phosphoric acid alone application facilitate the leaching of salts which 

ultimately decrease the soil EC and SAR. So phosphoric acid could be used as a good 
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reclaiming agent in salt affected soils. The results were in accordance of Ali and Aslam, 

2005. 
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Fig.4.4. Correlation between grain yield, soil ECe and SAR   
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Study-2: Residual effect of PA and PH on growth and yield of wheat and soil 

properties 

4.2.1. Growth attributes 

Application of phosphoric acid and potassium humate individually or in 

combination showed (Table.4.2.1) different dry weight of shoot and root significantly 

(P<0.05) being maximum T5 (3.04) and T9 (0.81) respectively. Whereas the residual shoot 

and root dry weight was minimum (0.96) and (0.19) in T4 and T7 among the treatments that 

was significantly higher than control. Shoot dry weight was 712 % than control while root 

dry weight was about 657 % than control. 

Shoot and root length were also affected by residual effect of amendments. The 

shoot length was highest with (65.8) T9. Maximum shoot and root length was recorded with 

T9 and T8. There was 518% and 633 % increase in shoot and root length respectively than 

control. 

Table.4.2.1 Residual influence of PA and PH on growth responses of wheat in saline-

sodic soil 

Treatment Shoot Dry Weight Root Dry Weight Shoot Length Root Length 

T1  0.43±0.029   0.12±0.030  12.7±1.11  1.24±0.06 

T2 1.27±0.027 (297) 0.41±0.015 (332) 24.1±1.21 (190) 3.52±0.12 (284) 

T3 1.45±0.030 (340) 0.75±0.035 (611) 19.2±0.56 (151) 4.26±0.14 (344) 

T4 0.96±0.036 (225) 0.22±0.012 (178) 20.6±1.65 (162) 3.33±0.07 (269) 

T5 3.04±0.023 (712) 0.24±0.015 (197) 34.2±1.31 (269) 5.74±0.23 (463) 

T6 2.73±0.018 (641) 0.25±0.023 (200) 55.6±1.25 (438) 7.85±0.20 (633) 

T7 1.19±0.021 (279) 0.19±0.020 (151) 23.0±0.43 (181) 2.26±0.03 (182) 

T8 1.78±0.037 (416) 0.30±0.018 (246) 48.8±0.99 (384) 8.75±0.18 (706) 

T9 1.57±0.034 (369) 0.81±0.017 (657) 65.8±1.23 (518) 3.17±0.07 (256) 

Mean 1.60 0.36 33.8 4.46 

HSD 

Tuckey 

Value 

0.1440 0.1210 5.0918 0.6844 

 

4.2.2. Physiological response of wheat 

Response of wheat for photosynthetic rate, stomatal conductance and transpiration 

rate was displayed in (Table.4.2.2). In residual trial revealed that the significant (P<0.05) 

response was in accordance of the treatment applied. Photosynthetic rate was maximum 

(4.55) in T6 followed by T3 (4.11). While treatment T8 (0.28) performed best for 

transpiration rate and again T6 (0.27) stood first place for stomatal conductance. Minimum 
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value for photosynthetic rate, transpiration rate and stomatal conductance was recorded 

under control. At flowering, under respective treatments; photosynthetic rate, transpiration 

rate and stomatal conductance showed (1117 %), (1419 %) and (2801 %) relative response 

as associated to control. 

Table.4.2.2. Residual Effect of PA and PH on physiological attributes of wheat in 

saline-sodic soil 

Treatment 
Photosynthetic rate 

(µmolm-2S-1) 

Transpiration rate 

(µmolm-2S-1) 

Stomatal conductance 

(µmolm-2S-1) 

T1      0.41±0.01 0.02±0.000 0.01±0.000 

T2 2.95±0.09   (724) 0.06±0.002 (302) 0.05±0.002 (498) 

T3 4.11±0.13 (1009) 0.07±0.002 (360) 0.09±0.003 (918) 

T4 1.06±0.03   (259) 0.14±0.006 (717) 0.13±0.005 (1313) 

T5 0.96±0.03   (235) 0.05±0.001 (248) 0.19±0.008 (1952) 

T6 4.55±0.16 (1117) 0.21±0.004 (1068) 0.27±0.011 (2801) 

T7 0.78±0.02   (192) 0.19±0.006 (960) 0.11±0.003 (1100) 

T8 2.97±0.09   (729) 0.28±0.012 (1419) 0.23±0.004 (2300) 

T9 2.14±0.09   (523) 0.17±0.003 (850) 0.16±0.006 (1584) 

Mean 2.21 0.13 0.14 

HSD Tuckey  

Value 
0.0435 0.0648 0.0234 

 

4.2.3. Nitrogen in root, shoot and grain (%) 

There was significant difference among the amendments for nitrogen uptake by 

wheat root, shoot and grain (Table.4.2.3). The wheat plants grown with phosphoric acid 

and potassium humate alone or in combination accumulated nitrogen significantly (P<0.05) 

in root, shoot and grain. The accumulated nitrogen content was maximum in root (0.196) 

in T9 followed by T6 (0.174) whereas it was minimum in control (0.013). The residual effect 

of amendments was still able to increase the nitrogen uptake up to 1533 % in root compared 

to control on relative basis. Nitrogen contents in wheat shoot were also highest in T9 

(0.276).The relative increase in shoot nitrogen was 1742 % as compared to control. N 

contents in wheat grain (0.325) was maximum in T6 which was about 1751% as related to 

control.  
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Table.4.2.3. Residual response of PA and PH on N contents of wheat in saline-sodic 

soil 

Treatment 
Nitrogen in root 

(%) 

Nitrogen in shoot 

(%) 

Nitrogen in grain 

(%) 

T1 0.013±0.000 0.016±0.000 0.019±0.001 

T2 0.025±0.000 (193) 0.031±0.001 (193) 0.059±0.001 (316) 

T3 0.036±0.001 (278) 0.044±0.001 (275) 0.086±0.002 (462) 

T4 0.041±0.001 (321) 0.087±0.002 (547) 0.128±0.003 (690) 

T5 0.109±0.003 (850) 0.177±0.004 (1117) 0.214±0.007 (1153) 

T6 0.174±0.004 (1361) 0.248±0.004 (1566) 0.325±0.010 (1751) 

T7 0.049±0.000 (379) 0.095±0.002 (598) 0.123±0.003 (661) 

T8 0.118±0.004 (920) 0.164±0.004 (1035) 0.252±0.008 (1358) 

T9 0.196±0.007 (1533) 0.276±0.008 (1742) 0.318±0.010 (1714) 

Mean 0.084 0.126 0.169 

HSD Tukey Value 0.0157 0.0188 0.0300 
 

4.2.4. Phosphorus in root, shoot and grain (%) 

Phosphorus contents in root, shoot and grain in residual experiment increased 

significantly (P<0.05) with amendments in comparison to control (Table.4.2.4). All 

treatments were different as compared to control. However T8, T9 differed non-significantly 

in root, shoot and grain. Maximum increase in phosphorus concentration in root (0.099), 

shoot (0.086) and grain (0.071) was recorded in T9 followed by T8. However minimum 

phosphorus contents were recorded in T4 in root (0.032), shoot (0.028) while in T7 for grain 

(0.024) as compared to control. There was more response on relative basis for root (530 

%), shoot (668 %) and grain (663 %) as compared to control.  

Table.4.2.4. Residual response of PA and PH on P contents of wheat in saline-sodic 

soil 

Treatment 
Phosphorus in root 

(%) 

Phosphorus in shoot 

(%) 

Phosphorus in grain 

(%) 

T1 0.019±0.000 0.013±0.000 0.011±0.000 

T2 0.066±0.002 (351) 0.049±0.001 (378) 0.040±0.001 (375) 

T3 0.079±0.001 (421) 0.071±0.003 (552) 0.058±0.002 (544) 

T4 0.032±0.001 (171) 0.028±0.001 (218) 0.025±0.001 (234) 

T5 0.070±0.002 (376) 0.062±0.001 (482) 0.054±0.002 (506) 

T6 0.088±0.003 (469) 0.074±0.002 (575) 0.066±0.003 (619) 

T7 0.045±0.001 (239) 0.033±0.001 (254) 0.024±0.001 (220) 

T8 0.091±0.002 (485) 0.084±0.002 (655) 0.068±0.002 (633) 

T9 0.099±0.003 (530) 0.086±0.002 (668) 0.071±0.002 (663) 

Mean 0.065 0.055 0.046 

HSD Tuckey 

Value 
0.008128 0.009456 0.007902 
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4.2.5. Potassium concentration in root, shoot and grain (%) 

The data regarding residual potassium concentration in root, shoot and grain of 

wheat is presented (Table.4.2.5). There was significant difference among the treatments 

(P<0.05). Residual response of amendments for potassium in root (0.594), shoot (0.823) 

and grain (0.764) among the treatment was maximum in T4. Whereas the minimum 

response for potassium in root (0.079), shoot (0.195) and grain (0.137) was recorded in T2 

where it was more than control treatment. Maximum potassium concentration on relative 

basis in root shoot and grain was (2069 %), (1336 %) and (1009 %) respectively. 

Table.4.2.5. Residual response of PA and PH on K content of wheat in saline-sodic soil 

Treatment 
Potassium in root  

(%) 

Potassium in shoot  

(%) 

Potassium in grain 

(%) 

T1 0.029±0.001 0.062±0.002 0.076±0.002 

T2 0.079±0.002 (274) 0.195±0.005 (317) 0.137±0.004 (181) 

T3 0.128±0.003 (446) 0.312±0.011 (507) 0.284±0.006 (375) 

T4 0.594±0.016 (2069) 0.823±0.021 (1336) 0.764±0.019 (1009) 

T5 0.382±0.008 (1331) 0.564±0.014 (916) 0.441±0.005 (582) 

T6 0.437±0.013 (1522) 0.638±0.013 (1036) 0.569±0.014 (751) 

T7 0.476±0.017 (1658) 0.681±0.014 (1106) 0.536±0.016 (708) 

T8 0.288±0.007 (1003) 0.425±0.013 (690) 0.412±0.010 (544) 

T9 0.219±0.006 (763) 0.355±0.014 (576) 0.374±0.011 (494) 

Mean 0.292 0.451 0.399 

HSD Tuckey 

Value 
0.0489 0.0643 0.0560 

 

4.2.6. AB-DTPA extractable metals (Fe, Zn, Cu and Mn) 

There was a statistically significant (P<0.05) residual effect of amendments on 

micronutrients uptake (Table 4.2.6). Iron was maximum in root (9.48), shoot (10.34) and 

grain (13.28) with phosphoric acid and potassium humate application depicted by T8. Iron 

in root, shoot and grain increased as 1344%, 680% and 394% respectively while control 

treatment decreased it.  

Zinc response was different from iron, which was different significantly among the 

treatments (P<0.05). Maximum zinc content was recorded in root (11.52), shoot (7.38) and 

grain (6.04) in T6.  The relative performance for zinc was 814% (root), 777% (shoot) and 

872% (grain) in comparison to control. 
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It was evident (Table.4.2.7) that copper concentration was maximum in root (2.05) 

and grain (0.96) in T4 while shoot (0.97) showed by T4. Combined application of potassium 

humate and phosphoric acid decrease the copper contents in root, shoot and grain. Increase 

in copper concentration being maximum was 1510%, 1213% and 1959% in root, shoot and 

grain respectively. 

It is clearly indicated that the residual effect of amendments on Mn uptake was 

significantly maximum in root (2.37), shoot (3.27) and grain (3.44) being 2715%, 1860 % 

and 1666 % on  relative basis as compared to control. 
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Table.4.2.6. Residual response of PA and PH on Fe and Zn contents of wheat in saline-sodic soil 

Treatment 
Iron in root 

(ppm) 

Iron in shoot 

(ppm) 

Iron in grain 

(ppm) 

Zn in root 

(ppm) 

Zn in shoot 

(ppm) 

Zn in grain 

(ppm) 

T1   0.71±0.01  1.52±0.06   3.37±0.10    1.42±0.04    0.95±0.03   0.69±0.02 

T2   2.23±0.07 (316) 3.16±0.11 (208) 5.17±0.20 (153) 3.22±0.11 (228) 2.27±0.06 (239) 1.88±0.05 (272) 

T3   3.27±0.15 (464) 5.06±0.11 (333) 6.44±0.23 (191) 4.18±0.17 (295) 2.94±0.10 (309) 2.09±0.06 (302) 

T4   2.84±0.06 (403) 5.91±0.15 (389) 6.86±0.27 (204) 6.71±0.30 (474) 3.54±0.12 (373) 3.19±0.10 (461) 

T5   4.41±0.11 (625)  7.22±0.30  (475) 9.27±0.23 (275) 9.39±0.28 (663) 5.21±0.14 (548) 5.43±0.08 (784) 

T6   6.79±0.21 (963)  8.13±0.20  (535) 12.65±0.53 (375) 11.52±0.35 (814) 7.38±0.23 (777) 6.04±0.15 (872) 

T7   2.17±0.09 (308)  3.95±0.10  (260) 6.10 ±0.19 (181) 8.15±0.29 (576) 4.03±0.12 (424) 4.26±0.07 (615) 

T8 9.48±0.24 (1344) 10.34±0.27 (680) 13.28±0.33 (394) 6.76±0.17 (478) 4.49±0.11 (473) 2.90±0.09 (419) 

T9 8.36±0.34 (1185)   8.25±0.17 (543) 11.96±0.37 (355) 5.24±0.13 (370) 3.45±0.11 (363) 3.50±0.11 (506) 

Mean 4.47 5.95 8.34 6.29 3.81 3.33 

HSD Tuckey Value 0.8499 0.8985 1.4649 1.2198 0.3411 0.3093 
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Table.4.2.7. Residual response of PA and PH on Cu and Mn contents of wheat in saline-sodic soil 

Treatment 
Cu in root 

(ppm) 

Cu in shoot 

(ppm) 

Cu in grain 

(ppm) 

Mn in root 

(ppm) 

Mn in shoot 

(ppm) 

Mn in grain 

(ppm) 

T1 0.14±0.005 0.08±0.003 0.05±0.001 0.09±0.003 0.18±0.005 0.21±0.005 

T2 0.39±0.010 (284) 0.32±0.008 (397) 0.16±0.005 (322) 0.31±0.012 (350) 0.52±0.019 (295) 0.94±0.030 (454) 

T3 0.45±0.016 (329) 0.57±0.016 (713) 0.21±0.007 (426) 0.25±0.007 (286) 0.39±0.021 (220) 0.51±0.019 (249) 

T4 2.05±0.074 (1510) 0.84±0.034 (1054) 0.96±0.036 (1959) 1.44±0.047 (1644) 2.04±0.082 (1160) 2.29±0.061 (1109) 

T5 1.28±0.056 (939) 0.77±0.021 (963) 0.44±0.009 (895) 2.37±0.071 (2715) 3.27±0.082 (1860) 3.44±0.105 (1666) 

T6 1.64±0.053 (1208) 0.92±0.015 (1150) 0.64±0.021 (1306) 1.83±0.066 (2096) 2.41±0.087 (1371) 2.68±0.080 (1298) 

T7 1.92±0.059 (1414) 1.43±0.052 (1793) 0.81±0.031 (1653) 1.04±0.012 (1187) 1.46±0.040 (828) 1.85±0.056 (896) 

T8 1.57±0.042 (1156) 0.94±0.038 (1179) 0.58±0.036 (1184) 0.77±0.024 (879) 1.08±0.035 (612) 1.49±0.061 (724) 

T9 1.49±0.046 (1097) 0.97±0.036 (1213) 0.95±0.069 (1945) 0.43±0.014 (491) 0.84±0.035 (476) 1.26±0.028 (608) 

Mean 1.21 0.76 0.53 0.95 1.35 1.63 

HSD Tuckey 

Value 
0.2279 0.2567 0.1554 0.1865 0.2663 0.2860 
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4.2.7. Yield (g pot-1) 

All the treatments regarding differed (P<0.05) for grain yield (Table.4.2.8). 

Application phosphoric acid and potassium humate individually or in combination boost 

up the grain yield. It was noteworthy that grain yield was recorded maximum (6.33) with 

the application of phosphoric acid 50 % along 50 kg ha-1 potassium humate. Maximum 

relative value for grain yield 756 % as associated to control. 

Table.4.2.8. Residual response of PA and PH on grain yield of wheat in saline-sodic 

soil  

 

4.2.8. Discussion 

 Wheat is moderate tolerant to salinity having threshold value of 7 dS m-1. Salinity 

affects growth attributes (Ashraf and Foolad, 2007). Most of the area of Pakistan is arid to 

semiarid in which evapotranspiration is more than precipitation. Plant requires optimum 

amount of macro and micro nutrients for good crop growth and production. Behavior and 

availability of the nutrients is almost opposite in salt affected soil as compared to normal 

soils. Nitrogen losses become more in salt affected soils while as phosphorus become more 

available in salt affected soil however this fact is above 9 pH. Potassium has antagonistic 

affect with sodium so there is competition of potassium with sodium in salt affected soils 

(Eisa et al., 2012). 

 Application of easily available phosphorus as compared to conventional 

phosphorus containing fertilizers improves the soil as well as plant phosphorus status 

observed in the current experiment. Phosphorus becomes unavailable over the time due to 

Treatment Grain yield (g pot-1) 

T1                                 0.84±0.02 

T2 2.46±0.06 (294) 

T3 5.14±0.11 (614) 

T4 1.69±0.06 (202) 

T5 2.73±0.08 (326) 

T6 6.33±0.32 (756) 

T7 2.88±0.09 (344) 

T8 3.48±0.11 (416) 

T9 5.79±0.29 (692) 

Mean 3.48 

HSD Tuckey Value 0.04566 
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the complex formation with calcium (Hopkins and Ellsworth, 2005). The results of this trial 

revealed that with combined application of both the amendments, plant height was 

increased but wheat shoot was thin resultantly SDW was les as compared to phosphoric 

acid alone application. Application of readily available soluble phosphorus increases the 

root length and root dry weight (Akhtar et al., 2015). Because root lateral movement and 

root proliferation for water and nutrient absorption requires more amount of phosphorus 

especially at early growth stage. Potassium humate is the potassium salt of humic acid 

which perform a lot of vital functions in the soil as by improving the physical, chemical 

and biological properties of the soil. So collective use of phosphoric acid and PH have long 

term effect but up to one cropping season which is also up to certain limit, which is might 

be due to the amount of nutrients present in the soil and also the formation of more available 

nutrient chelates.   

 In the present study nitrogen content was more in all the parts of wheat plant only 

with combined application of phosphoric acid and potassium humate. This is might be due 

to temporary change in pH and due to the more availability of nitrogenous fertilizer within 

the root zone. Application of higher dose of potassium humate did not increase the nitrogen 

concentration in plant, because potassium humate contains carbon more as compared to 

potassium. So there is wider C/N ratio that’s why more application from its optimum dose 

increases the net immobilization of nitrogen. In Addition, the potassium humate contain 

potassium which prevents the sodium uptake by the wheat plant. Similar is the case with 

phosphorus. With simultaneous use of  phosphoric acid and potassium humate P 

concentration has not been increased so much; however phosphorus concentration 

increases with separate application of phosphoric acid. But alone application of phosphoric 

acid slightly reduced the growth of plants due to sudden fluctuation in pH and changings 

occur in soil minerology. With the passage of time phosphorus become unavailable due to 

the formation of ca, Fe and Al complexes. So on long term basis phosphorus become 

available in the next season up to some extent with combined application of phosphoric 

acid and potassium humate. This is might be due the fact that with their combined 

application the resultant product “Phospho-humate” formed which make the phosphorus 

more available to the plants. Being the organic water soluble fertilizer potassium humate 

increase the chelation of all the nutrients especially micronutrients (Said-Al Ahl and 

Hussein, 2010). 
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 Potassium is required more in salt affected soils in comparison to normal soils. This 

is because of the competition in between sodium and potassium ion. Both of these ions 

have similar atomic size. Phenomenon of ionic homeostasis in plant requires more 

potassium influx as compared to sodium. By applying more potassium humate alone 

increases the potassium in the root zone which not only increase the potassium 

concentration in one season but it also provides potassium in the next cropping season as 

well. If more potassium humate is applied then due to more immobilization of the nutrients 

availability of nutrients become reduced.  Deficiency of micronutrients is more in 

calcareous salt affected soils which is mainly due to the high pH of our soils. Availability 

of micronutrients increases due to two or three main reasons. 

1. More available concentration of the micronutrients 

2. pH less than 6 

3. Chelation 

 Iron has antagonistic behavior with zinc however phosphorus has antagonistic 

behavior with zinc. So alone application of phosphoric acid might increase the phosphorus 

concentration in plant however concentration of zinc would be decreased. With acid 

application pH of the soil temporarily changes so iron uptake is more under acid conditions, 

so here is also a chance of zinc deficiency. There is dire need of iron and zinc in our daily 

life due to their vital functions in human. If more of these nutrients are accumulated in 

edible part which is grain in case of cereals then humans will be able to get rid of these 

nutrient deficiencies. Plants also require Fe, Zn, Cu and Mn to fulfill its physiological 

functions which ultimately increase the plant yield. 

 Application of potassium humate along with phosphoric acid improves chelation 

process with increase the slow release of nutrients especially micronutrients. As they are 

metal cations they make compounds with potassium humate which contains a lot of 

negatively charged functional groups. Acid decrease the pH of the soil temporary and 

potassium humate increase the iron and zinc concentration in soil. Because phosphoric acid 

did not change the soil pH more heavily and our soil has high buffering capacity, so slow 

availability of the nutrient not only increase the nutrients availability in single cropping 

season as well as in the next growth season nutrient availability increases in case of residual 

response. As good crop growth is due to high photosynthesis which is ultimately due to 

increase availability of nutrients. Alone phosphoric acid application may also increase the 

photosynthetic rate which is might be due the fact that P is the main component of ADP 
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and ATP also has role in phosphorylation. However transpiration rate and stomatal 

conductance again requires potassium humate for translocation of water and nutrients as 

well as opening and closing of stomata. All these mechanism increase the crop yield 

attributes including grain, straw and total biological yield. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

 

Study-3  Effect of phosphoric acid and potassium humate on salt leaching and 

nutrient movement in saline-sodic soil 

4.3.1. Growth response  of shoot (SFW, SDW and SL) 

Growth responses are displayed in the Table.4.3.1. It was depicted that both the 

amendment had significant response, which improve crop growth in lysimeter (P<0.05). 

Maximum shoot fresh and dry weight was recorded in T6 (phosphoric acid 50% + potassium 

humate 50 kg ha-1) showing their absolute response (189.56) (37.06) respectively. However 

control showed minimum value. Relative response for shoot fresh and dry weight was 269 

%, 739.72 % respectively compared to T1. Whereas T4 produced maximum SL (79.69) 

which was 106 % of respective control. 

Table.4.3.1. Responce of PA and K-humate on growth attributes of maize in saline-

sodic soil 

Treatments 

Growth attributes 

Shoot fresh weight 

(g plant-1) 

shoot dry weight 

(g plant-1) 

Shoot length 

(cm plant-1) 

T1   70.55±3.11   5.01±0.11 42.17±2.47 

T2 121.44±2.80 (172) 15.79±1.32 (315) 68.43±3.35 (131) 

T3 136.21±2.06 (193) 14.98±1.68 (299) 71.25±1.90 (104) 

T4 153.45±2.79 (218) 27.62±1.97 (551) 79.69±1.86 (106) 

T5   78.32±4.83 (111) 26.54±1.79 (529) 69.41±1.11 (105) 

T6 189.56±2.29 (269) 37.06±2.94 (740) 55.36±3.45 (70) 

T7   83.18±1.83 (118)   8.82±0.65 (176) 57.42±2.64 (104) 

T8   98.52±3.51 (140) 11.80±1.43 (235) 61.08±2.62 (106) 

T9 105.34±2.11 (149) 13.69±0.95 (273) 63.52±2.96 (104) 

Mean 115.17 17.92 3.01 

HSD Tukey 

Value 
0.09435 0.03498 0.0264 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

4.3.2. Growth responses of root (RFW, RDW and RL) 

Recorded data (Table 4.3.2) for root fresh and dry weight and root length depicted 

a significant (P<0.05) differences among the treatments. From nine treatments root fresh 

weight was minimum in control, however after control minimum root fresh and dry weight 

was recorded in T2 (8.16), (0.82) which was just more than control. Maximum root fresh 

weight was noticeable in T9 (44.53) where potassium humate (100 kg ha-1) among 

phosphoric acid (50 %) was applied. Similar response was observed in root dry weight 

showing maximum 4.45 (800 %) on absolute and relative basis as compared to control. 
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Results clearly indicated that application of phosphoric acid (10 %) along with 

potassium humate (50 kg ha-1) showed maximum root length (36.62) which was 281 % of 

respective control while minimum root length was recorded in control. 

Table.4.3.2. Effect of PA and PH on growth attributes of maize in saline-sodic soil 

Treatments 

Growth attributes 

Root fresh weight 

(g plant-1) 

Root dry weight 

(g plant-1) 

Root length 

(cm plant-1) 

T1     5.64±0.60    0.56±0.03      13.04±1.23 

T2   8.16±1.15 (145) 0.82±0.02 (148) 27.06±1.38 (208) 

T3 11.82±1.09 (210) 1.18±0.03 (213) 31.71±3.69 (243) 

T4 36.81±0.89 (652) 3.68±0.04 (661) 34.54±1.75 (265) 

T5 29.25±1.28 (518) 2.93±0.03 (527) 36.62±1.87 (281) 

T6 21.50±2.50 (381) 2.12±0.03 (381) 15.18±2.03 (116) 

T7 16.14±1.23 (286) 1.61±0.02 (289) 18.27±2.36 (140) 

T8 34.26±2.63 (607) 3.43±0.02 (616) 20.74±1.49 (159) 

T9 44.53±1.93 (789) 4.45±0.03 (800) 24.33±2.22 (187) 

Mean Value 23.12 2.31 24.61 

HSD Tukey 

Value 
0.459 0.0486 0.354 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

4.3.3. Leachate analysis EC 

Detailed leachate analysis for EC is present in Table.4.3.3. EC of leachate was 

significantly different (P<0.05) among all the treatments in all the samples. EC was non-

significant just before the application of amendments, however after 20 days of application 

EC of leachate was maximum with T2 (8.76). After 40 and 60 days of application EC was 

also maximum in the same treatment which was (6.71) and (5.75). While the minimum EC 

was recorded in control 
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Table: 4.3.3. Response of PA and PH on leachate status during maize growth in saline-

sodic soil 

Treatments 

Leachate status ECe 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 3.66±0.10 4.54±0.20 6.34±0.02 4.12±0.03 

T2 3.79±0.11 8.76±1.30 6.71±0.02 5.75±0.05 

T3 3.32±0.12 8.61±0.53 6.53±0.03 5.51±0.03 

T4 3.69±0.15 7.43±0.87 5.88±0.01 4.97±0.04 

T5 3.11±0.08 7.80±0.29 6.43±0.02 5.33±0.02 

T6 3.74±0.10 7.69±0.31 6.31±0.02 5.18±0.03 

T7 3.87±0.12 7.47±0.38 6.03±0.03 4.86±0.03 

T8 3.25±0.08 7.64±0.11 6.24±0.03 5.01±0.04 

T9 3.64±0.13 7.31±0.09 5.72±0.03 4.92±0.02 

Mean 3.56 7.70 6.13 5.15 

HSD Tukey Value 0.0846 0.0648 0.0946 0.0256 

L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

 

4.3.4. pH 

The pH of leachate showed (Table.4.3.4) non-significant response just before the 

amendment application; however a significant effect of treatment was observed among the 

treatments in a leachate collected after 20 and 40 days of treatment application. While after 

60 days, pH of leachate was again maximum non-significantly as compared to previous 

two sampling.  It was recorded from the data that absolute value of pH was 6.91 which was 

minimum among all the treatments in a leachate collected after 20 days of amendment 

application. Similar treatment (T2) showed the minimum pH in the leachate collected after 

40 and 60 days respectively.  
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Table.4.3.4. Effect of PA and PH on leachate status during maize growth in saline-

sodic soil 

Treatments 

Leachate status pHs 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 8.62±0.38 7.70±0.03 7.84±0.02 8.58±0.02 

T2 8.60±0.26 6.97±0.02 7.18±0.03 8.02±0.02 

T3 8.56±0.31 7.03±0.03 7.27±0.03 8.06±0.02 

T4 8.59±0.35 7.41±0.06 7.54±0.04 8.37±0.05 

T5 8.61±0.13 7.11±0.02 7.31±0.02 8.12±0.01 

T6 8.57±0.23 7.24±0.02 7.36±0.03 8.19±0.04 

T7 8.62±0.40 7.58±0.05 7.65±0.03 8.51±0.02 

T8 8.61±0.35 7.30±0.03 7.42±0.02 8.26±0.03 

T9 8.59±0.30 7.35±0.02 7.51±0.01 8.31±0.01 

Mean 8.60 7.30 7.45 8.27 

HSD Tuckey Value 0.04891 0.03287 0.06544 0.01679 

L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

 

4.3.5. Sodium Adsorption Ratio (SAR) 

The data regarding SAR of leachate at 0, 20, 40 and 60 days are presented 

(Table.4.3.5). SAR of all the treatment was quite variable (P<0.05). SAR of leachate was 

non-significantly different just before the application of amendments, however after 20, 40 

and 60 days of amendment application SAR was decreased significantly. Maximum SAR 

was recorded 18.45, 21.14 and 22.83 in samples of T3 collected after 20, 40 and 60 days. 

Similarly minimum SAR was observed 14.56, 15.76 and 18.55 in samples of T4, T5 and T6 

collected after the same time intervals. 
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Table.4.3.5. Effect of phosphoric acid and potassium humate on leachate status during 

maize growth in saline-sodic soil 

Treatments 

Leachate status SAR 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 12.32±0.54 13.32±0.58 14.20±0.62 17.31±0.79 

T2 12.16±0.36 17.52±0.53 19.28±0.58 20.14±0.60 

T3 12.82±0.46 18.45±0.67 21.14±0.76 22.83±0.82 

T4 12.64±0.51 14.56±0.59 17.15±0.69 19.62±0.79 

T5 11.43±0.17 14.66±0.22 15.76±0.24 20.49±0.31 

T6 12.51±0.33 16.49±0.44 17.45±0.46 18.55±0.49 

T7 12.33±0.57 15.62±0.72 16.18±0.74 18.84±0.19 

T8 11.45±0.46 15.97±0.65 17.64±0.71 19.17±0.84 

T9 12.38±0.43 16.28±0.57 17.34±0.61 20.34±0.71 

Mean 12.23 15.87 17.35 19.77 

HSD Tuckey Value 0.01845 0.06489 0.04156 0.01564 
L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

 

4.3.6. N concentration in leachate 

The data regarding N concentration in leachate is presented in the Table.4.3.6. 

There were significant differences among the treatments (P<0.05). Nitrogen concentration 

in leachate increased significantly with the application of both the amendments either alone 

or in combination as compared to control.  

Nitrogen was more leached down when no amendment was applied in all the 

lysimeter. There was more leaching of nitrogen in case of control in each sampling as 

compared to the other treatments. However 20 days after the treatment application nitrogen 

status was less in all the treatments. The minimum nitrogen concentration (69.04) was 

observed in T7 where potassium humate (100 kg ha-1) was applied seperately. While as the 

highest nitrogen concentration in leachate was observed in T3 (178.12) followed by T2 

(166.72). 

After 40 days of treatment application T7 again showed the minimum nitrogen 

concentration (52.63) in leachate and maximum nitrogen status was observed in T3 (163.12) 

followed by T2 (155.72). Same trend was observed in sampling three which was taken after 

60 days of treatment application showing the maximum nitrogen concentration (150.32) by 

T3 and minimum (39.72) shown by T7. 
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Table.4.3.6. Effect of phosphoric acid and K-humate on leachate status of nutrients 

during maize growth in saline-sodic soil 

Treatments 

Leachate status Nitrogen (mg L-1) 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 120.35±2.36 143.24±2.70 128.14±1.17 106.26±1.84 

T2 129.16±4.74 166.72±1.69 155.36±1.50 129.62±1.77 

T3 118.67±5.40 178.12±1.93 163.94±2.00 150.32±3.68 

T4 130.38±5.75 92.14±2.63 81.29±1.62 66.20±3.24 

T5 125.46±2.41 100.84±2.26 92.74±3.01 71.37±1.45 

T6 121.62±3.83 109.37±4.18 109.73±2.52 86.33±2.66 

T7 129.33±6.93 69.04±3.40 52.63±3.46 39.72±2.70 

T8 124.71±5.93 72.94±7.33 62.16±2.17 48.32±2.54 

T9 125.18±5.27 84.13±1.52 74.83±2.51 52.93±3.24 

Mean 150.54 103.82 93.20 74.12 

HSD Tuckey Value 0.0145 0.0654 0.0946 0.0435 
L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 
 

4.3.7. Phosphorus concentration in leachate 

Phosphorus concentration in leachate was variable (Table.4.3.7) non-significantly 

(P<0.05) among different treatments before amendment application, however after 20 days 

of amendment application phosphorus content in leachate was significantly variable 

(P<0.05). Same trend was observed after other two samplings which were taken after 40 

and 60 days of amendment application. Minimum absolute response for phosphorus content 

in leachate was 6.92, 4.75 and 3.18 after 20, 40 and 60 of amendment application. 

Maximum phosphorus content was shown by T3 where PA was applied alone followed by 

T2. 

 

 

 

 

 

 

 

 

 

 

 

 

 



62 

 

Table.4.3.7. Response of phosphoric acid and potassium humate on leachate status of 

nutrients during maize growth in saline-sodic soil 

Treatments 

Leachate status Phosphorus (mg L-1) 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 2.28±0.03 5.25±0.12 4.16±0.08 1.95±0.06 

T2 2.64±0.05 9.65±0.27 7.18±0.55 6.96±0.09 

T3 2.97±0.07 10.20±0.93 8.02±0.29 7.05±0.08 

T4 2.55±0.10 7.47±0.74 5.19±0.56 3.34±0.12 

T5 2.16±0.05 9.2±0.67 6.68±0.93 4.38±0.35 

T6 2.33±0.06 8.03±0.79 5.84±0.51 3.72±0.16 

T7 2.17±0.10 8.69±0.34 6.34±0.78 4.21±0.25 

T8 2.51±0.10 6.92±0.51 4.75±0.61 3.18±0.21 

T9 2.63±0.13 7.82±0.48 5.62±0.59 3.54±0.26 

Mean 2.47 7.95 5.75 3.70 

HSD Tuckey Value 0.01325 0.04856 0.01657 0.0136 
L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 

 

4.3.8. K concentration in leachate 

 

The recorded data regarding potassium concentration in leachate were recorded 

which (Table.4.3.8) differs (P<0.05) for all the treatments. However there was non-

significant difference for K+ concentration in leachate among the treatments just before the 

application of amendments. Potassium concentration in leachate was highest (121.79) in T2 

where phosphoric acid (10 %) was individually applied, however reduced value of K+ 

concentration was attributed to T7 (47.15) but just more than control. Same treatment 

showed maximum and minimum K status in leachate collected after 40 and 60 days of 

amendment application. 
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Table.4.3.8. Response of phosphoric acid and potassium humate on leachate status of 

nutrients during maize growth in saline-sodic soil 

Treatments 

Leachate status Potassium (mg L-1) 

L0 

(0 day) 

L1 

(20 days) 

L2 

(40 days) 

L3 

(60 days) 

T1 24.52±0.37 38.47±0.59 23.48±0.36 13.64±0.21 

T2 25.54±0.95 121.79±3.65 96.72±2.90 55.15±1.65 

T3 22.95±1.18 118.62±4.28 83.54±3.01 49.59±1.79 

T4 26.69±1.22 58.46±2.36 37.27±1.51 24.65±1.00 

T5 28.79±2.19 99.64±1.52 78.25±1.20 42.74±0.65 

T6 25.70±1.24 91.28±2.42 71.42±1.89 38.21±1.01 

T7 27.00±1.00 47.15±2.16 31.85±1.46 18.85±0.86 

T8 24.00±1.54 76.39±3.09 64.28±2.60 35.82±1.45 

T9 26.77±1.42 62.28±2.19 60.92±2.14 29.82±1.05 

Mean 25.77 79.34 60.86 34.27 

HSD Tuckey Value 0.0648 0.03541 0.01548 0.03478 

L0, L1, L2 and L3 are the leachate samplings at 0, 20, 40 and 60 days 

T1 = Control, T2 = Phosphoric acid (34.88 ml), T3 = Phosphoric acid (6.8 ml), T4 = Potassium humate (0.5 g) 

T5 = Phosphoric acid (34.88 ml) + Potassium humate (0.5 g), T6 = Phosphoric Acid (6.8 ml) + Potassium 

humate (0.5 g), T7 = Potassium humate (1 g), T8 = Phosphoric Acid (34.88ml) + Potassium humate (1 g) 

T9 = Phosphoric Acid (6.8 ml) + Potassium humate (1 g) 
 

4.3.9. Discussion 

Agriculture is a backbone of Pakistan. Our population is increasing day by day. There is 

more pressure of crop production to feed human beings. Pakistan has arid to semi-arid 

environment, in which the evapotranspiration is more than precipitation. So, good fertile 

agricultural land is converting to arid land. 6.67 mha area of Pakistan is affected by salt 

stress (Khan., 1998). Use of chemical amendments is one way to rescue saline-sodic and 

sodic soils. However alone application of acidic amendment is good for mitigation of salt. 

Although it increases dissolution of salts and nutrient as well as facilitate the decomposition 

of organic matter (Hussain et al., 2011). In the current experiment maize was grown in each 

lysimeter contains 20 kg soil. Phosphoric acid (10 and 50 %) was applied alone and in 

combination with potassium humate (50 and 100 kg ha-1). Maize was harvested at 

flowering. Growth of maize was impressive with all the treatments; however SFW and 

SDW was more when both PH 50 kg ha-1 and phosphoric acid 50 % was applied. The root 

fresh and dry weight was maximum with combined use of both the amendments observed 

in T8 (10% and potassium humate 100 kg ha-1). Combined application of both the 

amendments increased all the growth responses (Hussain et al., 2011). This is might be due 

to the increased organic matter more availability of nutrients (Rengrudkij and Partida., 

2003). Alone application of phosphoric acid may enhance the availability of phosphorus, 



64 

 

however it increases the leaching of salts and movement of nutrients (N,P and K) which 

was concluded after the present experiment. This might be attributed to the dissolution of 

CaCO3 (Hussain et al., 2011) and residual calcium increases the formation of complexes 

like Ca-P and sodium phosphate. Calcium phosphate is less available form as compared to 

sodium phosphate which is more soluble than calcium phosphate. More salt is leached 

down; on the other hand nitrogen and phosphorus in large amount leached down and 

become unavailable. Just before the application of amendments, leachate status for EC, pH, 

SAR, N, P and K was non-significant. EC, SAR and pH was less in leachate before the 

application of amendments, however after the treatment application with the passage of 

time availability of nutrients become more so leaching of nutrients among NaCl was also 

maximum. With alone application of acids maximum EC and SAR of leachate were 

recorded. This is due to the dissolution of salts and exchange reaction of calcium with 

sodium as explained by Gharaibeh et al., 2011. Although this effect is time dependent. Just 

after application of amendments, salts and nutrients leached down maximum which was 

recorded in samples taken after 20 days of amendment application. The status of leachate 

in the samples collected at 40 and 60 days of amendment application. 
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Study-04 Improving soil and crop quality with phosphoric acid and potassium humate 

application in saline-sodic soil in wheat 

4.4.1. Growth analysis 

 The results in Table (4.4.1) showed that there was positive trend which was 

significantly (P<0.05) different for shoot dry weight, shoot length and total chlorophyll 

contents for different treatments. The highest significant increase was recorded in treatment 

T5 (1694), T6 and T8 (59.2) for shoot dry weight, shoot length and total chlorophyll contents 

respectively. Combined application of PA (10 %) and PH (50 kg ha-1) increased all the 

growth factors excluding shoot length (116), which was maximum in T6 where the 

phosphoric acid (50 %) and potassium humate (50 kg ha-1) was applied. Data emphasized 

that there was up to 247 % response in shoot dry weight, 242 % in shoot length and 197% 

in total chlorophyll contents as in comparison to un-amended control. 

Table.4.4.1. Effect of phosphoric acid and PH on growth of maize in saline-sodic soil 

Treatments 

Growth attributes 

Shoot dry weight 

(g m-2) 

Shoot length 

(cm m-2) 

Total chlorophyll 

contents (SPAD) 

T1   687±3.57      48±0.48 30.0±0.30 

T2 1473±22.50 (214)   69±1.05 (144) 50.4±0.77 (168) 

T3   962±19.24 (140)   72±1.44 (150) 47.8±0.96 (159) 

T4 1531±23.39 (223)   77±0.77 (160) 44.9±0.45 (150) 

T5 1694±42.63 (247)   85±2.14 (177) 39.4±0.99 (131) 

T6 1383±34.80 (201) 116±2.92 (242) 34.8±0.88 (116) 

T7 1073±32.19 (156)   64±1.92 (133) 41.7±1.25 (139) 

T8 1528±38.45 (222) 105±2.64 (219) 59.2±1.49 (197) 

T9 1125±17.18 (164)   92±1.41 (192) 54.7±0.84 (182) 

Mean 1272.89 80.89 44.77 

HSD Tuckey Value 148.11 0.34887 0.6478 

T1 = Control, T2 = Phosphoric acid (10%), T3 =  Phosphoric acid  (50%), T4 = PH(50kg ha-1), T5 =  Phosphoric 

acid (10%)+ PH (50kg ha-1), T6 =  Phosphoric Acid (50%)+ PH (50kg ha-1), T7 =  PH (100kg ha-1), T8 =  

Phosphoric Acid (10%)+ PH (100kg ha-1), T9 =  Phosphoric Acid (50%)+ PH (100kg ha-1) 

4.4.2. Nitrogen in root, shoot and grain 

It is well noticed from the Table (4.4.2) that nitrogen concentration in root, shoot 

and grain under investigation was gradually increased by the application of both the 

amendments significantly (P<0.05) either alone or in combination. The improved N 

content in root, shoot and grain of wheat was influenced significantly. The highest recorded 

nitrogen in root (0.99), shoot (1.32) and grain (1.69) was attributed to T6. Whereas the 

lowest value in root (0.30), shoot (0.53) and grain (0.76) was observed in T2 (PA 10 %) 

which was more than control (0.10, 0.15 and 0.28). Maximum variability for nitrogen 
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contents in wheat on relative basis was up to 992 % in root, 862 % in shoot and 600 % in 

grain. 

Table.4.4.2. Effect of phosphoric acid and PH on nitrogen concentration of maize in 

saline-sodic soil 

Treatments 

Nitrogen concentration 

Nitrogen in root 

(%) 

Nitrogen in shoot 

(%) 

Nitrogen in grain 

(%) 

T1   0.10±0.001    0.15±0.002  0.28±0.003 

T2 0.30±0.005 (300) 0.53±0.008 (343) 0.76±0.012 (269) 

T3 0.36±0.007 (360) 0.61±0.012 (395) 0.84±0.017 (300) 

T4 0.43±0.004 (430) 0.67±0.015 (436) 0.89±0.017 (317) 

T5 0.91±0.023 (906) 1.29±0.033 (843) 1.62±0.041 (575) 

T6 0.99±0.025 (992) 1.32±0.033 (862) 1.69±0.043 (600) 

T7 0.44±0.013 (439) 0.69±0.021 (448) 0.97±0.029 (345) 

T8 0.69±0.017 (690) 0.97±0.024 (633) 1.31±0.033 (464) 

T9 0.84±0.013 (844) 1.15±0.018 (748) 1.42±0.022 (503) 

Mean 0.56 0.82 1.09 

HSD Tuckey Value 0.01589 0.01648 0.01764 
T1 = Control, T2 = PA (10%), T3 = PA (50%), T4 = PH (50kg ha-1), T5 = PA (10%) + PH (50kg ha-1), T6 = PA 

(50%) + PH (50kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10%) + PH (100kg ha-1), T9 = PA (50%) + PH 

(100kg ha-1) 

4.4.3. Phosphorus in root, shoot and grain 

Phosphorus contents in root, shoot and grain (Table. 4.4.3) were significantly 

variable (P<0.05). Out of nine treatments including control phosphorus contents were 

maximum (0.36), (0.32) and (0.40) in root, shoot and grain respectively. While it’s 

minimum value was recorded in (0.19), (0.16) and (0.19) for root, shoot and grain 

respectively in control. The maximum response of the treatment was in root (185 %), Shoot 

(200 %) and grain (212 %) on relative basis.   
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Table.4.4.3. Response of PA and PH on phosphorus of maize in saline-sodic soil 

Treatments 

Phosphorus concentration (%) 

Phosphorus in root 

(%) 

Phosphorus in shoot  

(%) 

Phosphorus in grain 

(%) 

T1       0.19±0.002        0.16±0.002    0.19±0.002 

T2 0.34±0.005 (174) 0.29±0.004 (183) 0.39±0.006 (204) 

T3 0.36±0.007 (185) 0.32±0.006 (200) 0.40±0.008 (212) 

T4 0.23±0.002 (119) 0.26±0.006 (164) 0.26±0.006 (138) 

T5 0.30±0.007 (152) 0.27±0.007 (166) 0.34±0.009 (180) 

T6 0.30±0.008 (156) 0.28±0.007 (174) 0.36±0.009 (188) 

T7 0.22±0.007 (115) 0.23±0.007 (145) 0.25±0.008 (132) 

T8 0.29±0.007 (148) 0.31±0.008 (191) 0.31±0.008 (164) 

T9 0.26±0.004 (133) 0.28±0.004 (174) 0.29±0.004 (152) 

Mean 0.28 0.27 0.31 

HSD 

Tuckey 

Value 

0.05498 0.0489 0.0349 

T1 = Control, T2 = Phosphoric acid (10%), T3 =  Phosphoric acid  (50%), T4 = PH (50kg ha-1), T5 =  Phosphoric 

acid (10%)+ PH (50kg ha-1), T6 =  PA (50%)+ PH (50kg ha-1), T7 =  PH (100kg ha-1), T8 =  PA (10%)+ PH 

(100kg ha-1), T9 =  Phosphoric Acid (50%)+ PH (100kg ha-1) 

4.4.4. Potassium in root, shoot and grain 

Potassium concentration was significantly different (P<0.05) under all the 

treatments (Table.4.4.4.). Potassium contents; analyzed were maximum in root, followed 

by shoot and grain. Maximum potassium concentration in root was recorded in T8 (2.32) 

whereas the same treatment showed maximum value in grain as well (2.36). However T4 

showed the maximum potassium concentration in shoot of wheat (2.25).  

Application of phosphoric acid (10 %) and PH (100 kg ha-1) in combination 

performed 178 % more than control in wheat root. Relative response for potassium contents 

in shoot was (312 %) recorded under T4. Similarly grain potassium concentration on 

relative basis was about 265 % observed in the same treatment (T8) as in root. 
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Table.4.4.4. Response of phosphoric acid and PH on potassium of maize in saline-

sodic soil 

Treatments 

Potassium concentration (%) 

Potassium in root 

(%) 

Potassium in shoot 

(%) 

Potassium in grain 

(%) 

T1     1.30±0.01     0.72±0.01     0.89±0.01 

T2 1.66±0.03 (128) 1.46±0.02 (203) 1.22±0.02 (137) 

T3 1.95±0.04 (150) 1.66±0.03 (230) 1.45±0.03 (163) 

T4 2.21±0.02 (170) 2.25±0.06 (312) 1.78±0.04 (200) 

T5 2.05±0.05 (158) 2.07±0.05 (288) 1.92±0.05 (216) 

T6 2.09±0.05 (161) 2.15±0.05 (298) 2.14±0.05 (240) 

T7 2.11±0.06 (163) 2.20±0.07 (306) 1.90±0.06 (213) 

T8 2.32±0.06 (178) 1.95±0.05 (271) 2.36±0.06 (265) 

T9 2.00±0.03 (154) 1.78±0.03 (247) 1.60±0.02 (179) 

Mean 1.97 1.81 1.69 

HSD Tuckey 

Value 
0.01497 0.035976 0.02548 

T1 = Control, T2 = Phosphoric acid (10%), T3 =  Phosphoric acid  (50%), T4 = PH(50kg ha-1), T5 =  Phosphoric 

acid (10%)+ PH (50kg ha-1), T6 =  PA (50%)+ PH (50kg ha-1), T7 =  PH (100kg ha-1), T8 =  PA (10%)+ PH 

(100kg ha-1), T9 =  Phosphoric Acid (50%)+ PH (100kg ha-1) 

 

4.4.5. Micronutrients in plant (Fe, Zn, Cu and Mn) in root, shoot and grain 

Phosphoric acid (10 % and 50 %) application improved the iron, zinc, copper and 

manganese in all the three plant parts under different treatments (Table.4.4.5) significantly 

(P<0.05). Combined application of both the amendment demonstrated the increase in iron 

contents in root (37.88); shoot (51.99) and grain (54.72) shown by T8. Similarly, zinc in 

root (25.96), shoot (30.36) and grain (33.39) values were higher in T9 where phosphoric 

acid (50 %) and PH (100 kg ha-1) were applied in combination. Iron contents were more in 

T8 opposite to zinc which showed more up take in root, shoot and grain. In case of iron the 

treated plants showed (186 %), (238 %) and (238 %) more relative response in root, shoot 

and grain respectively. Relative response for zinc in root (711 %), shoot (332 %) and grain 

(1421 %) was recorded as compared to control. Copper concentration was maximum in 

root (9.29) and grain (6.81) under T7 treatment. While shoot copper concentration (10.60) 

was maximum in T4 treatment. Relative response of wheat for cupper contents was 

recorded in root (929 %), shoot (486 %) and grain (550 %). Mn+2 concentration was 

recorded in root (12.60), shoot (16.11) and grain (7.49) in T5 where phosphoric acid (10 %) 

and PH (50 kg ha-1) were applied. The relative response for Mn+2 in root (268%), shoot 

(299%) and grain (390%) compared to control.  
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Table.4.4.5. Effect of phosphoric acid and PH on iron concentration of maize in saline-sodic soil 

Treatments 

Iron concentration Zn concentration 

Iron in root 

(ppm) 

Iron in shoot 

(ppm) 

Iron in grain 

(ppm) 

Zinc in root 

(ppm) 

Zinc in shoot 

(ppm) 

Zinc in grain 

(ppm) 

T1  20.34±0.20   21.83±0.22  23.03±0.23     3.65±0.04     9.15±0.09      2.35±0.02 

T2 28.17±0.43 (139) 37.92±0.58 (174) 39.92±0.61 (173)   9.92±0.15 (272) 14.17±0.22 (155)  14.57±0.22 (620) 

T3 34.54±0.69 (170) 39.91±0.80 (183) 42.01±0.84 (182) 12.26±0.25 (336) 17.01±0.34 (186)  17.31±0.35 (737) 

T4 30.71±0.31 (151) 40.71±0.81 (187) 42.86±0.89 (186)   7.20±0.07 (197) 12.17±0.28 (133)   9.02±0.23 (384) 

T5 32.41±0.82 (159) 44.56±1.12 (204) 46.90±1.18 (204)  15.51±0..39 (425) 20.07±0.51 (219) 20.17±0.51 (858) 

T6 34.76±0.87 (171) 47.22±1.19 (216) 49.71±1.25 (216) 18.53±0.47 (508) 23.63±0.59 (258)   24.17±0.61 (1029) 

T7 27.89±0.84 (137) 36.18±1.09 (166) 38.09±1.14 (165)   6.11±0.18 (167) 10.38±0.31 (113)   5.61±0.17 (239) 

T8 37.88±0.95 (186) 51.99±1.31 (238) 54.72±1.38 (238) 22.27±0.56 (610) 27.02±0.68 (295)   27.97±0.70 (1190) 

T9 35.83±0.55 (176) 48.90±0.75 (224) 51.48±0.79 (224) 25.96±0.40 (711) 30.36±0.46 (332)   33.39±0.51 (1421) 

Mean 31.39 41.02 43.19 13.49 18.22 17.17 

HSD Tuckey 

Value 
0.0754 0.02648 0.02648 0.01495 0.01395 0.07465 

T1 = Control, T2 = PA (10%), T3 = PA (50%), T4 = PH (50kg ha-1), T5 = PA (10%) + PH (50kg ha-1), 

T6 = PA (50%) + PH (50kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10%) + PH (100kg ha-1),  

T9 = PA (50%) + PH (100kg ha-1) 
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Table.4.4.6. Effect of PA and PH on copper and manganese concentration of maize in saline-sodic soil 

Treatments 

Copper concentration Manganese concentration 

Copper in root 

(ppm) 

Copper in shoot 

(ppm) 

Copper in grain 

(ppm) 

Manganese in 

root 

(ppm) 

Manganese in shoot 

(ppm) 

Manganese in grain 

(ppm) 

T1  1.00±0.01    2.18±0.02  1.24±0.01     4.70±0.05      5.39±0.05      1.92±0.02 

T2 2.20±0.03 (220)   3.95±0.06 (181) 2.11±0.03 (171)  6.87±0.10 (146)  8.09±0.12 (150) 3.83±0.06 (199) 

T3 2.99±0.06 (299)   4.34±0.09 (199) 2.64±0.05 (213)  6.34±0.13 (135)  7.28±0.15 (135) 2.88±0.06 (150) 

T4 8.47±0.08 (847) 10.60±0.21 (486) 5.22±0.18 (428) 10.59±0.11 (225) 13.51±0.41 (251) 6.08±0.13 (316) 

T5 4.24±0.11 (423)   5.60±0.14 (257) 4.21±0.11 (340) 12.60±0.32 (268) 16.11±0.41 (299) 7.49±0.19 (390) 

T6 5.22±0.13 (521)   5.80±0.15 (266) 4.71±0.12 (381) 11.24±0.28 (239) 15.17±0.38 (282) 6.41±0.16 (333) 

T7 9.29±0.28 (929)   9.17±0.28 (421) 6.81±0.20 (550)   9.34±0.28 (199) 11.72±0.35 (218) 5.18±0.16 (269) 

T8 6.78±0.17 (678)   7.95±0.20 (365) 3.73±0.09 (301)   8.25±0.21 (175)   9.69±0.24 (180) 4.63±0.12 (241) 

T9 7.79±0.12 (779)   6.33±0.10 (291) 3.53±0.05 (285)  7.33±0.11 (156)   8.28±0.13 (154) 4.33±0.07 (225) 

Mean 5.33 6.21 3.80 8.58 10.58 4.75 

HSD Tuckey 

Value 
0.08563 0.02467 0.016548 0.01648 0.03472 0.0924 

T1 = Control, T2 = PA (10%), T3 = Phosphoric acid (50%), T4 = PH (50kg ha-1), T5 = PA (10%) + PH (50kg ha-1),  

T6 = PA (50%) + PH (50kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10%) + PH (100kg ha-1),  

T9 = PA (50%) + PH (100kg ha-1) 
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4.4.6. Soil quality parameters: 

4.4.6.1. Soil MC, MN and soil respiration: 

Data regarding microbial biomass carbon is presented in Table (4.4.7). Microbial 

biomass carbon showed a significant differences (P<0.05) among all the treatments. 

Maximum microbial biomass carbon (205.34) was recorded in treatment T9 where PH (100 

kg ha-1) was applied along with phosphoric acid (50 %). Microbial biomass carbon was 

(231 %) more in T9 as compared to control on relative basis. Results describe the effect of 

treatment on microbial biomass nitrogen which was significantly different (P<0.05). Data 

revealed that compared to control soil microbial biomass nitrogen was increased (27.12) 

with combined application of both the amendments (phosphoric acid 10 % and PH 100kg 

ha-1). There was (380 %) more microbial biomass nitrogen relatively as compared to 

control. Maximum soil respiration (19.97) was recorded when PH was applied (100 kg ha-

1) along with phosphoric acid (10 %) followed by T5 (19.82). The values of soil respiration 

further indicated the presence of native microbes. The response of T8 was 189 % as 

compared to control. Results of T5, T6, T7 and T8 showed non-significant response among 

each other, however significant response with respect to control was observed.  

Table.4.4.7. Response of phosphoric acid and PH on soil quality parameters of maize 

in saline-sodic soil 

Treatments 

Soil quality analysis 

Microbial biomass 

carbon (μg g-1 soil) 

Microbial biomass (N) 

(μg g-1 soil) 

Soil respiration 

(mg CO2 g-1 soil) 

T1      88.76±0.89         7.14±0.07   10.58±0.11 

T2 113.94±1.74 (128)   9.58±0.15 (134) 17.34±0.26 (164) 

T3 122.53±2.45 (138) 11.43±0.23 (160) 15.44±0.31 (146) 

T4 151.47±1.51 (171) 15.68±0.16 (220) 16.28±0.16 (154) 

T5 159.33±4.01 (180) 18.29±0.46 (256) 19.82±0.50 (187) 

T6 173.27±4.36 (195) 13.16±0.33 (184) 19.54±0.49 (185) 

T7 137.83±4.13 (155) 24.72±0.74 (346) 15.64±0.47 (148) 

T8 191.45±4.82 (216) 27.12±0.68 (380) 19.97±0.49 (189) 

T9 205.34±3.14 (231) 21.39±0.33 (300) 18.33±0.28 (173) 

Mean 149.32 16.50 16.93 

HSD Tuckey 

Value 
0.04365 0.02674 0.01548 

T1 = Control, T2 = PA (10%), T3 = PA (50%), T4 = PH (50kg ha-1), T5 = PA (10%) + PH (50kg ha-1), T6 = PA (50%) + 

PH (50kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10%) + PH (100kg ha-1), T9 = PA (50%) + PH (100 kg ha-1) 
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4.4.7. Plant quality measurements 

4.4.7.1. Grain ash and gluten contents 

The results presented in the Table (4.4.8) showed that all the treatments 

significantly affected the grain ash contents (P<0.05). Grain ash contents were maximum 

(0.023 g) where PH (100 kg ha-1) was applied along with phosphoric acid (50 %), whereas 

minimum grain ash contents (0.011) were recorded in control. Maximum relative ash 

contents were 155 % as compared to control. In contrast the gluten contents decreased with 

PA 10 % along with PH 100 kg ha-1 as minimum value (1.43) was recorded in T8. However 

higher amount of gluten contents were recorded in control (5.74). The treatment T8 

performed 25 % of respective control. 

Table.4.4.8. Response of phosphoric acid and PH on plant quality parameters of maize 

in saline-sodic soil 

Treatments 

Crop quality analysis 

Grain ash contents 

% 

Gluten contents 

(%) 

T1         0.011±0.0001               5.74±0.06 

T2 0.019±0.0003 (169) 2.18±0.03 (38) 

T3 0.021±0.0004 (183) 2.36±0.05 (41) 

T4 0.014±0.0001 (120) 2.98±0.03 (52) 

T5 0.018±0.0004 (155) 3.69±0.09 (64) 

T6 0.017±0.0004 (151) 3.11±0.08 (54) 

T7 0.015±0.0005 (135) 4.38±0.13 (76) 

T8 0.019±0.0005 (169) 1.43±0.04 (25) 

T9 0.023±0.0003 (201) 1.77±0.03 (31) 

Mean 0.018 3.07 

HSD Tuckey Value 0.0055 0.3592 

T1 = Control, T2 = PA (10%), T3 = PA (50%), T4 = PH (50kg ha-1), T5 = PA (10%) + PH (50kg ha-1), T6 = PA 

(50%) + PH (50kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10%) + PH (100kg ha-1), T9 = PA (50%) + PH (100kg 

ha-1) 
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4.4.8. Crop yield 

There was significant demarcation between grain yield of different treatments 

(Table.4.4.9.). Minimum yield was noted in control (234) while the significant higher yield 

was recorded in T8 (611 g) which was 261 % than control. Response of T4. T5 and T6 was 

non-significant for grain yield.  

Table.4.4.9. Response of phosphoric acid and PH on yield of maize in saline-sodic soil 

Treatments 
Yield  

Grain yield (g m-2 ) 

T1 234±42.34 

T2 636±9.72   (272) 

T3 795±15.90 (340) 

T4 379±3.79   (162) 

T5 551±13.87 (235) 

T6 433±10.90 (185) 

T7 348±10.44 (149) 

T8 611±15.38 (261) 

T9 518±7.91   (221) 

Mean 500.56 

HSD Tukey Value 85.094 

T1 = Control, T2 = PA (10%), T3 =  PA (50%), T4 = PH(50kg ha-1), T5 =  PA (10  %) + PH (50kg ha-1), T6 =  

PA (50 %)+ PH (50 kg ha-1), T7 =  PH (100kg ha-1), T8 =  PA (10 %) + PH (100 kg ha-1), T9 =  PA (50%)+ PH 

(100kg ha-1) 

4.4.9. Post-harvest soil analysis (Soil ECe, pHs and SAR) 

Post-harvest soil analysis showed (Table.4.4.10) the significant (P<0.05) effect of 

both the amendments alone and in combination. Soil ECe and SAR decreased significantly 

with application of phosphoric acid alone. However highest decrease in soil EC (6.20) was 

observed in T2. Maximum reduction in SAR of treatment T3 was recorded for SAR (19.60). 

Whereas combined application of phosphoric acid and PH had not decrease the soil ECe 

and SAR as by T3. Post-harvest soil pHs fluctuate non-significantly as compared to control. 

The relative response of EC and SAR was (82 %) and (77 %) respectively. 
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Table.4.4.10. Response of PA and PH on after maize harvest attributes in saline-sodic 

soil 

Treatments 
After harvest analysis 

Soil ECe (dS m-1) Soil pHs Soil SAR 

T1      7.54±0.08    8.65±0.09  26.33±0.26 

T2 6.20±0.09 (82) 8.52±0.13 (98) 20.56±0.31 (78) 

T3 6.39±0.13 (85) 8.43±0.17 (97) 19.60±0.39 (74) 

T4 7.18±0.07 (95)   8.63±0.09 (100) 25.36±0.25 (96) 

T5 7.12±0.18 (94) 8.51±0.21 (98) 23.44±0.59 (89) 

T6 6.94±0.17 (92) 8.53±0.21 (99) 21.52±0.54 (82) 

T7 7.10±0.21 (94)    8.64±0.26 (100) 22.34±0.67 (85) 

T8 6.67±0.17 (88)    8.62±0.22 (100) 22.48±0.57 (85) 

T9 6.89±0.11 (91)    8.61±0.13 (100) 24.40±0.37 (93) 

Mean 6.89 8.57 22.89 

HSD Tuckey Value 0.01875 0.0556 0.03487 
T1 = Control, T2 = PA (10%), T3 = PA (50%), T4 = PH (50kg ha-1), T5 = Phosphoric acid (10 %) + PH (50kg 

ha-1), T6 = PA (50 %) + PH (50 kg ha-1), T7 = PH (100kg ha-1), T8 = PA (10 %) + PH (100 kg ha-1), T9 = PA 

(50%) + PH (100kg ha-1) 

4.4.10. Discussion 

Phosphorus is present in the soil both in organic and inorganic form. Phosphorus 

binds with calcium in calcareous soil as in Pakistan and forms calcium phosphate which is 

less available form (Hussain et al., 2011). Similarly phosphorus binds in acidic soils as 

aluminum and iron phosphate which is again less available to plants (Cornell and 

Schwertmann, 2003). Salinity is big threat which hinders crop growth. Soils are converting 

from good quality soil to salt affected soils. Saline-sodic soil contains sodium ions on 

exchange sites which bind with phosphorus and sodium phosphate forms which are highly 

available form. However with the uptake of sodium phosphate sodium also enters in the 

plant cells and interferes with plant cell potassium concentration. The whole process affects 

the survival of the plant. 

Application of phosphoric acid improves the soil properties which ultimately 

increase the nutrient availability to the plants (Ali and Aslam, 2005).  PH provide the 

potassium in salt affected soil which improves the reclamation process of the soil as well 

as it gives the carbon as energy sources for microbes. Microbes are responsible for 

decomposition of the organic matter which improves the nutrient availability to the plants. 

In the current study growth parameters were at its highest value when higher amount of PH 

was applied along with phosphoric acid at either of its concentration. Shoot dry weight was 

correlated with shoot length and zinc in grain significantly and positively, however there 
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was non-significant correlation between shoot dry weight and zinc contents in root and 

shoot (Table.4.4.13) 

Plant Nconcentration was maximum in root, shoot and grain when phosphoric acid (50 %) 

was applied along with PH (50 kg ha-1). This is due to the decomposition of organic matter, 

temporary change in pH and dissolution of native mineral nutrients (Akhtar et al.,2016). 

However phosphorus concentration in plant tissue was more when higher amount of 

phosphoric acid was applied (50 %). This is might be due to the fact that when we apply 

phosphoric acid the total phosphorus in the solution form increases and become available 

to the plant. However in case of solid fertilizers phosphorus become fixed more. Potassium 

being inorganic osmoregulant is necessary for salt affected soils. Application of PH along 

with phosphoric acid improves the phosphohumate as a resultant product, which improves 

the availability of potassium to the plant. Mechanism of both of the amendments for 

micronutrients availability is slightly different. Application of phosphoric acid improves 

the availability of micronutrients especially micronutrients due to temporary change in pH 

(Rengrudkij and Partida, 2003.). Iron becomes more in acidic conditions which increase 

the Zn deficiency in the soil due to the formation of ZnS. However, when phosphorus 

availability become more the Zn become deficient (Nikolic et al. 2016). So combined 

application of PH and phosphoric acid increased the availability of micronutrients as 

compared to their alone application. Which is might be due to the following processes in 

the soil, Chelation of nutrients, temporary change in pH, binding with cationic and anionic 

functional groups (Konieczny and Kowalska 2016). There is antagonistic relationship 

between phosphorus and zinc howevere the relationship between zinc and iron is also 

antagonistic. The relationship between phosphorus concentration and iron concentration. 

Table.4.4.11 showed that the nitrogen in grain was highly significantly correlated with 

nitrogen in root and shoot however it was non significantly correlated with phosphorus 

concentration in root, soil pH and negatively correlated with soil SAR. The nitrogen 

contents in grain was highly significantly correlated with shoot dry weight, shoot length, 

and zinc contents in in root, shoot and grain.  Phosphorus in grain was significantly 

positively correlated with phosphorus concentration in root and shoot, soil respiration, 

shoot dry weight, shoot length, and zinc concentration in grain and root. Whereas it was 

significantly negatively correlated with soil SAR. Application of phosphoric acid along 

with PH increase the soil and crop quality as grain ash contents were more and soil 

respiration was much improved as compared to control with combined application of both 
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the amendments. However grain gluten contents were decreased with the same treatment 

application. Pearson correlation table showed the strong significant positive correlation 

between crop and soil quality parameters (Table.4.4.13). Grain gluten contents were 

negatively correlated with microbial biomass carbon and nitrogen which was non-

significant. There was strong significant positive correlation between microbial biomass 

carbon and nitrogen. Manganese contents in grain was positively correlated with its root 

and shoot contents. Grain yield increase with the PA along with PH which is might be due 

the fact that in salt affected soils the phosphoric acid increase the availability of phosphorus 

which also decrease the residual sodium on exchange sites. Application of PH also increase 

the potassium concentration and decrease the sodium concentration which increase the 

availability of macro and micro nutrients especially iron and zinc also ultimately increase 

the grain yield of wheat. Decrease in SAR and EC also increase the grain yield. Grain gluten 

contents were negatively correlated with grain yield (Table.4.4.12). Grain yield was also 

positively correlated with phosphorus contents in grain and root and zinc in root, shoot and 

grain (Table4.4.12). 
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Table.4.4.11 Pearson correlation 

 
Grain ash 

contents 

Chlorophyll 

contents 

Copper in 

grain 

Copper in 

root 
Copper in shoot ECe Iron in grain 

Chlorophyll contents  0.4763**       

Copper in grain -0.1100  0.0184      

Cooper in root -0.1109  0.3670  0.8592***     

Copper in shoot -0.2070  0.3395  0.8539***  0.9291***    

ECe -0.5135** -0.5108**  0.2432  0.1833  0.1620   

Iron in grain  0.6709***  0.6547***  0.3795  0.5083**  0.4598* -0.2897  

Iron in root  0.6926***  0.6659***  0.2922  0.4283*  0.3801 -0.3316  0.9595*** 

Iron in shoot  0.6708***  0.6549***  0.3802  0.5087**  0.4603* -0.2902  0.9999*** 

Grain yield  0.7466***  0.6441*** -0.2370 -0.1897 -0.1504 -0.7318***  0.5181** 

Grain Gluten Contents -0.6339*** -0.8660***  0.0093 -0.2584 -0.2457  0.7073*** -0.7967*** 

Potassium in grain  0.3492  0.3264  0.7031***  0.6522***  0.6747***  0.0147  0.8062*** 

Potassium in root  0.2951  0.5036**  0.7493***  0.7822***  0.8230*** -0.0419  0.8250*** 

Potassium in shoot  0.2217  0.2742  0.8806***  0.7812***  0.8242*** -0.0115  0.7117*** 

Microbial biomass 

carbon 
 0.4674*  0.5464**  0.4411*  0.6589***  0.5211** -0.0050  0.9106*** 

Microbial biomass 

Nitrogen 
 0.1938  0.5535**  0.6517***  0.8028***  0.7039***  0.0648  0.6286*** 

Manganese in grain  0.1932 -0.0414  0.7121***  0.5099**  0.5771**  0.1889  0.5796** 

Manganese in root  0.1561 -0.1197  0.7229***  0.4761*  0.5633**  0.2264  0.5281** 

Manganese in shoot  0.1194 -0.2020  0.7163***  0.4383*  0.5315**  0.2472  0.4753* 

Nitrogen in grain  0.6167***  0.2185  0.4781*  0.4207*  0.3230 -0.0474  0.8583*** 

Nitrogen in root  0.5713**  0.1642  0.4283*  0.4023*  0.2783  0.0244  0.8218*** 

Nitrogen in shoot  0.6036***  0.2050  0.4574*  0.4119*  0.3063 -0.0261  0.8466*** 

Phosphorus in grain  0.7932***  0.3671 -0.0993 -0.2334 -0.1731 -0.6606***  0.5336** 

Phosphorus in root  0.7857***  0.4055* -0.2028 -0.3087 -0.2468 -0.6929***  0.4767* 
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 *** = Highly significant, ** = less significant, * = Significant, (value without*) = Non significant 

Table.4.4.12Pearson correlation 

 Iron in root Iron in shoot Grain yield Grain gluten 

contents 

Potassium in 

grain 

Potassium in root Potassium in 

shoot 

Iron in shoot  0.9596***       

Grain yield   0.6414*** 0.5185**      

Grain gluten contents -0.8094*** -0.7969*** -0.7415***     

Potassium in grain   0.7427***  0.8064*** 0.1545   -0.4047*    

Potassium in root   0.8024***  0.8254*** 0.2803  -0.5301** 0.9149***   

Potassium in shoot   0.6430***  0.7123*** 0.1482 -0.3691 0.8450*** 0.9242***  

Microbial biomass 

carbon 

  0.8392***  0.9105*** 0.1932 -0.6190 0.7647*** 0.7641*** 0.6463*** 

Microbial biomass 

nitrogen 

  0.5556** 0.6289*** 0.0587 -0.3529 0.7568*** 0.7648*** 0.6350*** 

Manganese in grain   0.4289*     0.5801**   -0.0490  -0.1197 0.7292*** 0.6815*** 0.8373*** 

Manganese in root   0.4001*     0.5285**   -0.0617  -0.0496 0.7277*** 0.6746*** 0.8342*** 

Manganese in shoot   0.3487 n.s     0.4757*   -0.1119 0.0082 0.7024*** 0.6303*** 0.8088*** 

Nitrogen in grain   0.7759***     0.8583*** 0.2558   -0.4421* 0.7922*** 0.6914*** 0.7132*** 

Nitrogen in root   0.7342*** 0.8217*** 0.1678  -0.3951* 0.7431*** 0.6266*** 0.6442*** 

Phosphorus in shoot  0.7471***  0.7396***  0.1062  0.1852  0.2302 -0.6361***  0.8038*** 

Soil Respiration  0.7105***  0.4879**  0.4005*  0.3861*  0.3699 -0.2619  0.9305*** 

SAR -0.5671** -0.2522  0.0060  0.1718  0.1555  0.8561*** -0.2671 

Shoot dry weight  0.3760  0.3501  0.3637  0.2892  0.4572* -0.1695  0.6745*** 

Shoot length  0.5987**  0.3463  0.3131  0.3578  0.3089 -0.1439  0.8959*** 

Zinc in grain  0.7611***  0.6034*** -0.0079  0.2174  0.0557 -0.3345  0.8729*** 

Zinc in root  0.7138***  0.5814**  0.0330  0.2711  0.0906 -0.2498  0.8631*** 

Zinc in shoot  0.7001***  0.5590**  0.0175  0.2555  0.0789 -0.2159  0.8543*** 

pH -0.0053  0.1317  0.1540  0.1906  0.1908  0.5947**  0.0908 



79 

 

Nitrogen in shoot   0.7622*** 0.8466*** 0.2394 n.s  -0.4312* 0.7604*** 0.6666*** 0.6931*** 

Phosphorus in grain   0.5994** 0.5341** 0.8676*** -0.6192*** 0.2395 0.2798 0.2888 

Phosphorus in root   0.5651**     0.4771* 0.9111*** -0.6207*** 0.1636 0.2099 0.1825 

Phosphorus in shoot   0.8613*** 0.8041***    0.8763 n.s -0.8880*** 0.4914**   0.6253*** 0.5145** 

Soil respiration 0.8320*** 0.9307***    0.4717* -0.6602***   0.7802***   0.7379***   0.7253*** 

SAR -0.3471 n.s    -0.2678 n.s -0.7001***   0.4792*       -0.1577 n.s      -0.1446    -0.1810 

Shoot dry weight   0.5202** 0.6747*** 0.2980 n.s  -0.4776*   0.6394***  0.6240***   0.6618*** 

Shoot length   0.8474*** 0.8957*** 0.2952 n.s -0.6041***   0.8059***  0.6908***   0.6039*** 

Zinc in grain   0.8613*** 0.8725*** 0.5299** -0.7713*** 0.5083**       0.4792* 0.3259 

Zinc in root   0.8436*** 0.8627***     0.4447* -0.7178*** 0.5436**       0.4934** 0.3268 

Zinc in shoot   0.8393*** 0.8539*** 0.4261* -0.6983*** 0.5419**       0.4851* 0.3113 

pH   0.0871     0.0905 -0.1207   0.1527 0.1386       0.1954 0.1134 

Table.4.4.13 Pearson correlation 

 Micobial 

biomass 

carbon 

Microbial 

biomass 

nitrogen 

Managanese 

in grain 

Manganese 

in root 

Manganesse in 

shoot 

Nitrogen in grain Nitrogen in root 

Microbial biomass 

nitrogen 

0.7287***       

Manganese in grain 0.5525**  0.4240*      

Manganese in root 0.4880**  0.3796 0.9908***     

Manganese in shoot 0.4353*  0.3127 0.9772*** 0.9938***    

Nitrogen in grain 0.8377 ***  0.5234**     0.7822*** 0.7506*** 0.7232***   

Nitrogen in root 0.8513***  0.4891** 0.7484*** 0.7128*** 0.6889***  0.9889***  

Nitrogen in shoot 0.8406***  0.5033** 0.7798*** 0.7451*** 0.7168***  0.9977***  0.9936*** 

Phosphorus in grain 0.1747 -0.1123 0.2134 0.2140 0.2000  0.4323*  0.3443 

Phosphorus in root 0.1095 -0.1411 0.0862 0.0881 0.0712  0.3357  0.2469 

Phosphorus in shoot 0.5206**  0.2859 0.2683 0.2404 0.1922  0.5207**  0.4341* 

Soil respiration 0.7973***  0.5259** 0.7398*** 0.6895*** 0.6457***  0.9086***  0.8596*** 
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SAR 0.0577  0.0459 0.0356 0.0211  0.0168 -0.1801 -0.0823 

Shoot dry weight 0.5019**  0.3482 0.7986*** 0.7579*** 0.7208***  0.6293***  0.5667** 

Shoot length 0.8451***  0.4353* 0.5781** 0.5508** 0.5381**  0.8772***  0.8744*** 

Zinc in grain 0.8487***  0.4271** 0.2744 0.2045 0.1540  0.7677***  0.7806*** 

Zinc in root 0.8822***  0.4965** 0.2781 0.2083 0.1573  0.7751***  0.7969*** 

Zinc in shoot 0.8795***  0.4779* 0.2705 0.2041 0.1562  0.7699***  0.7960*** 

pH 0.1582  0.1871 0.0765 0.0832 0.0721  0.0198  0.0177 

Table.4.4.14 Pearson correlation 

 Nitrogen in 

shoot 

Phosphorus in 

grain 

Phosphorus 

in root 

Phosphorus 

in shoot 

Soil respiration SAR Shoot dry 

weight 

Phosphorus in grain  0.4126*       

Phosphorus in root  0.3148  0.9874***      

Phosphorus in shoot  0.4993**  0.8498***  0.8391***     

Soil respiration  0.8960***  0.6150***  0.5366**  0.7414***    

SAR -0.1422 -0.7620*** -0.7716*** -0.6090*** -0.3021   

Shoot dry weight  0.6179***  0.4564*  0.3784  0.5576**  0.8229*** -0.1185  

Shoot length  0.8636***  0.4551*  0.3826*  0.6152***  0.8564*** -0.2050 0.5864** 

Zinc in grain  0.7739***  0.4888**  0.4651*  0.6775***  0.7735***  0.2241 0.3913* 

Zinc in root  0.7812***  0.3901*  0.3661  0.6059***  0.7520*** -0.1487 0.3568 

Zinc in shoot  0.7765***  0.3758  0.3526  0.5895**  0.7383*** -0.1193 0.3447 

pH  0.0159 -0.0834 -0.0815  0.0169  0.0995  0.4825* 0.0753 

 

Table.4.4.15 Pearson correlation 

 

 Shoot length Zinc in grain Zinc in root Zinc in shoot 

Zinc in grain 0.8188***    

Zinc in root 0.8230***  0.9916***   

Zinc in shoot 0.8316***  0.9879*** 0.9983***  

pH 0.0761 -0.0162 0.0171 0.0399 



81 

 

Summery 

Soil properties (biological and chemical) and crop response are dependent on the 

inherent soil organic matter content. Pakistani soils are low in organic matter (0.5 %). 

About 6.67 mha area in Pakistan is salt affected. This is the result of rapid 

commercialization and increased growth rate. Water resources are becoming the limiting 

factor now a day due the high evapotranspiration. Our climate is arid to semiarid, so more 

and more area is converting from normal to salt affected areas. Nutrients play a dynamic 

role in the management of salt affected soils. Nitrogen losses become more as compared to 

phosphorus which becomes relatively more available as compared to normal soils. 

Potassium has antagonistic behavior with nitrogen however synergistic behavior with 

phosphorus. Micronutrients become more deficient at higher pH as in case of salt affected 

soils (saline-sodic) except molybdenum. There are two to three ways to tackle these salt 

affected soils. In case of saline sodic and sodic use of amendment is the best option to make 

these soils more profitable.  

In context to these facts four separate experiments including pot, lysimeter and field 

were conducted at wire house of Institute of Soil and Environmental Sciences University 

of Agriculture Faisalabad and Proka-II University Farm to investigate the bevaiour of PA 

and PH on nutrient availability in saline sodic soil. In pot trials phosphoric acid was applied 

at 38 and 6.8 ml per 20 kg soil while PH @ of 1 and 0.5 g per 20 kg soil which was 

equivalent to 50 and 100 kg ha-1. Maize crop was harvested at maturity and growth and 

yield was recorded. Photosynthetic rate was more significantly different among the 

different treatment. However, it was maximum where the phosphoric acid was applied 

along with PH. Phosphorus concentration was more in all the plant parts where phosphoric 

acid was applied alone. In micronutrients again combined application of both the 

amendments increases their availability to plant. Total biomass was also highest with 

combined application of both the amendments. 

Another pot experiment was conducted just after the harvesting of 1st experiment of 

maize. Same pots were used in without application of both the amendments. NPK were 

applied according to the recommended dose. This experiment was in accordance with the 

hypothesis that phosphoric acid and PH might supply the nutrients in one or two cropping 

seasons. Wheat variety Glaxy-2013 was used as a test crop. The results of this experiment 

were very impressive. Solubility of PH increased the chelation of nutrients which is due to 

the presence of PH and available phosphorus on more soil surface area.  
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A lysimeter experiment was conducted in the glass house of Institute of Soil and 

Environmental Sciences University of Agriculture, Faisalabad. Maize was sown in this 

experiment. 20 kg soil was used in each lysimeter with it plastic bottle having one liter 

capacity was attached in each lysimeter to collect the leachate. Leachate was collected four 

times with an interval of 20 days (S1: before the application of amendment, S2: 20 days 

after the application of amendments, S3: 40 days after the amendment application, S4: 60 

days after the amendment application). Similar amount of fertilizers and amendment was 

applied in each lysimeter. 3.9 L water was applied at each irrigation which was the pore 

volume of soil. Plants were harvested after 65 days. After taking the fresh weight of shoot 

and root samples were oven dried at 65oC. The results showed that with the application of 

both the amendments nutrients become leach down. Nitrogen concentration was more in 

each sampling of leachate which was minimum with the application of PH. Phosphorus 

concentration was less as compared to other nutrients. Potassium concentration was more 

in leachate not more than nitrogen concentration. Each sample of the leachate was analysed 

for micronutrients (Fe, Zn, Cu and Mn), however they were not detected in all the samples. 

After harvest soil analyses also showed that sodium was less in soil samples due to the 

leaching of exchangeable sodium from the soil. So Soil ECe, and SAR were decreased up 

to 50 %. Soil pHs value was also decreased up to 25 %. 

A field study was conducted at Proka-II University of Agriculture Faisalabad Farm. 

Total area of two kanals were used in this experiment. There were nine treatments and three 

replications. So there were twenty seven experimental units in this trial. Fertilizers were 

applied according to recommended dose of NPK-120-90-60. Phosphoric acid was applied 

as P2O5 (90 kg ha-1). Crop was harvested at maturity and plant samples were taken 

representing 1m2 and yield parameters were recorded. There was positive correlation 

between shoot dry weight and grain yield. The results showed that in field conditions at the 

nutrients availability was more with the combined application of phosphoric acid and PH. 

However the growth parameters  indicated that alone application of phosphoric acid was 

the best treatment as compared to the alone application of PH . Soil anlysis showed that 

there was more soil respiration and microbial biomass carbon and nitrogen where the PH 

and phosphoric acid were applied simultaneously. This fact showed that application of 

phosphorus containing acidic amendments did not decrease the amount of native microbes. 

Nutrient use in balance quantity not only increases their availability to plants, as well as it 

improved the availability of micronutrients. So Results further showed that gluten contents 
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were decreased with combined application of both the amendments. Ash contents were 

more where phosphoric acid was applied alone. As phosphorus improved the root growth 

which ultimately increase the total biomass of the plant due to the more absorption of 

nutrients. 

The overall conclusions were the main out comes of the whole research work. 

1. Application of phosphoric acid alone improved the plant dry matter however it 

increases the nutrient leaching as well. Although availability of micronutrients 

become more due to temporary change in pH. 

2. Application of 50 % phosphoric acid along with 100 kg ha-1 PH not only improve 

the availability of nutrients, it also decrease the economic burden of the farmers. As 

it increase the total biomass and yield of the crop. 

3. PH affect the quality of grains and soil. Different type of functional groups binds 

the cations which improve the plant nutrition and growth of soil native microbes. 

PH along with phosphoric acid improve soil microbial biomass carbon and N.  

4. Alone application of phosphoric acid improve the grain ash contents, however it 

decreases the grain gluten contents. 
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Study-1 

Anexxure-4.1.1 

 

Completely Randomized AOV for shoot dry weight 

Source DF SS MS F P 

T 8 177.507 22.1884 7.09 0.0003 

Error 18 56.302 3.1279   

Total 26 233.809    

Anexxure-4.1.2 

Completely Randomized AOV for root dry weight 

Source DF SS MS F P 

T 8 2.33694    0.29212     11.2    0.0000 

Error 18 0.46840    0.02602   

Total 26 2.80534    

Anexxure-4.1.03 

Completely Randomized AOV for shoot length 

Source DF SS MS F P 

T 8 2570.43    321.304     29.6    0.0000 

Error 18 195.45     10.858   

Total 26 2765.88    

Anexxure-4.1.04 

Completely Randomized AOV for root length 

Source DF SS MS F P 

T 8 2724.40    340.550     46.4    0.0000 

Error 18 132.16 7.342   

Total 26 2856.56    

Anexxure-4.1.5 

Completely Randomized AOV for photosynthetic rate 

Source DF SS MS F P 

T 8 333.268 41.6585 4.37 0.0045 

Error 18 171.749 9.5416   

Total 26 505.017    

Anexxure-4.1.6 

Completely Randomized AOV for transpiration rate 

Source DF SS MS F P 

T 8 1.16741    0.14593 51.5 0.0000 

Error 18 0.05100 0.00283   

Total 26 1.21841    
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Anexxure-4.1.7 

Completely Randomized AOV for stomatal conductance 

Source DF SS MS F P 

T 8 1.29699 0.16212 45.2 0.0000 

Error 18 0.06460 0.00359   

Total 26 1.36159    

Anexxure-4.1.8 

Completely Randomized AOV for relative water contents 

Source DF SS MS F P 

T 8 781.50 97.6873 2.45 0.0548 

Error 18 718.66 39.9256   

Total 26 1500.16    

Anexxure-4.1.09 

Completely Randomized AOV for membrane stability index 

Source DF SS MS F P 

T 8 6510.51 813.813 220 0.0000 

Error 18 66.47 3.693   

Total 26 6576.98    

Anexxure-4.1.10 

Completely Randomized AOV for total chlorophyll contents 

Source DF SS MS F P 

T 8 331.818 41.4773 3.30 0.0168 

Error 18 226.037 12.5576   

Total 26 557.855    

Anexxure.4.1.11 

Completely Randomized AOV for nitrogen contents in root 

Source DF SS MS F P 

T 8 1.71592 0.21449 32.1 0.0000 

Error 18 0.12013 0.00667   

Total 26 1.83605    

Annexure 4.1.12 

Completely Randomized AOV for nitrogen contents in shoot 

Source DF SS MS F P 

T 8 2.11134 0.26392 71.2 0.0000 

Error 18 0.06673 0.00371   

Total 26 2.17807    
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Annexure 4.1.13 

Completely Randomized AOV for nitrogen contents in grain 

Source DF SS MS F P 

T 8 2.64590 0.33074 113 0.0000 

Error 18 0.05260 0.00292   

Total 26 2.69850    

Annexure 4.1.14 

Completely Randomized AOV for phosphorus contents in root 

Source DF SS MS F P 

T 8 0.20867 0.02608 13.4 0.0000 

Error 18 0.03500 0.00194   

Total 26 0.24367    

Annexure 4.1.15 

Completely Randomized AOV for phosphorus contents in shoot 

Source DF SS MS F P 

T 8 0.17820 0.02228 12.4    0.0000 

Error 18 0.03240 0.00180   

Total 26 0.21060    

Annexure 4.1.16 

Completely Randomized AOV for phosphorus contents in grain 

Source DF SS MS F P 

T 8 0.22007 0.02751 23.1 0.0000 

Error 18 0.02140 0.00119   

Total 26 0.24147    

Annexure 4.1.17 

Completely Randomized AOV for potassium contents in root 

Source DF SS MS F P 

T 8 4.12773 0.51597 146 0.0000 

Error 18 0.06353 0.00353   

Total 26 4.19127    

Annexure 4.1.18 

Completely Randomized AOV for potassium contents in shoot 

Source DF SS MS F P 

T 8 5.26927 0.65866 196 0.0000 

Error 18 0.06040 0.00336   

Total 26 5.32967    
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Annexure 4.1.19 

Completely Randomized AOV for potassium contents in grain 

Source DF SS MS F P 

T 8 4.13927 0.51741 196 0.0000 

Error 18 0.04760 0.00264   

Total 26 4.18687    

Annexure 4.1.20 

Completely Randomized AOV for iron contents in root 

Source DF SS MS F P 

T 8 2316.31 289.539 18.6 0.0000 

Error 18 280.17 15.565   

Total 26 2596.48    

Annexure 4.1.21 

Completely Randomized AOV for iron contents in shoot 

Source DF SS MS F P 

T 8 1772.80 221.600 19.4 0.0000 

Error 18 205.59 11.422   

Total 26 1978.39    

Annexure 4.1.22 

Completely Randomized AOV for iron contents in grain 

Source DF SS MS F P 

T 8 2580.11 322.513 30.5 0.0000 

Error 18 190.03 10.557   

Total 26 2770.14    

Annexure 4.1.23 

Completely Randomized AOV for zinc contents in root 

Source DF SS MS F P 

T 8 1443.26 180.407 33.4 0.0000 

Error 18 97.20 5.400   

Total 26 1540.46    

Annexure 4.1.24 

Completely Randomized AOV for zinc contents in shoot 

Source DF SS MS F P 

T 8 1660.00 207.500 21.9 0.0000 

Error 18 170.25 9.458   

Total 26 1830.25    
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Annexure 4.1.25 

Completely Randomized AOV for zinc contents in grain 

Source DF SS MS F P 

T 8 1653.94 206.742 27.4 0.0000 

Error 18 135.73 7.541   

Total 26 1789.67    

Annexure 4.1.26 

Completely Randomized AOV for cooper contents in root 

Source DF SS MS F P 

T 8 225.988 28.2485 29.9 0.0000 

Error 18 17.009 0.9450   

Total 26 242.997    

Annexure 4.1.27 

Completely Randomized AOV for cooper contents in shoot 

Source DF SS MS F P 

T 8 373.538    46.6923 31.9 0.0000 

Error 18 26.349 1.4638   

Total 26 399.887    

Annexure 4.1.28 

Completely Randomized AOV for cooper contents in grain 

Source DF SS MS F P 

T 8 277.007    34.6259 45.6 0.0000 

Error 18 13.659 0.7589   

Total 26 290.667    

Annexure 4.1.29 

Completely Randomized AOV for Manganese contents in root 

Source DF SS MS F P 

T 8 589.463 73.6829 20.5 0.0000 

Error 18 64.611 3.5895   

Total 26 654.074    

Annexure 4.1.30 

Completely Randomized AOV for Manganese contents in shoot 

Source DF SS MS F P 

T 8 458.177 57.2721 7.69 0.0002 

Error 18 134.060 7.4478   

Total 26 592.237    
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Annexure 4.1.31 

Completely Randomized AOV for Manganese contents in grain 

Source DF SS MS F P 

T 8 254.581 31.8226 10.0 0.0000 

Error 18 57.304 3.1836   

Total 26 311.885    

Annexure 4.1.31 

Completely Randomized AOV for grain yield 

Source DF SS MS F P 

T 8 705.602 88.2003 7.18 0.0003 

Error 18 221.015 12.2786   

Total 26 926.618    

Annexure 4.1.35 

Completely Randomized AOV for ECe 

Source DF SS MS F P 

T 8 3.15300 0.39412 5.39 0.0015 

Error 18 1.31740 0.07319   

Total 26 4.47040    

Annexure 4.1.36 

Completely Randomized AOV for pHs 

Source DF SS MS F P 

T 8 0.06947 0.00868 2.35 0.0627 

Error 18 0.06640 0.00369   

Total 26 0.13587    

Annexure 4.1.37 

Completely Randomized AOV for SAR 

Source DF SS MS F P 

T 8 42.5123 5.31403 12.6 0.0000 

Error 18 7.6124 0.42291   

Total 26 50.1247    
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Study-2 

Annexure 4.2.1 

Completely Randomized AOV for shoot dry weight 

Source DF SS MS F P 

T 8 16.4051 2.05064 809 0.0000 

Error 18 0.0456 0.00253   

Total 26 16.4507    

Annexure 4.2.2 

Completely Randomized AOV for root dry weight 

Source DF SS MS F P 

T 8 1.52819 0.19102 107 0.0000 

Error 18 0.03220 0.00179   

Total 26 1.56039    

Annexure 4.2.3 

Completely Randomized AOV for shoot length 

Source DF SS MS F P 

T 8 9127.84 1140.98 360 0.0000 

Error 18 57.03 3.17   

Total 26 9184.87    

Annexure 4.2.4 

Completely Randomized AOV for root length 

Source DF SS MS F P 

T 8 170.306 21.2883 372 0.0000 

Error 18 1.030 0.0572   

Total 26 171.337    

Annexure 4.2.5 

Completely Randomized AOV for nitrogen contents in root 

Source DF SS MS F P 

T 8 0.10916 0.01365 452 0.0000 

Error 18 0.00054 0.00003   

Total 26 0.10971    

Annexure 4.2.6 

Completely Randomized AOV for nitrogen contents in shoot 

Source DF SS MS F P 

T 8 0.21608 0.02701 623 0.0000 

Error 18 0.00078 0.00004   

Total 26 0.21686    

 

 

 



91 

 

Annexure 4.2.7 

Completely Randomized AOV for nitrogen contents in grain 

Source DF SS MS F P 

T 8 0.30338 0.03792 344 0.0000 

Error 18 0.00198 0.00011   

Total 26 0.30537    

Annexure 4.2.8 

Completely Randomized AOV for phosphorus contents in root 

Source DF SS MS F P 

T 8 0.01855 0.00232 212 0.0000 

Error 18 0.00020 0.00001   

Total 26 0.01875    

Annexure 4.2.9 

Completely Randomized AOV for phosphorus contents in shoot 

Source DF SS MS F P 

T 8 0.01641 0.00205 254 0.0000 

Error 18 0.00015 0.00001   

Total 26 0.01656    

Annexure 4.2.10 

Completely Randomized AOV for phosphorus contents in grain 

Source DF SS MS F P 

T 8 0.01180 0.00147 193 0.0000 

Error 18 0.00014 0.00001   

Total 26 0.01193    

Annexure 4.2.11 

Completely Randomized AOV for potassium contents in root 

Source DF SS MS F P 

T 8 0.90381 0.11298 387 0.0000 

Error 18 0.00526 0.00029   

Total 26 0.90907    

Annexure 4.2.12 

Completely Randomized AOV for potassium contents in shoot 

Source DF SS MS F P 

T 8 1.45610 0.18201 360 0.0000 

Error 18 0.00909 0.00050   

Total 26 1.46518    
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Annexure 4.2.13 

Completely Randomized AOV for potassium contents in grain 

Source DF SS MS F P 

T 8 1.10985 0.13873 363 0.0000 

Error 18 0.00689 0.00038   

Total 26 1.11674    

Annexure 4.2.14 

Completely Randomized AOV for iron contents in root 

Source DF SS MS F P 

T 8 222.578 27.8223 315 0.0000 

Error 18 1.589 0.0883   

Total 26 224.167    

Annexure 4.2.15 

Completely Randomized AOV for iron contents in shoot 

Source DF SS MS F P 

T 8 189.386 23.6733 240 0.0000 

Error 18 1.776 0.0986   

Total 26 191.162    

Annexure 4.2.16 

Completely Randomized AOV for iron contents in grain 

Source DF SS MS F P 

T 8 307.556 38.4445 147 0.0000 

Error 18 4.720 0.2622   

Total 26 312.276    

Annexure 4.2.17 

Completely Randomized AOV for zinc contents in root 

Source DF SS MS F P 

T 8 343.928 42.9910 236 0.0000 

Error 18 3.273 0.1818   

Total 26 347.201    

Annexure 4.2.18 

Completely Randomized AOV for zinc contents in shoot 

Source DF SS MS F P 

T 8 53.2925 6.66156 469 0.0000 

Error 18 0.2559 0.01422   

Total 26 53.5484    
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Annexure 4.2.19 

Completely Randomized AOV for zinc in grain 

Source DF SS MS F P 

T 8 89.2802 11.1600 955 0.0000 

Error 18 0.2104 0.0117   

Total 26 89.4907    

Annexure 4.2.20 

Completely Randomized AOV for cooper contents in root 

Source DF SS MS F P 

T 8 12.0675 1.50844 238 0.0000 

Error 18 0.1142 0.00635   

Total 26 12.1818    

Annexure 4.2.21 

Completely Randomized AOV for copper contents in shoot 

Source DF SS MS F P 

T 8 17.4892 2.18615 272 0.0000 

Error 18 0.1449 0.00805   

Total 26 17.6341    

Annexure 4.2.22 

Completely Randomized AOV for copper contents in grain 

Source DF SS MS F P 

T 8 11.0490 1.38113 468 0.0000 

Error 18 0.0531 0.00295   

Total 26 11.1022    

Annexure 4.2.23 

Completely Randomized AOV for Manganese contents in root 

Source DF SS MS F P 

T 8 14.9610 1.87012 440 0.0000 

Error 18 0.0765 0.00425   

Total 26 15.0375    

Annexure 4.2.24 

Completely Randomized AOV for Manganese contents in shoot 

Source DF SS MS F P 

T 8 25.9133 3.23917 374 0.0000 

Error 18 0.1560 0.00867   

Total 26 26.0694    
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Annexure 4.2.25 

Completely Randomized AOV for Manganese contents in grain 

Source DF SS MS F P 

T 8 26.3230 3.29037 329 0.0000 

Error 18 0.1799 0.00999   

Total 26 26.5028    

Annexure 4.2.26 

Completely Randomized AOV for photosynthetic rate 

Source DF SS MS F P 

T 8 55.2419 6.90523 303 0.0000 

Error 18 0.4106 0.02281   

Total 26 55.6524    

Annexure 4.2.27 

Completely Randomized AOV for transpiration rate 

Source DF SS MS F P 

T 8 0.18030 0.02254 272 0.0000 

Error 18 0.00149 0.00008   

Total 26 0.18179    

Annexure 4.2.28 

Completely Randomized AOV for stomatal conductance 

Source DF SS MS F P 

T 8 0.17120 0.02140 222 0.0002 

Error 18 0.00173 0.00010   

Total 26 0.17293    

Annexure 4.2.29 

Completely Randomized AOV for grain yield 

Source DF SS MS F P 

T 8 85.1055 10.6382 140 0.0000 

Error 18 1.3674 0.0760   

Total 26 86.4729    
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Study-3 

Annexure 4.3.1 

Completely Randomized AOV for shoot fresh weight 

Source DF SS MS F P 

T 8 36682.4 4585.30 176 0.0000 

Error 18 469.2 26.07   

Total 26 37151.6    

Annexure 4.3.2 

Completely Randomized AOV for shoot dry weight 

Source DF SS MS F P 

T 8 2557.86 319.732 40.5 0.0000 

Error 18 142.12 7.896   

Total 26 2699.98    

Annexure 4.3.3 

Completely Randomized AOV for shoot length 

Source DF SS MS F P 

T 8 2832.89 354.112 12.4 0.0000 

Error 18 513.27 28.515   

Total 26 3346.17    

Annexure 4.3.4 

Completely Randomized AOV for root fresh weight 

Source DF SS MS F P 

T 8 4546.88 568.360 71.9 0.0000 

Error 18 142.26 7.904   

Total 26 4689.14    

Annexure 4.3.5 

Completely Randomized AOV for root dry weight 

Source DF SS MS F P 

T 8 45.5723 5.69654 2426 0.0000 

Error 18 0.0423 0.00235   

Total 26 45.6146    

Annexure 4.3.6 

Completely Randomized AOV for root length 

Source DF SS MS F P 

T 8 1733.17 216.647 16.0 0.0000 

Error 18 244.09 13.561   
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Annexure 4.3.7 

Completely Randomized AOV for EC 

Source DF SS MS F P 

S 3 243.359 81.1196 298.29 0.0000 

T 8 10.731 1.3414 4.93 0.0001 

S*T 24 8.551 0.3563 1.31 0.1897 

Error 72 19.580 0.2719   

Total 107 282.222    

Annexure 4.3.8 

Completely Randomized AOV for pH 

Source DF SS MS F P 

S 3 29.3936 9.79785 132.27 0.0000 

T 8 2.6269 0.32836 4.43 0.0002 

S*T 24 0.8088 0.03370 0.45 0.9835 

Error 72 5.3332 0.07407   

Total 107 38.1624    

Annexure 4.3.9 

Completely Randomized AOV for SAR 

Source DF SS MS F P 

S 3 794.31 264.770 264.29 0.0000 

T 8 148.22 18.527 18.49 0.0000 

S*T 24 69.80 2.908 2.90 0.0003 

Error 72 72.13 1.002   

Total 107 1084.46    

Annexure 4.3.10 

Completely Randomized AOV for nitrogen concentration in leachate 

Source DF SS MS F P 

S 3 85522 28507.4 767.97 0.0000 

T 8 38455 4806.9 129.49 0.0000 

S*T 24 11466 477.8 12.87 0.0000 

Error 72 2673 37.1   

Total 107 138116    

Annexure 4.3.11 

Completely Randomized AOV for phosphorus  concentration in leachate 

Source DF SS MS F P 

S 3 469.169 156.390 276.89 0.0000 

T 8 61.994 7.749 13.72 0.0000 

S*T 24 21.040 0.877 1.55 0.0790 

Error 72 40.666 0.565   

Total 107 592.869    
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Annexure 4.3.12 

Completely Randomized AOV for potassium  concentration in leachate 

Source DF SS MS F P 

S 3 48953.2 16317.7 1494.96 0.0000 

T 8 28055.2 3506.9 321.29 0.0000 

S*T 24 13719.1 571.6 52.37 0.0000 

Error 72 785.9 10.9   

Total 107 91513.4    

 

Study-4 

Annexure 4.4.1 

Randomized Complete Block AOV Table for shoot dry weight 

Source DF SS MS F P 

R 2 2319 1160   

T 8 2588853 323607 124.65 0.0000 

Error 16 41538 2596   

Total 26 2632710    

Annexure 4.4.2 

Randomized Complete Block AOV Table for shoot length 

Source DF SS MS F P 

R 2 9.1 4.54   

T 8 10670.7 1333.83 125.96 0.0000 

Error 16 169.4 10.59   

Total 26 10849.2    

Annexure 4.4.3 

Randomized Complete Block AOV Table for nitrogen contents in root 

Source DF SS MS F P 

R 2 0.00036 0.00018   

T 8 2.26283 0.28285 444.98 0.0000 

Error 16 0.01017 0.00064   

Total 26 2.27336    

Annexure 4.4.4 

Randomized Complete Block AOV Table for nitrogen contents in shoot 

Source DF SS MS F P 

R 2 0.00110 0.00055   

T 8 3.65674 0.45709 298.46 0.0000 

Error 16 0.02450 0.00153   

Total 26 3.68234    
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Annexure 4.4.5 

Randomized Complete Block AOV Table for nitrogen contents in grain 

Source DF SS MS F P 

R 2 0.00134 0.00067   

T 8 5.00576 0.62572 268.70 0.0000 

Error 16 0.03726 0.00233   

Total 26 5.04436    

Annexure 4.4.6 

Randomized Complete Block AOV Table for phosphorus in root 

Source DF SS MS F P 

R 2 0.00010 0.00005   

T 8 0.06965 0.00871 70.70 0.0000 

Error 16 0.00197 0.00012   

Total 26 0.07172    

Annexure 4.4.7 

Randomized Complete Block AOV Table for phosphorus in shoot 

Source DF SS MS F P 

R 2 0.00005 0.00003   

T 8 0.05345 0.00668 54.87 0.0000 

Error 16 0.00195 0.00012   

Total 26 0.05545    

Annexure 4.4.8 

Randomized Complete Block AOV Table for phosphorus in grain 

Source DF SS MS F P 

R 2 0.00010 0.00005   

T 8 0.11452 0.01431 72.24 0.0000 

Error 16 0.00317 0.00020   

Total 26 0.11779    

Annexure 4.4.9 

Randomized Complete Block AOV Table for potassium contents in root 

Source DF SS MS F P 

R 2 0.00249 0.00124   

T 8 2.29440 0.28680 47.25 0.0000 

Error 16 0.09711 0.00607   

Total 26    2.39400    
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Annexure 4.4.10 

Randomized Complete Block AOV Table for potassium contents in shoot 

Source DF SS MS F P 

R 2 0.00487 0.00243   

T 8 5.65767 0.70721 105.68 0.0000 

Error 16 0.10707 0.00669   

Total 26 5.76960    

Annexure 4.4.11 

Randomized Complete Block AOV Table for potassium contents in grain 

Source DF SS MS F P 

R 2 0.00465 0.00233   

T 8 5.04614 0.63077 114.06 0.0000 

Error 16 0.08848 0.00553   

Total 26 5.13927    

Annexure 4.4.12 

Randomized Complete Block AOV Table for iron contents in root 

Source DF SS MS F P 

R 2 0.684 0.3420   

T 8 688.605 86.0756 57.11 0.0000 

Error 16 24.116 1.5073   

Total 26 713.405    

Annexure 4.4.13 

Randomized Complete Block AOV Table for iron contents in shoot 

Source DF SS MS F P 

R 2 2.41 1.203   

T 8 1908.36 238.545 85.93 0.0000 

Error 16 44.42 2.776   

Total 26 1955.18    

Annexure 4.4.14 

Randomized Complete Block AOV Table for iron contents in grain 

Source DF SS MS F P 

R 2 2.74 1.368   

T 8 2107.93 263.491 85.18 0.0000 

Error 16 49.50 3.093   

Total 26 2160.16    
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Annexure 4.4.15 

Randomized Complete Block AOV Table for zinc contents in root 

Source DF SS MS F P 

R 2 0.36 0.00005   

T 8 0.11452 0.01431 72.24 0.0000 

Error 16 0.00317 0.00020   

Total 26 0.11779    

Annexure 4.4.16 

Randomized Complete Block AOV Table for zinc in shoot 

Source DF SS MS F P 

R 2 0.65 0.326   

T 8 1366.95 170.868 300.03 0.0000 

Error 16 9.11 0.570   

Total 26 1376.71    

Annexure 4.4.17 

Randomized Complete Block AOV Table zinc in grain 

Source DF SS MS F P 

R 2 0.49 0.245   

T 8 2624.97 328.121 606.53 0.0000 

Error 16 8.66 0.541   

Total 26 2634.11    

Annexure 4.4.18 

Randomized Complete Block AOV Table for copper in root 

Source DF SS MS F P 

R 2 0.018 0.0090   

T 8 206.755 25.8444 433.12 0.0000 

Error 16 0.955 0.0597   

Total 26 207.728    

Annexure 4.4.19 

Randomized Complete Block AOV Table for copper contents in shoot 

Source DF SS MS F P 

R 2 0.069 0.0346   

T 8 169.368 21.1711 267.01 0.0000 

Error 16 1.269 0.0793   

Total 26 170.706    
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Annexure 4.4.20 

Randomized Complete Block AOV Table for copper contents in grain 

Source DF SS MS F P 

R 2 0.0335 0.01677   

T 8 68.6827 8.58534 206.34 0.0000 

Error 16 0.6657 0.04161   

Total 26 69.3820    

Annexure 4.4.21 

Randomized Complete Block AOV Table for manganese contents in root 

Source DF SS MS F P 

R 2 0.040 0.0198   

T 8 157.434 19.6792 150.69 0.0000 

Error 16 2.089 0.1306   

Total 26 159.563    

Annexure 4.4.22 

Randomized Complete Block AOV Table for manganese contents in shoot 

Source DF SS MS F P 

R 2 0.227 0.1136   

T 8 335.229 41.9036 166.86 0.0000 

Error 16 4.018 0.2511   

Total 26 339.474    

Annexure 4.4.23 

Randomized Complete Block AOV Table for manganese contents in grain 

Source DF SS MS F P 

R 2 0.0280 0.01401   

T 8 74.2332 9.27915 202.48 0.0000 

Error 16 0.7332 0.04583   

Total 26 74.9945    

Annexure 4.4.24 

Randomized Complete Block AOV Table for microbial biomass carbon 

Source DF SS MS F P 

R 2 18.6 9.29   

T 8 34081.1 4260.14 120.54 0.0000 

Error 16 565.5 35.34   

Total 26 34665.2    
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Annexure 4.4.25 

Randomized Complete Block AOV Table for microbial biomass nitrogen 

Source DF SS MS F P 

R 2 0.12 0.059   

T 8 1141.62 142.703 249.50 0.0000 

Error 16 9.15 0.572   

Total 26 1150.89    

Annexure 4.4.26 

Randomized Complete Block AOV Table for soil respiration 

Source DF SS MS F P 

R 2 0.217 0.1086   

T 8 204.628 25.5785 56.96 0.0000 

Error 16 7.185 0.4491   

Total 26 212.030    

Annexure 4.4.27 

Randomized Complete Block AOV Table for grain ash contents 

Source DF SS MS F P 

R 2 7.407E-06 3.704E-06   

T 8 4.963E-04 6.204E-05 16.75 0.0000 

Error 16 5.926E-05 3.704E-06   

Total 26 5.630E-04    

Annexure 4.4.28 

Randomized Complete Block AOV Table for grain gluten contents 

Source DF SS MS F P 

R 2 0.0002 0.00010   

T 8 44.7147 5.58933 366.02 0.0000 

Error 16 0.2443 0.01527   

Total 26 44.9592    

Annexure 4.4.29 

Randomized Complete Block AOV Table for grain yield 

Source DF SS MS F P 

R 2 143 71.6   

T 8 701263 87657.8 220.06 0.0000 

Error 16 6373 398.3   

Total 26 707779    
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Annexure 4.4.30 

Randomized Complete Block AOV Table for ECe 

Source DF SS MS F P 

R 2 0.01534 0.00767   

T 8 4.12370 0.51546 7.55 0.0003 

Error 16 1.09173 0.06823   

Total 26 5.23076    

Annexure 4.4.31 

Randomized Complete Block AOV Table for pH 

Source DF SS MS F P 

R 2 0.03070 0.01535   

T 8 0.13616 0.01702 0.16 0.9934 

Error 16 1.69184 0.10574   

Total 26 1.85870    

Annexure 4.4.32 

Randomized Complete Block AOV Table for SAR 

Source DF SS MS F P 

R 2 0.192 0.0962   

T 8 117.471 14.6839 20.61 0.0000 

Error 16 11.40 0.7126   

Total 26 129.065    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


