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ABSTRACT 

 

Potato stands 4th after wheat, rice and maize among the major food crops in 

Pakistan. It was grown on an area of 131.9 million hectare with 2622.3 thousands tons 

of production averaging 19.9 tons ha-1 during the year 2007 which was very low as 

compared to the yields of leading potato growing countries of the world. Potato is a 

short duration, high yielding and exhaustive tuberous crop. Balanced use of nutrients 

is essential for a sustainable productivity of crops. Nitrogen and phosphorus fertilizer 

are being used while ignoring potassium application which causes serious decrease in 

the status of K in soils of potato growing areas because K has great importance in 

improving quality and yield of potatoes. Potassium has a crucial role in higher 

productivity of potato tubers because it plays an important role in photosynthesis, 

regulation of opening and closing of stomata, favors high energy status which helps in 

timely and proper nutrients translocation and water uptake in plants. The potato 

growers in Pakistan follow different practices and techniques in different localities for 

higher yields in potatoes. Keeping in view, the existing management practices of 

potato growers in Pakistan, a research project of field studies comprising of four 

experiments, was designed for the selection of best source of potassium, time and 

application of fertilizer techniques, different levels of potassium to determine the 

effects of K on some physio-morphological features of the crop.  A promising red 

potato cultivar “Desiree” was selected. The optimal recommended dose of potassium 

(125 kg ha-1) was supplied at the time of planting. Data of different qualitative and 

quantitative characteristics were collected under the Randomized Complete Block 

Design with three replications and analyzed by using standard statistical techniques. 

The experiment#1 was conducted in order to assess the impact of different 

organic and inorganic sources of potassium (i.e. FYM, SOP and MOP) for the 

evaluation of the best with 10 different combinations of treatments which were 

replicated thrice. The parameter like total emergence %age, No. of aerial stems plant-

1, specific gravity and tuber dry matter %age were found statistically non-significant 

while, No. of leaves plant-1, Plant height, No. of tuber plant-1, Tuber weight plant-1, 

Yield ha-1 TSS and tuber dry weight plant-1, were observed significant and gave better 

in case of T2 (SOP source). In some of the parameters like Tuber weight plant-1, yield 
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ha-1 and tuber dry weight plant-1, T4 (½ from SOP+ ½ from FYM) were found equally 

effective with T2 whereas, T0 (control) performed worse. 

The experiment #2 comprised of 9 treatments with 3 replications. This 

experiment was undertaken to check the effects and proper time of potassium 

application methods. The parameters of total emergence %age, number of aerial stems 

plant-1 and number of tuber plant-1 were found statistically non-significant while, 

number of leaves plant-1, plant height, number of tuber plant-1, tuber weight plant-1, 

yield ha-1, TSS, specific gravity, tuber dry matter %age and tuber dry weight plant-1 

were found significant with the supremacy of T2 ( Full dose of SOP at the time of 

planting through placement method) with the conclusion  that SOP  was found 

superior to  the other potassium sources in most of the aspects of growth and yield of 

potato crop. 

For the assessment the best level of K in order to the maximum growth and 

yield of potato, the experiment #3 was designed with 7 numbers of treatments and 3 

replications. The parameters of total emergence %age, plant height, number of tuber 

plant-1, tuber weight plant-1, yield ha-1, TSS and tuber dry weight plant-1 were found 

statistically significant while, number of aerial stems plant-1, number of leaves plant-1, 

specific gravity and tuber dry matter %age were observed significant with the 

supremacy of T3 (150 kg K2O ha-1) which was found the best for most of the aspects 

of study. An excessive dose of K2O  up to 250 kg K2O ha-1 was found ineffective for 

vegetative and yield characteristics while the under dosing up to 100 kg K2O ha-1 was 

observed comparatively less effective. 

The experiment #4 was conducted for convenience of different physio-

morphological and storage aspects of potato crop by applying FYM, SOP and MOP 

with 6 combinations of treatments and was replicated thrice. The data were collected 

on 5 fortnight intervals with effect from 30 to 90 days after planting. The agronomic 

parameters, like number of leaves, leaf area index, leaf area duration, crop growth 

rate, relative growth rate, net assimilation rate, stem length and diameter were 

observed significant for the treatments and the years with the superiority of T4 ( ½ 

SOP + ½ FYM) followed by T2( Full dose of SOP) while T0( control) was found at 

the bottom. The physiological aspects such as chlorophyll contents, net 

photosynthesis rate, intra cellular CO2 concentration, transpiration rate, stomatal 

conductance and water use efficiency were found statistically significant for the 
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treatments and the years with the best results from  T4 ( ½ SOP + ½ FYM)and T2 (Full 

dose from SOP). The storage behavior was studied by keeping tubers at ambient and 

cold storage conditions. The results were gathered at 5 fortnight intervals with effect 

from 30th days after storage. The data for the weight loss %age, sprouting %age, 

rotting % age, physiological disorders % age, starch contents % age, protein contents 

%age, reducing sugars and vit.C showed significant differences with the superiority of 

SOP alone or in combinations with FYM as compared to the other treatments while T0 

was observed at the bottom. The cold storage conditions were found better as 

compared to ambient conditions. For the physic-chemical characteristics like starch 

%age, protein, reducing sugars and vit.C, T2 (Full dose from SOP) was again found 

effective as compared to the other variables of potassium applied for the study, in 

both conditions of storage. 
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                                                           CHAPTER I 

INTRODUCTION 

 

Population of Pakistan is more than 160 million with an annual growth rate of 

2.1% (Anonymous, 2005). According to The World Food Program, nearly half of the 

population of Pakistan is at the verge of “Food insecurity” due to the shortage and 

surge in prices of food items (Sahib, 2008).                   

The ever increasing population of Pakistan due to high growth rate and 

converting fertile cultivable land around the cities and towns to provide shelter 

reduces the area under cultivation. On the other hand, shortage of good quality water 

is also becoming an acute problem due to salinity, sodicity hazards and climatic 

changes. Furthermore, the yield of cereals is static for the last 12 years (Bernard, 

1998), thus the gap between the supply and demand is widening, which may lead to a 

serious political repercussion. Hence, we should introduce some other high yielder 

crops to bridge up this gap. Potato crop is one of the options and is known as food of 

crises that produces 18 kg dry matter day-1 ha-1 as compared to 14 kg dry matter day-1 

ha-1 by wheat (Malik, 1995).   

Potato starch has been esteemed to be extremely high in quality and quantity. 

One hundred grams of fresh potato tuber contains 80 ml water, 2 g proteins, 0.4 g 

fiber, 17 g carbohydrates, 10 mg calcium, 0.7 mg iron, 0.1 mg thiamine and 0.03 mg 

riboflavin, 1.5 mg nicotinamid, small amount of ascorbic acid, negligible fats and 

vitamins A & C (Tindall, 1968). 

Potato (Solanum tuberosum L.) stands fourth after wheat, rice and maize 

among the major food crops (Spooner and Bamberg, 1994). It is also considered cash 

crop among the vegetables in Pakistan. Potato was the part of human diet in the 

Abadan region of southern America since 4500 years ago. It was introduced to Europe 

by Traders in the 16th century and then brought to the Sub-continent by the 

Portuguese in 1675. It was brought as a garden plant in Karnataka and later on in 

Seurat (Gujarat, India) (Nagasich, 1977). Now it is grown all over the world (Ewing, 

1997).  

Total area under potato cultivation was 19.32 million hectares with 325.30 

million tons of production, with an average yield of 16.80 tons ha-1 in the world as 
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compared to 131.9 thousand hectares with 2622.3 thousand tons of production  with 

an average yield of 19.9 tons ha-1 in Pakistan during the year 2007 (Anonymous, 

2008). It is noticeable that yield in the neighboring countries i.e. India and Iran was 

16.4 tons ha-1 and 25.1 tons ha-1 respectively during the year 2007 compared to 

developed countries i.e. New Zealand, Netherlands, Australia, Japan and Turkey 

which obtained yield of 52.2 tons ha-1, 41.67 tons ha-1, 35.9 tons ha-1, 31.9 tons ha-1 

and 27.0 tons ha-1 respectively during the year 2007 (www.potato2008.org). Hence, it 

is apparent that there is still a wide gap between yields obtained in developed 

countries and Pakistan, thereby reflecting a scope for the improvement in productivity 

in the motherland to ensure food security.  

Since the independence of Pakistan in 1947, potato is in cultivation in most 

part of the country because of its dietary value, high yielding potential and economic 

returns. Overall, three crops are grown annually, two in the plains and one in the 

mountainous areas of the country (Malik, 1995). 

Average yield of Potato in hilly area of Pakistan is greater than in Punjab 

plains not only because of prolonged period of growth as in USA and European 

countries but also due to the presence of 3% of organic matter in the soil  as compared 

to 0.3 to 1.0% in the soils of Punjab (Malik et al. 1995). It is observed that presence of 

organic matter in sufficient quantity promotes K absorption that in return, it boosts up 

the yields of tuber crops (Sharma et al. 1999).  

         Potato is a short duration, high yielding and exhaustive crop. It is, therefore 

imperative to apply balanced fertilizers for qualitative and quantitative production 

from this crop. All essential nutrients must remain available with sufficient amounts 

to sustain the highest yield with quality tubers and to replenish soil nutrients to 

achieve desirable growth and development of potato crop. (Patricia and Bansal, 1999) 

Overall, there are sixteen indispensable nutritional elements considered to be 

obligatory for better plant growth and yield. Amongst those Carbon, Hydrogen and 

Oxygen are naturally available from air and water whereas, rest of the elements need 

to be supplemented for desirable growth and development (Pushkarnath and Sardana, 

1965). 

The use of essential elements is very critical for the harvesting of crops on 

sustainable basis. The applications of N and P nutrient elements have been mainly 

considered while K is being ignored due to the common consensus that the soils of 

canal irrigated areas contain sufficient amount of K. In fact, K is depleting at the 
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alarming rate in the soils of Pakistan (Akhtar et al. 2003). According to Pushkarnath, 

et al. (1960), potato crop is a heavy feeder and requires large amount of soil nutrients 

because of shallow root system and potassium plays a vital role in improving potato 

quality and yield. 

Potassium regulates nutritional solution concentration throughout the plant 

which affects not only the general health and vigor of plant but also yield and quality. 

It controls cell sap contents which maintain the turgor and supports the movements of 

all materials within the plant. Potassium has a vital role in photosynthesis process that 

favors high energy status, regulates opening and closing of leaf stomata, nutrients 

translocation, water uptake, vitamin contents and organic acid concentration in plants 

(Bergmann, 1992). It maintains tissue water relation (Marschner, 1995). K acts as 

catalytic agent only and is not a part of plant molecules, in contrast to N and P. 

Anyhow, K predominantly exists as a free or absorptive bound cation and can 

therefore, be replaced easily on the cellular level as well as in the whole plant 

(Lindhauer, 1985).Thus, the high mobility in plant explains the major fundamental 

characteristic of potassium as the main cation to involve in neutralization of charges 

and as the most important inorganic osmotic active substance (Clarkson and Hanson, 

1980).  

Potassium also prevents physiological disorders like internal blackening, 

hollow heart and diseases caused by bacteria and fungi (Roberts and McDole, 1985) 

and reduces chances of infection and enables potato plants to quick recovery from 

disease attack (Perrenoud, 1993). Potassium enhances storage life and improves 

shipping quality of potato as well as extends their shelf life (Martin-Prevel, 1989). Its 

effects on the shelf life are co-related with reduction of senescence and decreasing 

numerous physiological disorders. The application of potassium tends to decrease the 

weight loss of tubers from 20% to 16 % as well (Grewal et al. 1991).  

It is evident that Potato thrives well on soils having 3.5% or more of organic 

matter. The soils of Pakistan especially in the province of Punjab are deficient in 

organic matter which ranges 0.3 to 1.0%. Thus, the availability of K could be 

impaired in the absence of enough organic matter and hence reducing potato yield per 

hectare in Punjab province. Judicious and timely application of organic matter and 

chemical fertilizers of N, P and K have great importance for higher economical 

returns in potatoes (Umar and Moinuddin, 2001). Growers in Pakistan follow 

different practices and techniques for obtaining the best productivity from potato crop. 
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They apply various types of manures and fertilizers from different sources at variable 

time and doses through different techniques. A survey was conducted in prominent 

potato growing areas in the province of Punjab i.e. Chiniot and Depalpur in Okara 

district (Choudhary and Choudhary, 2005.). It revealed that the yield and keeping 

quality of potato was dependent on K application to soil. According to the survey, the 

farmers are usually applying 61.75 to 185.25 kg of K2O ha-1 to their potato crop. 

Application of K at such a wide variation by the growers warranted experimental 

substantiation. Therefore, an experiment was designed to verify the effective levels of 

K application and the role of organic matter alone or in combination with K. 

Desiree, a prominent red cultivar of potato, being grown extensively in the 

province of Punjab and showing gradual decline in yields, was selected for the 

experiment to see if potassium management could play any role with the following 

objectives: 

 To select better source of K fertilizer, i.e. Sulphate of potash (SOP), Murate of 

potash (MOP) or Farm yard manure (FYM). 

 To find out optimum dose of K fertilizer to obtain maximum Potato yield. 

 To find out the optimum time of K fertilizer application. 

 To select the best method of K application. 

 To find out the effects of K on physiomorphological characteristics and storage 

behavior of potato. 
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                                                        CHAPTER II 

REVIEW OF LITERATURE 

 

The potato is known for sustaining lives by providing food during the times of 

war and hunger. Potato being a tuberous crop needs huge quantity of nutrients; hence 

abundant fertilizer management is pre-requisite for the best plant growth as well as 

higher yields. Potassium not only improves the yield but is also beneficent for quality 

of tubers. A lot of scientific work has been carried out in the past regarding nutrient 

management particularly potassium management on different crops including potato 

which is reviewed as under. 

2.1. EFFECT OF POTASSIUM MANAGEMENT ON SOIL FERTILITY 

STATUS: 

Soil analysis is an extremely useful and a convenient tool for quick and timely 

assessment of soil status. This helps in the estimation whether or otherwise a soil can 

be supplemented with ample amount of nutrients for optimum productivity. Soil 

analysis has been the major advantage over other diagnostic techniques as it evaluates 

the nutrient supplying capacity of a soil prior to planting potato crop (Trehan and 

Grewal, 1984). Different forms of K (i.e. solution, exchangeable, non-exchangeable 

and mineral) are in dynamic equilibrium and the amount of K in different pools 

depends on past cropping history, past fertilizers and manure applied and K balance of 

soil, soil pH, soil water contents and initially available K status of the soil. In the 

Indus plains of Pakistan, soils contain 2.65 - 3.55 % K. More than half the soils in the 

surveyed area of Pakistan are arid soils (Ahmad and Amin, 1986). Grewal and 

Sharma (1980) found that 100 - 112 mg kg-1 of soil NH4OAc-extractable K as the 

critical limit in soil for potato crop, Sadiq (1986) suggested 200 mg kg-1 of soil K as 

the critical level for potato crop in Pakistan. Maier (1986) described 120 mg kg-1 as 

deficient level. Tandon and Sekhon (1988) suggested that soils with low available K 

(< 100 mg K kg-1 of soil) are expected to readily respond to K application. Soils 

having extractable K up to 120 mg kg-1 extractable K responded to applied K 

fertilizers (IPI, 1991). Bajwa and Rehman (1996) reported 100 mg K kg-1 soil as 

critical limit for K deficiency in Pakistan. However, critical level varies from 39 - 156 

mg kg-1 (Yadvinger and Singh, 2001). The critical limit by NH4OAc method was 
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found to be 120 mg kg-1 of hilly areas soil while, it was 105 mg kg-1 for light textured 

alluvial soils and 130 mg kg-1 for fine textured alluvial soils (Grewal and Sharma, 

1980; Grewal and Singh, 1979). Literature indicated no response to applied K 

fertilizers on clay soils containing more than 200 mg K kg-1 of soil (Ryan et al. 1996). 

In Pakistan, the response of crop to applied K is inconsistent due to lack of 

refined critical level of soil K and this impulsiveness is further motivated due to 

different adsorption characteristics of various soils for K. The application of K as 

fertilizer depends upon the initial level of soil K and concentration of K in soil 

solution with the rate of removal by plants (Singh and Jones, 1975).  

2.1.1. Types and assessment of K in soil: 

K is generally assumed to be slowly available mineral to plants; however, the 

availability is dependent on the level of K forms and the degree of weathering (Sparks 

and Huang, 1985; Sparks, 1987).  Sadusky et al. (1987) and Parker et al. (1989a) 

found that a substantial amount of K is released from the sand fractions. This finding, 

along with large quantities of mineral K in Plain soils, could be helpful in explaining 

the general characteristics of plant growth and development of crops of these soils 

(Sparks et al. 1980; Woodruff and Parks, 1980; Parker et al. 1989b). 

Potassium exists in four forms in soil (Sharpley, 1990). The amount of K 

present in each form as defined by a specific analytical procedure is determined by 

several soil factors including the types and amount of clay, plant K uptake, fertilizer 

additions, crop and leaching losses and relative effectiveness of the K fixation (Sparks 

and Huang, 1985). Fertilizer recommendations in Pakistan are obtained from simple 

experiments and general soil properties. Different technologies were tested on a wide 

range of crops and nutrients for their accuracy and legitimacy. Application of ample 

quantities of plant nutrients is a key feature of increasing potato yield. At present, 

recommendations supplied to farmers are very general rather than related to site-

specific crop nutrient requirements. Imbalanced fertilizer use also causes soil 

degradation. Potassium deficiency has been reported in alkaline calcareous soils of 

Pakistan especially under intensive potato cultivation (Bajwa, 1994) because farmers 

usually avoid to supplement proper dose of K fertilizer to potato crop (Malik et al. 

1989) and they usually depend on the native soil K supply and canal water K source 

but K deficient soils both sources are found ineffective to meet the K requirements of 

potato crop. The insufficient K results in reduction potato yield and comparatively 

smaller-sized tubers (McDole, 1978). 
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2.2. EFFECT OF K MANAGEMENT ON PHYSIOMORPHOLOGICAL 

CHARACTERS OF POTATO:  

2.2.1. Physiological functions: 

Potassium has a crucial role in energy status of the plant, translocation and 

storage of assimilates and maintenance of tissue water relations (Marschner, 1995). 

Potassium is not an incorporate component of plant molecules, in contrast to N and P 

which are constituents of proteins, nucleic acid, phospholipids, ATP, etc. potassium 

predominantly exists as a free or absorptive bound cat ion and can therefore, be 

displaced very easily on the cellular level as well as in the whole plant (Lindhauer, 

1985). This high mobility in the plant expresses the major functional characteristics of 

K: as the main cat ion involved in the neutralization of charges and as the most 

important inorganic osmotic active substance (Clarkson and Hanson, 1980). 

Potassium has been found to perform very important role in plant growth and 

metabolism. Most of potassium occurs   (about 95%) in the earth crust as a mineral, 

but due to non- availability of exchangeable K, potassium fertilizers are 

supplemented. Together with nitrogen and phosphorus, potassium is one of the 

essential macro nutrients for growth and survival of plants because the presence of K 

in the soil has tremendous importance for soil health and plant nutrition (George and 

Schruitt, 2002). Due to the high mobility of K in plant, it has been reported by 

Marschner (1995) that potassium was found to activate more than 60 enzymes in 

plants. It enhances and promotes the rate of photosynthesis, thus responsible to 

produce high energy status in the form of ATP which is utilized by the plant for 

enhancing its physiomorphological activities resultantly supportive for rapid growth 

and productivity. Potassium was found helpful in the maintenance of cell turgor and 

regulation of leaf stomatal activities. It was also found favorable in promoting water 

uptake and phloem performance with regard to the regulation and speeding up the 

flow of assimilates and nutrients translocation to all parts of the plant. Potassium was 

observed involved in the activation of enzymes which are fundamental to metabolic 

processes, especially the production of proteins and sugars (Perrenoud, 1993). 

Potassium has been found improving the water use efficiency. The presence of K was 

also found encouraging for carbohydrate built-up, its transportation and storage in 

plants. Potassium has also been reported to be encouraging in nitrogen use efficiency 

by favoring protein formation and starch synthesis.  (Kiraly, 1976; Perrenoud, 1993). 

Above narrated multiple functions of K in many metabolic processes, lead to 
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abundant beneficial effects on potato growth, quality and productivity by increasing 

leaf area and chlorophyll concentration, enhancing tuber size and weight: and 

reducing infestation by insects through increasing thickness and strength of stems 

(Grewal and Singh, 1980). It has been reported that K application was found 

favorable to augment the yield in the form of large sized marketable tubers (Martin-

Prevel, 1989; Perrenoud, 1993). The presence of K in tubers was found effective for 

checking physiological disorders like internal blackening, hollow heart and 

mechanical damages (Roberts and McDole, 1985). It was reported to be obliging in 

minimizing storage losses, enhancing shipping quality and extending shelf life of 

tubers (Martin-Prevel, 1989; Perrenoud, 1993). It improved cooking as well, 

processing quality and chips color. It was found encouraging in creating resistance 

against frost and drought and favorable in decreasing incidence of diseases like late 

blight (Perrenoud, 1993; Marschner, 1995). Potassium was reported to be helpful in 

improving nitrogen and water use efficiency in potato crop (Kiraly, 1976; Bergmann, 

1992).    

2.2.2. Plant Phenology: 

The genetic potential yield of crops is usually not obtained because growth of 

plants is checked with insufficient soil K reserves and K release for plants. With 

deficient supply of K, plants also lose their resistance against pests & diseases and 

become more vulnerable to climatic & soil borne stresses e.g. drought, frost, etc., 

common in the area which ultimately affects plant phenology (Harris, 1992). Plant 

phonology quantification is an important step to monitor potato plant growth and 

development which resultantly affects tuber yield. (Taiz and Zeiger, 2006). The 

indices determined in the growth analysis indicate the capacity of the plant 

assimilations and synthesis of food depends on the rate of photosynthesis and 

translocation of photo assimilates from the carbon fixation sites (source i.e., leaves) to 

the utilization and storage places (sinks, i.e., tubers). Thus, growth analysis expresses 

plant physiomorphological conditions and quantifies the net yield derived from the 

photosynthetic process. Potassium increases leaf area index considerably later in the 

season while delaying the senescence of leaves (Harris, 1992). Potassium reaches its 

maximum values in the whole canopy by 45 days after emergence. Thereafter, a 

considerable decrease can be observed due to remobilization, translocation or littering 

of leaves, with maximal translocation to the sink between 60 and 75 days after 

emergence (Kolbe and Stephan-Bekman, 1997). 
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Plants receiving an inadequate K supply is often more susceptible to frost 

damages (Marschner, 1995). Improved frost resistance in plant is attributed to a 

number of physiological and morphological factors i.e. increasing for developing 

tubers/seeds, extending grain filling period as a result of early flowering, improving 

root growth and development of lateral roots, enhancing the thickness and strengthens 

the stems (Grewal and Singh, 1980). Beneficial effects like healthy crop, deep roots, 

large xylem vessels, high content of sugars and reserve carbohydrates, reduced 

transpiration and water loss were reported by  Kemmler and Krauss (1989). Potassium 

acts positively on most of these factors thus decreasing frost injuries. Adequate supply 

of K to plant can increase the osmotic potential in cell vacuoles, and thus increasing 

the plant tolerance against chilling. It was recommended to keep high K 

concentrations in the soil and plant in order to increase the soluble carbohydrate 

contents so that the damage to plant tissues in case of cold stress might be reduced 

(Kafkafi, 1990). Grewal and Singh (1980) observed an inverse relationship between 

potassium contents in leaves and the percentage of foliage damage by frost in potatoes 

after14 field experiments and concluded that with the increasing K application, 

increased tubers yield and the potassium contents in leaves reduced frost damage in 

potato plants. Perrenoud (1993) depicted the results of his experiment that frost 

damage was reduced from 38 % to 7 % with the application of 200 kg K2O ha-1
.
 

There are many studies on the characteristics of K nutrient to potato crop that 

K promoted the speedy transportation of assimilates (carbohydrates) from leaves to 

tuber, put off the senescence of leaves, increased the rate of photosynthesis in leaves 

which enhanced yield.  Its application also increased chlorophyll contents and rate of 

photosynthesis to boost tuber yield. Significant increase in plant height or shoot 

biomass of potato were recorded when K levels were raised from 50-200 kg K2O ha-1 

by Singh and Singh (1995); 0-188 kg K2O ha-1 by Singh et al. (1996) and 0-180 kg 

K2O ha-1 by Deka and Dutta, (1999). K was also observed helpful in improving 

nitrogen and Phosphorus use efficiency and their utilization for the shoot growth of 

plants by Dibb and Thompson (1985).  

2.3. EFFECTS OF POTASSIUM APPLICATION: 

High K application rates are unwanted because of economic reasons and 

environmental pollution problems. The higher K levels did not improve yield in 

potato (Lal and Singh, 1983; Rhue et al. 1986 and Chapman et al. 1992) and even the 

tuber quality were impaired. Negative impacts are attributed to salt damages (Bilski et 
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al. 1988; Maier et al. 1994) and physiological changes (Yli-Halla et al. 1987; 

Westermann et al. 1994). While scarce application of K reduced the yield and 

relatively smaller-sized potato tubers were recovered (McDole, 1978; Satyanarayana 

and Arora, 1985). Fertilizer recommendations must optimize crop yield and quality to 

maximize profitability, and reduce the risk of environmental pollution. Fertilizer 

recommendations are usually based on field trials that determine the crop response to 

various rates of fertilizer application (Isfan et al. 1995)  

No study has been conducted in Pakistan to find out optimum potassium 

fertilizer rates. It seems therefore, imperative to determine the cost-effective optimum 

potassium fertilizer rates for potato. Balanced fertilization according to the crop and 

site specific characteristics will improve the quality of crops and the competitiveness 

of growers in the market (Isfan et al. 1995).  

2.3.1. Effect on potato yield: 

Potato is a nourishing and wholesome food. The protein present in potato is 

superior to that of cereals and enrich in essential amino acids and cheaper source of 

vitamin C (Ezekiel et al. 1999). Potato crop has been successfully stridden over 

cereals during last decades and a lot of research work has been undertaken in order to 

improve its productivity for increasing population of the world. It has been estimated 

that the world population would be approximately 10 billion by the year 2050 and 

95% of the incremental population growth would take place in the developing world. 

Consequently, the human pressure on land would increase tremendously in the time to 

come. In order to avert malnutrition and hunger, it is imperative to exploit our land 

resources in such a sustainable way that the increase in food stock not only keeps 

momentum with the population growth rate but is rather on the higher side too. It is 

only potato crop which can alleviate the situation substantially (Dahiya and Sharma, 

1999) as it produces 18 kg dry matter day-1 ha-1 more than cereals (Malik, 1995). 

Low use of fertilizers and serious imbalances in the N: P: K application ratios 

are the main causes of low yields in Pakistan. Current fertilizer application rates are 

quite insufficient to sustain high yields and to replenish nutrient removal by potato 

crop. According to Grewal et al. (1992) almost 50% potato yield could be increased 

only by improved nutrient management techniques. In short, great opportunities 

prevail to enhance potato productivity and quality by adopting advanced nutrient 

management techniques. Potato demands high level of soil nutrients due to relative 

weakly developed and shallow root system in relation to yield (Perrenoud, 1983). 



   

    11

The application of fertilizers comprising of N, P and K have shown 

tremendous improvement in yield of potato crop. Higher tuber yields were achieved 

with the application of K and its interaction with N (Boyd, 1961; Simpson and 

Crooks, 1961) with the interaction of K and N, tuber yield of 37 ton ha-1 with the dose 

of 271 kg K2O ha-1 and 185 kg N ha-1 was reported by Widdow and Penny (1961). 

Hussain (1968) conducted trials on autumn potatoes with variable N levels mixed 

with 100 lbs K2O Acre-1 and 50 lbs P2O5 Acre-1 and reported that the lowest tuber 

yield was 2969 lbs Acre-1  was obtained from 0 fertilizer (control) while, 4518 lbs 

Acre-1 yield was recorded with K and N interaction. Singh and Singh (1971) found 

that the yield of potato was increased with the application of 100 ton FYM ha-1 

combined with NPK at their recommended rates. The percentage of grade A tubers 

was much higher (of 100 ton ha-1) with the application of, 80 kg K2O ha-1 and 100 kg 

N ha-1. Sharma and Raghavorae (1972) stated that the highest yield of tubers was 

achieved with the treatment of 100 kg K2O ha-1 + 125 kg N ha-1. Shirazi and Shaikha 

(1973) conducted experiments by applying various concentrations of N, P and K to 

different cultivars of potato i.e. Multa, Patrones and Desiree. They reported the 

highest yield of 167 monds Acre-1 ( 40 kg= one mond ; a local unit of weighing) was 

recovered from Desiree cultivar with the application of 114 lbs K2O + 80 lbs N and 

P2O5 Acre-1 at district Sibi (Baluchistan), Pakistan. Moreover considerable increase in 

yield in tuber size was reported by Guzman et al. (1979) with the application of 120 

kg K2O + 120 kg N and 100 kg P2O5 ha-1. Mazur et al. (1979) and Krishnappa and 

Gowda (1979) also reported identical results. Berces (1980) stated that 34.3, 40.0 and 

40.9 ton ha-1 of potato tubers were recovered with the application of 60,120,180 kg N 

ha-1 respectively supplemented with K2O, P2O5 and FYM. He further reported 

significant results with the interaction of K to N. Grewal and Singh (1980) conducted 

14 field experiments on alluvial soils varying in K availability from 56-158 ppm to 

study the effect of K for tuber yields and frost damages to potato crop and reported 

that the frost damage was inversely proportional to the available K contents of the soil 

and K concentration of potato leaves. The supplemented K effected significantly 

reduced the danger of frost to the potato crop and increased tuber yield from the soils 

having less than 114 ppm available K. Ismail (1980) obtained higher yields of potato 

when he applied 75 kg NPK ha-1 at the time of planting. Zehler et al. (1981) reported 

that higher yield of tubers were achieved with the application of K fertilizer. 

Perrenoud, (1983) recovered 37 ton ha-1 tuber yield with the application of 113 kg N, 
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45 kg P2O5 and 196 kg K2O ha-1 and also concluded that with the advanced nutrients 

management practices, the potato yield could be enhanced. He assessed that the tuber 

removed 1.5 times as much K as N and 4.5 times the amount of phosphate from the 

soil. Vokal (1983) conducted experiments with the addition of 25 ton FYM ha-1, 199.2 

kg K2O + 53.3 kg P2O5 ha-1 alone or with the addition of 100 kg N ha-1 at the time of 

planting and found higher economic return in potato.  Grewal et al. (1984) stated that 

the application of 84 kg K2O ha-1 +180 kg N ha-1 and 44 kg ha-1 to potato crop gave 

higher yield of tubers. Trehan and Grewal (1984) reported that the addition of 40 kg 

K2O ha-1, 100 kg N ha-1 and 20 kg P2O5 ha-1 to soil gave 12.66 to 29.11 tons tuber 

yield. Roberts and Mc Dole (1985) regarded potato as an indicator crop for K 

availability because of its higher K requirements. With the application of potassium, 

the size of tuber was found bigger as compared to the crop where N and P were 

supplemented alone to the potato crop (Martin-Prevel, 1989; Perrenoud, 1993). 

Grewal et al. (1991) conducted trials with optimum dose of K in the presence of 

optimum N, P doses and concluded that the increase of yield was 52 q ha-1. In alluvial 

soils applied with 113 kg K2O ha-1 gave 45q ha-1, while the hill soils with the 

application of 103 kg K2O ha-1 produced 37q ha-1 of tuber yield. The addition of NPK 

@ 250, 125, 125 kg ha-1 respectively along with application of EM4 and normal dose 

of FYM, gave higher tubers yield  as compared to normal dose of NPK or FYM or 

EM4 treatments alone (Ayyub et al. 1993). According to Perrenoud (1993), a crop 

yielding 37 Mg ha-1 removes 113 kg N, 45 kg P2O5 and 196 kg K2O ha-1. At high 

yields, nutrients removal by tubers is also elevated: potato yielding 79 Mg ha-1 

removed 282 kg N ha-1, 92 kg P2O5 ha-1 and 384 kg K2O ha-1 (Fageria et al. 1997). 

Galeev (1993) reported that the application of 40 tons FYM ha-1 along with 60 - 150 

kg N and 105 - 135 kg P2O5 and K2O ha-1 to three potato cultivars in order to study 

varietal response to nutrients application and found considerable enhancement in 

tubers yield. Trails on autumn and spring potato crop were carried out with respect to 

NPK and FYM.  P, K and FYM were given to the crop at the time of planting while, 

N was added  ½  at planting and remaining  ½ after 30 days of planting and tuber 

yield was recorded 20.6 - 23.5 tons ha-1 with FYM applied alone during autumn. For 

early cultivar “Priekul Skii Rannii”, the greatest yields were 38 - 40 % enhanced 

when P K was applied during autumn. When N P K were applied to cultivars “Nevski 

and Berlikhingen during autumn, yield of potato tubers was increased by 24-26 and 

30-33 tons ha-1 respectively. When FYM was applied alone during the spring without 
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NPK, gave 18.2 - 20.8 tons ha-1 of yield while, yields were 27.6 - 34.8 tons ha-1 with 

N P K. The optimum dose of 105 kg of K2O with 75 kg each of N and P2O5 ha-1 were 

applied at planting during spring, gave yield up to 44-49% increased as compared to 

the control (Singh, 1999). Blending of K with N and P in inter row or intra row gave 

higher yield as compared to broadcasting (Sahota et al. 1988). Sharma (1993) adopted 

new approach to predict the tuber yield of potato through the use of boundary lines. 

The petiole samples of potato leaf were taken at 3 stages of plant growth from 

different fields and in vitro analysis for N, P and K contents was undertaken. N, P and 

K were applied at different rates to create variations in the composition of petiole and 

in their corresponding tuber yields. It was concluded that the tuber yield of 28 ton ha-1 

was achieved if 4-2 for K, 2-5 for N, and 4-3 for P as indices were kept. Iqbal et al. 

(1995) compared different NPK levels in adoptive practices of farmers at different 

sites by testing two potato cultivars and reported that the balanced doses of NPK @ 

250: 125:125 kg ha-1 respectively, increased tuber yield up to 17.4 % over farmer’s 

practices. Malik (1995) noted 125 kg ha-1 of K2O to be the best dose for the soils of 

Punjab. Malik et al. (1995) conducted experiments on potato crop at Abbotabad and 

Trenda Sway Khan by making comparisons with N P K supplemented with the 

traditional practices of the growers (120 : 50 : 1 respectively) and reported a that 

remarkable increased in yield of potatoes with the application of K2O and Nitrogen. 

Ewing (1997) obtained maximum tuber yield of 100 ton ha-1 by applying K2O@ 384 

kg ha-1 under ideal conditions. Similarly, Fageria et al. (1997) obtained maximum 

yield of 79 ton ha-1 from cv Russet Burbank, a commercial potato cultivar in an 

irrigated field of central Washington by applying NPK to the tuber crop at the rate of 

282 kg N ha-1, 92 kg P2O5 ha-1 and 384 kg K2O ha-1respectively. Madhu et al. (1997) 

studied the long term effects of continuous fertilizer and manure application on crop 

growth and soil physiochemical properties and reported that Potato yield was 

significantly improved by applying NPK fertilizers (rate calculated from soil test data) 

+ 5 ton of FYM ha-1 or  recommended dose of N P K + 5 ton of FYM ha-1 or organic 

fertilizers. They obtained higher potato yield from the treatment with recommended 

doses of NPK + 5 ton FYM ha-1 as compared to other treatments. They also reported 

significant effect of K for better tuber production. Mahendran and Chandramani 

(1998) conducted field trials on Kufri Jyoti cultivar of potato by applying 

recommended doses of NPK @ 120:120:240 kg ha-1 respectively .The half N was 

applied at the time of planting and remaining ½ after 40 days of planting by top 
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dressing while, P and K were applied 100% at the time of  planting along with 

Azospirillum + Phosphobacteria  and reported that the tuber yield was 100% higher  

when  nitrogen was applied twice in equal doses at the time of  planting and  40 days 

after planting along with full dose of P2O5 and K2O + Azospirillum + 

Phosphobacteria. Grove et al. (1999) studied the effect of broadcast and placement 

methods of fertilizer application to potato crop and attributed higher potato yield to 

placement method of NPK application as well as an interaction of N and K.  Sharma 

et al. (1999) stated that application of NPK at recommended doses, gave maximum 

profit to the potato growers. They further concluded that K had positive impact on 

potato yield which could be sustained through the application of optimal nutrients 

where rice, sunflower and maize were in the crop rotation with potato crop. Singh 

(1999) attributed low potato yield in the sub-continent to imbalanced fertilizer supply 

particularly that of N and K after conducting intensive and extensive studies. These 

treatments consisted of 3 levels of K (0,75, 150 kg ha-1) combined with 3 levels of N 

i.e. 60, 120 & 180 kg ha-1 in one zone while in another zone,  it’s doses were 80, 160 

& 240 kg N ha-1 without varying K doses, whereas, P2O5 was supplied through a basal 

dose of 100 kg ha-1 at  the both sites. Both the variable elements were supplied in 

equal quantity at planting and earthing up. The cultivar selected for that study was 

Kufri Jyotis. The experiments were conducted at six different farmer’s fields. The 

results depicted that the tuber yield increased with the increasing N and K doses : 

potato yield was 147, 180, 193 q ha-1 due to main effect of 80, 160 and 240 kg K2O 

ha-1 respectively and 134, 184, 202 q ha-1 due to the main effect of 0, 75, 150 kg K2O 

ha-1 respectively. It is evident that the farmer’s sites were not as  responsive to K 

application as the latter because the yield stood at 147  and 134 q ha-1 from 80 kg and 

0 kg of K application respectively. Similarly 75 and 150 kg K2O ha-1   yielded 193 and 

202 q ha-1. These differences could be was a significant positive interaction between N 

and K: at each level of N, increasing ascribed either to different indigenous levels of 

K at the sites. There was a significant positive interaction between N and K: at each 

level of N, increasing levels of K application increased the tuber yield. The 

application of 150 kg K2O ha-1 increased 36%, 54% and 61% tuber yield over the 

control (K zero) in combination with 80, 160 and 240 kg N ha-1 respectively. The 

experiments at other growing zones (where the soils were acid brown) were 

conducted that also gave highly significant results with respect to N and K interaction. 

The tuber yield increased on an average by 10 % (75 kg K2O ha-1) and by 33 % (150 
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kg K2O ha-1) as compared to control (K zero) along with large sized tubers as well. 

Similarly, N application also increased tubers yield. A maximum yield of 408 q ha-1 

was obtained  when applied  at 180 kg N ha-1, 100 kg P2O5 ha-1 and  190 kg K2O ha-1 

against  tuber yield of only 146 q ha-1 in the control (without N P K application). The 

increase in total yield of large tubers was due to K fertilization because of its 

stimulating effect on photosynthesis, phloem loading and translocations, as well as 

synthesis of large molecular weight substances within storage organs, contributed to 

rapid bulking of the tubers. Patricia and Bansal (1999) reported that potato being a 

tuberous crop needed heavy nutrients hence balanced fertilization management was 

pre-requisite for better plant growth and tuber yields. Amongst the major nutrients, K 

had not only improved the yield but also benefited various aspects of quality i.e. tuber 

size, dry matter percentage, starch contents, internal blackening, storability and 

resistance against pests, diseases, drought/frost stress and mechanical injuries. 

Various potato varietal comparison trials with respect to their nutrient management, 

particularly K requirements were undertaken by Upadhayay and Sharma (1999a) who 

reported that 20-30 tons of tubers yield was recorded with the application of K2O 

ranging from 0.380 - 0.410 SK to 2.455 - 3.425 SK. Laszlo, (2000) applied K2O once 

in Autumn @ 0, 50, 100 and 150 kg ha-1 and tuber yield was obtained 19.2, 23.5, 25.0 

and 26.4 tons ha-1 at  all levels of K2O associated with N. Sharma and Sud (2001) 

revealed significant responses to potato yield and quality with the application of K2O. 

They further reported that the effect of K varied with the potato cultivar, time and 

method of application while, the application of potassium source integrated with 

organic manures in accordance with the soil test value, gave the best results in terms 

of yield, grade and K recovery of potatoes. K2O had a significant role in higher yield 

of potatoes as compared to K2SO4 (Baziramakenga and Simard, 2001). 

On an average, one ton of potato removed nitrogen 7.0 kg, phosphorus 0.57kg, 

potassium 8.88 kg, magnesium oxide 1.3 kg and calcium oxide 1.5 kg (NDFC, 2003). 

The application of 105 kg K2O ha-1 gave a yield increase of 3.3 Mg ha-1 equivalent of 

32 kg tubers kg-1 K2O applied (Tandon and Sekhon, 1988). Very few soils could 

produce high potato yields for many seasons without replenishing removed K. A 

significant increase in potato tuber yield is well documented because of K application 

(Sud and Grewal, 1992; Singh and Bansal, 2000; Singh et al. 2001; Tawfik, 2001; 

Umar and Moinuddin, 2001; Sharma and Sud, 2001). 



   

    16

Potassium fertilizer significantly contributed towards aggregate and large-

grade tubers (Nandekar et al. 1991; Singh et al. 1997; Singh et al. 2001). However, 

reports are contradictory regarding the influence of increasing K rates on yield of 

medium and small grade tubers. According to Govindakrishan et al. (1994) more 

medium grade tubers were obtained while, small grade tubers were not affected with 

the additional application of potassium, whereas results of another investigation 

(Singh et al. 1997) revealed that a considerable increase in small-grade (< 25 g) yield 

of tubers with the increase of K levels, while two categories of medium-grade tubers 

weighing 51-75 g and 25-50 g respectively, showed non-significant effect of K rates 

on tuber yield. Yet another study (Singh et al. 2001) showed an increase in tuber yield 

with an increase in K level (from 0-180 kg K2O ha-1) up to the lowest grade (10-20 g). 

Similarly a significant effect of increasing K levels on the yield of medium and small-

grade tubers was reported by Nandekar et al. (1991) with a non-significant effect on 

the yield of very small tubers (< 25 g). This indicated that the yield trends of different 

tuber grades were governed by the K application rates depending on quantity of K 

applied to potato.  It indicated the trend of respective contribution of tubers grades 

influenced the tuber yield with relation to increase K application levels (Moinuddin et 

al. 2005). Large-grade tubers contributed up to 54 % to the aggregate tuber yield 

while medium-grade tubers contributed up to 40 % to aggregate tuber yield. Since the 

large-grade tubers contributed most to the aggregate tuber yield (Moinuddin et al. 

2005) the highly significant effect of K application rates on large-grade tubers was 

observed. However, as K nutrition was expected to increase the size and weight of 

tubers, increasing K levels had an adverse effect on the yield of small-grade tubers, 

which became either large or medium grade due to K application. On the other hand, 

despite a parallel increase in the yield of aggregate and medium-grade tubers with an 

increase in K levels, the co-relation between the yield of aggregate and medium-grade 

tubers was non-significant. Actually, the percentage contribution to the aggregate 

yield by large-grade and medium-grade tubers increased, while decreased small-grade 

tubers with the application of increasing K rates (Deka and Dutta, 1999).  However, a 

sufficient amount of K is also needed for the efficient use of N fertilizer (Pettigrew 

and Meredith, 1997). 

2.3.2. Physiological disorders: 

A lot of evidences from experiments on potato crop and with the application 

of potassium have shown that potassium reduced susceptibility to physiological 
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disorders in general but internal blackening in particular (Roberts and McDole, 1985).  

Usherwood (1985) reported that deficient potassium in potatoes had higher contents 

of soluble nitrogen and tyrosine which were responsible for the oxidation of Phenolic 

substances in potato tubers usually caused internal blackening and other physiological 

disorders in potatoes. Martin-Prevel (1989) reported that internal blackening, 

enzymatic blackening, browning or black spots of potato tubers (which caused 

significant post harvest losses) were due to the oxidation of Phenolic substances like 

Tyrosine and Melanin which usually associated with over fertilization of N and low 

soil potassium availability. 

Nelson (1970) found that potassium application reduced the incidence of 

hollow heart in potatoes. Jackson and Mc Bride (1986) reported the cavities in potato 

tubers (due to necrotic and brown tissues) were directly associated with the low 

availability of potassium in the soil and its application could reduce the chances of 

hollow heart in potatoes. They also pointed out that the application of KCl was more 

effective than K2SO4 in minimizing the percentage of tubers affected by hollow heart 

and browning.  Fixen (1993) suggested that the application of potassium must be kept 

in view either applied KCl or K2SO4 to the crop. He further concluded that the 

suppression effect of KCl is due to the chloride presence rather than potassium effect.  

2.3.3. Incidence of diseases:  

Kiraly, (1976) reported that the application of potassium exerted the greatest 

effects on disease through specific metabolic functions that alter compatibility 

relationship of the host pest environment. Potassium in plants increased the 

production of disease inhibitory compounds, like phenols, phytoalexins and auxins 

around infection sites of resistant plants. Under low plant conditions, inorganic N 

accumulates and phenols, that had fungicidal properties, were rapidly broker down. 

Perrenoud (1990) widely reviewed the role of potassium in increasing crop resistance 

against the diseases caused by bacteria and fungi and reported the element was 

effective against bacterial diseases of potato. Bergmann (1992) described that 

deficiency of K led to thinner walls and slower growth of meristematic tissues, 

making easier for the parasites to penetrate the epidermis. He further reported that the 

addition of K minimized the chances of infection in plants. With the application of 

potassium, plant health and vigor was remarkably improved as well as it made lessen 

chances of infection or enabling the plant for quick recovery (Perrenoud, 1993). 

Marschner (1995) found potassium fertilization was beneficent to decrease the 
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incidence on several diseases, such as late blight, dry rot/powdery scab and early 

blight in potato crop.  

2.3.4.    Storage losses and shelf life: 

 Higher incidence of tuber rot in store was recorded from chlorine treated 

potato tubers by Zehler et al. (1981). He further reported that with the application of 

chloride containing potassium fertilizer especially at the time of planting led to 

decrease the tuber rot incidence in stored tubers. Martin-Prevel (1989) found that with 

the application of potassium, storage losses of tubers as well as the activity of catalase 

and peroxidase enzymes were remarkably reduced. Grewal et al. (1991) reported that 

with the application of K tended to decrease gradually the weight loss of tubers from 

20% to 16%. In another experiments, dry matter losses, with application of 100 kg 

K2O ha-1 was only 5.6 % as compared to 20.3% without K application. Perrenoud 

(1993) found that potassium enhanced storage and shipping quality of potatoes and 

also extended their shelf life. The effects of potassium on shelf life were dominantly 

favorable, both through slowing of senescence and decreasing of numerous 

physiological diseases and disorders. 

2.3.5. Nitrogen use efficiency: 

Tuber yield increased with increasing N and K application (Grewal et al. 

1992). The yield obtained was associated with the increase of K (Usherwood (1985). 

N efficiency was found increased with the addition of potassium (Grewal et al. 

1992).  Singh (1999)  studied the effects of K and N fertilization on tuber yield and 

quality and reported that with  the application of K, it  increased  N concentration in 

tuber and N uptake which indicated  that potassium improved N utilization  in 

potato plant . 

2.4. TUBER QUALITY: 

With the application of potassium, the rate of dark respiration was found 

improved by Usherwood (1985). He also reported that the plant growth and tuber 

quality was checked with the reduction of potassium and also influenced positive 

interaction of other essential nutrients especially N. Mengel and Kirkby (1987) 

reported that the application of potassium in potato crop increased formation of potato 

stems and promoted photosynthesis and speeded up the flow of assimilates to the 

tubers which resulted increased in tuber numbers and size. Potassium found involved 

in the activation of enzymes which were fundamental to metabolic processes, 

especially production of starch, protein and vitamins in the tubers (Perrenoud, 1993). 
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Potassium played a positive role in phloem loading with sucrose and transport rate of 

phloem sap solutes as well as in phloem unloading. Consequently it enhanced the 

potato plant growth (Herlihys, 1989). Potassium was found favorable for tuber 

numbers and tuber size as well as found effective in reducing after cooking darkness 

and sugar contents in potatoes (Martin-Prevel, 1989). Potassium nutrition to potatoes 

influenced tuber size and specific gravity (Perrenoud, 1993). Marschner (1995) found 

that shortage of potassium adversely affected many metabolic processes. The role of 

K was related to the contribution to osmotic potential in the sieve tubes and ATP 

synthesis which provided energy for the loading of photosynthates. The shortage of 

potassium and other nutrients reduced the rate of photosynthesis, translocation and 

enzyme system in case of potato crop (Mengel, 1997). He also observed that the plant 

required K for the production of high energy molecules i.e. ATP. Potassium 

maintained the balanced electric charges in chloroplasts which was required for ATP 

formation. Henceforth, the presence of K in the plant with optimum level, improved 

the transfer of radiation energy into primary chemical energy in the form of ATP i.e. 

Photophosphorylation. He further pointed out that the energy was required for all 

processes in the plant metabolism that led to the production of carbohydrate, proteins 

and lipids which expressed the quality status of crops. The high energy status in crops 

with well supplied potassium, promoted synthesis of secondary metabolism, like 

vitamin C.  He also compared the role of potassium in the transport of assimilates 

and nutrients as it improved the water use efficiency by controlling stomatal 

opening and closing  and involved in activation of enzymes which are fundamental 

to metabolic processes, particularly the production of proteins and sugars. Thus, the 

food manufactured with the process of photosynthesis was observed transported 

from the leaves to the site of their use or storage promptly i.e. the transport of 

essential food through phloem to the physiological sink i.e. the tubers. 

2.5. TUBER COMPOSITION: 

2.5.1. Dry matter contents %age: 

The concentration of K in dry matter varies with plant parts and decreases 

with time. The tubers at harvest accumulate about 78 % of total K (Sharma and Sud, 

2001) with maximum accumulation occurring between 30-60 days after planting in 

alluvial soils of Indo-Gangtic plains. Potassium was found absorbed in large 

quantities by potato tubers in light texture soils, but it tended to reduce dry matter 

content when applied in excessive amount (Vander Zaag, 1981). Potassium influenced 
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water content of the cellular plasma volume, thus significantly affecting the water 

content of fleshy storage tissues, like tubers. Elevated K concentrations in the tubers 

could lead to above-normal water content and thus, lowered dry matter contents 

(Bergmann, 1992). As compared to cereal crops, potato was observed producing 

much more dry matter in a shorter cycle (Singh and Trehan, 1998). That high rate of 

dry matter production resulted in large amounts of nutrients removed per unit time, 

which generally most of the soils are unable to supply. Hence, nutrient application 

from external sources as fertilizers becomes very essential. High yields can only be 

sustained through the application of optimal NPK doses in balanced proportion. In 

other studies, excessive dose of K fertilizer was assessed to reduce dry matter or 

specific gravity (Schippers, 1968; McDole, 1978 and Westermann et al. 1994a, b). 

Potato has a higher K requirement for its optimum agricultural productivity 

and the  production of  dry matter in a shorter growth duration (Perrenoud, 1993; 

Singh and Trehan, 1998) while facilitating  in the efficient translocation of photo- 

assimilates to the developing sinks/tubers (Beringer, 1978) and enabling the plants to 

fully utilize the applied N and P fertilizers (Mengel and Kirkby, 1987). Bergmann, 

(1992) reported that with the application of potassium, the water contents of the 

plasma volume were found influenced, hence affected the water contents of fleshy 

storage tissues, i.e. tubers. However, elevated K concentration in the tubers of about 

2% of dry weight. Likewise, in control (zero potassium), led to lower water and dry 

matter contents. 

 Borin et al. (1994) conducted experiments on potatoes at different soils and 

variables (NPK rates) from various sources (mineral, organic or both) for studying 

parameters like tuber specific gravity, dry matter content, chips and observed that 

higher quality tubers were obtained on the medium and fine textured soils than the 

sandy soils. NPK fertilizer application had a significant effect only on dry matter 

while, fertilizer type had no effect on tuber quality.  Ciecko et al. (2000) conducted 

experiments on potato cultivars at different sites by adding 60, 120, 180, 240 kg ha-1 

K levels along with different N and P levels. They concluded that K contents in tubers 

ranging from 0.09 to 0.12% affected significantly with the increase of dry matter 

contents and tuber yield. Romero et al. (2000) conducted experiments on potato crop 

with the application of NPK at the rate of 82.5, 100, 150 kg ha-1 respectively + 3 ton 

organic fertilizer ha-1 and found the highest yields were obtained regarding total and 

marketable production of tubers with higher dry matter contents. 
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2.5.2. Starch Content: 

Starch content is an important index of quality of tubers. Sugars, the plant’s 

energy currency, are stored in tubers as starch. Starch is basically a long-chain 

polymer of sugar molecules and is the major component of potato tubers, accounting 

for 75 to 80 % of the tuber dry weight (Burton, 1989). It is synthesized in plastids 

known as amyloplasts. It is composed of two types of glucose polymers: amylose and 

amylopectin. Amylose consists of linear chains of glucose monomers linked by 1, 4-

glycosidic bonds, and in amylopectin the chains are branched and joined together by 

1, 6-glycosidic bonds. Amylose and amylopectin form three dimensional and semi-

crystalline starch granules (Burton, 1989 and Davis et al. 2003). Starch grains are 

small and of uniform size in young tubers. Towards tuber maturity, the filling of 

starch into granules results in increased size and larger size distribution of granules 

(Burton, 1989 and Viola, 2000). In growing potato tubers, starch concentration 

increases towards maturity, and thus, mature tubers have high starch and protein 

concentrations, but are low in sugar (Burton, 1989). About 70-75% of the tuber 

consists of starch, which is liable to be broken down to sucrose and reducing sugars. 

The concentration of sugars is low in matured tuber at the time of harvest, but 

subsequently changed environmental conditions during storage lead to changes in the 

starch-sugar ratio (Burton, 1966). Therefore, the length of growing period of tubers 

has an important effect on the starch concentration of harvested tubers. Starch 

concentration increases from the pith towards the cortex, and it is lower at the stem-

end than at the bud-end of the tuber. The concentration depends on cultivar, growth 

conditions and cultivation practices (Burton, 1989). Increased application levels of 

nitrogen, as well as phosphorus and potassium deficiency can lead to lower starch 

content in tubers (Burton, 1989). If the stored potatoes are maintained at the 

temperature (150C) as at harvest, there might be a slight rise and fall in sugar contents, 

but no remarkable changes would be taken place until lapse of months. Burton (1966) 

gave the term senescent sweetening to that phenomenon which was found irreversible 

and interlinked to some changes in the surroundings of starch grain membranes 

(Isherwood, 1976). In physiologically older tuber, the amyloplasts membrane became 

more permeable due to oxidative damages and thus it was unable to protect starch 

against enzymatic degradation (Knowles and Knowles, 1989). In addition, starch 

reserves in tubers are mobilized to support sprout growth, which promotes further 

ageing of tubers (Kumar and Knowles, 1993). Potassium acts in carbohydrate 
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formation and transformation and movement of starch from leaves to tubers (Vander 

and Zaag, 1981). K plays a key role in this regard as it is the most efficient 

monovalant cation that stimulates the activity of the starch synthesis enzyme, 

catalyzing the incorporation of   simple glucose molecules into complex molecules of 

starch (Mengel and Kirkby, 1987). Starch accumulation was coupled with cell and 

tissue growth of the tubers as K enhanced the overall growth of the plants (Singh and 

Singh, 1996) and facilitated in the translocation of assimilates to the sinks/tubers 

(Beringer, 1978), which could ultimately increase the tuber bulking capacity and 

biomass.  

From early studies, Terman (1950) pointed out that there was a consistent 

decrease in the starch content of potato tubers with the increased rate of K2O 

application. In a similar study Hart and Smith (1966) reported that starch of potatoes 

decreased with the increasing of K level. Potato has a higher potassium requirement 

for its optimum agricultural production and produces enormous starch in short growth 

duration due to K-mediated carbohydrate metabolism (Singh and Trehan, 1998).  

Megel and Kirkby, (1987) reported that potassium was found involved in the 

activation of enzyme which is responsible for starch synthesis. Potassium was 

reported to be the most efficient cation stimulating the activity of that enzyme. 

Potassium also acted as catalytic with incorporation of glucose into long chained 

starch molecules, thus helpful in the synthesis of quality starch in the tubers. Koch 

and Beringer (1986) applied with KCl and K2SO4 to potato plants. They reported that 

KCl had more influenced on higher shoot/tuber ratio then K2SO4. Its application also 

enhanced chlorine uptake and its re-translocation to the leaves which stimulated shoot 

growth and reduced osmotic adjustment competitors. Assimilates transport to tubers, 

starch content and nutritive value were also found improved. Martin-Prevel (1989) 

found that with the application of K, enhanced starch contents whereas heavy doses of 

K decreased starch contents. Perrenoud (1993) concluded that potassium fully 

activated the enzyme system involved in starch formation which led to rapid synthesis 

of starch in potatoes. He also found reduction in starch contents with the excessive 

application of K, while water contents were increased in the tubers.  

2.5.3. Sugar Content:  

Potato contains large amounts of sugars. At the time of harvest, sugar contents 

are generally low in matured potatoes. Glucose and fructose are known as reducing 

sugars and that are the ones generally involved in the development of undesired color 
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during frying. A reducing sugar content of up to 250 mg/100 g fresh weight has been 

observed acceptable for chips (Ezekiel et al, 1999). The improvement in tuber quality 

is mainly attributed to low reducing sugar contents of tubers produced with optimum 

potassium application as it decreased enzymatic discoloration and phenol contents of 

the tubers thereby improving the chip color (Joshi et al. 1982). In order to receive 

chips with a desirable light color, glucose + fructose contents of potato should not be 

exceed 0.25% (Perrenoud, 1993). Potassium deficiency changes carbohydrate 

metabolism, with negative impacts like, accumulation of soluble carbohydrates and 

decrease in starch contents (Mengel and Kirkby, 1987). Undesired dark-colored 

potato chips are the cause of accumulation of reducing sugars and decrease of starch 

in potato tubers which occur under low K nutrition levels (Martin-Prevel, 1989; 

Perrenoud, 1983; Usherwood, 1985). Perrenoud (1983) reported that with the low 

concentration of K in potatoes undesired dark color in potato chips was recorded. He 

also pointed out that the colors of potato chips was found affected with the 

accumulation of reducing sugars and decrease of starch in potato tubers. Mengel and 

Kirkby (1987) found that potassium deficiency changed reduced the sugar contents 

much and carbohydrate metabolism due to excessive soluble carbohydrates in 

potatoes. Perrenoud (1993) observed that with the application of potassium, glucose 

and fructose contents of potato were not exceeded to 0.25%. However, affected sugar 

contents and soluble carbohydrates as well as decreased in the starch contents with the 

low concentration of K were noted. 

2.5.4. Protein Content: 

Studies conducted on alluvial soils of prominent potato growing region of 

western UP have shown that the potassium application improved crude protein 

content in the tubers as well as its agronomic efficiency (Singh and Bansal, 2000). 

Experiments showed that with the application of K to potato crop, a significant 

increased in true proteins and vitamin C contents were observed. Moreover, increase 

in the yield of large and medium size tubers and decreased weight loss from the tubers 

after harvest were also recorded (Ilmas, 1999).  

2.5.5. Ascorbic Acid: 

High concentrations of K usually lead to an increase in organic acid 

concentrations in tubers with a beneficial effect on ascorbic acid levels (Bergmann, 

1992). Some experiments on alluvial soils of Dauralla (UP) showed an increase of 

vitamin C in the tubers with the availability of K at the optimum level (Sharma et al. 
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1976).  Perrenoud (1993) reported that an increased ascorbic acid contents of potato 

tubers were recorded with the application of K. Ilmas (1999) described  that the  

internal blackening of potato tubers was generally related to high content of tyrosine 

which was caused by K deficiency and lacking of vitamin C concentration in the 

tubers. 

2.6. POTASSIUM SOURCES: 

 K inorganic fertilizer sources i.e. KCl and K2SO4 on tuber yield of potato 

were found equally effective (Grewal et al. 1991). Grewal et al. (1992) conducted 

experiments on K and P nutrition sources. They observed that the best source of K 

(either SOP or MOP) and reported that both the sources showed equal effectiveness 

for tuber yields. Perrenoud (1993) reported that in potato processing, higher dry 

matter contents were achieved by using of K2SO4 then KCl. He further observed that 

K2SO4 gave higher starch content than KCl. Westermann et al. (1994) suggested that 

K fertilizers could be applied according to the soil test values and the crop 

requirements without considering the source of K fertilizer.  Singh and Grewal (1995) 

conducted trials on potato crop in different agro-climatic zones and reported that 

potassium was a second limiting nutrient after N for potato in acidic, alluvial and red 

soils. They further concluded that K responded better in alluvial soils where crop 

duration was less then 80-90 days. The recovery of K was reported to vary between 

28-54%. 

Singh et al. (1996) observed that KCl and K2SO4 both were equally efficient 

with regard to yield, processing and keeping quality of tubers in alluvial soils. 

Panique et al. (1997) conducted field experiment in Wisconsin, where K was applied 

through KCl and K2SO4 which did not depict statistically significant difference 

between the two sources of K fertilizer, with regard to total tubers yield. Sharma et al. 

(1997) reported the response of k was increased with the increasing of organic matter 

status of the soil. The agronomic efficiency (increase in tuber yield per kg of K 

applied) varied between 0.29 ton ha-1 in soil with low organic matter content while, 

0.54 ton ha-1 in soils containing high organic matter. Sharma and Sud (2001) reported 

that with the application of K2SO4, the numbers of tubers in potatoes were increased 

as compared to KCl. They further pointed out that for potato processing industry; 

potassium chloride was superior to potassium sulphate among potassium sources. 
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2.7. METHODS OF POTASSIUM APPLICATION: 

Roberts and McDole (1985) reported that potato plant needed potassium from 

early stages of plant growth because of its positive effects on root growth; therefore K 

application at planting was needed. It was a common practice to surface broadcast of 

K fertilizers before planting which could be incorporated into the soil during seedbed 

preparation. They further reported that the deficiency symptoms of K usually 

manifested at tubers initiation stage in potato, when potassium had positive effect on 

root growth. Grewal and Trehan (1988) found that with the application of K along 

with FYM at the reduced rate of 15 ton ha-1, an economize rate of K up to 50% 

without causing any reduction in yield of potatoes was achieved. Sud and Grewal 

(1990) reported their studies on potato crop with  regard to the application of K and 

other nutrients with FYM which showed that even a smaller quantity of FYM i.e. 5 

ton ha-1 could serve useful purpose in increasing potato yield besides enhancing K use 

efficiency as well. They further pointed out that integrated use of 63 kg K with 5 ton 

ha-1 of FYM not only increased K recovery by 10% but also K use efficiency from 

1.02 to 1.82 ton of tuber per kg of K applied was enhanced. Moreover their combined 

application was also found to be effective in increasing soil K by 23.8%. Sharma and 

Sharma (1990) observed that the green manures significantly increased the level of 

organic matter for higher tuber yields. This showed that green manures could be 

helpful in meeting K needs for potatoes. Trehan and Grewal (1990) observed that late 

maturing under cv. Kufri Jyoti responded more to K applied at planting or at earthing 

up while Kufri Chandramukhi, an early maturing cultivar responded more to K 

applied at planting. Grewal et al. (1991) in their studies regarding potato cultivations 

on sandy soils, where K was lost due to excessive irrigations and consequently non-

availability of the element, it was recommended to apply K in two split doses (½ at 

planting and ½ at earthing up) that practice gave better results than the full dose of K 

applied at the time of planting .The blending technique for K fertilizers application, 

needed to potatoes seed, was the most effective method of application. However, if a 

soil test was recommended to add larger quantity of K, than it must be split up 

between pre-planting broadcast and post-planting side dressing just to avoid potential 

problems with salt toxicity or K leaching. Sud and Grewal (1993) reported that the 

method of application of K under rain fed conditions and they observed that the 

method of K application had greatly affected the K use efficiency of potatoes. The 

application of K fertilizer by the side dressing to the seed tubers had been found 
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superior than to placement of above or below the seed tubers.  Moreover, the 

responses were subsequently higher with the application of K along with the seed 

tubers than its placement above or below the seed tubers. Subsequently, the recovery 

of K was 64.3% higher as well with the application of K blending along the seed 

tubers as compared to 61.9 % and 39.3% obtained with the application of K above or 

below the tubers at the time of planting. Thus under the scenarios of rain fed at the 

high hills, K applied near the root zone in furrows at the time of planting was more 

effective for potato crop. Sud et al. (1994) stated that vegetative cover needed more K 

for sustaining crop growth and transfer of assimilates to the under ground stems 

(Stolones) during bulking phase of potato in the hilly fields. The most appropriate 

approach was to resort its split application so as to make larger K availability to the 

potato crop in the later stages of crop growth. Singh and Singh (1996) revealed that 

with the application of K in two split doses i.e. ½ 30 days after  planting and the 

remaining ½ 50 days after planting, significantly increased the total soluble solids, 

crude proteins but had little effect on starch contents in potatoes. Singh and Grewal, 

(1996) reported that with the  application of K in two split doses i.e. ½ at planting and 

½  55-60 days after planting, not only enhanced productivity of potato tubers but also 

stimulated the recovery of K by 10-15%. Moreover, the applied K affected tubers 

yield by increasing larger the size of tubers. They further reported that the placement 

of K fertilizer or in corporation with                        

FYM did not increase the numbers the tubers and additional economic returns from 

potatoes in alluvial soil. Sharma (1998) applied FYM and green manures to fulfill  

nutritional needs of potato crop and reported that their use was advantageous to enrich 

the soil with K and P in the long run. The long term research studies on hill and 

alluvial soils had shown that with the application of 30 tons ha-1 of FYM to potato 

crop could meet entire K requirements of the crop. Trehan and Sharma (1998) 

revealed that the foliar application K with 2% KCl 50 and 70 days after planting 

amplified the tuber yields by 35-43 q ha-1. However, the K use efficiency was more in 

foliage than K applied to the soil. 

2.8. DEFICIENCY SYMPTOMS OF K ON POTATO CROP: 

Bergmann (1992) reported that leaf scorch was also a typical K deficiency 

symptom in older leaves turned bronze then brown (necrotic) and died in advance. 

The key symptom was overall bronzing of the canopy. A severe K deficiency resulted 

in short plants with shortening of internodes; poor root growth and short stolons. 
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Tubers were subjected to black spot bruising and hollow heart and were found to 

disease-susceptible.  Grewal  and Trehan (1993) reported that at the maturity stages of  

potato crop, 170 to 230 kg ha-1 K2O was removed which indicated high receptiveness 

to apply K as compared to cereals which did not respond enthusiastically  with K 

application. They  concluded that an adequate supply of K to potato could maintain 

vigor and efficiency of the plant whereas, in case of mild deficiency symptoms, leave 

developed dark blue coloration ,bronzing and sizzling of leaves often occurred in case 

of  acute deficiency. Perrenoud (1993) found that K deficiency symptoms appeared on 

older leaves which turned brown (necrotic) and shred earlier. Early symptoms of K 

deficiency were dark greening or bluish greening of foliage. Leaves appeared glossy 

and then tiny light green spots developed between the veins of larger leaves in the 

upper canopy, leaf margins curl down and leaflets were small, cupped and crowded. 

Singh and Trehan (1998) reported that the deficiency of K was mostly due to leaching 

of K through the soil especially sandy soils or in acidic soils which had low cation 

exchange capacity. Due to the mobility of K ions, the first deficiency symptoms of K 

appeared in the older leaves when such symptoms appeared the plant growth was 

almost over. 

2.9. POST HARVEST: 

Due to lack of awareness for post harvest handling practices among the potato 

growers, 10-15 % wastage of tubers has been reported by Verma (1995). Post harvest 

losses can be minimized to adapt appropriate techniques of tubers handling and 

storage. Potato production has gradually been increased since the independence. 

During years when there are extra yields of potato, we use to be unable to store/utilize 

the surplus potato production. Consequent upon; there were gluts at regular intervals 

resultantly economic losses to the potato growers and the wastage of precious food as 

well (Ghosh, 1990). 

 Proper post harvest handling and storage are pre-requisite to reduce 

heavy losses. The physical losses due to damages during digging, transport to store 

etc. and physio-chemical changes like conversion of starch into reducing sugars, 

shrinkage and weight loss due to transpiration and respiration, rotting of tubers due to 

infections of micro organisms could be minimized. Khatana et al. (1997) reported 6% 

wastage of tubers in the field. However, it was variable from 2 to 25% depending 

upon the weather conditions at the time of harvest. In prolonged storage intervals, 

bruising was caused by the pressure spots developed inside the tubers. The rain during 
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digging of tubers made it more susceptible to rot. In case of late digging of tubers in 

plains where temperature usually rose up to 25oC, the injury got prone to cause 

bacterial soft rot (Grewal et al. 1992).  

2.9.1. Weight loss: 

Weight loss consists of starch and moisture losses through respiration. The 

harvested tubers usually have living organisms which inhale O2 and resultantly exhale 

CO2, water and heat are produced as a wasted byproduct. This process occurs at the 

expanse of stored starch in potatoes. Higher the temperature, the greater the starch 

loss and lesser the shelf life of tubers. The starch loss was found 10% of the total 

weight lost in stored potatoes (Singh et al. 1995). The weight loss of stored potato is 

mainly due to transpiration and respiration which can be minimized by increasing 

relative humidity and decreasing the temperature of storage atmosphere. The 

transpiration was found to be the major source of weight loss during storage (18-30oC, 

RH, 80-90%for the period of 4 months) while, the contribution of respiration in 

weight loss was 3.96 to 6.07% (Metha and Kaul, 1997).  

2.9.2. Rotting and Shrinkage %age:  

Potatoes have relatively tender skin at the time of harvest and fewer damages 

occur invariably which could result excessive rotting and shrinkage during storage 

(Kaul and Mehta, 1999). Thomas (1982) observed the effects of temperature and 

gamma radiation on wound healing and prevention from rotting and shrinkage. He 

concluded that the major cause for the bacterial soft rot in tubers when they were 

stored under high topical ambient temperature or when irradiated with sprout 

suppressant, was the impairment of wound, periderm formation and lower percentage 

of tuber rotting. 

2.9.3. Sporting percentage: 

As tubers are living entities hence they respire. The respiration rate depends 

upon temperature and O2:CO2 ratio which influences the process of sprouting. Due to 

the respiration, the starch of the tubers broke down into the simple sugars which 

supplied the food to the tuber buds for sprouting. Moreover, energy and simple sugar 

also enhanced the cell division of the buds (Nagaich and Upreti, 1964). The synthesis 

of growth regulators during respiration was also found involved in the process of 

sprouting and the relevance of GA, Auxin and ABA during sprouting of tubers in 

storage (Hemberge, 1952; Kaul and Mehta, 1988). Abscissic acid was recognized as 

active compound of beta complex inhibitors for tuber sprouts (Rappaport and Wolf, 
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1969). The mode of action in endogenous of GA, Abscissic acid and other growth 

promoters in the regulation of sprouts was found. It is a well established fact that 

where GA activates the bud while, ABA was found associated with dormancy of 

tubers (Cornforth at el. 1966). Later on Burton (1966) confirmed the involvement of 

ABA with the regulation of tuber dormancy during storage. Kaul and Sukumaran 

(1984) reported that 10% of tuber were found sprouted when storage temperature 

exceeded up to 25oC.  

2.9.4. Types of storage: 

The type of storage has a vital role in keeping quality and freshness of tubers 

for a longer period. Fast sprouting and sweetening can be checked by storing the 

tubers at an ideal temperature and under CO2:O2 balance mechanism. Smith (1977) 

found that rapid increased in reducing sugar at 5oC was prevented by adding 5% CO2 

to the storage atmosphere. Even less glucose percentage was found when potato 

tubers were held at 4.5oC with very high CO2 & O2 (Longheed, 1969). During 4 

months of storage (March to June) the losses in weight were 15-70%, sprouting 

4.31%, rotting of tubers 4.60% and shrunken 3.0%. It was concluded that the losses in 

cool storage were reduced to 50% when compared to those traditional system. A 

relatively high profit cost ratio was achieved when stored the tubers for longer period 

and better control (Pandey, 2002). To keep the stored tuber seed viability active, it 

was reported to adopt appropriate physiological conditions during storage. The 

biochemical changes in stored tubers and physical parameters like temperature and 

relative humidity had directly affected on the viability of stored tubers (Sikka, 1977). 

When tubers were stored at below 2.5oC with 90% humidity, the temperature affected 

much on subsequent growth and yield of tuber seed (Schulze, 1952). If the seed tubers 

were stored at 5oC, the sprouting would be faster. Due to excessive vigor and sprouts, 

the viability of stored seed tubers was affected (Sikka, 1977). 

2.9.5. Changes in tuber composition during storage: 

When mature tubers are harvested and stored, changes in the composition of 

tubers continuously occur, depending upon the storage atmosphere. One of the major 

changes is the loss of carbon in the form of CO2 due to respiration process. Starch is 

the primary substrate from respiration which was assumed on an average evolution of 

3ml kg-1 h-1 CO2 during one month of storage in which stored tubers lost 0.3% of 

weight in the form of dry matter and gained 0.15% of weight in the form of H2O 

produced during the respiration process (Pressey, 1970). 70-75% of the dry matter of 
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potato tubers consists of starch which is liable to be broken down to sucrose and 

reducing sugars. Initially matured tubers at the time of their harvest had very low 

sugars but with changed environmental conditions during storage led to change starch 

sugar ratio (Isherwood, 1976). Pressey (1970) considered sucrose phosphate 

synthetase as the enzyme responsible for sugar formation in stored tubers. 

Subsequently, hydrolysis of sugar to glucose and fructose found to be regulated by 

some Invertase inhibitors. Phenolic compounds were found important for maintaining 

the cooking quality of tubers. Phenols like Tyrosine, Chlorogenic acid etc. were 

reported increased during storage (Amberger and Schallar, 1973) and found involved 

in enzymic browning of peeled or wounded/cut tubers (Mapson et al. 1963) and after 

cooking colorization (Swain et al. 1966). Potato contains thymine, nicotinic acid, vit. 

A and C. Slight lost of thymine was reported during prolonged storage at 10oC but 

none at 5oC and 50% of thymine was recorded in sprouted tubers (Ezekiel  et al. 

1999). The 2/3rd loss in vitamin C were recorded during 1st 3-4 weeks after the 

harvest of stored tubers (Burton, 1966). 
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                                                      CHAPTER III 

MATERIALS AND METHODS 

 

  The environment in which the experiments were conducted is briefly 

discussed as under: 

3.1. SITE:  

This research project was carried out at the Vegetable Research Area, 

allocated to the Institute of Horticultural Sciences, University of Agriculture; 

Faisalabad (Pakistan) during the years 2006-07, 2007-08 and 2008-09. The climate of 

the region is semi- arid and subtropical. The experimental area is located at 73o East 

longitude, 31o North latitude and that is situated at an altitude of 135 meters above the 

sea level. Materials used and methods employed are summarized below: 

3.2. PHYSIO-CHEMICAL SOIL ANALYSIS: 

Prior to the sowing of potato crop in each year, five soil samples from 

different sites of the experimental block, were taken with the help of an auger at 0-15 

& 15-30 cm depth, for the analysis which were carried out at the Postgraduate 

Laboratory of the Institute of Soil & Environmental Sciences, University of 

Agriculture Faisalabad. 

Composite and representative soil sample was prepared by thorough mixing of 

soil samples taken. It was air dried and then passed through 2mm sieve for its in vitro 

analysis of various physio-chemical properties as shown in (App. 1). The mechanical 

analysis of soil i.e. the percentage of sand, silt and clay were determined with the help 

of Bouyoucos hydrometer method by using 1.0% sodium hexametaphosphate as a 

dispersing agent. The texture of the soil was determined by using International 

Texture Triangle (Moodie et al. 1959). 

3.2.1. Chemical analysis: 

The soil was analyzed for its different chemical properties by using the 

methods of US Salinity Laboratory Staff (Richards, 1954). The pH of the saturated 

soil paste extract was determined with the help of pH meter while the electrical 

conductivity (EC) of the extract was estimated with EC meter. Total soil nitrogen was 

estimated with the methods of Bremner (1965) and Walkley and Black (1934) method 
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was utilized to determine soil organic matter (Black, 1965). Available P was 

determined by using the method of Watanbe and Olsen (1954).  

3.3. STUDIES FOR POTASSIUM MANAGEMENT: 

A promising red potato cultivar “Desiree” was selected for the study. Four 

experiments were conducted in connection with potassium management. The studies 

were consecutively conducted for two years;  during autumn of  2006 and 2007 

covering potassium sources, levels and methods of application whereas, an other 

experiment  was designed covering  available potassium sources to probe the  

parameters regarding physio-morphological characteristics and post harvest behavior 

during autumn of  2007 and 2008. 

3.3.1. Materials and methods:  

Whole medium sized (40±5mm) seed tubers were sown on ridges at 20 cm 

spacing distance of the plot having 8.0 × 4.5 m dimensions with total area 36 m2. 

NPK were applied @ 250, 125,125 kg ha-1 as per recommendations of Malik (1995) 

which are detailed below: 

 

Nutrients Recommended 

dose kg ha-1 

Applied dose 

kg treatment-1 

Fertilizers applied 

kg treatment-1 

Nitrogen N 250 0.900 1.900 Urea 

Phosphorus P2O5 125 0.450 2.490 SSP 

Potassium K2O 125 0.450 0.900 SOP 

Potassium K2O 125 0.450 0.750 MOP 

 

SSP = Single super phosphate 

SOP = Sulphate of potash 

MOP = Muriate of potash 

 

Organic source (FYM) was applied as per reported by Malik (1995) that one 

ton of well rotten FYM contains 5.2 kg N, 1.4 kg P2O5 and 4.5 kg K2O. Whereas, 

NPK were applied from Urea, Single Super Phosphate (SSP), Sulphate of Potash 

(SOP) and Muriate of Potash (MOP) containing 46 % N, 18.20 % P2O5, 50% K2O and 

60% K2O respectively  (Saleem et al. 1986). The recommended doses of N and P 

were supplemented uniformly to all treatments by applying half dose of N and full 
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dose of P at the time of planting while remaining half N was applied after 40 days of 

planting. All potash variables (SOP, MOP and manures) were applied through 

broadcast method at the time of sowing.  

3.3.2. Layout: 

 The experiments were laid out in Randomized Complete Block Design 

(RCBD) with three replications.  

3.3.3. Crop husbandry: 

The seed tuber bed (the experimental Block) was thoroughly prepared by four 

time cultivations, followed with the same number of plankings. Potato seed tubers 

were sown on 7th October, 2006.  Potato seed were treated with 15 g Benomyl (50 

WP) in 20 L water. Metribuzin 70 WP @ 0.50 kg (300 L water)-1 ha-1 were used to 

suppress weeds. Metalaxyl + Mancozeb @ 0.80 kg ha-1was sprayed in later stages of 

the crop to control early and late blight. Irrigation was applied immediately after 

sowing and subsequent irrigations were given according to the need of the crop. Each 

plot was separated by wats to avoid mixing of the inputs. All other cultural practices 

performed for the treatments were uniform. Finally, the crop was harvested on 21st 

January 2007 to collect the data for various qualitative and quantitative parameters.  

During the second year, the experiments were repeated for the confirmation of 

previous year’s results.  

3.3.4. Experiment No.1: 

Efficacy of potassium obtained from various sources (fertilizer and 

manure) on potato crop. 

This experiment was conducted to assess the impacts of potassium 

supplemented from different sources (organic and inorganic fertilizers) and to 

evaluate the best source of the element for Faisalabad and its adjacent potato growing 

areas. 

3.3.4.1. Treatments: 

Following ten organic and inorganic fertilizers (Potassium sources plot-1) of 

treatments were included in this experiment.  

T0 = Control (without potassium) 

T1 = Full dose of potassium from FYM (i.e. 100 kg FYM) 

T2 = Full dose of potassium from SOP (i.e. 0.90 kg SOP)   

T3 = Full dose of potassium from MOP (i.e. 0.75 kg MOP) 

T4  = ½ as SOP (i.e. 0.450 kg) +   ½ as FYM (i.e.50kg FYM) 
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T5 = ½ as MOP (i.e. 0.375kg) +   ½ as FYM (i.e.50kg FYM)   

T6 = ¼ as SOP (i.e. 0.225kg) + ¾ as FYM (i.e.75kg FYM). 

T7 = ¼ as MOP (i.e. 0.188kg) + ¾ as   FYM (i.e. 75kg FYM)   

T8 = ¾ as SOP (i.e. 0.657kg) + ¼ as FYM (i.e.25kg FYM).  

T9 = ¾ as MOP (i.e. 0.563kg) + ¼ as FYM (i.e.25kg FYM) 

3.3.5. Experiment No.2: 

Application of potassium through various techniques:  

This experiment was conducted to determine the effects of different potassium 

fertilizer through application techniques. SOP (i.e. 0.90 kg plot-1) was applied by the 

following techniques: - 

1. Broadcast method i.e. broadcast at the surface. 

2. Placement methods i.e. placed with the tubers. 

3.3.5.1. Treatments: 

Following nine treatments were included in this experiment  

(DAP=Days after planting) 

T0 = Control (without SOP) 

T1 = Full dose at planting through broadcast method 

T2 = Full dose at planting through placement method 

T3 = Full dose 30 DAP through broadcast method 

T4 = Full dose 30 DAP through placement method 

T5 =  ½ dose at planting & ½ 30 DAP through broadcast method 

T6 =          ½ dose at planting & ½ 30 DAP through placement method 

T7 = ½ dose 30 DAP & ½ 60 DAP through broadcast method 

T8 = ½ dose 30 DAP & ½ 60 DAP through placement method 

3.3.6. Experiment No. 3 

Efficacy of various potassium levels on physiomorphological 

characteristics for potato crop.  

This experiment was performed to appraise the performance of different doses 

of potassium to potato crop. 

3.3.6.1. Treatments: 

There were 7 treatments including control (kg K2O ha-1 from SOP plot-1) 

T0            =   Control (with out K2O)   

T1  = 50  (i.e. 0.36)   

T2 = 100  (i.e. 0.72) 
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T3 = 150      (i.e. 0.108) 

T4 = 200  (i.e. 0.144) 

T5 = 250  (i.e. 0.180) 

T6 = 300  (i.e. 0.216) 

Above mentioned three experiments were conducted separately to construct a 

set of information on aspects regarding potassium management for the growers of 

Faisalabad and its vicinity. 

3.3.7. Parameters studied:  

Data for field and laboratory parameters were recorded during both the years 

of study which are detailed below. 

3.3.7.1. Total emergence percentage: 

The observation regarding for this parameter was taken after 30 days of 

sowing when maximum tubers were found sprouted then data were computed to total   

emergence percentage. 

No. of tuber sprouted 

Total emergence percentage =      x 100 

No. of tubers planted  

 

3.3.7.2. No. of aerial stems plant-1: 

After 60 days of sowing, data were collected by counting No. of aerial stems 

from randomly selected five plants of each treatment. Then average was calculated to 

get No. of aerial stems plant-1. 

3.3.7.3. No. of leaves plant-1: 

60 days after sowing, 5 plants from each treatment were selected randomly 

and No. of leaves plant-1 were counted. Finally average No. of leaves plant-1 were 

obtained. 

3.3.7.4. Plant height (cm): 

After 60 days of sowing, plant height was measured with meter stick. 5 plants 

from each treatment of a replication were selected randomly and their height was 

measured from ground level then average was computed to obtain plant height. 

3.3.7.5. No. of tubers plant-1: 

At the time of harvest, No. of tubers of five randomly selected plants in each 

treatment was counted and then average was taken to get no. of tuber Plant-1. 
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3.3.7.6. Tuber weight plant-1: 

The tubers of 5 randomly selected plants were weighed and average was 

calculated at the time of harvest. 

3.3.7.7. Yield ha-1 (tons): 

After harvesting, the weight of tubers of each treatment was obtained then was 

converted to tons-1 by the following formula:- 

Yield of sub plant 

Yield kg ha-1  =    x 10000 =X 

Area of sub plot  

 

       X (kg)  

Yield tons ha-1 =   

    1000 

 

3.3.7.8-9.  Specific gravity and Tuber dry matter percentage:   

After harvesting, three lots of 8 pounds of tubers from each treatment were 

taken. Potato Hydrometer was used to observe data of specific gravity and tuber dry 

matter percentage. 8 pounds of tubers were put into the wire basket and hydrometer 

was allowed to settle into the water tank. Three readings were noted from each lot of 

the treatment and then average was calculated to get specific gravity. The tuber dry 

matter %age was also noted from the Hydrometer for each treatment like specific 

gravity (products @ sfa.org). 

3.3.7.10. TSS (o Brix): 

To check total soluble solids, washed tubers of each treatment were crushed 

individually to get few drops of juice. One drop of juice was put on the plate of 

Refractometer (Brix 0-20% ATC-1. ATAGO, Japan) and reading was noted thrice to 

confirm accuracy in readings. Refractometer was cleaned at the end of each reading 

and calibrated properly.      

3.3.7.11. Tuber dry weight plant-1 (g): 

After harvesting, 350 g of tubers from each treatment were taken, washed and 

cut into pieces. The cut pieces were placed over well perforated lid of large sized pan, 

having boiling water for blanching. It was done for eight minutes. After blanching cut 

pieces were put into water for cooling and then were dipped into the solution of 

potassium Meta bisulphate @ 1.8g kg-1 for 20 minutes. (Srivastava and Sanjeev, 
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2002). Later on, these treated slices were air dried in disposable plates. The weight of 

air dried slices was taken and tuber weight plant -1 was calculated by the following 

formula; 

Tuber dry weight  

Tuber dry weight plant-1  =    ×350 

     Tuber weight plant-1  

3.3.8. Experiment No.4: 

Efficacy of potassium sources on physiomorphological characteristics and 

storage behavior of potatoes. 

This experiment was designed to confirm the effect of different potassium 

sources on selected potato cultivar “Desiree” in connection to study 

physiomorphological characteristics and storage behavior. This experiment was 

conducted during 2007-08 and 2008-09. 

3.3.8.1. Treatments: 

There were 6 treatments including control in the following order:  

T0 = Control (without K) 

T1 = FYM (100 kg plot-1) 

T2 = SOP (0.90 kg SOP plot-1) 

T3 = MOP (0.75 kg MOP plot-1) 

T4 = ½ SOP (0.450 kg) + ½ FYM (50 kg plot-1) 

T5 = ½ MOP (0.375 kg) + ½ FYM (50 kg plot-1) 

3.3.8.2. Parameters studied: 

Data were collected for following parameters from the field and laboratory, 

separately for both the years. 

3.3.8.2.1. No. of leaves:   

After 60 days of sowing, 5 plants from each treatment were randomly selected 

and number of leaves from each plant was counted. Finally, on average basis number 

of leaves plant-1, data on the aspect of study were collected. 

3.3.8.2.2. Leaf area index: 

Leaf area index (LAI) was calculated with the ratio of crop leaf area and land 

area (Watson, 1947).  

Crop leaf area (m2) 

LAI = 

       Land area (m2) 
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The leaf area was determined by formula of Hunt, (1978); 

 

(LAI1 + LAI2) x (e2 – e1)  
LAD = 

2 
Where, LAI1 and LAI2 are the leaf area index at times t1 and t2 respectively.  

3.3.8.2.3. Leaf area duration:  

The leaf area duration was determined by the formula prescribed by Hunt 

(1978) as follows: 

(LAI1 + LAI2) x (t2 – t1) 
LAD =  

        2 
 Where, LAI1 and LAI2 are the leaf area index at time t1 and t2 respectively. 

3.3.8.2.4. Crop growth rate: 

The crop growth rate was calculated as prescribed by Hunt (1978). 

W1-W2  

CGR = 

t1 –t2 

 

        Where W1 and W2 are the total dry weight harvested at the times t1 and t2. 

3.3.8.2.5. Relative growth rate:   

Relative growth rate was determined with the following formula (Hunt, 1978). 

       1  ∂W 
RGR =  X  gram-1 day-1 

W x  ∂t  
Where, W= dry weight at initial harvest  

 ∂ = dry weight at final harvest – dry weight of initial harvest  

 t = number of days between initial and final harvest 

3.3.8.2.6. Net assimilation rate: 

Net assimilation rate was estimated by the following formula proposed by 

Hunt (1978). 

TDM 
NAR =  

LAD 
         Where, TDM and LAD are total dry matter and leaf area duration respectively. 
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3.3.8.2.7. Stem diameter: 

After 30 days of sowing, 5 plants from each treatment were randomly selected 

and stem diameter of the plants were measured with the help of Vernier Caliper and 

mean value was calculated till 90 DAP (Days after planting) in 5 fortnight intervals. 

3.3.8.2.8. Stem length: 

Ten potato plants were randomly selected from each treatment for 5 fortnight 

intervals from 30 to 90 DAP and their length of stems were measured from the base to 

the leaves, with the help of a measuring tap and then averaged.  

3.3.8.2.9. Chlorophyll contents: 

Chlorophyll was determined with the help of chlorophyll contact meter at the 

field for 5 fortnight intervals (With: model SPAD-502 Minolta co. Japan). 

3.3.8.2.10. Gas exchange characteristics: 

Gas exchange parameters including Net rate of photosynthesis (A or Pn), Intra 

cellular CO2 concentration (Ci), Transpiration rate (E), Stomatal conductance (GS) 

were determined  by using closed system ; Infra-Red Gas Analyzer(IRGA, Model 

LCA-4)Set of pre requisites conditionality was:  molar air flow per unit leaf 333mmol 

m-1 s-1, atmospheric pressure 98.9 k Pa, PAR on leaf surface ranged from 975 – 1050 

µmol m-1  s-1 , CO2 concentration  359 µmol mol-1
 and ambient temperature was 

variable at 5 growth stages with effect from 30 to 90 DAP. 

3.3.8.2.11. Water use efficiency: 

Water use efficiency was determined by dividing the value of Net 

photosynthesis over the Transpiration rate. 

Water use efficiency = Net photosynthesis rate/Transpiration rate 

 

3.3.8.3. Storage behavior: 

 

3.3.8.3.1. Materials and methods: 

After harvesting the crop, 10 kg tubers from each treatment were collected and 

thoroughly washed and then divided into two equal parts of 5 kg tubers and packed in 

gunny bags to study the effect of potassium on storage behavior of potatoes. Each 

gunny bag was stored at ambient condition and in cold store at 41-50°F. 
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3.3.8.3.2. Parameters studied:   

Following data were collected after a fortnightly interval. 

3.3.8.3.2.1. Weight loss %age: 

For the parameter of  weight loss percentage, following formula was used. 

 

Weight of stored tubers after fortnight 

Weight loss (%) =       X 100 

Initial weight of tubers     

 

3.3.8.3.2.2. Sprouting percentage: 

Number of tubers found sprouted, were counted after every fortnight in both 

the storage conditions of ambient and cold storage. The following formula was 

applied to calculate the desired goal. 

No. of tubers sprouted 

Sprouting (% age) =       X 100 

Total numbers of tubes under observation     

 

3.3.8.3.2.3. Rotting percentage:  

No. of tubers found rotted, after every fortnight were counted both in ambient 

and cold storage and the following formula was applied to calculate rotting 

percentage. 

No. of tubers rotted 

Sprouting (% age) =       X 100 

Total number of tubers under observation     

 

3.3.8.3.2.4. Physiological disorders %age: 

This parameter was observed with the help of the following formula: 

                                                        No. of tubers found disordered 

Physiological disorder (% age) =           X 100 

                                                       Total number of tubers  under observation 

 

 



       41

3.3.8.3.2.5. Starch: 

Starch was determined by using the technique recommended by Blankenship 

et al. (1993). The potato was cut into cross-section and the cut surface was dipped in 

4.0 % potassium iodide and 1.0 % iodine for 10 seconds. The surface of the material 

which contained starch was colored black and the percentage of the surface containing 

starch was estimated.  

3.3.8.3.2.6. Proteins:  

Protein was determined by Chapman and Parker method (1961). One gram of 

dried and ground sample was digested in Kjeldahl flask with 5 g of digestion mixture 

containing K2SO4, CuSO4 and FeSO4 (90: 10: 1) and 30 ml of concentrated sulfuric 

H2SO4. The contents of the flask were heated till a clear solution was obtained. After 

cooling, the contents of the flask were diluted up to 250 ml in a volumetric flask by 

adding distilled water. That be called as digestion extract. 10 ml of diluted solution 

was mixed with 10 ml of 40 percent sodium hydroxide solution and the mixture was 

distilled by using steam in micro Kjeldahl distillation apparatus. The ammonia so 

produced was collected in 10 ml of 2% boric acid solution having two drops of 

methyl red as indicator. The distillate was back titrated against 0.1 N H2SO4 to 

determine the volume of NH3 (ammonia) evolved. The total protein percentage was 

calculated by the following formula:  

X x A x V x N 
Protein (%) =                   X 100 

          D x S 
Where,  

X = Volume of NH3 

A = NH3 to nitrogen conversion factor (0.0014) 

V = Volume of digested sample (250 ml) 

N = N2 to protein factor (6.25) 

D = Volume of diluted solution distilled (10 ml) 

S = Weight of sample (1g) 

3.3.8.3.2.7. Reducing sugars 

Sugars in extract were estimated by using the method described by Hortwitz 

(1960). 10 ml digestion extract was taken in 250 ml flask in which 100 ml distilled 

water, 25 ml lead acetate solution and 10 ml of 20 % potassium oxalate was added 

and volume was made up to the mark and filtered. Filtrate was taken in burette and 

titrated against 10 ml mixture of Fehling solution A and B; using 2-3 drops of 



       42

methylene blue with continuous boiling till brick red end point. Reducing sugars were 

= 6.25 (X/Y) 100 = %  

Where X = ml of standard sugar solution used against 10 ml of Fehling solution 

Y = ml of sample aliquot used against 10 ml of Fehling solution 

3.3.8.3.2.8. Vitamin-C: 

The method described by Ruck (1961) was used for the estimation of vitamin 

C in Potato extract. 10 ml extract was taken into 250 ml conical flask and volume was 

made up to the mark by using 0.40 % oxalic acid solution from which 5 ml filtered 

aliquot was taken in a flask and titrated against 2, 6 dichloropheno-indophenol dye to 

a light pink color which persists for 10-15 seconds. Vitamin C mg (100g fresh 

weight)-1 was calculated as: 

1×R1×V× 

  X 100 

R×W×V1 

R = ml dye used in titration of aliquot 

R = ml dye used in titration of 1 ml of standard ascorbic acid solution prepared by 

adding 1 ml of 0.1 % ascorbic used + 1.50 ml of 0.40 % oxalic acid 

V1 = ml of extract used 

V   = Volume of aliquot made by addition of 0.40 % oxalic acid 

W = ml of aliquot used for titration 

3.3.9. Statistical approach: 

All the experiments were laid out according to Randomized Complete Block 

Design (RCBD). Various treatments were randomized in each replication for each 

experiment. Each experiment was replicated three times. Data collected were 

analyzed statistically through analysis of variance over the year’s technique and tables 

of variance were made.  Averages of significant treatment means were compared in 

accordance with Duncan’s multiple range test (DMR) at 5% probability levels (Steel 

and Torrie, 1980). 
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                                                        CHAPTER IV 

RESULTS AND DISCUSSION 

 

This research project was undertaken in the vegetable research area, Institute 

of Horticultural Sciences, University of Agriculture, Faisalabad during the years 

2006-07 and 2007-08. Four experiments were designed by using Randomized 

Complete Block Design for potassium management. Physic-chemical analysis for the 

fertility status of the soil of experimental plot was also carried out before sowing of 

crop each year. Data related to various qualitative and quantitative characteristics 

were collected, analyzed and their significance was compared by using Duncan’s New 

Multiple Range (DMR) test at (P ≤ 0.05) probability level. The result obtained are 

presented and discussed as under. 

 

4.1. EXPERIMENT NO. 1: 

Efficacy of potassium obtained from various sources (Manure and 

Fertilizers):  

This experiment was conducted to evaluate the best amongst available sources 

of potassium i.e. Sulphate of potash (SOP), Muriate of potash (MOP) and Farm yard 

manure (FYM) for the vegetative and qualitative characteristics of potato crop. This 

experiment comprised of ten combinations of treatments. The results obtained are 

presented and discussed accordingly as follows: 

4.1.1. Total Emergence Percentage: 

Data were collected 30 days after planting (DAP) and subjected to analysis for 

statistical variance (App. 2) which indicated non-significant results for treatments, 

years and their interactions. T2 (Full dose from SOP) occupied the top position 

whereas, T9 (¾ from MOP & ¼ from FYM) was found at the bottom while, T8, T1, T4 

remained in between. The mean values of non-significant results are given in Table 

4.1 so as to assess status from their performance. 

The data did not reveal clear cut superiority of any treatment. Emergence of 

the tubers entirely depends upon the internal (genetic makeup and stored food of 

tubers) and external (micro climate) conditions. As other conditions were similar, 

tubers of the same cultivar did not show significant differences in the mean values for 
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the parameter of study. These results are in conformity with the findings of Wulf 

(1996) who reported that fertilizer applications at the time of sowing did not 

significantly affect on tuber emergence while, incongruous with the findings of 

Ayyub et al. (2001) who reported that the maximum emergence percentage was 

obtained with the combinations of manure, fertilizer and EM4. 

Table 4.1:- Effect of different combinations of organic and inorganic 
potassium fertilizers on total emergence %age. 

 
Treatments Source /dose of K (kg) plot-1 Total emergence percentage 

2006-07 2007-08 Means 
T0 control 91.333 93.463 92.398 NS 
T1 Full dose from FYM @ 100 91.037 95.713 93.375 
T2 Full dose from SOP @ 0.90 95.037 95.157 95.263 
T3 Full dose from MOP @ 0.75 91.473 92.130 91.802 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 93.953 91.718 92.785 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 91.777 91.327 91.552 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 91.617 89.093 90.355 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 93.107 95.640 94.373 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 95.193 89.967 92.580 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 91.380 91.340 91.360 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P=0.005  
 
4.1.2. Number of Aerial Stems Plant-1. 

Data on this aspect were processed for statistical analysis and the results 

obtained are presented in (App. 3). A glance on the ANOVA indicated that the results 

for the treatments, years and their interactions were found non-significant. The mean 

values for the treatments and years are presented in Table 4.2 as per their 

performances. The mean values revealed that maximum numbers of stems (3.900) 

were recorded in T2, followed by 3.812 in T8, 3.808 in T4 and 3.808 in T6. Other 

treatments remained in between whereas; minimum number of aerial stems (3.700) 

was observed in T9. 

Although the results are non-significant yet potassium from SOP is more 

efficient in inducing aerial stem either alone or in combination with the organic matter 

(FYM). The best results were obtained in T2 i.e. full supply of K from SOP and 

followed by T8, T4 and T6 wherein the K from SOP is substituted up to ¼, ½ and ¾ by 

the addition of FYM. The supply of K from MOP alone or its substitution by organic 

matter failed to come up at par with SOP as a source of potassium. 

As stems support branches and leaves to withstand climatic conditions and 

stolons are produced from the underground parts of the stems which ultimately give 

rise to tubers. So higher the number of stems, more stolons and more tubers would be 



  45

produced plant-1 which contributed toward tangible plant yield. The application of 

SOP gave maximum results as potassium has positive impact on nutrients 

translocation and water uptake in plants (Bergmann 1992). As N and P were applied 

at a constant rate to all treatments, so with the combination of these elements, 

potassium might have enhanced N use efficiency and availability of N in proper 

quantity for favoring in the activation of enzymes which are fundamental to metabolic 

processes for the production of proteins and sugars that led to increase in the number 

of aerial stems plant-1. These results are in agreement with the findings of Ayyub et 

al. (1997) and Robert et al. (1982). As far as the better performances with 

combination of inorganic fertilizer and manure are concerned, that might be due to 

proper mixing of fertilizers in appropriate amount and their efficient use. These 

results are in accordance with the findings of Ayyub et al. (1998) who concluded that 

with the combination of fertilizers and organic amendments, more number of stems 

plant-1 were produced. Ayyub et al. (2001) also reported that with the combination of 

organic and inorganic fertilizers, the maximum number of stems plant-1 were observed 

in potato crop. 

 
Table 4.2:  Effect of different combinations of organic and inorganic 

potassium fertilizers on number of aerial stems plant-1 
 
Treatments Source/dose of K (kg)  plot-1 No. of aerial stems plant-1

2006-07 2007-08 Means
T0 Control 3.733 3.700 3.717NS 
T1 Full dose from FYM @ 100 3.767 3.727 3.747 
T2 Full dose from SOP @ 0.90 3.900 3.900 3.900 
T3 Full dose from MOP @ 0.75 3.763 3.787 3.775 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 3.800 3.817 3.808 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 3.790 3.800 3.795
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 3.833 3.767 3.800 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 3.743 3.667 3.705 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 3.840 3.783 3.812 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 3.733 3.667 3.700 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05. 
 
4.1.3.  Number of Leaves Plant-1: 

The analysis of variance with respect to number of leaves plant-1 (App.4) 

showed significant results for treatments and years but their interactions were found 

non-significant. The mean values for treatments and years are arranged in Table 4.3.  

It is quite palpable from the above table that maximum number of 44.98 leaves 

were produced from T2 (SOP source) which were followed by T8 (¾ from SOP and ¼ 
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from FYM), T4 (½ from SOP and ½ from FYM) and T6 (¼ from SOP and ¾ from 

FYM) with 41.25, 40.78 and 40.75 number of leaves plant-1 respectively while, T7 (¼ 

from MOP and ¾ from FYM) produced minimum number of leaves (37.38). The 

above results again showed that SOP is the best source of K for the aspect of study as 

compared to other variables applied. 

SOP at 0.90 kg treatment-1 seems to be more conducive to leaf induction than 

the other sources of K. However, the response is at par with T3, T4, T6 and T8 which 

correspond to 0.75 kg treatment-1 MOP, 0.45 kg from SOP + 0.45 kg from FYM and 

0.225 kg SOP + 0.675 kg from FYM respectively. Minimum numbers of leaves were 

induced by T0 (control). This pattern may be observed to the number of stems 

produced by these treatments. Although the results in those parameters are non-

significant yet more stems were exhibited there by these combinations. It is quite 

obvious that leaves are more where stems are more. Furthermore, the leaves are more 

where extra plant height is also observed. Since this treatment resulted into the tallest 

plants, hence the leaves were more in this case. However, it is worth noting that the 

reduction in the supply of K from MOP resulted into less numbers of leaves. It is, thus 

concluded that MOP neither reacted favorably with FYM for the leaf induction nor 

FYM alone was found effective in the aspect of study. The best recommendation for 

this aspect would be, keeping in view the cost of potassium and the usefulness of 

FYM in improving the physical properties of soil to supplement half of the K fertilizer 

organically. These results are in conformity with the findings of Berces (1980) who 

reported that more the leaves, the higher rate of conversion of solar radiation into 

carbohydrates and consequently, higher yield. Nutrients (especially N and P) are 

required to accelerate physiomorphological activities in plants. He further described 

that Sulphate of potash (SOP) is more suitable than chloride based potassium 

fertilizers. Singh (1999) concluded that due to slow releasing of K from FYM, 

potassium from SOP source, gave superior results in combination with N and P 

applied at the recommended doses to potato crop. Whereas, FYM and MOP 

supplemented alone, did not perform well because of slow releasing of the elements 

from FYM and presence of chloride in MOP might have adverse effects on the timely 

and proper availability of nutrients which are required for enhancing the number of 

leaves plnat-1 in potato crop as the presence of chloride affected on carbohydrate 

metabolism by reducing rate of photosynthesis in leaves and retarding assimilates 

transportation into the tubers (Halder, 1976).  These results are in concord with the 
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findings of Bergmann (1992) who found K in the form of SOP, was favorable for 

excessive chlorophyll contents and more number of leaves in potato. Marschner 

(1995) also observed that SOP favored in increasing the number of leaves as well as 

in enhancing general health and vigor of the plants in potato crop. Ayyub et al. (2001) 

also reported that the combination of organic and inorganic fertilizers produced more 

number of leaves plnat-1 in potato. 

 
Table 4.3:- Effect of different combinations of organic and inorganic 

potassium fertilizers on number of leaves plant-1. 
 
Treatments Source/ dose of K (kg) plot-1 No. of leaves plant-1 

2006-07 2007-08 Means 
T0 control 39.433 36.833 31.133b 
T1 Full dose from FYM @ 100 39.867 41.100 40.483b 
T2 Full dose from SOP @ 0.90 42.633 47.333 44.983a 
T3 Full dose from MOP @ 0.75 39.667 39.567 39.617ab 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 40.000 41.570 40.785ab 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 40.833 36.333 38.583b 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 39.833 31.667 40.750ab 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 41.667 41.333 37.383b 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 39.667 39.567 41.250ab 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 39.500 39.000 39.250ab 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  

The mean values for the years are given below for a comparison. 

                                      Year 2006-07= 39.960 b 

                                      Year 2007-08= 40.284 a 

 4.1.4. Plant height (cm): 

Information collected on plant height was processed for statistical analysis and 

the results obtained are given in (App.5). A glance on ANOVA reflected upon the 

significant results for treatments and years while their interactions were found non- 

significant. The mean values of treatments are arranged in Table 4.4 in the light of 

DMR test. These results demonstrated that T2 (SOP source) had a significant 

superiority over the other combinations of treatments. 

Plant height is an important aspect to judge vegetative growth and health of 

the plants; plants with better height have more foliage with more chlorophyll 

pigments hence more rate of photosynthesis and higher yields are produced. For better 

plant growth, the availability of timely nutrition in balanced proportion is compulsory. 

This plant phenomenon is positively correlated with the level of soil nitrogen 

as the element controls cell division and enlargement. Since nitrogen was applied as a 

basal dose to the potato crop. Therefore, all the treatments are at par with one another 
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in this aspect of study except meeting full requirement of K from SOP alone which 

produced the largest plant of 51.00 cm height. As potash is known to improve N use 

efficiency hence meeting all K requirements but from SOP only contributed to plant 

height and enlargement with N availability. Supply of K element either from MOP 

alone or in combination with organic matter did not register such plant height. Even 

then K from SOP was substituted by FYM, it failed to improve plant height probably 

because the element was not released in sufficient quantities for improving N 

availability ultimately the plant height. This ineffectiveness of MOP may be due to 

possible influences of chloride on the carbohydrate metabolism by reducing 

photosynthesis in the leaves and retarding of assimilate transport into the tubers 

(Halder, 1976). These results corroborate with the findings of Peregra and Avila 

(1999) who reported that with the application of N combined with K from all the 

sources, the taller potato plants were observed. Similar findings have been reported by 

Ayyub et al. (2001) who stated that with the combination of organic and inorganic 

fertilizers, taller potato plants were recorded. 

 
Table 4.4:- Effect of different combinations of organic and inorganic 

potassium fertilizers on plant height (cm). 
 
Treatments Source/dose of K (kg) plot-1 Plant height (cm) 

2006-07 2007-08 Means 
T0 Control 41.933 44.000 42.967b 
T1 Full dose from FYM @ 100 45.000 43.700 44.350b 
T2 Full dose from SOP @ 0.90 39.533 52.467 51.000a
T3 Full dose from MOP @ 0.75 45.533 41.937 43.735b
T4 ½ from SOP @ 0.45 & ½ from FYM 50 44.057 44.833 44.450b 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 44.400 43.167 43.783b 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 41.933 43.400 42.667b 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 43.333 43.833 43.583b 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 46.600 44.400 45.500b
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 41.167 42.500 41.833b
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for the years are given below for a perusal. 

Year 2006-07 = 44.350 b 

Year 2007-08 = 44.424 a 

4.1.5.  Number of tubers plant-1: 

Data for this parameter were collected and analyzed with statistical analysis 

techniques (App. 6) which reflected upon highly significant results for treatments and 

years while their interactions were found non-significant. 
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The mean values of various treatments are shown in Table 4.5 in accordance 

with DMR test as per their performance of the aspect. The number of tubers plant-1 is 

an important character of potato crop to assess yield.  Significantly more number of 

tubers pertained to T2 (i.e. 6.988) where K2O was supplied from SOP alone followed 

by T4 and T8 i.e. substituting K2O up to ½ and ¼ by FYM respectively. The latter 2 

treatments are at par with T1, T3 and T9 reflecting that FYM alone is as good a source 

of K2O for the tuber induction as MOP alone or when it is substituted up to ¼ by 

FYM. However, all these treatments were at par with one another but excelled T0, T5 

and T7 indicating that the placement of K2O form MOP up to 50% and 75% by FYM 

marked the effect of the latter as well instead of for proving complementary to organic 

matter. Better induction of tubers by SOP as a source of K2O may be attributed to 

temporary lowering of soil pH thereby enhancing essential elements especially N and 

K availability which contributed in more number of tubers plant-1.These results are in 

agreement with the findings of Ayyub et al. (1993) who reported that with the 

application of fertilizers (NPK) mixed with manures and EM4 or alone produced 

maximum number of tubers plant-1. 

 
Table 4.5:- Effect of different combinations of organic and inorganic 

potassium fertilizers on number of tubers plant-1. 
 
Treatments Source/dose of K(kg) plot-1 No. of tubers plant-1 

2006-07 2007-08 Means
T0 control 4.373 4.677 4.525d 
T1 Full dose from FYM @ 100 4.777 6.717 5.747b 
T2 Full dose from SOP @ 0.90 6.867 7.110 6.988a 
T3 Full dose from MOP @ 0.75 5.277 5.777 5.828b 
T4 ½ from SOP @ 0.450 & ½ from FYM 50 6.380 5.777 6.078b 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 4.477 5.587 5.032cd
T6 ¼ from SOP @ 0.225& ¾ from FYM 75 5.510 5.700 5.605bc 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 4.693 4.657 4.675d 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 6.057 5.967 6.012b 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 5.920 5.667 5.798b 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 

The mean values for the years were as follow. 

                                                Year2006-07=5.433 b 

                                                Year2007-08=5.825 a 
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Fig 1:- Efficacy of potassium obtained from various sources (Manure and 
Fertilizers) on Plant height (cm), No. of leaves per plant, No. of tubers per 
plant. 
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4.1.6.  Tuber weight plant-1 (grams): 

At the time of harvest, number of tubers plant-1 from randomly selected plants 

in each treatment were counted and weighed. The data collected were subjected to 

analysis of variance (App.7). The results demonstrated significant results for 

treatment and years which are detailed in Table 4.6 in accordance with DMR test. The 

arrangements of the treatment means in Table 4.6 clearly indicated that T2 remained 

the best combination while, T4 and T8 were found statistically at par with T2, while, T0   

(control) occupied the last position by giving minimum weight (197.0 g) plant-1. 

 
Table 4.6:- Effect of different combinations of organic and inorganic 

potassium fertilizers on tubers weight plant-1 (grams). 
 
 
Treatments Source/dose of K2(kg) plot-1 Tuber weight plant-1 (grams) 

2006-07 2007-08 Means 
T0 control 199.67 194.33 197.00c 
T1 Full dose from FYM @ 100 213.00 225.00 219.00bc 
T2 Full dose from SOP @ 0.90 294.67 299.00 296.83a 
T3 Full dose from MOP @ 0.75 212.333 214.00 213.17bc 
T4 ½ from SOP @ 0.450 & ½ from FYM 50 304.33 178.67 291.50a 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 252.67 256.33 254.50ab 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 215.67 221.33 218.50bc 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 217.00 214.67 215.83bc 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 258.67 284.00 271.33a 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 218.00 220.33 219.17bc 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 

The mean values for the years of study are produced below: 

Year 2006-07 = 238.600 b 

Year 2007-08 = 240.767 a 

 

Tuber weight plant-1 is the most important component of the yield which in 

term is influenced by plant phenology. Maximum tuber weight plant-1 is evident from 

T2, T4 and T8 with the mean values of 296.83 g, 291.5 g and 271.33 g respectively. 

These treatments also produced more leaves than other combinations of treatments. 

As leaves are factories for food synthesis thus K level inducing more leaf area 

accumulated greater quantities of carbohydrates to account for more tuber weight 

plant-1. However, full dose of K from MOP failed to exhibit more tuber weight plant-1 

although the number of leaves was at par with these treatments. It seams that even 

non-significantly more leaves demonstrated by T2, T4 and T8 than T3 contributed 

towards this parameter. The prominent deviation from this principle in the production 
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of tuber weight plant-1 was at par with T2, T4, T8 by T5 while leaves plant-1 in this case 

are less than these K levels. Similar upward trend in tuber weight plant-1 in relation to 

less leaf area is visible from T7. It seems that low K rates from MOP are also effective 

as high K from this source probably by influences early tuberization, whereas, high K 

levels from this source delayed tuberization account for less tuber weight per plant. 

These results are in concurrence with the findings of Usherwood (1985), who reported 

that more the tuber weight plant-1 gave higher the yield as K influenced quality and 

quantity of tubers indirectly by its positive interaction with other nutrients (especially 

with N) and management practices. Martin-Prevel (1989) found that the size and 

weight of tubers were enhanced with the application of K which also increased the 

proportion of large sized marketable tubers. A similar finding has also been reported 

by Perrenoud (1993).  

4.1.7. Yield (Tons ha-1): 

The analysis of variance related to yield ha-1 was carried out and the results 

obtained have been presented in (App.8) which established significant effects with 

respect to treatments and years while their interactions were found non-significant. 

The average values for different combinations are set in Table 4.7 to compare the 

difference existing amongst various combinations through DMR test. 

 
Table 4.7:- Effect of different combinations of organic and inorganic 

potassium fertilizers on yield (Tons ha-1). 
 
Treatments Source/dose of K(kg) plot-1 Yield (Tons ha-1  ) 

2006-07 2007-08 Means 
T0 control 13.313 12.937 13.125d 
T1 Full dose from FYM @ 100 14.602 14.203 14.602cd 
T2 Full dose from SOP @ 0.90 17.703 19.930 18.817a 
T3 Full dose from MOP @ 0.75 14.147 14.597 14.372cd 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 20.297 18.570 19.233a
T5 ½ from MOP @ 0.375 & ½ from FYM 50 16.830 17.077 16.953abc 
T6 ¼ from SOP @ 0.225& ¾ from FYM 75 14.370 14.757 14.563cd 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 14.467 14.303 14.585cd 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 18.743 16.683 17.713ab 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 15.353 14.997 15.175bcd 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 

The mean values for the years are presented below 

Year 1 = 15.943 a 

Year 2 = 15.885 b       
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A perusal of the above arrangement showed that T4  produced yield of 19.43 t 

ha-1 and T2 with 18.82 t ha-1 yield, proved to the best combinations as they behaved 

significantly alike themselves. The third best combination was T8 with 17.71 t ha-1 

yield. Further examination of the data revealed that T5 and T9 also proved to be better 

as compared to remaining combinations of treatments while T0 gave minimum yield 

of 13.13 t ha-1. 

Probing into the data on yield ha-1 exposed that the Sulphate of potash in 

combination with FYM in case of T4, gave the best results as compared to rest of the 

treatments. Organic matter can be considered instrumental in holding and providing 

necessary food for the development of tubers. Potassium has been reported to be 

effective in the translocation and storage of assimilates (Marschner, 1995) while on 

the other hand , N can serve the dual purpose by providing basic constituents of 

protein synthesis and the availability of necessary proteins to the plants which might 

be stimulating  to go in favor of higher yield in potato (Clarkson and Hanson, 1980). 

These results are further confirmed by Grewal et al. (1991), Ayyub et al. (1993) and 

Fageria et al. (1997) who reported that the application of manure with fertilizers or 

organic amendments gave better yield in potato crop. 

4.1.8. Specific gravity: 

Observations for the qualitative character of specific gravity were subjected to 

statistical analysis (App.9) which showed non- significant results for the treatments, 

years and their interactions. The mean values of all components are enlisted in Table 

4.8 for the comparison of their performances. 

Table 4.8:- Effect of different combinations of organic and inorganic 
potassium fertilizers on specific gravity. 

 
Treatments Source/dose of K(kg)plot-1 Specific gravity 

2006-07 2007-08 Means 
T0 control 1.068 1.069 1.068NS 
T1 Full dose from FYM @ 100 1.075 1.074   1.074 
T2 Full dose from SOP @ 0.90 1.075 1.074 1.074 
T3 Full dose from MOP @ 0.75 1.074 1.073 1.073 
T4 ½ from SOP @ 0.450 & ½ from FYM 50 1.072 1.073 1.073
T5 ½ from MOP @ 0.375 & ½ from FYM 50 1.071 1.069 1.070 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 1.067 1.072 1.070 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 1.069 1.070 1.069 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 1.071 1.071 1.071 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 1.068 1.070 1.069 

NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
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Fig 2:- Efficacy of potassium obtained from various sources (Manure and 
Fertilizers) on Tuber weight plant-1 (grams), Yield (Tons ha-1) and 
Specific gravity. 
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The mean values showed narrow differences amongst the treatments whereas 

T2 and T1 superseded other combinations of treatments, followed by T3 and T4 which 

remained in between while, T0 (control) was found at the bottom. The presented 

results in table 4.8 reflected upon that none of the sources of potassium was found 

effective in changing the specific gravity whereas, the presence of N and P at the 

required doses to all treatments showed similarity amongst the mean values of the 

parameter studied. Potassium promotes size of tubers by increasing water 

accumulation in the tubers resultantly lowering specific gravity (Perrenoud, 1993) 

whereas, these findings are contradictory with Hassandokht and Kashi, (2000) who 

reported that tuber specific gravity was found increased due to the application of 

fertilizers. 

4.1.9. Tuber dry matter percentage: 

The data regarding this parameter were obtained and subjected to statistical 

analysis (App.10) which revealed non-significant results for treatment, years and their 

interactions. Average mean values of the aspect are presented in Table 4.9. The means 

of variables in Table 4.9 indicated that T2 superseded all other treatments whereas, T7 

secured the lowest position while, other treatments stood in between. 

Table 4.9:- Effect of different combinations of organic and in-organic 
potassium fertilizers on tuber dry matter percentage. 

 

Treatments Source/ dose of K (kg) plot-1 Tuber dry matter %age 
2006-07 2007-08 Means 

T0 Control 17.533 17.767 17.650NS 
T1 Full dose from FYM @ 100 19.033 18.700 18.867 
T2 Full dose from SOP @ 0.90 19.167 19.300 19.233 
T3 Full dose from MOP @ 0.75 18.867 17.900 18.383 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 18.500 18.667 18.583 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 18.400 18.133 18.267 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 17.500 18.233 17.867 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 17.800 17.133 17.467 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 18.167 17.867 18.067 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 17.833 17.533 17.683 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 

On the above scenario, one has to postulate some assumptions. There could be 

two probabilities whether absorption and subsequent transportation of potassium was 

either dependant or independent along with N and P with respect to the aspect of 

study. On the other hand, it could also be argued that treatments with less dry matter 

%age might have faster transpiration rate that could be the reason of less tuber dry 

matter %age.   Dry matter %age was found interlinked with the specific gravity. 

Hence higher the dry matter percentage more the specific gravity.  These results are in 
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agreement with the findings of Borin et al. (1994) who reported that the type of 

fertilizers had no affect on the tuber dry matter percentage. 

4.1.10. Total soluble solids (°Brix): 

The data for the tuber total soluble solids (TSS) were subjected to statistical 

analysis (App.11) which showed significant results for the treatment and years while 

their interactions were found to be non-significant. The variations amongst mean 

values are presented in the Table 4.10 under DMR test.  

Tuber TSS is a qualitative character which is an indicator of tuber maturity for 

which data revealed that T2 remained at the top, followed by T4, T8, T6, T1, T0, T5 

showing statistically similar results as all these were at par with themselves. Whereas, 

T9, T7, T3 occupied the last position. It is quite conspicuous that treatment showing 

better results for the other parameters produced better quality tubers. Rhue et al. 

(1986) reported potato responses to K fertilization from 31 experiments and 

summarized that the reduction in specific gravity of potato was observed with the 

application of 100 lb K2O acre-1. These results are aligned with the findings of Borin 

et al. (1994) who reported that the types of fertilizer had no affect on tuber quality. 

Table 4.10:- Effect of different combinations of organic and inorganic 
potassium fertilizers on total soluble solids (°Brix). 

 

Treatments Source/dose of K (kg) plot-1 Total soluble solids (°Brix) 
2006-07 2007-08 Means 

T0 Control 5.033 4.663 4.848ab 
T1 Full dose from FYM @ 100 4.977 4.777 4.877a 
T2 Full dose from SOP @ 0.90 5.560 5.493 5.527a 
T3 Full dose from MOP @ 0.75 4.113 4.813 4.478b 
T4 ½ from SOP @ 0.45 & ½ from FYM 50 5.233 5.260 5.247ab 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 5.220 4.897 5.058ab 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 4.220 4.497 4.493b 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 4.490 4.497 4.493b 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 5.202 5.261 5.232ab 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 5.113 4.437 4.775ab 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for both the years of study are presented as hereunder. 

Year 2006-07 = 4.919 a 

Year 2007-08 = 4.902 b 

4.1.11. Tuber dry weight plant-1 (g): 

The information collected on tuber dry weight plant-1 was subjected to 

statistical analysis and the results obtained have been shown in (App.12) which 

indicated significant results with respect to the treatments and years but their 
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interactions were found to be non-significant. Average mean values for different 

treatments under the aspect are arranged in Table 4.11 in accordance with DMR test.  

 It is evident from the tabulated mean values that tuber dry weight is found 

maximum under  T2 T4, T6 and T8 with the respective figures of 82.6 g , 82.34 g, 

78.02 g and 78.6 g which were also found statistically at par while, T7, T3, T5, and T0 

had similar performance but T9  was observed  at the bottom. The trend corresponds 

with tuber dry weight per plant as reported earlier indicating that tuber dry weight 

plant-1 is directly dependent on the carbohydrate manufactured during photosynthesis. 

However, T6 improved its ranking in tuber dry weight plant-1 in relation to tuber 

weight plant-1 probable because more water was held by additional supplement of 

organic matter while even low K rate accelerated the rate of photosynthesis by 

promoting N and water use efficiency to account for more dry weight plant-1 in 

comparison with tuber weight plant-1. MOP is generally depressed tuber weight plant-1 

both the high and low levels of K from this source demonstrated identical response. 

The negative impact was not mitigated by substituting MOP with organic matter this 

phenomenon is worth exploring further. These results are supported to some extend 

by Payton (1990)  and  Jonggoo et al. (1996) who reported that with the application of  

N and  K, tuber dry weight was found  increased while, Perrenoud (1993) reported 

that the  higher tuber dry weight was obtained  with K2SO4  than  KCl whereas, 

contradictory with the findings of Panique et al. (1997)  who observed that the 

sources of potash (either KCl or K2SO4) did not show statistically significant 

difference between the two sources with respect to total tuber dry weight.  

 

Table 4.11:- Effect of different combinations of organic and inorganic 
potassium fertilizers on tubers dry weight plant1 (g) 

 
Treatments Source/dose of K(kg) plot-1 Tuber dry weight plant-1 (g) 

2006-07 2007-08 Means 
T0 Control 73.28 74.81 74.04bc
T1 Full dose from FYM @ 100 74.15 75.80 74.97bc
T2 Full dose from SOP @ 0.90 82.04 83.20 82.60a 
T3 Full dose from MOP @ 0.75 84.67 86.16 75.44bc 
T4 ½ from SOP @ 0.45& ½ from FYM 50 82.33 82.39 82.34a 
T5 ½ from MOP @ 0.375 & ½ from FYM 50 72.74 76.17 74.06bc 
T6 ¼ from SOP @ 0.225 & ¾ from FYM 75 78.89 77.12 78.02ab 
T7 ¼ from MOP @ 0.188 & ¾ from FYM 75 76.33 76.62 76.48bc 
T8 ¾ from SOP @ 0.675 & ¼ from FYM 25 78.98 78.38 78.68ab 
T9 ¾ from MOP @ 0.563 & ¼ from FYM 25 72.86 70.04 71.44c 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
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Fig 3:- Efficacy of potassium obtained from various sources (Manure and 
Fertilizers) on Tuber dry mater percentage, TSS and tuber dry weight 
per plant. 
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Average values for the years are given for perusal. 

Year 2006-07 = 63.98 a 

Year 2007-08 = 63.43 b 

 

CONCLUSIONS: 

The following conclusions have been obtained from the experiment # 1 

1. SOP source of potassium was found superior to MOP or FYM.  

2. MOP as a source of potassium for our soils proved to be less effective. 

3. Half dose of potassium from fertilizer (SOP) and half obtained from manure 

(FYM) proved better as compared to other combinations with respect to a few 

qualitative aspects of study. 
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4.2. EXPERIMENT NO 2:- 

Application of potassium through various techniques: 

This experiment was conducted to check the effects of time and methods of 

potassium fertilizer application (broadcast or placement) on potato yield and quality. 

This experiment comprised of 9 different combination of treatments for which the 

results with respect to various physic-chemical characteristics, were collected and 

analyzed through statistical techniques and their significance among treatment means 

were compared by using DMR test at P ≤ 0.05 % probability level. The results 

obtained are presented and discussed as under:   

4.2.1. Total Emergence percentage: 

The data were collected 30 days after planting (DAP) and subjected to analysis 

of variance (App.13) which indicated non-significant results for treatments, years and 

their interactions. The mean values of different variable of treatments are enlisted in 

Table 4.12. The table exhibited that T2 occupied the first position, followed by T6 and 

T 4 whereas, T8, T1, T7, T3 were found in between while, T0 (control) was seen at the 

bottom.  

 
Table 4.12:- Impact of different methods of potassium fertilizers application on 

total emergence %age 
 

Treatments Time ,dose(kg) and Method of K app. Plot-1 Total emergence %age 
2006-07 2007-08 Means 

T0 Control 92.92 91.76 92.34NS 
T1 Full dose from SOP (0.90) at Planting by broadcast 94.14 93.16 93.65 
T2 Full dose from SOP (0.90) at Planting by placement 96.58 93.81 95.19 
T3 Full dose SOP (0.90) 30 DAP broadcast 93.12 92.30 92.71 
T4 Full dose at 30DAP by placement 94.77 93.96 94.37 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 94.71 89.76 92.24 
T6 ½  dose at planting + ½   30 DAP by placement 94.48 94.35 94.42 
T7 ½  dose 30 DAP + ½ 60 DAP by broadcast 92.95 93.59 93.27 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 94.39 94.30 94.26 
DAP= Days after planting 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 

 
The variable means clearly indicated that the full dose of potassium applied at 

the time of planting or half doses at planting and remaining half dose applied after 30 

days of planting or full dose after 30 days of planting with placement method of 

application, performed better as compared to the broadcast method. These results 

reflected upon that with the placement method of application, quick availability of K 

along with N and P to the tubers might have been effective than broadcast method for 

the emergence of tubers. However, it is fact that the emergence of tubers entirely 
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depends upon internal genetic makeup and food stored in the tubers as well as micro 

climatic conditions. Whereas, these results are partially controversy to Roberts and 

McDole (1985) who reported that potato tubers needed potassium at initial stages of 

growth when K uptake rate was found maximum and  also observed  the losses of K 

by leaching which affected the emergence %age of tubers. Therefore, K was 

recommended to apply in two split doses (½ at planting + ½ at earthing up). These 

practices gave better results than the entire dose applied at the time of planting. 

Blending of potassium near to the tuber seed was observed the most effective method 

of fertilizer application to potato crop (Grewal et al. 1991).  

4.2.2. No. of aerial stems plant-1: 

The data for the parameter were collected and analyzed through statistical 

techniques (App. 14) which showed non-significant results for the years, treatments 

and their interactions. The mean values for various combinations of treatments are 

tabulated in Table 4.13.  No significant difference among the variables means could 

be noted from the above table. In all, T6 occupied the highest position followed by T4, 

T5 and T2 while, T0 (control) was found at the bottom.  

Table 4.13:- Effect of different methods of potassium fertilizers application on 
number of aerial stems plant-1. 

 
Treatments Time, dose (kg) and Method of K app. Plot-1 No. of aerial stems plant-1

2006-07 2007-08 Means 
T0 Control 3.07 3.12 3.09NS 
T1 Full dose from SOP (0.90) at Planting by broadcast 3.26 3.05 3.16 
T2 Full dose from SOP (0.90) at Planting by placement 3.49 3.03 3.26 
T3 Full dose SOP (0.90) 30DAP broadcast 3.08 3.45 3.26
T4 Full dose at 30DAP by placement 3.68 3.29 3.49 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 3.22 3.82 3.33 
T6 ½  dose at planting + ½   30 DAP by placement 3.17 3.80 3.49 
T7 ½  dose 30 DAP + ½ 60 DAP by broadcast 3.13 3.27 3.20 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 3.08 3.12 3.10 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP=Days after planting 

 
A perusal of the above narrated results reflected upon similarity in the 

variables from statistical point of view. In order to explain non-significant results of 

the application of full dose at planting; either split application of potassium ( ½ after 

30 days of planting +½ after 60 days of planting) with placement or broadcast method 

of application, one has to make certain assumption that initially broadcast method of 

application might have no effect on improving N use efficiency and other nutrients 

uptake then the placement or blending of K fertilizer along with the potato seed due to 
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which numbers of aerial stems were found increased. On the other hand, as stems 

support branches and leaves which are responsible to synthesize of food for the 

survival of plant, hence the application of potassium, at the early stages of plant 

growth have positively affected root and shoot development (Roberts and McDole, 

1985). Therefore, the placement method of potassium fertilizer near to the potato seed 

has been the most efficient method of application than the broadcast method. 

4.2.3. No. of leaves plant-1: 

The data for the parameter were collected and subjected to analysis of variance 

(App.15) which showed non-significant results for years, treatments and their 

interactions. The mean values for various combinations of treatments are enlisted in 

Table 4.14 to assess their performance. 

Table 4.14:- Effect of different methods of potassium fertilizers application on 
number of leaves plant-1.   

 
Treatments Time, dose (kg)and Method of K app. Plot-1 No. of leaves plant-1

2006-07 2007-08 Means 
T0 Control 40.53 42.00 41.27NS 
T1 Full dose from SOP (0.90) at Planting by broadcast 40.83 42.33 42.08 
T2 Full dose from SOP (0.90) at Planting by placement 43.00 43.67 43.33 
T3 Full dose SOP (0.90) 30 DAP broadcast 40.83 40.00 40.44 
T4 Full dose at 30DAP by placement 42.50 44.00 43.25 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 41.00 40.83 40.92 
T6 ½ dose at planting + ½   30 DAP by placement 41.50 41.17 41.33
T7  ½ dose 30 DAP + ½ 60 DAP by broadcast 39.77 40.00 39.88 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 38.50 38.83 38.67 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
DAP=Days after planting 

 
The above arrangement of mean values indicated that T2 demonstrated 

superiority over rest of the variables, followed by T4 whereas, T8 occupied the last 

position.  

Leaves have basic role in photosynthesis. More the leaves, the efficiently food 

are manufactured and resultantly better growth and health of the plant which give rise 

to more yield. Leaves require nutrition especially nitrogen based fertilizers while 

presence of K aids in photosynthetic process and water up take in plants. It also 

regulates nutrient translocation, favors carbohydrates transport and its storage as well 

as synthesis of protein and starch in the plants (Marschner, 1995). As rapidly 

available K was found favorable for better water and nitrogen use efficiency than the 

placement of potassium fertilizers at the time of planting along with the potato seed 

that might produce more leaves as compared to other variables. Next to that was T4
 (in  



  63

 

89

90

91

92

93

94

95

96

97

To T1 T2 T3 T4 T5 T6 T7 T8 T9

Treatments

T
o
ta

l 
em

er
g
en

ce
 %

ag
e

2006-07 2007-08

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

To T1 T2 T3 T4 T5 T6 T7 T8 T9

Treatments

N
o
. o

f 
a
er

il 
s
te

m
s
 p

er
 p

la
n
t

2006-07 2007-08

 

35

36

37

38

39

40

41

42

43

44

45

To T1 T2 T3 T4 T5 T6 T7 T8 T9

Treatments

N
o
. 
o
f 
le

av
es

 p
e
r 
p
la

n
t

2006-07 2007-08

 

Fig 4:- Effect of application of potassium through various techniques on total 
emergence percentage, No. of aerial stems per plant and No. of leaves per 
plant. 
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which full dose of SOP after 30 days of planting through placement method was 

applied) which showed nearly similar results to T2.  The treatment with ½ dose of 

SOP after 30 days of planting and ½ after 60 days of planting through placement 

method,  gave poor performance as compared to other treatments which might be due 

to less availability of K needed for the initial growth and development of the plant. 

These results are in conformity with the findings of Malik et al. (1995) who reported 

that with the placement application of K mixed with N and P gave remarkably good 

plant growth and more number of leaves. Ayyub et al. (2001) also reported similar 

findings that the number of leaves was the highest in case of N and K applied 

simultaneously through blending technique to potato crop. 

4.2.4. Plant height (cm): 

The height of plants were noted and subjected to analysis of variance (App. 

16) which revealed significant results for treatments and years while their interactions 

were found to be non-significant. Average values for the treatment variables are 

arranged in Table 4.15 in accordance with the DMR test. 

Table 4.15:- Effect of different methods of potassium fertilizers application on 
plant height (cm).   

 
Treatments Time, dose (kg)and Method of K app. Plot-1 Plant height (cm) 

2006-07 2007-08 Means 
T0 Control 46.33 43.00 44.67c 
T1 Full dose from SOP (0.90) at Planting by broadcast 49.00 49.33 49.17b 
T2 Full dose from SOP (0.90) at Planting by placement 53.33 54.33 53.83a 
T3 Full dose SOP (0.90) 30 DAP broadcast 45.33 48.67 47.00bc 
T4 Full dose at 30DAP by placement 52.00 54.33 53.17a 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 47.67 45.00 46.33bc 
T6 ½  dose at planting + ½   30 DAP by placement 46.00 48.67 47.33bc 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 45.67 43.67 44.69c 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 44.00 45.33 44.71c 
NS= Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP=Days after planting 

Average values for the years are given for perusal. 

Year2006-07 = 47.067 b 

Year 2007-08 = 47.467 a 

An examination of the above arranged results indicated significant superiority 

of T2 whereas, T4 was at the 2nd position but both were statistically at par while T1, T3, 

T5 and T6 exhibited slight difference as compared to T7, T8 and T0 in view of the 

statistical analysis. Further probing into the results, T0 (control) showed the lowest 

performance on the aspect. 
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In the light of above narrated situation, it was quite clear that application of K 

fertilizers at the time of planting through placement method along with ½ nitrogen 

and full dose of phosphorus, proved to be better as compared to the application 

through broadcast method at the time of planting either split application of the 

elements; ½ at planting + ½ after 30 days or ½ after 60 days of planting. These results 

are in agreement with the findings of Taiz and Zeiger (2006) who reported that 

remarkable plant height in potato crop was achieved with the application of NPK at 

the time of planting or in split doses after planting.  

4.2.5. No. of tubers plant -1: 

Data were collected by counting the number of tubers from randomly selected 

plants of each treatment at the time of harvest and then average values were calculated 

which gave rise to the number of tubers per plant. The same data were subjected to 

analysis of variance (App.17) which indicated significant results for treatments and 

years while their interactions were found non-significant. 

The mean values for significant results are arranged in Table 4.16 in 

accordance with Duncan’s New Multiple Range Test. 

Table 4.16:- Effect of different methods of potassium fertilizers application on 
number of tubers plant-1. 

 
Treatments Time, dose (kg) and Method of K app. Plot-1 No. of tubers plant-1

2006-07 2007-08 Means 
T0 Control 4.85 4.58 4.71c 
T1 Full dose from SOP (0.90) at Planting by broadcast 5.95 6.35 6.15ab 
T2 Full dose from SOP (0.90) at Planting by placement 6.30 6.68 6.49a 
T3 Full dose SOP (0.90) 30 DAP broadcast 5.14 5.04 5.88ab
T4 Full dose at 30DAP by placement 6.09 6.28 6.18ab 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 5.43 5.08 5.25c 
T6 ½  dose at planting + ½   30 DAP by placement 5.82 5.80 5.81b 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 4.91 9.79 4.85c 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 5.34 4.78 5.06c 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP = Days after planting 

The mean values for the years are given below for a perusal. 

Year2006-07 = 5.448 a 

Year 2007-08 = 5.418 b 

A glance on the presented results for the combination of treatments in Table 

4.16, reflected upon significant superiority of T2 over other treatments, followed by T4 

and T1 which stood statistically at par while, T6 was found better than T4, T3 and T1. 

No significant differences could be traced out amongst the T5, T8, T7 and T0. As 
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much, these five treatments were found to have occupied the bottom position as a one 

unit of treatments from statistical point of view. 

These results clearly exhibited the primacy of T2 (i.e. Full dose of SOP at the 

time of planting through placement method). On the other hand, the combinations of 

T5, T3, T7 with the application of SOP; either full dose at planting, or ½ dose at 

planting + ½ dose after 30 days of planting, or ½ dose after 30 days of planting + ½ 

dose after 60 days of planting; through broadcast method, could not perform well as 

compared to placement method of application. It is postulated that easily available k 

with the required amount of N and P might improve soil health and plant nutrition 

(George and Schruitt, 2002) which enhanced the numbers of stolons and the tubers in 

the long run. Thus, higher the number of stolons greater could be number of tubers. 

These results corroborate with the findings of Grewal et al. (1991).  

 4.2.6. Tuber weight plant -1: 

 Observations pertaining to this aspect of study were collected and subjected to 

analysis of variance (App-18) which revealed significant results for treatments and 

years while their interactions were found non-significant. The mean values for the 

significant results are arranged in Table 4.17 in accordance with DMR test: 

Table 4.17:- Effect of different methods of potassium fertilizers application on 
tubers weight plant-1. 

  
Treatments Time, dose (kg) and Method of K app. Plot-1 Tuber weight plant-1 (grams) 

2006-07 2007-08 Means 
T0 Control 210.33 198.33 204.3d 
T1 Full dose from SOP (0.90) at Planting by broadcast 278.67 266.00 272.3bc 
T2 Full dose from SOP (0.90) at Planting by placement 322.33 322.00 322.2a 
T3 Full dose SOP (0.90) 30 DAP broadcast 247.00 274.33 260.7c 
T4 Full dose at 30DAP by placement 305.00 318.00 315.5a 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 301.67 306.33 304.0ab 
T6 ½  dose at planting + ½   30 DAP by placement 302.33 311.33 306.8ab 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 221.67 207.67 214.0d 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 198.67 229.33 124.7d 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP = Days after planting 

The mean values for the years are given below. 
 

Year2006-07 = 259.867 b 
Year 2007-08 = 264.333 a 

 

An examination of above arranged mean values enunciated in table 4.17 

indicated that T2 remained at the top, followed by T4 however, both demonstrated 

statistically at par. Whereas T8, T7 and T0 secured the last three positions in 

descending order by showing poor performance once again due to very late or without  
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Fig 5:- Effect of application of potassium through various techniques on plant 
height (cm), No. of tubers per plant and tuber weight per plant (g). 
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application of the required K which might slow down the metabolic activities 

occurring in the plant through stimulating effects of K and proper utilization of N and 

P especially in case of split applications (30 and 60 days after planting) as compared 

to full basal dose at planting and vice versa. These results are correlated with the 

findings of Martin-Prevel (1989) who reported that potassium was found effective for 

more marketable large sized and heavy tubers which enhanced economic returns. 

4.2.7. Yield (Tons ha-1): 

The data for the aspect of yield were processed for statistical analysis which 

are produced in (App. 19) as the analysis of variance table. The table indicated 

significant results for treatments and years but their interactions were found non-

significant. The mean values for the significant results are arranged in Table 4.18 in 

accordance with DMR test. 

Table 4.18:- Effect of different methods of potassium fertilizers application on 
Yield (Tons ha-1). 

 

Treatments Time, Dose (kg) and Method of K app. Plot-1 Yield ha-1 (Tons) 
2006-07 2007-08 Means 

T0 control 12.11 12.03 12.07d 
T1 Full dose from SOP (0.90) at Planting by broadcast 15.81 14.53 15.17bc 
T2 Full dose from SOP (0.90) at Planting by placement 19.18 20.06 19.62a 
T3 Full dose SOP (0.90) 30 DAP broadcast 13.89 13.19 13.89cd 
T4 Full dose at 30DAP by placement 17.06 16.29 16.67d
T5 ½ dose at planting+ ½ 30 DAP by broadcast 15.28 16.12 15.70b 
T6 ½  dose at planting + ½   30 DAP by placement 16.35 16.24 16.30b 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 13.89 12.31 13.10d
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 13.58 13.22 13.40cd 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP = Days after planting 

The mean values for the years are presented below for a comparison. 

Year 2006-07 = 14.924 a 
Year 2007-08 = 14.641 b 

A thorough examination of the table 4.18 indicated significant superiority of 

T2 (19.62 tons ha-1) over the other treatments, followed by T4, T6 and T5 which were 

also found statistically at par. Whereas, T7 and T0 showed poor results by producing 

13.10 and 12.07 tons yield ha-1 as compared to other treatments. It has already been 

postulated in the description of the previous parameters about the correlation effects 

of K through the placement method of application in combination  with N and P at the 

required doses, might accelerate the metabolic activities of plants by improving soil 

health and plant nutrition. Consequently, more stems and stolons might be produced 

which gave rise to more tubers with extra weight and ultimately higher yields were 
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achieved. These results are in concurrence with the findings of Grewal et al. (1991), 

Singh et al. (1996) and George and Schruitt (2002).  

4.2.8. Specific gravity: 

  The data of this qualitative parameter were obtained and subjected to 

statistical analysis of variance (App. 20) which reflected upon that although 

significant results were achieved for treatments and years yet these differences 

amongst treatments were quite small. The mean values for the significant results are 

given in Table 4.19 in accordance with DMR test.  

Table 4.19:- Effect of different methods of potassium fertilizers application on 
specific gravity. 

 

Treatments Time, Dose (kg) and Method of K app. Plot-1 Specific gravity 
2006-07 2007-08 Means 

T0 control 1.071 1.075 1.073bcd 
T1 Full dose from SOP (0.90) at Planting by broadcast 1.076 1.076 1.076ab 
T2 Full dose from SOP (0.90) at Planting by placement 1.078 1.077 1.077a 
T3 Full dose SOP (0.90) 30 DAP broadcast 1.069 1.070 1.069e 
T4 Full dose at 30DAP by placement 1.071 1.071 1.071de 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 1.074 1.073 1.073bcd 
T6 ½  dose at planting + ½   30 DAP by placement 1.075 1.076 1.075ab 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 1.075 1.074 1.074abc 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 1.071 1.072 1.071cde 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP = Days after planting 

The average values for the years are given below for a perusal. 

Year 2006-07 = 1.073 b 
Year 2007-08 = 1.074 a 

The specific gravity is a qualitative character which reflects upon the maturity 

of tubers. It cannot be judged with visual observations. A thorough examination of the 

above arrangement indicated that the difference amongst treatments means was not so 

large. Anyhow, T2 showed better performance, followed by T1 and T6 while, T3 

occupied the last position. These results might be due to the availability of necessary 

inputs including K at the initial stages of plant growth that is why the plants did not 

face any stress. Hence, they performed better. Whereas, some of the results were 

amazing because T1 produced almost equal performance as compared to T2 which 

indicated that the application through broadcast and placement was equally effective 

with regard to specific gravity of tubers. Whereas, T6 and T7 (application through 

broadcast or placement in split doses; ½ at planting + ½ after 30 days or 60 days) 

were also found statistically at par. So it could be argued that due to the availability of 

N and P  at the constant rate to all the treatments with K as variable either applied 

through placement or broadcast method in full or split doses at the time of planting or 
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30 days or 60 days after the planting, a small difference was found amongst 

themselves. These results are correlated with the findings of Perrenoud (1993) and 

Martin-Prevel (1989) who expressed that the specific gravity was influenced with the 

application of potassium to potato. 

4.2.9. Tuber dry matter percentage: 

The observations on this aspect of study were noted and subjected to analysis 

of variance (App. 21) which revealed significant differences amongst the mean values 

of treatment and years while their interactions were found to be non-significant.  The 

mean values of the treatments are arranged in Table 4.20 as per DMR test. 

Table 4.20:- Effect of different methods of potassium fertilizers application on 
tuber dry matter %age. 

 

Treatments Time, Dose (kg)and Method of K  app. Plot-1 Tuber dry matter %age 
2006-07 2007-08 Means 

T0 control 18.20 18.84 18.52bc 
T1 Full dose from SOP (0.90) at Planting by broadcast 19.73 18.47 19.10ab
T2 Full dose from SOP (0.90) at Planting by placement 19.43 19.20 19.32a 
T3 Full dose SOP (0.90) 30 DAP broadcast 17.83 18.20 18.02c 
T4 Full dose at 30DAP by placement 18.70 17.97 18.33bc 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 18.70 18.67 18.68abc 
T6 ½  dose at planting + ½   30 DAP by placement 19.03 19.00 19.02ab 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 19.03 18.83 18.93ab 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 18.67 18.48 18.47bc 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P≤0.05 
DAP = Days after planting 

The mean values for the years are produced below for comparison. 
Year 2006-07 = 18.790 a 
Year 2007-08 = 18.641b 

It is evident from the above table that T2 produced the best results while, T3 

occupied the last position. Whereas, other treatments i.e.T1, T6, T7, T5 T0, T8 and T4 

were found in between as they all produced results being statistically at par. 

It could be visualized that the qualitative character of tuber dry weight %age 

was not affected much with the mode of fertilizer application (either placement or 

broadcast) while placement method produced slightly better results as compared to 

broadcast method of application. On the other hand, full dose of fertilizer at the time 

of planting did not give any difference. It could also be speculated that more the 

specific gravity, higher the dry matter percentage or higher the transpiration rate, and 

more the moisture loss which might be the cause of low dry matter percentage or vice 

versa. These results are the same as reported by Trawczynski (2001) who concluded 

that the method of application had no significant effect on tuber dry matter 

percentage.  
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Fig 6:- Effect of application of potassium through various techniques on Yield 
(Tons ha-1), Specific gravity and tuber dry matter percentage. 
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4.2.10. Tuber total soluble solids (0 Brix): 

The data on tuber total soluble solids were subjected to statistical analysis and 

results obtained are presented in (App.22) as an analysis of variance table. The 

average values for different treatments, under the aspect of study are shown in Table 

4.21 in accordance with the DMR test. 

Table 4.21:- Effect of different methods of potassium fertilizers application on 
tuber TSS (°Brix). 

 
Treatments Time, Dose (kg) and Method of K app. Plot-1 Tuber total soluble solids (°Brix) 

2006-07 2007-08 Means 
T0 control 4.00 4.21 4.11d 
T1 Full dose from SOP (0.90) at Planting by broadcast 5.21 5.16 5.19ab 
T2 Full dose from SOP (0.90) at Planting by placement 5.74 5.15 5.45a 
T3 Full dose SOP (0.90) 30 DAP broadcast 4.74 5.14 4.94bc 
T4 Full dose at 30DAP by placement 4.65 4.70 4.68cd 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 4.70 4.65 4.68cd 
T6 ½ dose at planting + ½   30 DAP by placement 4.64 4.69 4.59cd 
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 4.39 4.20 4.30cd 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 4.34 4.07 4.21cd 
DAP = Days after planting 
Means followed by the same letter in a column do not differ significantly at P≤0.05  

The mean values for the years are given below. 

Year 2006-07 = 4.678 a 

Year 2007-08 = 4.661 b 

It may be seen from the table 4.21 that T2 showed superiority over all other 

treatments, followed by T1 and T3 while T0 occupied the last position whereas, 

remaining treatments T4, T5, T6, T7 and T8 were found at par from the statistical point 

of view in descending order.  

TSS is a qualitative and nutritive character related to maturity and ripening of 

tubers. It has already reported in the earlier descriptions of parameters that K has a 

vital role in improving soil health and plant growth when applied along with N and P. 

The availability of necessary nutrients particularly K, might improve and activate 

enzymes which are fundamental for the metabolic activities with accelerated 

photosynthetic activities and speeding up the flow of assimilates with improving 

water use efficiency that resultantly might improve the quality of tubers. When K was 

supplemented with the tuber seed, it might support above speculations. The results are 

partially correlated with the findings of Roberts and McDole (1985) who reported that 

potassium was found necessary for the early stages of plant growth because it showed 

positive impact on roots growth. Therefore, K application at the time of planting is 

obligatory. It is a common practice to surface broadcast K fertilizer at the time of 

planting for the better vegetative growth and quality of potato crop. 
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4.2.11. Tuber dry weight plant-1(g): 

Information on this parameter were collected and subjected to statistical 

analysis for variance (App.23) which revealed significant differences among the mean 

values of treatments and years. The average mean values for different combination of 

treatments are arranged in Table 4.22 in accordance with Duncan’s New Multiple 

Range Test.  

Table 4.22:- Effect of different methods of K fertilizers on Tuber dry weight 
plant-1 (g). 

 
Treatments Time, Dose (kg) and Method of K app. Plot-1 Tuber dry weight plant-1 (g) 

2006-07 2007-08 Means 
T0 Control 71.69 72.29 71.99bc 
T1 Full dose from SOP (0.90kg) at Planting by broadcast 72.25 73.96 73.11b 
T2 Full dose from SOP (0.90kg) at Planting by placement 78.16 77.47 77.82a 
T3 Full dose SOP (0.90kg) 30 DAP broadcast 66.65 67.71 67.06bc 
T4 Full dose at 30DAP by placement 76.07 73.17 74.62a 
T5 ½ dose at planting+ ½ 30 DAP by broadcast 66.65 66.72 61.68c 
T6 Full dose at planting + ½   30 DAP by placement 75.02 72.95 73.99a
T7 ½ dose 30 DAP + ½ 60 DAP by broadcast 65.16 64.35 64.75bc 
T8 ½ dose at 30 DOP + ½ 60 DAP by placement 75.89 71.97 73.93a 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
DAP = Days after planting 

The mean values for the years are presented below for comparison. 

Year 2006-07 = 71.361 a 

Year 2007-08 = 69.965 b 

A perusal of the tabulated mean values indicated that T2 succeeded to capture 

the highest position, followed by T4, T6, and T8, which showed minor differences 

amongst themselves as they are statistically at par.  Whereas, T0, T3 and T7 were 

ranked in between as they had shown slight difference among themselves being 

statistically at par while T5 stood at the lowest position. 

If one deeply views the above scenario, it would be evident that the placement 

method ousted broadcast method of application with respect to the tuber dry weight 

plant-1. Basal and split doses though showed their impact, yet their dominated 

effectiveness could not be seen between them. According to Grewal et al. (1992) 

potato needs sufficient amount of K for its sustainable yield. The water contents were 

found more in tubers where K was applied. Additional water was found useful in 

increasing the dry weight. Under the above situation, more water up take by the potato 

plants with more assimilation of K fertilizer either applied through placement or 

broadcast method was observed. In these results, the placement method was found 

superior to broadcast; henceforth the out come of the results had legitimacy. This 
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Fig 7:- Effect of application of potassium through various techniques on Total 
soluble solids and Tuber dry weight per plant. 
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assumption in accordance with the findings of Perrenoud (1993) who reported that 

with the application of K, larger sized tubers of potatoes were observed with 

increasing water accumulation in them, consequently it lowered dry matter 

percentage. 

CONCLUSIONS: 

The following conclusions were drawn from the experiment No. 2 

1. Full dose from SOP at the time of planting through placement method of 

application, proved better as compared to other combinations for most of the 

parameters of growth and yield. 

2. Overall, T2 (Full dose of SOP at planting through placement method) gave 

good      Performance. 

3. The combinations, with half dose of potassium application after 30 DAP + 

half after 60 DAP, using both the methods of application (i.e. Placement or 

Broadcast) performed poorly. 

4. The placement technique proved more effective than the broadcast method of 

K application. 
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4.3. EXPERIMENT NO 3: 

Impact of various potassium levels on qualitative and quantitative aspects 

of potato crop: 

This experiment was conducted to assess the optimal level of potassium for 

the best economic returns from potato crop. There were 7 levels of K (0, 50, 100, 150, 

200, 250 and 300 kg K2O ha-1) applied which were scientifically tested for growth and 

yield parameters under RCBD statistical design. Significant differences amongst 

treatment means were compared with the DMR test. The details of results with 

discussions are hereby presented:-  

4.3.1 Total Emergence Percentage: 

The data for the parameter were collected and converted into percentage 30 

days after planting. These data were subjected to the analysis of variance (App-24) 

which revealed significant results for treatments and years while their interactions 

were found non-significant. The mean values are shown in Table 4.23 according to 

DMR test.  

Table 4.23:- Effect of different levels of potassium fertilizers application on 
total emergence %age.  

 

Treatments K2O levels(kg ha-1) Total emergence %age 
2006-07 2007-08 Means 

T0 Control 91.190 91.327 91.264c 
T1 50 93.157 91.430 92.294bc 
T2 100 96.880 96.490 96.685ab 
T3 150 96.490 97.530 97.102a 
T4 200 94.438 94.343 94.446abc 
T5 250 94.587 94.110 94.248abc 
T6 300 92.062 91.983 92.062c 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for the years are given below. 
Year2006-07 = 93.970 b 
Year 2007-08 = 94.058 a 

A perusal of the mean values for different combination of treatments showed 

significant results with the superiority of T3 over all other treatments, followed by T2 

which was also found statistically different from T3 but it had statistically ousted other 

treatments whereas, treatment T4 and T5 were found statistically at par while, T1, T6 

and T0 showed poor performance as they were found at the bottom in descending 

order. The superiority of 150 kg K2O ha-1 level could be judged with the maximum 

emergence percentage. The optimum germination fell between 100 kg K2O ha-1 to 250 

kg K2O ha-1. Both the minimum and maximum levels (50 & 300 kg K2O ha-1) 
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declined germination. The highest level was more pronounced in this respect as it was 

at par with the control. A plausible explanation for such a behavior of K2O was 

observed by Ayyub et al. (1998) who reported to obtain maximum tuber emergence 

percentage with the application of balanced nutrients i.e. NPK while in case of under 

and over doses, tuber emergence %age was found negligibly affected.    

4.3.2. No. of aerial stems plant-1: 

The experimental data regarding number of aerial stems plant-1 were collected 

and subjected to the analysis of variance (App.25). The ANOVA indicated that the 

results for treatments, years and their interactions were found non-significant. The 

average values for the treatments are arranged in Table 4.24. 

Table 4.24:- Effect of different levels of potassium fertilizers application on 
number of aerial stems plant-1.  

 

Treatments K2O levels(kg ha-1) No. of aerial stem plant-1 
2006-07 2007-08 Means 

T0 Control 2.938 3.003 2.970 NS 
T1 50 3.167 3.100 3.133 
T2 100 3.243 3.167 3.205 
T3 150 3.330 3.197 3.265 
T4 200 3.187 3.183 3.185 
T5 250 3.090 3.097 3.093 
T6 300 2.957 2.920 2.938 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The above arrangement indicated similar results for the number of aerial stems 

plant-1. However, T2 and T3 got the highest position while, T6 was found at the 

bottom. It is an established fact that stems support leaves of the plants for 

photosynthesis with which food is synthesized for the survival of plants. Similarly, 

vegetative growth is entirely dependent upon the availability of essential nutrients 

including potassium for the generation of energy in the form of ATP to run the 

metabolic activities of the plant smoothly.  

In order to explain the results, one would clearly visualize from the above 

scenario that the excessive doses i.e. 250 kg K2O ha-1 and 300 kg K2O ha-1 performed 

worse than the control which might have negative impact by reducing the number of 

aerial stems plant-1. These results are in conformity with the findings of Ayyub et al. 

(1997) who reported that number of aerial stems plant-1 were found more with the 

application of balanced nutrition to the potato crop.   
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4.3.3. No. of leaves plant-1: 

The observations recorded for this factor were subjected to statistical analysis 

and the results obtained are presented in (App 26) as analysis of variance table. The 

ANOVA revealed non-significant results for all combination of treatments, years and 

their interactions. The average values of different treatments are arranged in Table 

4.25.  No significant difference was found from the above arrangement. In all, T3 

occupied the highest position while, T6 was seen at the bottom. 

Table 4.25:- Effect of different levels of potassium fertilizers application on No. 
of leaves plant-1. 

 
Treatments K2O levels(kg ha-1) No. of leaves plant-1 

2006-07 2007-08 Means 
T0 Control 43.167 43.833 43.500 NS 
T1 50 43.000 42.133 42.917 
T2 100 43.900 43.200 43.550 
T3 150 43.667 45.167 44.417 
T4 200 43.167 41.833 44.000 
T5 250 42.500 42.633 43.567 
T6 300 41.833 40.667 41.250 
NS = Non-significant 
Mean followed by the same letter in a column do not differ significantly at P≤ 0.05 

 

The leaves are the food factories of plants which manufacture necessary 

photosynthates used for the plant health. Potassium plays an important role in 

promoting the rate of photosynthesis and essential for functioning of it. Potassium is 

also helpful in speeding up the flow of assimilates to all parts of plant (Perrenoud, 

1993). The photosynthates must be transported from the leaves to the site of their use 

or storage (tubers). On the other hand, Nitrogen is known for boosting up vegetative 

growth in plants.  On the presence of K and N together, one could speculate that with 

the interaction of the said elements, the number of leaves were found increased up to 

the application level of 200 kg ha-1 thus, gave favorable results but the excessive 

doses (i.e. 250 kg and 300 kg ha-1) than the said level, reduction in the number of 

leaves was observed. These levels might have negative impact on the vegetative 

growth. These results corroborate with the findings of Singh et al. (1996) who 

reported that numbers and chlorophyll contents of leaves were found more with the 

application of K2O in combination with N. While these conclusions are contrary to the 

finding of Oliveira (2000) who claimed that higher levels of N increased the number 

of leaves in potato crop. 
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Fig 8:- Impact of various potassium levels on qualitative and quantitative aspects 

of potato crop on Total emergence %age, No. of aerial stems per plant 
and No. of tubers per plant. 
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4.3.4. Plant height (cm): 

 The data collected on plant height are in (App.27) as an analysis of variance 

table. A glance on the ANOVA reflected upon significant results for treatments and 

years while their interactions were found non-significant. The mean values of various 

treatments are presented in Table 4.26 after subjecting to Duncan’s New Multiple 

Range test so as to assess their status from significance point of view.  

Table 4.26:- Effect of different levels of potassium fertilizers application on 
plant height (cm). 

 
Treatments K2O levels(kg ha-1) Plant height (cm) 

2006-07 2007-08 Means 
T0 Control 40.600 41.300 40.950 c 
T1 50 44.400 43.567 43.983 bc 
T2 100 46.333 46.333 46.333 abc 
T3 150 49.533 48.033 48.783 a 
T4 200 44.800 39.933 43.327 bc 
T5 250 42.067 39.800 40.933 c 
T6 300 40.200 40.600 40.400 c 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for the years are given below. 

Year 2006-07 = 43.900 a 

Year 2007-08 = 43.081 b 

An examination of narrated results indicated significant superiority of T3 

which produced the tallest potato plant with a height of 48.78 cm, followed by T2 with 

46.33 cm and T4 with 43.32 cm height whereas, T0 , T5 and T6 performed poorly by 

producing shorter plants of 40.95, 40.93 and 40.40 cm respectively in descending 

order as per their performances. 

It is quite obvious from the above described results that the excessive doses of 

K2O i.e. 250 kg and 300 kg ha -1, reduced plant height as compared to T0 (control). N 

is related with vegetative plant growth.  It seems that K2O enhanced uptake of N by 

plants but within the 100 and 150 kg K2O ha-1levels, it started depressing vegetative 

growth from 200 kg K2O ha-1 gradually but plant height became static from 250 kg 

K2O ha-1 rate onward. It may be postulated that high levels of K2O are prohibitive to 

plant growth reduced N supply by inactivating the root system; the site for nutrient 

absorption. These results are similar to the findings of Singh and Singh (1995) who 

reported a significant increase in plants height or shoot biomass of potato was 

observed within the range of 50-200 kg K2O ha-1.  
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4.3.5. No. of tubers plant-1: 

The analysis of variance related to number of tubers plant-1, showed 

significant results for the treatments and year’s means while their interactions were 

found non-significant. The results obtained are presented in (App. 28). The mean 

values for treatments were arranged in Table 4.27 in accordance with DMR test. 

Table 4.27:- Effect of different levels of potassium fertilizers application on 
number of tubers plant-1. 

 
Treatments K2O levels(kg ha-1) No. of tubers plant-1 

2006-07 2007-08 Means 
T0 Control 5.520 5.780 5.650abs 
T1 50 5.687 6.177 5.925ab 
T2 100 6.173 6.103 6.120a 
T3 150 5.676 6.557 6.122a 
T4 200 5.933 5.973 5.953ab 
T5 250 5.067 5.180 5.123bc 
T6 300 4.560 5.260 4.910d 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The average values for the years are presented below. 

Year 2006-07 = 5.513 b 

Year 2007-08 = 5.861 a 

It appeared from the analysis that differences between T3 and T2 (150 kg and 

100 kg K2O ha-1 respectively) were very minute while they had significantly 

dominated over other treatments. T4 (200 kg K2O ha-1) and T1 (50 kg K2O ha-1) 

occupied the next best position with 5.952 and 9.932 tubers plant-1. Over all, 

combination with 150 kg K2O ha-1 treatment secured the highest with 6.122 tubers 

while, the level of 300 kg K2O ha-1
 with 4.910 tubers, occupied the lowest position.  

 It is quite clear from the above results that with the applications of K2O to a 

certain limits, the number of tubers per plant were found promoted whereas, the 

excessive doses produced negative impacts. The least doses for tuber induction are 

100 and 150 kg K2O ha-1 but these are at par 50 & 200 kg K2O ha-1 but with relatively 

lower numbers of tubers plant-1. It seems that tubers are positively co-related with 

plant height as the doses reducing the plant height account for reduction in number of 

tuber plant-1. Alternatively more the plant height more developed is the root system to 

bear more tubers. These results are correlated with the findings of Singh et al. (1996) 

who reported that with the increasing levels from 0-188 kg K2O ha-1, the number of 

tubers was found increased.  
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4.3.6. Tuber weight plant-1: 

The data on tuber weight plant-1 were subjected to statistical analysis and the 

results obtained are presented in (App.29) as an analysis of variance table. One would 

visualize from the results shown on the aspect that they were significant in case of 

treatments and years while their interactions were found non-significant. The average 

values of treatments are arranged in the Table 4.28 so as to compare the differences 

existing amongst the treatments. 

 
Table 4.28:- Effect of different levels of potassium fertilizers application on 

tuber weight plant-1. 
 
Treatments K2O levels(kg ha-1) Tuber weight plant-1 

2006-07 2007-08 Means 
T0 Control 280.333 304.333 292.333b 
T1 50 296.000 298.667 297.333b 
T2 100 323.000 356.667 339.833a 
T3 150 341.333 348.000 341.167a 
T4 200 330.000 348.000 339.000a 
T5 250 265.067 284.333 275.000b 
T6 300 203.000 256.667 228.333c 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for the years are given below. 

Year 2006-07 = 291.333 b 

Year 2007-08 = 312.381 a 

  The above results indicated significant superiority of T3 (150 kg K2O ha-1) 

over the other treatments, followed by T2 (100 kg K2O ha-1) and T4 (200 kg K2O ha-1) 

but they were statistically at par as a minor difference was found in mean values. On 

the other hand, treatments T1, T0 and T5 gave results statistically at par while T6 (300 

kg K2O ha-1) secured the lowest position. 

The data of tuber weight plant-1 indicated that with the level of 150 kg K2O ha-

1, 341.2 grams tubers were produced. Likewise supplementation of 100 and 200 kg 

K2O ha-1, gave 339.9 and 339.0 g weight of tubers plant-1. Hence no significant 

differences could be visualized between the levels of 100-200 kg K2O ha-1 but, It was 

found maximum where 100, 150, 200 kg K2O ha-1 were applied. The trend is 

comprehensible as these levels were responsible for an increased number of tubers. It 

is thus, evident that tuber weight plant-1 corresponded with the No. of tubers plant-1 

i.e. more the number of tubers more is the tubers weight. Hence, the highest doses of 

K2O (250 & 300 kg K2O ha-1) were observed exerted negative nuance to tubers 
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Fig 9:- Effect of various potassium levels on qualitative and quantitative aspects 
of potato crop on Plant height (cm), No of tubers per plant and tuber 
weight per plant. 
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weight which became extreme at the highest dose. This observation is identical to the 

number of tubers as similar trend was noted there. However, the tuber weight plant-1 

did not respond well with the number of tuber plant-1 under T0 and T1 (control and 50 

kg K2O ha-1). This may be explained by assuming that individual tuber weight was 

not enhanced when K2O level remained up to 50 kg ha-1. This level seems to be 

insufficient to trigger the uptake of N which is directly propositionate to manufacture 

of the starches stored in the tubers. These results are found in accordance with the 

findings of Perrenoud (1993) who reported that the size and weight of tubers was 

observed enhanced with the application of potassium to a certain level. Chapman et 

al. (1992) reported that higher K application to potato crop was found unnecessary for 

enhancing tuber weight and yield. 

4.3.7. Yield (Tons ha-1): 

The observations concerning the yield ha-1 were recorded and subjected to 

statistical analysis and the same are given in (App.30) as an analysis of variance table 

which showed significant results for the treatments and years while their interaction 

was found non-significant. The mean values for different treatments are presented in 

Table 4.29 in accordance with DMR   test.   

Table 4.29:- Effect of different levels of potassium fertilizers application on 
yield (Ton ha-1). 

 
 
Treatments K2O levels(kg ha-1) Yield ha-1 (Tons ha-1) 

2006-07 2007-08 Means 
T0 Control 18.443 19.850 19.147c 
T1 50 19.653 20.017 19.835bc 
T2 100 21.927 24.297 23.112a 
T3 150 23.630 23.517 23.438a 
T4 200 20.943 22.610 21.477ab 
T5 250 18.147 18.250 18.198c 
T6 300 12.713 16.883 14.798b 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

The mean values for the years are given below. 

Year 2006-07 = 19.312 b 

Year 2007-08 = 20.775 a 

  A glance on above results reflected upon significant superiority of T3 and T2 

over other treatments while they stood statistically at par, followed by T4 and T1.  No 

significant difference could be traced out among T0, T5 & T6 and they occupied the 
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bottom position. One would observe from the above  results that 150 kg K2O ha-1 

gave 23.44 tons ha-1  yield while, 23.11 tons ha-1 of tubers were produced with the 

application of 100 kg K2O ha-1. Both the combinations behaved statistically alike but 

superseded other treatments. It is amazing that the combination, where no K2O 

(control) was applied, gave statistically similar results rather more yield was achieved 

i.e. 19.15 tons ha-1 as compared to 18.20 tons ha-1 to the treatment where 250 kg K2O 

ha-1 was applied. These results corroborate with the findings of Singh (1999) who 

reported to achieve 134, 184, 202 q ha-1of tubers with the applications 0. 75, 150, kg 

K2O ha-1 respectively while Perrenoud (1993) reported 37 tons ha-1 yield was 

achieved with the application of 196 kg K2O  ha-1  in combination with N and P. 

Whereas, Grewal et al. (1991) also reported  yield  gain of 52 q ha-1 with the 

application of 113 kg K2O ha-1 in alluvial soils.  

4.3.8. Specific gravity: 

 The data on specific gravity were processed for statistical analysis and the 

results obtained are presented in (App.31). A close view of the ANOVA indicated 

statistically non-significant results for treatments, years and their interactions. The 

mean values of treatments and years were presented in Table 4.30.  

Table 4.30:- Effect of different levels of potassium fertilizers application on 
specific gravity. 

 
Treatments K2O levels(kg ha-1) Specific gravity 

2006-07 2007-08 Means 
T0 Control 1.067 1.065 1.067 NS 
T1 50 1.067 1.068 1.068 
T2 100 1.069 1.069 1.069 
T3 150 1.070 1.072 1.071 
T4 200 1.072 1.072 1.072 
T5 250 1.073 1.071 1.072 
T6 300 1.074 1.073 1.074 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 The specific gravity is a qualitative character concerned with chipping 

quality. So K levels had negligible affect related to this aspect of study, as all 

combinations of treatments exhibited more or less parallel results for the production 

of good quality tubers. These non-significant results having slightly narrow 

differences amongst treatments are in accordance with the findings of Perrenoud 

(1993) who reported that K promoted large sized tubers by increasing water 

accumulation resulting in lowering of specific gravity. Martin-Prevel (1989) also 
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reported that with the increasing tuber size, the specific gravity was found lowered 

due to K applications. 

4.3.9. Tuber dry matter %age: 

The experimental data regarding the parameter were subjected to statistical 

analysis techniques which are presented in (App.32). The ANOVA reflected upon 

non-significant results for treatments, years and their interaction. The mean values for 

the treatments and years are given in Table 4.31 in accordance with their 

performances. 

Table 4.31:- Effect of different levels of potassium fertilizers application on 
tuber dry matter %age. 

 
Treatments K2O levels(kg ha-1) Tuber dry matter %age 

2006-07 2007-08 Means 
T0 Control 18.000 17.067 17.533NS 
T1 50 17.533 18.500 18.067 
T2 100 17.450 17.533 17.494 
T3 150 17.717 18.800 18.759 
T4 200 18.667 18.500 18.534 
T5 250 18.067 18.133 18.100 
T6 300 18.933 18.200 18.567 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  

The dry matter percentage is a qualitative character. This also reflects 

storability of potato tubers. Although results did not show significant difference 

among the treatments yet a small difference was traced. T6 (300kg K2O ha-1) gave 

maximum dry matter i.e. 18.733% while, T2 with 17.450% dry matter, which 

occupied the last position. On this juncture, one has to postulate some assumptions. 

There could be two possibilities: whether application of K to potato crop for the tuber 

dry matter %age is dependent on the availability of other essential nutrients or 

otherwise. It can, therefore, be speculated that the possibility for mode of action 

regarding the parameter seems independent as other essential nutrients were applied 

to the crop at the optimal doses. This situation appeared to be strange and well 

planned research studies are needed in order to reach some definite conclusion. These 

results corroborate with the findings of Perrenoud (1993) who reported that the size of 

tuber was enhanced with the application of K. Larger size tubers were due to 

accumulation of water in tubers that resulted in lowering of dry matter %age.  
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Fig 10:- Effect of various potassium levels on qualitative and quantitative 
aspects of potato crop on Yield (Tons per ha.) Specific gravity and 
Tuber dry mater percentage. 
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4.3.10. Tuber total soluble solids (oBrix): 

 The information were recorded for the parameter and analyzed through 

analysis of variance which have been produced in (App.33) as an ANOVA table. The 

mean values of the treatments are presented in accordance with DMR test in Table 

4.32. The results revealed that there were significant differences amongst the 

treatments and years while their interactions were found to be non-significant. 

Table 4.32:- Effect of different levels of potassium fertilizers on TSS (oBrix) 
 
Treatments K2O levels(kg ha-1) Tuber total soluble solids (°Brix) 

2006-07 2007-08 Means 
T0 Control 5.890 5.793 5.842c 
T1 50 5.793 5.930 5.862bc 
T2 100 6.297 6.157 6.227ab 
T3 150 6.367 6.683 6.375a 
T4 200 6.423 5.943 5.463d 
T5 250 5.613 5.313 5.463d 
T6 300 5.347 5.233 5.290d 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

  The average values for the years are given below. 

Year 2006-07 = 5.873 b 

Year 2007-08 = 5.910 a 

  The tabulated results of mean values  indicated significant superiority of T3 

over other treatments followed by T2, but both the treatments were found statistically 

at par while, T1 and T0 (control) were found at intermediary position whereas, T4,  T5 

and T6 were statistically grouped alike which occupied the last position but T6   

performed the lowest. 

 The data of tuber TSS indicated that the application of 150 kg K2O ha-1 to 

potato crop favored maximum TSS (i.e. 6.375OBrix) while, 100 kg K2O ha-1 also 

produced similar results with 6.227O Brix. It is moderately clear the application of 

K2O at a certain level proved effective for the aspect studied. TSS is the criterion to 

assess maturity and ripening of fruits & vegetables. A number of research findings 

have proved that with the application of K2O to potato crop at a certain level favored 

to enhance the quality and quantity of tubers. It is also found effective for the 

activation of enzymes to synthesize starch and proteins (Mengel and Kirkby, 1987) 

which ultimately improve the quality of tubers. 
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4.3.11. Tubers dry weight plant-1: 

The data collected on the aspect were subjected through the statistical analysis 

of variance and the results obtained are given in ANOVA (App. 34). A glance of the 

ANOVA reflected upon significant results for the treatments and years while their 

interactions were found non-significant. The mean values of treatments and years are 

presented in Table 4.33 in the light of Duncan’s New Multiple Range Test. 

 
Table 4.33:- Effect of different levels of potassium fertilizers application on 

tuber dry weight plant-1. 
 
Treatments K2O levels(kg ha-1) Tuber dry weight plant-1 

2006-07 2007-08 Means 
T0 Control 60.611 63.756 62.183c 
T1 50 63.196 64.849 64.023bc 
T2 100 65.206 71.961 68.583ab 
T3 150 17.577 69.919 68.748a 
T4 200 64.470 67.392 65.931abc 
T5 250 60.285 59.297 59.791d 
T6 300 57.233 59.522 58.377d 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 
The mean values for the years are given below. 
 

Year2006-07 = 62.654 b 
Year 2007-08 = 65.242 a 

  
 

 It appears from the above results that difference between T3
 and T2 was 

insignificant while they had significantly dominated over other treatments.  The best 

68.75% tuber dry weight was achieved from the level of 150 kg K2O ha-1 while, 100 

kg K2O ha-1 level gave 68.58 %. The  level  of 200 kg K2O ha-1 occupied the next 

position with 65.93 % dry matter plant-1 while, excessive dose with 300 kg K2O ha-1 

gave the worse performance i.e. 58.38 % as compared to control with 62.16 % dry 

weight plant-1 .  

The tuber dry weight is a qualitative character which represents bulking 

potential of potato crop and post harvest handling aspects of the tubers. Greater the 

dry weight lesser the moisture contents of tubers which would enhance post harvest 

handling and shelf life of tubers. The above scenario indicated that with the increasing 

of potassium levels up to a certain limit, the dry weight percentage was observed to be 

improved whereas, the excessive and under dosing of the element caused adverse 
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Fig.11:- Effect of various potassium levels on qualitative and quantitative 
aspects of potato crop on Total soluble salts and Tuber dry weight per 
plant (g). 



  91

effects by reducing dry weight percentage of the tubers. At this juncture, one can 

speculate that higher biomass of potato plants give rise to better potato yield which 

might also improve dry weight of the tubers. These results are correlated with the 

findings of Patricia and Bansal, (1999) who reported that with the application of K to 

potato crop it increased not only the yield but also improved quality aspects like tuber 

size with more dry matter percentage. 

CONCLUSIONS: 

The following conclusions were drawn from experiment No.3. 

1. The level of 150 kg K2O ha-1 was observed to increase potato crop growth and 

yield. 

2. An excessive dose of K up to 250 kg K2O ha-1 was found ineffective on 

various vegetative and yield parameters. 

3. Potassium application at the low rate i.e. up to 100 kg K2O ha-1 was found 

comparatively less effective.  
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4.4. EXPERIMENT NO.4 

Effect of different sources of potassium on physiomorphological 

characteristics and storage behavior of potato crop. 

This experiment was conducted for convenience of different 

physiomorphological aspects of potato crop by applying potassium obtained from 

different available sources (SOP, MOP and FYM).This experiment comprised of six 

combinations of treatments and the data concerning to various parameters related to 

qualitative and quantitative aspects of the potato crop, were collected on fortnight 

interval basis which were then converted through prescribed formulae and subjected 

to statistical analysis of variance. The significance among the treatment means was 

compared by using DMR test. The results obtained are discussed below:   

4.4.1. No. of leaves: 

The observations on this aspect were collected at fortnightly basis, with effect 

form 30 to 90 days after planting (DAP) in 5 intervals and analyzed the data 

separately through analysis of variance (App-35). The data regarding to the number of 

leaves revealed significant results (P≤ 0.05) for the treatments and years in each 

fortnight intervals. The mean values for treatments are presented in Table 4.34 in 

accordance to DMR test so as to assess their status for significant point of view.   

Table: 4.34:- Effect of inorganic and organic K application on number of leaves 
plant-1. 

 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  

 The data related to F1 showed that T4 with 12.587 number of leaves, ousted 

other treatments, followed by T2 (11.917) whereas, T5, T1 and T3 occupied the next 

position with 11.177, 10.620 and 10.038  number of leaves  plant-1 in  descending 

order as per their performance  while, T0 (9.133) remained at the bottom. The results 

for F2 indicated dominance of T4  with17.495 leaves, followed by T2, T5, T1 and T3 

which gave significant differences among themselves with 17.055, 15.368, 14.813 

Treat-
ments 

Source with dose (kg)plot-1 F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
T0 Control 9.133  f 13.148 f 20.855 f 32.667 f 38.703 f 
T1 FYM (100) 10.620 d 14.813 d 22.608 d 35.437 d 40.537 d 
T2 SOP (0.90) 11.917 b 17.055 b 27.052 b 39.110 b 46.170 b 
T3 MOP (0.75)  10.038 e 14.122 e 22.300 e 32.733 e 39.680 e
T4 ½ SOP(0.45)+ ½ FYM(50) 12.587 a 17.495 a 27.132 a 39.757 a 47.395 a
T5 ½MOP(0.375)+ ½ FYM(50) 11.177  c 15.368 c 24.725 c 35.500 c 43187 c 
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and 14.122 number of leave in descending order whereas, T0 occupied the last 

position with 13.148 number of leaves  plant-1. The data for the 3rd fortnight interval 

also showed superiority of T4 as it again stood at first by producing 27.132 leaves 

plant-1, followed by T2, T5 and T1 while, T3 performed better than T0 which took the 

last position. The mean values for 4th fortnight interval demonstrated supremacy of T4 

with 39.757 number of leaves plant-1 over rest of the treatments followed by T2 

(39.110), T5 (35.500), T1 (35.437) and T3 (32.733) while, T0 (32.677) was found at the 

bottom. The results for the 5th fortnight interval followed previous trend by 

performing a sequence of T4 (47.395), T2 (46.170), T5 (43.187) T1 (40.537), T3 

(39.680) and T0 (38.703) in descending order as per their performance.  

The mean values for the years are given in the following Table 3.34A for 

comparison. 

Table 4.34A:- Effect of K application through different sources regarding mean 
values of years on number of leaves plant-1. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

Above results indicated that the application of SOP with equal dose of FYM, 

gave the best results as compared to the other combinations of treatments. Similarly, 

with the application of SOP, in combination with N and P, applied at the required rate 

to all treatments, the best results were obtained. Due to slow releasing nature of 

manures, it might have been less effective at the initial stages of plant growth. It 

appears that K integrated with N and P had improved availability of essential nutrients 

for the vegetative growth (George and Schruitt, 2002) which might have boosted the 

number of leaves plant-1, resultantly the rate of photosynthesis and energy status in the 

form of ATP were enhanced which might speed up the flow of assimilates 

(Perrenoud,1993) which increased the water and nitrogen use efficiency (Grewal and 

Singh, 1980) that might be the reasons for  rapid plant growth with more number of 

leaves plant-1 (Roberts and McDole, 1985). These results are in concurrence with the 

findings of Ewing (1997) who concluded that with the application of K and manures, 

the %age of biomass was comparatively higher and contradictory with the findings of 

Waddell et al. (1999) who claimed that nitrogen was only responsible for the 

production of maximum number of leaves plant-1 as compared to other nutrients. 

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 10.358 b 14.532 b 27.256 b 35.638 b 41.984 b 

2008-09 11.466 a 16.136 a 29.559 a 36.o99 a 43.239 a 
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Fig 12:- Effect of different sources of potassium for physiomorphological 
impacts on number of leaves per plant 

4.4.2. Leaf area index: 

 The information for this parameter were collected at 5 fortnight interval (30 to 

90 DAP). The data were analyzed separately for each fortnight interval through 

statistical analysis of variance (App.36). The mean values for the treatment are set in 

Table 4.35 in accordance with DMR test which indicated significant results for the 

treatments.  

Table 4.35:- Effect of inorganic and organic K application on leaf area index. 
 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 

The data related to F1 revealed that T4 was superior than other treatments with 

maximum (0.193) leave area index, followed by T3 (0.130), T2 (0.124), T1 (0.123) and 

T5 (0.048) while T0, gave minimum leave area index with 0.043.The results for second 

Treat-
ments 

Source with dose (kg)plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 0.043  f 0.263  f 1.078 f 4.230  e 6.264 f 
T1 FYM (100) 0.123  d 0.296  d 1.344  e 4.230  e 6.711 e 
T2 SOP (0.90) 0.124  c 0.411  b 1.939  b 5.204  b 7.342 a
T3 MOP (0.75)  0.130  b 0.308   c 1.571  d 4.701  d 6.775 d 
T4 ½ SOP(0.45)+ ½ FYM(50) 0.193  a 0.423   a 1.986  a 5.223  a 7.323  b 
T5 ½ MOP(0.375)+ ½ FYM(50) 0.048  e 0.288  e 1.689  c 4.954  c 7.028  c 
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fortnight interval showed dominance of T4 (0.423) whereas, T0 was found at the 

bottom with 0.263 leave area index. The observation recorded for the 3rd fortnight 

interval adopted previous sequence by showing superiority of T4 (1.986) over rest of 

the treatments. T2 (1.939) scored the 2nd position whereas, T0 (1.078) was found at the 

lowest position. The mean values for 4th fortnight interval demonstrated the 

superiority of T4 (5.225) followed by T2 (5.214), T5 (4.954), T3 (4.701) while, T1 and 

T0 produced the same leaf area index with 4.230. The results for 5th fortnight indicated 

that T4 with 7.323 remained at the top position, followed T2 (7.342) with 2nd position 

while, T0 (6.264) was at the bottom. 

Moreover, the mean values for the years are given below in Table 4.35A for 

perusal.  

Table 4.35A:- Effect of K application through different sources regarding mean 
values of years on number of leaf area index. 

 
Years I1=(F2-F1) 

(45 DAP) 
I2=(F2-F1) 
 (60 DAP) 

I3=(F2-F1) 
 (75 DAP) 

I4=(F2-F1) 
 (90 DAP) 

2007-08 2.627 a 3.006 a 2.680 b 2.778 b 
2008-09 2.601 b 3.002 b 2.714 a 2.725 a 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 The mean values for all fortnight intervals revealed gradual increase in leaf 

area index. The mean values followed the identical trend in all intervals which clearly 

indicated that the combination of treatment with sulphate of potash (SOP) and FYM 

at 1:1 ratio performed the best by increasing leaf area and chlorophyll concentration 

thereby enhancing flow of assimilates and nutrients uptake for growth of the plants  

which might be due to consistent availability of K2O in combination with N and P at 

the required rate, right from initial stages for growth and development of root and 

shoot till the maturity of the crop (Singh et al. 1996). The results obtained, indicated 

16.91% more foliage with the application of SOP and FYM as compared to the 

control. 

4.4.3. Leaf area duration: 

 The data pertaining to the aspect of leaf area duration were calculated on the 

basis of leaf area index. The 4 intervals (F2-F1) were subjected separately for the each 

interval to the statistical analysis of variance (App 37).The treatment means for the 

different intervals are exposed in Table 4.36 in accordance to the DMR test which 

revealed significant results for treatments and years while their interactions were 

found non- significant.  
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Table: 4.36:- Effect of inorganic and organic K application on physio 
morphological aspects of potato crop for leaf area duration. 

 
Treatment Source with dose (kg) plant-1  I1 I2 I3 I4

T0 Control 1.650 f 6.114  f 23.640 e 15.254 e 
T1 FYM (100) 1.834 d 7.862  e 24.394 b 15.821 b 
T2 SOP (0.90) 2.677 b 11.968 a 24.491 a 16.298 a 
T3 MOP (0.75) 1.964 c 9.474  d 23.473 f 14.924 f 
T4 ½ SOP(0.45)+ ½ FYM(50) 2.743 a 11.719 b 24.130 c 15.687 c 
T5 ½ MOP(0.375)+ ½ FYM(50) 1.800 e 10.877 c 24.113 d 15.638 d 
I1 = Interval i.e. (F2- F1) 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

         The information calculated for I1, indicated dominance of T4 ( ½ from SOP + ½ 

from FYM source) over the other combinations of treatments with 2.743 leaf area 

duration, followed by T2 , T3, T5 and T2   whereas,  T0  remained at the bottom. The 

results related to 2nd interval showed the supremacy of T2 (11.968) over rest of the 

treatments. T4 (11.719) and T5 (10.877) occupied 2nd and 3rd positions respectively, 

while, T0 (control) produced poor results by giving minimum leaf area duration with 

6.114. The data for the 3rd interval revealed that T2 (24.491) superseded all other 

treatments, followed by T1 (24.394), T4 (24.130) and T5 (24.113) while, T3 (23.473) 

secured the last position as compared to other treatments. The 4th interval also gave 

credit to T2 (16.298) as it superseded all other combinations of treatment. T1 (15.821), 

T4 (15.687), T5 (15.638) and T0 (15.255) performed in descending order whereas, the 

last position was occupied by T3 with 14.924 leaf area duration. 

            The mean values for the years are given below in Table 4.36A.  

Table 4.36A:- Effect of K application through different sources regarding mean 
values of years on number of leaf area duration. 

 
Years I1=(F2-F1) 

(45 DAP) 
I2=(F2-F1) 
 (60 DAP) 

I3=(F2-F1) 
 (75 DAP) 

I4=(F2-F1) 
 (90 DAP) 

2007-08 2.196 a 9.051 b 23.933 b 15.672 a 
2008-09 2.027 b 9.838 a 24.148 a 15.536 b 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

  

It is concluded from the above described results that SOP is a superior source 

of K for our soils with respect to potato crop. When the combination of SOP and 

FYM with 1:1 ratio, was applied, it was observed encouraging for higher leaf area 

duration. Similarly, it was also found that FYM or MOP applied alone did not 

perform well which might be due to either slow releasing of K from FYM or presence 

of chloride in MOP. However, the performance of SOP in case of leaf area duration 

was found better which ultimately might have promoted extra photosynthates and 
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speeded up the flow of essential nutrients by activating enzymes for the production of 

proteins and sugars resultantly, more chlorophyll contents and more ATP were 

functional henceforth, more yield in potato crop was achieved (Singh and Trehan, 

1998). Potassium is also known to facilitate translocation of photo-assimilates 

efficiently from the source (leaves) to the developing sinks (tubers) (Beringer, 

1978).These results corroborate with the findings of Abdelgadir et al. (2003).   

Fig.14 Effect of different sources of potassium on leaf area duration of potato crop.
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Fig 13:- Effect of different sources of problem on leaf area duration of potato 
crop. 

 
4.4.4. Crop growth rate: 

The data for this parameter of study were calculated as per prescribed formula 

and subjected to the analysis of variance (App-38). The mean values for the 

treatments were given in Table 4.37 in accordance to the DMR test at 5% probability 

level.  

Table 4.37:- Effect of inorganic and organic K application on crop growth rate 
(10-3 gram cm-2 day-1). 

 
Treatment Source with (kg)dose plant-1  I1 I2 I3 I4

T0 Control 4.83 f 7.97   f 9.58   d 0.95  f 
T1 FYM (100) 4.99 e 9.02   d 9.83   c 1.05  e 
T2 SOP (0.90) 5.09 b 11.01 b 9.88   b 1.47  b 
T3 MOP (0.75) 5.03 d 8.16   e      9.43   f        1.10  c 
T4 ½ SOP(0.45)+ ½ FYM(50) 5.11 a 13.86 a 11.54 a 1.62  a 
T5 ½ MOP(0.375)+ ½ FYM(50) 5.07 c 9.37   c 9.54   e 1.07  d 
I1 = Interval i.e. (F2- F1) 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
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The crop growth rate was affected significantly during both the years of study 

for all intervals. The data collected on the aspect showed significant results for 

treatments and intervals while their interactions were found to be non-significant.   

The results revealed that T4 (½ from SOP + ½ from FYM source) gave 

maximum crop growth rate in each interval with 5.11, 13.86, 11.57 and 1.62 (10-3 

gram cm-2 day-1) as compared to the other treatments. Whereas, T2 (SOP source) 

stood second while, T0 (control) performed poorer. 

It is concluded from the above scenario that T4 (SOP with FYM in equal 

proportion) gave higher crop growth rate which indicated that SOP is a superior 

source of potassium for the crop growth rate in case of potato crop. On the other hand, 

FYM has a vital importance as it contains organic matter in addition to other essential 

nutrients which play their role for better yields in crops. Organic matter has been very 

crucial in number of features for plant growth; acting as colloidal particle, it might 

release the essential nutrients and make them available at time when they are needed 

which might give rise better crop growth rate and yields in the long run. 
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Fig 14:- Effect of different sources of potassium for physiomorphological 
impacts on crop growth rate 
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 4.4.5. Relative growth rate: 

The data on the aspect of relative growth rate were collected through the 

prescribed formula on 4 intervals which were subjected to statistical analysis of 

variance (App-39). The results indicated that the relative growth rate was affected 

significantly by different combinations of treatments during both the years of study. 

The mean values for the treatments are presented in Table 4.38.  

Table 4.38:- Effect of inorganic and organic K application on relative growth 
rate (10 gram plant-1 Day-1). 

 
Treatment Source with dose(kg) plant-1  I1 I2 I3 I4

T0 Control 3.34  c 5.46  c 3.99 a 0.43  e 
T1 FYM (100) 3.31  e 5.00  d 3.64 c 0.50  c 
T2 SOP (0.90) 3.32  d 4.46  f 3.02 f 0.59  a 
T3 MOP (0.75) 3.35  b 5.53  b 3.91 b 0.47  d 
T4 ½ SOP(0.45)+ ½ FYM(50) 3.34  c 5.91  a 3.44 e 0.51  b 
T5 ½ MOP(0.375)+ ½ FYM(50) 3.37  a 4.98  e 3.45 d 0.41  f 
I1 = Interval i.e. (F2- F1) 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 

The information calculated for the first interval indicated significant results for 

treatments. T5 (½ MOP+½ FYM) was observed superior combination over rest of the 

treatments with 3.37 (10 gram Plant-1 Day-1) relative growth rate while, T4 and T0 

gave identical response and thus observed statistical at par. T1 was found at the 

bottom. 

The observations related to the 2nd interval showed significant differences 

among treatments which revealed that T4 with 5.91 (10 gram  Plant-1 Day-1 ) relative 

growth rate was the best combination as compared to the other treatments, followed 

by T3,T0,T1 andT5 as per their performances in descending order whereas,T2 was 

found at the bottom.   

The data concerning the 3rd interval revealed significant results for the 

treatments which demonstrated that T0 with 3.99 (10 gram Plant-1 Day-1) was at the 

top, followed by T3, T1, T5 andT4 while, T2 was again found with the lowest relative 

growth rate of 3.02 (10 gram Plant-1Day-1) as compared to control. 

The data for the 4th interval of the parameter also gave significant results for 

treatments which revealed that T2 with 0.59 (10 gram Plant-1 Day-1) superseded all 

other treatments while, T0 was found at the bottom with 0.43 (10 gram Plant-1 Day-1) 

relative growth rate. 
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  The relative growth rate serves as fundamental measures of dry matter 

production and can be used to compare the performance and effects of treatments 

under definite conditions. The relative growth rate tells causal factors which 

determine the performance. Differences of performances could be due to assimilation 

or leaf area. 
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Fig 15:- Effect of different sources of potassium for physiomorphological 
impacts on relative growth rate 

4.4.6. Net assimilation rate: 

The information for the net assimilation rate were calculated as per prescribed 

formula and subjected separately for the 4 intervals to analysis of variance (App-40). 

The mean values for the treatments are given in Table 4.39 in accordance to the DMR 

test at 5% probability level. The net assimilation rate was affected significantly for the 

intervals for the treatments, intervals and years of study.  

Table: 4.39:- Effect of inorganic and organic K application on net assimilation 
rate (10-3 grams cm-2 Day-1). 

 
Treatment Source with dose (kg)plant-1  I1 I2 I3 I4

T0 Control 6.068 a 12.106 a 4.290  a 0.39 a 
T1 FYM (100) 5.797 c 11.595 c 3.832  c 0.36 c 
T2 SOP (0.90) 5.676 e 10.560 e 3.595  f 0.30 e 
T3 MOP (0.75) 5.902 b 11.859 b 3.974  b 0.37 b 
T4 ½ SOP(0.45)+ ½ FYM(50) 5.638 f 10.487 f 3.623  e 0.29 f 
T5 ½ MOP(0.375)+ ½ FYM(50) 5.773 d 11.577 d 3.688  d 0.35 d 
I1 = Interval i.e. (F2- F1) 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
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The data calculated for the aspect revealed significant results for treatments 

and intervals while their interactions were found non-significant.  The results revealed 

that T0 (control) gave maximum net assimilation rate in each interval with 6.068, 

12.106, 4.290 and 0.39 (10-3 gram cm-2 day-1) as compared to the other treatments. 

Whereas, T3 (MOP source) stood second while, T4 (½ SOP+ ½ FYM) gave poor 

performance and hence was found at the lowest. 

It is concluded from the above results that T0 (control) gave higher net 

assimilation rate which indicated that was due to low leaf area index and crop growth 

rate; the net assimilation rate was observed more which have inverse relationship. 

Moreover, SOP was found a superior source of potassium for growth rate of potato 

crop with more dry matter %age and leaf area duration; net assimilation rate would be 

lower due to its inverse relationship.  
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Fig 16:- Effect of different sources of potassium for physio-morphological 
impacts on net assimilation rate 

4.4.7. Stem length (cm): 

The data pertaining to stem length were collected for 5 intervals on fortnightly 

basis which were analyzed through statistical techniques separately for each interval 

(App-41). The results showed significant differences amongst the treatments and 

years mean values. The treatment means values are given in Table 4.40.The results 

obtained for 5 intervals with respect to treatment variables are summarized and 

discussed accordingly. 
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Table 4.40:- Effect of inorganic and organic K application on stem length (cm). 
 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.005  

 

The observation recorded for first interval revealed significant results. T2 

(SOP source) with 3.553 cm of stem length showed dominance over other 

combination of treatments. T4 with 3.480 cm, T1 with 3.207 cm, T5  with 3.190 cm  

and T0 with 3.092 cm were found in between with their respective performance in 

descending order while, T3 with 3.032 cm was found at the bottom.  

The data pertaining for the 2nd interval indicated significant results for 

treatments and years. The mean values followed almost the previous trend except T4     

( ½ from SOP + ½ from FYM)  with 4.372 cm  was superior to T2  with 4.340 cm 

which occupied 2nd position while, T1 (4.150), T5 (4.102) and T0 (4.007) were found 

in between whereas, T3  with 3.875cm stem length, again showed poor performance 

as compared to other treatments.  

The results for the 3rd fortnight demonstrated supremacy of T4 with 4.812 cm 

of stem length while, T2 (4.797), T1 (4.485) and T3 (4.333) were found in between 

whereas, T0 with 4.148cm, gave worse performance.  

The data related to the 4th fortnight interval showed that T4 (5.307) remained at 

the top followed by T2 (5.257) with the 2nd position while, T5 (5.078), T3 (4.982) and 

T1 (4.932) occupied next better positions in descending order whereas, T0 (4.672) was 

found at the bottom.  

The results for the 5th   fortnightly interval demonstrated the superiority of T4 

with 5.728 cm stem length, followed by  T2  with 5.630 cm  whereas, T5 (5.403), T1 

(5.403) and T3 (5.303) performed better while, T0 (5.100) stood at the last position.  

The mean values for the years are given below in Table 4.40A for comparison. 

Treat-
ments 

Source with dose(kg) plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 3.092  f 4.007  e 4.148 f 4.672  f 5.100  f 
T1 FYM (100) 3.207  c 4.150  c 4.485  c 4.932  e 5.303  d 
T2 SOP (0.90) 3.553  a 4.340  b 4.797  b 5.257  b 5.630  b 
T3 MOP (0.75)  3.032  f 3.875  f 4.333  e 4.982  d 5.230  e 
T4 ½ SOP(0.45)+ ½ FYM(50) 3.480  b 4.372  a 4.812  a 5.307  a 5.728  a 
T5 ½ MOP(0.375)+ ½ FYM(50) 3.190  d 4.120  d 4.448  d 5.078   c 5.403  c 
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Table 4.40A:- Effect of K application through different sources regarding mean 
values of years on number of stem length. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 

The mean values followed similar trend under all the intervals which clearly 

indicated that SOP has positive impact when combined with organic fertilizer source 

(FYM) which might be due to the availability of timely and appropriately required 

amount of essential nutrients for the plant growth whereas, MOP performed the 

lowest due to the presence of chloride which might reduce photosynthesis and retard 

the transportation of assimilates into the plant resultantly might affect adversely on 

plant growth and stem length (Halder,1976).  It has been reported that potassium is 

responsible to promote photosynthesis and to speed up the translocation of assimilates 

as well as to activate enzymes (Perrenoud, 1993) which are fundamental to metabolic 

processes for the production of proteins and sugars and to improve N use efficiency 

(Grewal and Singh, 1980) which might have stimulated plant growth for the 

production of more stem length. Moreover, potassium has been observed to improve 

water use efficiency and nutrients uptake (Perrenoud,1993) which enhanced root 

growth and development of lateral roots and stem length elongation in potato 

(Milthorpe, 1983).   Watson (1963) observed that the growth and development of 

stem was correlated with the N supply to the potato crop. 
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Fig 17:- Effect of different sources of potassium for physiomorphological 
impacts on stem length (cm) 

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 3.309 a 4.364 a  4.530 a 5.147 a 5.348 b 
2008-09 3.208 b 3.917 b 4.478 b 4.929 b 5.450 a 
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4.4.8. Stem diameter (cm): 

The information for the aspect was collected on fortnightly intervals and 

separately subjected to statistical analysis of variance (App-42) which indicated 

significant results for treatments and years. The mean values are given in Table 4.41 

in accordance to DMR test. 

Table 4.41:-  Effect of inorganic and organic K application on stem diameter 
(cm). 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 

The data for the first fortnight interval showed dominance of T2 with 1.965cm 

of stem diameter over rest of the treatments followed by T5 (1.943), T4 (1.886), 

T1(1.842) and T3 (1.777) as per their performances in descending order while, T5  

with 1.747 cm stem diameter remained at the bottom.  

The observation related to the 2nd fortnight interval revealed that T2 with 2.225 

cm stem diameter remained at the top followed by T4 (1.190) whereas, T0 with1.943 

cm of stem diameter was found at the bottom.  

The data collected for the 3rd interval indicated superiority of T2 by showing its 

dominance with 2.553 cm stem diameter  over rest of treatments whereas, T0 (control) 

gave poor performance as compared to other treatments.  

The information pertaining to the 4th fortnight clearly demonstrated primacy of 

T2 while, T5 secured the 2nd position whereas, T1, T6 were found  in between and T0 

was found at the bottom with 2.333cm stem diameter as compared to other variables.  

The results for the 5th fortnight interval revealed that  T2 occupied the best 

position by showing 2.693 cm stem diameter while T5, T1, T3 were posted 

intermediately position.T0 (control) was at the lowest stem diameter with 2.693cm.  

The mean values for the years are given in the following Table 4.41A. 

 
 

Treat-
ments 

Source with dose (kg)plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 1.747  f 1.943  f 2.135  f 2.333  f 2.693  f 
T1 FYM (100) 1.842  d 2.015  e 2.267  e 2.460  c 2.850  c 
T2 SOP (0.90) 1.965  a 2.225  a 2.553  a 2.788  a 3.017  a 
T3 MOP (0.75)  1.777  e 2.053 d 2.285  d 2.393  e 2.810  e
T4 ½ SOP(0.45)+ ½ FYM(50) 1.886  c 2.190  b 2.532  b 2.617  b 2.993  b
T5 ½ MOP(0.375)+ ½ FYM(50) 1.943  b 2.147  c 2.360  c 2.447  d 2.840  d 
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Table 4.41A:- Effect of K application through different sources regarding mean 
values of years on number of stem diameter. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 

Above results clearly indicated that each fortnight gave more stem diameter 

with the application of SOP as compared to other sources of potassium applied. As 

potato plant has erect, firm, spreading and semi herbaceous weak stem but with more 

stem diameter ultimately support to withstand for extra sharing in solar radiations, 

reduction in moisture losses due to evaporation from the soil, consequently more plant 

growth and yields in the long run. Moreover, under ground stems (stolons) would also 

be more (Pushkarnath, 1969). These findings are correlated with the conclusion of 

Sharma and Sharma, (1988) who found that with the application potassium in 

combination with nitrogen, the stem length and diameter were observed more as 

compared to the control. 

0

0.5

1

1.5

2

2.5

F1
(3

0D
AP)

F2
 (4

5D
AP)

F3
 (6

0 
DAP)

F4
 (7

5 
DAP)

F5
 (9

0 
DAP)

F1
(3

0D
AP)

F2
 (4

5D
AP)

F3
 (6

0 
DAP)

F4
 (7

5 
DAP)

F5
 (9

0 
DAP)

Treatments with respect to mean values for years 2006-07 and 2007-08

S
te

m
 d

ia
m

et
er

 (
cm

)

To T1 T2 T3 T4 T5

 

 

Fig 18:- Effect of different sources of potassium for physiomorphological 
impacts on stem diameter (cm) 

4.4.9. Chlorophyll contents: 

Data pertaining to chlorophyll contents were collected for 5 fortnight intervals 

from 30 to 90 days after planting which were separately subjected to analyze for the 

years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 1.836 b 2.050 b 2.253 b 2.570 a 2.788 b 
2008-09 1.877 a 2.141 a 2.457 a 2.443 b 2.947 a 
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each interval through analysis of variance (App-43) which showed significant results 

for the treatments and years. The mean values for different intervals are presented in 

Table 4.42 in accordance to the DMR test at 5% probability level. 

The information collected for the first fortnight interval indicated significant 

results for treatments and years. T2 (31.107%) demonstrated better results as 

compared to other treatments followed by T4 (29.632), T5 (27.253), T3 (26.655) and T1 

(26.570) in descending order as per their performance whereas, T0 (25.052) gave 

minimum mean value.  

Table 4.42:- Effect of inorganic and organic K application on chlorophyll 
contents (%age) 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
 

The observations related to the 2nd fortnight interval gave significant results 

for treatment. T2 with 37.338% showed supremacy over all other variables of 

treatments while, T5 (31.663%), T1 (30.737%), T3 (28.482%) and T0 (27.068%) 

performed respectively in descending order whereas, T4 (23.498%) secured the last 

position 

The data relating to 3rd fortnight interval produced significant results for 

treatments and years which revealed that T2 (39.949%) was superior combination 

whereas, T4 (38.363%), T5 (36.283%), T3 (33.795%) and T1 (33.700%) in descending 

order as per their performances while, T0 (30.788%) gave worse recital.  

The data pertaining to the 4th fortnight interval indicated significant results for 

treatments and years. T2 (40.493%) ousted other combination of treatments, followed 

by T4 (39.315%), T5 (35.582%), T1  (35.343%) and T3 (34.700%) in descending order 

whereas, T0 (32.322%) was found at the bottom.   

The data in relation with 5th fortnight interval showed significant results for 

treatments and years. T2 (41.005%) was again at the top whereas, T4 (38.542%), T5 

Treat-
ments 

Source with dose (kg)plant-1 F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 25.052f 27.068e 30.788f 32.322f 33.208f 
T1 FYM (100) 26.570e 30.737c 33.700e 35.343d 35.445e 
T2 SOP (0.90) 31.107a 37.338a 39.949a 40.493a 41.005a 
T3 MOP (0.75)  26.695d 28.482d 33.795d 34.700e 35.795d 
T4 ½ SOP(0.45)+ ½ FYM(50) 29.632b 23.498f 38.363b 39.315b 38.452b 
T5 ½ MOP(0.375)+ ½ FYM(50) 27.253c 31.663b 36.283c 35.582c 37.818c
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(37.818%) T3 (35.795%) and T1 (35.445%) performed better in descending order 

while, T0 (33.208%) stood at the last position. 

The mean values for the years are given in the following Table 4.42A for 

comparison. 

Table 4.42A:- Effect of K application through different sources regarding mean 
values of years on number of chlorophyll contents.  

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

  

Chlorophyll is a food manufacturing factory of plant. An adequate supply of K 

in the form of SOP would have improved chlorophyll contents of potato crop 

significantly. The complimentary results were found 25.05% to 41.00% as compared 

to the control where no potassium was applied. SOP was the best source when applied 

along with FYM which not only increased organic matter of the soil but also might 

perform as colloidal particle to release consistently the required essential nutrients for 

increasing leaf area and chlorophyll concentration which might promote 

photosynthesis and speedy flow of assimilates ultimately became dynamic for yield in 

potato. These results are in harmony with the findings of Cakmak and Engels, (1999) 

who reported that with the application of SOP, the greater plant height, extended leaf 

area and enhanced chlorophyll contents % age were might be due to increasing 

photosynthesis rate. These results are similar with the findings of Grewal and Singh, 

(1980).  

4.4.10. Net photosynthesis rate: 

Data of the aspect were collected through IRGA on fortnight basis for 5 

intervals with effect from 30 to 90 days after planting and the same were subjected to 

analysis of variance (App-44) which indicated significant results for treatments and 

years while, their interaction with respect to fortnight intervals were found non-

significant. The mean values are given in Table 4.43 in accordance to D M R test at 

5% probability level so as to assess their status for statistical significance.  

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 29.792 a 33.064 a 33.920 b 34.688 b 36.247 b 

2008-09 25.631 b 29.865 b 37.040 a 34.397 a 37.691 a 
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Table 4.43:- Effect of inorganic and organic K application on net 
photosynthesis rate    (µ mol m- 2 s-1) 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  
 
 

The data for the first fortnight interval  showed the best results from T2  with 

15.910 (µ mol m- 2 s-1) net photosynthesis rate, follow by T4  with 13.488, T5 (13.057), 

T 3 (12.632) and T1 (12.198) as per their performance in descending order whereas, T0  

with 10.813 ( µ mol m- 2 s-1) stood at the last position.  

The results for 2nd fortnight interval showed dominance of T2 (16.748 µ mol 

m- 2 s-1), followed by T4 (15.157), T3 (14.430), T5 (14.273) and T1 (13.848) in 

descending order as per their performance whereas, T0 (13.428) performed the lowest. 

These results demonstrated that SOP is the best source of potassium for the net 

photosynthesis rate facet.  

The data for 3rd fortnightly interval indicated significant results by sowing 

dominance of T2 (18.988) over rest of the treatments followed by T4 (16.142), T3 

(15.725), T5 (15.118) and T1 (14.587) respectively as per their performances in 

discarding order while, T0 (14.122) gave the minimum performance. 

The results for the 4th fortnight interval again demonstrated the dominance of 

T2 (18.837) over rest of the treatments whereas, T3 (14.765) stood as second position, 

followed by T4 (14.697), T1 (14.510) and T5 (14.353) performed respectively in 

descending order while, T0 remained at the bottom with (14.122).  

The data for the 5th fortnight interval showed significant results by indicating 

ascendancy of T2 (17.760) over rest of the treatments followed by T4 (13.757), T5 

(13.147), T3 (13.080) and T1 (13.067) in descending order as per their performance 

whereas, T0 (12.327) again gave the lowest results. 

The mean values for the years are given below in the Table 4.43A for 

comparison. 

Treat-
ments 

Source with dose(kg) plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 10.813  f 13.428  f 14.133 f 14.122 f 12.327  f 
T1 FYM (100) 12.198 e 13.843  e 14.587 e 14.510 d 13.067  e 
T2 SOP (0.90) 15.910 a 16.748  a 18.988 a 18.837 a 17.760  a 
T3 MOP (0.75)  12.632 d 14.430  c 15.725 c 14.765 b 13.080  d 
T4 ½ SOP(0.45)+ ½ FYM(50) 13.488 b 15.157 b 16.142 b 14.697 c 13.757 b 
T5 ½ MOP(0.375)+ ½ FYM(50) 13.057 c 14.273 d 15.118 d 14.353 e 13.147 c 
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Table 4.43A:- Effect of K application through different sources regarding mean 
values of years on number of net photosynthesis rate. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 

 At all the stages of growth, the net photosynthesis rate showed significant 

difference in various sources of potassium applied while, SOP was found to be the 

best source of potassium for potato crop as compared to FYM or MOP or their 

combinations because sulphur source in SOP improves the quality of potatoes while  

two influences of Chloride (MOP) on the carbohydrates metabolism were reported by 

Halder (1976) i.e. reduction of photosynthesis in the leaves and retardation of 

assimilate transfer into the tubers so above results of MOP variable, are in 

concurrence with the findings of Halder (1976). Moreover, the above results showed 

that potassium has crucial importance in the formation of quality stems and its role in 

promoting photosynthesis (Mengel and Kirkby, 1987). An ample supply of K, 

improved chlorophyll contents significantly in potato crop (Hensel and Locascio, 

1987). The greater the plant height, extended leaf area index and enhanced 

chlorophyll content, might have increased the net photosynthesis rate which also 

appeared to be related with the stomatal conductance (Cakmak and Engels, 1999). 
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Fig 19:- Effect of different sources of potassium for physiomorphological 
impacts on net photosynthesis rate 

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 12.884 b 14.153 b 15.528 a 15.918 a 14.904 a 
2008-09 13.149 a 15.141 a 15.637 b 14.510 b 12.808 b 



 110

4.4.11. Intra-cellular CO2 concentration: 

 The data of this characteristic were observed through portable Infrared Gas 

Analyzer (IRGA) on fortnightly basis with effect from 30 to 90 DAP. The 

observations recorded were separately subjected for each fortnight intervals through 

the analysis of variance (App-45) which showed significant result for treatments and 

years.  The   mean values are presented as per DMR test at 5% probability level in 

Table 4.44. The results obtained are presented and discussed accordingly as under: 
 

Table 4.44:- Effect of inorganic and organic K application on intra-cellular 
CO2 concentration (µ mol m- 2 s-1) 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.005  

 
 The results achieved for the first fortnight interval showed that the 

combination of  T4 (184.50 mol ml-1 m-2 s-1) ousted other treatments followed by  T2  

(177.67 mol ml-1 m-2 s-1 ), T5  (171.67mol ml-1 m-2 s-1 ), T3  (165.67 mol ml-1 m-2 s-1 ) 

and T1  (165.50 mol ml-1 m-2 s-1 ) while, T0 (148.67 mol ml-1 m-2 s-1) was found at the 

bottom.  

                   It quite apparent from the above narrated results that the higher the rate of 

photosynthesis, the higher would be intra-cellular CO2 concentration but the trend is a 

bit different as SOP in combination with FYM gave betters results as compared to the 

other combinations of treatments. However, SOP was found at the second position 

which reflected upon that SOP is the best source of potassium for enhancing 

physiological parameters  and thus improves the quality with reference to potato crop 

(Martin et al. 1993). 

The information related to 2nd fortnight interval gave dominance to T2 (197.17 

mol ml-1 m-2 s-1) while, T4 (192.50 mol ml-1 m-2 s-1) was at the second position while 

T0 (156.833 mol ml-1m-2 s-1) gave the meager performance as compared to other 

combinations of treatment.  

Treat-
ments 

Source with dose (kg)plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 148.667 f 156.833 f 182.333 f 182.333 f 199.333 f 
T1 FYM (100) 165.500 e 177.333 e 197.167 e 197.167 e 207.833 e 
T2 SOP (0.90) 177.667 b 197.167 a 214.833 a 214.833 a 223.167 a 
T3 MOP (0.75)  165.667 d 180.833 d 200.500 d 200.500 d 208.167 d 
T4 ½ SOP(0.45)+ ½ FYM(50) 181.500 a 192.500 b 210.833 b 210.833 b 218.167 b 
T5 ½ MOP(0.375)+ ½ FYM(50) 171.667 c 182.167 c 194.333 c 204.333 c 214.167 c 
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The data in relation 3rd fortnight interval once again showed supremacy of T2 

(204.83 mol ml-1 m-2 s-1) while, T4 (201.83 mol ml-1 m-2 s-1), T5 (194.33 mol ml-1 m-2 

s-1), T1 (191.50 mol ml-1 m-2 s-1) and T3 (19.83 mol ml-1 m-2 s-1) respectively 

performed in descending order whereas, T0 (172.00 mol ml-1 m-2 s-1) was found at the 

bottom.  

 The results for the 4th fortnight interval demonstrated governance of T2 

(214.833 mol ml-1 m-2 s-1) over other treatments followed by T4 (210.833) T5 

(204.33), T3 (200.500) and T1 (197.17 mol ml-1 m-2 s-1) in descending order as per 

their performance while, T0 (182.33) was found at the lowest position.  

The data in relation to 5th fortnight interval again showed supremacy of T2 

(223.17 mol ml-1 m-2 s-1) followed by T4 (218.177), T5 (214.167), T3 (208.167) and T2 

(207.833) while, T0 (193.33 mol ml-1 m-2 s-1) gave least performance. 

The mean values for the years are given below in the Table 4.44A. 

Table 4.44A:- Effect of K application through different sources regarding mean 
values of years on number of intra-cellular CO2 concentration. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
  

Gas exchange attributes are regarded as positive indicators for the growth 

stages because they show a favorable correlation between photosynthesis and foliage 

growth (Karim et al, 2000). These responses are different from one physiological 

stage to another (Fischer, 1985) but with the application of K as a variable obtained 

from different sources in combination with N and P at the required rate to all 

treatments, gave significant difference amongst the sources of potassium applied. SOP 

proved itself as a good source of potassium as compared to the other sources i.e. MOP 

and FYM but the effectiveness of SOP might be due to easy availability of the 

element for its role in transporting assimilates and nutrients  uptake from leaves 

(source) to the site of their use (tubers) (Mengel, 1997). But due to extra availability 

of photosynthates to the plant with more number of leaves might be produced with 

more chlorophyll contents resultantly excessive manufacturing of food (Herlihy, 

1989). These results are in concurrence with findings of Crafts-Brander and Sulvacci 

(2002). 

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 173.39 a 185.94 a 197.06 a 205.22 a 215.337 a 
2008-09 163.50 b 176.34 b 187.72 b 198.11 b 206.278 b 
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Fig 20:- Effect of different sources of potassium for physiomorphological 
impacts on intracellular CO2 concentration 

4.4.12. Transpiration rate: 

Transpiration is one of the gas exchange parameters which have a significant 

role in exhibition of physiological factors affecting with the application of potassium 

to potato crop. The data for transpiration rate were collected with the help of IRGA on 

fortnight interval basis with effect from 30 to 90 days after planting which were 

separately analyzed for the each interval through statistical analysis of variance (App-

46).  The mean values for treatments are shown in Table 4.45 in accordance with the 

DMR test at 5% probability level.  

The data pertaining to the aspect of study for the first fortnight interval 

produced significant results for treatments and years. The mean values revealed that 

T2 (3.165) was superior over rest of the treatments whereas, T4 (3.122) stood at the 2nd 

position. Similarly T5 (3.080), T1 (3.058) and T3 (3.055) performed respectively in 

descending order were in between while, T0 (2.985 m mol m-2 s-1) secured the last 

position. The results again followed previous trend of gas exchange parameters which 

demonstrated the superiority of SOP as a source of potassium as compared to the 

other sources of potassium applied for the aspect of study.  
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Table 4.45:- Effect of inorganic and organic K application on transpiration rate 
(m mol m-2 s-1). 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  

 
The observations related to the 2nd fortnight interval revealed significant 

results for treatments and years. Again, T2 occupied the first position with 3.493 m 

mol m-2 s-1 transpiration rate as compared to other treatments, followed by T4 (3.463) 

whereas, T0 and T5 both equally performed being statistically at par by giving 3.380 m 

mol m-2 s-1 while, T1 with 3.360 and T3 3.357 m mol m-2 s-1 performed in descending 

order.  

The data for the 3rd fortnight interval also showed significant results for 

treatments and years. T2 (3.758 m mol m-2 s-1) showed superiority over other 

combinations of treatments, followed by T4 (3.753), T0 (3.643), T5 (3.628) and T3 

(3.627) respectively in descending order as per their performances while, T1 gave the 

deprived performance with 3.567 m mol m-2 s-1.  

The information related to the 4th fortnight interval also gave significant 

results for the treatments and years.  T2 with (3.713 m mol m-2 s-1), exhibited the best 

results while, T4 (3.645 m mol m-2 s-1), T1 (3.638), T3 (3.627) and T5 (3.592) 

performed respectively in descending order whereas, T0 (3.587) was found at the 

bottom.  

The data regarding to 5th fortnight interval gave significant results for 

treatments and years. At this interval, transpiration rate was found decreasing 

gradually due to the maturity of the crop. The results demonstrated the previous trend 

and T2 retained its status with 3.627 (m mol m-2 s1), which was at the top of the 

sequence, followed by T4 (3.538), T3 (3.452) and T0 (3.448m mol m-2 s-1) respectively 

as per their performance in descending order whereas, T5 (3.438 m mol m-2 s-1) gave 

minimum transpiration rate.  

Treat-
ments 

Source with dose(kg) plant-1  F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 2.985f 3.380c 3.643c 3.587f 3.448e 
T1 FYM (100) 3.058d 3.360d 3.567f 3.638c 3.492d 
T2 SOP (0.90) 3.165 a 3.493a 3.758a 3.713a 3.627a 
T3 MOP (0.75)  3.055e 3.357e 3.627e 3.627d 3.500c 
T4 ½ SOP(0.45)+ ½ FYM(50) 3.122b 3.463b 3.753b 3.645b 3.538b 
T5 ½ MOP(0.375)+ ½ FYM(50) 3.080c 3.380c 3.628d 3.592e 3.438f 
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The mean values for the years are given below in the Table 4.45A for 

comparison. 

Table 4.45A:- Effect of K application through different sources regarding mean 
values of years on number of transpiration rate. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 
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Fig 21:- Effect of different sources of potassium for physiomorphological 
impacts on transpiration rate 

 

The observations related to all the fortnight intervals exhibited that with the 

increasing number of leaves and rate of photosynthesis, the transpiration rate was 

found gradually increasing up to the 3rd fortnight interval i.e. 60 DAP when a slight 

decline in all physiological parameters including the rate of transpiration was 

visualized, which indicated that it might be  the  stage of conversion of potato crop to 

tuber bulking  and whatever photosynthates were produced that were transported to 

the site of their use i.e. tubers (Mengel, 1997). The favorable effect of K on CO2 

assimilation is well documented (Pier and Berkowitz, 1987). An increase in K 

concentration was paralleled by an increase in CO2 assimilation and by a decrease in 

mitochondrial respiration (Peoples and Koch, 1979).  Thus, K had a beneficial impact 

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 2.988 b 3.241 b 3.530 b 3.570 b 3.421 b 
2008-09 3.170 a 3.570 a 3.790 a 3.691 a 3.600 a 
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on the energy status of the plant. The role of potassium related to its contribution to 

cosmetic potential and ATP synthesis which provides energy for the loading of 

photosynthates (Marschner, 1995) that might be the cause of gradual decline in 

physiological parameters of study. Therefore, it could be concluded that termination 

of potato crop related to the changes of gas exchange characteristic which were 

mainly related to the reduction of transpiration rate. These results are supported by the 

findings of Tsukaguchi et al. (2003).  

4.4.13. Stomatal conductance: 

           The data for this parameter were collected through IRGA for 5 fortnight 

intervals from 30 DAP and then were subjected to analysis of variance techniques 

(App-47). The treatment mean values are set in Table 4.46. The results obtained are 

presented and discussed below accordingly. 

Table 4.46:- Effect of inorganic and organic K application on stomatal 
conductance (m mol m-2 s-1). 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  

 
The observations related to the first fortnight interval revealed significant 

results for the treatments  and years.T2 (SOP as a source of potassium) ousted other 

treatments with 307.167 m mol m-2 s-1 with maximum stomatal conductance rate, 

followed by T4 (298.00 m molm-2s-1), T5 (295.667), T3 (295.333) and T1 (283.833 m 

mol m-2 s-1) in descending order as per their performance while, T0 (277.167 m mol 

m-2 s-1 ) was found at the bottom.  

The data pertaining to the characteristic of stomatal conductance for the 2nd 

fortnight interval indicated significant results for treatments and years. The mean 

values followed the previous trend and showed dominance of T2 (326.500 m mol m-2 

s-1), whereas, T0 (297.000 m mol m-2 s-1) was found at the bottom.  

The information related to the 3rd fortnight interval gave significant results for 

treatments and years. The mean values indicated that T2 (348.500 m mol m-2 s-1) was 

Treat-
ments 

Source with dose(kg)plant-1 F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 277.167 f 297.000 f 318.000 f 331.667 f 318.833f 
T1 FYM (100) 283.833 e 310.000 e 330.667 e 344.167 c 332.833 e 
T2 SOP (0.90) 307.167 a 326.500 a 348.500 a 354.667 a 343.833 a
T3 MOP (0.75)  295.333 d 312.167 d 331.500 d 343.500 e 335.000d
T4 ½ SOP(0.45)+ ½ FYM(50) 298.000 b 320.000 b 342.833 b 349.167 b 340.667 b 
T5 ½ MOP(0.375)+ ½ FYM(50) 295.667 c 316.000 c 333.667 c 343.833 d 338.333 c 
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superior and hence, was found at the top of the rank, followed by T4 (342.833 m mol 

m-2 s-1), T5 (333.667), T3 (331.500) and T1 (330.667) as per their performance in 

descending order while, T0 was observed at the bottom with 318.000 m mol m-2 s-1.  

The data concerned with the 4th fortnight interval exhibited significant results 

for treatments and years. The mean values adopted once again the previous sequence 

by showing preeminence of T2 (354.667 m mol m-2 s-1) over rest of the treatments.T4 

(349.167m mol m-2 s-1) occupied the 2nd position whearas,T1 (344.167 m mol m-2 s-1), 

T5 (343.833) and T3 (343.500) performed respectively in descending order in 

accordance to their performances while, T0 (331.667 m mol m-2 s-1) gave worse 

performance and secured the last position.  

The information related to the 5th fortnight interval revealed significant results 

for treatments and years which indicated that T2 (343.833 m mol m-2 s-1) remained at 

the top, followed by T4 (340.667 m mol m-2 s-1), T5 (338.333), T3 (335000) and T1 

(332.833) performed respectively in descending order whereas, T0 (318.833 m mol m-

2 s-1) was found at the bottom. 

The mean values for the years are given in the following Table 4.46A.  

Table 4.46A:- Effect of K application through different sources regarding mean 
values of years on Stomatal conductance. 

Means followed by the same letter in a column do not differ significantly at P ≤ 0.05 

  

The results of different intervals revealed that the stomatal conductance was 

observed gradually increasing up to 75 DAP then it was observed declining steadily. 

Among the gas parameters, stomatal conductance has a great importance in exhibiting 

good yield (Morales et al. 2003). Potassium has been found to be involved in many 

physiological aspects like regulation of stomatal activities (opening and closing of 

stomata) and promotes water up take as well as responsible for the translocation of 

nutrients in the plant parts well in time (Marschner, 1995) which might ultimately 

increase tubers yield, %age of biomass and water contents of the tubers (Ewing, 

1997). These findings are in concurrence with the conclusions of Roberts and Mc 

Dole (1985) who reported that with the application of potassium; most of the 

physiological characteristics were found increased in potato crop.                          

Years F1 

(30 DAP) 
F2 

(45 DAP) 
F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 
2007-08 294.611 a 314.611 a 335.889 a 343.167 b 336.167 a 
2008-09 291.000 b 312.611 b 332.500 b 345.833 a 333.667 b  
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Fig 22:- Effect of different sources of potassium for physiomorphological 
impacts on stomatal conductance 

4.4.14. Water use efficiency: 

Water use efficiency is an important physiological feature of plants. It is 

calculated by dividing the rate of photosynthesis (Pn) over the rate of transpiration (E). 

The data calculated were subjected to the analysis of variance techniques (App-48) 

which indicated significant results for the treatments. The mean values of treatments 

are presented in Table 4.47 in accordance with DMR test at 5% probability level. 

Table 4.47:- Effect of inorganic and organic K application on water use 
efficiency (µ mol ml-1m-2 s-1) 

 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
Means followed by the same letter in a column do not differ significantly at P ≤ 0.05  
 

The data for the first fortnight interval showed significant differences amongst 

treatment means by indicating dominance of T2 (4.913 u mol ml-1m-2 s-1) as compared 

Treat-
ments 

Source with dose(kg)plant-1 F1 

(30 DAP) 
F2 

(45 DAP) 
     F3 

(60 DAP) 
F4 

(75 DAP) 
F5 

(90 DAP) 

T0 Control 3.092  f 4.007  e 4.148 f 4.672  f 5.100  f 
T1 FYM (100) 3.207  c 4.150  c 4.485  c 4.932  e 5.303  d 
T2 SOP (0.90) 3.553  a 4.340  b 4.797  b 5.257  b 5.630  b
T3 MOP (0.75)  3.032  f 3.875  f 4.333  e 4.982  d 5.230  e 
T4 ½ SOP(0.45)+ ½ FYM(50) 3.480  b 4.372  e 4.812  a 5.307  a 5.728  a 
T5 ½ MOP(0.375)+ ½ FYM(50) 3.190  d 4.120  d 4.448  d 5.078   c 5.403  c 
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to other treatments while, T0 (control) with 3.529 u mol ml-1m-2 s-1 which put forth 

that SOP had a divergent effect on the aspect under study with 29.22% more efficient 

in using water as compared to the control. 

The information calculated for the 2nd fortnight interval revealed significant 

difference for T2 with 4.702 as compared to other combinations of treatments 

whereas, T0  was once again at the bottom with 3.942 which showed 17.17% less 

water use efficiency as compared to T2 (SOP). 

The data pertaining to the parameter of water use efficiency for the 3rd   

fortnight interval showed significant results with T2 (4.978 u mol ml-1m-2 s-1) and thus 

secured the first position while, T3 (MOP as source of potassium) with 4.258, T4 

(4.197), T5 (4.085) and T1 (4.029) performed respectively in descending order 

whereas, T0 (control) gave the poorer performance with 3.886 by demonstrating 

effectiveness of potassium on the feature of study. 

The observations for the 4th fortnight interval also gave significant differences 

between the sources of K applied for water use efficiency. This interval also gave 

significant results with the supremacy of T2 (5.002 u mol ml-1m-2 s-) while, T3 (4.000), 

T4 (3.985), T5 (3.925) and T1 (3.942) whereas, T0 (3.912) gave poor results as 

compared to the other treatments. The above results indicated significance of T2 with 

27.86% more efficient in using of water as compared to T0 (control). 

The data for the 5th fortnight interval pertaining to the aspect of water use 

efficiency, again revealed significant results for treatments which indicated 

superiority of T2 (4.830 u mol ml-1m-2 s-1), the 2nd position was occupied by T4   with 

(3.815), followed by T5 (3.758, T3 (3.668) and T1 (3.164) in descending order as per 

their performances while, T0 (3.503) performed poorer with 37.49 % less effective as 

compared to T2 (SOP). 

It could be visualized from the above results, that the treatment mean values 

followed identical sequence with the best performance of T2 under all intervals. The 

water use efficiency was found gradually increasing up to the 4th interval which was 

quite natural while, in 5th interval, a slight decline  in rate of water use efficiency was 

observed which might be due to decrease in the rate of photosynthesis. So higher the 

rate of photosynthesis, the higher the water use efficiency resultantly more yields. 

Physiological leaf aging is correlated with the increase in temperature which reduces 

rate of photosynthesis (Menzel, 1985). If less water would be available, it would 

affect the photosynthesis activities (Wolf et al. 1990). Potassium is found in many 
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aspects of plant physiology. It is found promoting in the rate of photosynthesis and 

increasing water use efficiency and nutrients up take (Marschner, 1995) and 

improving nitrogen use efficiency by favoring protein formation (Perrenoud,1993). 

Henceforth, these results are supporting to the above narrated findings. 
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Fig 23:- Effect of different sources of potassium for physiomorphological 
impacts on water use efficiency 

4.4.15. Storage behavior: 

The unawareness about the post harvest handling practices accounts for about 

10 -15% wastage of tubers (Verma, 1995). It is estimated that about 10% of the total 

production of potato is being used for seed tubers. The post harvest losses can be 

minimized by generating appropriate techniques of tubers handling and storage. The 

appropriate fertilization like potassium at the time of planting and proper techniques 

for storage may protect the growers form the heavy losses. The proper methods for 

storage should be adopted so that heavy losses due to physical causes like damages 

during digging, transport to storage etc. and physic-chemical changes such as 

conversion of starch into reducing sugars, shrinkage and weight loss due to 

transpiration and respiration, rotting of tubers due to infection by micro organisms etc. 

could be minimized (Khatana et al. 1997). 

Temperature is the most significant factor that influences the deterioration rate 

of harvested commodities. Fresh products exposed to extreme of heat or cold may 

sustain serious physiological damages. Exposure to alternating temperature (cold or 
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warm) may result moisture accumulation on the surface of the commodities 

(sweating) which also enhances decay development. 

To study the effect of potassium on storage behavior, 10 kg of potato tubers 

from each treatment (which were free from skin breaks, bruises, spots, rots decay and 

other deteriorations) were divided into two equal parts and packed in (washed and 

fumigated with suitable chemical) gunny bags for storage in ambient and cold 

conditions. The data were collected at 5 fortnight intervals.  

4.4.16. Weight Loss %age: 

The data related to this aspect of study under both the storage conditions 

(ambient conditions and cold storage) were taken in 5 fortnight intervals which were 

subjected to statistical analysis of variance techniques (App-49,App-50) that indicated 

significant difference amongst the treatments, fortnight intervals, and years. The mean 

values for treatments and fortnight intervals for both the conditions of storage are 

given concurrently in Table 4.48 in accordance with the DMR test.  

Table 4.48:- Effect of inorganic and organic K application on storage behavior 
of potato crop for weight loss (%age). 

 

Treat-
ment 

Source with 
Dose(kg)plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 5.676b 3.582a 9.853a 4.333a 13.422a 5.160a 16.385a 5.693a 18.835a 6.680a 
T1 FYM (100) 5.680a 2.153b 7.602b 2.642d 9.713b 3.145e 11.233b 3.757e 12.553b 4.923b 
T2 SOP (0.90) 4.272f 1.497f 5.230f 1.785f 6.892e 2.157f 7.485f 2.782f 8.529f 3.125f 
T3 MOP (0.75)  5.193c 2.227d 6.605c 2.870c 8.230c 3.602b 9.467c 3.972b 10.853c 4.380d 
T4 ½ SOP (0.45) + 

½ FYM (50) 
4.467e 2.023e 5.575e 2.565e 6.747f 3.267d 8.300e 3.760d 9.730e 4.243e 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

4.813d 2.540c 6.457d 3.738b 7.855d 3.440c 8.745d 3.848c 10.230d 4.663c 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 

 

The data related to the first fortnight interval showed significance results for 

treatments and years. The maximum weight loss was observed in T0 (control) at both 

the conditions of storage. The cold storage condition gave 37.05% more weight 

retention as compared to the ambient condition among other variables; SOP proved to 

be a good source of potassium to potato crop as the weight losses were found from 

1.497% and 2.473% during storage in cold and ambient conditions respectively as 

compared to 2.153% and 5.676% with FYM and 2.227% and 6.005% of weight loss 

in the treatment where MOP was applied alone. 
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The observation collected for the second fortnight interval gave significant 

results for treatments and years. The result followed previous trend and the maximum 

weight losses during storage were viewed in T0 with 9.853% and 4.33% in ambient 

and cold storage respectively. T2 (SOP) again demonstrated supremacy with minimum 

weight loss of 5.230%and 1.785% as compared to the other variables.  

As far as the mean values for the years are concerned, they are summarized 

below for perusal. 

Table 4.48A:- Effect of inorganic and organic K application on storage 
behavior of potato crop for years mean values regarding weight 
loss %age in ambient and cold storage conditions. 

 
 F1 F2 F3 F4 F5 

AC CS AC CS AC CS AC CS AC CS 
Year-1 4.672b 2.410a 6.931a 3.401a 8.399b 3.599a 9.723b 4.124a 11.031a 5.024a 
Year-2 5.365a 2.264b 6.843b 3.247b 8.954a 3.324b 10.815a 3.813a 12.546a 4.314b 
AC = Ambient condition            CS = Cold storage 
Mean followed by the same letter in a column do not differ significantly at P ≤ 0.05 

 
The information for the third fortnight interval also revealed the significant 

results for treatments and years. The mean values indicated maximum deterioration in 

weight of T0 (control) with 13.42% and 5.160% with reference to ambient condition 

and cold storage respectively while, T2 (SOP) gave the best result with the lowest 

weight loss of 6.882% and 2.157% in ambient condition and cold storage respectively 

as compared to the other combinations of treatments studied. 

 The data concerning to the 4th fortnight interval showed once again significant 

results for treatments and years which revealed T0 again at the top amongst the 

combinations of treatments with the maximum weight loss of 16.385% and 5.693% 

under both the storage condition, followed by T1, T3, T5, and T4 while, T2 occupied the 

last position with 7.485% and 2.782% during both the conditions of storage. The 

results indicated that SOP is more efficient in protecting the weight of stored tubers 

with 46.68% and 47.92% in both the conditions of storage as compared to control. 

The results for the 5th fortnight interval gave significant result for treatments 

and years by showing maximum weight loss in T0 with 18.835% and 6.68% in 

ambient condition and cold storage respectively as compared to the other treatments, 

followed by T1, T3, T5, and T4 while, T2 remained at the bottom with the lowest of 

8.529% and 3.125% weight loss.  
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Fig 24:- Effect of different sources of potassium for storage behaviour on weight 
loss %age at ambient and cold storage conditions 
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Above results for fortnight intervals clearly indicated the gradual increase in 

weight loss percentage under both the conditions of storage which revealed that due to 

the respiration, stored organic material (carbohydrates, proteins and fats) are broken 

into simple end products with a release of energy. This process uses O2 and produces 

CO2 and water vapors. The rate of respiration is directly related to temperature, so 

higher the temperature higher the respiration rate (Hardenburg et al. 1986). Thus, the 

above results are in conformity with the findings of Grewal et al. (1991) who 

concluded that with application of K tended to decrease gradually the weight loss of 

tuber from 20% to 16%. Perrenoud (1993) found that weight loss of tuber with the 

application of 100 kg K2O ha-1 was only 5.6% as compared to 20.3% without K 

application.  

4.4.17. Sprouting %age: 

The data of this aspect of study were collected separately for 5 fortnight 

intervals in ambient and cold storage conditions and were subjected to the statistical 

analysis of variance techniques (App-51, App-52). The mean values are produced in 

Table 4.49 in accordance with the DMR test at 5%probability level. 

Table 4.49:- Effect of inorganic and organic K application on storage behavior 
of potato crop for sprouting (%age) 

 
Treat-
ment 

Source with 
Dose (Kg)plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 2.582c 1.858a 3.422a 2.077a 3.733a 2.418a 4.015b 3.280a 4.547a 3.472a 
T1 FYM (100) 2.695b 1.540c 3.017c 1.742b 3.662b 2.000b 3.773d 2.425b 4.015d 2.647c 
T2 SOP (0.90) 1.703f 0.772b 2.048f 0.965f 2.228f 1.103f 2.475f 1.243f 2.902f 1.390f 
T3 MOP (0.75)  2.853a 1.190e 3.155b 1.688c 3.533c 1.962c 4.045a 2.267c 4.268b 2.653b 
T4 ½ SOP (0.45) + 

½ FYM (50) 
2.057e 1.003f 2.323e 1.137e 2.973e 1.428e 3.152e 1.600e 3.532e 1.817e 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

2.405d 1.212d 2.908d 1.422d 3.520d 1.830d 3.813c 2.208d 4.200c 2.380d 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
Mean followed by the same letter in a column do not differ significantly at P≤0.005  

 

The results obtained for the first fortnight interval gave significant differences 

among the treatment means by indicating maximum sprouting %age in T3 with 

2.853% and 1.190% under both the conditions of storage while, T0, T1, T5 and T4 

performed respectively in descending order whereas, T2 gave the minimum sprouting 

with 1.703% and 0.772% respectively  in ambient and cold storage conditions. 
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The data pertaining for sprouting %age in 2nd fortnight interval indicated 

significant results for treatments by showing maximum sprouting in case of T0 with 

3.422% and 2.077% in ambient condition and cold storage respectively, over other 

treatments followed by T3, T1, T5 and T4 as per their performances in descending 

order while, T2 produced minimum %age for the aspect of study with 2.048% and 

0.965% respectively in both the storage conditions.  

The observations collected for the 3rd fortnight interval gave significant results 

for treatments which indicated that T0 again produced the highest %age of the aspect 

with 3.733% and 2.418% sprouting of tubers respectively in ambient and cold 

conditions. Whereas, T2 performed the best sprout suppression feature of potassium 

with the lowest sprouting i.e.2.280% and 1.300% respectively in both the conditions 

of storage. 

The information obtained for the 4th fortnight interval also revealed the 

previous sequence with maximum sprouting was observed inT0 (control) which were 

4.015% and 3.280% in ambient and cold storage conditions while, the lowest 

sprouting percentage was found in T2 with 2.228% and 1.103% which reflected upon 

the efficiency of potassium (particularly SOP) with 38.36% and 54.38% for 

suppressing sprouts during storage and hence found favorable in improving shelf life 

of stored tubers. 

The data related to 5th fortnight interval once again showed significant results 

for treatments which reflected previous trend with highest sprouting %age was 

observed from T0 (4.547% and 3.472% respectively in both of the storage conditions), 

whereas, T2 (SOP) again established its effectiveness in suppressing of stored tubers 

from sprouting with 2.902% and 1.390% respectively in ambient and cold storage 

conditions thus, SOP was observed 34.18% and 69.97% more proficient as 

suppressant against sprouting during storage. 

                The temperature is an important factor to determine breaking down of 

dormancy and the start tubers sprouting. The above results indicated that with the 

prolonged storage period, the %age of sprouting was found enhanced. It was also 

revealed that high storage temperature tend to retard sprouting (Singh and Verma, 

1981). These findings are in accordance with the results of Kaul and Sukumaran 

(1984) who reported that with the increase in temperature up to 250C in the storage, 

about 10% of the tubers were observed sprouted. 
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Fig 25:- Effect of different sources of potassium for storage behaviour on 
sprouting %age at ambient and cold storage conditions 
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4.4.18. Rotting %age: 

The data for the parameter were collected for 5 fortnight intervals, on both the 

factors for storage separately which were subjected to the statistical analysis of 

variance (App-53 and App-54). The treatment mean values are presented below in  

Table 4.50 with the DMR test at 5% probability level.  

Table 4.50:- Effect of inorganic and organic K application on storage behavior of 
potato crop for rotting (%age) 

 
Treat-
ment 

Source with 
Dose(Kg)plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 0.250a 0.000 7.168a 1.413a 10.80a 2.650a 11.77a 3.757a 13.09a 6.350a 
T1 FYM (100) 0.00c 0.000 5.667c 1.203b 8.61b 1.932d 10.76b 3.460c 12.66b 5.538b 
T2 SOP (0.90) 0.00c 0.000 2.175f 0.105d 4.213f 0.543f 5.607f 1.455f 7.217f 2.905f 
T3 MOP (0.75)  0.167b 0.000 5.818b 1.043f 8.032c 1.972c 10.06d 2.948e 11.47d 4.437d 
T4 ½ SOP (0.45) + 

½ FYM (50) 
0.00c 0.000 4.380e 0.782e 6.580e 1.692e 8.317e 3.377d 10.05e 4.053e 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

0.00c 0.000 4.922d 1.167c 7.910d 1.988b 10.16c 3.643b 12.03c 4.862c 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
Mean followed by the same letter in a column do not differ significantly at P ≤ 0.005 

 
The observations related to the first fortnight interval revealed significant 

results for treatments. The maximum rotting %age was observed in T0 with 0.25% 

while, in T3 0.167% tubers were found rotted whereas, rest of the combinations of 

treatments gave statistically at par results in ambient condition. On the other hand the 

tubers stored under the cold storage gave zero % of rotting in all the combinations of 

treatments. 

As far as the results for 2nd fortnight interval are concerned with respect to 

ambient conditions, it indicated significant results for treatments by showing the 

highest rotting %age in T0 (7.1685) followed by T3 (5.818%), T1(5.667%) T5 

(4.922%) and T4 (4.380%) whereas, T2 (SOP source) gave the lowest rotting with 

2.175%. Moreover, the results for the cold storage condition also produced significant 

differences among the means of treatment. T0 (1.413%) infested the highest rotting of 

tubers while, T2 showed the lowest rotting with 0.105% as compared to the other 

treatments. 

Information collected for the 3rd fortnight interval showed significant 

differences among the treatment means. T0 again demonstrated maximum rotting with 

10.82% and 2.65% whereas, T2 gave the lowest with 4.213 % and 0.543% of rotting 

incidences under the ambient and cold storage condition respectively. 
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Observations related to the 4th fortnight interval for both the conditions of 

ambient and cold storage, again showed significant results for treatments. The mean 

values indicated dominance of SOP with the minute incidences of rotting during both 

the conditions of storage. The mean values demonstrated worse rotting in T0 (control) 

with 13.093% in ambient condition  and 6.350% in case of cold storage over rest of 

the treatments, followed by T1(FYM source) with 12.659% and 5.538%, T5 (½ MOP 

+ ½ FYM) with  12.032% and 4.862% ,T3 (MOP source) with 11.468% and 4.437% 

and T4 ( ½ SOP+ ½ FYM) with 10.045% and 4.053% whereas, last position was 

occupied by T2 (SOP source) with 7.217% and 2.905% respectively for the ambient 

and cold storage conditions which were 44.89%  and 54.25% more efficient in 

preventing the stored tubers for rotting under both the conditions of storage as 

compared to control. 

  Above results clearly showed the worth of potassium in improving the 

storability of potato. SOP was found more efficient as compared to the other sources 

of potassium applied. The benefits of controlled storage are the retardation and 

slowing down the decay process and reduction of aging (Smith, 1977). The 

application of potassium improves alternation of texture and appearance of tubers. 

There are much evidences that potassium reduced rotting %age of stored tubers 

(Roberts and McDole, 1985).Potassium deficient potatoes having high contents of 

soluble, non protein nitrogen and Tyrosine which were found stimulant of 

accelerating rotting and decay in stored tubers (Usherwood, 1985). These results are 

in line with the findings of above narrated conclusions. 

4.4.19. Physiological disorders %age: 

The data for this characteristic of study were collected for 5 fortnight intervals 

and then subjected to the analysis of variance techniques separately for each interval 

under the ambient and cold storage conditions (App-55 App-56). The mean values are 

given in Table 4.51as per DMR test at 5% probability level. There was no incidence 

of physiological disorder recorded during first, second and third fortnight interval, so 

all were statistically at par while, the results for the 4th fortnight interval gave 

significant results, T0 (0.375% and 0.232% for AC and CS respectively) ousted other 

treatments with maximum %age of physiological disorder were seen while, no 

infected tuber was observed in T2. Hence SOP (as a source of potassium) proved its 

competence in protecting the stored tubers for the infestation of physiological 

disorders.  
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Table 4.51:- Effect of inorganic and organic K application on storage behavior 
of potato crop for physiological disorders (%age) 

 
Treat-
ment 

Source with 
Dose (Kg)plot-1 

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 0.000 0.000 0.000 0.000 0.000 0.232a 0.375a 0.947a 0.18e 1.365a 

T1 FYM (100) 0.000 0.000 0.000 0.000 0.000 0.000c 0.083e 0.485b 0.375b 0.930c 

T2 SOP (0.90) 0.000 0.000 0.000 0.000 0.000 0.000c 0.000f 0.000f 0.000f 0.087f 

T3 MOP (0.75)  0.000 0.000 0.000 0.000 0.000 0.042b 0.232b 0.397c 0.627a 1.232b 

T4 ½ SOP (0.45) + 
½ FYM (50) 

0.000 0.000 0.000 0.000 0.000 0.000c 0.042d 0.192c 0.317d 0.552e 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

0.000 0.000 0.000 0.000 0.000 0.000c 0.108c 0.325d 0.342c 0.757d 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
Mean followed by the same letter in a column do not differ significantly at P≤0.005  

 
As far as the results for the physiological disorders% age are concerned, 

notable incidences were counted during the 5th fortnight interval with T0 (control) 

infected 1.365% and 0.018% respectively for ambient and cold storage conditions 

which were found maximum as compared to other combinations of treatments while, 

T2 (SOP source) combination with 0.037% and 0.00% respectively in ambient 

condition and cold storage which were observed the lowest. The results showed that 

SOP was 2.71 and 5.56 times efficient respectively in both the storage conditions as 

compared to control.    

The physiological disorders like black heart, internal blackening, hollow heart 

browning and brown spots bruises deteriorate storage quality of tubers and 

responsible for significant post harvest losses. The blackening is caused by the 

oxidation of phenolic substances, mainly Tyrosine to Melanin (Martin-Prevel, 1989); 

usually it is associated to over fertilization with nitrogen and low availability of soil 

potassium. Hence potassium was found more efficient in reducing susceptibility of 

internal blackening during storage (Roberts and McDole, 1985). Potassium deficiency 

in potatoes usually gives rise to higher soluble contents of non-protein nitrogen 

(Usherwood, 1985) which might have caused infection in tubers during storage. The 

cavities in tubers were observed interlinked with necrotic brown tissues (Bergmann, 

1992) which were due to K deficiency in the soil and comparatively higher 

fluctuations in temperature during storage (Nelson, 1970). Jackson and Mc Bride, 

(1986) found that K application reduced the incidence of hollow heart during storage. 
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These results are in concurrence with the finding of Martin-Prevel (1989); Jackson 

and McBride (1986) and Kaul and Mehta (1999). 

4.4.20. Starch contents %age: 

The information for this parameter was collected for 5 fortnight intervals 

separately on ambient and cold storage conditions. The data were analyzed through 

the statistical analysis of variance (App-57 App-58) and the treatments mean values 

are produced in Table 4.52.  

Table 4.52:- Effect of inorganic and organic K application on storage behavior 
of potato crop for starch contents (%age). 

 
Treat-
ment 

Source with 
Dose(Kg)plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

  AC CS AC CS AC CS AC CS AC CS 
T0 Control 72.94f 72.95f 72.67f 72.77f 72.27f 74.49f 71.80e 72.15f 70.94f 71.73f 
T1 FYM (100) 73.38e 73.91e 73.10e 73.75e 72.62e 73.52e 72.023f 73.24e 71.45e 72.80e 
T2 SOP (0.90) 78.59a 78.02a 78.36a 77.90a 78.07a 77.74a 77.66a 77.52a 77.08a 77.19a 
T3 MOP (0.75)  74.72d 74.41d 74.42d 74.12d 73.99d 73.91d 73.49d 73.58d 72.79d 72.97d 
T4 ½ SOP (0.45) + 

½ FYM (50) 
77.02b 76.68b 76.71b 76.83b 76.34b 76.66b 75.89b 76.42b 75.31b 76.01b 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

75.62c 75.31c 75.31c 74.78c 74.84c 74.61c 74.24c 74.33c 73.52c 73.95c 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
Means followed by the same letter in a column do not differ significantly at P=0.05 

 
The data for the first fortnight interval revealed significant results for the 

treatments and years. T2  with 78.585% and 78.015% both in ambient conditions and 

cold storage respectively, ousted other combinations of treatments, followed by T4 

with 77.015% and 76.677%, T5  with 75.620% and 75.313%, T3  with 74.718% and 

74.408% and T2  with 73.738% and 73.913%,  performed in descending order under 

both the conditions of storage while, T0 with 72.935% and72.953%  occupied the last 

position. The data for the 2nd fortnight interval indicated significant results for the 

treatments and years by showing dominance of T2 with 78.363% and 77.902% of 

starch contents respectively in both the conditions of storage, followed by T4, T5, T3 

and T1 in descending order as per their performances while, T0 with 72.672% and 

72.770% of starch contents for ambient and cold storage conditions respectively was 

found at the bottom. The information for the 3rd fortnight interval exposed significant 

differences amongst the treatment means in both the condition of storage. T2 again 

stood at the first position by producing 78.073% and 77.737% of starch contents 

followed by T4 with 76.335% and 76.657%, T5 with 74.840% and 74.607%, T3 with 

73.987% and 73.905% and T1 with72.615% and 74.493% starch contents respectively 
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in descending order for ambient and cold store conditions whereas, T0 remained at the 

bottom with minimum starch contents of 72.270% and 74.493% respectively in both 

the conditions storage. The figures associated to the 4th fortnight interval gave 

significant results for the treatments and years. The mean values demonstrated 

preeminence of T2 with 77.662% and 77.520% over rest of the combinations of 

treatments followed by T4 with 75.892% and 76.418%, T5 with 74.235% and 

74.332%, T3 with 73.497% and 73.583% and T1 with 72.027% and 73.237% in 

descending order as per their performances in descending order while, T0 with 

71.798% and 72.147% occupied the last position in the rank. The information related 

to 5th fortnight interval bare significant results for the treatments and years. The mean 

values undoubtedly indicated the superiority of T2 with 77.078% and 77.190% 

respectively in both the storage condition) with maximum starch contents followed by 

T4  with 75.313% and 76.013%, T5  with 73.523% and 73.953%, T3  with 72.785% 

and 72.972% and T1  with 71.450% and 72.802%  of starch contents respectively in 

descending order for both the conditions of storage premeditated whereas, T0 (control) 

with 70.937% and 71.728% performed shoddier and hence was instituted at the 

bottom. 

The mean values for the years are given in Table 4.52A for compression. 

Table 4.52A:- Effect of K sources application on potato crop for storage behavior 
regarding mean values of years on starch %age in ambient and 
cold storage conditions. 

 
 F1 F2 F3 F4 F5 

AC CS AC CS AC CS AC CS AC CS 
Year-1 75.779 75.727 75.372 75.495 74.757 75.264 73.927 73.887 72.807 74.234 
Year-2 74.972 74.699 74.818 74.554 74.616 74.376 74.443 74.192 74.222 73.985 
Means followed by the same letter in a column do not differ significantly at P=0.05 
 

The above narrated results for all the fortnight intervals, and the years under 

both the conditions of storage showed that SOP is the best source of potassium for the 

aspect of study as compared to the other sources of potassium applied. 

 Potassium is found involved in the activation of the enzyme starch syntheses 

which is responsible for the synthesis of starch. Potassium is the most effective 

monovalent cation stimulating the activities of starch syntheses by catalyzing the 

incorporation of glucose into long-chain starch molecules (Mengel and Kirkby, 1987). 

Although K activates enzymes involved in starch formation, and K was found in the 

reduction of starch contents through an increased water contents in the tubers 

(Perrenoud, 1993).  Moreover, the application of K enhanced storage quality and also
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Fig 26:- Effect of different sources of potassium for storage behaviour on starch 
%age at ambient and cold storage conditions 
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extended shelf life of potatoes (Martin-Prevel, 1989). The effect of potassium was 

observed in reducing the losses of stored tubers that was related to reduction in the 

activity of catalase and peroxidase enzymes (Perrenoud, 1993).   So it is generally 

agreed that starch contents %age are enhanced by potassium application until K 

under-nutrition, whilst heavy doses of K decrease starch contents and storage life 

(Martin-Prevel, 1989).These results are in agreement with the findings of Martin-

Prevel (1989) and Perrenoud (1993) who reported that potassium was affective for 

increasing the shelf life of stored tubers and tended to decrease weight loss in the 

form of carbohydrate losses during storage of potatoes (Grewal et al.1991).     

4.4.21. Protein contents %age:  

The observations related to protein contents were collected for the 5 fortnight 

intervals under ambient and cold storage conditions on the fresh weight %age basis. 

The data were analyzed separately for each interval through the analysis of variance 

techniques (App-59 App-60). The treatment mean values are presented in Table 4.53.  

Table 4.53:- Effect of inorganic and organic K application on storage behavior 
of potato crop for protein contents (%age) 

 
Treat-
ment 

Source with 
Dose(Kg) plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

  AC CS AC CS AC CS AC CS AC CS 
T0 Control 2.043f 2.018f 1.997f 1.997f 1.970f 1.968f 1.942f 1.940f 1.902f 1.913f 
T1 FYM (100) 2.065e 2.062e 2.042e 2.030 2.022e 2.005e 1.997d 1.978e 1.958c 1.950e 
T2 SOP (0.90) 2.162a 2.210a 2.125a 2.192 2.082a 2.163a 2.063a 2.137a 2.038a 2.110a 
T3 MOP (0.75)  2.098d 2.077d 2.057d 2.047 2.022d 2.020d 1.983e 1.980d 1.948d 1.952d 
T4 ½ SOP (0.45) + 

½ FYM (50) 
2.158b 2.162b 2.120b 2.132 2.077b 2.103b 2.052b 2.072b 2.002b 2.048b 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

2.110c 2.107c 2.080c 2.068 2.042c 2.040c 1.998c 2.017c 1.947e 1.978c 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
 Means followed by the same letter in a column do not differ significantly at P=0.05 
 

 
The data related to the first fortnight interval revealed significant results for 

treatments under both the condition of storage.T2 with maximum 2.162% and 2.210% 

of protein contents for the ambient and cold storage conditions respectively, ousted 

other combinations of treatments, followed by T4 with 2.158% and 2.162%, T5 with 

2.110% and 2.107% ,T3 with 2.098% and 2.077% and T1  with 2.065% and 2.062% in 

descending order as per their performances while, T0  with 2.043% and 2.018% was 

found at the bottom. The data pertaining to the 2nd fortnight interval gave significant 

results for treatments. The mean values followed the previous trend and showed 
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Fig 27:- Effect of different sources of potassium for storage behaviour on 
protein contents %age at ambient and cold storage conditions 
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dominance of T2 with 2.125% and2.192% of protein contents whereas, T0 was found 

at the lowest position with the minimum of 1.997% of protein contents each for both 

the conditions of storage. The results for the 3rd fortnight interval were observed 

statistically significant once again for treatments which demonstrated the supremacy 

of T2 with 2.082% and 2.163% of protein contents respectively for both the conditions 

of storage, followed by T4 (2.077% and 2.103%), T5 (2.042% and 2.040%), T3 

(2.022% and 2.020%) and T1 (2.022% and 2.005%) while, T0 (1.970% and 1.968%) 

secured the last position. The outcome of the 4th fortnight interval revealed significant 

results for treatments which indicated that T2 remained at the top with 2.063% and 

2.137% protein contents respectively in both the conditions of storage whereas, T0 

was found at the bottom with 1.942% and 1.940% which were 5.87% and 9.22% less 

respectively in both the conditions of storage as compared to T2 (SOP source). The 

observations in relation to the 5th fortnight interval showed significant results for 

treatments. As usual, T2 stood at first position whereas, T0 retained the last position 

while, rest of the treatment i.e. T4, T5, T3 and T1 were found in between in descending 

order as per their performances. 

Protein plays an important role in all living beings. It carries out vital 

functions in biological metabolism. In the present study, the influence of different 

available sources of potassium on the characteristic of protein content in stored potato 

tubers was observed. Potassium fertilizer application at the recommended doses was 

found pragmatically enhancing the protein contents %age. The increase in protein 

contents up to 2.37% and 3.40% respectively under ambient and cold storage 

conditions was visualized with the application of SOP as compared to the control. 

These results are in concord with the findings of Singh and Singh (1996). 

4.4.22. Reducing sugars: 

The information for reducing sugars were collected for 5 fortnight intervals 

separately from ambient and cold storage conditions which were then individually 

subjected for statistical analysis of variance (App- 61,App-62).The treatments mean 

values are presented in Table 4.54. The data for the first fortnight interval revealed 

significant differences among the treatments and years by indicating the dominance of 

T2 with the lowest reducing sugars of 0.420% and 0.335% under the ambient and cold 

storage conditions while, T0 gave maximum reducing sugars with 0.605% and 0.458% 

over rest of the combinations of treatments which reflected upon the domination of 

SOP as a source of potassium for potato crop.  
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Table 4.54:- Effect of inorganic and organic K application on storage behavior 
of potato crop for reducing sugars (%age). 

 
Treat-
ment 

Source with 
Dose(Kg) plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 0.605a 0.435a 0.633a 0.472a 0.682 a 0.492a 0.723a 0.523 a 0.762 a 0.552b 
T1 FYM (100) 0552b 0.435a 0.555b 0.455b 0.595 b 0.470c 0.635b 0.495b 0.680b 0.522d 
T2 SOP (0.90) 0.420f 0.335a 0.448f 0.345f 0.478f 0.363f 0.498f 0.380f 0.527f 0.400f 
T3 MOP (0.75)  0.498c 0.433b 0.540c 0.450c 0.587 c 0.475b 0.618c 0.502b 0.668c 0.525c 
T4 ½ SOP (0.45) + 

½ FYM (50) 
0.448e 0.390d 0.475e 0.403e 0.513e 0.425e 0.543e 0.442e 0.572e 0.488e 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

0.473d 0.415c 0.515d 0.438d 0.548d 0.462d 0.587d 0.483d 0.623d 0.575 a 

F = Fortnight intervals 
DAP = Days after planting 
NS = Non-significant 
AC = Ambient condition 
CS = Cold storage 
 

Mean values for the years to all fortnight intervals; have been produced in the 

following Table 4.54A for a glance. 

 

Table 4.54A:- Effect of K application through different sources on potato crop 
for storage behavior regarding mean values of years on reducing 
sugars %age in ambient and cold storage conditions. 

 
 F1 F2 F3 F4 F5 

AC CS AC CS AC CS AC CS AC CS 
Year-1 0.496a 0.376b 0.519b 0.389b 0.548b 0.408b 0.568b 0.428b 0.593b 0.453b 
Year-2 0,493b 0.446a 0,536a 0.466a 0,587a 0.488a 0.633a 0.513a 0.681a 0.538a 
Means followed by the same letter in a column do not differ significantly at P=0.05  

 

The observations related to the 2nd fortnight interval demonstrated significant 

results for treatments and years. T0 (control) remained at the top of the list with the 

maximum reducing sugars of 0.633% and 0.472% respectively under both the 

conditions of storage. While, T2 once again demonstrated that SOP was observed the 

best source of potassium by converting minimum %age of tuber starch into reducing 

sugars with 0.448% and 0.345% respectively for ambient and cold storage conditions 

whereas, other treatments T1, T3, T5 and T4 performed in between as per their 

performances in descending order. The data in relation to the 3rd fortnight interval 

indicated significant results for treatments and years which clearly demonstrated the 

supremacy of T2 (0.478% and 0.363%) over other treatments by producing the lowest 

reducing sugars contents %ages while, T0 again gave maximum reducing sugars with 

0.682% and 0.492% respectively in both the conditions of storage. 
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Fig 28:- Effect of different sources of potassium for storage behaviour on 
reducing sugars %age at ambient and cold storage conditions 



 137

The information for the 4th fortnight interval also revealed significant results 

for treatments and years by succeeding the previous trend. T2 again superseded other 

combinations of treatments by giving minimum reducing sugars contents with 0.498% 

and 0.380% as compared to control which converted tuber starch into sugars with 

0.723% and 0.523% and thus converted starch, 68.88% and 45.18% more into 

reducing sugar under both the conditions of storage as compared toT2 (SOP as a 

source of potassium). The data for the 5th fortnight interval gave significant results for 

treatments and years which revealed that T0 gave maximum reducing sugars contents 

with 0.762% and 0.552% as compared to T2 that produced 0.527% and 0.400% of 

reducing sugars which were 31.84% and 27.54% less as compared to T0 (control) 

whereas, other treatments were in between. 

Reducing sugars (Glucose+ Fructose) are very important for potato processing 

because the potato chips show darkening effects during frying. This study showed that 

the maximum concentration of reducing sugars was present under the control and the 

lowest with the variable of SOP, thus potassium (any source of potassium) visualized 

inverse relationship with reducing sugars aspect. In case of K deficiency which 

affected carbohydrate metabolism, with negative impacts such as accumulation of 

soluble carbohydrates and decrease starch contents in stored potato tubers, were the 

cause of undesired dark-colored potato chips which occurred under low K nutrition 

level (Perrenoud, 1983; Usherwood, 1985; Martin-Prevel, 1989).  These results are in 

harmony with the findings of Wasterman et al. (1994).  

4.4.23. Vitamin C: 

The observations for the aspect of study were collected separately for ambient 

and cold storage conditions at 5 fortnight intervals. The data obtained were subjected 

to analysis of variance techniques (App-63 App-64). The mean values are given in 

Table 4.55. The results of these intervals are now presented and discussed below 

accordingly. 

The data for the first fortnight interval reveled significant results for 

treatments.T2  with 16.307 and 17.112 mg (100 g FW-1) respectively for the ambient 

and cold storage conditions was at the top whereas, T0  with 14.223 and 14.805 mg 

(100 g FW-1) was found at the bottom while, remaining treatments were found in 

between. The information related to 2nd fortnight interval also indicated significant 

results for treatments by showing dominance of T2   with 15.422 and 15.937 mg (100 
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g FW-1), followed by T4, T1, T3 and T4 performed in descending order whereas, T0  

with 13.563 and 13.267 mg (100 g FW-1) of vitamin C was found at the bottom. 

Table 4.55:- Effect of K fertilizer application on storage behavior of potato crop 
for vitamin C mg (100g FW)-1. 

 
Treat-
ment 

Source with 
Dose(Kg)plot-1  

F1 
(30 DAP) 

F2 
(45 DAP) 

F3 
(60DAP) 

F4 
(75 DAP) 

F5 
(90 DAP) 

AC CS AC CS AC CS AC CS AC CS 
T0 Control 14.223f 14.81f 13.56f 13.27f 12.40f 12.48f 11.35f 11.30f 10.31f 14.22f 
T1 FYM (100) 14.95c 15.10d 14.02c 13.97d 12.98c 13.10d 11.84d 11.71d 10.70d 14.95c 
T2 SOP (0.90) 16.31a 17.11a 15.44a 15,94a 14.43a 14.86a 13.68a 13.56a 12.64a 16.31a 
T3 MOP (0.75)  14.75e 14.99e 14.01d 13.73e 12.85e 13.02e 11.65e 11.94c 10.55e 14.75e 
T4 ½ SOP (0.45) + 

½ FYM (50) 
15.60b 16.38b 14.47b 15,17b 13.45b 14.12b 12.28b 13.18b 10.96b 15.60b 

T5 ½ MOP (0.375) 
+ ½ FYM(50) 

14.80d 15.56c 13.99e 14.59c 12.95d 13.63c 11.85c 12.34e 10.81c 14.80d 

 
The observations concerning with 3rd fortnight interval depicted significant 

results for treatments by showing gradual decrease in Vit.C during storage but 

followed the same trend with the exhibition of T2 at the top while, T0 demonstrated 

the lowest position as compared to the other variables of treatment studied. The data 

for the 4th fortnight interval again gave significant results for treatments by showing 

supremacy of T2 (13.577 and 13.563 mg (100 g FW-1) and was found at the first 

position amongst other combinations of treatments while, T0 was at the lowest 

position with 11.352 and 11.302 mg of vitamin C (100 g FW-1). 

The data related to the 5th fortnight interval also revealed significant results for 

treatments.  The values of Vit.C were  found dropping gradually with the increase of 

storage period but exhibited the previous sequence where T2  with 12.637 and 12.695 

mg (100 g FW-1) exhibited the best performance amongst other treatments while, T0  

with 10.308 and 10.100 mg (100 g FW-1) got the lowest position whereas, other 

combinations of treatments were observed in between. 

`Vitamin C, also called as ascorbic acid or ascorbate which is a major water 

soluble antioxidant within the body. Potassium promotes the production of 

photosynthates and their consequent transport to the sink (tubers) which stimulates in 

enhancing the rate of conversion of starch, proteins and vitamin C (Mengel and 

Kirkby, 1987). High concentration of K usually leads to an increase of organic 

contemplation which has a beneficial effect on ascorbic acid levels (Bergmann, 1992). 

Some other experiments showed an increase of vit.C in the tubers with the application 

of potassium (Perrenoud, 1993). 
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Fig 29:- Effect of different sources of potassium for vitamin C mg per 100g of 
fresh weight at ambient conditions and cold storage 
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Potassium  is engaged in the conversion of radiant energy into chemical 

energy in the form of ATP and NADPH production which is utilized for the synthesis 

of chemical processes in plant metabolism, resultantly starch and protein production 

were found increased while the reducing sugars were  found decreased, all of which 

express the quality of potatoes. The high energy status achieved through the optimal 

application of K which also promotes, the synthesis of secondary metabolism in the 

form of vitamin C as it is evident from the present study. As far as, the storage 

behavior of the aspect of study is concerned, the above results are in agreement to the 

findings of Burton (1966) who reported that there were 2/3rd loss of vitamin c during 

storage for 2 to 3 fortnight intervals after the harvest.  

CONCLUSIONS: 

The following conclusions were obtained from the experiment No, 4. 

1. SOP proved to be the best source of K as compared to MOP or FYM applied 

alone or with combinations in most of the parameters studied. 

2. For the morphological characteristics like number of leaves, leaf area index, 

leaf area duration, net assimilation rate, crop growth rate, relative growth rate, 

stem length and stem diameter, the SOP proved significantly more effective as 

compared to the other sources i.e. MOP and FYM applied alone or in 

combinations with each other. 

3. The physiological features such as net photosynthesis rate, intra-cellular CO2 

concentration, transpiration rate, stomatal conductance, water use efficiency 

were also significantly effective with the application of SOP as compared to 

the other sources of potassium applied. 

4. The cold storage conditions were found better as compared to ambient 

conditions. 

5. The parameters like weight loss %age, sprouting %age, rotting %age and 

physiological disorder were found remarkably checked with SOP as compared 

to the other variables applied in both the conditions of storage. 

6. With regard to the physic-chemical characteristic like starch %age, protein 

%age, reducing sugars and vitamin C contents, SOP was again found more 

efficient as compared to the other sources of K studied under both the 

conditions of storage. 
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                                                         CHAPTER V 

SUMMARY 

 

These research studies were undertaken to observe growth and yield 

characteristics of potato crop with the application of potassium fertilizer on a 

promising potato cultivar “Desiree”. For this purpose, various sources of K, 

application techniques, doses were tested and various physic-chemical characteristics 

were studied. The details of these experiments are summarized below: 

EXPERIMENT #1: 

Efficacy of potassium obtained from various sources: 

In this experiment, total recommended dose of K2O was applied at the time of 

planting with inorganic K fertilizers (SOP and MOP) and organic i.e. FYM. Tuber 

started emerging in the 3rd week after planting that shown almost similar results with 

statistically non-significant for all the combinations of treatments. The data on the 

parameters like number of aerial stems plant-1 and number of leaves plant-1 were also 

found non-significant. The characteristics related to plant height, number of tuber 

plant-1, Tuber weight pant-1 and yield (Tons ha-1) were found significant. The best 

results were obtained from T2 (Full dose from SOP) followed by T4 (½ from SOP and 

½ from FYM), T8 (¾ from SOP + ¼ from FYM), T9 (¾ from MOP and ¼ from FYM) 

whereas, T0 (control) remained at the bottom while, remaining all other treatments 

were observed in between. As far as the tuber quality parameters like specific gravity, 

tuber dry matter %age, total soluble solids (TSS), and tuber dry weight plant-1 are 

concerned, the previous trend was viewed by giving supremacy of T2. 

Overall, it was observed  that T2 (Full dose from SOP) performed 

tremendously well for the vegetative and yield characteristics, followed by T4 (½  

from SOP and ½  from FYM),T8 (¾  from SOP and ¼  from FYM), T9 (¾  from MOP 

+ ¼ from FYM),T6 (¼  from SOP + ¾ from FYM) whereas, some of the qualitative 

characters of tubers were found improved with the application of  ½ SOP +½  FYM. 

These results undoubtedly indicated that SOP is the best source of potassium for 

better productivities from potato crop. Moreover, SOP integrated with FYM also 

demonstrated exceptionally well in some of the aspects of study.     
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EXPERIMENT # 2: 

Application of potassium through various techniques: 

In this experiment, the recommended doses of potassium in the form of SOP 

were applied at the time of planting, 30  days after planting (DAP), ½ at planting + ½ 

30 DAP or ½ at 30 DAP+ ½ 60 DAP through two different techniques i.e. broadcast 

and placement. The potato tubers started emerging in the 3rd week after planting. A 

gradual increase in tuber emergence %age was observed till the start of 4th week after 

planting. However, the results for total emergence %age, number of aerial stem   

plant-1, and number of leaves plant-1 were found statistically non-significant. Whereas, 

the parameter of plant height was found significant with the superiority of T2 

(Application of SOP at the time of planting through placement method) while, T4 was 

found at the 2nd position but both were observed statistically at par whereas, T0 

(control) was found at the bottom. The data for the number of tuber plant-1 were 

collected at the time of harvest which also showed superiority of T2 (SOP at the time 

of planting through placement method) as compared to the other combinations of 

treatments. As far as the tuber weight plant-1 and yield (Ton ha-1) are concerned, the 

results demonstrated advantage to T2 whereas, the treatments with the application of 

SOP through broadcast method either applied at the time of planting or ½ at planting 

and ½ after 30 days of planting or ½ after 30 day and ½ after 60 day after planting 

proved comparatively less proficient,. On the other hand, the parameters of specific 

gravity and tuber dry matter %age were found with better performances with applying 

the variable of SOP through placement method. As far as the data for tuber total 

soluble solids (TSS) are concerned, the results revealed significant differences 

amongst the mean values which exhibited better results with the combinations of SOP 

at the time of planting through placement method as compared to the other variables 

of treatments. In a nutshell, the full dose from SOP at time of planting through 

placement method of application proved to be better as compared to the other 

combinations of treatments in most of the parameters of growth and yield. By and 

large, T2 gave good performance. The combination with ½ doses of SOP  after 30 

days of planting + ½ after 60 days of planting in both the techniques of application i.e. 

placement or broadcast method proved  unproductive. Hence the placement method of 

SOP at the time of planting was found effective than the broadcast method. 
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EXPERIMENT # 3: 

Efficacy of various potassium levels on qualitative and quantitative aspects of 

potato crop.  

In this experiment, SOP was applied in the form of different levels (i.e. 0, 50, 

75, 100,150,200,250, and 300 kg K2O ha-1) at the time of planting. Tubers started 

emerging in the 3rd week after planting. Statistically significant results were obtained 

for the parameter of total emergence %age for which the data were collected 30 days 

after planting. T3 (150 kg K2O ha-1) gave better results as compared to the other 

variables of treatments whereas, T0 (control) and T6 (300 kg K2O ha-1) were 

statistically at par but both were found at the bottom. Whereas, the data related to the 

number of aerial stem plant-1 and number of leave plant-1 were found non-significant 

results but T3 (150 kg K2O ha-1) again gave comparatively batter performance as 

compared to the treatments. As far as the parameter of plant height is concerned, it 

gave significant results with T3 (150 kg K2O ha-1) again performed well while, T0 

(control) demonstrated moderately better performance as compared to T6 (300 kg K2O 

ha-1). The data for the number  of tubers plant-1, tuber weight plant-1 and yield (Tons 

ha-1) produced significant results by following the previous tendency which exposed 

the ascendancy of T3 (150 kg K2O ha-1)  with the highest plant height of 48.783 cm 

while, in the cases of number of tubers plant-1, tuber weight plant-1 and yield       

(Tons ha-1) , T2  (100 kg K2O ha-1) and T3 (150 kg K2O ha-1)  were pragmatic 

statistically at par with the top of the category while, T0 (control) and T6 (300 kg K2O 

ha-1) again gave statistically analogous results  and they were found at the bottom. 

The results for specific gravity and tuber dry matter %age gave non-significant 

results. As far as the results for TSS and tubers dry weight plant-1 are concerned , the 

parameter of TSS depicted non-significant results while the results for tuber dry 

weight plant-1 were statistically significant with T3 (150 kg K2O ha-1) again at the top 

resultantly,  T3 and T4 gave 68.748  g and 65.931g respectively in descending order. 

In general, it was observed that the potato crop showed positive response for 

the growth and yield characteristics with the increasing of K2O up to the level of 150 

kg ha-1 but at the certain limit i.e. (250 kg K2O ha-1), it was found futile for various 

vegetative and yield characteristics as it was observed negative impacts on the crop 

for the excessive potassium application. On the other hand, some of the qualitative 

characteristics were found better in T0 (control) where no potassium was applied 

whereas, in some cases, T0 was comparatively better than T5 and T6 (250 and 300 kg 
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K2O ha-1) while, T2 and T4 were found at par in statistical point of view as they were 

found in between.  

EXPERIMENT # 4 

In this experiment, potassium was applied in the form of inorganic (SOP and 

MOP) and organic (FYM) fertilizers at the time of planting. Tubers started emerging 

in the 3rd week after planting. Physiomorphological aspects were studied as well as 

post harvest storage to assess the effect of potassium through available sources.  Data 

were collected at 5 fortnight intervals 30 DAP. The parameter number of leaves was 

found significant for the treatments; fortnight intervals and the years.T2 showed its 

supremacy with 46.170 leaves at 90 DAP as compared to the other combinations of 

treatments. Data for the parameters of leaf area index and leaf area duration were also 

statistically significant for treatments and fortnight intervals. T2 (SOP source) was 

found superior in all intervals studied as compared to rest of the combinations of 

treatments. The mean values for the years were found to be significant, Crop growth 

rate; relative growth rate and net assimilation were calculated with the prescribed 

formulae that gave significant results for the treatments, fortnight intervals and the 

years.  T2 (SOP source) remained at the top of list, followed by T4, T1, T5 and T3 

whereas, T0 (control) was found at the bottom. Data for stem length and stem 

diameter were also observed significant for treatments and fortnight intervals which 

reflected as well the superiority of SOP over the other variable sources of potassium 

as maximum stem length and stem diameter were observed in T2 (full dose from SOP) 

followed by T4, T5, T1 and T3 while, T0 (control) was observed at the lowest position. 

The parameter of chlorophyll contents also revealed significant results with the 

supremacy of T2 which reflected upon that due to the importance of chlorophyll being 

real food manufacturing factory for plants, a sufficient supply of potassium in the 

form of SOP improved chlorophyll contents of potato crop significantly. The contents 

were found increased from 25.05% to 41.00% as compared to other variables and the 

control. 

The physiological parameter of net photosynthesis rate was found significant 

as well by putting forth positive results for the treatments, fortnight intervals and the 

years while, their interactions were found to be non-significant. T2 again was found at 

the top while, T0 performed inadequately as compared to the other treatments. As far 

as the results for Intra cellular CO2 concentration are concerned, there were also 

observed significant differences among the mean values of the variables studied. 
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The gas exchange attributes are known for positive indicators for growth and 

development of plants and they illustrated favorable correlation between net 

photosynthesis rate and foliage growth but with the application of K2O in the form of 

SOP slot in with N and P at the required rate to all the combinations of treatments 

might enhance gas exchange rate. SOP proved itself as a good source of potassium as 

compared to the other sources of potassium applied. Transpiration rate is an important 

gas exchange parameter which has great significance in the exhibition of 

physiological factor affecting with respect to potassium applied to potato crop. SOP 

again showed its effectiveness for the parameter whereas, other sources remained in 

between while, T0 (control) was found at the bottom. The data for stomatal 

conductance  and water use efficiency gave significant results with T2 was observed at 

the top in all intervals of potassium sources  which revealed the stomatal conductance 

was found gradually increasing till 75 DAP then it started declining. Stomatal 

conductance has great importance for better yield and potassium has been found 

involved in many physiological aspects of plant production like promotion of 

photosynthesis rate, speeding up the flow of assimilates, activation of enzymes for the 

production of proteins and sugars, improvement in water use efficiency by controlling 

stomatal opening and closing in plants well in time which has beneficial effects on 

crop growth, yields by enhancing the %age of biomass and moisture contents of 

tubers. On the other hand water use efficiency was observed increasing up to 75 DAP. 

The rate of photosynthesis was observed more with more water use efficiency. Thus, 

both the factors were found greater than before with the application of potassium in 

the form of SOP which was observed superior than other variables sources. 

As far as the host harvest handling studies i.e. storage behavior are concerned 

that the tubers were kept in two storage conditions (ambient conditions and cold 

storage) for further snooping the effectiveness of potassium under certain parameters, 

such as weight loss %age, sprouting %age, rotting %age and physiological disorders 

%age and the Physico-chemical features like starch contents %age, protein contents 

%age, reducing sugar and vitamin C were studied. The parameter of weight loss %age 

clearly indicated significant differences between mean values in both the factors of 

storage which revealed that due to respiration of stored organic materials are broken 

with the release of energy. This process uses O2 and produces CO2 and water vapors. 

T0 (control) gave maximum weight loss% age which reflected upon the importance of 

potassium. T2 (SOP) again showed its significance with minimum weight loss %age. 
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As far as the parameters of sprouting %age, rotting %age and physiological 

disorders %age are concerned, they produced significant results for treatments and 

fortnight intervals. In this experiment, application of potassium played its significant 

role in protecting the stored tubers from deterioration of quality by minimizing the 

reducing sugars %age. T0 (control) gave maximum reducing sugars contents %age 

with 0.762% and 0.552% respectively in ambient and cold storage conditions which 

were 31.84% and 27.54% less as compared to control. The starch contents were 

maximum in T2 with  77.078% and 77.190% respectively in ambient and cold storage 

conditions whereas,T0 (control) gave maximum with 70.937% and 71.728% and thus 

were found at the bottom as compared to the other treatments. The data related to the 

protein %age, it exhibited that T2 gave maximum proteins with 2.038% and 2.290% 

respectively in ambient and cold storage conditions whereas, T0 was again found at 

the bottom with 1.902% and 1.913% which were 7.155 and 19.71%  less  for ambient 

and cold storage conditions as compared to T2 (SOP source of potassium).  The 

parameter of vitamin C also gave significant results with T2 was superior as compared 

to the other treatments.  The vitamin C aspect was found dropping gradually with the 

increasing the storage period but T2  gave maximum performance with 12.637 and 

12.695 mg (100g FW) -1 respectively in ambient and cold storage conditions while,T0 

showed minimum results with 10.308 and 10.100 mg (100g FW) -1 . The presence of 

potassium in the form of SOP  have a affirmative influence in detaining nutritional 

status of stored tubers, High concentration of potassium  usually lead to increase of 

organic acids concentration which  have also a beneficial effects on ascorbic acid. 

Overall, it was observed that potato crop showed a positive response for 

qualitative and quantitative with the application of potassium in all its available 

sources. SOP was the most effective in all physiomorphological characteristics and 

storage behavior in both the conditions of storage i.e. ambient and cold storage 

conditions.  

Recommendations: 

SOP was found superior than other sources MOP and FYM. Therefore, the use 

of MOP as a source of potassium, is to be discouraged for potato crop,   

FYM incorporated with SOP is effective, thus the use of organic matter is to 

be promoted to boost up potato productivity. 
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SOP gave excellent results, when applied at the time of planting with 

placement method, so advanced implements for fertilizer placement is to be 

encouraged. 

The storage of surplus potatoes must be cold stored than the ambient storage 

conditions so that the post harvest losses may be minimized. 
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APPENDICES 

 

App.1:- Pre-sowing physio-chemical soil analysis 
 
Determinants Units Values Values Values

2006-07 2007-08 2008-09

Sand % 64 65 65 

Silt % 17 16 16 

Clay % 19 19 19 

Soil texture % Sandy clay 
loam 

Sandy clay loam Sandy clay loam 

pH  % 8.0 7.9 7.8 

Electrical 
conductivities  

dS m-1 0.92 0.95 0.94 

Organic 
matter 

% 1.00 1.09 1.17 

Total N % 0.047 0.049 0.050 

Available P mg kg-1 6.80 7.0 7.3 

Available K mg kg-1 1.11 1.38 1.43 

Cat ion 
exchange 
capacity 

c mol kg-1 9.21 9.27 9.20 

CaCo3 % 8.6 8.66 8.71 
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EXPERIMENT NO. 1 
 

App. 2:- Analysis of variance table for total emergence %age 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.053 0.053 0.0025  
Error 4 83.911 20.978   
Factor A 9 115.648 12.850 1.9596 0.0741 
LA 9 107.583 11.954 1.8230 0.0977 
Error 36 236.063 6.557   
Total 59 543.258    
 
App. 3:- Analysis of variance table for number of aerial stems 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.013 0.013 1.0733 0.3587 
Error 4 0.047 0.012   
Factor A 9 0.203 0.023 1.1282 0.3689 
LA 9 0.020 0.002 0.1101  
Error 36 0.720 0.020   
Total 59 1.002    
 
 
App. 4:- Analysis of variance table for number of leaves 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 1.571 1.571 0.4677  
Error 4 13.438 3.360   
Factor A 9 24..247 27.139 2.5552 0.0220 
LA 9 86.613 9.624 0.9061  
Error 36 382.350 10.621   
Total 59 728.220    
 
App. 5:- Analysis of variance table for plant height (cm) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.081 0.081 0.0021  
Error 4 154.119 38.530   
Factor A 9 347.456 38.606 2.5064 0.0243 
LA 9 57.863 6.429 0.4174  
Error 36 554.502 15.403   
Total 59 1114.022    
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App. 6:- Analysis of variance table for number of tuber 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 2.301 2.301 12.4306 0.0243 
Error 4 0.740 0.185   
Factor A 9 28.588 3.176 10.7477 0.0000 
LA 9 7.949 0.883 2.9882 0.0092 
Error 36 10.640 0.296   
Total 59 50.218    
 
App. 7:- Analysis of variance table for tuber weight (g) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 70.417 70.417 0.1047  
Error 4 2690.467 672.617   
Factor A 9 69381.817 7709.091 6.4076 0.0000 
LA 9 2256.083 250.676 0.2084  
Error 36 43312.200 1203.117   
Total 59 117710.983    
 
App. 8:- Analysis of variance table for yield per hectare (ton) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.050 0.050 0.0064  
Error 4 31.051 7.763   
Factor A 9 250.301 27.811 5.3279 0.0001 
LA 9 20.240 2.249 0.4308  
Error 36 187.917 5.220   
Total 59 489.559    
 
App. 9:- Analysis of variance table for specific gravity 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.000 0.000 0.1120  
Error 4 0.000 0.000   
Factor A 9 0.000 0.000 1.3592 0.2426 
LA 9 0.000 0.000 0.3280  
Error 36 0.001 0.000   
Total 59 0.001    
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App. 10:- Analysis of variance table for tuber dry matter 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.368 0.368 0.2289  
Error 4 6.435 1.609   
Factor A 9 17.695 1.966 1.7752 0.1076 
LA 9 3.200 0.356 0.3210  
Error 36 39.872 1.108   
Total 59 67.570    
 
App. 11:- Analysis of variance table for TSS (Brix) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.005 0.005 0.0136  
Error 4 1.326 0.332   
Factor A 9 6.700 0.744 2.2640 0.0398 
LA 9 2.532 0.281 0.8558  
Error 36 11.837 0.329   
Total 59 22.400    
 
App. 12:- Analysis of variance table for tuber dry weight 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.236 0.236 0.0666  
Error 4 14.155 3.539   
Factor A 9 57.226 6.358 4.6490 0.0004 
LA 9 3.675 0.408 0.2986  
Error 36 49.237 1.368   
Total 59 124.528    
 
App. 13:- Analysis of variance table for total emergence 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 18.984 18.984 3.8791 0.1202 
Error 4 19.576 4.894   
Factor A 9 53.012 5.890 1.0116 0.4491 
LA 9 35.443 3.938 0.6764  
Error 36 209.605 5.822   
Total 59 336.620    
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App. 14:- Analysis of variance table for number of aerial stems 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.023 0.023 0.4237  
Error 4 0.215 0.054   
Factor A 9 1.266 0.141 1.2106 0.3189 
LA 9 1.506 0.167 1.4402 0.2080 
Error 36 4.182 0.116   
Total 59 7.191    
 
App. 15:- Analysis of variance table for number of leaves 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.840 0.840 0.1071  
Error 4 31.365 7.841   
Factor A 9 146.055 16.228 1.6785 0.1305 
LA 9 9.802 1.089 0.1126  
Error 36 348.069 9.669   
Total 59 536.130    
 
App.16:- Analysis of variance table for plant height (cm) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 2.400 2.400 0.1281  
Error 4 74.933 18.733   
Factor A 9 793.733 88.193 8.6652 0.0000 
LA 9 72.267 8.030 0.7889  
Error 36 366.400 10.178   
Total 59 1309.733    
 
App.17:- Analysis of variance table for number of tuber  
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.013 0.013 0.0316  
Error 4 1.671 0.418   
Factor A 9 23.890 2.654 13.9085 0.0000 
LA 9 1.342 0.149 0.7815  
Error 36 6.871 0.191   
Total 59 33.787    
 



172 
 

App.18:- Analysis of variance table for tuber weight (g) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 299.267 299.267 0.4502  
Error 4 2658.733 664.683   
Factor A 9 122849.400 13649.933 16.5209 0.0000 
LA 9 3392.067 376.896 0.4562  
Error 36 29743.933 826.220   
Total 59     
 
App.19:- Analysis of variance table for yield per hectare (ton) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 1.204 1.204 0.4084  
Error 4 11.795 2.949   
Factor A 9 308.872 34.319 16.5209 0.0000 
LA 9 8.539 0.949 0.4562  
Error 36 75.073 2.085   
Total 59 405.483    
 
App.20:- Analysis of variance table for specific gravity 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.000 0.000 0.2392  
Error 4 0.000 0.000   
Factor A 9 0.000 0.000 5.0530 0.0002 
LA 9 0.000 0.000 0.5755  
Error 36 0.000 0.000   
Total 59 0.001    
 
App.21:- Analysis of variance table for Tuber dry matter 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.335 0.335 0.3257  
Error 4 4.108 1.027   
Factor A 9 8.314 0.924 2.8548 0.0120 
LA 9 3.840 0.427 1.3186 0.2614 
Error 36 11.649 0.324   
Total 59 28.244    
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App.22:- Analysis of variance table for TSS (Brix) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.004 0.004 0.0567  
Error 4 0.294 0.073   
Factor A 9 9.774 1.086 3.1999 0.0060 
LA 9 1.101 0.122 0.3606  
Error 36 12.217 0.339   
Total 59 23.391    
 
App.23:- Analysis of variance table for tuber dry weight 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 2.388 2.388 1.7842 0.2526 
Error 4 5.354 1.338   
Factor A 9 108.478 12.053 6.2615 0.0000 
LA 9 5.960 0.662 0.3440  
Error 36 69.298 1.925   
Total 59 191.478    
 
App.24:- Analysis of variance table for total emergence 
 
 S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.081 0.081 0.0131  
Error 4 24.890 6.222   
Factor A 6 184.608 30.768 2.6509 0.0407 
LA 6 13.841 2.307 0.1987  
Error 24 278.560 11.607   
Total 41 1.981    
 
App.25:- Analysis of variance table for number of aerial stems 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.014 0.014 0.0980  
Error 4 0.576 0.144   
Factor A 6 0.528 0.088 0.9900  
LA 6 0.037 0.006 0.0690  
Error 24 2.134 0.089   
Total 41 3.289    
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App.26:- Analysis of variance table for number of leaves 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.801 0.801 0.2854  
Error 4 11.225 2.806   
Factor A 6 39.666 6.611 0.6857  
LA 6 10.252 1.709 0.1772  
Error 24 231.402 9.642   
Total 41 293.346    
 
App.27:- Analysis of variance table for plant height (cm) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 8.686 8.686 0.8167  
Error 4 42.542 10.635   
Factor A 6 353.305 58.884 7.6937 0.0001 
LA 6 16.739 2.790 0.3645  
Error 24 183.685 7.654   
Total 41 604.956    
 
App.28:- Analysis of variance table for number of tuber 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 1.276 1.276 4.2895 0.1071 
Error 4 1.190 0.297   
Factor A 6 8.580 1.430 3.1112 0.0213 
LA 6 1.079 0.180 0.3914  
Error 24 11.032 0.460   
Total 41 23.157    
 
App.29:- Analysis of variance table for tuber weight (g) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 4451.524 4651.524 1.9657 0.2335 
Error 4 9465.333 2366.333   
Factor A 6 63631.476 10605.246 11.4420 0.0000 
LA 6 2782.810 463.802 0.5013  
Error 24 22206.000 225.250   
Total 41 102737.143    
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App.30:- Analysis of variance table for yield per hectare (ton) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.000 0.000 0.0469  
Error 4 0.000 0.000   
Factor A 6 0.000 0.000 1.5696 0.1991 
LA 6 0.000 0.000 0.4508  
Error 24 0.001 0.000   
Total 41 0.001    
 
App.31:- Analysis of variance table for specific gravity 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 22.455 22.455 2.7781 0.1709 
Error 4 32.331 8.083   
Factor A 6 334.240 55.707 20.8157 0.0000 
LA 6 19.439 3.240 1.2106 0.3350 
Error 24 64.228 2.676   
Total 41 472.693    
 
App.32:- Analysis of variance table for tuber dry matter 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.034 0.034 0.0658  
Error 4 2.085 0.521   
Factor A 6 9.370 1.562 1.5456 0.2063 
LA 6 3.379 0.563 0.5574  
Error 24 24.249 1.010   
Total 41 39.116    
 
App.33:- Analysis of variance table for TSS (Brix) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 0.015 0.082 0.1811  
Error 4 0.328 0.015   
Factor A 6 5.879 0.980 11.3477 0.0000 
LA 6 0.557 0.093 1.0749 0.4048 
Error 24 2.072 0.086   
Total 41 8.851    
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App.34:- Analysis of variance table for tuber dry weight 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Location 1 70.344 70.344 1.8278 0.2478 
Error 4 153.947 38.487   
Factor A 6 599.365 99.894 6.1587 0.0005 
LA 6 47.381 7.898 0.4869  
Error 24 389.278 16.220   
Total 41 1260.322    
 
App. 35:- Analysis of variance table for number of leaves 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 70.914 70.914 2.1586 0.2157 
Error 4 131.405 32.851   
Factor C 4 25850.444 6462.610 1276.2667 0.0000 
BC 4 10.130 2.532 0.5001  
Error 16 81.019 5.064   
Factor D 5 866.384 173.277 64.4658 0.0000 
BD 5 62.758 12.551 4.8145 0.0006 
CD 20 131.703 6.585 2.5259 0.0013 
BCD 20 71.150 3.557 1.3646 0.1586 
Error 100 260.701 2.607   
Total 179 57536.603    
 
App.36:- Analysis of variance table for leaf area index 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 10.545 10.545 2.8994 0.1638 
Error 4 14.548 3.637   
Factor C 4 56.963 14.241 28.2994 0.0000 
BC 4 3.086 0.772 1.5331 0.2400 
Error 16 8.051 0.503   
Factor D 5 9.494 1.899 54.9383 0.0000 
BD 5 0.284 0.057 1.6456 0.1549 
CD 20 1.977 0.099 2.8606 0.0003 
BCD 20 0.406 0.020 0.5874  
Error 100 3.456 0.035   
Total 179 108.811    
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App.37:- Analysis of variance table for leaf area duration 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 2392.297 2392.297 2.9183 0.1628 
Error 4 3279.029 819.757   
Factor C 4 7136.728 1784.182 37.8160 0.0000 
BC 4 444.169 111.042 2.3536 0.0978 
Error 16 754.889 47.181   
Factor D 5 2091.931 418.386 77.5384 0.0000 
BD 5 49.918 9.984 1.8502 0.1099 
CD 20 239.872 11.994 2.2227 0.0051 
BCD 20 31.256 1.563 0.2896  
Error 100 542.586 5.396   
Total 179 16959.674    
 
App.38:- Analysis of variance table for crop growth rate 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.954 0.954 3.3923 0.1393 
Error 4 1.125 0.281   
Factor C 4 21.305 5.326 65.6425 0.0000 
BC 4 3.019 0.755 9.3012 0.0004 
Error 16 1.298 0.081   
Factor D 5 0.723 0.145 24.4256 0.0000 
BD 5 0.034 0.007 1.1361 0.3464 
CD 20 0.114 0.006 0.9582  
BCD 20 0.115 0.006 0.9744  
Error 100 0.592 0.006   
Total 179 29.280    
 
App.39:- Analysis of variance table for relative growth rate 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.000 0.000 0.1291  
Error 4 0.000 0.000   
Factor C 4 0.025 0.006 145.2394 0.000 
BC 4 0.006 0.002 36.8883 0.000 
Error 16 0.001 0.000   
Factor D 5 0.000 0.000 0.8453  
BD 5 0.000 0.000 2.2850 0.0518 
CD 20 0.000 0.000 1.3592 0.1615 
BCD 20 0.000 0.000 0.9040  
Error 100 0.001 0.000   
Total 179 0.033    
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App.40:- Analysis of variance table for net assimilation rate 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 44.264 44.264 11.0713 0.0292 
Error 4 15.992 3.998   
Factor C 4 263.940 65.985 134.0936 0.000 
BC 4 10.819 2.705 5.4965 0.0056 
Error 16 7.873 0.492   
Factor D 5 13.682 2.736 48.5741 0.000 
BD 5 2.560 0.512 9.0878 0.000 
CD 20 4.258 0.213 3.7795 0.000 
BCD 20 0.242 0.012 0.2149  
Error 100 5.633 0.056   
Total 179 369.263    
 
App.41:- Analysis of variance table for stem length 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.476 0.476 0.4837  
Error 4 3.339 0.985   
Factor C 4 99.432 24.858 148.6808 0.000 
BC 4 1.960 0.490 2.9310 0.0539 
Error 16 2.675 0.167   
Factor D 5 7.192 1.438 85.7274 0.000 
BD 5 0.231 0.046 2.7522 0.0226 
CD 20 0.635 0.032 1.8917 0.0209 
BCD 20 0.546 0.027 1.6255 0.0610 
Error 100 1.678 0.017   
Total 179 118.764    
 
App.42:- Analysis of variance table for stem length stem diameter 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.697 0.697 9.1836 0.0388 
Error 4 0.304 0.076   
Factor C 4 21.570 5.393 186.4473 0.0000 
BC 4 0.140 0.035 1.2106 0.3448 
Error 16 0.463 0.029   
Factor D 5 2.353 0.471 151.2110 0..0000 
BD 5 0.036 0.007 2.3322 0.0477 
CD 20 0.287 0.014 4.6167 0.0000 
BCD 20 0.098 0.005 1.5802 0.0725 
Error 100 0.311 0.003   
Total 179 26.259    
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App.43:- Analysis of variance table for net photosynthesis rate 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 11.630 11.630 1.6860 0.2639 
Error 4 27.592 6.898   
Factor C 4 172.460 43.115 50.8443 0.0000 
BC 4 55.251 13.988 16.4953 0.0000 
Error 16 13.568 0.848   
Factor D 5 402.931 80.586 152.1140 0.0000 
BD 5 7.636 1.527 2.8827 0.0179 
CD 20 26.681 1.334 2.5181 0.0014 
BCD 20 15.940 0.797 1.5044 0.0964 
Error 100 52.970 0.530   
Total 179 787.366    
 
App.44:- Analysis of variance table for intra cellular CO2 consantratio 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 3645.000 3645.000 26.1020 0.0069 
Error 4 558.578 139.644   
Factor C 4 40100.389 10025.097 280.9790 0.0000 
BC 4 43.611 10.903 0.3056  
Error 16 577.868 35.679   
Factor D 5 20712.44 4442.449 211.0742 0.0000 
BD 5 1243.067 248.613 12.6678 0.0000 
CD 20 503.144 25.157 1.2819 0.2091 
BCD 20 410.322 20.516 1.0453 0.4187 
Error 100 1962.556 19.626   
Total 179 69749.778    
 
App.45:- Analysis of variance table for transpiration 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 2.074 2.074 79.0023 0.0009 
Error 4 0.105 0.026   
Factor C 4 8.018 2.005 83.9355 0.0000 
BC 4 0.255 0.063 2.6554 0.0714 
Error 16 0.382 0.024   
Factor D 5 0.490 0.098 11.3991 0.0000 
BD 5 0.226 0.045 5.2691 0.0002 
CD 20 0.108 0.005 0.6276  
BCD 20 0.097 0.005 0.5651  
Error 100 0.859 0.009   
Total 179 12.612    
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App.46:- Analysis of variance table for stomatal conductance 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 113.606 113.206 0.7472  
Error 4 608.178 152.044   
Factor C 4 61952.700 15488.175 201.9209  
BC 4 212.700 53.175 0.6932 0.0000 
Error 16 1227.267 76.704   
Factor D 5 13207.250 2641.450 82.6860 0.0000 
BD 5 793.428 158.686 4.9674 0.0004 
CD 20 693.167 34.655 1.0849 0.3770 
BCD 20 864.100 43.205 1.3525 0.1653 
Error 100 3194.556 31.946   
Total 179 82866.950    
 
App.47:- Analysis of variance table for water use efficiency 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 9.929 2.929 2.7653 0.1717 
Error 4 4.237 1.059   
Factor C 4 3.401 0.850 4.4537 0.0131 
BC 4 2.588 0.647 3.3897 0.0344 
Error 16 3.054 0.191   
Factor D 5 23.197 4.639 59.7114 0.0000 
BD 5 0.374 0.075 0.9618  
CD 20 2.394 0.120 1.5407 0.0842 
BCD 20 2.088 0.104 1.3434 0.1704 
Error 100 7.770 0.078   
Total 179 52.031    
 
App.48:- Analysis of variance table for weight loss (ambient condition) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 25.536 25.536 12.2372 0.0249 
Error 4 8.347 2.087   
Factor C 4 1032.977 258.244 334.8936 0.0000 
BC 4 12.998 3.249 4.2138  
Error 16 12.338 0.771   
Factor D 5 827.483 165.497 286.3159 0.0000 
BD 5 29.720 5.944 10.2834 0.0000 
CD 20 204.872 10.244 17.7220 0.0000 
BCD 20 31.564 1.578 2.7304 0.0005 
Error 100 57.801 0.578   
Total 179 2243.637    
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App.49:- Analysis of variance table for weight loss (cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 7.758 7.758 1.2907 0.3194 
Error 4 24.044 6.011   
Factor C 4 115.230 28.807 55.63.22 0.0000 
BC 4 2.140 0.535 1.0331 0.4205 
Error 16 8.285 0.518   
Factor D 5 126.278 25.256 73.3627 0.0000 
BD 5 22.947 4.589 13.3312 0.0000 
CD 20 9.103 0.455 1.3221 0.1831 
BCD 20 4.616 0.231 0.6704  
Error 100 34.426 0.344   
Total 179 354.826    
 
App.50:- Analysis of variance table for sprouting %age (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.943 0.943 1.3398 0.3115 
Error 4 2.816 0.704   
Factor C 4 52.110 13.028 71.0031 0.0000 
BC 4 1.299 0.325 1.7699 0.1843 
Error 16 2.936 0.183   
Factor D 5 43.406 8.681 75.3778 0.0000 
BD 5 1.622 0.331 2.8748 0.0182 
CD 20 2.468 0.123 1.0714 0.3910 
BCD 20 1.957 0.098 0.8495  
Error 100 11.517 0.115   
Total 179 121.107    
 
App.51:- Analysis of variance table for sprouting %age (Cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 2.410 2.410 4.7489 0.0948 
Error 4 2.030 0.508   
Factor C 4 31.036 7.759 99.6742 0.0000 
BC 4 4.097 1.024 13.1576 0.0001 
Error 16 1.245 0.078   
Factor D 5 42.806 8.561 119.6463 0.0000 
BD 5 0.636 0.127 1.7779 0.1242 
CD 20 3.972 0.199 2.7775 0.0004 
BCD 20 2.670 0.133 1.8654 0.0233 
Error 100 7.155 0.072   
Total 179 98.059    
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App.52:- Analysis of variance table for rotting %age (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 279.652 279.652 12.0058 0.0257 
Error 4 93.173 23.293   
Factor C 4 2682.463 670.616 215.5749 0.0000 
BC 4 169.975 42.494 13.6599 0.0000 
Error 16 49.773 3.111   
Factor D 5 405.044 81.009 47.5013 0.0000 
BD 5 22.206 4.441 2.6041 0.0295 
CD 20 110.664 5.533 3.2445 0.0001 
BCD 20 44.109 2.205 1.2932 0.2015 
Error 100 170.540 1.705   
Total 179 4027.599    
 
App.53:- Analysis of variance table for rotting %age (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 279.652 279.652 12.0058 0.0257 
Error 4 93.173 23.293   
Factor C 4 2682.463 670.616 215.5749 0.0000 
BC 4 169.975 42.494 13.6599 0.0000 
Error 16 49.773 3.111   
Factor D 5 405.044 81.009 47.5013 0.0000 
BD 5 22.206 4.441 2.6041 0.0295 
CD 20 110.664 5.533 3.2445 0.0001 
BCD 20 44.109 2.205 1.2932 0.2015 
Error 100 170.540 1.705   
Total 179 4027.599    
 
App.54:- Analysis of variance table for rotting %age (Cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 63.499 63.499 22.7263 0.0089 
Error 4 11.176 2.794   
Factor C 4 487.624 121.906 90.7087 0.0000 
BC 4 31.704 7.926 5.8977 0.0041 
Error 16 21.503 1.344   
Factor D 5 57.593 11.519 15.2364 0.0000 
BD 5 11.310 2.262 2.9920 0.0147 
CD 20 28.173 1.409 1.8633 0.0235 
BCD 20 8.583 0.429 0.5677  
Error 100 75.599 0.756   
Total 179 796.764    
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App.55:- Analysis of variance table for physiological disorders (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.013 0.013 0.0257  
Error 4 2.021 0.505   
Factor C 4 18.438 4.609 17.1441  
BC 4 0.272 0.068 0.2531 0.0000 
Error 16 4.302 0.269   
Factor D 5 4.215 0.843 13.9405 0.0000 
BD 5 0.690 0.138 2.2822 0.0521 
CD 20 5.679 0.284 4.6953 0.0000 
BCD 20 1.080 0.054 0.8926  
Error 100 6.048 0.060   
Total 179 42.758    
 
App.56:- Analysis of variance table for physiological disorders (Cold st) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.006 0.006 0.0926  
Error 4 0.280 0.070   
Factor C 4 5.017 1.254 31.7727 0.0000 
BC 4 0.038 0.009 0.2389  
Error 16 0.632 0.039   
Factor D 5 1.453 0.291 18.3799 0.0000 
BD 5 0.332 0.066 4.2028 0.0017 
CD 20 2.888 0.144 9.1319 0.0000 
BCD 20 0.786 0.039 2.4852 0.0016 
Error 100 1.581 0.016   
Total 179 13.013    
 
App.57:- Analysis of variance table for starch (Ambient conditions) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.333 0.333 0.0257  
Error 4 51.801 12.950   
Factor C 4 79.215 19.804 55.7161 0.0000 
BC 4 28.909 7.227 20.3331 0.0000 
Error 16 5.687 0.355   
Factor D 5 749.710 149.942 480.8553 0.0000 
BD 5 3.011 0.602 1.9314 0.0957 
CD 20 1.142 0.057 0.1832  
BCD 20 0.405 0.020 0.0649  
Error 100 31.182 0.312   
Total 179 951.395    
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App.58:-  Analysis of variance table for starch (Cold storage conditions) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 26.015 26.015 5.6980 0.0754 
Error 4 18.263 4.566   
Factor C 4 26.954 6.738 66.7291 0.0000 
BC 4 3.469 0.867 8.5881 0.0007 
Error 16 1.616 0.101   
Factor D 5 592.334 118.467 254.4981 0.0000 
BD 5 16.768 3.354 7.2045 0.0000 
CD 20 1.966 0.098 0.2112  
BCD 20 1.337 0.067 0.1436  
Error 100 46.549 0.465   
Total 179 735.270    
 
App.59:- Analysis of variance table for proteins (Ambient conditions) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.291 0.291 10.5500 0.0314 
Error 4 0.110 0.028   
Factor C 4 0.429 0.107 73.3534 0.0000 
BC 4 0.015 0.004 2.5634 0.0785 
Error 16 0.023 0.001   
Factor D 5 0.309 0.062 37.9834 0.0000 
BD 5 0.372 0.074 45.7844 0.0000 
CD 20 0.013 0.001 0.3919  
BCD 20 0.025 0.001 0.7637  
Error 100 0.163 0.002   
Total 179 1.750    
 
App.60:- Analysis of variance table for proteins  (Cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.642 0.642 21.7661 0.0096 
Error 4 0.118 0.029   
Factor C 4 0.292 0.073 317.0618 0.0000 
BC 4 0.004 0.001 3.8805 0.0218 
Error 16 0.004 0.000   
Factor D 5 0.768 0.154 204.8547 0.0000 
BD 5 0.029 0.006 7.8070 0.0000 
CD 20 0.003 0.000 0.1832  
BCD 20 0.008 0.000 0.5081  
Error 100 0.075 0.001   
Total 179 1.942    
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App.61:- Analysis of variance table for reducing sugars (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.076 0.076 11.7128 0.0267 
Error 4 0.026 0.006   
Factor C 4 0.463 0.116 163.0116 0.0000 
BC 4 0.048 0.012 16.8688 0.0000 
Error 16 0.011 0.001   
Factor D 5 0.786 0.157 378.4872 0.0000 
BD 5 0.024 0.005 11.5466 0.0000 
CD 20 0.011 0.001 1.3269 0.1802 
BCD 20 0.008 0.000 0.9540  
Error 100 0.042 0.000   
Total 179 1.494    
 
App.62:- Analysis of variance table for reducing sugars (Cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 0.283 0.283 5.4664 0.0795 
Error 4 0.207 0.052   
Factor C 4 0.163 0.041 111.9870 0.0000 
BC 4 0.001 0.000 0.9843  
Error 16 0.006 0.000   
Factor D 5 0.358 0.072 163.2586 0.0000 
BD 5 0.014 0.003 6.3631 0.0000 
CD 20 0.004 0.000 0.4901  
BCD 20 0.001 0.000 0.4167  
Error 100 0.044 0.000   
Total 179 1.084    
 
App.63:- Analysis of variance table for Vit.C (Ambient) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 3.528 3.528 1.5387 0.2826 
Error 4 9.171 2.293   
Factor C 4 389.074 97.269 521.1836 0.0000 
BC 4 19.100 4.775 25.5853 0.0000 
Error 16 2.986 0.187   
Factor D 5 81.076 16.215 55.8501 0.0000 
BD 5 1.514 0.303 1.0431 0.3967 
CD 20 2.271 0.114 0.3911  
BCD 20 1.761 0.088 0.3033  
Error 100 29.034 0.290   
Total 179 539.516    
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App. 64:- Analysis of variance table for Vit.C (Cold storage) 
 
S.O.V. D.F. S.S. M.S. F. value Prob. 
Factor B 1 7.466 7.466 3.9584 0.1175 
Error 4 7.545 1.886   
Factor C 4 461.606 115.401 507.3573 0.0000 
BC 4 0.391 0.098 0.4298  
Error 16 3.639 0.227   
Factor D 5 123.750 24.750 112.6692 0.0000 
BD 5 6.565 1.313 5.9769 0.0001 
CD 20 2.186 0.109 0.4976  
BCD 20 1.340 0.067 0.3049  
Error 100 21.967 0.220   
Total 179 636.457    
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