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ABSTRACT 

 

This study was carried out to investigate the effect of various combinations of different 

levels of NPK (0, 50, 75 and 100% recommended dose) and potassium humate (0, 4, 6 and 

8 mg kg
-1

 of soil) on different growth and yield parameters, physiological attributes, and 

leaf mineral contents of potato, and also physico-chemical characteristics of the soil used 

for experiments. A pot experiment was conducted in wire-net house at the Institute of Pure 

and Applied Biology, Bahauddin Zakariya University Multan, during 2009.Fourfield 

experiments, two for each of autumn and spring crops were conducted during 2010-11 and 

2011-12. Results revealed that application of NPK significantly increased plant growth in 

terms of number per hill, leaf chlorophyll content, leaf area, final plant height and fresh 

and dry weights of above and below ground parts. Physiological parameters such as rates 

of photosynthesis and transpiration, stomatal conductance and water use efficiency were 

improved steadily. Similarly, yield attributes i.e. tuber number, tubers yield, tuber dry 

weight, biological yield and harvest index were also increased significantly. Leaf minerals 

content (N, P, K, Mg and Ca) were positively affected by NPK application during 

vegetative growth and their maximum concentrations were found at 75 days after planting. 

However, sprouting percentage, number of aerial stems, leaf Na content, soil pH, soil EC 

and soil organic matter were not affected by the application of NPK. 

 

Soil application of K. humate significantly increased number of aerial stems per hill, leaf 

chlorophyll content, leaf area, final plant height and fresh and dry weights of above and 

below ground parts of potato plant. Steady improvement in all the studied physiological 

and yield parameters was obvious by the application of K. humate. Leaf N, P and K were 

also affected positively by K. humate application. However, sprouting percentage, number 



xi 

 

of leaves and tubers per hill, soil pH, soil EC and soil organic matter were not affected by 

the application of K. humate. 

 

Potato crop showed an economically positive response to the applied NPK and K. humate 

levels. The highest biological and economical yields were obtained at the application of 

100% NPK recommended dose along with 8 mg K. humate kg
-1

 of soil (16 kg per 

hectare). However, the maximum BCR (benefit cost ratio) was computed in autumn crops 

when 75% of NPK recommended dose was applied in combination with 16 kg K. humate 

per hectare. While, spring crops resulted in the maximum BCR value at the application of 

full dose of NPK along with 16 kg K. humate per hectare. It indicates that the level of 

application of inorganic fertilizers for autumn crop of potato can be reduced by applying 

K. humate which is advantageous for soil health and is economical as well. 
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1. INTRODUCTION 

 

1.1. The potato crop 

Potato (Solanum tuberosum L.) is the third most important food crop in the world in term 

of human consumption, following only rice and wheat (FAO, 2011). It is believed that 

potato was first cultivated in Peru around 2000 B.C., later it was introduced in North 

America (FAO, 2008).This cool season crop was introduced into Europe at the end of the 

16th century, first to Spain and then into England. After that, from Europe it reached to 

Asia and other countries and spreaded throughout the world (Harris, 1992). Now, it is 

grown and consumed in more countries than any other crop. 

 

1.2. Botany 

Potato or Irish potato is member of the genus Solanum and the family Solanaceae, along 

with tomato (Lycorpersicon esculentum Mill.), eggplant (Solanum melongena L.), sweet 

pepper (Capsicum annum L.) and chili pepper (C. frutescens L.)(Khurana et al., 2003). 

There are four species of the cultivated potato belonging to the genus Solanum, with S. 

tuberosum being cultivated most frequently (Ovchinnikova et al., 2011). The aerial parts 

of the potato plant range from 30 to 80 cm in length, although, in some cultivars, these 

may reach up to two meters. White, purple, blue, yellow or variegated inflorescences are 

borne on the stems, in many fruit producing cultivars. The seed found in the fruit can be 

used for propagation, although the most common method of propagation is vegetative i.e. 

using tubers (Lisinska and Leszczynski, 1989). 

 

Potato is a short-day, cool season and C3 plant with a low light saturation point (Ewing, 

1981: Demagante and Vander Zaag, 1988). It is herbaceous, succulent, dicotyledonous 
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plant with alternate stolons on the underground parts and alternate leaves on the above 

ground stem. The plant has three kinds of stems including leafy stems, stolons and tubers. 

It is a perennial plant but grown as an annual crop. The crop grown from seed tubers goes 

through five different stages i.e. sprout development stage, vegetative growth stage, tuber 

initiation stage, tuber bulking stage and finally the maturation stage (Rowe, 1993). 

 

The tuber is the edible portion and is actually an enlarged underground stem that develop 

at the end of stolon. It maintains the characteristics of the above ground stem, such as 

nodes, internodes, scale leaves, and lenticel pores. There are two ends to a tuber i.e. the 

bud end and the stem end attached to the stolon. The tuber consists of four primary zones 

of tissue. The first zone is the periderm or skin which is the outermost layer and various 

cultivars range in its colour from white, yellow, and pink, red to brown russet. The skin 

texture may be smooth to netted. The cortex, which lies between the periderm and the 

vascular tissue, is the second tissue zone. It contains the highest starch content. Beneath 

the cortex lies the third zone i.e. perimedullary zone, which comprises the largest amount 

of storage tissue. The pith is the fourth and central part of the tuber. It has the lowest 

starch concentration. The tuber flesh, comprising of the cortex, perimedullary zone and 

pith can be white, creamy, yellow, purple or striated in colour. Tuber shapes are round, 

oval, oblate, or a combination (Dean, 1994).  

 

1.3. Nutritional value 

Potato contains very low fat, about 5% of the fat content of wheat, and one-fourth of the 

calories of bread, while protein in boiled potato is more than maize, and the amount of 

calcium nearly twice. A single potato tuber (of medium size) has about half the daily adult 

requirement of vitamin C, whereas some other staples like rice and wheat have none. 
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According to Burton (1989), potato is a wholesome food with all the extremely important 

and necessary dietary constituents, which are needed for growth and maintaining health. 

Potato tubers have a high ratio of protein to carbohydrates, also with high nutritional value 

of the protein as compared to root crops, other tubers and also many cereals (Shekhawat et 

al., 1994).The potato tuber is a high energy vegetable, containing an average of about 18% 

carbohydrates and only 0.1% fat. It also has about 2% high quality protein, and about 80% 

water. Raw potatoes have an average energy content of about 80 kcal per 100 g fresh 

weight (Li, 1985). Significant amounts of iron, thiamine, nicotinic acid, riboflavin and 

ascorbic acid are present in the tuber. Small amounts of antioxidant carotenoids are also 

present in the flesh, ranging from 50 to 100 μg per 100 g fresh weight in white-fleshed 

tubers. Yellow to orange-fleshed tubers have a considerably higher amount of carotenoids 

with an average of 2000 μg per 100 g fresh weight (Brown, 2005). 

 

1.4. Uses 

Potato is used as human food, animal feed, for seed tuber production and in food 

processing industry to produce potato crisps, flakes, French fries, and canned potato, 

whereas the non-food industry uses  to produce starch, alcohol, etc. (Struik and Wiersema, 

1999; Khurana et al., 2003). Before the Second World War, in western European countries 

about 50% of the potato was used as animal feed but this proportion decreased to less than 

20% in the mid-1980s (Horton, 1987) and further reduced in recent years. In year 2000, 

59.8% of potato was used as human food, 14.5% as animal feed, about 11% as seed, 4.3% 

for processing in the food industry, 8% as waste, and 2.2% for other industrial uses 

(Khurana et al., 2003). Potato is also used for starch production especially in the 

Netherlands, Japan and eastern Europe, and for alcohol production as well. Potato starch is 

the basis for many special products. It can be used for thousands of products that people 
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use daily round the world e.g. starch is one of the most important inputs in the paper and 

board industry (Beukema and van der Zaag, 1990). 

 

1.5. Trends in potato production and consumption 

Potato is cultivated in different climatic zones, including temperate, tropical and sub-

tropical regions with an annually harvested area of more than 20 million ha and a 

production of more than 330 million tons (CIP, 2014). During the period of 1996-97, the 

total area under potato cultivation was 18.381 million ha and China with 3.489 million ha, 

Russia with 3.389 million ha and Poland with 1.39 million ha had the largest shares 

(Struik and Wiersema, 1999). In the years 2002 and 2003, the harvested area in China 

reached to 4.402 million and 4.502 million ha, respectively (FAO, 2006a). The total 

harvested area in world was almost 20 million ha in 2009 (CIP, 2014). World potato 

production reached 330 million tons during 2009, of which 18 million tons were produced 

in Africa, 16 Million tons in South and Central America, 59 Million tons in South and 

West Asia, 9 Million tons in Central Asia and the Caucasus and 89 Million tons in East 

Asia and the Pacific (FAO, 2011). In Newzealand, farmers have harvested some of the 

best commercial yields in the world, ranging between 60-80 t/ha, some even reported up to 

88 t/ha (FAO, 2008). In Pakistan, per hectare yield is 21.66 tons, which is much lower 

than that of developed countries such as USA and Netherlands (Anonymous, 2014). 

 

Potato is the third most important food crop in the world following only rice and wheat, in 

term of human consumption (FAO, 2011). World per capita annual consumption of potato 

during 2009 was 33 kg and it was the highest in Belarus (335 kg) and the lowest (0.30 kg) 

in Ghana (FAO, 2011). Potato consumption in Asia in 1991-92 was 12 kg/capita. Recently 

the demand for processed potato products in the international markets has increased. The 
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main reasons for this increase are enhanced income, more working women, urbanization, 

and rapidly expanding tourism (Khurana et al., 2003). According to a CIP (International 

Potato Center) report, the annual growth rate for potato production for the period up to 

2020 will be further increased and the potato will be an important food crop in the food 

basket of developing countries in the future. During this period increase in demand for 

potato is also expected worldwide (CIP, 2014). 

 

1.6. Potato production in Pakistan 

Pakistan lies between 24-37
o 

north and 61-75
o 

east on the globe. Most part of the country 

has subtropical climate which extends into a warm temperate zone in the north. Pakistan 

has an area of 79.61 million hectares, out of this total area, only 24.6 million hectare is 

under cultivation including 4.2 million hectare covered with forests. Remaining area 

accounts for mountainous, sub mountainous and barren lands. Irrigated area is 18 million 

hectare, while 6.6 million hectare is subjected to natural arid environmental conditions, 

completely depending upon natural precipitation to meet the crop irrigation requirement. 

Climate is generally hot dry; perceive low rainfall, except southern slopes of Himalaya. 

Rainfall is mostly brought by the Monsoon winds in summer starting from July till 

September (FAO, 2006b).  

 

Vegetables are cheap source of essential nutrients and provide more employment 

opportunities than growing other conventional crops. Vegetable cultivation is mostly 

limited to the vicinity of cities and comprises only 1% and 2% of the total cropped area in 

Pakistan and the Punjab, respectively as compared to 15% in Taiwan (Ali, 2000). Annual 

per capita consumption of vegetables in Pakistan is extremely low i.e. 35.6 kg as 

compared to Korea where it is 155 kg, while the minimum level recommended by World 
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Health Organization (WHO) is 73 kg (Ali and Abedullah, 2002). Potato enjoys a special 

place among vegetables in Pakistan. It has come up as one of the highest yielding cash 

crop during the recent past. However, average annual potato per capita consumption in 

Pakistan is very low as compared to some industrial countries. It has a great potential to 

supplement food resources in Pakistan to minimize the pressure on cereal crops (Lodhi, 

2004). Potato production plays an important role in the economy of Pakistan in general 

and that of the Punjab in particular. On the one hand, it accounts for 5.71% in total 

vegetable cropped area of the Punjab providing economic benefits and creating 

employment opportunities for the rural poor. On the other hand, it supplements the food 

consumption of the growing population at lower prices as compared to grains, meat and 

chicken (Abedullah et al., 2006). 

 

Pakistan is the seventh largest producer of potatoes in the world (Humera and Iqbal, 

2010). Nature has endowed Pakistan with excellent soil and favorable environmental 

conditions. For this reason, fresh tubers are available throughout the year. This is achieved 

by growing two crops per year in the plains and one in the mountainous regions. First crop 

in the plains, the spring crop, is planted in January and harvested in April, while the 

second is the autumn crop that is planted in September and harvested in January. The hill 

crop relates to the months of May to September. In this way, the potato cropping continues 

throughout the year (Anjum, 1994). 

 

Main potato producing districts in the province of Punjab are Okara, Sahiwal, Pakpattan, 

Sialkot, Kasur, Gujranwala, Lahore, Sheikhupura, Narowal, Toba Tek Singh, Chiniot, 

Jhang and Khanewal. In KPK these include Nowshera, Mardan, Swat, Dir and Mansehra 
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and in Baluchistan are Kila Saifullah, Kalat and Pishin. While, in Sindh major potato 

producing districts are Khairpur and Shikarpur (PHDEB, 2008). 

 

In Pakistan, the area of potato production has increased tremendously since its 

independence in 1947. The area under potato cultivation was 2,800 ha and production 

about 28,400 tons at that time. During 2010-2011, the area under potato cultivation was 

159.4 thousand ha and the production was 3491.7 thousand tons (Anonymous, 2011). 

While, during the year 2011-12, the area under potato production was 185.1thousand ha 

with the production of 4104.4 thousand tons. In potato production, the share of the Punjab 

province was 95.4%, Sindh 0.1%, KPK 3.5% and Baluchistan 1.0% (Anonymous, 2012). 

However, decrease in area of potato cultivation as well as its yield occurred during 2012-

2013 and also during 2013-2014. Area under potato cultivation during 2012-2013 was 

174.4 thousand ha with production of 3802.2 thousand tons. Similarly, during 2013-2014 

area was 161.9 thousand ha with production of 3507.1 thousand tons (Anonymous, 2014). 

Around 279 thousand tons potato worth 6,872 million rupees were exported during 2011-

12 as against 426 thousand tons worth 8,492 million rupees during 2010-11. There was 

decline of 19% value wise. One of the reasons for the un-precedent hike in potato export 

in 2010-11 was the shortage of potato in Russia. Pakistan exported 117 thousand tons of 

potato to Russia in 2010-11. Potato fresh and frozen export during 2011-12 was 279,313 

tons worth 6872 million rupees (Anonymous, 2012). 

 

1.7. Reasons for low potato production in Pakistan 

Agriculture sector played a central role in Pakistan‟s economy. It is the second largest 

sector, accounting for over 21 percent of GDP (Anonymous, 2014). Our crops yield per 

hectare, are only 30-33% of the developed countries. However, national average crop yield 
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is still 56-84% below than the demonstrated potentials. For instance, the gap between 

actual and potential yield of potato is 70% (FAO, 2011). It is well documented that low 

crop yields in Pakistan may be attributed to inefficient use of fertilizers, injudicious use of 

agro-chemicals, poor quality seed, low seed rate, conventional sowing methods and poor 

crop management practices (Hussain et al., 2011). Further, Guijt and Pretty (1992), 

described many factors which contribute low potato production in Pakistan such as: 

1) Seeds:  high cost of imported seed, low quality of local seed, shortage of proper cultivar 

seed for the region and high price of cold storage. 

2) Fertilizers: unavailability of fertilizers at the proper times, inappropriate dosage of 

fertilizers, high price of fertilizers and adulteration or poor quality of fertilizers. 

3) Pests and diseases: high degree of pest and disease problems and lack of accurate 

information about pesticides. 

4) Irrigation:  high cost of irrigation water, uncertainty and fluctuation in the supply of 

electricity, lack of irrigation and water logging. 

5) Land: land fragmentation, small size of land holdings, high cost of renting land and land 

disputes. 

These constraints vary from region to region but the main problems particularly for the 

south Punjab region are inadequate supplies of healthy seed, inadequate availability of 

water, low rate of fertilizer application, attack of early blight, low density of potato 

production and lack of skill. 

 

Soil is the natural medium for crop production. Poor soil fertility usually results in low 

yield. Burning sun or high temperature during summer also diminishes organic matter in 

the soil. Our most of the soils are deficient in organic matter with less than 1%, resulting 

in poor soil health and structure. This consequently reduced the microbial activity along 



9 

 

with plant growth and yield. Chemical fertilizers are much costly to compensate the soil 

fertility status. Although organic matter improves the efficiency of chemical fertilizers, yet 

availability of organic matter is very low, as most of the cattle feaces are burnt in the form 

of dung cakes. Due to unavailability of the organic matter, soil pH usually remains 

alkaline due to which availability of most the trace elements is hindered. So, there is need 

to use traditional as well as non-traditional organic sources (Marinari et al., 2000). Humic 

substances could be an alternate source for organic matter which affects chemical and 

biological properties of soil and also the growth and physiology of plant (Ohta et al., 

2004). 

 

1.8. Plant nutrition and use of fertilizers 

Many diverse materials can serve as sources of plant nutrients. These can be natural, 

synthetic, recycled wastes or a range of biological products including microbial inoculants. 

Nutrient sources are generally classified as organic, inorganic or mineral and biological 

(FAO, 2006a). Analysts generally agree that maintaining soil fertility is a fundamental 

contributing factor to intensify agricultural production. Plants use inorganic minerals for 

nutrition, whether grown in the field or in a container. Roots absorb mineral nutrients as 

ions from the soil water. Many factors influence nutrient uptake for plants including their 

concentration in the sap. Ions can be readily available to roots or could be "tied up" by 

other elements or the soil itself (Morris et al., 2007). 

 

1.8.1. Nitrogen 

Nitrogen (N) is an essential component of proteins and amino acids. It is also an integral 

component of many compounds essential for plant growth processes including chlorophyll 

and many enzymes. It is essential for carbohydrate utilization within plants as it stimulates 
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root growth and development. It encourages above ground growth and imparts deep green 

color to the leaves (Brady, 1990). In a study conducted by Hochmuth et al. (1999) on 

nitrogen fertilization to maximize carrot yield and quality on a sandy soil, it was observed 

that yield was significantly increased with N fertilization. The use of nitrogen fertilizers 

increases shoot weight sometimes more than the root yield as it is evident from a study 

conducted on nitrogen nutrition and flavour compounds of carrot (Schaller and Schnitzler, 

2000). 

 

According to Alva (2004), nitrogen supply plays an important role in maintaining the 

balance between vegetative and reproductive growth of potato. Many previous studies 

have shown that N fertilizer applications can increase total and marketable tuber yield 

(Kara, 2002; Zebarth et al., 2004; Zelalem et al., 2009). Application of N fertilizer in a 

number of splits is preferred on a single application. When part of the total N was applied 

to young plants at the beginning, followed by one or two supplementary N applications 

according to requirements, the N reserves of the soil were better utilized, transient 

deficiencies were avoided, and fertilization was better adjusted to crop needs. The number 

of splits in which the total amount of N is to be applied depends on various factors such as 

growth stage of the crop and watering interval. Similarly, placement of fertilizer with or 

very near the seed tuber is not necessary to ensure effective utilization as nitrogen 

fertilizers are very soluble and move readily in moist soil. However, there is no big 

difference in yield and quality by varying N fertilizer placement methods because nitrate is 

very much mobile in the soils (Roy et al., 2006). 

 

1.8.2. Phosphorus 

Phosphorus (P) is considered as a major plant nutrient. It is generally essential for plant 
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growth, respiration, photosynthesis, cell division and energy storage. It also ensures early 

maturity of crops. It is essential for many plant functions and is needed in a steady supply 

in order to avoid any disruptions in plant growth. Soil in which potatoes are grown in 

general should contain large quantities of P, about 1000‐2000kg/ha. However, most of it is 

bound to the soil to the extent that it becomes unavailable to plants. Plants need about 1/5 

to 1/10 as much phosphorus as they do nitrogen and potassium but the concentration of 

phosphates in soil solution is only about 1/20 or less of those of nitrogen and potassium 

(Westermann et al., 1994). Moreover, the potato plant has a relatively small nutrient 

exploration area because of its shallow root system and low root to foliage ratio. 

Applications of P fertilizers are therefore recommended for potato crops and are believed 

to enhance early leaf development and tuber set, increase yield and improve quality 

(Marschner, 1995; Jenkins and Ali, 2000). 

 

Research conducted by Roy et al. (2006) revealed that soils with a high phosphorus-fixing 

capacity or where phosphorus is relatively immobile, application of fertilizer with better 

root contact is more important mechanism than restricting the fixation. Phosphorus should 

be applied before or at planting due to its immobility in soil. Further, top dressing of P do 

not affect crop yields because the P likely becomes bound near the soil surface and do not 

migrate to the actively growing root system. Roy et al. (2006) found overwhelming 

evidence which indicated that phosphorus fertilizers should largely be applied pre-plant. 

They also noticed that phosphorus moves to plant roots primarily by diffusion, and young 

seedlings of most annual crops are very sensitive to phosphorus deficits. The research 

results of Jones and Jacobsen (2009) showed that early P placement causes larger effects 

on P availability and crop yield because unlike N, P is relatively immobile in the soil. 

Adequate supply of phosphorus is essential in carrot establishment and yield. This was 
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evident in a study conducted to evaluate effects of nitrogen, potassium, phosphorus, 

calcium and copper as plant nutrient for carrot growth (Cole, 1984). 

 

1.8.3. Potassium 

Application of fertilizers, especially potassium (K), is considered as one of the most 

important factors affecting the growth and yield of potato. Researchers recorded an 

increase in potato tubers yield and also improvement in quality of tubers as a result of 

increasing the levels of K fertilization (Westermann and Tindall, 1998; Tisdale et al., 

2001). Such increases in yield of potato tubers was either due to the formation of large size 

tubers or increasing the number of tubers per plant or both (Abdel-Latif et al., 2011). Role 

of K in photosynthesis, increasing enzyme activity, improving synthesis of protein, 

carbohydrates and fats, and to enable their ability to resist pests and diseases is well 

documented. Potato plants require potassium nutrient for enzyme functions and osmotic 

regulation like cell structure and strength. This nutrient is highly mobile within conductive 

tissues and aids in the transport of starch and sugars. Potassium is involved in many 

aspects of the plant physiology (Youssef et al., 2007). It is an essential nutrient for all 

plants and has a major effect on yield and quality of potatoes, as well as the general health 

and vigour of the crop (Fetahu et al., 2004). It activates more than 60 enzyme systems, 

accelerates photosynthesis, favors high energy status, maintains cell turgor, regulates 

opening of leaf stomata, promotes water uptake, favors, carbohydrate transport and 

storage, enhances N uptake, and promotes synthesis of starch, protein and vitamins 

(Marschner, 1995). These multiple functions of K in many metabolic processes lead to 

numerous positive effects of an adequate K nutrition for potato, such as increased yield, 

proportion of marketable tubers, tuber size and specific gravity (Fetahu et al., 2004; Al-

Moshileh et al., 2005). K application decreases internal blackening, hollow heart, 
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mechanical damages to the tubers and storage losses. It enhances shipping quality and 

extends shelf life, improves cooking and processing qualities and chips color. It also 

improves resistance to frost and drought, and decreases incidence of diseases like late 

blight (Phytophthora infestans), dry rot (Fusarium spp.), powdery scab (Spongospora 

subterranea), early blight (Alternaria solanii), black scurf (Rhizoctonia solani) etc. 

(Youssef et al., 2007). 

 

Potassium promotes phloem transport of the photosynthesis products (photosynthates) 

from leaves (sources) to the site of their use or storage sinks, the tubers (Tawfik, 2001). 

The potato plant needs potassium from early stage of plant growth because of its positive 

effect on root growth. Therefore, K application at planting is needed. Response to fertilizer 

and rates of applications vary widely with location, climate and soil type (Panique et al., 

1997). 

 

Jones and Jacobsen (2009) found that effects of K placement are expected to be more than 

with N and less than with P as the mobility of K is intermediate between N and P. Roy et 

al. (2006) found that the movement of K
+
 by diffusion towards the roots is more rapid 

when the concentration of K
+
 in the soil solution has been increased and this explains why 

K fertilizer placement in close proximity to the crop roots often results in increased K 

uptake efficiency. Therefore, K placement may help to protect the fertilizer from being 

adsorbed or fixed and rendered unavailable to crop plants by clay minerals. 

 

1.9. Humic substances 

Mankind realized thousands years ago that dark colored soil with high humus content are 

more fertile than light colored soils. It has long been recognized that humic substances 
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have many beneficial effects on soil and consequently on plant growth. Anywhere in the 

world, where there is soil or water associated with organic matter, humic substances are 

present. Most of the humic substances come from natural process of decaying plant matter 

(Hayes, 1998). Humic substances are dark brown, most chemically active compounds in 

soil, with cation and anion exchange capacities far exceeding clays (Tan, 1989). The 

benefits of humic substances in agricultural soils are well established, especially in soil 

with low organic matter (Chen and Aviad, 1990; MacCarthy, 2003). These are integral 

part of all ecosystems and play an important role in global cycling of nutrients and carbon 

(MacCarthy, 2003). 

 

Humic substances improve the effectiveness of rock phosphates by causing the release of 

PO4
-3

 and Ca
+2

 and have ability to complex and chelate the resulting solutions (Day et al., 

2000). The positive effects of humic substances on plant growth are due to improvement 

of minerals supply and also their up take (Dursun et al., 1999). In controlled experiments, 

humic substance resulted in increased dry matter yields of corn and oat seedlings and also 

the number and length of tobacco roots. The typical growth response curves that resulted 

from treating the plants with humic substances showed steady increased growth by the 

increasing concentrations. Although, there was usually a decrease in growth by much 

higher concentrations (Chen and Aviad, 1990), there are many hypotheses which account 

for stimulatory effect of humic substances at low concentrations. The most convincing of 

these is a „direct‟ action on plants which is hormonal in nature, together with an „indirect‟ 

action on metabolism of soil microorganisms, following the dynamic of uptake of soil 

nutrients, and soil physical conditions (Muscolo et al., 1999). Other hypothetical 

mechanisms include enhanced uptake of metabolic ions and also the increase in cell 

permeability (Chen and Aviad, 1990). 
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Humic acid and other humic compounds stimulate root and shoot development, increase 

both available plant nutrients and nutrient uptake from soil, enhance plants resistance to 

biotic and abiotic stress factors (Akinremi et al., 2000; Cimrin and Yilmaz, 2005). Effects 

of humic acid containing fertilizers on plant yield and nutrient uptake depend on humic 

acid source, concentration, application type, plant species and cultivars (Chen and Aviad, 

1990).  

 

1.9.1. Origin 

The term “humus” originated from the Romans. Later, this term was used to denominate 

soil organic matter and compost or for different parts of the organic matter, as well as for 

complexes created by chemical agent treatments to a wide palette of organic substances. 

The principal definition of humus, as decomposed organic matter, originated in 1761 

(Pena-Mendez et al., 2005). Humic substances i.e. humic and fulvic acids constitute 65-

70% of the organic matter and multiple roles played by these materials can greatly 

improve plant growth (Knicker, et al., 1993; Friedel and Scheller, 2002). These 

compounds are the products of decomposition of plant tissues and are predominantly 

derived from lignified cell walls. Humic materials have an abundance of carboxylic groups 

and weakly acidic phenolic groups, which contribute to their complexion and ion 

exchange properties. They exhibit both hydrophobic and hydrophilic properties and can 

bind to soil mineral surfaces. 

 

These substances also occur naturally in some lignites and brown coals, but little or no 

alkali-soluble material is present in bituminous coals. Humic acids isolated from coal 

samples differ from one another according to the grade of coalification and conditions 
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under which they were formed (Mackowiak et al., 2001; Li et al., 2003; Skhonde et al., 

2006). 

 

1.9.2. Structure 

The structure of humic substances is not completely understood; however, over the last 

decades nuclear magnetic resonance spectroscopy has provided key insight into structural 

details of humic substances (Hertkorn et al., 2002). Humic acids are made up of 

complicated mixtures which are linked together in no specific order. The result of this is 

extraordinary complex materials and no two molecules are exactly the same (Mikkelsen, 

2005). Thus, humic acids have a highly heterogeneous structure, functions and also 

varying elemental composition (Li et al., 2003; Mikkelsen, 2005). 

 

Humic acid molecules are created through hydrocarbon bonds that form chains which roll 

into a ball in their natural state. Further, these balls form larger aggregates that constitute 

the organic part of soil called as humus. When humic acids are treated with alkaline 

agents, these are transformed into water-soluble salts, sodium and potassium humate. 

When humic acid get charged, the charges are located throughout the molecular chain and 

the ball is unrolled. This allows the humic acid molecules to pass into solution and become 

biologically active. Each functional group has its own function. There are many of these 

functional groups and each one of them causes to affect the humate molecules on various 

stages of plant growth and development (Pena-Mendez et al., 2005). 

 

According to Christl et al. (2000) and Mikkelsen (2005), humic substances are 

macromolecular, negatively charged, branched poly electrolytes with mainly carboxylic 

and phenolic type acidic functional groups. An alternative model of humic acids have also 
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been proposed stating that they are self-associated small, uniform humic acid molecules 

held together by weak hydrophobic forces (Mikkelsen, 2005). 

 

Figure 1.1. Model structure of humic acid. R can be alkyl, aryl or aralkyl (Pena-Mendez et 

al., 2005) 

 

1.9.3. Potassium humate 

Humates are wide spread decomposed organic matter of plant and animal residues. 

Potassium humate is an active natural substance which is extracted from plant and animal 

remains that existed in bottom of the marshes. It contains macronutrient like N, P and K 

along with micronutrients such as Mo, Cu, B, Mg and Zn. Potassium humate improves 

water holding capacity of soil, reduces water usage, and improves plant‟s ability to 

withstand the stress of heat, drought and diseases (Russo and Berlyn, 1990). Potassium 

humate also makes complexes with both cations and anions creating a synergistic affect, 

thereby increase root system, tuber yield and tuber number. This combined benefit is 

greater than of the individual ingredients (Clapp et al., 2001). Oxidized lignites are used in 

the production of humic substances called humates. Potassium humate obtained from 

oxidized lignite is a brown coal substance with a low caloric content and therefore 

normally discarded during mining. However, humates are used as soil and plant 
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amendments primarily on account of their very high content of humic acids, i.e. 30 to 

60%. The humates are marketed either as fortified with commercial fertilizers or as a 

soluble product containing available N, P and K (Stevenson and Cole, 1999). Large yield 

increase in potato and soya bean due to use of potassium humate is well documented 

(Freeman, 1970). Application of potassium humate also improves plant growth, increases 

fruit yield and quality in squash plants (Hafez, 2004).  

 

1.10. Beneficial effects of humic substances 

1.10.1. Effects of humic substances on nutrient uptake by plants 

The growth stimulatory effect of humic substances is directly correlated with increased 

uptake of macronutrients such as nitrogen, phosphorus, potassium and sulfur (Cacco et al., 

2000; Delfine et al., 2005). Humic substances enhance the uptake of nutrients through the 

stimulation of microbial activity (Mayhew, 2004). More specifically, humic acids increase 

P availability and uptake by inhibiting calcium phosphate precipitation rates, forming 

phosphorhumates that are competing for adsorption sites or it decreases the number of 

adsorption sites by promoting dissolution of metal solid phases via chelation. Metal 

micronutrients availability and their uptake in the soil system have also been found to be 

increased in the presence of humic acids possibly as a result of increased chelation (Jones 

et al., 2007). Humic substances improve cell membrane functions and thus promoting 

nutrient uptake and improve metabolism of plant. It results increased plant growth and 

development. This is the fact that humic substances have a direct effect on the plant‟s 

metabolism as they are taken up into the plant tissues (Nardi et al., 2002). 

 

1.10.2. Effects of humic substances on plant growth 

Application of humic substances to the soils with low percentages of clay and organic 



19 

 

matter, have produced significant improved growth response (Lulakis and Petsas, 1995). 

Stimulation of growth in underground parts of plant is generally more apparent than shoot 

growth and the reason for this could be the hormone-like activity of humic substances 

(Mayhew, 2004). Roots provide an important means by which plants can increase their 

absorptive area and their capacity to exploit soil resources. The effective nutrient and 

water uptake of a root system depends on root length, root number, root tips and branching 

of the root system. Humic substances may be absorbed by roots and translocated to shoots 

thereby enhancing plant growth (Draye, 2002). According to Cooper et al.(1998), soil 

application of granular humate induced a significantly greater root mass as a result of 

more direct contact with plant roots than foliar applied humate. The increase in root 

growth, particularly root length, was also supported by the findings of Delfine et al. 

(2005). This stimulating effect could be the result of change in membrane characteristics 

or as a result of plant energy metabolism (Atiyeh et al., 2002). It is also believed that the 

hydroxyl and carboxyl groups are mainly responsible for the plant response obtained by 

the application of humic substances (Ayuso et al., 1996). 

 

Celik et al. (2008) observed that the soil application of humic substances had significant 

effect on dry weight and uptake of N, Na, K, Mg, Fe, Cu, Zn and Mn by maize plant under 

calcareous soil conditions. Similarly, Patil et al. (2011) noted positive effects of K. humate 

on mineral uptake in soya bean, mung bean and wheat. Improvement in over all growth 

and yield was also reported in strawberry and kinnow (Neri et al., 2002: Abbas et al., 

2013). 

 

1.10.3. Effects on plant biology and physiology 

According to Arancon et al. (2006), several studies have shown that humic substances 
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exert a positive effect on plant growth. In general, plant biochemical mechanisms were 

affected by humic substances. Known affected mechanisms are permeability of 

membrane, activation of protein carriers of ions, Kreb‟s cycle and respiration, 

photosynthesis, formation of ATP, amino acids and carbohydrates, synthesis of proteins 

and nucleic acid and also selective effects on enzyme activities (Valdrighi et al., 1996). 

Humic substances stimulate plant growth under certain conditions. Some of these 

stimulatory effects are increase in the length of roots and shoots (Valdrighi et al., 1996; 

Charest et al., 2005). 

 

1.11. Combined application of organic and mineral inputs 

Due to the predominant application of inorganic mineral fertilizers and comparatively 

neglected use of organic supplements over several decades, many problems have been 

recognized. Repeated tillage and some other agricultural practices gradually depleted the 

natural organic component of soil. Crop nutrition is being maintained by addition of 

mineral fertilizers, in some cases greater and greater amounts of such fertilizers are added 

to soil to maintain productivity (Schepers et al., 1991). This condition is not only 

increasing the production cost but also increasing the extent of environmental problems 

connected with the use of the mineral fertilizers. Macronutrients especially N and P are 

taken up by plants at a much slower rate than they are released from traditional fertilizers. 

Hence, affecting a marked agronomic inefficiency and resulting in nitrate and phosphate 

pollution of ground water in areas of intensive agricultural activity (Schepers et al., 1991).  

 

According to Vanlauwe and Zingore (2011) combining organic and mineral inputs has 

been advocated as a sound management principle because neither of the two inputs is 

usually available in sufficient quantities and both the inputs are needed in the long term to 
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sustain soil fertility and crop production. Giller (2002) realized the importance of 

combined application of mineral and organic sources of nutrients to get the full advantages 

of both sources. Vanlauwe et al. (2001) observed that combining mineral fertilizers with 

organic inputs improved agronomic efficiency of the nutrients as compared to the same 

amount of nutrients applied through either source alone. Cadisch and Giller (1997) found 

that combined application of inorganic and organic fertilizers results in improved 

agronomic efficiency due to many reasons. First one is that common mineral fertilizers 

lack the minor nutrients required for crop growth. Although, organic resource contain 

these nutrients, but to meet the crop‟s major requirements of N, P and K, often excessive 

application rates i.e. more than ten tons of dry matter per hectare are required. If these 

organic inputs are the only applications, the nutrients use efficiency of applied nutrient is 

also often low. Second reason is that, a combination of mineral and organic sources results 

in the improvement of soil fertility status. When adequate humic substances are present 

within the soil, the requirement for NPK fertilizer applications are reduced 

(Moraditochaee, 2012). As the level of humic substances in soils become depleted, the 

demand for higher doses of NPK results (Liu et al., 2010: Bernard et al., 2009). 

 

Humic substances applied to soils help to break compacted soils, allow enhanced water 

penetration and better root zone growth and development. Generally, plants grown on 

sandy soil often show signs of nitrogen deficiency. In addition to making macronutrients 

more available, humic acid also makes micronutrients such as iron more available, by 

bonding with it and preventing it from forming precipitates with phosphorous and leaching 

out (Sandor, 2011: Selim et al.,2009). Schofield et al., (2013) found that the addition of 

humic substances to solid urea applications may result in 9% greater pasture dry matter 

production. Also, the use of humic compounds with dissolved urea applications resulted in 
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14% greater pasture dry matter production than the use of dissolved urea alone. Increase in 

soil organic matter content enables improved nutrient retention and availability; 

particularly P availability is enhanced by organic residue application. Organic 

amendments also counteract soil acidity and aluminum toxicity (Pypers et al., 2005). 

Hudson (1994) concluded that by the application of organic amendments, soil structure is 

improved, soil erosion is reduced, water infiltration and storage become better and root 

development is enhanced. Potato production can be increased rapidly due to its high 

response to combined fertilizer application. Greater synchrony between crop demand and 

nutrient supply is necessary to improve nutrient use efficiency, especially for N. (Cassman 

et al., 2002). 

 

There is little information available on the optimum amount of humic acid that needs to be 

applied to induce beneficial effects on plants. The nature, source and concentration of 

humic substances, pH and condition of the culture medium, plant species and the growth 

parameter being measured are all interacting factors complicating the evaluation of humic 

acid applications effect on plant growth and development (Lulakis and Petsas, 1995). 

 

Now a days potassium humate with different trade names e.g. Founder, Saver, Energizer, 

Soil conditioner etc. is being soled in local agricultural markets of Pakistan and used 

without detailed research. Hence a study aiming to impact assessment of potassium 

humate in combination with NPK was planned. The potato is one of the major vegetable 

crops of Pakistan. The inadequate supply of essential plant nutrition in soil is growth 

limiting factor toward optimum potato production. In the present study, effects of different 

levels of potassium humate in combination with various doses of NPK on potato crop 

were evaluated. 
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1.12. Objectives 

The objectives of the present study included: 

 To study the effectiveness of application of potassium humate in improving yield 

of potato crop. 

 To determine synergistic effect of NPK and potassium humate on growth and yield 

of potato crop. 

 To asses the most effective combination of potassium humate and NPK under 

agro-climatic conditions of Multan. 

 To study effect of NPK and potassium humate applications on various soil 

characteristics. 

 To evaluate impact of NPK and potassium humate applications on benefit to cost 

ratio of autumn and spring crops. 
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2. MATERIALS AND METHODS 

 

The present studies were conducted at the Institute of Pure and Applied Biology, 

Bahauddin Zakariya University Multan (30°15′49″ N, 71°30′35″ E; elevation 411 m asl.), 

during 2009 - 2012 to assess the responses of potato (Solanum tuberosum L.) cv. Cardinal 

to soil application of varying levels of NPK and K. humate. According to climate data 

obtained from a meteorological station installed nine-km to south-west at Central Cotton 

Research Institute Multan, the 30-yr (1981-2010) mean annual minimum and maximum 

air temperatures in this region are 10.1 °C and 35.6 °C with a mean annual precipitation of 

80 mm. The details of the material used and methods employed are given below. 

 

2.1. Pot experiment 

A pot experiment was conducted in wire net house during autumn season 2009 using 

broad base clay pots of 65 cm radius. The holes at the bottom of the pots were partially 

closed with a broken piece of earthenware in order to prevent excessive drainage and loss 

of fertilizers. The pots were labeled according to their respective treatment and replicate 

number. The soil used for the experiment was top soil collected from a potato growing 

field of Multan region. Physico-chemical properties of the soil used are given in the Table 

2.1. Each pot was filled with 25 kg air-dried soil leaving about 5 cm to brim of the pot for 

watering. As potato is a shallow rooted plant and N easily leach down so,1/3 dose of N as 

urea (46% N) and K. humate, and total dose of P as single superphosphate (18% P2O5 

(DAP)) and K as potash (60% K2O (SOP)) were added to the soil before planting the 

tubers. Second and third split dose of N and K. humate fertilizers were applied 30 and 70 

days after planting respectively to ensure their availability at tuber initiation and bulking 

stages. The details of different levels of NPK and K. humate applied are given in Table 
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2.2. Pots were irrigated to the field capacity before planting. Seed tubers were obtained 

from seed plant of Punjab Seed Corporation Sahiwal. Single healthy seed tuber of potato 

cv. Cardinal was planted in each pot in such away that it gets only moisture on September 

15, 2009 and harvested on January 15, 2010. During the crop growth, all recommended 

agronomic practices and plant protection measures were adopted. The experiment was laid 

out using completely randomized design having factorial arrangement with four 

replication. 

 

2.2. Field experiments 

Total four experiments (two in autumn and two in spring season) were conducted during 

the years 2010-11 and 2011-12 under the field conditions using the same treatment 

combinations used for pot experiment. Before planting the seed tubers, the land was 

leveled, thoroughly ploughed, harrowed and furrows were made with the help of country 

plough. Prior to experimentation bulk soil samples were collected from top soil for 

laboratory analysis. The experiments were laid out using randomized complete block 

design with factorial arrangement having three replications in each experiment. Full dose 

P and K were applied at the time of seed bed preparation. 1/3 doses of N and K. humate 

fertilizer were also added to the soil at seed bed preparation, while remaining dose of N 

and K. humate were applied in two split doses after 30 and 70 days of planting the crop. 

Potato seed tubers were planted in third week of September during 2009, 2010 and 

2011for autumn crop. Similarly, for spring crop plantation was carried in second week of 

January, 2010 and 2011. Uniform, medium sized seed tubers of potato cv. Cardinal were 

planted on ridges prepared60 cm apart, keeping a distance of 25cm from tuber to tuber. 

The tubers were planted about 7.6 cm deep. The first irrigation was immediately after 

planting the crop and then after 7-15 day interval depending upon the crop requirement,  



26 

 

Table 2.1. Physico-chemical analysis of soil used for the study 

Parameter Unit  Value 

Soil texture -  Clay loam 

Sand %  33.2 

Silt %  28.5 

Clay %  38.3 

pH -  8.00 

EC dSm
-1

  2.01 

Organic matter %  0.84 

Available Phosphorus ppm  17.94  

Available Potassium ppm  240 

 

season and weather conditions. Agronomic practices and plant protective measures 

adopted were uniform for all the plots. Autumn crop were harvested in third week of 

January and spring crops in last week of April. 

 

Table 2.2. Different treatment combinations of NPK and K. humate 

Treatments NPK (F) K. humate (H) 

T1 F0 Ho 

T2 F0 H1 

T3 F0 H2 

T4 F0 H3 

T5 F1 Ho 

T6 F1 H1 

T7 F1 H2 
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T8 F1 H3 

T9 F2 Ho 

T10 F2 H1 

T11 F2 H2 

T12 F2 H3 

T13 F3 Ho 

T14 F3 H1 

T15 F3 H2 

T16 F3 H3 

 

Where, 

F0= No NPK 

F1= 50% of recommended NPK dose  

F2= 75% of recommended NPK dose 

F3= Standard recommended NPK dose* 

Ho= No K. humate 

H1=K. humate 4mg/kg of soil 

H2=K. humate 6mg/kg of soil 

H3=K. humate 8mg/kg of soil 

*Standard recommended dose of NPK for pot experiment is 

Urea = 0.2 g/kg of soil 

DAP = 0.125 g/kg of soil 

SOP = 0.125 g/kg of soil 

While, for field crop treatment levels (per hectare) remained 

F0= No NPK (Urea, DAP and SOP) 
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F1= Urea = 4bags (50 kg), DAP = 2.5 bags (50 kg), SOP = 2.5 bags (50 kg)  

F2= Urea = 6 bags (50 kg), DAP = 3.75 bags (50 kg), SOP = 3.75 bags (50 kg) 

F3= Urea = 8 bags (50 kg), DAP = 5 bags (50 kg), SOP = 5bags (50 kg) 

Ho= No K. humate 

H1=8 kg K. humate (40%) 

H2=12 kg K. humate (40%) 

H3=`16 kg K. humate (40%) 

 

2.3. Data collected 

2.3.1. Growth and development parameters 

2.3.1.1. Sprouting percentage 

Total number of seed tubers sprouted after 15 days of planting for each treatment was 

counted and their percentage was computed. 

 

2.3.1.2. Number of aerial stems per hill 

Number of aerial stems per hill was counted from 10 randomly selected plants from each 

treatment after 75 days of planting and their average was estimated. 

 

2.3.1.3. Number of leaves per hill  

After 75 days of planting total number of leaves per hill was counted by randomly 

selecting 10 plants from each treatment and their average was calculated. 

 

2.3.1.4. Leaf chlorophyll content (SPAD values)  

The leaf chlorophyll contents (SPAD value) were measured after 75 days of planting with 

the help of a chlorophyll meter (SPAD-502, Minolta, Japan). The readings were taken on 
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third leaf from top and from midline 0.5 cm from leaf tip (Chang and Robison, 2003). 

 

2.3.1.5. Leaf area per hill (cm
2
)
 

Leaf area per hill was measured after 75 days of planting by using LI-3000C portable leaf 

area meter. 

 

2.3.1.6. Final plant height (cm) 

Final plant height of 10 randomly selected plants (mainly from middle of the row of each 

treatment in case of field experiment) was measured after 75 days of planting using a 

meter rod from soil surface to the last extended mature leaf and their average was 

computed. 

 

2.3.1.7. Fresh and dry weights (g) of above and below ground parts (except tubers) 

per hill 

After 75 days of planting, randomly selected 5 plants with their roots intact from each 

treatment were carefully removed and washed under running water, using sieve to protect 

the wastage of roots. After washing and removing soil from the roots, these were air dried 

for a while in shade and cut into small pieces and brought to the laboratory in labeled 

polythene bags. After determining their fresh weights, they were placed in an oven at 70 

o
C for 48 hours and their dry weights were recorded. 

 

2.3.2. Physiological parameters 

Gas exchange characteristics such as net photosynthetic rate (Pn), rate of transpiration (E) 

and stomatal conductance (C) were recorded by using C1-340 Hand-Held Portable 

Photosynthesis System (CID, USA) after 75 days of planting. The measurements were 
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made from 9:30 to 11:50 a.m. and during data recording, following conditions were met; 

leaf surface area 6.3 cm
2
, atmospheric pressure 99.24 kPa, PAR at leaf surface was 

maximum up to 1894.2 µ mol m
-2

s
-1

, temperature of leaf chamber ranged from 33.1 to 

41.3 
o
C, however, ambient temperature varied for autumn and spring crops. Water use 

efficiency (WUE) was calculated by dividing Pn to E. 

 

2.3.3. Yield and yield components 

About 115 to 120 days after planting, at the time of harvest, 10 sample plants were 

randomly harvested first from each plot then rest of the crop was harvested. The following 

data attributes were recorded. 

 

2.3.3.1. Number of tubers per hill 

Number of tubers per hill of 10 harvested sample plants from each treatment was recorded 

and their average was computed. 

 

2.3.3.2. Tuber yield (g, fresh weight) per hill and per hectare (tons) 

Weight of all the tubers from 10 harvested sample plants of each treatment was recorded 

and average tuber yields (g, fresh weight) per hill and per hectare (tons) were worked out. 

 

2.3.3.3. Dry weight (g) of tubers per hill 

Tubers used for fresh weight measurement were cut into small pieces, placed in paper bags 

separately for each treatment, then these were put in an oven at 70 
o
C for 72 hours and 

their dry weights were recorded. 

 

2.3.3.4. Biological yield on fresh weight basis (g) 
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The total weight of all the tubers per hill of each treatment was recorded, added to the 

fresh weight (g) of above and below ground parts (except tubers) per hill and biological 

yield was worked out. 

 

2.3.3.5. Harvest index (%) 

It is the ratio of economical yield to the biological yield and was calculated by using the 

following formula. 

Harvest index (%) = (Fresh weight of tubers (gram per hill)) / (Biological yield (gram per 

hill)) × 100 

 

2.3.4. Quality parameter 

2.3.4.1. Starch content (%) 

Starch content (%) was estimated with the help of specific gravity. In order to calculate 

specific gravity, 5 kg of tubers were weighed in air and then same was re-weighed after 

immersing in water. Specific gravity was calculated according to the following formula 

(Esendal, 1990): 

Specific gravity = Weight of tubers in air / (Weight in air) – (Weight in water) 

Then starch content was calculated as: 

Starch (%) = 17.546 + 199.07 × (specific gravity – 1.0988) 

 

2.3.5. Leaf mineral analysis 

Leaf samples from 5 randomly selected plants of each treatment were collected after 75 

days of planting and were subjected to mineral analysis such as N, P, K
+
, Mg

++
, Ca

++
 and 

Na
+
. 
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Digestion for N determination 

The dried, ground and sieved leaf material (1.0 g) was taken in a digestion tube. About 15 

ml conc. H2SO4 and 1.0 g digestion mixture (K2SO4 + CuSO4 @ 9:1) was added to the 

digestion tube and placed on a hot plate. The mixture was heated at 450
o
C for 2 h till 

attaining the clear transparent to yellowish or light green appearance. The digestion tube 

was cooled and solution diluted up to 100 ml. 

 

Digestion for P, K
+
, Mg

++
, Ca

++
 and Na

+
 determination 

Following Jones et al. (1991), oven dried, ground and sieved, leaf material (1.0 g) was 

taken in a digestion tube. 20 ml acid mixture was poured into the digestion tube which was 

prepared by adding and thoroughly mixing of 500 ml HClO4 (70%) in 100 ml of HNO3 

(70%) and then cooled to room temperature. This mixture was placed on a hot plate. 

Temperature of the hot plate was increased gradually and the mixture was heated at 150-

175 
o
C until it turned slight yellowish to white. The digestion tube was cooled and solution 

diluted up to 100 ml and then filtered. The filtrate was used for the detection of P, K
+
, 

Mg
++

, Ca
++

and Na
+
. 

 

2.3.5.1. Determination of N 

Leaf N content was estimated by micro-Kjeldhal’s method (Bremner, 1965). Digestion 

mixture was prepared by mixing K2SO4 and CuSO4 in 9 and 1 ratio. Bromocresol green 

(BCG) and methyl red indicator were prepared by dissolving 0.5 g BCG and 0.1 g methyl 

red in 100 ml of 95% methanol. 

 

Procedure 

Digested material (5 ml) was taken in Kjeldhal’s tube. Five ml of NaOH (40%) was added 
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to the tube and kept on Kjeldhal’s ammonia distillation unit. Five ml of boric acid was 

taken in flask and few drops of mixed indicator were added. When the distillate became 

about 40 ml, distillation was stopped and distillate was cooled. It was titrated with 0.01N 

standard H2SO4 till the solution was changed to pink. N in the leaf samples was estimated 

by using the following formula. 

N (%) = (V2- V1) × N ×0.014 × 100 / W 

Where 

V2 = Volume of standard H2SO4 required to titrate the sample solution 

V1 = Volume of standard H2SO4 required to titrate the blank solution 

N = Normality of H2SO4 

W = Weight of sample 

 

2.3.5.2. Determination of P 

P was analysed by using a spectrophotometer (Jones et al., 1991). Ten ml of extracted 

material was taken in 100 ml volumetric flask and dissolved 10 ml of ammonium-vanado 

molybdate reagent and volume was made up to the mark with distilled water. After one 

hour, its absorbance was measured at 430 nm on a spectrophotometer (Hitachi-220, 

Japan). 

 

2.3.5.3. Determination of K
+
and Na

+
 

K
+ 

and Na
+
 in the digests were analysed with a flame photometer (Jenway, PEP-7, 

Dunmow, UK). 

 

2.3.5.4. Determination of Ca
++

and Mg
++

 

The concentration of Ca
++

and Mg
++

 was estimated according to the methods described by 



34 

 

(AOAC, 1970) using atomic absorption spectrophotometer (AAS 5EA, Analytic gena) 

 

2.3.6. Soil properties 

2.3.6.1. Soil pH  

Air dried 50 g soil sample was taken into a glass beaker. Deionized water (50 ml) was 

added by using graduated cylinder, mixed well with a glass rod and allowed to stand for 

30 minutes. Then, pH of the soil samples was determined with the help of a digital pH 

meter (C.D. 640, Rigal Bennett, UK). 

 

2.3.6.2. Soil EC (dSm
-1

) 

For determination of soil electrical conductivity (EC), a saturation paste of each soil 

sample was prepared and soil extract was obtained with the help of suction pump. EC of 

the soil extract was determined with the help of electronic OSK 6607 digital conductivity 

meter (model CM-180, ELICO). 

 

2.3.6.3. Soil organic matter (%)  

One gram air dried soil sample was mixed with 5 ml of K2Cr2O7 and 10 ml of conc. H2SO4 

in 500 ml conical flask and cooled for 30 minutes. After this, 100 ml of distilled water was 

added. Then 5 ml concentrated orthophosphoric acid (H3PO4) was added using a dispenser 

and mixture was allowed to cool. Then 5-10 drops of diphenylamine indicator was added 

to it. The solution was titrated against standardized ferrous ammonium sulphate 

((NH4)2SO4.FeSO4.6H2O) to sharp green colour. Two blanks containing all reagents but 

no soil were prepared and were treated in same way as soil suspension. Organic matter 

content was calculated according to procedure given by Ryan et al. (2001). 

% Organic Matter (w/w) = 1.724 x % Total Organic Carbon 
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Where, 

% Total Organic Carbon (w/w) = 1.334 x % Oxadizable Organic Carbon 

% Oxadizable Organic Carbon (w/w) = (Vblank– Vsample) x 0.3 x M / Wt 

M = 10 / Vblank 

M = Molarity of ferrous ammonium sulphate solution (approx. 0.5 M) 

Vblank = Volume of ferrous ammonium sulphate solution required to titrate the blank (ml) 

Vsample= Volume of ferrous ammonium sulphate solution required to titrate the sample (ml) 

Wt = Weight of air-dried soil (g) 

0.3 = 3 x 10
-3

 x 100, where 3 is the equivalent weight of C. 

 

2.4. Experimental design and statistical analysis 

Pot experiment was set up in completely randomized design, while field experiments in 

randomized complete block design with factorial arrangements. There were four repeats in 

case of pot experiment and three replications for field experiments. Data collected were 

analysed statistically by using statistical software Statistix 8.1. The least significance 

difference test at 5% level of probability was employed to test the differences among the 

treatment means (Steel et al. 1996). For economic analysis, benefit to cost ratio was 

calculated for all the treatments using prevailing prices of inputs and potato tubers. 

BCR = (Total income) / (Total cost)  
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3. EXPERIMENTAL RESULTS 

 

3.1. Effect of various levels of NPK and K. humate on Solanum tuberosum L. under 

pot conditions 

A pot experiment was conducted to study the effects of different levels of NPK, i.e. 0, 50, 

75 and 100% of recommended dose and various levels of K. humate, i.e. 0, 4, 6 and 8mg 

kg
-1

 of soil on potato (Solanum tuberosum L.) planted during autumn season 2009. The 

data recorded in this regard is presented and interpreted below. 

 

3.1.1. Sprouting percentage 

All the tubers sown in the pots sprouted and developed aerial stems. As the sprouting 

percentage in all the treatments was 100%, therefore, no statistical analysis of the data on 

sprouting percentage was performed. 

 

3.1.2. Number of aerial stems per hill after 75 days of planting 

Statistical analysis of the data procured on number of aerial stems per hill showed that the 

effect of different NPK levels on the parameter was non-significant. However, K. humate 

levels significantly affected the number of aerial stems per hill. The interaction between 

NPK and K. humate levels for the parameter under study also remained statistically non-

significant (Appendix 1). 

 

Higher levels of K. humate (6 and 8 mg kg
-1

of soil) significantly increased the numbers of 

aerial stems per hill. However, both the levels of K. humate were statistically at par but 

significantly different from rest of the levels. Similarly, lower level of K. humate (4 mg 

kg
-1

of soil) and control (0 mg kg
-1

of soil) also behaved statistically alike. The maximum 
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Table 3.1. Number of aerial stems per hill of S. tuberosum L. after 75 days of planting 

as affected by various levels of NPK and K. humate 

NPK level    

 (% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.75 6.25 7.25 7.25 6.37 

50 6.00 6.00 7.00 7.50 6.62 

75 6.25 6.50 7.75 7.25 6.94 

100 6.50 6.00 7.50 7.25 6.81 

Mean 5.87 b 6.19 b 7.37 a 7.31 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.2. Number of leaves per hill of S. tuberosum L. after 75 days of planting as 

affected by various levels of NPK and K. humate 

NPK level     

 (% of recommended dose) 

K. humate level                                                                                       

(mg/kg of soil) 

Mean 

0 4 6 8 

0 40.25 44.75 45.50 48.50 44.75 b 

50 43.00 38.00 45.25 48.50 43.69 b 

75 47.50 56.75 58.75 54.25 54.31 a 

100 53.00 55.25 52.00 58.75 54.75 a 

Mean 45.94 48.69 50.37 52.50 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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number of aerial stems per hill (7.37) was recorded in the plants those were applied K. 

humate @ 6 mg kg
-1

of soil, followed by those to which K. humate was applied at the rate 

of 8 mg kg
-1

of soil. The minimum number of aerial stems per hill (5.87) was produced in 

the plants without K. humate, followed by those when K. humate was applied at 4mg kg
-1

 

of soil (Table 3.1).  

 

3.1.3. Number of leaves per hill after 75 days of planting 

The data recorded on number of leaves per hill was analyzed statistically. The results 

revealed that different NPK levels applied significantly affected the parameter. However, 

different K. humate levels exhibited non-significant effect on number of leaves per hill. 

The interaction between NPK levels and K. humate levels was also found statistically non-

significant (Appendix 2). 

 

Number of leaves per hill only increased significantly beyond the 50% recommended dose 

of NPK. However, control (0% of recommended NPK dose) and 50% of recommended 

NPK dose have statistically similar effect on the number of leaves per hill. It is also 

evident that 75% and 100% recommended NPK doses were also statistically similar in 

their effect on the parameter. The maximum number of leaves per hill (54.75) was 

recorded in the plants those were applied 100% recommended dose of NPK and minimum 

number of leaves per hill (44.75) was recorded in the plants those were applied no NPK 

(Table 3.2). 

 

3.1.4. Leaf chlorophyll content after 75 days of planting 

Statistical analysis of the data illustrated that leaf chlorophyll content was significantly 

affected by the different NPK and K. humate levels applied. However, combined effect of 
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Table 3.3. Leaf chlorophyll content (SPAD value) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

 (% of recommended dose)               

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 37.850 38.600 39.125 40.725 39.075 b 

50 39.875 41.325 41.300 42.152 41.163 a 

75 40.750 41.225 41.575 42.600 41.538 a 

100 41.225 41.650 41.300 42.475 41.663 a 

Mean 39.925 b 40.700 b 40.825 

ab 

41.988 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.4. Leaf area (cm
2
) per hill of S. tuberosum L. after 75 days of planting as 

affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2103.6  2170.4  2137.0  2724.0 2283.8 c 

50 3331.0  3490.1  4323.7  3980.2  3799.1 b 

75 4742.1  5680.7  5352.1  4323.7 5024.6 a 

100 4987.3  4970.6  5272.8  5710.5  5235.3 a 
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Mean 3791.0  4077.9  4289.3  4184.6  - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

NPK and K. humate levels on the parameter remained non-significant (Appendix 3). 

 

Application of NPK significantly enhanced the leaf chlorophyll content. The maximum 

value of leaf chlorophyll content (41.66) was measured in plants grown with 100% of 

NPK recommended dose, followed by those with 75 and 50% of NPK recommended dose. 

These three NPK treatments were statistically similar in their effect on leaf chlorophyll 

content. The plants without NPK application resulted in the minimum value (39.06) of leaf 

chlorophyll content, which was statistically different from other NPK levels (Table 3.3). 

 

The parameter under study was significantly affected by the application of different K. 

humate levels. Table 3.3 indicated that the highest level of K. humate (8 mg kg
-1

of soil) 

resulted in the maximum value (41.99) of leaf chlorophyll content, followed by the 

intermediate level of K. humate (40.82). These two treatments stood statistically at par. 

The minimum value (39.92) of chlorophyll content was recorded when no K. humate was 

applied to the soil and this treatment was statistically similar with other K. humate 

treatments, except the higher one (8 mg kg
-1

of soil). 

 

3.1.5. Leaf area per hill after 75 days of planting 

The data recorded on leaf area per hill was subjected to statistical analysis. The results 

depicted that different NPK levels applied significantly affected the parameter. However, 

application of different K. humate levels did not showed any significant effect on leaf area 

per hill.  The combined effect (interaction) of NPK and K. humate levels on the parameter 

also remained statistically non-significant (Appendix 4). 
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As the NPK dose was increased, leaf area per hill also increased. The treatment 100% of 

NPK recommended dose resulted in the maximum leaf area per hill (5235.3 cm
2
), 

followed by 75% of NPK recommended dose (5024.6 cm
2
). However, both the NPK 

levels were statistically alike. The minimum (2283.8cm
2
) leaf area per hill was measured 

when no NPK (0% of recommended dose) was applied and this treatment significantly 

differed from all other NPK treatments (Table 3.4). 

 

3.1.6. Final plant height 

Analysis of variance of the data collected on final height of the plants indicated that the 

parameter was significantly affected by the both NPK and K. humate levels used. 

However, interactive effect of NPK and K. humate levels was found statistically non-

significant (Appendix 5). 

 

By increasing NPK level, final plant height was also increased (Table 3.5). The maximum 

height (73.04 cm) was measured in the plants applied with 100% of NPK recommended 

dose.  The minimum plant height (56.26 cm) was recorded when no fertilizer was applied 

(0% of NPK recommended dose). However, higher NPK levels (100% and 75% of 

recommended dose) were statistically at par.  

 

Similarly, as K. humate level increased, final plant height was also affected positively. The 

plants with no K. humate (0 mg kg
-1

of soil), followed by the lower level of K. humate (4 

mg kg
-1

of soil)resulted in shorter plants with heights of 63.91 and 66.81 cm, respectively. 

These two K. humate levels were statistically similar in their effect on plant height. 

Application of higher level of K. humate (8 mg kg
-1

of soil) gave the tallest plants, 
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followed by the intermediate level of K. humate (6 mg kg
-1

of soil) with the plant heights 

of 70.84 and 68.54 cm, respectively. Further, these two treatments also behaved  

Table 3.5. Final plant height (cm) of S. tuberosum L. as affected by various levels of 

NPK and K. humate 

NPK level 

 (% of recommended dose)               

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 50.93 56.50 57.25 60.37 56.26 c 

50 65.43 66.88 70.05 70.55 68.23 b 

75 69.07 70.28 74.80 76.12 72.57 a 

100 70.20 73.60 72.05 76.32 73.04 a 

Mean 63.91 c 66.81 bc 68.54 ab 70.84 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.6. Fresh weight (g) of above ground parts per hill of S. tuberosum L. after 75 

days of planting as affected by various levels of NPK and K. humate 

NPK level  

(% of recommended dose)     

K. humate level                                                                                     

(mg/kg of soil) 

Mean 

0 4 6 8 

0 308.46 327.55 383.83 342.71 340.64 c  

50 346.56 414.40 386.50 414.03  390.38 b 

75 370.75 435.52 450.53 451.94  427.18 a 

100 453.06 417.53  444.73  441.27 439.15 a 
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Mean 369.71 b 398.75 

ab 

416.40 a 412.49 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

statistically alike (Table 3.5). 

 

3.1.7. Fresh weight of above ground parts per hill after 75 days of planting 

The data procured on fresh weight of above ground parts per hill was subjected to 

statistical analysis. The results revealed that the effect of different NPK and K. humate 

levels separately on the parameter was statistically significant. However, interaction 

between NPK and K. humate levels remained statistically non-significant (Appendix 6). 

 

As the level of NPK increased, fresh weight of above ground parts per hill was also 

increased. The maximum (439.15 g) fresh weight of above ground parts per hill was 

recorded at the higher level of NPK (100% recommended dose), followed by the 

intermediate level (75% of NPK recommended dose) (427.18 g). However, these two 

levels of NPK (100% and 75% of recommended dose) were statistically at par. The 

minimum (340.64 g) fresh weight of above ground parts per hill was observed when no 

NPK was applied (0% of NPK recommended dose), which was statistically different from 

all other NPK treatments (Table 3.6). 

 

K. humate levels also improved the fresh weight of above ground parts per hill 

significantly (Table 3.6b).The maximum (416.40 g) fresh weight of above ground parts 

per hill was recorded in those plants applied with K. humate @ 6 mg kg
-1

of soil, followed 

by those with 8 mg kg
-1

of soil(412.49 g) and 4 mg kg
-1

of soil(398.75 g). All these three K. 

humate levels were statistically similar with each other. The minimum (369.71 g) fresh 
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weight of above ground parts per hill was observed in those plants which were not applied 

with K. humate (0 mg kg
-1

of soil). This control treatment was statistically at par with 

lower level of K. humate (4 mg kg
-1

of soil). 

3.1.8. Dry weight of above ground parts per hill after 75 days of planting 

Statistical analysis of the data on dry weight of above ground parts per hill exhibited that 

the parameter was significantly affected by the applications of both, different NPK and K. 

humate levels individually and also by combined effect of both the factors (Appendix 7). 

 

With the increase in the NPK level, dry weight of above ground parts per hill was also 

increased significantly. Moreover, all the NPK levels differed significantly from each 

other. Significantly higher dry weight of above ground parts per hill (32.48 g) was noted in 

the plants fertilized with 100% of NPK recommended dose. The lowest dry weight of 

above ground parts per hill (16.94 g) was observed in those which received no NPK. 

 

Regarding the effect of different K. humate levels, the maximum dry weight of above 

ground parts per hill(30.01 g) was recorded at the higher dose (8 mg kg
-1

of soil), followed 

by the intermediate level  (6 mg kg
-1

of soil) (28.74 g). These both the K. humate levels 

behaved statistically alike. The minimum (18.99 g) dry weight of above ground parts per 

hill was recorded when no K. humate (0 mg kg
-1

of soil) was applied. This treatment 

significantly differed from rest of the K. humate treatments (Table 3.7). 

 

Interactive effect of different levels of NPK and that of K. humate on the parameter under 

study was also found significant. Control treatment (0% of NPK recommended dose ×0 

mg K. humate kg
-1

of soil) resulted in the minimum dry weight of above ground parts per 

hill (13.75 g), followed by 50% of NPK recommended dose ×0 mg K. humate kg
-1

of soil. 
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These two treatment combinations were statistically similar. The maximum dry weight of 

above ground parts per hill (36.73 g) was obtained under the influence of highest levels of 

Table 3.7. Dry weight (g) of above ground parts per hill of S. tuberosum L. after 75 

days of planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended 

dose)      

K. humate level                                                                                   

(mg/kg of soil) 

Mean 

0 4 6 8 

0 13.753 g 17.224 def 16.773 efg 19.998 

cd 

16.937 d 

50 15.136 fg 19.548 cde 26.562 b 29.338 b 22.446 c 

75 21.855 c 28.157 b 35.958 a  33.976 a 29.987 b 

100 22.422 c 35.126 a 35.662 a  36.726 a 32.484 a 

Mean 18.991 c 25.014 b 28.739 a 30.009 a  

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Table 3.8. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. after 75 days of planting as affected by various levels of NPK and K. 

humate 

NPK level 

(% of recommended dose)     

K. humate level                                                                                       

(mg/kg of soil) 

Mean 

0 4 6 8 

0 8.925 10.700 10.775 11.975 10.594 c 

50 10.800 15.750 13.500 16.773 14.206 
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bc 

75 14.675 16.175 17.250 18.275 16.594 

ab 

100 20.025 14.400 23.025 22.575 20.006 a 

Mean 13.606 14.256 16.138 17.399 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

both NPK and K. humate levels (100% of NPK recommended dose ×8 mg K. humate kg
-

1
of soil), followed by the 100% of NPK recommended dose ×6 mg K. humate kg

-1
of soil, 

100% of NPK recommended dose ×4 mg K. humate kg
-1

of soil, 75% of NPK 

recommended dose ×8 mg K. humate kg
-1

of soil and 75% of NPK recommended dose ×6 

mg K. humate kg
-1

of soil). All these treatment combinations stood at par with each other 

(Table 3.7). 

 

3.1.9. Fresh weight of below ground parts, except tubers, per hill after 75 days of 

planting 

Statistical analysis of the data recorded on fresh weight of below ground parts, except 

tubers, per hill depicted that the parameter was significantly affected by the NPK levels 

applied. However, the effect of different K. humate levels and combined effect of different 

NPK and that of K. humate levels was statistically non-significant (Appendix 8). 

 

As the NPK level was increased, the fresh weight of below ground parts, except tubers, 

per hill also increased. The higher level of NPK (100% of recommended dose) resulted in 

the maximum weight (20.01 g), followed by the intermediate level of NPK (75% of 

recommended dose) with a fresh weight of 16.59 g and these two NPK levels were 

statistically similar. The minimum fresh weight of below ground parts except tubers 
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(10.59 g) was recorded in the control treatment (0% of NPK recommended dose), 

followed by the lower level of NPK (50% of recommended dose) with fresh weight of 

14.21 g. These two treatments were also statistically alike (Table 3.8). 

 

3.1.10. Dry weight of below ground parts, except tubers, per hill after 75 days of 

planting 

Various levels of NPK recommended dose significantly affected dry weight of below 

ground parts, except tubers, per hill. However, the parameter under study was not affected 

significantly by the application of different K. humate levels, and interactive effect of 

NPK and K. humate levels (Appendix 9). 

 

With the increase in NPK level, dry weight of below ground parts, except tubers, per hill 

also increased. Application of 100% of NPK recommended dose resulted in the maximum 

(4.69 g) dry weight of below ground parts, except tubers, per hill, followed by 75% of 

NPK recommended dose (3.84 g). These two treatments were statistically at par. The 

minimum (2.38 g) dry weight was recorded when no NPK (0% of NPK recommended 

dose) was applied, followed by 50% of NPK recommended dose (3.18 g). These two NPK 

levels were also statically similar (Table 3.9). 

 

3.1.11. Rate of photosynthesis after 75 days of planting 

The data procured on rate of photosynthesis was subjected to statistical analysis. The 

results exhibited that the parameter was significantly affected by the applications of both, 

different NPK and K. humate levels individually and also by combined effect of both the 

factors (Appendix 10). 
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By increasing the NPK levels, rate of photosynthesis was also increased significantly. 

Moreover, all the NPK levels were statistically different from each other. Significantly 

higher rate of photosynthesis (28.57 µmol CO2m
-2

s
-1

) was noted in the plants fertilized 

with 100% of NPK recommended dose. The lowest rate of photosynthesis (21.68 µmol  

CO2m
-2

s
-1

) was observed in those which received no NPK (Table 3.10). 

Table 3.9. Dry weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. after 75 days of planting as affected by various levels of NPK and K. 

humate 

NPK level 

(% of recommended dose)                                   

K. humate level                                                                                   

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.840 2.298 2.509 2.863 2.377 c 

50 2.257 3.836 2.580 4.040 3.178 bc 

75 3.296 3.775 4.165 4.151 3.845 ab 

100 4.461 3.317 5.673 5.329 4.695 a 

Mean 2.963 3.306 3.732 4.096 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

Table 3.10. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. as affected by 

various levels of NPK and K. humate 

NPK level 

(% of recommended 

dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 21.300 g 21.525 g 21.850 g 22.050 g 21.681 d 
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50 21.750 g 22.125 g 24.300 f 25.300 ef 23.369 c 

75 24.725 f 26.250 

de 

27.350 

cd 

27.975 abc 26.575 b 

100 27.550 

bc 

28.700 

ab 

28.900 a 29.150 a 28.575 a 

Mean 23.831 c 24.650 b 25.600 a 26.119 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Various levels of K. humate also improved the parameter significantly. The maximum rate 

of photosynthesis (26.12 µmol CO2m
-2

s
-1

) was recorded at the higher dose of K. humate (8 

mg kg
-1

of soil), followed by the intermediate level (6 mg kg
-1

of soil) (25.60 µmol CO2m
-

2
s

-1
). These two K. humate levels behaved statistically alike. The minimum (23.83 µmol 

CO2m
-2

s
-1

) rate of photosynthesis was recorded when no K. humate (0 mg kg
-1

of soil) was 

applied. This treatment was significantly different from rest of the K. humate treatments 

(Table 3.10). 

 

The interaction between different levels of NPK and that of K. humate for rate of 

photosynthesis was also found significant. The plants which received no NPK (0% of 

NPK recommended dose)resulted in minimum rate of photosynthesis(21.30 - 22.05µmol 

CO2m
-2

s
-1

) irrespective of K. humate levels, followed by the treatment combinations 50% 

of NPK recommended dose ×0 mg K. humatekg
-1

of soil and 50% of NPK recommended 

dose ×4 mg K. humatekg
-1

of soil. All these treatments were statistically at par with each 

other. The maximum rate of photosynthesis (29.15 µmol CO2m
-2

s
-1

) was recorded under 

the influence of highest levels of both NPK and K. humate levels (100% of NPK 

recommended dose ×8 mg K. humatekg
-1

of soil), followed by the 100% of NPK 

recommended dose ×6 mg kg
-1

of soil, 100% of NPK recommended dose ×4 mg K. 
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humatekg
-1

of soil, and 75% of NPK recommended dose ×8 mg K. humatekg
-1

of soil. All 

these four treatment combinations were also statistically similar with each other (Table 

3.10). 

 

3.1.12. Rate of transpiration after 75 days of planting 

Statistical analysis of the data revealed that rate of transpiration was significantly affected 

by different levels of NPK used. Effect of various levels of K. humate and interaction 

between NPK and K. humate levels on the parameter was also statistically significant 

(Appendix 11). 

 

The results exhibited that as the level of NPK increased, the rate of transpiration was also 

increased. The treatment 100% of NPK recommended dose resulted in the maximum rate 

of transpiration (5.14mmolH2Om
-2

s
-1

), followed by the intermediate level (75% of NPK 

recommended dose) (4.92mmolH2Om
-2

s
-1

). The minimum rate of transpiration (4.51m mol 

H2Om
-2

s
-1

) was recorded when no fertilizer (0% of NPK recommended dose) was applied. 

All the NPK levels were statistically different from each other (Table 3.11). 

 

Similarly, soil application of K. humate also affected the rate of transpiration positively. 

The maximum rate of transpiration (4.95mmolH2Om
-2

s
-1

) was recorded in the plants 

which were grown under higher level of K. humate (8 mg kg
-1

of soil). The minimum rate 

of transpiration(4.71mmolH2Om
-2

s
-1

) was measured in control plants (0 mg kg
-1

of soil), 

followed by those grown under lower level of K. humate (4 mg kg
-1

of 

soil)(4.76mmolH2Om
-2

s
-1

). Further, the latter two levels of K. humate were statistically at 

par but significantly differed from rest of the K. humate levels (Table 3.11). 
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The combined effect of both the factors (NPK and K. humate levels), on rate of 

transpiration was also statistically significant. Control (0% of NPK recommended dose ×0 

mg K. humatekg
-1

of soil) exhibited the lowest rate of transpiration(4.45mmolH2Om
-2

s
-1

), 

followed by 0% of NPK recommended dose ×4 mg K. humatekg
-1

of soil and 0% of  

NPK recommended dose ×6 mg K. humate kg
-1

of soil, which resulted in 4.49 and 

4.52mmolH2Om
-2

s
-1

, respectively. These three treatment combinations stood statistically 

 

Table 3.11. Rate of transpiration (mmolH2O m
-2

s
-1

) of S. tuberosum L. as affected by 

various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.455 h 4.488 h 4.519 gh 4.584 g 4.512 d 

50 4.595 g 4.592 g 4.808 ef 4.886 cde 4.720 c 

75 4.852 def 4.778 f 4.930 cd 5.109 b 4.917 b 

100 4.953 c 5.166 ab 5.207 a 5.231 a 5.139 a 

Mean 4.714 c 4.756 c 4.866 b 4.953 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.12. Stomatal conductance (cm s
-1

) of S. tuberosum L. as affected by various 

levels of NPK and K. humate after 75 days of planting 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 
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0 4 6 8 

0 0.229 g 0.231 g 0.232 g 0.232 g 0.231 d 

50 0.232 g 0.235 g  0.246 f 0.256 de 0.243 c 

75 0.251 ef 0.261 cd  0.271 ab 0.270 ab 0.263 b 

100 0.265 bc 0.272 ab 0.274 a 0.275 a 0.271 a 

Mean 0.244 c 0.250 b 0.256 a 0.258 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

at par with each other. While, the maximum rate of transpiration (5.23mmolH2Om
-2

s
-1

) 

was recorded under the influence of highest levels of both NPK and K. humate levels 

(100% of NPK recommended dose ×8 mg K. humatekg
-1

of soil), followed by 100% of 

NPK recommended dose ×6 mg K. humatekg
-1

of soil and 100% of NPK recommended 

dose ×4 mg K. humatekg
-1

of soil. The effect of all these three treatment combinations on 

the parameter was statistically similar (Table 3.11).  

 

3.1.13. Stomatal conductance after 75 days of planting 

Statistical analysis of the data procured on the stomatal conductance indicated that the 

effect of the different NPK and K. humate levels on the parameter was significant. The 

interaction between NPK and K. humate levels was also found statistically significant 

(Appendix 12). 

 

The minimum stomatal conductance (0.231 cms
-1

) was recorded in the plants grown under 

no application of NPK i.e. 0% of NPK recommended dose. The maximum stomatal 

conductance (0.271 cms
-1

) was measured in those grown under 100% of NPK 

recommended dose. However, all the four NPK levels differed significantly from each 

other (Table 3.12). 
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Application of K. humate improved the stomatal conductance significantly. The highest 

value of stomatal conductance(0.258 cms
-1

) was recorded in the plants grown under higher 

level of K. humate (8 mg kg
-1

of soil), followed by those grown under intermediate level 6 

mg kg
-1

of soil. These two treatments behaved statistically alike. The lowest value of 

stomatal conductance (0.244 cms
-1

) was measured in the plants under no application of K. 

humate (0 mg K. humatekg
-1

of soil), which was significantly different from those under 

rest of the K. humate levels (Table 3.12). Stomatal conductance was also significantly 

affected by the interaction between different levels of NPK and K. humate. The plants 

with no application of NPK exhibited minimum stomatal conductance irrespective of K. 

humate levels, followed by 50% of NPK recommended dose ×0 mg K. humatekg
-1

of soil 

and 50% of NPK recommended dose ×4 mg K. humatekg
-1

of soil (0.229 – 0.235 cms
-1

). 

All these treatment combinations were statistically similar with each other. The maximum 

value of stomatal conductance (0.275cms
-1

) was recorded in the plants grown under the 

highest level of both the factors i.e. 100% of NPK recommended dose ×8 mg K. 

humatekg
-1

of soil, which was statistically at par with 100% of NPK recommended dose ×6 

mg K. humatekg
-1

of soil, 100% of NPK recommended dose ×4 mg K. humatekg
-1

of soil, 

75% of NPK recommended dose ×6 mg K. humatekg
-1

of soil and 75% of NPK 

recommended dose ×8 mg K. humatekg
-1

of soil (Table 3.12).  

 

3.1.14. Water use efficiency after 75 days of planting 

Soil application of different levels of NPK and K. humate significantly affected the water 

use efficiency of S. tuberosum plants. However, the combined effect of the different NPK 

and that of K. humate levels (interaction) on the parameter remained statistically non-

significant (Appendix 13). 
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Water use efficiency of the plants increased significantly with the increase in NPK levels. 

The highest value of water use efficiency (5.57mmol CO2/mol H2O) was estimated in the 

plants grown under 100% of NPK recommended dose, while, the minimum (4.78mmol 

CO2/mol H2O) was recorded in those to which no NPK was applied (0% of NPK 

recommended dose). All the four treatments were statistically different from each other 

(Table 3.13). Application of K. humate @ 8 mg K. humatekg
-1

of soil resulted in the 

Table 3.13. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. as affected 

by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.72 4.80 4.83 4.75 4.78 d 

50 4.73 4.82 5.05 5.18 4.95 c 

75 5.10 5.49  5.55 5.48 5.40 b 

100 5.56 5.61 5.55 5.57 5.57 a 

Mean 5.029 b 5.180 a 5.245 a 5.247 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.14. Number of tubers per hill of S. tuberosum L. as affected by various levels 

of NPK and K. humate 

NPK level 

(% of recommended dose)              

K. humate level                                                                              

(mg/kg of soil) 

Mean 
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0 4 6 8 

0 5.50 6.50  6.25 7.00 6.31 b 

50 8.00 8.00 8.50 7.50 8.00 ab 

75 8.00 9.00 9.25 9.00 8.81a 

100 8.75 9.00 9.50 9.50 9.19 a 

Mean 7.56 8.12 8.37 8.25 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

maximum value (5.25mmol CO2/mol H2O) of water use efficiency, followed by the 

intermediate and lower levels of K. humate (5.24 and 5.18mmol CO2/mol 

H2O,respectively). These three treatments stood statistically at par with each other. Water 

use efficiency remained the minimum (5.03mmol CO2/mol H2O) under no application of 

K. humate (Table 3.13).  

 

3.1.15. Number of tubers per hill 

The number of tubers per hill was significantly affected by the application of various NPK 

levels. However, application of different levels of K. humate exhibited non-significant 

effect on the parameter. The interactive effect of NPK and K. humate levels was also 

found statistically non-significant (Appendix 14). 

 

Application of NPK had a positive effect on number of tubers per hill. The plants with no 

NPK application (0% of recommended dose), followed by the lower level of NPK (50% of 

recommended dose) gave lesser number of tubers i.e. 6.31and 8.00, respectively. These 

two NPK levels were statistically similar in their effect on the parameter. The greatest 

number of tubers was counted in the plants applied with the higher level of NPK (100 % 

of recommended dose), followed by those with the intermediate level of NPK (75% of 
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recommended dose) and those with the lower level of NPK (50% of recommended dose), 

with the number of tubers per hill 9.19, 8.81and 8.00, respectively. All these three NPK 

treatments also stood statistically at par with each other (Table 3.14). 

 

3.1.16. Tuber yield per hill 

Statistical analysis of the data revealed that application of various levels of NPK and that 

of K. humate significantly affected the tuber yield per hill. The combined effect of these 

two factors was also found statistically significant (Appendix 15). 

 

As the level of NPK was increased, tuber yield per hill also increased. The highest tubers 

yield per hill (437.67 g) was recorded in the plant grown under 100 % of NPK 

recommended dose. The lowest tuber yield per hill (295.61g) was observed when no NPK 

was applied (0 % of NPK recommended dose). All the NPK levels significantly differed 

from each other in their effect on the parameter (Table 3.15). 

 

Soil application of K. humate also significantly improved the tuber yield per hill. The 

plants that were applied with 8 mg K. humatekg
-1

of soil resulted in greater tuber yield per 

hill (406.51 g), followed by those with 6 mg K. humatekg
-1

of soil which gave a tuber yield 

of 393.41 g. However, both the treatments were statistically similar. The minimum tuber 

yield (324.41g) was harvested from the plants grown without K. humate, followed by 

those with   4 mg K. humate kg
-1

of soil.  These two levels of K. humate i.e. 4 mg kg
-1

of 

soil and 0 mg kg
-1

of soil (control) also behaved statistically alike (Table 3.15). 

 

Regarding the combined effect (interaction) of NPK and K. humate levels on tuber yield 

per hill, Table 3.15b indicated that the treatment combinations 0% of NPK recommended 
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dose ×4 mg K. humatekg
-1

of soil, 0% of NPK recommended dose ×0 mg K. humatekg
-1

of 

soil (control) and 50% of NPK recommended dose ×0 mg K. humatekg
-1

of soil stood 

statistically at par with the lowest tuber yield of 247.15, 251.00 and 300.68g, respectively. 

The maximum (462.55 g) tuber yield per hill was harvested from the treatment 

combination 100% of NPK recommended dose ×6 mg K. humatekg
-1

of soil, followed by 

100% of NPK recommended dose ×8 mg K. humatekg
-1

of soil, 75% of NPK 

recommended dose ×8 mg K. humatekg
-1

of soil, 100% of NPK recommended dose ×0 mg 

Table 3.15. Tuber yield (g, fresh weight) per hill of S. tuberosum L. as affected by 

various levels of NPK and K. humate 

NPK level 

(% of 

recommended 

dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 251.00 ij 247.15 j 358.90 defgh 325.38 fgh 295.61 d 

50 300.68 hij 372.02 cdefg 334.13 efgh 385.10 

cdef 

347.98 c 

75 315.92 ghi 410.23 abcd 418.08 abcd 454.02 ab 399.56 b 

100 430.05 abc 396.53 bcde 462.55 a 461.55 ab 437.67 a 

Mean 324.41 b 356.48 b 393.41 a 406.51 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Table 3.16. Dry weight (g) of tubers per hill of S. tuberosum L. as affected by various 

levels of NPK and K. humate 
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NPK level 

(% of recommended dose)               

K. humate level                                                                                     

(mg/kg of soil) 

Mean 

0 4 6 8 

0 44.50 50.26 74.37 65.31 58.61 b 

50 62.87 78.69 72.62 61.61 68.94 b 

75 65.12 89.29 96.02 98.34 87.19 a 

100 103.89 75.81 97.66 105.47 95.71 a 

Mean 69.09 73.51 85.17 82.68 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

K. humatekg
-1

of soil, 75% of NPK recommended dose ×6 mg K. humatekg
-1

of soil and 

75% of NPK recommended dose ×6 mg K. humatekg
-1

of soil. All these six treatment 

combinations were statistically similar with each other (Table 3.15). 

 

3.1.17. Dry weight of tubers per hill 

It is apparent from the statistical analysis of the data of dry weight of tubers per hill that 

application of different levels of NPK has significantly influenced the parameter under 

study. However, the parameter was not affected significantly by the various levels of K. 

humate and interaction between different levels of NPK and that of K. humate (Appendix 

16). 

 

As the NPK level was increased, dry weight of tubers per hill also increased. The 

minimum (58.61 g) dry weight of tubers was recorded in the control (0% of NPK 

recommended dose), followed by the lower level of NPK (50% of recommended dose) 

with 68.94 g dry weight of tubers. These two treatments were statistically similar. The 

higher level of NPK (100% of recommended dose) resulted in the maximum (95.71 g), 

followed by the intermediate level (75% of NPK recommended dose) with 87.19 g dry 
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weight of tubers per hill. However, these two treatments were also statistically alike (Table 

3.16). 

 

3.1.18. Biological yield per hill 

The data recorded on biological yield per hill (on fresh weight basis) was analyzed 

statistically. The results indicated that the parameter was significantly affected by different 

NPK and K. humate levels. Further, interaction between NPK and K. humate levels on 

biological yield was also found statistically significant (Appendix 17). 

With the increase in NPK level, biological yield also increased. The minimum biological 

yield per hill (646.84 g) was recorded when no fertilizer (0 % of NPK recommended dose) 

was applied. While, application of 100% of NPK recommended dose gave the maximum 

biological yield (896.82 g), followed by 75% of NPK recommended dose (843.34 g). 

These latter two NPK treatments behaved statistically alike (Table 3.17). 

 

The lowest biological yield (707.73 g) was recorded in those plants which did not receive 

any K. humate (0 mg K. humatekg
-1

of soil). While, the highest biological yield (836.40 g) 

was attained in those plants applied with 8 mg K. humatekg
-1

of soil, followed by those 

with 6 mg K. humatekg
-1

of soil (825.95 g). These two treatments were statistically at par 

(Table 3.17). 

 

The treatment combination 0% of NPK recommended dose ×0 mg K. humatekg
-1

of soil 

(control) resulted in the minimum biological yield per hill (568.39 g), followed by 0% of 

NPK recommended dose ×4 mg K. humatekg
-1

of soil (585.40 g) and 50% of NPK 

recommended dose ×0 mg K. humatekg
-1

of soil (658.04 g). The highest biological yield 

(930.31 g) was recorded in the plants treated by 100% of NPK recommended dose 
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irrespective of K. humate level, followed by 75% of NPK recommended dose with 8, 6 

and 4 mg K. humatekg
-1

of soil (861.92-925.39 g). All these seven treatment combinations 

stood statistically at par with each other (Table 3.17). 

 

3.1.19. Harvest index per hill 

Statistical analysis of the data on harvest index depicted that various levels of NPK and 

that of K. humate significantly affected the parameter. However, interactive effect of 

different levels of NPK and that of K. humate on harvest index remained statistically non 

Table 3.17. Biological yield (g, fresh weight) per hill of S. tuberosum L. at harvest as 

affected by various levels of NPK and K. humate 

NPK level 

(% of 

recommended 

dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 568.39 h 585.40 gh 753.50 

cdef 

680.06 fgh 646.84 c 

50 658.04 fgh 802.17 bcde 734.13 def 815.91 bcde 752.56 b 

75 701.35 efg 861.92 abc 885.85 ab 924.24 a 843.34 a 

100 903.14 ab 828.46 abcd 930.31 a 925.39 a 896.82 a 

Mean 707.73 c 769.49 b 825.95 ab 836.40 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test)   
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Table 3.18. Harvest index (%) of S. tuberosum L. as affected by various levels of NPK 

and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 44.0 42.1 48.0 47.9 45.5 b 

50 45.6 46.3 45.4 47.3 46.2 b 

75 46.0 47.5 47.0 49.1 47.4 ab 

100 47.6 47.9 49.6 49.8 48.7 a 

Mean 45.8 b 46.0 b 47.5 ab 48.5 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

significant (Appendix 18). 

 

Soil application of different levels of NPK showed positive effect on harvest index. The 

plant treated with no NPK (0% of recommended dose) exhibited the lowest value of 

harvest index (45.5%), followed by 50% and 75% of NPK recommended doses (46.2% 

and 47.4%, respectively). These three NPK levels were statistically similar with each 

other. The highest value of harvest index (48.7%) was calculated in the plants treated with 

100% of NPK recommended dose, followed by those treated with 75% of NPK 

recommended dose (47.4%). These latter two NPK treatments were also statistically alike 

(Table 3.18). 

 

The harvest index was also significantly affected by the application of different K. humate 

levels. Higher level of K. humate (8 mg kg
-1

of soil) resulted in the maximum harvest index 

(48.5%), followed by the intermediate level of K. humate (47.5%). These two treatments 

were statistically at par. The minimum (45.8%) harvest index was recorded when no K. 
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humate was applied to the soil. Except the higher one (8 mg kg
-1

of soil), all the K. humate 

levels were statistically similar with each other (Table 3.18). 

 

3.1.20. Starch content of tubers 

Tuber starch content was significantly affected by various levels of NPK. However, the 

parameter under study was not affected significantly by different levels of K. humate, and 

combined effect (interaction) of NPK and K. humate levels (Appendix 19). 

 

Starch content of tubers was significantly increased by increasing the NPK level upto75% 

of recommended dose. The highest level of NPK (100% of recommended dose) resulted in  

Table 3.19. Starch content (%) of S. tuberosum L. tubers as affected by various levels 

of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 14.92 14.94 14.93 14.95 14.94 c 

50 14.99 15.00 15.03 15.00 15.01 b 

75 15.04 15.03 15.02 15.03 15.03 a 

100 14.93 14,93 14.93 14.94 14.93 c 

Mean 14.97  14.98  14.98  14.98  - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.20. Leaf nitrogen (N) content (%) of S. tuberosum L. after 75 days of planting 

as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.510 3.460 3.570 3.640 3.545 d 

50 3.645 3.720 3.895 3.990 3.812 c 

75 3.962 4.070 4.140 4.170 4.085 b 

100 4.130 4.250 4.280 4.570 4.375 a 

Mean 3.811 c 3.875 bc 3.971 ab 4.095 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

the lowest (14.93%) starch content, followed by no application of NPK i.e. 0% of 

recommended dose (14.94%). These two treatments were statistically at par. The 

maximum (15.03%) starch content of tubers was estimated at 75% of NPK level, followed 

by 50% of NPK recommended dose (15.01%). However, these two treatments (75 and 

50% of recommended NPK dose) were statistically different (Table 3.19). 

 

3.1.21. Leaf nitrogen content after 30 days of planting 

The data on leaf nitrogen content recorded after 30 days of planting was analyzed 

statistically. The results revealed that the parameter was not significantly affected by 

different levels of NPK, K. humate and interaction between these two factors (Appendices 

20a&b). 

 

3.1.22. Leaf nitrogen content after75 days of planting 

Soil application of different levels of NPK and that of K. humate significantly affected the 

leaf nitrogen content determined after75 days of planting. However, combined effect 
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(interaction) of various NPK and K. humate levels on the parameter was found statistically 

non-significant (Appendix 21). 

 

NPK levels applied significantly improved the nitrogen concentration in the leaves. The 

highest value of leaf nitrogen content (4.37%) was measured in the plants fertilized with 

the higher level of NPK (100% of recommended dose), followed by intermediate level i.e. 

75% of NPK recommended dose (4.08%). While, the lowest value (3.54%) was observed 

in control plants (0% of NPK recommended dose). All the four levels of NPK differed 

significantly from each other (Table 3.20). 

Increasing K. humate levels also significantly increased the leaf nitrogen content measured 

Table 3.21. Leaf nitrogen (N) content (%) of S. tuberosum L. at harvest as affected by 

various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.030 j 2.110 i 2.210 h 2.162 hi 2.128 d 

50 2.225 h 2.340 g 2.445 ef 2.407 fg 2.354 c 

75 2.402 fg 2.500 e 2.580 d 2.660 c 2.535 b 

100 2.640 cd 2.790 b 2.960 a 3.010 a 2.850 a 

Mean 2.324 c 2.435 b 2.548 a 2.560 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.22. Leaf phosphorus (P) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.262 0.265 0.268 0.268 0.265 c 

50 0.265 0.266 0.268 0.271 0.268 bc 

75 0.270 0.273 0.272 0.278 0.273 a 

100 0.270 0.271 0.274 0.273 0.272 ab 

Mean 0.267 0.269 0.271 0.273 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

after 75 days of planting. The maximum leaf nitrogen concentration (4.09%) was recorded 

at the higher dose of K. humate (8 mg kg
-1

of soil), followed by the intermediate level (6 

mg K. humatekg
-1

of soil) (3.97%). These two K. humate levels were statistically similar. 

The minimum leaf nitrogen content (3.81%) was recorded when no K. humate was 

applied, followed by the lower level i.e. 4 mg K. humatekg
-1

of soil (3.87%). These two K. 

humate treatments also behaved statistically alike (Table 3.20). 

 

3.1.23. Leaf nitrogen content at harvest 

Statistical analysis of the data revealed that application of various NPK and K. humate 

levels significantly affected the leaf nitrogen content at harvest. The interactive effect of 

these two factors was also found statistically significant on the parameter under study 

(Appendix 22). 

 

As the level of NPK was increased, leaf nitrogen content at harvest also increased 

significantly. The maximum leaf nitrogen content (2.85%) was recorded in the plants 
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grown under 100% of NPK recommended dose, followed by those under 75% of NPK 

recommended dose (2.53%). The minimum leaf nitrogen content at harvest (2.13%) was 

found in the control plants (without any NPK). All the four levels of NPK varied 

significantly from each other in their effect on the parameter (Table 3.21). 

 

Leaf nitrogen status at harvest was also significantly improved by the application of 

various levels of K. humate. The minimum (2.32%) leaf nitrogen content was recorded in 

the control plants (0 mg K. humatekg
-1

of soil), followed by the lower level i.e. 4 mg K. 

humatekg
-1

of soil (2.43%). However, these two K. humate levels were statistically 

different from each other. The highest nitrogen content in leaves (2.56%) was observed 

when 8 mg K. humatekg
-1

of soil was applied, followed by 6 mg K. humatekg
-1

of soil 

(2.55%). These two treatments were statistically similar (Table 3.21). 

 

As far as the interaction (NPK ×K. humate levels) is concerned, the minimum leaf 

nitrogen content at harvest (2.03%) was found in the treatment combination 0% of NPK 

recommended dose ×0 mg K. humatekg
-1

of soil. While, the maximum (3.01%) was 

recorded when 100% of NPK recommended dose was applied in combination with 8 mg 

K. humatekg
-1

of soil, followed by the treatment combination 100% of NPK recommended 

dose ×6 mg K. humatekg
-1

of soil (2.96%). These two treatment combinations were 

statistically at par for the parameter under study (Table 3.21). 

 

3.1.24. Leaf phosphorus content after 30 days of planting 

Analysis of variance of the data for leaf phosphorus content measured after 30 days of 

planting exhibited that different levels of NPK significantly affected the parameter. 

However, the effect of different K. humate levels and the interaction between NPK and K. 
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humate levels was found non-significant (Appendix 23). 

 

Leaf phosphorus content was significantly increased by the increase in NPK level. Table 

3.22 indicated that the minimum leaf phosphorus content (0.265%) was recorded in the 

control (0% of NPK recommended dose), followed by the lower level of NPK (50% of 

recommended dose) (0.268%). These two NPK levels were statistically similar with each 

other. While, the highest leaf phosphorus content (0.273%) was measured at the 

intermediate level of NPK (75% recommended dose), followed by the higher level (100% 

of NPK recommended dose) (0.272%). These two NPK treatments were also statistically 

similar. 

 

3.1.25. Leaf phosphorus content after 75 days of planting 

It is apparent from statistical analysis of the data for leaf phosphorus content estimated 

after 75 days of planting that application of different NPK and K. humate levels 

significantly affected the parameter. However, the interactive effect of various NPK and 

K. humate levels on the parameter was found statistically non-significant (Appendix 24). 

 

Table 3.23 illustrated that leaf phosphorus content was significantly increased by 

increasing the level of NPK. The maximum concentration of leaf phosphorus (0.648%) 

was recorded in the plants fertilized with 100% of NPK recommended dose, followed by 

those which were applied with 75% of NPK recommended dose (0.611%). While, the 

lowest value of leaf phosphorus content (0.519%) was estimated in the control plants 

(without NPK application). The effect of all the levels of NPK on the parameter was 

significantly different from each other. 
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Leaf phosphorus content was also significantly increased by the application of different K. 

humate levels. The minimum leaf phosphorus content (0.561%) was measured in the 

plants grown without K. humate, followed by those treated with 4 mg K. humate kg
-1

 of 

soil (0.575%). While, the maximum concentration (0.606%) was recorded in the plants 

fertilized with 8 mg K. humate kg
-1

 of soil, followed by those treated with 6 mg K. humate 

kg
-1

 of soil (0.598%). These two levels of K. humate were statistically similar (Table 

3.23). 

 

3.1.26. Leaf phosphorus content at harvest 

Various levels of NPK and K. humate significantly affected leaf phosphorus content at 

Table 3.23. Leaf phosphorus (P) content (%) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.493 0.514 0.532 0.538 0.519 d 

50 0.536 0.554 0.577 0.583 0.562 c 

75 0.582 0.606 0.623 0.636 0.611 b 

100 0.635 0.628 0.660 0.669 0.648 a 

Mean 0.561 c 0.575 b 0.598 a 0.606 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.24. Leaf phosphorus (P) content (%) of S. tuberosum L. at harvest as affected 

by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.154 0.161 0.160 0.189 0.166 d 

50 0.182 0.196 0.210 0.223 0.202 c 

75 0.215 0.206 0.214 0.230 0.216 b 

100 0.234 0.237 0.254 0.261 0.246 a 

Mean 0.196 c 0.200 c 0.209 b 0.225 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

harvest. However, combined effect (interaction) of NPK and K. humate levels on the 

parameter was found statistically non-significant (Appendix 25). 

 

As the level of NPK was increased, leaf phosphorus content at harvest also increased 

significantly. The minimum leaf phosphorus content (0.166%) was recorded in the control 

treatment (without NPK application), while the maximum (0.246%) was estimated at the 

higher level of NPK (100% of recommended dose).Further, all the levels of NPK 

significantly varied from each other (Table 3.24). 

 

Leaf phosphorus content at harvest was significantly increased only beyond the 4 mg K. 

humatekg
-1

of soil. However, the plants without K. humate application (control) and with 4 

mg K. humatekg
-1

of soil were statistically similar for the parameter with the minimum leaf 

phosphorus content (0.196% and 0.200, respectively). The maximum leaf phosphorus 

content (0.225%) was recorded in the plants that were applied with 8 mg K. humatekg
-1

of 

soil, followed by those with 6 mg K. humatekg
-1

of soil (0.209%). However, these two 
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levels of K. humate were statistically different in their effect on the parameter (Table 

3.24). 

 

3.1.27. Leaf potassium content after 30 days of planting 

The data recorded on leaf potassium content after 30 days of planting was subjected to the 

statistical analysis. The results exhibited that the parameter was not affected significantly 

by different levels of NPK, K. humate and their interaction (Appendices 26a&b). 

 

3.1.28. Leaf potassium content after 75 days of planting 

Various NPK and K. humate applications significantly affected leaf potassium content 

measured after 75 days of planting. The interaction between different levels of NPK and 

that of K. humate was also found statistically significant (Appendix 27). 

 

Leaf potassium content was significantly increased as the level of NPK increased. The 

maximum leaf potassium content (4.41%) was found with the application of 100% of NPK 

recommended dose, followed by that of 75% NPK recommended dose (4.02%). The 

minimum leaf potassium content (3.29%) was recorded in the control plants (without NPK 

application). All the NPK treatments were statistically different from each other (Table 

3.25). 

 

Concentration of potassium in leaves was also significantly increased by increasing the K. 

humate level. The minimum value of leaf potassium content (3.65%) was recorded in the 

control plants (without K. humate application), followed by those with the lower level of 

K. humate i.e. 4 mg kg
-1

of soil (3.74%). However, the maximum value (4.09%) of the 

parameter was recorded when K. humate was applied @ 8 mg kg
-1

of soil. Moreover, all 
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the K. humate levels differed significantly from each other (Table 3.25). 

 

Regarding the interaction between NPK and K. humate levels, the minimum concentration 

(3.25%) of leaf potassium was found at 0% of NPK recommended dose irrespective of K. 

humate levels. Hence, all the combinations of K. humate levels with0% of NPK 

recommended dose were statistically at par with each other. The maximum value (4.77%) 

of the parameter was observed when maximum dose of both the factors i.e. 100% of NPK 

recommended dose ×8 mg K. humatekg
-1

of soil was applied, and this treatment 

combination significantly differed from all other combinations (Table 3.25). 

 

3.1.29. Leaf potassium content at harvest 

Statistical analysis of the data revealed that different levels of NPK and K. humate 

significantly affected the leaf potassium content at harvest. However, the interaction 

between NPK and K. humate levels was found statistically non-significant (Appendix 28). 

 

Table 3.28 depicted that soil application of NPK significantly enhanced the leaf potassium 

content at harvest. The higher dose of NPK (100% of recommended dose) resulted in the 

highest leaf potassium content at harvest (2.06%), followed by the intermediate level 

(1.96). The lowest value (1.69%) of the parameter was found in the control, followed by 

the lower level of NPK (50% of recommended dose) (1.79%). However, all the levels of 

NPK recommended dose significantly differed from each other. 

 

Application of different levels of K. humate also significantly improved the leaf potassium 

content at harvest. The plants without K. humate application resulted in the lowest 

concentration (1.78%) of leaf potassium, followed by the lower level of K. humate i.e. 4 
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mg kg
-1

of soil (1.85%). However, these two levels of K. humate were statistically different 

from each other. The maximum leaf potassium content at harvest (1.94%) was recorded 

when K. humate was applied @ 8 mg kg
-1

of soil, followed by @ 6 mg kg
-1

of soil (1.92%). 

These two levels of K. humate behaved statistically alike (Table 3.26). 

 

3.1.30. Leaf magnesium content after 30 days of planting 

Analysis of variance of the data for leaf magnesium content after 30 days of planting 

indicated that effect of various levels of NPK and K. humate on the parameter was 

statistically non-significant. Moreover, interactive effect of both the factors (NPK and K. 

humate) on the parameter was also non-significant (Appendices 29a&b). 

Table 3.25. Leaf potassium (K) content (%) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.252 i 3.272 i 3.292 i 3.331 i 3.287 d 

50 3.419 h 3.483 h 3.781 g 4.080 e 3.690 c 

75 3.845 g 3.941 f 4.116 de 4.179 d 4.020 b 

100 4.085 e 4.268 c 4.508 b 4.766 a 4.406 a 

Mean 3.650 d 3.741 c 3.924 b 4.089 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.26. Leaf potassium (K) content (%) of S. tuberosum L. after harvest as 

affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.621 1.687 1.723 1.742 1.693 d 

50 1.675 1.741 1.839 1.894 1.787 c 

75 1.856 1.931 2.033 2.010 1.957 b 

100 1.964 2.058 2.104 2.135 2.065 a 

Mean 1.779 c 1.854 b 1.924 a 1.945 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

3.1.31. Leaf magnesium content after 75 days of planting 

Soil application of various levels of NPK significantly affected leaf magnesium content  

determined after 75 days of planting. However, the effect of different K. humate levels and 

combined effect (interaction) of various NPK and K. humate levels on the parameter was 

found statistically non-significant (Appendix 30). 

 

Leaf magnesium content was significantly improved by the application of different NPK 

levels. The maximum leaf magnesium content (0.85%) was recorded in the plants treated 

with 75% of NPK recommended dose. While, the minimum concentration (0.83%) of the 

parameter was recorded when no NPK (0% of recommended dose) was applied. Further, 

75%, 50% and 100% of NPK recommended dose (0.84%) were statistically similar with 

each other and 0%, 50% and 100% of NPK recommended dose also behaved alike (Table 

3.27). 

 

3.1.32. Leaf magnesium content at harvest 
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Various levels of recommended dose of NPK significantly affected leaf magnesium 

content at harvest. Statistical analysis of the data also revealed that various levels of K. 

humate exhibited non-significant effect on the parameter. Moreover, the combined effect 

(interaction) of various levels of NPK and that of K. humate on leaf magnesium content at  

harvest was also found statistically non-significant (Appendix 31). 

 

Application of NPK significantly enhanced the leaf magnesium content. The maximum 

leaf magnesium content (0.80%) was recorded when 100% of NPK recommended dose 

 

Table 3.27. Leaf magnesium (Mg) content (%) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0% 0.820 0.825 0.832 0.830 0.827 b 

50% 0.820 0.832 0.842 0.852 0.837 ab 

75% 0.842 0.870 0.847 0.855 0.854 a 

100% 0.822 0.827 0.845 0.850 0.836 ab 

Mean 0.826 0.839 0.842 0.847 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test)  
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Table 3.28. Leaf magnesium (Mg) content (%) of S. tuberosum L. at harvest as 

affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.625 0.627 0.630 0.650 0.633 c 

50 0.695 0.677 0.695 0.700 0.692 b 

75 0.725 0.735 0.720 0.645 0.706 b 

100 0.792 0.782 0.795 0.817 0.797 a 

Mean 0.792 0.782 0.795 0.817 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

was applied, while, the lowest concentration of the parameter (0.63%) was found in the 

plants without NPK application (control). Further, 50% and 75% of NPK recommended 

dose were statistically similar in their effect on the parameter (Table 3.28). 

 

3.1.33. Leaf calcium content after 30 days of planting 

The data recorded on leaf calcium content after 30 days of planting was analyzed 

statistically. Results revealed that effect of different levels of NPK and that of K. humate, 

and their interaction on the parameter were statistically non-significant (Appendices 

32a&b). 

 

3.1.34. Leaf calcium content after 75 days of planting 

Statistical analysis of the data procured on leaf calcium content after 75 days of planting 

depicted that the parameter was significantly affected by different NPK levels applied. 

However, effect of various K. humate levels and interaction between NPK and K. humate 

levels were found statistically non-significant (Appendix 33). 
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Leaf calcium content only increased significantly beyond the 50% of NPK recommended 

dose, as lower level of NPK (50% of recommended dose) and control (without NPK 

treatment) showed statistically similar effect on the parameter. It is also evident from 

Table 3.33b that 75% and 100% of NPK recommended dose were also statistically similar 

in their effect on the parameter. The maximum leaf calcium content (1.06%) was recorded 

at 100% of NPK recommended dose and the minimum (1.04%) at 0% of NPK 

recommended dose (Table 29). 

 

3.1.35. Leaf calcium content at harvest 

Table 3.29. Leaf calcium (Ca) content (%) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.027 1.045 1.040 1.045 1.039 b 

50 1.042 1.027 1.042 1.057 1.042 b 

75 1.057 1.070 1.077 1.060 1.066 a 

100 1.067 1.070 1.050 1.075 1.065 a 

Mean 1.048 1.053 1.052 1.059 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 



77 

 

Table 3.30. Leaf calcium (Ca) content (%) of S. tuberosum L. at harvest as affected 

by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.027 1.040 1.040 1.030 1.034 b 

50 1.025 1.010 1.020 1.040 1.024 b 

75 1.062 1.062 1.067 1.060 1.063 a 

100 1.025 1.037 1.040 1.070 1.043 ab 

Mean 1.035 1.037 1.041 1.050  

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Statistical analysis of the data procured on leaf calcium content at harvest illustrated that 

the parameter was significantly affected by soil fertilization with different NPK levels. 

However, effect of application of K. humate and interaction between NPK and K. humate 

levels were found statistically non-significant (Appendix 34). 

 

The highest leaf calcium content (1.06%) was recorded in the plants treated with 75% of 

recommended NPK dose, followed by those that were applied with 100% of NPK 

recommended dose (1.04). These two levels of NPK behaved statistically alike. While, the 

lowest concentration (1.02%) of leaf calcium was measured in the plants applied with 50% 

of NPK recommended dose, followed by those with no NKP treatment (0% recommended 

dose) and those treated with higher level of NPK (1.03 and 1.04, respectively). All these 

three NPK levels were statistically at par with each other (Table 30). 

 

3.1.36. Leaf sodium content after 30 days of planting 

The data recorded on leaf sodium content estimated after 30 days of planting was 
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subjected to the statistical analysis. Results exhibited that the effect of different levels of 

NPK, that of K. humate and their interaction on the parameter was statistically non-

significant (Appendices 35a&b). 

 

3.1.37. Leaf sodium content after 75 days of planting 

Analysis of variance of the data for leaf sodium content measured after 75 days of planting 

showed that the effect of different levels of NPK and that of K. humate on the parameter 

was statistically non-significant. That the interaction between various NPK and K. humate 

levels was also found statistically non-significant (Appendices 36a&b). 

 

3.1.38. Leaf sodium content at harvest 

The data recorded on leaf sodium content at harvest was analyzed statistically. Results 

indicated that the effect of different levels of NPK and K. humate, and interaction between 

these two factors on leaf sodium content at harvest was statistically non-significant 

(Appendices 37a&b). 

 

3.1.39. Soil pH 

Analysis of variance of the data exhibited that effect of different levels of NPK and K. 

humate on soil pH, after harvesting the crop was statistically non-significant. It also 

indicated that interactive effect of both the factors (NPK and K. humate levels) on the 

parameter was also non-significant (Appendices 38a&b). 

 

3.1.40. Soil E.C. 

Statistical analysis of the data for soil E.C. after harvesting the crop showed that the effect 

of various levels of NPK and K. humate, and their interaction on the parameter under 
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study was statistically non-significant (Appendices 39a&b). 

 

3.1.41. Soil organic matter 

Soil application of various levels of NPK recommended dose and that of K. humate 

showed non-significantly affect on post-harvest soil organic matter content. It also 

indicated that interaction between various levels of NPK and K. humate on the parameter 

was also found statistically non-significant (Appendices 40a&b). 
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3.2. Effect of various levels of NPK and K. humate on S. tuberosum L. autumn crop 

under field conditions 

Field experiments were conducted on autumn crops of 2010-11 and 2011-12 to evaluate 

the effects of different levels of NPK i.e. 0, 50, 75 and 100% of recommended dose and 

various levels of K. humate i.e. 0, 4, 6 and 8 mg kg
-1

 of soil on S. tuberosum L. The data 

recorded on different parameters in this regard is presented and described below. 

 

3.2.1. Sprouting percentage 

Analysis of variance of the data for sprouting percentage revealed that the effect of years 

and different NPK and K. humate levels on the parameter was non-significant. Similarly, 

combined effect (interaction) of years and NPK levels, years and K. humate levels, NPK 

and K. humate levels and that of years, NPK and K. humate levels were also non-

significant (Appendices 41a-e). 

 

3.2.2. Number of aerial stems per hill after 75 days of planting 

Statistical analysis of the data procured on the number of aerial stems per hill showed that 

different K. humate levels significantly affected the parameter. However, the effect of 

years, different NPK levels, the interaction between years and NPK levels, years and K. 

humate levels, NPK and K. humate levels and among years, NPK and K. humate levels 

remained non-significant (Appendices 42 a).  

 

Application of K. humate significantly increased the number of aerial stems per hill. The 

maximum number of aerial stems per hill (3.68) was recorded in the plants those were 

applied 8 mg K. humate kg
-1

 of soil. While, the minimum number of aerial stems (3.31) 

was produced in control (0 mg K. humate kg
-1

 of soil). These two levels were significantly 
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Table 3.31. Number of aerial stems per hill of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.313 3.404 3.472 3.687 3.469 

2011 3.307 3.415 3.491 3.681 3.473 

Mean 3.310 c 3.410 b 3.481 b 3.684 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.32a. Number of leaves per hill of S. tuberosum L. autumn crop after 75 days 

of planting as affected by years and varying levels of NPK  

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 27.11 31.09 34.22 36.93 32.34 

2011 27.50 30.30 33.88 38.13 32.45 

Mean 27.30 d 30.69 c 34.05 b 37.53 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.32b. Number of leaves per hill of S. tuberosum L. autumn crop after 75 days 

of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 30.86 31.79 32.39 34.31 32.34 

2011 30.87 32.12 32.77 34.05 32.45 

Mean 30.87 c 31.96 bc 32.58 b 34.18 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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different from each other and from rest of the levels. Further, the lower and the 

intermediate levels of K. humate i.e. 4 and 6 mg kg
-1

 of soil were statistically similar with 

each other but significantly different from other two K. humate levels (Table 3.31). 

 

3.2.3. Number of leaves per hill after 75 days of planting 

Soil application of different levels of NPK and K. humate significantly affected the 

number of leaves per hill after 75 days of planting. However, the effect of years, and 

interactive effect of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels remained statistically non-

significant (Appendix 43a). 

 

As the level of NPK was increased, the number of leaves per hill also increased. The 

higher level of NPK (100% of recommended dose) resulted in the maximum number of 

leaves per hill (37.53), while the plants without any NPK treatment (control) produced the 

minimum leaves (27.30). All the NPK levels were statistically different in their effect on 

the parameter (Table 3.32a). 

 

Similarly, the application of K. humate also improved the number of leaves per hill. The 

maximum number of leaves (34.18) was produced at the higher level of K. humate (8 mg 

kg
-1

 of soil). While, the minimum number of leaves per hill (30.87) was counted at the 

application of 6 mg K. humate kg
-1

 of soil, followed by 4 mg K. humate kg
-1

 of soil 

(31.96). However, these two levels of K. humate were statistically similar (Table 3.32b). 

 

3.2.4. Leaf chlorophyll content after 75 days of planting 
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The data recorded on leaf chlorophyll content (SPAD value) was analysed statistically, it 

revealed that the parameter was significantly influenced by the application of different 

levels of NPK and that of K. humate. However, the effect of years, and combined effect 

(interaction) of years and NPK levels, years and K. humate levels, NPK and K. humate 

levels, and that of years, NPK and K. humate levels were non-significant (Appendix 44a). 

 

By increasing the levels of NPK, leaf chlorophyll content was also increased. The highest 

value of the parameter (44.28) was recorded in the plants fertilized with 100% of NPK 

recommended dose, followed by those treated with 75% of NPK recommended dose 

(43.46) and these two NPK levels were statistically similar. While, the lowest value of leaf 

chlorophyll content (38.31) was measured in the plants without NPK treatment (control), 

followed by those which were applied 50% of NPK recommended dose (41.89). Further, 

these two levels of NPK were significantly differed from each other and also from rest of 

the NPK levels (Table 3.33a). 

 

Application of K. humate significantly increased the leaf chlorophyll content only at the 

higher level i.e. 8 mg K. humate kg
-1

 of soil, while the rest of the K. humate levels i.e. 0, 4 

and 6 mg kg
-1

 of soil behaved statistically alike. The minimum value (41.58) of the 

parameter was recorded in the plants without K. humate application, while the maximum 

value (42.75) was measured in those which were treated with the higher level of K. 

humate (8 mg kg
-1

 of soil) (Table 3.33b). 

 

3.2.5. Leaf area per hill after 75 days of planting 

Statistical analysis of the data illustrated that leaf area per hill was significantly affected 

by the different levels of NPK and that of K. humate. However, effect of years, an 
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Table 3.33a. Leaf chlorophyll content (SPAD value) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 38.47 41.82 43.73 44.81 42.21 

2011 38.15 41.96 43.20 43.76 41.76 

Mean 38.31 c 41.89 b 43.46 a 44.28 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.33b. Leaf chlorophyll content (SPAD value) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 41.81 42.09 42.02 42.91 42.21 

2011 41.34 41.47 41.65 42.58 41.76 

Mean 41.58 b 41.78 b 41.83 b 42.75 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.34a. Leaf area (cm
2
) per hill of S. tuberosum L. autumn crop after 75 days of 

planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 2421.6 2820.9 3426.4 3892.0 3140.2 

2011 2437.6 2912.4 3556.1 3952.0 3214.5 

Mean 2429.6 d 2866.7 c 3491.2 b 3922.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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interactions between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels and among years, NPK and K. humate levels were statistically non-

significant (Appendix 45a). 

 

Leaf area per hill was increased significantly by increasing the NPK levels. The maximum 

leaf area per hill (3922.0 cm
2
) was attained in the plants fertilized with 100% of NPK 

recommended dose. While, the minimum value (2429.6 cm
2
) of leaf area per hill was 

recorded in control (0% of NPK recommended dose). Moreover, all the NPK levels 

differed significantly from each other in their effect on the parameter under study (Table 

3.34a). 

 

Regarding the effect of different K. humate levels, the higher dose (8 mg kg
-1

 of soil) 

resulted in the maximum leaf area per hill (3252.8 cm
2
), followed by intermediate and 

lower levels (6 and 4 mg kg
-1

 of soil). All these three levels of K. humate were statistically 

at par with each other. The minimum leaf area per hill (3058.6 cm
2
) was measured when 

no K. humate (0 mg kg
-1

 of soil) was applied, followed by 4 mg K. humate kg
-1

 of soil 

(3151.9 cm
2
). These two levels of K. humate were also statistically similar (Table 3.34b). 

 

3.2.6. Final plant height 

The data procured on the final plant height was subjected to statistical analysis. The results 

indicated that the parameter was significantly affected by different NPK and K. humate 

levels. However, the effect of years, and  interactive effect of years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate 

levels on the parameter were non-significant (Appendix 46). 

 



85 

 

Table 3.34b. Leaf area (cm
2
) per hill of S. tuberosum L. autumn crop after 75 days of 

planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3011.9 3145.8 3200.2 3203.1 3140.2 

2011 3105.3 3158.0 3292.4 3302.5 3214.5 

Mean 3058.6 b 3151.9 ab 3246.3 a 3252.8 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.35a. Final plant height (cm) of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK  

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 49.65 58.65 62.57 66.55 59.35 

2011 53.65 59.13 63.78 68.12 61.17 

Mean 51.65 d 58.89 c 63.17 b 67.34 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.35b. Final plant height (cm) of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 56.65 59.83 60.30 60.63 59.35 

2011 58.49 62.06 59.98 64.16 61.17 

Mean 57.57 b 60.14 ab 60.95 a 62.40 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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As NPK level was increased, plant height also increased. Table 3.35a indicated that all the 

NPK levels differed significantly from each other. The maximum plant height (67.34 cm) 

was measured in the plants treated with 100% of NPK recommended dose. Whereas, the 

minimum plant height (51.65 cm) was resulted in the plants those were applied with no 

NPK (0% of recommended dose). 

 

Soil application of K. humate also affected the parameter positively. The plants grown 

without K. humate (control) resulted in the lowest plant height (57.57 cm), followed by 

those treated with 4 mg K. humate kg
-1

 of soil (60.14 cm). These two K. humate levels 

stood statistically at par. While, the plants treated with K. humate @ 8 mg kg
-1

 of soil 

produced the tallest plants with 62.40 cm length, followed by those fertilized with 6 and 4 

mg K. humate kg
-1

 of soil (60.95 and 60.14 cm, respectively). These three levels of K. 

humate were statistically similar with each other (Table 3.35b). 

 

3.2.7. Fresh weight of above ground parts per hill after 75 days of planting 

Statistical analysis of the data exhibited that fresh weight of above ground parts per hill 

was significantly influenced by the application of different levels of NPK and that of K. 

humate. The interactive effect of different NPK and K. humate levels on the parameter 

was also significant. It is also obvious from the appendix 47a that the effect of years, and 

interaction between years and NPK levels, years and K. humate levels, and among years, 

NPK and K. humate levels were statistically non-significant. 

 

The minimum fresh weight of above ground parts per hill (493.75 g) was observed under 

no application of NPK (0% of recommended dose). While, the maximum (616.81 g) was 

recorded in those fertilized with 100% of NPK recommended dose. Further, all the four 
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Table 3.36a. Fresh weight (g) of above ground parts per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 492.98 552.29 563..28 615.52 556.02 

2011 494.53 543.84 586.82 618.10 560.82 

Mean 493.75 d 548.07 c 575.05 b 616.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

 

 

Table 3.36b. Fresh weight (g) of above ground parts per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of K. 

humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 533.02 541.23 568.67 583.88 556.02 

2011 539.86 552.33 567.35 583.74 560.82 

Mean 535.47 c 546.78 c 567.81 b 583.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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NPK levels varied significantly from each other in their effect on the parameter (Table 

3.36a). 

 

Application of K. humate also increased the fresh weight of above ground parts per hill 

significantly. The maximum fresh weight of above ground parts per hill (583.81 g) was 

recorded when 8 mg K. humate kg
-1

 of soil was applied. The minimum amount (535.47 g) 

of the parameter was measured when no K. humate (0 mg kg
-1

 of soil) was applied, 

followed by 4 mg K. humate kg
-1

 of soil that resulted in fresh weight of 546.78 g. These 

two K. humate treatments were statistically similar (Table 3.36b). 

 

Interactive effect of different levels of NPK and that of K. humate on the parameter under 

study was also found significant. Control treatment (0% of NPK recommended dose × 0 

mg K. humate kg
-1

 of soil) resulted in the minimum fresh weight of above ground parts per 

hill (467.72 g), followed by 50% of NPK recommended dose × 0 mg K. humate kg
-1

 of 

soil (479.62 g). These two treatment combinations were statistically similar with each 

other. However, the maximum fresh weight was found at 100% of NPK recommended 

dose irrespective of K. humate levels, and 100% of NPK recommended dose × 8 mg K. 

humate kg
-1

 of soil (624.77-608.98 g). All these five treatment combination were 

statistically at par (Table 3.36c). 

 

3.2.8. Dry weight of above ground parts per hill after 75 days of planting 

Statistical analysis of the data recorded on dry weight of above ground parts per hill 

depicted that the parameter was significantly affected by different NPK and K. humate 

levels. However, the effect of years, the interaction between years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate  



89 

 

Table 3.36c. Fresh weight (g) of above ground parts per hill of S. tuberosum L. autumn crop 

after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 467.72 g 479.62 g 518.50 ef 509.18 f 493.75 d 

50 522.30 def 539.90 cde 543.57 cd 586.50 b 548.07 c 

75 542.87 cde 554.98 c 587.53 b 614.80 a 575.05 b 

100 608.98 ab 612.63 a 620.85 a 624.77 a 616.81 a 

Mean 535.47 c 546.78 c 567.81 b 583.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.37a. Dry weight (g) of above ground parts per hill of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 46.777 65.678 74.350 79.159 66.491 

2011 48.809 67.879 75.373 80.098 68.040 

Mean 47.793 c 66.778 b 74.862 a 79.628 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.37b. Dry weight (g) of above ground parts per hill of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 60.657 64.525 68.345 72.435 66.491 

2011 62.276 66.216 70.887 72.779 68.040 

Mean 61.467 c 65.370 bc 69.616 ab 72.607 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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levels remained statistically non-significant (Appendix 48a). 

 

As the application level of NPK was increased, dry weight of above ground parts per hill 

also increased. The minimum dry weight of above ground parts (47.79 g) was recorded in 

control (0% of NPK recommended dose). While, the higher level of NPK (100% of 

recommended dose) resulted in the maximum dry weight of above ground parts per hill 

(79.63 g), followed by the intermediate level (75% of NPK recommended dose) with 

74.86 g dry weight. Further, these two NPK levels were statistically similar but 

significantly differed from rest of the NPK levels (Table 3.37a). 

 

Dry weight of above ground parts per hill was also significantly increased by the 

application of different K. humate levels. Higher level of K. humate application (8 mg kg
-1

 

of soil) resulted in the maximum dry weight of above ground parts (72.61 g), followed by 

the intermediate level (6 mg K. humate kg
-1

 of soil) (69.62g). These two treatments were 

statistically at par. The minimum (61.47 g) dry weight was recorded when no K. humate 

was applied, followed by the lower level i.e. 4 mg K. humate kg
-1

 of soil (65.37 g). 

Further, these two K. humate levels also behaved statistically alike (Table 3.37b). 

 

3.2.9. Fresh weight of below ground parts, except tubers, per hill after 75 days of 

planting 

Analysis of variance for the data collected on the fresh weight of below ground parts, 

except tubers, per hill illustrated that the application of different levels of NPK 

significantly affected the parameter. However, effect of years, K. humate levels, and 

interactive effect of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels on the parameter remained 
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non-significant (Appendix 49a). 

 

The maximum fresh weight of below ground parts, except tubers, per hill (44.90 g) was 

obtained by the application of the higher level of NPK i.e. 100% of recommended dose. 

The minimum fresh weight (44.87 g) was recorded in control, followed by lower and 

intermediate levels of NPK i.e. 50% and 75% of recommended dose (45.28 and 45.92 g, 

respectively). These three levels of NPK were statistically similar with each other (Table 

3.38). 

 

3.2.10. Dry weight of below ground parts, except tubers, per hill after 75 days of 

planting 

Soil application of different levels of NPK and K. humate significantly affected the dry 

weight of below ground parts, except tubers, per hill recorded after 75 days of planting. 

However, the effect of years, and combined effect (interaction) of years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and among years, NPK and K. 

humate levels on the parameter were found statistically non-significant (Appendix 50a). 

 

Table 3.39a indicated that different NPK levels significantly increased the dry weight of 

below ground parts, except tubers, per hill. The maximum dry weight (15.47 g) was 

resulted in those which were grown under full NPK level (100% of recommended dose), 

followed by those grown with 50% of NPK recommended dose (14.85g). These two NPK 

levels were statistically similar. The minimum dry weight (13.60 g) was recorded in those 

plants which were grown without NPK fertilizer.  

 

Higher levels of K. humate (6 and 8 mg kg
-1

 of soil) significantly increased the dry weight  
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Table 3.38. Fresh weight (g) of below ground parts, except tubers, per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 45.10 45.75 45.89 47.45 46.05 

2011 44.63 44.8 45.69       46.35 45.37 

Mean 44.87 b 45.28 b 45.92 b 46.90 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.39a. Dry weight (g) of below ground parts, except tubers, per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 13.774 14.773 14.409 15.308 14.566 

2011 13.431 14.773 14.609 15.611 14.643 

Mean 13.602 c 14.848 ab 14.509 b 15.469 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.39b. Dry weight (g) of below ground parts, except tubers, per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 13.844 14.450 15.128 14.841 14.566 

2011 13.942 14.218 15.114 15.298 14.643 

Mean 13.893 b 14.334 b 15.170 a 15.121 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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of below ground parts, except tubers, per hill. However, both the levels of K. humate were 

statistically at par but significantly different from rest of the levels. Similarly, lower level 

of K. humate i.e. 4 mg kg
-1

 of soil and control i.e. 0 mg kg
-1

 of soil also behaved 

statistically alike. The maximum dry weight (15.12 g) was recorded when K. humate was 

applied @ 8 mg kg
-1

 of soil, followed by 6 mg K. humate kg
-1

 of soil application. The 

minimum dry weight (13.89 g) was recorded in control (without K. humate application), 

followed by the application of lower K. humate level (4 mg kg
-1

 of soil) (Table 3.39b).  

 

3.2.11. Rate of photosynthesis after 75 days of planting 

The data procured on rate of photosynthesis was subjected to statistical analysis. The 

results indicated that different levels of NPK and that of K. humate significantly affected 

the parameter. However, effect of years, and interaction between years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and among years, NPK and K. 

humate levels were non-significant (Appendix 51a). 

 

Application of NPK significantly enhanced the rate of photosynthesis. The maximum rate 

of photosynthesis (28.66 µmol CO2 m
-2

s
-1

) was recorded in the plants grown under higher 

level of NPK (100% of recommended dose). While, the minimum rate of photosynthesis 

(22.17 µmol CO2 m
-2

s
-1

) was noted in those applied with no NPK (control). Moreover, all 

the NPK levels differed significantly from each other (Table 3.40a). 

 

The parameter under study was also affected significantly by the application of different 

K. humate levels. The higher dose of K. humate (8 mg kg
-1

 of soil) resulted in the 

maximum rate of photosynthesis (26.36 µmol CO2 m
-2

s
-1

), followed by the intermediate 

one (6 mg kg
-1

 of soil) (25.85 µmol CO2 m
-2

s
-1

). These two K. humate levels stood     
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statistically at par. However, the plants grown without K. humate application resulted in 

the minimum (24.52 µmol CO2 m
-2

s
-1

) photosynthetic rate, followed by the lower level (4 

mg kg
-1

 of soil) of K. humate (25.05 µmol CO2 m
-2

s
-1

). These two K. humate levels were 

also statistically similar (Table 3.40b). 

 

3.2.12. Rate of transpiration after 75 days of planting 

Statistical analysis of the data recorded on rate of transpiration depicted that the parameter 

was significantly affected by different NPK and K. humate levels. However, effect of 

years and interactive effect of years and NPK levels, years and K. humate levels, NPK and 

K. humate levels, and that of years, NPK and K. humate levels on the parameter remained 

statistically non-significant (Appendix 52a). 

 

Table 3.41a illustrated that rate of transpiration was increased significantly by increasing 

the treatment level of NPK. The maximum rate of transpiration (5.22 mmol H2O m
-2

s
-1

) 

was recorded in the plants fertilized with 100% of NPK recommended dose. while, the 

lowest rate of transpiration (4.67 mmol H2O m
-2

s
-1

) was measured in control plants 

(without NPK application). Further, all the NPK levels were statistically different from 

each other. 

 

Rate of transpiration was also increased significantly by the application of different K. 

humate levels. The lowest rate of transpiration (4.82 mmol H2O m
-2

s
-1

) was recorded in 

the plants applied with no K. humate (0 mg kg
-1

 of soil), followed by those treated with 

lower level of K. humate i.e. 4 mg kg
-1

 of soil (4.87 mmol H2O m
-2

s
-1

). These two levels of 

K. humate were statistically similar. While, the highest value (5.01 mmol H2O m
-2

s
-1

) was 
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Table 3.40a. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 22.43 24.01 26.75 28.73 25.48 

2011 21.91 24.24 26.88 28.59 25.41 

Mean 22.17 d 24.12 c 26.82 b 28.66 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.40b. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 24.50 25.18 25.91 26.33 25.48 

2011 24.53 24.91 25.80 26.38 25.41 

Mean 24.52 b 25.05 b 25.85 a 26.36 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.41a. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 4.65 4.80 4.99 5.22 4.91 

2011 4.69 4.76 4.97 5.22 4.91 

Mean 4.67 d 4.78 c 4.98 b 5.22 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.41b. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 4.81 4.86 4.96 5.03 4.91 

2011 4.83 4.87 4.96 5.00 4.91 

Mean 4.82 c 4.87 c 4.95 b 5.01 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.42a. Stomatal conductance (cm s
-1

) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.234 0.245 0.264 0.272 0.254 

2011 0.235 0.245 0.262 0.271 0.253 

Mean 0.234 d 0.245 c 0.263 b 0.271 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.26b. Stomatal conductance (cm s
-1

) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.246 0.252 0.257 0.260 0.254 

2011 0.246 0.252 0.256 0.258 0.253 

Mean 0.246 c 0.252 b 0.257 a 0.259 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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measured in the plants treated with 8 mg K. humate kg
-1

 of soil, followed by 6 mg K. 

humate kg
-1

 of soil (4.95 mmol H2O m
-2

s
-1

). However, these two K. humate levels were 

statistically different from each other (Table 3.41b). 

 

3.2.13. Stomatal conductance after 75 days of planting 

Analysis of variance for the data collected on stomatal conductance indicated that 

application of different NPK and K. humate levels significantly affected the parameter. 

However, the effect of years, and combined effect (interaction) of years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. 

humate levels on the parameter were statistically non-significant (Appendix 53a). 

 

The maximum stomatal conductance (0.271 cm s
-1

) was recorded in the plants applied 

with 100% of NPK recommended dose. While, the minimum stomatal conductance (0.234 

cm s
-1

) was measured in those to which no NPK (0% of recommended dose) was applied. 

However, all the NPK levels varied significantly from each other (Table 3.42a). 

 

Table 3.42b exhibited that stomatal conductance was also improved significantly by the 

application of different K. humate levels. The minimum stomatal conductance (0.246 cm 

s
-1

) was recorded in the plants, grown without K. humate (0 mg kg
-1

 of soil) application. 

While, the maximum stomatal conductance (0.259 cm s
-1

) was resulted in those treated 

with 8 mg K. humate kg
-1

 of soil, followed those with 6 mg K. humate kg
-1

 of soil (0.257 

cm s
-1

). However, these two K. humate levels were statistically similar with each other, 

but significantly different from rest of the K. humate levels. 

3.2.14. Water use efficiency after 75 days of planting 

It is obvious from statistical analysis of the data for water use efficiency of S. tuberosum 
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Table 3.43a. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 4.83 4.95 5.36 5.50 5.16 

2011 4.67 5.09 5.41 5.45 5.15 

Mean 4.75 c 5.02 b 5.38 a 5.48 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.43b. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 5.03 5.17 5.21 5.22 5.16 

2011 5.07 5.11 5.21 5.23 5.15 

Mean 5.05 b 5.14 ab 5.21 a 5.23 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.44a. Number of tubers per hill of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 4.53 4.70 4.88 4.71 4.73 

2011 4.56 4.73 4.83 4.79 4.71 

Mean 4.54 c 4.72 b 4.86 a 4.75 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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plants that application of different NPK and K. humate levels significantly affected the 

parameter. However, effect of years, and interactive effect of years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate 

levels remained non-significant (Appendix 54a). 

 

As the level of NPK increased, water use efficiency of plants was also improved. The 

higher dose of NPK (100% of recommended dose) resulted in the maximum water use 

efficiency (5.48 mmol CO2/mol H2O), followed by the intermediate level (75% of NPK 

recommended dose) (5.38 mmol CO2/mol H2O). These two NPK levels were statistically 

alike. While, the minimum water use efficiency (4.75 mmol CO2/mol H2O) was calculated 

in control (0% of NPK recommended dose) and this treatment level was significantly 

different from rest of the NPK levels (Table 3.43a). 

 

Water use efficiency of the S. tuberosum plants was also increased significantly by the 

increase in K. humate level. The plants applied with no K. humate (0 mg kg
-1

 of soil) 

resulted in minimum water use efficiency (5.05 mmol CO2/mol H2O), followed by those 

applied with 4 mg K. humate kg
-1

 of soil (5.14 mmol CO2/mol H2O). These two treatments 

were statistically similar. While, the maximum water use efficiency (5.23 mmol CO2/mol 

H2O) was estimated at application of higher level of K. humate i.e. 8 mg kg
-1

 of soil, 

followed by intermediate and lower levels (5.21and 5.14 mmol CO2/mol H2O, 

respectively). All these three K. humate levels stood statistically at par with each other 

(Table 3.43b). 

 

3.2.15. Number of tubers per hill 

Statistical analysis of the data revealed that application of various levels of NPK and that 
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of K. humate significantly affected number of tubers per hill. However, effect of years, 

and interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels on the parameter were non-

significant (Appendix 55a). 

 

With the increase in NPK level, number of tubers per hill also increased. The treatment of 

0% of NPK recommended dose resulted in the least number of tubers (4.54). While, the 

higher number of tubers (4.86) were produced by the application of intermediate level of 

NPK i.e. 75% of recommended dose, followed by the higher level i.e. 100% of 

recommended NPK dose (4.75).These two NPK levels were statistically similar with each 

other (Table 3.44a). 

 

The number of tubers per hill was also improved by the application of different K. humate 

levels. The maximum number of tubers (4.82) was recorded when K. humate was applied 

@ 8 mg kg
-1

 of soil, followed by 4 mg kg
-1

 of soil application (4.74). These two K. humate 

levels were statistically alike. While, the minimum number of tubers (4.63) was noted at 0 

mg K. humate kg
-1

 of soil (control treatment), followed by 6 mg K. humate kg
-1

 of soil 

(4.68) and 4 mg K. humate kg
-1

 of soil (4.74). These three K. humate levels also stood 

statistically at par with each other (Table 3.44b). 

 

3.2.16. Tuber yield per hill 

The data recorded on tuber yield per hill was analysed statistically. The results indicated 

that the parameter was significantly affected by different NPK and K. humate levels. The 

interaction between NPK and K. humate levels was also found statistically significant.  
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Table 3.44b. Number of tubers per hill of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 4.60 4.72 4.65 4.84 4.73 

2011 4.65 4.77 4.70 4.80 4.71 

Mean 4.63 b 4.74 ab 4.68 b 4.82 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.45a. Tuber yield per hill (g, fresh weight) of S. tuberosum L. autumn crop as 

affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 323.91 364.53 403.08 437.73 384.35 

2011 322.06 358.27 412.39 444.67 382.31 

Mean 322.99 d 361.40 c 407.74 b 441.20 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.45b. Tuber yield per hill (g, fresh weight) of S. tuberosum L. autumn crop as 

affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 363.99 376.42 386.56 406.96 384.35 

2011 364.10 378.62 387.82 402.28 382.31 

Mean 364.05 d 377.52 c 387.14 b 404.62 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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However, effect of years, and interactive effect of years and NPK levels, years and K. 

humate levels, and that of years, NPK and K. humate levels remained non-significant 

(Appendix 56a). 

 

The tuber yield per hill was significantly increased with the increase in NPK level. The 

highest tuber yield per hill (441.20 g) was harvested from the plants fertilized with 100% 

of NPK recommended dose. While, the lowest tuber yield (322.99 g) was recorded in 

control, non-treated plants (0% of NPK recommended dose). Moreover, all the NPK levels 

significantly differed from each other in their effect on the parameter under study (Table 

3.45a).Soil application of K. humate also improved tuber yield per hill significantly. The 

plants fertilized with 8 mg K. humate kg
-1

 of soil gave the maximum tuber yield i.e. 

404.62 g. While, the plants grown without K. humate produced the minimum yield i.e. 

364.05 g. Further, all the K. humate levels were also significantly different from each 

other (Table 3.45b). 

 

Regarding the combined effect of both the factors (NPK and K. humate levels), control 

treatment combination (0% of NPK recommended dose × 0 mg K. humate kg
-1

 of soil) 

gave the lowest tuber yield per hill (309.08 g), followed by 0% of NPK recommended 

dose × 4 mg K. humate kg
-1

 of soil and 0% of NPK recommended dose × 6 mg K. humate 

kg
-1

 of soil which resulted in 322.34 and 325.16 g,
 
respectively. These three treatment 

combinations stood statistically at par with each other. While, the maximum tuber yield 

per hill (453.38 g) was recorded under the influence of highest levels of both NPK and K. 

humate levels (100% of NPK recommended dose × 8 mg K. humate kg
-1

 of soil), followed 

by 100% of NPK recommended dose × 6 mg K. humate kg
-1

 of soil , 75% of NPK 
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Table  3.49c. Tuber yield per hill (g, fresh weight) of S. tuberosum L. autumn crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 309.08 i 322.34 hi 325.16 hi 335.37 gh 322.99 d 

50 345.75 fg 350.24 fg 358.60 ef 391.01 d 361.40 c 

75 369.29 e 400.89 d 422.05 c 438.72 abc 407.74 b 

100 432.07 bc 436.62 abc 442.74 ab 453.38 a 441.20 a 

Mean 364.05 d 377.52 c 387.14 b 404.62 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.46a. Dry weight (g) of tubers per hill of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 53.139 66.268 77.216 84.522 70.286 

2011 53.355 66.411 77.738 86.363 70.967 

Mean 53.274 d 66.339 c 77.477 b 85.442 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.46b. Dry weight (g) of tubers per hill of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 66.231 69.670 72.247 72.997 70.286 

2011 67.156 69.220 72.413 75.079 70.967 

Mean 66.693 c 69.445 b 72.330 a 74.038 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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recommended dose × 8 mg K. humate kg
-1

 of soil and 100% of NPK recommended dose × 

4 mg K. humate kg
-1

 of soil (442.74, 438.72 and 436.62 g, respectively). The effect of all 

these four treatment combinations on the parameter was statistically similar (Table 3.45c). 

 

3.2.17. Dry weight of tubers per hill 

The dry weight of tubers per hill was significantly affected by different levels of NPK and 

that of K. humate. The interaction between these two factors was also found statistically 

significant. However, effect of years, and combined effect (interaction) of years and NPK 

levels, years and K. humate levels, and that of years, NPK and K. humate levels remained 

non-significant (Appendix 57a). 

 

By increasing NPK level, dry weight of tubers per hill was also increased significantly. 

The maximum dry weight of tubers per hill (85.44 g) was recorded in the plants grown 

under 100% of NPK recommended dose. The minimum of dry weight of tubers per hill 

(53.27 g) was found in the control plants (without any NPK application). All the four 

levels of NPK varied significantly from each other in their effect on the parameter (Table 

3.46a). 

 

Dry weight of tubers per hill was also significantly improved by the application of various 

levels of K. humate. The minimum tubers dry weight (66.69 g) was recorded in the control 

plants (0 mg K. humate kg
-1

 of soil). While, the maximum dry weight of tubers (74.04 g) 

was observed when 8 mg K. humate kg
-1

 of soil was applied, followed by 6 mg K. humate 

kg
-1

 of soil (72.33 g). These two treatments were statistically similar (Table 3.46b). 

 

Concerning the combined effect NPK and K. humate levels on tubers dry weight, Table 
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Table 3.46c. Dry weight (g) of tubers per hill of S. tuberosum L. autumn crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 48.394 h 53.875 g 54.925 g 55.795 g 53.274 d 

50 63.108 f 64.001 ef 65.367 ef 72.882 d 66.339 c 

75 69.075 de 73.631 d 80.736 c 86.467 a 77.477 b 

100 86.198 ab 86.273 ab 88.290 a 81.009 bc 85.442 a 

Mean 66.693 c 69.445 b 72.330 a 74.038 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.47a. Tuber yield per hectare (tons) of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 14.110 15.879 17.558 19.067 16.654 

2011 14.029 15.606 17.964 19.370 16.742 

Mean 14.069 d 15.743 c 17.761 b 19.219 a - 

Means with different letters letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.47b. Tuber yield per hectare (tons) of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 15.856 16.397 16.838 17.523 16.654 

2011 15.860 16.493 16.889 17.727 16.742 

Mean 15.858 d 16.445 c 16.864 b 17.625 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.46c indicated that the treatment combination 0% of NPK recommended dose × 0 mg K. 

humate kg
-1

 of soil resulted in the minimum tubers dry weight (48.39 g). While, the 

maximum tubers dry weight (88.29 g) was recorded with the application of 100% of NPK 

recommended dose × 6 mg K. humate kg
-1

 of soil, followed by 75% of NPK 

recommended dose × 8 mg K. humate kg
-1

 of soil, 100% of NPK recommended dose × 4 

mg K. humate kg
-1

 of soil and 100% of NPK recommended dose × 0 mg K. humate kg
-1

 of 

soil (86.47, 86.27 and 86.20 g, respectively. All these four treatment combinations were 

statistically at par with each other. 

 

3.2.18. Tuber yield per hectare 

Various levels of NPK recommended dose significantly affected tuber yield per hectare. 

The parameter under study was also affected significantly by the application of different 

K. humate levels, and interactive effect of NPK and K. humate levels. However, effect of 

years, and interaction between years and NPK levels, years and K. humate levels, and 

among years, NPK and K. humate levels remained statistically non-significant (Appendix 

58a). 

 

With the increase in NPK level, tuber yield per hectare also increased significantly. The 

plants fertilized with 100% of NPK recommended dose resulted in the highest tuber yield 

per hectare (19.22 tons). While, the control plants (0% of NPK recommended dose) gave 

the lowest yield (14.07 tons). Moreover, all the NPK levels were significantly different 

from each other in their effect on the parameter under study (Table 3.47a). 

 

Soil application of K. humate also improved the tuber yield per hectare significantly. The 

plants fertilized with 8 mg K. humate kg
-1

 of soil gave the maximum tuber yield i.e. 17.62  
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Table 3.47c. Tuber yield per hectare (tons) of S. tuberosum L. autumn crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                          

(mg/kg of soil) 

Mean 

0 4 6 8 

0 13.464 i 14.041 hi 14.164 hi 14.609 gh 14.069 d 

50 15.061 fg 15.256 fg 15.621 ef 17.032 d 15.743 c 

75 16.086 e 17.463 d 18.384 c 19.111 abc 17.761 b 

100 18.821 bc 19.019 abc 19.286 ab 19.749 a 19.219 a 

Mean 15.858 d 16.445 c 16.864 b 17.625 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.48a. Biological yield (g, fresh weight) of S. tuberosum L. autumn crop at harvest as 

affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 865.8 962.6 1012.2 1096.2 984.21 

2011 857.5 946.3 1044.5 1108.9 989.29 

Mean 861.6 d 954.5 c 1028.4 b 1102.5 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.48b. Biological yield (g, fresh weight) of S. tuberosum L. autumn crop at harvest as 

affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 944.4 963.5 1000.7 1028.2 984.21 

2011 945.2 976.0 1000.2 1035.8 989.29 

Mean 944.7 d 969.7 c 1000.5 b 1032.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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tons per hectare. While, the plants grown without K. humate produced the minimum i.e. 

15.86 tons per hectare. Further, all the K. humate levels differed significantly from each 

other (Table 3.47b). 

 

As far interactive effect (interaction) of NPK and K. humate levels on tuber yield per 

hectare, untreated plants (0% of NPK recommended dose × 0 mg K. humate kg
-1

 of soil) 

resulted in the lowest tuber yield per hectare (13.46 tons), followed by those treated with 

0% of NPK recommended dose × 4 mg K. humate kg
-1

 of soil and 0% of NPK 

recommended dose × 6 mg K. humate kg
-1

 of soil which produced 14.04 and 14.16 tons,
 

respectively. These three treatment combinations stood statistically at par with each other. 

While, the maximum tuber yield per hectare (19.75 tons) was recorded under the influence 

of highest levels of both NPK and K. humate levels (100% of NPK recommended dose × 8 

mg K. humate kg
-1

 of soil), followed by 100% of NPK recommended dose × 6 mg K. 

humate kg
-1

 of soil , 75% of NPK recommended dose × 8 mg K. humate kg
-1

 of soil and 

100% of NPK recommended dose × 4 mg K. humate kg
-1

 of soil (19.29, 19.11 and 19.02 

tons, respectively). All these four treatment combinations also stood statistically at par 

with each other (Table 3.47c). 

 

3.2.19. Biological yield per hill 

Statistical analysis of the data recorded on biological yield per hill (on fresh weight basis) 

depicted that the parameter was significantly affected by different NPK and K. humate 

levels. The combined effect of these two factors was also found statistically significant. 

However, effect of years, and combined effect of years and NPK levels, year and K. 

humate levels, and that of years, NPK and K. humate levels on the parameter remained 

statistically non-significant (Appendix 59a). 
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Table 3.48a indicated that biological yield was significantly improved by the application 

of different NPK levels. The maximum biological yield (1102.5 g) was attained from the 

application of 100% of NPK recommended dose. While, the minimum biological yield 

(861.6 g) was recorded in when 0% of NPK recommended dose was applied. Further, all 

the NPK levels were statistically different from each other. 

 

Application of K. humate also increased the biological yield per hill significantly. The 

highest value of biological yield (1032.0 g) was recorded in the plants grown under higher 

level of K. humate (8 mg kg
-1

 of soil). The lowest value of biological yield (944.7 g) was 

estimated under no application of K. humate (0 mg kg
-1

 of soil). Moreover, all the four K. 

humate levels differed significantly from each other (Table 3.48b). 

 

Biological yield was also significantly affected by the interaction between different levels 

of NPK and K. humate. The plants fertilized with 100% of NPK exhibited maximum 

biological yield irrespective of K. humate levels, followed by 75% of NPK recommended 

dose × 8 mg K. humate kg
-1

 of soil (1115.7 – 1088.3 g). All these treatment combinations 

were statistically similar with each other. The minimum value of biological yield (820.2 g) 

was recorded in the plants grown under the lowest level of both the factors i.e. 0% of NPK 

recommended dose × 0 mg K. humate kg
-1

 of soil, which was statistically at par with 0% 

of NPK recommended dose × 4 mg K. humate kg
-1

 of soil (847.4 g) (Table 3.48c). 

 

3.2.20. Harvest index per hill 

The data recorded on harvest index was analysed statistically. The results exhibited that 

the parameter was significantly affected by different NPK and K. humate levels. However,  

effect of years, and interactive effect of years and NPK levels, years and K. humate levels, 
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Table 3.48c. Biological yield (g, fresh weight) of S. tuberosum L. autumn crop at harvest as 

affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 820.2 h 847.4 h 889.4 g 889.5 g 861.6 d 

50 913.0  fg 935.0 ef 946.3 ef 1023.5 cd 954.5 c 

75 957.6 e 1000.1 d 1056.4 bc 1099.3 a 1028.4 b 

100 1088.3 ab 1096.4 ab 1109.8 a 1115.7 a 1102.5 a 

Mean 944.7 d 969.7 c 1000.5 b 1032.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.49a. Harvest index (%) of S. tuberosum L. autumn crop as affected by years and 

varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 37.4 37.8 39.8 39.9 38.8 

2011 37.2 37.9 39.5 40.0 38.6 

Mean 37.3 b 37.9 b 39.6 a 39.9 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.49b. Harvest index (%) of S. tuberosum L. autumn crop as affected by years and 

varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 38.5 39.0 38.5 39.0 38.8 

2011 37.9 38.7 38.6 39.4 38.6 

Mean 38.2 b 38.8 ab 38.6 ab 39.2 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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NPK and K. humate levels and that of years, NPK and K. humate levels remained non-

significant (Appendix 60a). 

 

Higher levels of NPK (100% and 75% of recommended dose) significantly increased the 

harvest index per hill. However, both these levels were statistically at par but significantly 

differed from rest of the NPK levels. Similarly, lower levels of NPK (0% and 50% of 

recommended dose) also behaved statistically alike. The maximum harvest index (39.9%) 

was recorded in the plants those were applied with the higher level of NPK followed by 

those treated with the intermediate level (39.6%). While the minimum harvest index 

(37.3%) was obtained in the plants grown without NPK (control), followed by those with 

the lower level of NPK (37.9%) (Table 3.49a). 

 

Different K. humate levels also improved the harvest index significantly. Higher level of 

K. humate (8 mg kg
-1

 of soil) resulted in the maximum harvest index (39.2%), followed by 

the lower and intermediate levels of K. humate (38.8 and 38.6%, respectively). These 

three K. humate levels were statistically at par. The minimum harvest index (38.2%) was 

recorded when no K. humate was applied to the soil, followed by the intermediate and 

lower levels of K. humate. All these K. humate levels were also statistically similar with 

each other (Table 3.49b). 

 

3.2.21. Tuber starch content  

It is apparent from statistical analysis of the data for tuber starch content that application 

of different NPK and K. humate levels significantly affected the parameter. However, 

effect of years, and combined effect (interaction) of years and NPK levels, years and K. 
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Table 3.50a. Tuber starch content (%) of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK  

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 14.876 15.007 15.092 14.788 14.941 

2011 14.858 15.007 15.067 14.777 14.927 

Mean 14.867 c 15.007 b 15.079 a 14.782 d - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.50b. Tuber starch content (%) of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 14.921 14.962 14.922 14.957 14.941 

2011 14.904 14.933 14.923 14.948 14.927 

Mean 14.912 c 14.947 ab 14.923 bc 14.952 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.51a. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.667 3.934 4.251 4.467 4.080  

2011 3.684 3.972 4.288 4.497 4.110 

Mean 3.676 d 3.953 c 4.270 b 4.482 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels 

remained non-significant (Appendix 61a). 

 

Starch content in tubers was significantly increased as NPK level was increased up to75% 

of recommended dose. The highest level of NPK (100% of recommended dose) resulted in 

the lowest (14.78%) starch content, followed by no application of NPK i.e. 0% of 

recommended dose (14.87%). While, the maximum (15.08%) starch content of tubers was 

estimated at 75% of NPK recommended dose, followed by 50% of NPK recommended 

dose (15.01%). All the levels of NPK were significantly different from each other (Table 

3.50a). 

 

The parameter under study was also affected significantly by the application of different 

K. humate levels. The higher level of K. humate (8 mg kg
-1

 of soil) resulted in the 

maximum starch content of tubers (14.95%), followed by the lower level (4 mg kg
-1

 of 

soil) (14.95%). These two K. humate levels stood statistically at par. However, the plants 

grown without K. humate application resulted in the minimum (14.91%) starch content of 

tubers, followed by the intermediate level (6 mg K. humate kg
-1

 of soil) (14.92%). These 

latter two levels of NPK were also statistically significant (Table 3.50b). 

 

3.2.22. Leaf nitrogen content after 30 days of planting 

The data recorded on leaf nitrogen content after 30 days of planting was subjected to 

statistical analysis. Results exhibited that the parameter was not affected significantly by 

years and different levels of NPK and K. humate. Similarly, interaction between years and 

NPK levels, years and K. humate levels, NPK and K. humate levels and among years, 

NPK and K. humate levels were also non-significant (Appendices 62a-e). 
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3.2.23. Leaf nitrogen content after 75 days of planting 

Statistical analysis of the data on leaf nitrogen content after 75 days of planting, revealed 

that application of various levels of NPK and that of K. humate significantly affected the 

parameter. However, effect of years, and interactive effect of years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate 

levels on the parameter remained non-significant (Appendix 63a). 

 

Table 3.51a illustrated that leaf nitrogen content was increased significantly by increasing 

the NPK level. The maximum concentration of leaf nitrogen (4.48%) was recorded in the 

plants fertilized with 100% of NPK recommended dose. While, the lowest value of leaf 

nitrogen content (3.68%) was estimated in the control plants (without NPK application). 

The effect of all the four levels of NPK on the parameter was statistically different from 

each other. 

 

Leaf nitrogen content was also increased significantly by increasing the level of K. humate 

application. The minimum leaf nitrogen content (3.93%) was measured in the plants 

grown without K. humate. While, the maximum concentration (4.22%) was recorded in 

the plants fertilized with 8 mg K. humate kg
-1

 of soil, followed by those treated with 6 mg 

K. humate kg
-1

 of soil (4.18%). These two levels of K. humate were statistically similar 

with each other but significantly different from rest of the K. humate levels (Table 3.51b). 

 

3.2.24. Leaf nitrogen content at harvest 

Various levels of NPK recommended dose and that of K. humate significantly affected 

leaf nitrogen content at harvest. However, it is obvious from the appendix 64a that effect  
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Table 3.51a. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.667 3.934 4.251 4.467 4.080  

2011 3.684 3.972 4.288 4.497 4.110 

Mean 3.676 d 3.953 c 4.270 b 4.482 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.51b. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.906 4.044 4.166 4.204 4.080  

2011 3.952 4.072 4.187 4.232 4.110 

Mean 3.929 c 4.058 b 4.176 a 4.218 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.52a. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 2.472 2.623 2.760 3.133 2.747 

2011 2.491 2.659 2.746 3.108 2.751 

Mean 2.482 d 2.641 c 2.753 b 3.121 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test)  
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of years, and interaction between years and NPK levels, years and K. humate levels, NPK 

and K. humate levels, and among years, NPK and K. humate levels on the parameter 

remained non-significant. 

 

Soil application of NPK significantly enhanced the leaf nitrogen content at harvest. The 

plants treated with higher dose of NPK (100% of recommended dose) resulted in the 

highest leaf nitrogen content at harvest (3.12%). While, the lowest value of the parameter 

(2.48%) was found in the control plants. Further, all the NPK levels behaved statistically 

different (Table 3.52a). 

 

Application of different levels of K. humate also improved the leaf nitrogen content at 

harvest significantly. The plants without K. humate application resulted in the minimum 

concentration of leaf nitrogen (2.61%). While, the maximum leaf nitrogen content at 

harvest (2.83%) was recorded in the plants applied with K. humate @ 8 mg kg
-1

 of soil, 

followed by those treated with 6 mg kg
-1

 of soil (2.80%). These two levels of K. humate 

behaved statistically alike (Table 3.52b). 

 

3.2.25. Leaf phosphorus content after 30 days of planting 

Analysis of variance of the data for leaf phosphorus content after 30 days of planting 

indicated that effect of years, various levels of NPK and that of K. humate on the 

parameter was statistically non-significant. Moreover, combined effect of years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and that of years, NPK and 

K. humate levels also remained non-significant (Appendix 65a-e). 
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Table 3.52b.  Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2.622 2.744 2.800 2.825 2.747 

2011 2.594 2.764 2.797 2.846 2.751 

Mean 2.608 c 2.754 b 2.799 ab 2.835 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.53a. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.505 0.561 0.614 0.656 0.584 

2011 0.489 0.578 0.632 0.681 0.595 

Mean 0.497 d 0.569 c 0.623 b 0.669 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.53b. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.565 0.578 0.596 0.596 0.584 

2011 0.577 0.585 0.612 0.605 0.595 

Mean 0.571 c 0.581 bc 0.604 a 0.600 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 



118 

 

3.2.26. Leaf phosphorus content after 75 days of planting 

The data procured on leaf phosphorus content estimated after 75 days of planting was 

subjected to statistical analysis. The results indicated that different levels of NPK and that 

of K. humate significantly affected the parameter. However, effect of years, and 

interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels on the parameter remained 

statistically non-significant (Appendix 66a). 

 

Leaf phosphorus content was increased significantly by increasing the level of NPK. The 

maximum leaf phosphorus content (0.669%) was recorded in the plants fertilized with 

100% of NPK recommended dose. While, the minimum value of leaf phosphorus content 

(0.497%) was estimated in the control plants (without NPK application). The effect of all 

the levels of NPK on the parameter was significantly different from each other (Table 

3.53a). 

 

With the increase in K. humate level, leaf phosphorus content was also increased 

significantly. The maximum leaf phosphorus content (0.604%) was recorded in the plants 

applied with 6 mg K. humate kg
-1

 of soil, followed by those treated with 8 mg K. humate 

kg
-1

 of soil (0.600%). These two levels of K. humate were statistically similar. While, the 

minimum concentration of leaf phosphorus (0.571%) was estimated in the plants grown 

without K. humate, followed by those grown with 4 mg K. humate kg
-1

 of soil (0.581%). 

These two K. humate levels were also statistically at par (Table 3.53b). 

 

3.2.27. Leaf phosphorus content at harvest 

Leaf phosphorus content at harvest was affected significantly by different levels of NPK 
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Table 3.54a. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.215 0.229 0.241 0.256 0.235 

2011 0.212 0.228 0.248 0.257 0.236 

Mean 0.213 d 0.229 c 0.244 b 0.256 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.55. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 30 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.233 3.273 3.341 3.360 3.304 

2011 3.223 3.272 3.344 3.379 3.302 

Mean 3.228 d 3.272 c 3.342 b 3.370 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.56a. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.552 3.833 4.072 4.402 3.965 

2011 3.653 3.883 4.136 4.367 4.010 

Mean 3.603 d 3.858c 4.104 b 4.385 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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applied. However, effect of years, K. humate levels, and combined effect (interaction) of 

years and NPK levels, years and K. humate levels, NPK and K. humate levels, and that of 

years, NPK and K. humate levels on the parameter under study remained non-significant 

(Appendix 67a). 

 

As the level of NPK was increased, leaf phosphorus content at harvest also significantly 

increased. The maximum leaf phosphorus content (0.256%) was recorded in the plants 

grown under 100% of NPK recommended dose, followed by those under 75% of NPK 

recommended dose (0.244%). The minimum leaf phosphorus content at harvest (0.213%) 

was found in the control plants (without any NPK application), followed by those treated 

with 50% of NPK recommended dose (0.229%). All the four levels of NPK varied 

significantly from each other in their effect on the parameter (Table 3.54). 

 

3.2.28. Leaf potassium content after 30 days of planting 

Soil application of different levels of NPK significantly affected leaf potassium content 

after 30 days of planting. However, effect of years and K. humate levels, and interactive 

effect of years and NPK levels, years and K. humate levels, NPK and K. humate levels, 

and that of years, NPK and K. humate levels remained non-significant (Appendix 68a). 

 

As the level of NPK was increased, leaf potassium content also increased. The treatment 

100% of NPK recommended dose resulted in the maximum leaf potassium content 

(3.37%), while the plants grown without any NPK (0% of recommended dose) had the 

minimum concentration (3.23%). Further, all the NPK levels were statistically different in 

their effect on the parameter (Table 3.55). 
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Table 3.56b. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.822 3.901 3.046 4.090 3.965 

2011 3.909 3.994 4.057 4.080 4.010 

Mean 3.866 b 3.947 b 4.051 a 4.085 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.57a. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK  

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.657 1.906 2.051 2.148 1.941 

2011 1.663 1.869 1.919 2.109 1.890 

Mean 1.660 d 1.888 c 1.985 b 2.129 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.57b. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.843 1.930 1.956 2.033 1.941 

2011 1.800 1.913 1.945 1.903 1.890 

Mean 1.821 b 1.921 a 1.951 a 1.968 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.2.29. Leaf potassium content after 75 days of planting 

The data recorded on leaf potassium content estimated after 75 days of planting was 

subjected to the statistical analysis. The results depicted that the parameter was 

significantly affected by different levels of NPK and K. humate. However, effect of years, 

and interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels and among years, NPK and K. humate levels on the parameter were non-

significant (Appendix 69a). 

 

By increasing the level of NPK, leaf potassium content was also increased. The highest 

value of the parameter (4.38%) was recorded in plants treated with 100% of NPK 

recommended dose. While, the lowest value of leaf potassium content (3.60%) was 

resulted in plants without NPK (0% of recommended dose). Further, all the four levels of 

NPK were significantly different from each other (Table 3.56a). 

 

Application of K. humate significantly increased the leaf potassium content only at the 

higher levels i.e. 6 and 8 mg K. humate kg
-1

 of soil, which were statistically at par. While 

the rest of the K. humate levels i.e. 0 and 4 mg kg
-1

 of soil also showed statistically similar 

results. The minimum concentration of the parameter (3.87%) was resulted in non-treated 

plants (without K. humate application), while the maximum (4.08%) in those plants 

treated with the higher level of K. humate (8 mg kg
-1

 of soil) (Table 3.56b). 

 

3.2.30. Leaf potassium content at harvest 

Statistical analysis of the data procured on leaf potassium content measured at harvest 

depicted that the parameter was significantly affected by different NPK and K. humate 

levels applied. However, years, and interaction between years and NPK levels, years and 
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K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate levels 

affected the parameter non-significantly (Appendix 70a). 

 

Table 3.57a indicated that different NPK levels significantly increased the leaf potassium 

content. The maximum leaf potassium content (2.13%) was recorded in the plants 

fertilized with 100% of NPK recommended dose. The minimum leaf potassium content 

(1.66%) was estimated in those grown without NPK (0% of recommended dose). All the 

four levels of NPK were statistically different from each other. 

 

As far as effect of different K. humate levels is concerned, the higher dose (8 mg K. 

humate kg
-1

 of soil) resulted in the maximum leaf potassium content (1.97%), followed by 

the intermediate and lower levels (6 and 4 mg K. humate kg
-1

 of soil). All these three 

levels of K. humate were statistically at par. The minimum leaf potassium content (1.82%) 

was measured when no K. humate (0 mg kg
-1

 of soil) was applied. This level of K. humate 

was statistically different from rest of the K. humate levels (Table 3.57b). 

 

3.2.31. Leaf magnesium content after 30 days of planting 

Results presented in Table 3.71a revealed that effect of years, different levels of NPK and 

that of K. humate on leaf magnesium content estimated after 30 days of planting was 

statistically non-significant. It also indicated that interaction between years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and among years, NPK and 

K. humate levels also remained statistically non-significant (Appendices 71a -e). 
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Table 3.58a. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.876 0.853 0.870 0.838 0.859 

2011 0.879 0.844 0.884 0.853 0.865 

Mean 0.878 a 0.848 b 0.877 a 0.845 b - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.58b. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.849 0.853 0.863 0.871 0.859 

2011 0.852 0.860 0.872 0.876 0.865 

Mean 0.850 b 0.857 ab 0.867 ab 0.873 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.59. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.690 0.744 0.790 0.784 0.752 

2011 0.727 0.743 0.793 0.784 0.762 

Mean 0.708 c 0.744 b 0.792 a 0.784 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.2.32. Leaf magnesium content after 75 days of planting 

The data procured on leaf magnesium content determined after 75 days of planting               

indicated that different levels of NPK and that of K. humate significantly affected the 

parameter. However, effect of years, and interaction between years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate 

levels on the parameter were non-significant (Appendix 72a). 

 

The maximum leaf magnesium content (0.878%) was estimated in the plants grown 

without NPK, followed by those applied with 75% of NPK recommended dose (0.877%). 

These two levels of NPK were statistically similar. While, the minimum concentration of 

leaf magnesium (0.845%) was recorded in the plants treated with 100% of NPK 

recommended dose, followed by those grown with 50% of NPK recommended dose 

(0.848%). These two NPK levels were also statistically similar (Table 3.58a). 

 

Table 3.58b indicated that application of K. humate significantly increased the leaf 

magnesium content. Application of 8 mg K. humate kg
-1

 of soil resulted in the maximum 

leaf magnesium content (0.873%), while, the control plants (0 mg K. humate kg
-1

 of soil) 

showed the minimum concentration (0.850%). However, 6 and 4 mg K. humate kg
-1

 of 

soil that resulted in 0.867 and 0.857% leaf magnesium content were statistically at par 

with both the above mentioned K. humate levels. 

 

3.2.33. Leaf magnesium content at harvest 

The data recorded on leaf magnesium content at harvest was analysed statistically. The 

results revealed that different NPK levels applied, significantly affected the parameter. 

However, different K. humate levels exhibited non-significant effect on leaf magnesium 
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content. Similarly, effect of years, and interaction between years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate 

levels also remained statistically non-significant (Appendix 73a). 

 

Leaf magnesium content was increased significantly with the increase in NPK level. The 

maximum leaf magnesium content (0.792%) was recorded in the plants fertilized with 

75% of NPK recommended dose, followed by those applied with 100% of NPK 

recommended dose (0.784%). These two NPK levels stood statistically at par. While, the 

minimum leaf magnesium (0.708%) was estimated in the control plants (without NPK 

application). This NPK level was significantly different from all other NPK levels (Table 

3.59). 

 

3.2.34. Leaf calcium content after 30 days of planting 

The data recorded on leaf calcium content after 30 days of planting was analysed 

statistically. Results indicated that effect of years, different levels of NPK and K. humate, 

and interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels on the parameter under study 

were non-significant (Appendix 74a-e). 

 

3.2.35. Leaf calcium content after 75 days of planting 

It is apparent from statistical analysis of the data on leaf calcium content estimated after 75 

days of planting that application of different levels of NPK significantly influenced the 

parameter under study. However, the parameter was not affected significantly by years 

and various levels of K. humate, and interaction between years and NPK levels, years and 

K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate levels 
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(Appendix 75a). 

 

Application of NPK significantly increased the leaf calcium content after 75 days of 

planting. The maximum leaf calcium content (1.065%) was recorded in the plants 

fertilized with 100% of NPK recommended dose, followed by those applied with 75% of 

NPK recommended dose (1.061%) and 50% of NPK recommended dose (1.048%). These 

three NPK levels stood statistically at par. While, the minimum value of leaf calcium 

content (1.038%) was estimated in the control plants (without NPK application), followed 

by those applied with 50% of NPK recommended dose. These two NPK levels were also 

statistically similar with each other (Table 3.60). 

 

3.2.36. Leaf calcium content at harvest 

Analysis of variance of the data on leaf calcium content at harvest showed that effect of 

years, different levels of NPK and that of K. humate on the parameter was statistically 

non-significant. Similarly, it is also obvious that interaction between years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and among years, NPK and 

K. humate levels were also non-significantly (Appendix 76a). 

 

3.2.37. Leaf sodium content after 30 days of planting 

The data on leaf sodium content estimated after 30 days of planting was analysed 

statistically. The results revealed that the parameter was not affected by years and different 

levels of NPK and that of K. humate. Similarly, interactive effect of years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. 

humate levels on the parameter also remained non-significant (Appendices 77a-e). 
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3.2.38. Leaf sodium content after 75 days of planting 

Statistical analysis of the data revealed that year and various levels of NPK and K.     

humate applied had non-significant effect on leaf sodium content recorded after 75 days of 

planting. It also indicated that interaction between years and NPK levels, years and K. 

humate levels, NPK and K. humate levels, and among years, NPK and K. humate levels 

also remained non-significant (Appendices 78a-e). 

 

3.2.39. Leaf sodium content at harvest 

Statistical analysis of the data procured on leaf sodium content at harvest depicted that 

years and different NPK and K. humate levels had no significant affect on the parameter. 

Similarly, combined effect (interaction) of years and NPK levels, years and K. humate 

levels, NPK and K. humate levels, and that of years, NPK and K. humate levels on the 

parameter also remained statistically non-significant (Appendices 79a-e). 

 

3.2.40. Soil pH 

Results presented in Table 3.40a illustrated that effect of years and different levels of NPK 

and K. humate on soil pH, after harvesting the crop was statistically non-significant. In the 

same way, interaction between years and NPK levels, years and K. humate levels, NPK 

and K. humate levels, and among years, NPK and K. humate levels was also found 

statistically non-significant (Appendices 80a-e). 

 

3.2.41. Soil E.C. 

Analysis of variance of the data for soil E.C. after harvesting the crop showed that effect 

of years, various doses of NPK and different levels of K. humate, and interaction between 

years and NPK doses, years and K. humate levels, NPK and K. humate levels, and among 
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years, NPK doses and K. humate levels on the parameter under study were non-significant 

(Appendices 81a-e). 

 

3.2.42. Soil organic matter 

The data procured on the post-harvest soil organic matter indicated that different levels of 

NPK and that of K. humate had no significant effected the parameter. Similarly, the effect 

of years, and combined effect (interaction) of years and NPK levels, years and K. humate 

levels, NPK and K. humate levels, and that of years, NPK and K. humate levels on the 

parameter also remained non-significantly (Appendices 82a-e). 

 

3.2.43. Cost comparison for autumn crops of potato during 2010-11 and 2011-12 

Seed is the major expensive input in potato cropping while fertilizers stand next to it. 

Potato crop needs well and thoroughly prepared seed beds for tubers’ growth and 

development. Irrigation at proper intervals and judicious use of insecticides and fungicides 

are also important for the growth and maturity of crop. Table 3.61 indicated that during 

2011-12 price of major inputs such as seed (Rs. 109,375) and fertilizers (Rs. 37,470) were 

high as compared to the year 2010-11. Total cost of inputs (except fertilizers) during 2011-

12 (Rs. 186,025) remained higher than the crop grown during 2010-11 (Rs. 160,910). 

However, return per kg was also increased (Rs. 17.36) during 2011-12 which remained Rs. 

15.69 during 2010-11(Table 3.63). 

 

3.2.44. Profitability 

Economic analysis indicated that application of NPK and K. humate resulted in higher 

income as well as benefit cost ratio (BCR) as compared to the control (without NPK and 

K. humate application) during both the years. The maximum BCR (1.56) was computed 
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when intermediate dose of NPK (75% of recommended dose) along with higher level of 

K. humate (8 mg kg
-1

  of soil) was applied, followed by highest level of both NPK and K. 

humate (100% of recommended dose + 8 mg k. humate kg
-1

 of soil) (1.54) during 2010-

11. Similarly, during 2011-12 the maximum BCR (1.53) was resulted in the plants treated 

with 75% of NPK recommended dose + 8 mg K. humate kg
-1

 of soil, followed by those 

applied with 100% of NPK recommended dose + 8 mg K. humate kg
-1

 of soil (1.52). 

Plants grown without application of NPK and K. humate resulted in the lowest net return 

and BCR (Table 3.64-65).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



131 

 

Table 3.60. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.039 1.046 1.056 1.065 1.055 

2011 1.037 1.051 1.066 1.065 1.051 

Mean 1.038 b 1.048 ab 1.061 a 1.065 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.61. Cost comparison for autumn crops of potato per hectare during 2010-11 

and 2011-12 on the bases of input used 

Variable Year 2010-11 

(RS.) 

Year 2011-12 

(Rs.) 

Land rent/crop season 40,000 40,000 

Land preparation and sowing 8,000 9,000 

Seed tubers 87,500 109,375 

Irrigation 6,660 8,160 

Pesticides 5,750 4,290 

Harvesting 3,000 3,200 

Miscellaneous 10,000 12,000 

Total inputs cost (except fertilizers) 160,910 186,025 

Inorganic fertilizers (100% dose) 34,500 37,470 

K. humate (full dose 16 kg/ha) 4,000 4,000 

Return/100 kg  1569 1736 
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Table 3.62. Profitability per hectare of S. tuberosum L. autumn crop under varying 

levels of NPK and K. humate during 2010-11 

Treatment Total cost (Rs.) Total income (Rs.) Net benefit (Rs.) BCR 

T1 160,910 212,108 51,198 1.32 

T2 162,910 225,246 62,336 1.38 

T3 163,910 220,774 56,864 1.35 

T4 164,910 229,184 64,274 1.39 

T5 178,160 239,304 611,44 1.34 

T6 180,160 242,238 62,078 1.34 

 T7 181,160 248,075 66,915 1.37 

T8 182,160 266,965 84,805 1.47 

T9 186,785 250,632 63,847 1.34 

T10 188,785 268,566 79,781 1.42 

T11 189,785 285,417 95,632 1.50 

T12 190,785 297,326 106,541 1.56 

T13 195,410 294,862 99,452 1.51 

T14 197,410 293,026 95,616 1.48 

T15 198,410 302,519 104,109        1.52 

T16 199,410 306,284 106,874 1.54 
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Table 3.63. Profitability per hectare of S. tuberosum L. autumn crop under varying 

levels of NPK and K. humate during 2011-12  

Treatment Total cost (Rs.) Total income (Rs.) Net benefit (Rs.) BCR 

T1 186,025 234,759 48,734 1.26 

T2 188,025 238,283   50,258 1.28 

T3 189,025 247,484 58,459 1.31 

T4 190,025 253,630 63,605 1.33 

T5 204,760 258,160 53,400 1.26 

T6 206,760 261,685 54,925 1.27 

 T7 207,760 267,882 60,122 1.29 

T8 208,760 295,988 87,228 1.42 

T9 214,128 281,197 67,069 1.31 

T10 216,128 309,164 93,036 1.43 

T11 217,128 322,497 105,369 1.49 

T12 218,128 334,545 116,417 1.53 

T13 223,495 327,219 103,724 1.46 

T14 225,495 336,124 110,629 1.49 

T15 226,495  334,892 108,397 1.48 

T16 227,495 346,801 119,306 1.52 
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3.3. Effect of various levels of NPK and K. humate on S. tuberosum L. spring crop 

under field conditions 

Field experiments were conducted on spring crop of S. tuberosum L. during 2010 and 

2011 to evaluate the effects of different levels of NPK i.e. 0, 50, 75 and 100% of 

recommended dose and various levels of K. humate i.e. 0, 4, 6 and 8 mg kg
-1

 of soil. The 

results obtained on different parameters in this regard are presented and interpreted below. 

 

3.3.1. Sprouting percentage 

Statistical analysis of the data for sprouting percentage illustrated that effect of years and 

different NPK and K. humate levels on the parameter was non-significant. Similarly, 

interactions between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels and among years, NPK and K. humate levels were also non-significant 

(Appendices 83a-e). 

 

3.3.2. Number of aerial stems per hill after 75 days of planting 

The data recorded on the number of aerial stems per hill were analysed statistically. 

Results revealed that the parameter was significantly influenced by the application of 

different levels of K. humate. However, effect of years and NPK levels, and combined 

effect (interaction) of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels were non-significant 

(Appendix 84a). 

 

As the level of K. humate was increased, the number of aerial stems per hill also 

increased. The maximum number of aerial stems per hill (2.74) was noted in the plants 

applied with 8 mg K. humate kg
-1

 of soil. While, the minimum number of aerial stems  
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(2.33) was recorded in the control plants (0 mg K. humate kg
-1

 of soil). All the four K. 

humate levels were significantly different with each other in their effect on the parameter 

(Table 3.68). 

 

3.3.3. Number of leaves per hill after 75 days of planting 

Analysis of variance of the data for the number of leaves per hill after 75 days of planting 

indicated that different levels of NPK and that of K. humate significantly affected the 

parameter. However, effect of years, and interactive effect of years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate 

levels remained statistically non-significant (Appendix 85a). 

 

Application of NPK significantly increased the number of leaves per hill. The maximum 

number of leaves (39.31) was resulted in the plants applied with higher level of NPK 

(100% of recommended dose). The minimum number of leaves (26.18) was counted in the 

plants grown without any NPK application (0% of recommended dose). All the NPK 

levels significantly differed from each other in their effect on the parameter (Table 3.69a). 

 

Number of leaves per hill was also improved by the application of K. humate. The 

maximum number of leaves (34.91) was produced at the higher level of K. humate (8 mg 

kg
-1

 of soil), followed by the lower level i.e. 4 mg kg-
1
 of soil (33.08) and the intermediate 

level i.e. 6 mg kg-
1
 of soil (33.01). However, latter two levels were statistically similar but 

significantly differed from the former one. While, the minimum number of leaves per hill 

(31.21) was counted at the application of 0 mg K. humate kg
-1

 of soil (control), which was 

statistically different from all other K. humate levels (Table 3.69b). 
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Table 3.68. Number of aerial stems per hill of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2.361 2.494 2.568 2.747 2.542 

2011 2.307 2.469 2.606 2.744 2.531 

Mean 2.334 d 2.482 c 2.587 b 2.745 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.69a. Number of leaves per hill of S. tuberosum L. spring crop after 75 days of 

planting as affected by years and varying levels of NPK  

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 26.19 32.00 34.56 39.93 33.17 

2011 26.17 31.34 35.55 38.69 32.94 

Mean 26.18 d 31.67 c 35.06 b 39.31 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.69b. Number of leaves per hill of S. tuberosum L. spring crop after 75 days of 

planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 30.50 33.71 33.17 35.31 33.17 

2011 31.92 32.46 32.85 34.52 32.94 

Mean 31.21 c 33.08 b 33.01 b 34.91 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.4. Leaf chlorophyll content after 75 days of planting 

The data procured on leaf chlorophyll content (SPAD value) were analysed statistically. 

The results exhibited that the parameter was significantly affected by the application of 

different levels of NPK and that of K. humate. However, effect of years, and combined 

effect (interaction) of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels were non-significant 

(Appendix 86a). 

 

Leaf chlorophyll content was increased significantly by increasing the level of NPK up to 

75% of recommended dose. The maximum value of the parameter (43.00) was recorded in 

the plants applied with 100% of NPK recommended dose, followed by those fertilized 

with 75% of NPK recommended dose (42.14). however, these two NPK levels were 

statistically at par. While, the minimum value of leaf chlorophyll content (37.52) was 

measured in the plants grown without NPK application (control), followed by those which 

were applied 50% of NPK recommended dose (40.88). However, these two levels of NPK 

were statistically different from each other (Table 3.70a). 

 

The parameter under study was significantly affected also by the application of different 

K. humate levels. Table 3.70b indicated that the higher level of K. humate (8 mg kg
-1

 of 

soil) resulted in the maximum value of leaf chlorophyll content (41.49), followed by the 

intermediate and lower levels of K. humate (40.99 and 40.88, respectively). These three K. 

humate levels stood statistically alike. The minimum value of leaf chlorophyll content 

(40.21) was measured when no K. humate was applied to the soil and this treatment was 

also statistically similar with other K. humate levels applied, except the higher one. 
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Table 3.70a. Leaf chlorophyll content (SPAD value) of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 37.96 41.06 41.58 43.14 40.94 

2011 37.08 40.70 42.71 42.85 40.83 

Mean 37.52 c 40.88 b 42.14 a 43.00 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.70b. Leaf chlorophyll content (SPAD value) of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 40.28 41.15 41.31 41.01 40.94 

2011 40.15 40.61 40.60 41.97 40.83 

Mean 40.21 b 40.88 ab 40.96 ab 41.49 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.71a. Leaf area (cm
2
) per hill of S. tuberosum L. spring crop after 75 days of 

planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1552.8 2369.9 3024.7 3345.6 2573.2 

2011 1776.6 2513.3 2962.3 3251.9 2626.0 

Mean 1664.7 d 2441.6 c 2993.5 b 3298.8 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.5. Leaf area per hill after 75 days of planting 

Soil application of different levels of NPK and K. humate significantly affected the leaf 

area per hill. However, effect of years, and interaction between years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and among years, NPK and K. 

humate levels remained statistically non-significant (Appendix 87a). 

 

As the NPK dose was increased, leaf area per hill also increased. The maximum leaf area 

per hill (3298.8 cm
2
) was recorded in the plants treated with 100% of NPK recommended 

dose. While, the minimum value of leaf area per hill (1664.7 cm
2
) was resulted in the 

control plants (0% of NPK recommended dose). Further, all the NPK levels were 

significantly different from each other (Table 3.71a). 

 

Similarly, the application of different K. humate levels also improved the leaf area per hill. 

The plants treated with higher level of K. humate (8 mg kg
-1

 of soil) attained the maximum 

leaf area per hill (2708.0 cm
2
), followed by those applied with intermediate and lower 

levels (6 and 4 mg kg
-1

 of soil). All these three K. humate levels were statistically similar 

with each other. The minimum leaf area per hill (2434.4 cm
2
) was recorded when no K. 

humate (0 mg kg
-1

 of soil) was applied, followed by 4 mg K. humate kg
-1

 of soil (2614.4 

cm
2
). These two levels of K. humate were also statistically at par (Table 3.71b). 

 

3.3.6. Final plant height 

Statistical analysis of the data collected on final height of the plants indicated that the 

parameter was significantly affected by the both NPK and K. humate levels applied. 

However, effect of years, and interactive effect of years and NPK levels, years and K. 

humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels 
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Table 3.71b. Leaf area (cm
2
) per hill of S. tuberosum L. spring crop after 75 days of 

planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2296.9 2644.0 2678.3 2673.7 2573.2 

2011 2571.8 2584.7 2605.3 2742.4 2626.0 

Mean 2434.4 b 2614.4 ab 2641.8 a 2708.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.72a. Final plant height (cm) of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK  

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 36.23 41.03 43.52 46.18 41.74 

2011 36.57 39.62 42.27 46.60 41.26 

Mean 36.40 d 40.32 c 42.90 b 46.39 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.72b. Final plant height (cm) of S. tuberosum L. spring crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 40.52 41.12 42.43 42.90 41.74 

2011 39.10 40.79 42.85 42.32 41.26 

Mean 39.81 b 40.96 b 42.64 a 42.61 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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remained statistically non-significant (Appendix 88a). 

 

By increasing the level of NPK application, final plant height also increased. The 

maximum height (46.39 cm) was measured in the plants applied with 100% of NPK 

recommended dose.  The minimum plant height (36.40 cm) was recorded in the plants 

treated with no NPK (0% of recommended dose). Further, the effect of all the NPK levels 

was significantly different from each other (Table 3.72a). 

 

Application of K. humate also affected the plant height positively. The plants treated with 

K. humate @ 6 mg kg
-1

 of soil produced the tallest plants (42.64 cm), followed by those 

fertilized with 8 mg K. humate kg
-1

 of soil (42.61 cm). These two levels of K. humate 

were statistically similar with each other. While, the plants grown without K. humate (0 

mg kg
-1

 of soil) resulted in the lowest plant height (39.81 cm), followed by those treated 

with 4 mg K. humate kg
-1

 of soil (40.96 cm). These two K. humate levels also stood 

statistically at par (Table 3.72b). 

 

3.3.7. Fresh weight of above ground parts per hill after 75 days of planting 

Analysis of variance for the data collected on fresh weight of above ground parts per hill 

illustrated that the parameter was significantly influenced by the application of different 

levels of NPK and that of K. humate. However, effect of years, and combined effect 

(interaction) of years and NPK levels, years and K. humate levels, NPK and K. humate 

levels and that of years, NPK and K. humate levels were non-significant (Appendix 89a). 

 

As the level of NPK application was increased, fresh weight of above ground parts per hill 

also increased. The maximum fresh weight of above ground parts per hill (389.04 g) was  
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Table 3.73a. Fresh weight (g) of above ground parts per hill of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 293.66 345.99 368.77 387.15 350.95 

2011 295.74 346.58 370.55 390.94 348.87 

Mean 294.70 d 346.29 c 369.62 b 389.04 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.73b. Fresh weight (g) of above ground parts per hill of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 329.07 343.44 356.97 366.02 350.95 

2011 331.80 343.63 361.28 367.10 348.87 

Mean 330.43 c 343.53 b 359.13 a 366.56 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.74a. Dry weight (g) of above ground parts per hill of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 30.918 35.160 40.254 41.005 36.834 

2011 27.411  35.028  39.230  41.525  35.798  

Mean 29.165 c 35.094 b 39.742 a 41.265 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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recorded at the higher level of NPK (100% recommended dose), followed by the 

intermediate level (75% of NPK recommended dose) (369.62 g). However, these two 

levels of NPK were statistically different. The minimum fresh weight of above ground 

parts per hill (294.70 g) was observed when no NPK was applied (0% of NPK 

recommended dose), followed by the lower level of NPK (50% of recommended dose). 

These two levels of NPK were also statistically different (Table 3.73a). 

 

Fresh weight of above ground parts per hill was also significantly improved by the soil 

application of different K. humate levels but up to 6 mg kg
-1

 of soil. The maximum fresh 

weight (366.56 g) was recorded in the plants fertilized with K. humate @ 8 mg kg
-1

 of soil, 

followed by those with 6 mg kg
-1

 of soil (359.13 g). These two K. humate levels were 

statistically similar. The minimum fresh weight of above ground parts (330.43 g) was 

observed in those plants which were not applied with any K. humate (0 mg kg
-1

 of soil), 

followed by those treated with 4 mg kg
-1

 of soil (343.53 g). however, these two treatments 

were statistically different (Table 3.73b). 

 

3.3.8. Dry weight of above ground parts per hill after 75 days of planting 

The data procured on dry weight of above ground parts per hill were analysed statistically. 

Results depicted that the parameter was significantly affected by different NPK and K. 

humate levels. However, effect of years, and interactive effect of years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. 

humate levels were statistically non-significant (Appendix 90a). 

 

A positive effect of NPK was recorded on dry weight of above ground parts per hill. The 

higher level of NPK (100% of recommended dose) resulted in the maximum dry weight of  
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above ground parts (41.26 g), followed by the intermediate level (75% of NPK 

recommended dose) with 39.74 g dry weight. These two NPK levels were statistically 

similar with each other but significantly differed from rest of the NPK levels. While, the 

minimum dry weight of above ground parts (29.16 g) was recorded in control (0% of NPK 

recommended dose), which was significantly lesser from all other levels of NPK (Table 

3.74a). 

 

Regarding the effect of different K. humate levels on the parameter under study, the 

maximum dry weight (38.27 g) was recorded at the higher dose (8 mg kg
-1

 of soil), 

followed by the intermediate i.e. 6 mg kg
-1

 of soil (37.99 g). These two K. humate levels 

were statistically alike. The minimum dry weight (33.41 g) was recorded when no K. 

humate (0 mg kg
-1

 of soil) was applied. This treatment significantly differed from rest of 

the K. humate treatments (Table 3.74b). 

 

3.3.9. Fresh weight of below ground parts, except tubers, per hill after 75 days of 

planting 

Statistical analysis of the data recorded on the fresh weight of below ground parts, except 

tubers, per hill exhibited that the application of different levels of NPK and that of K. 

humate significantly affected the parameter. However, effect of years, and combined 

effect (interaction) of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels on the parameter remained 

non-significant (Appendix 91a). 

 

The maximum fresh weight of below ground parts (37.18 g) was obtained by application 

of the intermediate level of NPK i.e. 75% of recommended dose, followed by the lower 
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Table 3.74b. Dry weight (g) of above ground parts per hill of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 34.263 36.405 38.125 38.543 36.834 

2011 32.555  34.790  37.855  37.993  35.798  

Mean 33.409 c 35.598 b 37.990 a 38.268 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.75a. Fresh weight (g) of below ground parts, except tubers, per hill of S. tuberosum 

L. spring crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 35.30 37.07 37.27 34.92 36.142 

2011 35.46 37.06 37.10 35.78 36.348 

Mean 35.38 b 37.07 a 37.18 a 35.35 b - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Table 3.75b. Fresh weight (g) of below ground parts, except tubers, per hill of S. tuberosum 

L. spring crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 35.62 35.67 36.60 36.67 36.142 

2011 35.97 35.76 36.75 36.92 36.348 

Mean 35.79 b 35.72 b 36.67 a 36.80 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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level i.e. 50% of NPK recommended dose (37.07 g). These two treatments were 

statistically similar with each other. The minimum fresh weight (35.35 g) was recorded 

when 100% of NPK recommended dose was applied, followed by 0% of NPK 

recommended dose (35.38 g). These two NPK levels were also statistically at par (Table 

3.75a). 

 

By increasing the level of K. humate, significant effect on the parameter was observed up 

to intermediate level i.e. 6 mg kg
-1

 of soil . The higher level of K. humate (8 mg kg
-1

 of 

soil) resulted in the maximum weight (36.80 g), followed by the intermediate level (6 mg 

K. humate kg
-1

 of soil) with a fresh weight of 36.67 g. These two K. humate levels were 

statistically similar. The minimum fresh weight of below ground parts except tubers 

(35.72 g) was recorded in those applied with lower level (4 mg K. humate kg
-1

 of soil), 

followed by the control plants (0 mg kg
-1

 of K. humate) with fresh weight of 35.72 g. 

These two K. humate levels were also statistically alike (Table 3.75b). 

 

3.3.10. Dry weight of below ground parts, except tubers, per hill after 75 days of 

planting 

It is obvious from statistical analysis of the data for dry weight of below ground parts, 

except tubers, per hill that different levels of NPK and K. humate significantly affected the 

parameter under study. However, effect of years, and interaction between years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and among years, NPK and 

K. humate levels remained statistically non-significant (Appendix 92a). 

 

Soil application of different NPK levels significantly increased the dry weight of below 

ground parts, except tubers, per hill. The maximum dry weight (14.43 g) was resulted in 
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Table 3.76a. Dry weight (g) of below ground parts, except tubers, per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 11.710 13.209 12.714 14.235 12.967 

2011 11.297 13.158 12.653 14.618 12.932 

Mean 11.503 d 13.183 b 12.684 c 14.426 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.76b. Dry weight (g) of below ground parts, except tubers, per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 12.308 12.412 13.575 13.572 12.967 

2011 12.138 12.301 13.698 13.589 12.932 

Mean 12.223 b 12.357 b 13.637 a 13.580 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.77a. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 21.77 23.62 25.92 28.40 24.93 

2011 21.41 23.40 26.52 28.83 25.04 

Mean 21.59 d 23.51 c 26.22 b 28.62 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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those which were fertilized with 100% of NPK recommended dose. While, minimum dry 

weight (11.50 g) was recorded in plants those were grown without NPK (0% of 

recommended dose). All the four levels of NPK were statistically different from each 

other (Table 3.76a). 

 

Application of higher levels of K. humate (6 and 8 mg kg
-1

 of soil) significantly increased 

the dry weight of below ground parts, except tubers, per hill. However, both the treatments 

were statistically at par. Similarly, lower levels of K. humate i.e. 4 mg kg
-1

 of soil and 0 

mg kg
-1

 of soil (control) also behaved statistically alike. The maximum dry weight (13.58 

g) was recorded when K. humate was applied @ 8 mg kg
-1

 of soil, followed by 6 mg K. 

humate kg
-1

 of soil (13.64 g). The minimum dry weight (12.22 g) was recorded at 0 mg kg
-

1
 of soil (control), followed by the 4 mg kg

-1
 of soil application (12.36 g) (Table 3.76b). 

 

3.3.11. Rate of photosynthesis after 75 days of planting 

Statistical analysis of the data revealed that rate of photosynthesis was significantly 

affected by different levels of NPK used. Effect of various levels of K. humate and 

combined effect (interaction) of different levels of NPK and K. humate on the parameter 

was also statistically significant. However, effect of years, and interactive effect of years 

and NPK levels, years and K. humate levels, and that of years, NPK and K. humate levels 

were statistically non-significant (Appendix 93a). 

 

As the level of NPK was increased, rate of photosynthesis also increased significantly. 

Significantly higher rate of photosynthesis (28.62 µmol CO2 m
-2

s
-1

) was recorded in the 

plants fertilized with 100% of NPK recommended dose. The lowest rate of photosynthesis 

(21.59 µmol CO2 m
-2

s
-1

) was observed in those which received no NPK. Further, all the  
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NPK levels were significantly different from each other (Table 3.77a). 

 

Application of different levels of K. humate also affected the rate of photosynthesis 

positively. The higher dose of K. humate (8 mg kg
-1

 of soil) resulted in the maximum rate 

of photosynthesis (26.12 µmol CO2 m
-2

s
-1

). However, the plants grown without K. humate 

application (control) resulted in the minimum photosynthetic rate (23.70 µmol CO2 m
-2

s
-

1
). Moreover, effect of all the four K. humate levels was statistically different (Table 

3.77b). 

 

The interactive effect of different levels of NPK and that of K. humate for rate of 

photosynthesis was also found statistically significant. The plants which received no NPK 

(0% of NPK recommended dose) resulted in minimum rate of photosynthesis irrespective 

of K. humate levels (21.15 - 22.08 µmol CO2 m
-2

s
-1

). All the four treatment combinations 

of K. humate with 0% of NPK recommended dose were statistically at par with each other. 

The maximum rate of photosynthesis (29.70 µmol CO2 m
-2

s
-1

) was recorded under the 

influence of highest levels of both NPK and K. humate levels (100% of NPK 

recommended dose × 8 mg K. humate kg
-1

 of soil), followed by the 100% of NPK 

recommended dose × 6 mg kg
-1

 of soil (29.15 µmol CO2 m
-2

s
-1

). These two treatment 

combinations were also statistically similar (Table 3.77c). 

 

3.3.12. Rate of transpiration after 75 days of planting 

Analysis of variance for the data recorded on rate of transpiration exhibited that the 

parameter was significantly affected by different levels of NPK and K. humate. Interaction 

between NPK and K. humate levels was also statistically significant. However, effect of 

years, and combined effect (interaction) of years and NPK levels, years and K. humate 
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levels, and that of years, NPK and K. humate levels on the parameter remained non-

significant (Appendix 94a). 

 

Table 3.78a illustrated that as the level of NPK increased, the rate of transpiration was also 

increased. The higher level of NPK (100% of NPK recommended dose) resulted in the 

maximum rate of transpiration (4.99 mmol H2O m
-2

s
-1

). While, the minimum rate of 

transpiration (4.37 mmol H2O m
-2

s
-1

) was recorded when no NPK (0% of NPK 

recommended dose) was applied. All the NPK levels were statistically different from each 

other. 

 

Similarly, application of different K. humate levels also positively affected the rate of 

transpiration. The maximum rate of transpiration (4.81 mmol H2O m
-2

s
-1

) was measured in 

the plants grown under higher level of K. humate (8 mg kg
-1

 of soil). The minimum rate of 

transpiration (4.57 mmol H2O m
-2

s
-1

) was noted in control plants (0 mg kg
-1

 of soil). 

Further, all the levels of K. humate applied, were significantly different from each other 

(Table 3.78b). 

 

Rate of transpiration was also significantly affected by the interaction between different 

levels of NPK and K. humate. The plants grown without NPK (0% of NPK recommended 

dose) irrespective of K. humate levels resulted in the minimum rate of photosynthesis 

(4.32 – 4.44 mmol H2O m
-2

s
-1

). All these treatment combinations were statistically alike. 

While, the maximum rate of transpiration (5.07 mmol H2O m
-2

s
-1

) was recorded under the 

influence of highest levels of both NPK and K. humate levels (100% of NPK 

recommended dose × 8 mg K. humate kg
-1

 of soil), followed by 100% of NPK 

recommended dose × 6 mg K. humate kg
-1

 of soil, 100% of NPK recommended dose × 4  
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Table 3.78b. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 4.56 4.64 4.72 4.80 4.68 

2011 4.59 4.62 4.73 4.82 4.69 

Mean 4.57 d 4.63 c 4.73 b 4.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.78c. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. spring crop after 75 

days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.32 f 4.35 ef 4.38 def 4.44 def 4.37 d 

50 4.45 de 4.50 d 4.69 bc 4.75 bc 4.60 c 

75 4.71 bc 4.64 c 4.79 b 4.98 a 4.78 b 

100 4.81 b 5.04 a 5.05 a 5.07 a 4.99 a 

Mean 4.57 d 4.63 c 4.73 b 4.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.79a. Stomatal conductance (cm s
-1

) of S. tuberosum L. spring crop after 75 days of 

planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.224 0.237 0.257 0.268 0.247 

2011 0.229 0.242 0.256 0.265 0.248 

Mean 0.226 d 0.240 c 0.257 b  0.266 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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mg K. humate kg
-1

 of soil and 75% of NPK recommended dose × 8 mg K. humate kg
-1

 of 

soil. Effect of these four treatment combinations on the parameter was statistically similar 

(Table 3.78c). 

 

3.3.13. Stomatal conductance after 75 days of planting 

The data procured on the stomatal conductance were analysed statistically. Results 

depicted that the parameter was significantly affected by different NPK and K. humate 

levels. However, the parameter was not affected significantly by the years, and interaction 

between years and NPK levels, years and K. humate levels, NPK and K. humate levels, 

and that of years, NPK and K. humate levels (Appendix 95a). 

 

Application of NPK significantly enhanced the stomatal conductance of the plants. The 

maximum stomatal conductance (0.266 cm s
-1

) was measured in the plants grown under 

100% of NPK recommended dose. The minimum stomatal conductance (0.226 cm s
-1

) was 

recorded in those plants grown without application of NPK i.e. 0% of NPK recommended 

dose. Moreover, all the NPK levels differed significantly from each other in their effect on 

the parameter (Table 3.79a). 

 

Stomatal conductance was also enhanced significantly by the application of K. humate. 

The higher level of K. humate (8 mg kg
-1

 of soil) resulted in the maximum stomatal 

conductance (0.253 cm s
-1

), followed by the intermediate level (6 mg kg
-1

 of soil) (0.250 

cm s
-1

). These two K. humate levels stood statistically at par. However, the plants grown 

without K. humate application resulted in the minimum (0.240 cm s
-1

) stomatal 

conductance. This K. humate level remained significantly different from rest of the levels 

(Table 3.79b). 
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Table 3.79b. Stomatal conductance (cm s
-1

) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.238 0.245 0.250 0.254 0.247 

2011 0.243 0.247 0.250 0.252 0.248 

Mean 0.240 c 0.246 b 0.250 a 0.253 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.80a. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 4.98 5.19 5.42 5.69 5.32 

2011 4.89 5.09 5.55 5.77 5.32 

Mean 4.94 d 5.14 c 5.49 b 5.73 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.80b. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 5.19 5.32 5.37 5.40 5.32 

2011 5.15 5.33 5.39 5.42 5.32 

Mean 5.17 b 5.33 a 5.38 a 5.41 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.14. Water use efficiency after 75 days of planting 

Soil application of different NPK and K. humate levels exhibited significant effect on 

water use efficiency of the plants. However, effect of years, and interaction between years 

and NPK levels, years and K. humate levels, NPK and K. humate levels, and among years, 

NPK and K. humate levels remained statistically non-significant (Appendix 96a). 

 

As the level of NPK increased, water use efficiency of the plants was also increased. The 

maximum water use efficiency (5.73 mmol CO2/mol H2O) was resulted in the plants 

treated with higher level of NPK (100% of recommended dose). While, the minimum 

water use efficiency (4.94 mmol CO2/mol H2O) was calculated in the control plants (0% 

of NPK recommended dose). All the NPK levels were significantly different from each 

other (Table 3.80a). 

 

Application of K. humate @ 8 mg kg
-1

 of soil culminated in the maximum water use 

efficiency (5.41 mmol CO2/mol H2O), followed by the intermediate and lower levels of K. 

humate (5.38 and 5.33 mmol CO2/mol H2O, respectively). These three treatments stood 

statistically at par with each other. However, the minimum water use efficiency (5.17 

mmol CO2/mol H2O) was estimated under no application of K. humate which was 

statistically different from all other K. humate levels applied (Table 3.80b). 

 

3.3.15. Number of tubers per hill 

Statistical analysis of the data recorded on number of tubers per hill indicated that 

application of different levels of NPK significantly affected the parameter. However, 

effect of years and K. humate levels, combined effect (interaction) of years and NPK 
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Table 3.81. Number of tubers per hill of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 5.67 6.79 7.93 7.53 6.98 

2011 5.70 7.70 8.60 8.12 7.53 

Mean 5.68 c 7.24 b 8.26 a 7.82 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.82a. Tuber yield per hill (g, fresh weight) of S. tuberosum L. spring crop as 

affected by years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 243.65 293.31 399.66 372.02 312.16 

2011 237.78 293.28 340.91 373.22 311.30 

Mean 240.70 d 293.30 c 340.29 b 372.62 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.82b. Tuber yield per hill (g, fresh weight) of S. tuberosum L. spring crop as 

affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 294.83 303.86 314.29 335.66 312.16 

2011 295.83 305.71 317.39 326.92 311.30 

Mean 295.00 c 304.78 c 315.84 b 331.29 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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levels, years and K. humate levels, NPK and K. humate levels, and that of years, NPK and 

K. humate levels on the parameter was found statistically non-significant (Appendix 97a). 

 

Application of NPK showed positive effect on number of tubers per hill. The plants with 

no NPK application (0% of recommended dose) produced the lowest number of tubers 

(5.68). While, the highest number of tubers (8.26) was counted in the plants applied with 

the intermediate level of NPK (75% of recommended dose), followed by those applied 

with higher level of NPK (100 % of recommended dose) (7.82). These two NPK levels 

were statistically at par (Table 3.81). 

 

3.3.16. Tuber yield per hill 

The data recorded on tuber yield per hill were analysed statistically, which revealed that 

the parameter was significantly influenced by the application of different levels of NPK 

and K. humate. Combined effect (interaction) of NPK and K. humate levels on the 

parameter was also found statistically significant. However, effect of years, and interactive 

effect of years and NPK levels, years and K. humate levels, and that of years, NPK and K. 

humate levels remained non-significant (Appendix 98a). 

 

As the level of NPK was increased, tuber yield per hill also significantly increased. The 

maximum tubers yield per hill (372.62 g) was produced by the plants fertilized with 100 % 

of NPK recommended dose. The minimum tuber yield per hill (240.70 g) was harvested 

when no NPK was applied (0 % of NPK recommended dose). All the four NPK levels 

behaved significantly different from each other (Table 3.82a). 

 

Tuber yield per hill was significantly increased by the application of K. humate. The  
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plants fertilized with 8 mg K. humate kg
-1

 of soil gave the maximum tuber yield i.e. 

331.29 g. However, the plants grown without K. humate resulted in the minimum tuber 

yield i.e. 295.00 g, followed by those grown with 4 mg K. humate kg
-1

 of soil (304.78 g). 

These two levels of K. humate were statistically alike (Table 3.82b). 

 

Regarding the interaction between NPK and K. humate levels, it is obvious that the 

unfertilized plants (0% of NPK recommended dose × 0 mg K. humate kg
-1

 of soil) 

produced the lowest tuber yield per hill (219.54 g), followed by the treatment combination 

0% of NPK recommended dose × 4 mg K. humate kg
-1

 of soil (239.56 g). These two 

treatment combinations were statistically similar. The maximum tuber yield per hill was 

harvested from the 100% of NPK recommended dose irrespective of K. humate level, and 

75% of NPK recommended dose × 8 mg K. humate kg
-1

 of soil (361.64-381.98 g). All 

these five treatment combinations were also statistically at par with each other (Table 

3.82c). 

 

3.3.17. Dry weight of tubers per hill  

The data procured on dry weight of tubers per hill were subjected to statistical analysis. 

The results exhibited that the parameter was significantly affected by the application of 

different levels of NPK and that of K. humate. The interaction between these two factors 

was also found statistically significant. However, effect of years, and combined effect 

(interaction) of years and NPK levels, years and K. humate levels, and that of years, NPK 

and K. humate levels remained non-significant (Appendix 99a). 

 

With the increase in level of NPK application, dry weight of tubers per hill was also 

significantly increased. The higher level of NPK i.e. 100% of recommended dose resulted 
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Table 3.82c. Tuber yield per hill (g, fresh weight) of S. tuberosum L. spring crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 219.54 h 239.56 gh 244.88 g 258.89 g 240.70 d 

50 287.20 ef 281.33 f 290.97 ef 313.70 d 293.30 c 

75 303.97 de 336.61 c 349.99 bc 370.59 ab 340.29 b 

100 369.31 ab 361.64 ab 377.53 a 381.98 a 372.62 a 

Mean 295.00 c 304.78 c 315.84 b 331.29 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.83a. Dry weight (g) of tubers per hill of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 46.314 58.100 70.267 78.833 63.378                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

2011 45.837 58.871 70.202 78.182 63.273 

Mean 46.075 d 58.485 c 70.234 b 78.508 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.83b. Dry weight (g) of tubers per hill of S. tuberosum L. spring crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 
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2011 58.391 62.004 64.647 68.050 63.273 

Mean 58.298 d 62.199 c 64.678 b 68.127 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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in the maximum dry weight of tubers (78.51 g). The minimum dry weight of tubers (46.07 

g) was recorded in the plants without any NPK application (0% of NPK recommended 

dose. All the four levels of NPK stood significantly different from each other (Table 

3.83a). 

 

Various levels of K. humate also improved the parameter significantly. The highest dry 

weight of tubers (68.13 g) was measured when 8 mg K. humate kg
-1

 of soil was applied. 

While, the minimum tubers dry weight (58.30 g) was noted from the plants without any K. 

humate application (0 mg kg
-1

 of soil). Further, all the levels of K. humate also differed 

significantly from each other (Table 3.83b).The combined effect of both the factors (NPK 

and K. humate levels), on tubers dry weight was also found statistically significant. The 

minimum tubers dry weight (39.65 g) was recorded in the control plants (0% of NPK 

recommended dose × 0 mg K. humate kg
-1

 of soil). However, the maximum tubers dry 

weight (81.09 g) was observed in those fertilized with 100% of NPK recommended dose × 

8 mg K. humate kg
-1

 of soil, followed by those treated with 100% of NPK recommended 

dose × 6 mg K. humate kg
-1

 of soil, 75% of NPK recommended dose × 8 mg K. humate 

kg
-1

 of soil and100% of NPK recommended dose × 4 mg K. humate kg
-1

 of soil (80.17, 

78.66 and 77.22 g, respectively. These four treatment combinations were statistically 

similar with each other (Table 3.83c). 

 

3.3.18. Tuber yield per hectare 

It is apparent from statistical analysis of the data that various levels of NPK significantly 

influenced the tuber yield per hectare. The parameter under study was also affected 

significantly by the application of different K. humate levels, and interaction between 

NPK and K. humate levels. However, effect of years, and interaction between years and 
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Table 3.83c. Dry weight (g) of tubers per hill of S. tuberosum L. spring crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 39.646 i 47.913 h 47.237 h 49.506 h 46.075 d 

50 56.593 g 55.694 g 58.405 fg 63.250 de 58.485 c 

75 61.405 ef 67.966 d 72.901 c 78.665 ab 70.234 b 

100 75.549 bc 77.224 abc 80.171 ab 81.087 a 78.508 a 

Mean 58.298 d 62.199 c 64.678 b 68.127 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.84a. Tuber yield per hectare (tons) of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK 

Year NPK level 

(% of recommended dose) 

Mean 

0 50 75 100 

2010 10.613 12.777 14.796 16.205 13.598 

2011 10.358 12.775 14.850 16.257 13.560 

Mean 10.486 d 12.776 c 14.823 b 16.231 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.84b. Tuber yield per hectare (tons) of S. tuberosum L. spring crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 12.843 13.236 13.691 14.621 13.598 

2011 12.858 13.317 13.825 14.241 13.560 

Mean 12.850 c 13.276 c 13.758 b 14.431 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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NPK levels, years and K. humate levels, and among years, NPK and K. humate levels on 

the parameter remained statistically non-significant (Appendix 100a). 

 

By increasing the level of NPK application, tuber yield per hectare was also significantly 

increased. The plants fertilized with 100% of NPK recommended dose produced the 

highest tuber yield per hectare (16.23 tons). While, the control plants (0% of NPK 

recommended dose) resulted in the lowest yield (10.49 tons). Further, all the NPK levels 

behaved significantly different from each other (Table 3.84a). 

 

Application of K. humate also significantly improved the tuber yield per hectare. The 

maximum tuber yield (14.43 tons) was harvested from the plants treated with 8 mg K. 

humate kg
-1

 of soil. However, the plants grown without K. humate gave the minimum 

yield (12.85 tons), followed by those applied with 4 mg K. humate kg
-1

 of soil (13.28 

tons). These two K. humate levels were statistically at par but significantly different from 

other two levels (Table 3.84b). 

 

The combined effect of both the factors (NPK and K. humate levels), on tuber yield per 

hectare was also found statistically significant. The control plants (0% of NPK 

recommended dose × 0 mg K. humate kg
-1

 of soil) gave the lowest tuber yield per hectare 

(9.56 tons), followed by the plants applied with treatment combination of 0% of NPK 

recommended dose × 4 mg K. humate kg
-1

 of soil (10.43 tons). These two treatment 

combinations were statistically similar. The maximum tuber yield per hectare was 

achieved from the plants fertilized with 100% of NPK recommended dose irrespective of 

K. humate level, and those applied with 75% of NPK recommended dose × 8 mg K.   
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Table 3.84c. Tuber yield per hectare (tons) of S. tuberosum L. spring crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                          

(mg/kg of soil) 

Mean 

0 4 6 8 

0 9.563 h 10.435 gh 10.667 g 11.277 g 10.486 d 

50 12.510 ef 12.255 f 12.674 ef 13.665 d 12.776 c 

75 13.241 de 14.663 c 15.245 bc 16.143 ab 14.823 b 

100 16.087 ab 15.753 ab 16.445 a 16.639 a 16.231 a 

Mean 12.850 c 13.276 c 13.758 b 14.431 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.85a. Biological yield (g, fresh weight) per hill of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 558.40 684.86 746.37 805.82 698.86 

2011 556.25 682.72 749.33 799.27 696.89 

Mean 557.33 d 683.79 c 747.85 b 802.54 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.85b. Biological yield (g, fresh weight) per hill of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 682.03 675.76 699.62 738.04 698.86 

2011 668.70 685.96 707.95 724.96 696.89 

Mean 675.37 c 680.86 c 703.78 b 731.50 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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humate kg
-1

 of soil (15.75-16.64 tons). All these five treatment combinations were also 

statistically similar with each other (Table 3.84c). 

 

3.3.19. Biological yield per hill 

Soil application of different NPK and K. humate levels significantly affected the 

biological yield per hill. Combined effect of these two factors (NPK and K. humate) was 

also found statistically significant. . However, effect of years, and interactive effect of 

years and NPK levels, years and K. humate levels, and that of years, NPK and K. humate 

levels were non-significant (Appendix 101a). 

 

Table 3.85a indicated that biological yield was significantly increased by the application 

of different NPK levels. The highest biological yield (802.54 g) was resulted in by the 

application of 100% of NPK recommended dose. While, the lowest biological yield 

(557.33 g) was recorded when 0% of NPK recommended dose was applied. Moreover, all 

the NPK levels were statistically different from each other. 

 

Soil application of K. humate also significantly improved the biological yield per hill. The 

highest biological yield (731.50 g) was attained by the plants applied with 8 mg K. humate 

kg
-1

 of soil. While, the lowest biological yield (675.37 g) was produced by those which did 

not receive any K. humate (0 mg K. humate kg
-1

 of soil), followed by those with 4 mg K. 

humate kg
-1

 of soil (680.86 g). These latter two K. humate levels were statistically alike 

but significantly different from rest of the levels (Table 3.85b). 

The treatment combination 0% of NPK recommended dose × 0 mg K. humate kg
-1

 of soil 

(control) resulted in the minimum biological yield (517.83 g), followed by 0% of NPK 
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Table 3.85c. Biological yield (g, fresh weight) per hill of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 517.83 i 551.93 hi 559.71 h 599.84 g 557.33 d 

50 688.02 ef 650.15 f 681.10 ef 715.90 de 683.79 c 

75 690.61 e 736.93 cd 767.85 bc 696.01 ab 747.85 b 

100 805.01 ab 784.44 ab 806.47 ab 814.24 a 802.54 a 

Mean 675.37 c 680.86 c 703.78 b 731.50 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.86a. Harvest index (%) of S. tuberosum L. spring crop as affected by years and 

varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 43.6 43.2 45.5 46.2 44.6 

2011 42.8 42.9 45.4 46.9 44.5 

Mean 43.2 b 43.1 b 45.4 a 46.4 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.86b. Harvest index (%) of S. tuberosum L. spring crop as affected by years and 

varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 43.5 44.9 44.8 45.3 44.6 

2011 43.9 44.4 44.6 44.9 44.5 

Mean 43.7 b 44.6 ab 44.7 a 45.1 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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recommended dose × 4 mg K. humate kg
-1

 of soil (551.93 g). These two treatment 

combinations behaved statistically alike. While, the highest biological yield was recorded 

in the plants treated with 100% of NPK recommended dose irrespective of K. humate 

level, followed by those with 75% of NPK recommended dose × 8 mg K. humate kg
-1

 of 

soil (696.01-814.24 g). All these five treatment combinations were statistically similar 

with each other (Table 3.85b). 

 

3.3.20. Harvest index  

The data recorded on harvest index were analysed statistically, which illustrated that the 

parameter was significantly affected by different NPK and K. humate levels. However, 

effect of years, and interaction between years and NPK levels, years and K. humate levels, 

NPK and K. humate levels and among years, NPK and K. humate levels remained non-

significant (Appendix 102a). 

 

Harvest index was increased significantly only beyond the 50% of recommended NPK 

dose applied. The control (0% of recommended NPK dose), and 50% of recommended 

NPK dose exhibited statistically similar effect with 43.1, 43.2 and harvest indices. 

However, the higher dose of NPK (100% of recommended dose) resulted in significantly 

higher harvest index (46.4%) which is at par with intermediate dose (Table 3.86a). 

 

Application of different K. humate levels also significantly improved the harvest index. 

Higher level of K. humate (8 mg kg
-1

 of soil) resulted in the maximum harvest index 

(45.1%), followed by the intermediate and lower levels (44.7 and 44.6%, respectively). 

These three K. humate levels stood statistically at par with each other. The minimum 

(43.7%) of harvest index was recorded when no K. humate was applied to the soil,    
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followed by the lower level of K. humate. These two K. humate levels were also 

statistically similar (Table 3.86b). 

 

3.3.21. Starch content of tubers 

Statistical analysis of the data recorded on tuber starch content exhibited that application 

of different NPK and K. humate levels significantly affected the parameter. However, 

effect of years, and combined effect (interaction) of years and NPK levels, years and K. 

humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels 

were non-significant (Appendix 103a). 

 

Tuber starch content was significantly improved by increasing the NPK level upto75% of 

recommended dose. The highest level of NPK (100% of recommended dose) resulted in 

the lowest starch content (14.33%) in the tubers, followed by no application of NPK 

(14.38%). While, the maximum starch content of tubers (14.59%) was recorded at 75% of 

NPK level, followed by 50% of NPK recommended dose (14.46%). All the levels of NPK 

differed significantly from each other (Table 3.87a). 

 

Application of different K. humate levels also significantly influenced the parameter under 

study. The higher level of K. humate (8 mg kg
-1

 of soil) resulted in the maximum starch 

content of tubers (14.50%). However, the plants grown without K. humate application 

resulted in the minimum (14.39%) starch content of tubers, followed by those grown with 

6 mg K. humate kg
-1

 of soil (14.41%). These two levels of NPK were statistically at par 

(Table 3.87b). 
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Table 3.87a. Tuber starch content (%) of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK  

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 14.414 14.462 14.583 14.333 14.448 

2011 14.339 14.462 14.592 14.333 14.432 

Mean 14.377 c 14.463 b 14.587 a 14.333 d - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.87b. Tuber starch content (%) of S. tuberosum L. spring crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 14.408 14.470 14.419 14.496 14.448 

2011 14.383 14.445 14.395 14.504 14.432 

Mean 14.395 c 14.457 b 14.407 c 14.500 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.88a. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.463 3.719 3.946 4.162 3.822 

2011 3.428 3.700 3.927 4.157 3.803 

Mean 3.446 d 3.710 c 3.937 b 4.160 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.22. Leaf nitrogen content after 30 days of planting 

Analysis of variance of the data for leaf nitrogen content after 30 days of planting 

indicated that effect of years, various levels of NPK and that of K. humate on the 

parameter was statistically non-significant. Moreover, the interactive effect of years and 

NPK levels, years and K. humate levels, NPK and K. humate levels, and that of years, 

NPK and K. humate levels also remained non-significant (Appendices 104a-e). 

 

3.3.23. Leaf nitrogen content after 75 days of planting 

The data procured on leaf nitrogen content, estimated after 75 days of planting were 

subjected to statistical analysis. The results indicated that different levels of NPK and that 

of K. humate significantly affected the parameter. However, effect of years, and 

interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels remained non-significant 

(Appendix105a). 

 

AS the level of NPK application was increased, leaf nitrogen concentration was also 

significantly increased. The highest leaf nitrogen content (4.16%) was recorded in the 

plants fertilized with the higher level of NPK (100% of recommended dose). While, the 

lowest value (3.45%) was observed in the control plants (0% of NPK recommended dose). 

All the four levels of NPK significantly differed from each other (Table 3.88a). 

 

Leaf nitrogen status was also significantly increased by the application of various levels of 

K. humate. The maximum leaf nitrogen concentration (3.92%) was estimated at the higher 

dose of K. humate (8 mg kg
-1

 of soil), followed by the intermediate level (6 mg K. humate 

kg
-1

 of soil) (3.86%). The minimum leaf nitrogen content (3.68%) was recorded when no 
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Table 3.88b. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.693 3.811 3.868 3.917 3.822 

2011 3.652 3.784 3.862 3.915 3.803  

Mean 3.679 d 3.797 c 3.865 b 3.916 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.89a. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop at harvest 

as affected by years and varying levels of NPK 

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 2.312 2.517 2.696 2.929 2.614 

2011 2.221 2.490 2.680 2.956 2.587 

Mean 2.267 d 2.504 c 2.688 b 2.942 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.89b. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop at harvest 

as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2.522 2.567 2.639 2.727 2.614 

2011 2.453 2.547 2.677 2.669 2.587 

Mean 2.487 c 2.557 b 2.658 a 2.698 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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K. humate was applied, followed by the lower level i.e. 4 mg K. humate kg
-1

 of soil 

(3.80%). All the four levels of K. humate were also significantly different from each other 

(Table 3.88b). 

 

3.3.24. Leaf nitrogen content at harvest 

Statistical analysis of the data procured on leaf nitrogen content at harvest depicted that 

the parameter was significantly affected by different NPK and K. humate levels applied. 

However, effect of years, and combined effect (interaction) of years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate 

levels on the parameter was found non-significant (Appendix 106a). 

 

Table 3.89a indicated that different NPK levels significantly increased the leaf nitrogen 

content. The plants fertilized with 100% of NPK recommended dose resulted in the 

maximum leaf nitrogen content (2.94%). However, those which were grown without NPK 

(0% of recommended dose) had the minimum leaf nitrogen content (2.27%). All the four 

levels of NPK significantly differed from each other. 

 

Leaf nitrogen status was also significantly improved by the application of different levels 

of K. humate. The highest nitrogen content in leaves (2.70%) was observed when 8 mg K. 

humate kg
-1

 of soil was applied, followed by 6 mg K. humate kg
-1

 of soil (2.66%). These 

two K. humate levels were statistically similar. The minimum (2.49%) leaf nitrogen 

content was noted in the control plants (0 mg K. humate kg
-1

 of soil), followed by the 

lower level i.e. 4 mg K. humate kg
-1

 of soil (2.56%). However, these two K. humate levels 

differed significantly from each other (Table 3.89b). 
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3.3.25. Leaf phosphorus content after 30 days of planting 

The data recorded on leaf phosphorus content after 30 days of planting were subjected to 

statistical analysis. Results exhibited that the parameter was not affected significantly by 

years and different levels of NPK and K. humate. Similarly, interactive effect of years and 

NPK levels, years and K. humate levels, NPK and K. humate levels and that of years, 

NPK and K. humate levels were also non-significant (Appendices 107a-e). 

 

3.3.26. Leaf phosphorus content after 75 days of planting 

Statistical analysis of the data revealed that application of various levels of NPK and that 

of K. humate significantly affected the leaf phosphorus content after 75 days of planting. 

However, the effect of years, and interactive effect of years and NPK levels, years and K. 

humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels on 

the parameter remained non-significant (Appendix 108a). 

 

With the increase in the level of NPK application, leaf phosphorus content was also 

increased significantly. The plants fertilized with 100% of NPK recommended dose 

resulted in the highest leaf phosphorus content (0.581%). While, the control plants (0% of 

NPK recommended dose) resulted in the lowest amount (0.486%). Further, all the NPK 

levels behaved significantly different from each other (Table 3.90a). 

 

Table 3.90b illustrated that leaf phosphorus content was significantly improved by the 

application of different K. humate levels. The maximum leaf phosphorus content (0.552%) 

was recorded in the plants fertilized with 8 mg K. humate kg
-1

 of soil and the minimum 

(0.539%) was estimated in the plants grown without K. humate. Moreover, those treated 

with 6 and 4 mg K. humate kg
-1

 of soil (0.547 and 0.543%) were statistically at par with 



172 

 

Table 3.90a. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.490 0.547 0.578 0.579 0.548 

2011 0.481 0.539 0.567 0.584 0.542 

Mean 0.486 d 0.543 c 0.572 b 0.581 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.90b. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.545 0.547 0.549 0.553 0.548 

2011 0.533 0.540 0.545 0.551 0.542 

Mean 0.539 b 0.543 ab 0.547 ab 0.552 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.91. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.225 0.238 0.236 0.249 0.237 

2011 0.233 0.250 0.226 0.234 0.236 

Mean 0.229 b 0.244 a         0.231 b 0.241 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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each other and also with those applied with rest of the levels. 

 

3.3.27. Leaf phosphorus content at harvest 

Various levels of NPK recommended dose significantly affected leaf phosphorus content 

at harvest. However, it is obvious that effect of years and various K. humate levels, and 

interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels on the parameter remained 

statistically non-significant (Appendix 109a). 

 

The maximum concentration of leaf phosphorus (0.244%) was recorded in the plants 

applied with 50% of NPK recommended dose, followed by those with 100% of NPK 

recommended dose (0.241%). These two NPK levels were statistically at par. While, the 

minimum leaf phosphorus content (0.229%) was estimated at no NPK application, 

followed by 75% and 100% of NPK recommended dose (0.231% and 0.241%, 

respectively). These three NPK levels were also statistically similar with each other (Table 

3.91a). 

 

3.3.28. Leaf potassium content after 30 days of planting 

It is apparent from statistical analysis of the data that application of different levels of 

NPK significantly affected the leaf potassium content after 30 days of planting. However, 

individual effect of years and K. humate levels and interactive effect of years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and that of years, NPK and 

K. humate levels remained non-significant (Appendix 110a). 
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Leaf potassium content only increased significantly beyond the 50% recommended dose 

of NPK. However, control (0% of recommended NPK dose), 50% of recommended NPK 

dose and 75% of recommended NPK dose behaved statistically alike. It is also obvious 

that 100% and 75% recommended NPK doses were also statistically similar in their effect 

on the parameter. The maximum leaf potassium content (3.21%) was estimated in the 

plants those were applied 100% recommended dose of NPK and the minimum leaf 

potassium content (3.152%) was recorded in the plants those were grown without NPK 

(Table. 92a). 

 

3.3.29. Leaf potassium content after 75 days of planting 

Results presented in Appendix 111a revealed that leaf potassium content estimated after 

75 days of planting was significantly affected by different levels of NPK and K. humate. 

However, effect of years, and interaction between years and NPK levels, years and K. 

humate levels, NPK and K. humate levels and among years, NPK and K. humate levels on 

the parameter were non-significant. 

 

As the level of NPK application increased, leaf potassium content was also increased. The 

maximum leaf potassium content (4.27%) was found with the application of 100% of NPK 

recommended dose. The minimum leaf potassium content (3.40%) was recorded in the 

control plants (without NPK application). Effect of all the NPK levels remained 

statistically different from each other (Table 3.93a). Application of K. humate also 

significantly increased the leaf potassium content. However, the higher two levels i.e. 6 

and 8 mg K. humate kg
-1

 of soil, were statistically at par, while the rest of the K. humate 

levels i.e. 0 and 4 mg kg
-1

 of soil behaved significantly different from each other and also 

with rest of the levels. The minimum concentration of the parameter (3.75%) was recorded 
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Table 3.92. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 30 

days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.157 3.177 3.181 3.212 3.181 

2011 3.148 3.131 3.163 3.203 3.161 

Mean 3.152 b 3.154 b 3.172 ab 3.207 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.93a. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.373 3.768 3.935 4.293 3.846 

2011 3.427 3.768 4.029 4.250 3.869 

Mean 3.400 d 3.767 c 3.991 b 4.272 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.93b. Leaf potassium (K) content (%)of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.733 3.818 3.902 3.931 3.846 

2011 3.770 3.816 3.906 3.983 3.869 

Mean 3.751 c 3.817 b 3.904 a 3.957 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 



176 

 

in control (without K. humate application), while the maximum (3.96%) was found in 

those treated with the higher level of K. humate (8 mg kg
-1

 of soil) (Table 3.93b). 

 

3.3.30. Leaf potassium content at harvest 

The data recorded on leaf potassium content at harvest were analysed statistically. The 

results revealed that different NPK and K. humate levels significantly affected the 

parameter. However, effect of years, and interaction between years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate 

levels remained statistically non-significant (Appendix 112a). 

 

The maximum leaf potassium content (2.09%) was recorded in the plants fertilized with 

100% of NPK recommended dose. However, the minimum leaf potassium content 

(1.69%) was resulted in those which were grown without NPK (0% of recommended 

dose). All the four levels of NPK were significantly different from each other (Table 

3.94a). 

 

Application of different levels of K. humate also significantly improved the leaf potassium 

content at harvest. The plants without K. humate application resulted in the lowest 

concentration (1.74%) of leaf potassium. The maximum leaf potassium content (1.94%) 

was recorded when K. humate was applied @ 6 mg kg
-1

 of soil, followed by @ 8 and 4 mg 

kg
-1

 of soil (1.93 and 1.88%, respectively). These three levels of K. humate behaved 

statistically alike (Table 3.94b). 
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Table 3.94a. Leaf potassium (K) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK  

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.703 1.800 1.972 2.067 1.886 

2011 1.671 1.845 1.890 2.115 1.880 

Mean 1.687 d 1.823 c 1.931 b 2.091 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.94b. Leaf potassium (K) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.791 1.860 1.929 1.962 1.886 

2011 1.775 1.895 1.946 1.905 1.880 

Mean 1.738 b 1.878 a 1.937 a 1.933 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.95a. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.842 0.847 0.891 0.872 0.863 

2011 0.847 0.855 0.890 0.887 0.870 

Mean 0.844 b 0.851 b 0.890 a 0.880 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.31. Leaf magnesium content after 30 days of planting 

Analysis of variance of the data on leaf magnesium content estimated after 30 days of 

planting exhibited that effect of years, different levels of NPK and that of K. humate on 

the parameter was statistically non-significant. Similarly, it is also obvious that interactive 

effect of years and NPK levels, years and K. humate levels, NPK and K. humate levels, 

and that of years, NPK and K. humate levels was also non-significant (Appendices 113a-

e). 

 

3.3.32. Leaf magnesium content after 75 days of planting 

Soil application of different levels of NPK and that of K. humate significantly affected the 

leaf magnesium content determined after 75 days of planting. However, effect of years, 

and interaction between years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and among years, NPK and K. humate levels were statistically non-

significant (Appendix 114a). 

 

Table 3.95a depicted that soil application of NPK significantly enhanced the leaf 

magnesium content recorded after 75 days of planting. The intermediate level i.e. 75% of 

recommended dose resulted in the highest leaf potassium content (0.890%), followed by 

the higher dose of NPK i.e. 100% of recommended dose (0.880%). However, these two 

NPK levels were statistically at par. The lowest value (0.844%) of the parameter was 

found in the control (0% of NPK recommended dose), followed by the lower level of NPK 

(50% of recommended dose) (0.851%). These two levels of NPK were also statistically 

similar. 
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As far as effect of different K. humate levels is concerned, the higher dose (8 mg K. 

humate kg
-1

 of soil) resulted in the maximum leaf magnesium content (0.882%), followed 

by the intermediate and the lower levels i.e. 6 and 4 mg K. humate kg
-1

 of soil (0.874 and 

0.859%, respectively). All these three levels of K. humate were statistically at par with 

each other. The minimum leaf magnesium content (0.851%) was measured when no K. 

humate (0 mg kg
-1

 of soil) was applied, followed by the lower and the intermediate levels 

i.e. 4 and 6 mg K. humate kg
-1

 of soil (0.859 and 0.874%, respectively). These three levels 

of K. humate were also statistically alike (Table 3.95b). 

 

3.3.33. Leaf magnesium content at harvest 

Statistical analysis of the data procured on leaf magnesium content at harvest depicted that 

the parameter was significantly affected by different NPK levels applied. However, effect 

of years and that of K. humate levels and interaction between years and NPK levels, years 

and K. humate levels, NPK and K. humate levels, and among years, NPK and K. humate 

levels were non-significant (Appendix 115a). 

 

Soil application of NPK significantly enhanced the leaf magnesium content at harvest. The 

maximum concentration of leaf magnesium (0.817%) was recorded when 75% of NPK 

recommended dose was applied, followed by 100% NPK recommended dose (0.787%). 

While, the lowest concentration of the parameter (0.656%) was found in the plants grown 

without NPK application (0% of recommended dose), followed by those with 50% NPK 

recommended dose (0.728%). Further, all the NPK levels behaved statistically different 

(Table 3.96). 
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Table 3.95b. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.851 0.854 0.869 0.878 0.863 

2011 0.850 0.864 0.878 0.887 0.870 

Mean 0.851 b 0.859 ab 0.874 ab 0.882 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.96. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.641 0.737 0.816 0.786 0.745 

2011 0.670 0.720 0.818 0.787 0.749 

Mean 0.656 d 0.728 c 0.817 a 0.787 b - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.97. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.050 1.054 1.060 1.077 1.061 

2011 1.050 1.060 1.068 1.065 1.060 

Mean 1.050 b 1.057 ab 1.064 ab 1.071 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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3.3.34. Leaf calcium content after 30 days of planting 

The data recorded on leaf calcium content estimated after 30 days of planting were 

analysed statistically. The results revealed that the parameter was non-significantly    

affected by years and different levels of NPK and that of K. humate. Similarly, the 

interactive effect of years and NPK levels, years and K. humate levels, NPK and K. 

humate levels, and that of years, NPK and K. humate levels on the parameter also 

remained non-significant (Appendices 116a-e). 

 

3.3.35. Leaf calcium content after 75 days of planting 

It is obvious from statistical analysis of the data on leaf calcium content after 75 days of 

planting that the parameter was significantly affected by different NPK levels applied. 

However, individual effect of years and K. humate levels and combined effect 

(interaction) years and NPK levels, years and K. humate levels, NPK and K. humate 

levels, and that of years, NPK and K. humate levels on the parameter were found 

statistically non-significant (Appendix 117a). 

 

Leaf calcium content was significantly increased by the application of different NPK 

levels. The maximum leaf calcium content (1.071%) was recorded in the plants fertilized 

with 100% of NPK recommended dose and the minimum value (1.050%) was estimated in 

the plants grown without NPK. Moreover, those treated with 50% and 75% NPK 

recommended dose (1.057 and 1.064%, respectively) were in the middle and statistically 

at par with each other and also with rest of the NPK levels (Table 3.97). 
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3.3.36. Leaf calcium content at harvest 

Statistical analysis of the data recorded on leaf calcium content at harvest exhibited that 

application of different levels of NPK significantly affected the parameter. However, 

effect of years and K. humate levels, and combined effect (interaction) of years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and that of years, NPK and 

K. humate levels also remained statistically non-significant (Appendix 118a) 

  

Table 3.98 depicted that the highest leaf calcium content (1.068%) was found in the plants 

treated with 75% of recommended NPK dose. However, the minimum leaf calcium 

content (1.037%) was estimated in those grown without NPK, followed by those treated 

with 50% and 100% of recommended NPK dose (1.038 and 10.048%, respectively). All 

these three NPK levels stood statistically at par with each other. 

 

3.3.37. Leaf sodium content after 30 days of planting 

Results presented in Table 3.119a revealed that effect of years, different levels of NPK 

and that of K. humate on leaf sodium content recorded after 30 days of planting was 

statistically non-significant. It is also evident that interaction between years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and among years, NPK and 

K. humate levels also remained statistically non-significant (Appendices 119a-e). 

 

3.3.38. Leaf sodium content after 75 days of planting 

Statistical analysis of the data procured on leaf sodium content estimated after 75 days of 

planting depicted that years and different NPK and K. humate levels did not affect the 

parameter. Similarly, the combined effect (interaction) of years and NPK levels, years and 

K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels 
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also remained statistically non-significant (Appendices 120a-e). 

 

3.3.39. Leaf sodium content at harvest 

Analysis of variance of the data on leaf sodium content at harvest showed that effect of 

years, different levels of NPK and that of K. humate on the parameter was statistically 

non-significant. Similarly, it is also obvious that interaction between years and NPK 

levels, years and K. humate levels, NPK and K. humate levels, and among years, NPK and  

K. humate levels also remained non-significant (Appendices 121a-e). 

 

3.3.40. Soil pH 

The data recorded on soil pH, after harvesting the crop were analysed statistically. Results 

revealed that effect of years and different levels of NPK and K. humate on the parameter 

was non-significant. Similarly, combined effect (interaction) of years and NPK levels, 

years and K. humate levels, NPK and K. humate levels, and that of years, NPK and K. 

humate levels was also found non-significant (Appendices 122a-e). 

 

3.3.41. Soil E.C. 

Statistical analysis of the data for soil E.C. after harvesting the crop illustrated that effect 

of years and application of various levels of NPK and K. humate on the parameter 

remained non-significant. Similarly, interactive effect of years and NPK levels, years and 

K. humate levels, NPK and K. humate levels, and that of years, NPK and K. humate levels 

on the parameter under study was also non-significant (Appendices 123a-e). 

 

3.3.42. Soil organic matter 

Soil application of different levels of NPK and that of K. humate did not affected the post-
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harvest soil organic matter. Similarly, effect of years, and combined effect (interaction) of 

years and NPK levels, years and K. humate levels, NPK and K. humate levels, and that of 

years, NPK and K. humate levels on the parameter also remained non-significant 

(Appendices 124a-e). 

 

3.3.43. Cost comparison for spring crops of potato during 2010 and 2011 

Higher cost of inputs and low production are the limiting factors for spring crop of potato.  

High priced virus-free seed tubers are either imported or produced through tissue culture 

technique to raise this crop. It increases the cost of inputs and may account 50% or more 

of the total cost of inputs. Special protective measures against low temperature hazards 

also increase the cost of inputs. Major use of potatoes harvested from spring crop is as 

seed for autumn crop. Total cost of inputs (except fertilizers) during 2011 (Rs. 319,730) 

was higher than the crop of 2010 (Rs. 297,030) due to steady increase in cost of major 

inputs. However, net return also increased accordingly as per kg rate during 2011 (Rs. 

26.50) was also higher than 2010 (Rs. 24.80) (Table 3.99). 

 

3.3.21. Profitability 

Assessment of benefit cost ratio (BCR) revealed that raising spring crop of potato without 

application of inorganic fertilizers is uneconomical. However, steady improvement in 

production was observed by the application of both NPK and K. humate. Application of 

100% of NPK recommended dose + 8 mg K. humate kg
-1

 of soil resulted in the best BCR 

(1.24 during 2010 and 1.22 during 2011). While, the application of 75% of NPK 

recommended dose + 8 mg K. humate kg
-1

 of soil followed it with BCR 1.23 during 2010 

and 1.21 during 2011. Plants without fertilizer application resulted in the minimum BCR 

(Table 3.100-101). 
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Table 3.98. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop at harvest 

as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.040 1.037 1.068 1.050 1.049 

2011 1.033 1.038 1.069 1.050 1.047 

Mean 1.037 b 1.038 b 1.068 a 1.048 b - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

Table 3.99. Cost comparison for spring crops of potato per hectare during 2010 and 

2011 on the bases of input used 

Variable Year 2010 

(Rs.) 

Year 2011 

(Rs.) 

Land rent/crop season 40,000 40,000 

Land preparation and sowing 8,000 8,750 

Seed tubers 172,800 185,600 

Irrigation 13,130 14,730 

Pesticides 5,100 5,650 

Harvesting 3,000 3,000 

Plastic covering 45,000 50,000 

Miscellaneous 10,000 12,000 

Total inputs cost (except fertilizers) 297,030 319,730 

Inorganic fertilizers (100% dose) 34,300 36,360 

K. humate (full dose 16 kg/ha) 4,000 4,000 

Return/100 kg 2,480 2,650 
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Table 3.100. Profitability per hectare of S. tuberosum L. spring crop under varying 

levels of NPK and K. humate during 2010 

Treatment Total cost (Rs.) Total income (Rs.) Net benefit (Rs.) BCR 

T1 297,030 239,246 -57,784 0.81 

T2 299,030 256,308 -42,722 0.86 

T3 300,030 267,022 -33,008 0.89 

T4 301,030 289,342 -11,688 0.96 

T5 314,180 308,636 -5,544 0.98 

T6 316,180 302,560 -13,620 0.96 

 T7 317,180 312,753 -4,427 0.99 

T8 318,180 343,504 25,324 1.08 

T9 322,755 327,112 4,357 1.01 

T10 324,755 363,990 39,235 1.12 

T11 325,755 373,910 48,155 1.15 

T12 326,755 402,727 75,972 1.23 

T13 331,330 398,387 67,057 1.20 

T14 333,330 390,154 56,824 1.17 

T15 334,330 404,414 70,084 1.21 

T16 335,330 414,606 79,276 1.24 

 

 

 

 

 

 

 

 



187 

 

Table 3.101. Profitability per hectare of S. tuberosum L. spring crop under varying 

levels of NPK and K. humate during 2011 

Treatment Total cost (Rs.) Total income (Rs.) Net benefit (Rs.) BCR 

T1 319,730 250,505 -69,225 0.78 

T2 321,730 279,178 -42,552 0.87 

T3 322,730 279,999 -42,731 0.87 

T4 323,730 288,240 -35,490 0.89 

T5 337,910 333,264 -6,446 0.98 

T6 339,910 326,188 -13,722 0.96 

 T7 340,910 337,557 -3,353 0.99 

T8 341,910 357,167 15,257 1.04 

T9 347,000 352,238 5,238       1.02 

T10 349,000 388,172 39,172 1.11 

T11 350,000 408,471 58,471 1.17 

T12 351,000 425,219 74,219 1.21 

T13 356,090 426,942 70,852 1.20 

T14 358,090 418,038 59,948 1.17 

T15 359,090 439,476 80,386 1.22 

T16 360,090 438,840 78,750 1.22 
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4. DISCUSSION 

 

Potato (Solanum tuberosum L.) is not only a major food crop but also the most important 

vegetable in term of quantity produced and consumed world wide. In Pakistan, potato 

yield is far below as compared to advanced countries. Therefore, it is imperative to 

increase the crop yield to meet the requirements of increasing human population. In order 

to achieve the goal, it seems necessary to study the effect of cumulative yield factors such 

as the application of NPK and K. humate. Growth, yield and quality of potato depend 

upon the nutrients availability in the soil and judicious application of fertilizers. Potato 

plants need significant amounts of fertilizers to produce high yield. In order to provide 

necessary nutrients, both chemical and natural fertilizers are used. The dramatic increase 

in using fertilizers resulted in higher production costs. It requires more attention from 

producers to reduce production cost. This reduction can be obtained by selecting the 

proper combination of fertilizers, suitable for the existing soil type, to obtain a real 

increase in crop yield and thus a high economic return. In Pakistan, farmers are applying 

K. humate along with NPK to potato crop without attention to the plant requirements. 

Thus, the present study was aimed to assess the effect of different levels of NPK and K. 

humate and also their combinations on potato crop. 

 

Vegetative growth attributes such as sprouting percentage, number of aerial stems per hill, 

number of leaves per hill, leaf chlorophyll content, leaf area per hill, final plant height and 

fresh and dry weights of above and below ground parts per hill as affected by NPK and K. 

humate fertilizers were studied. Number of leaves, chlorophyll content, leaf area, plant 

height and fresh and dry weights were improved gradually by the application of increasing 

NPK levels. The lowest values of these parameters were observed in control plants, while 

the highest values were recorded when full recommended dose of NPK fertilizers was 
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applied. This positive effect on growth may be due to improvement in nutrient uptake by 

the plants, better photosynthetic activity, vegetative growth and dry matter accumulation. 

Further, this increase in plant growth may be attributed to the beneficial effects of nitrogen 

on stimulating the meristematic activity for producing more tissue and organs. Nitrogen 

plays major role in the synthesis of structural proteins and several other macro-molecules 

which have vital contribution in several biochemical processes related to plant growth 

(Medani et al., 2000). Further, nitrogen also plays an important role in production of 

branches and increase in leaf area. It also increases the amount of solar radiation 

interception and consequently increases plant height and dry matter production (Al-

Moshileh et al., 2005). Steady improvement in leaf area is possibly due to increase in soil 

nutrients, which consequently improves root growth and its spread. Improvement in 

foliage dry weight with the increase in NPK levels may be attributed to its role in 

stimulating vegetative growth due to increase in chlorophyll content. Such increase in 

foliage fresh weight may also be due to the role of nitrogen and potassium in leaf 

initiation, increase of leaf chlorophyll content and photosynthesis process, which led to 

increased growth (Abu-Zinada, 2009). According to Kandil et al. (2002), the increment in 

vegetative growth by increasing NPK levels may be due to increase in photosynthetic area 

per plant, which leads to more photosynthates production and therefore increasing dry 

matter accumulation. The promoting effect on growth parameters could also be due to 

phosphorus which is a structural part of high energy compounds (Sarg, 2004). Further, 

there is a positive interaction between nitrogen and phosphorus status in the soil and 

carbon metabolism, consequently increasing dry matter production. Moreover, potassium 

is involved in activation of enzymes which cause accumulation of carbohydrates (Le Bot 

et al., 1998). 
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The results of the present study are in conformity with those presented by Jagirdar et al. 

(1984), Al-Moshileh et al. (2005), Kumar et al. (2008) and Eleiwa et al. (2012), who 

found that higher number of compound leaves was produced when higher levels of 

fertilizers were applied to the potato crop. These findings are in agreement with the work 

of Guler (2009), who reported a significant relationship between nitrogenous fertilizers 

and leaf chlorophyll content in potato crop. Similarly, Kanbi and Bhatnagar (2005) 

observed improvement in chlorophyll content by the application of 50% or more of the 

NPK recommended dose to the potato crop. The results of the present study are in 

harmony with those reported by Yadav et al. (2002), who found a significant increase in 

leaf area of Plantago ovata under the effect of increased NPK levels. Further, Yourtchi et 

al. (2013) also found that application of nitrogenous fertilizers along with vermicompost 

improved leaf area per hill in potato cv. Agria. Furthermore, Al-Moshileh et al. (2005) and 

Obidiebube et al. (2012) noted a significant positive effect of different levels of NPK on 

potato and maize crops, respectively. These findings are also in agreement with Abu-

Zinada (2009) and Yourtchi et al. (2013), who reported the highest plant height of potato 

crop when 150 kg N ha
-1

 along with organic amendments was applied. Hagag et al. (2011) 

working on Egazy olive seedlings also found a steady progress in plant height with the 

increased application of NPK.  

 

In the present investigation, application of K. humate also had a marked positive effect on 

number of leaves per hill, leaf chlorophyll content, leaf area per hill, final plant height and 

fresh and dry weights of above and below ground parts per hill. Improvement in leaf 

chlorophyll content was most obvious when higher dose of K. humate was applied to the 

autumn crops but spring crop showed significant improvement at lower level of K. humate 

application as well. This improvement in growth parameters could be due to positive 
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mineral effect and also hormone-like activity of K. humate on vegetative growth. 

Improvement in final plant height may be due to increase in soil moisture storage and 

improved nutrient absorption by the roots(Mohammadipour et al.,2013).This may also be 

due to the role of potassium in nutrient minerals uptake that promote enzymes activity, 

enhance the translocation of assimilates and protein synthesis(Abdel-Latif et al., 2011; 

Sarhan, 2011). According to Jasim et al. (2013), increased plant height in potato cultivars 

is due to physiological processes such as cell division and elongation which indirectly 

affect tissue formation and consequently vegetative growth. A significant effect on fresh 

and dry weights of both above and below ground parts of stem may be due to high ability 

of K. humate for mineral chelating and readily entering the plant roots, stems, and leaves 

(Susilawati et al.,2009). 

 

The results of the present study are in accordance with the work of El-Bassiony et al. 

(2010) and Taha and Kurdistan (2014) that increased vegetative growth may be attributed 

to the role of K. humate in improving the soil fertility by increasing the availability of 

nutrient elements (N, P, K) that affect growth and yield of pepper (Capsicum annum L.) 

and onion (Alliums cepa L.). Moreover, the role of K. humate is to supply essential 

nutrients like organic carbon, nitrogen and minerals for the plant (Prakash et al. 2012; 

Patil et al. 2013). These results are in agreement with those found by Ezzat et al. (2009), 

who reported that K. humate increased water holding capacity of both soil and plant 

tissues, thus improved vegetative growth parameters including leaf area. Similarly, Tonder 

(2008) also reported a positive significant effect of K. humate on leaf area in wheat crop. 

The results of the present study are also in harmony with those reported by Feleafel and 

Mirdad (2014), who found a significant increase in plant height of tomato crop with the 

increasing K. humate applications. Petrus et al. (2010) reported an increased dry matter 
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production and better uptake of nutrients in maize crop under the influence of K. humate. 

The most vigorous vegetative growth was obtained in hot pepper plants when fertilized 

with K. humate (Ghoname et al., 2009). Plant dry mass of romaine lettuce (Lactuca sativa 

L.) was increased due to significant improvement in crop nutrient uptake by addition of K. 

humate to the soil (Hartz and Bottoms, 2010). Abdel-Mawgoud et al. (2010) during his 

work on Phaseolus vulgaris L. and Karanatsidis and Berova (2009) working on Capsicum 

annum L. also found similar results. Lulakis and Petsas (1995) and Abdel-Mawgoud et al. 

(2007) during their experiments on tomato, and Ezzat et al. (2009) and Selim et al. (2012) 

working on potato also reported similar findings.  

 

The findings of the present study indicated that sprouting percentage was not affected by 

the application of different NPK and K. humate levels. This was probably because 

sprouting in potato tubers depends upon their health and also because the same type and 

size of tubers were planted in all the treatments. Further, external factors (temperature, 

moisture) and internal factors (dormancy, physiological maturity of seed tubers) were also 

similar (Abbasi et al., 2004). These results are in harmony with those reported by Jagirdar 

et al. (1984) that NPK levels had non-significant effect on the sprouting percentage in 

potato crop. Singh and Lal (2012) also found non-significant effect of nitrogen and 

potassium on sprouting of potato tubers. 

 

In the present study, number of aerial stems per hill was not affected significantly by the 

NPK applications. In fact, number of stems per hill in potato depends upon number of 

buds present on the seed tuber planted and the low level of NPK taken up by the plant in 

early growth stages does not show significant effect (Henricksen and Molgaard, 2005). 

Further, Al-Moshileh et al. (2005), Kumar et al. (2008), Eleiwaet al. (2012) and Shaheen 
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et al. (2013) also reported that number of stems per hill in potato crop was not affected by 

different NPK and potassium sulphate levels and various nutrient management strategies. 

Similarly, effect of K. humate on number of aerial stems per hill was also found non-

significant. These results are in agreement with those reported by Ezzat et al. (2009), 

Jasim et al. (2013) and Berisha et al. (2014). 

 

The results obtained in the present work indicated that physiological parameters like rate 

of photosynthesis, rate of transpiration, stomatal conductance and water use efficiency was 

improved significantly by the application of increasing NPK levels. It was possibly due to 

role of nitrogen, about 75% of which is found in chloroplasts and most of it is used in 

ribulosebisphosphate carboxilase synthesis (Haket et al., 1993). An increase in nitrogen 

availability results in higher photosynthetic rates in many C4 and C3 species (Connor et al., 

1993). Since nitrogen is the nutrient required in larger quantity and regulates carbon 

fixation indifferent species, a strong positive relation exists between rates of 

photosynthesis and nitrogen availability (Evans, 1989; Warren et al., 2000). This 

relationship depends much to the large proportion of nitrogen present in the thylakoid 

membranes of chloroplasts and soluble proteins of the Calvin cycle, particularly Rubisco 

(ribulose-1,5-bisphosphate either carboxylase or oxygenase)(Evans, 1989). Decrease in 

nitrogen causes reduction in chlorophyll content and ultimately rate of photosynthesis, 

while increase in soil nitrogen causes increase in rate of photosynthesis (Toth et al., 2002; 

Makino and Osmond, 1991). It is also mentioned that photosynthetic capacity depends 

upon total amount of leaf nitrogen per unit leaf area and transpiration rate also follows the 

same tendency (Walcroft et al., 1997). The data about the increased photosynthesis rate 

also correspond to the leaf chlorophyll content. Along with the stomatal conductance, the 

increased pigment content was one of the reasons for the higher photosynthetic rate in 
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pepper plants (Karanatsidis and Berova, 2009). A positive role of phosphorus on plant 

physiology is also evident because concentration of phosphorus affects amount of 

Rubisco, as observed in herbaceous species (Jacob and Lawlor, 1992). Phosphate is a 

component of nucleic acids and cellular membranes, and essential for metabolic processes 

(Raghothama, 1999; Vance et al., 2003). Phosphate deficiency decreases plant growth and 

photosynthesis and thus biomass accumulation and yield. The crop demand for nutrients 

such as phosphorus has been increased due to introduction of high yielding cultivars, and 

this requirement may become even higher due to increased plant growth under rising 

atmospheric carbon dioxide concentrations (Lewis et al., 1994; Lenka and Lal, 2012). 

Similar effect of phosphorus on potato crop was reported by Singh and Lal (2012). Growth 

improvement in response to added potassium in soils is due to the high mobility of 

potassium in both soil and plant. K
+
 is the most abundant univalent cation in plant cells 

and plays a significant part in regulation of stomatal function. Hence, one mean by which 

K deficiency reduces photosynthesis is by decreasing the stomatal conductance 

(Macrobbie, 1998). Potassium requirement for protein synthesis is due to strong 

relationship between concentrations of K and proteins such as Rubisco availability. 

Moreover, the effect of different levels of potassium sulphate on stomatal conductance 

was also significant and the highest stomatal conductance recorded from the treatment 

with 100 kg/ha potassium sulphate fertilizer (Mohammadi et al. 2014). Abbasi et al. 

(2014) reported improvement in rate of photosynthesis of hybrid maize crop by the 

application of potassium. These results are in agreement with earlier reports on sorghum 

(Muchow and Sinclair, 1994) and maize (Wolfe et al., 1998; Settemi and Maranville, 

1998; Zhao et al., 2003). Leaf N content indeed reflects the investment in photosynthetic 

proteins like Rubisco and effects of N deficiency on Rubisco are often larger than those on 

chlorophyll. Positive effects of N application on chlorophyll-a concentration and 
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consequently photosynthesis rates of various plants have also been reported by different 

researchers (Ferrar and Osmond, 1986; Evans and Terashima, 1987; Sage and Pearcy, 

a987; Seemann et al., 1987; Saidana et al., 2009). 

 

K. humate application also had positive effect on rate of photosynthesis, rate of 

transpiration, stomatal conductance and water use efficiency of the plants. Stomata are 

very important structures within the leaves and are responsible for gaseous exchange. 

Exchange of gases through stomata is known as stomatal conductance, which is an 

important factor in controlling physiological processes e.g. photosynthesis and 

transpiration. Opening and closing of stomata is reported to be regulated by potassium 

(Taiz and Zeiger, 2006; Abbas et al., 2013). Increased stomatal conductance is directly 

related to the higher rate of photosynthesis and transpiration (Neri et al., 2002; Muscolo et 

al., 2007). As humic substances increase the exchange of gases, rate of transpiration from 

leaf surface also increases because more water is absorbed by roots and more is transpired 

from leaf surface (Sun et al., 2004). Increase in leaf chlorophyll content by the application 

of K. humate is also a solid reason of enhanced rate of photosynthesis (Abbasi et al., 

2014). Malgorzata and Georgios(2009) reported accelerated rate of photosynthesis by 

humic application, accompanied by increased rate of transpiration and stomatal 

conductance in pepper plants. Many biochemical processes involved in plant physiology 

such as membrane permeability (Valdrighi et al.,1996), activation of protein carriers of 

ions, Kreb’s cycle of respiration, photosynthesis, synthesis of ATP, amino acids, 

carbohydrates, proteins and nucleic acid and also enzymes are affected by K. humate 

(Vallini et al., 1993; Valdrighi et al., 1996; Nardi et al., 2002; Charest et al., 2004). 

Therefore, the results of present study are in close conformity with findings of previous 

studies in which it was reported that soil application of K. humate improved the 
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physiological attributes in different plant species (Tonder, 2008; Ezzat et al., 2009: Abdel-

Mawgoud et al., 2010).  

 

The results of this study indicated that number of tubers per hill and tubers yield increased 

significantly by increasing the rate of NPK fertilizer. The possible reason could be that, 

the application of NPK produced more leaves with greater surface area, intercepting more 

sunlight resulting in increased rate of photosynthesis and consequently more starch 

accumulation, leading to increased crop yield (Jagirdar et al., 1984). NPK fertilization 

increased leaf area, encouraged tuber formation and enhanced duration of tuber bulking. 

Potato tuber yield is directly dependent on the supply of N, P and K, though excessive 

supply of N may substantially delay leaf senescence leading to enhanced leaf area duration 

and increased tuber yield (Zelalem et al., 2009). Further, nitrogen application to potatoes 

before tuber initiation increases vegetative growth resulting in more number of tubers per 

plant and greater fresh weight of tubers (Kanzikwera et al., 2001). Thus, N and P 

fertilization is required to maximize tuber weight which significantly influences the 

productivity of potato crop. The increase in weight of tubers in response to increased 

supply of nutrients could be due to luxurious growth, more foliage, greater leaf area and 

higher supply of photosynthates which may have induced formation of bigger tubers 

thereby resulting in higher yields (Patricia and Bansal, 1999). Nitrogen also affects stolon 

formation in potato by influencing biosynthesis and also by maintaining hormonal 

balance, especially levels of gibberellins, abscissic acid and cytokinins. Further, increase 

in number of stems per hill leads to increase in number of tubers and ultimately the yield 

of potato crop (Lemaga and Caesar, 1990).  Similarly, Yourtchi et al. (2013) found 

increase in number of tubers with increasing nitrogen fertilizer in potato cv. Agria. 

Further, potassium has a critical role in the energy status of plant, sucrose storage, 
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translocation and maintenance of tissue water relation. The current results are inline with 

those of Alam et al. (2007), who observed that higher tuber yields of potato were obtained 

by the combined application of vermicompost and NPK. Bongkyoon (2004) also found 

that application of NPK and vermicompost increased average tuber weight per plant. 

Moreover, potassium shows positive interaction with other nutrients like nitrogen for 

growth and yield characteristics in potato (Abu-Zinada, 2009). Similar findings have been 

reported by previous researchers in wheat (Tonder, 2008) and potato (Guler, 2009). 

 

The results obtained during present investigation illustrated that K. humate also had a 

marked positive effect on number of tubers as well as other yield components. The 

increase in yield attributes may be due to the effect of K. humate on aerial parts that 

ultimately increased number and weight of tubers per hill reflecting a positive increase in 

tubers yield. K. humate increases plant growth by improving soil texture, thus enhancing 

the ability of plant roots to penetrate into the soil and uptake more water. It also increases 

the soil water holding capacity and is an important transfer medium for nutrition from soil 

to plant. Further, K. humate causes increase in activity of soil microorganisms, 

improvement in physical and chemical characteristics of the soil, and high content of 

nutrient elements that affect positively on plant yield (Tisdale et al., 1997). The growth 

promoting effects of K. humate on potato are in agreement with those reported for a wide 

number of plant species (Chen and Aviad, 1990). These effects are more advantageous 

when K. humate is applied in limited concentrations. However, the best results have been 

obtained when K. humate was applied to the soil at the rate of 4 to 30 Kg ha
-1

(Sharif et al., 

2002; Pilanah and Kaplan, 2003). In these studies, K. humate accelerated both vegetative 

and reproductive growth thus increased production of plant biomass. Root growth was 

inspired as well with production of more lateral and secondary roots. Tonder (2008) 
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working on wheat, Verlinden et al. (2009) on tomato, Ghoname et al. (2009) on hot 

pepper and Ezzat et al. (2009) on potato also reported similar effects of K. humate on 

yield characteristics of these crops. 

 

In the present study, tuber starch content increased significantly by the application of NPK 

up to 75% of recommended dose, but it decreased significantly when 100% of 

recommended NPK was applied. This increase in starch content is due to influence of 

potassium on the enzyme (starch synthetase) that is responsible for starch synthesis. 

Further, under increasing NPK levels, starch is efficiently translocated from source 

(leaves) to sink (tubers) in potato plants. Photosynthetic activity also affects the rate of 

Glyceraldehyde-3-Phosphate (G3P) production and ultimately the starch formation 

(Shambhavi and Sharma, 2008; Patil, 2011). It is obvious that higher uptake of K from soil 

enhance starch production which is transported and stored in tubers (Eleiwa et al., 2012). 

These results are in agreement with those obtained by Moustafa et al., (2005), who 

observed that by increasing NPK levels, there was a significant increase in growth and 

yield parameters as well as nutrient uptake of sugar beet and sweet sorghum plants. In 

addition, Rajanna et al. (1987) found that application of potassium fertilizer to potato crop 

increased starch content, total sugars and reducing sugars in potato tubers. However, 

conflicting results have been reported regarding the effect of phosphorus fertilization on 

tuber starch content of potato. Sparrow et al. (1992) observed non-significant reduction in 

percent dry matter of tubers due to increased phosphorus application. The absence of 

strong relationship between phosphorus application and starch content was reported by 

Dubetz (1975). While, Roberts and Cheng (1988) noted non-significant difference in 

specific gravity and starch content of tubers due to nitrogen application. However, starch 

content in potato tubers was positively influenced by the application of granular 
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vermicompost and also by application of NPK fertilizers (Kmetova et al., 2013). Hussain 

(1998) working on hybrid maize crop also found increase in starch content in grains by the 

application of N fertilizer. Similar results have been reported regarding the tuber starch 

content in potato by previous researchers by the application of inorganic fertilizers (Al-

Moshileh et al., 2005; Zelalem et al., 2009; Prajapati and Modi, 2012; Berisha et al., 

2014). 

 

Potassium humate significantly increased the tuber starch content in field experiments of 

both autumn and spring season crops. Potassium is involved in the activation of starch 

synthetase enzyme, which is responsible for the production of starch in plants. It is the 

most efficient cation which stimulates activity of this enzyme that catalyzes conversion of 

glucose into long-chain starch molecules (Mengel andKirkby, 1987). Further, it is 

generally accepted that starch content is enhanced by increasing K. humate application, 

but this applies to low K. humate application, while heavy doses may decrease starch 

content (Tisdale et al., 2001). A very strong relationship was observed between yield and 

tuber dry weight and tuber starch content by Sanli et al. (2013). According to 

Hassanpanah et al. (2011), specific gravity depends on dry matter content of tubers which 

is affected by starch accumulation and could be used as a quality trait. Specific gravity 

was higher in tubers harvested from plants applied with organic fertilizers than those 

harvested from control. Similarly, it was reported that organic fertilizers increased specific 

gravity, tuber starch content and dry matter contents of potato (Jarvan and Edesi, 2009). 

Selim et al. (2010, 2012) and Islam and Nahar (2012) working on potato crop also 

reported similar results. 

 

In the present investigation, leaf mineral content determined after 30 days of planting was 
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not affected by the application of different NPK treatments. However, after 75 days of 

planting as well as at harvest the leaf N, P, K and Mg content significantly increased by 

increasing the levels of NPK application. This increase in concentrations of N, P, K and 

Mg in leaves was noted till 75 days of planting, later it decreased and the lowest amounts 

of these mineral nutrients were observed at harvest. However, the minimum leaf Na 

content was recorded at early growth stages, while at harvest it was the maximum. Further, 

leaf Na content among different treatments showed non-significant difference throughout 

the study. Data recorded indicated that highest level of NPK application gave the highest 

values of leaf mineral contents (N, P and K) as compared to the medium and the lowest 

levels of NPK application throughout the growth of potato plant. The highest uptake of N 

was found by the application of NPK fertilizers along with humic acid due to steady and 

increased availability of N throughout the period of crop growth (Sunitha, 2003). Awad 

(2005) reported that the highest content of leaf N, P and K was caused by the highest level 

of NPK fertilization. Combined application of humic acid and NPK improved uptake of P 

and also enhanced growth, yield and quality of okra (Dhanasekaran et al., 2007). Abdalla 

(2002) also found that leaf N, P and K contents of faba bean were increased by increasing 

P level from 100 to 200 kg superphosphate per hectare. Increased level of essential 

minerals like N and P in soil, results in increased uptake of these ions and more dry matter 

production (Mahmoud, 2002). Further, nitrogen application improved the plant growth 

more than any other mineral nutrient. The results of the present study are also in 

agreement with those obtained by Moustafa et al. (2005) and Kamel et al. (2008), who 

found that increasing NPK levels significantly increased nutrients content in sugar beet, 

potato and wheat plants, respectively. Rohily et al. (2010) also found that application of 

NPK before planting increased leaf minerals uptake and resulted in a high potato yield. 

Sharma et al. (2000) observed that application of N fertilizer and manure significantly 



201 

 

influenced N uptake in rice plants. However, the maximum NPK uptake by rice plants was 

recorded under combined application of farm yard manure (FYM) and NPK (Brahmachari 

and Mondal, 2000). 

 

Application of K. humate could not alter leaf minerals content recorded after 30 days of 

planting. While, leaf N, P, K and Mg contents were improved significantly after 75 days of 

planting and also at harvest. This increase in mineral content may be due to enhancing 

effect of K-humate on the absorption and translocation of these minerals. It may also be 

due to its effect on increasing plant metabolism (Zaghloul et al., 2009). Further, it may 

also be due to the role of humic substances in regulation of nitrate uptake by the 

interaction with plasma membrane H
+
-ATPase (Pinton et al., 1999). The presence of 

nitrate and humic substances stimulated the nitrate uptake capacity and the plasma 

membrane H
+
-ATPase activity which increased the nitrate uptake. The stimulation of 

plasma membrane H
+
-ATPase activity was also reported by several other researchers and 

is considered as an important action of humic substances on plant nutrient uptake 

(Maggioni et al., 1987; Canellas et al., 2002). Similarly, stimulation of ion uptake along 

with membrane permeability was also affected by the application of humates (Zientara, 

1983). Celik et al. (2008) observed that the soil application of humic substances had 

significant effect on dry weight and uptake of N, Na, K,Mg, Fe,Cu, Zn and Mn by maize 

plant under calcareous soil conditions. A significant increase in leaf nitrogen content of 

lettuce has been recorded with the application of phosphorus (Cimrin and Yylmaz, 2005). 

However the increase in soil potassium content might be the reason for the increase in leaf 

K content as a result of increased K. humate doses (Sivakumar and Devarajan, 

2005).Wang et al.(1995) reported that the addition of humic acids to soil with P fertilizer 

significantly increased the amount of water soluble phosphate, as a result, P uptake and 
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yield was increased up to 25%. The application level of 120 kg ha
-1

humic substances 

produced the highest mineral nutrient contents in potato leaves as compared to 60 kg ha
-1

 

and the control treatment. Increasing availability of K by humic substances might be due 

to slow releasing nature of K. humate complex which enhanced uptake of K by the plants 

(Reddy et al., 2004). Increased uptake of macro and micronutrients has been reported 

earlier when humic substances were applied to the soil as simple solution (Cooper and 

Chunhua1998; Sharif et al., 2002) and also mixed with nutrient solution(Ayuso et al., 

1996; Pinton et al., 1999). Leaf mineral contents were increased by combined applications 

of mineral nutrients and humic substances. Further, soil application of humus generally 

enhanced N, K, Na, Ca, Mg and Zn uptake as compared to control (Katka et al., 2009).The 

enhanced uptake of P in plants with application of humic substances may be due to the 

increased availability of phosphate in the soil (Zalba and Peinemann, 2002). The major 

mechanism involved in increasing phosphorus uptake was interference of humic 

substances on formation of calcium phosphate precipitate (Dalgado et al., 2002). In 

general, application of humic substances increased root mass and root volume (Sharif et 

al., 2002; Canellas et al.,2002; Eyheraguibel, 2004), which is an important factor in 

nutrient uptake as well. Similarly, crop yield and nutrient uptake were positively affected 

by the application of humic substances (Ayuso et al., 1996; Fernandez-Escobar et al., 

1996; Pinton et al., 1999). Moreover, the role of humic substances is mainly related to the 

enrichment of nutrients uptake which was due to soil’s cation exchange capacity and 

formation of aqueous complexes with micronutrients (Aiken et al. 1985). Similar effects 

of K. humate on leaf mineral contents of Glycine max, Phaseolus mungo and Triticum 

aestivum were reported by Patil et al. (2011). 
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Analysis of soil after the crop harvest indicated that application of NPK and K. humate at 

varying levels had no significant effect on soil pH, electrical conductivity (EC) and 

organic matter content. The results of the present study are in close conformity with those 

reported by Filip and Bielek, (2002), Mikkelsen (2005), Campitelli et al. (2006), Melero et 

al. (2007), Pertusatti and Prado (2007), and Haroon et al. (2010). 
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5. SUMMARY 

 

Continuous land cultivation causes a decline in soil nutrient content and leads to an 

inevitable degradation of soil quality. Crops fail to flourish unless soil is replenished with 

these nutrients. N, P and K are essential elements for plant growth and development and 

are being added to soil as fertilizers, these fertilizers not only increase production cost but 

may also cause environmental problems. Macronutrients, especially N and P are taken up 

by plants at much slower rate than they are released from traditional chemical fertilizers, 

affecting a marked agronomic inefficiency and resulting in nitrate and phosphate pollution 

of ground water in areas of intensive agricultural activity. Hence, environmentally safe 

soil amendment like K. humate application is required that enhance the soil quality, crop 

growth and yield. In this context, present experiments were conducted to assess the impact 

of different levels of NPK and K. humate and their interaction on growth, physiological 

and yield attributes, quality parameters, leaf mineral content of potato plants and soil 

characteristics. 

 

Five independent trials were conducted to evaluate response of potato crop to different 

levels of NPK and K. humate and their combinations. A pot experiment was conducted 

during autumn season in a wire-net house at the Institute of Pure and Applied Biology, 

Bahauddin Zakariya University Multan, Pakistan. Two experiments were conducted one in 

autumn and other in spring season of the following year to asses the same parameters. For 

further confirmation same trials were repeated in next year. NPK and K. humate fertilizers 

were applied to the soil in three splits i.e. at the time of sowing, 30 days after planting, and 

then after 70 days of planting. All the seed tubers planted under the pot experiment were 

sprouted. Similarly, more than 95% sprouting occurred during field trials. 
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It is obvious from the results obtained from the pot experiment and also from all the four 

field experiments that growth parameters such as number of leaves per hill, leaf 

chlorophyll content, leaf area, final plant height and fresh and dry weights of above and 

below ground parts were increased by the application of increasing NPK levels. 

Application of K. humate also increased leaf chlorophyll content, leaf area per hill, final 

plant height and fresh and dry weights of above and below ground parts. 

 

Soil application of NPK and K. humate improved the physiological parameters, such as 

rate of photosynthesis, rate of transpiration, stomatal conductance and water use 

efficiency. The combined effect of these two factors also showed a positive effect on the 

parameters. This improvement in the physiological parameters was associated with 

increased leaf chlorophyll content, better uptake of water and nutrients and improvement 

in activity of stomatal guard cells. 

 

Similarly, yield indicators such as number of tubers, tubers yield per hill and per hectare, 

dry weight of tubers, biological yield and harvest index were significantly improved by the 

application of increasing NPK levels. Similarly, K. humate also showed a positive effect 

on all the yield parameters. Combined effect of NPK and K. humate significantly 

improved tubers as well as biological yields. It was due to improvement in plant growth 

and physiological parameters.  

 

Leaf minerals content (N, P, K, Mg and Ca) were positively affected by NPK application 

during vegetative growth and the maximum concentration of these nutrients was found 

after 75 days of planting. After that, leaf mineral content decreased, probably due to their 
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accumulation in tubers. K. humate also affected positively all the leaf mineral contents 

analysed during the study except Na. 

 

Economic analysis revealed that application of K. humate is helpful to decrease the dose 

of inorganic fertilizer as the intermediate level of NPK with full dose of K. humate 

resulted in the highest BCR in autumn crop. However, in spring crop K. humate along 

with full dose of NPK continued to boost up BCR. 

 

By summarizing all the results, it is obvious that crop growth and yield of potato cv. 

Cardinal was significantly increased due to the soil application of NPK and K. humate 

under agroclimatic conditions of Multan. Synergistic effect of NPK and K. humate was 

observed on growth, physiology and production of potato crop. Although potato crop is 

heavy feeder of nutrients, yet 75% of NPK recommended dose along with 16 kg per 

hectare K. humate resulted in the best production. Advantageous effect of both the 

fertilizers were possibly due to increase in nitrogen availability to the plants, their uptake 

by the roots, enhanced leaf chlorophyll content, greater stomatal conductance, improved 

photosynthesis, more production of photosynthates and their storage in tubers, higher 

number of potato tubers and dry matter content. Thus, it could be concluded that dose of 

NPK can be decreased by the application of K. humate for better growth and yield of 

potato crop as well as for rehabilitation of soil.    
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APPENDICES 

 
Appendix 1. Analysis of variance (ANOVA) of the data for number of aerial stems 

per hill of Solanum tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 2.875 0.95833 0.40 
ns 

0.7560 

K. humate levels 3 28.375 9.45833 3.91 
* 

0.0140 

NPK × K. humate levels 9 6.500 0.72222 0.30 
ns 

0.9720 

Error 48 116.000 2.41667   

Total 63 153.750    
*
= significant at p = 0.05, 

ns 
= non-significant       

 

Appendix 2.  Analysis of variance (ANOVA) of the data for number of leaves per hill 

of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 1712.12 570.708 3.66 
* 

0.0187 

K. humate levels 3 368.88 122.958 0.79 
ns 

0.5063 

NPK × K. humate levels 9 400.00 44.444 0.28 
ns 

0.9757 

Error 48 7486.00 155.958   

Total 63 9967.00    
*
= significant at p = 0.05, 

ns 
= non-significant 

 

Appendix 3. Analysis of variance (ANOVA) of the data for leaf chlorophyll content 

of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 70.098 23.366 7.15 
** 

0.0005 

K. humate levels 3 34.779 11.593 3.55 
* 

0.0212 

NPK × K. humate levels 9 5.083 0.565 0.17 
ns 

0.9960 

Error 48 156.917 3.269   

Total 63 266.877    
**

= significant at p = 0.01,
 *
= significant at p = 0.05, 

ns 
= non-significant 

 

Appendix 4. Analysis of variance (ANOVA) of the data for leaf area per hill of S. 

tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 88500000 29500000 25.62 
** 

0.0000 

K. humate levels 3 2210096 736699 0.64 
ns 

0.5932 

NPK × K. humate levels 9 7513632 834848 0.72 
ns 

0.6839 

Error 48 55300000 1151814   

Total 63 154000000    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

 

 

 



236 

 

Appendix 5. Analysis of variance (ANOVA) of the data for final plant height of S. 

tuberosum L. 

Source of variation DF SS MS F P 

NPK levels 3 2931.68 977.226 35.83 
** 

0.0000 

K. humate levels 3 410.28 136.759 5.01 
** 

0.0040 

NPK × K. humate levels 9 70.02 7.781 0.29 
ns 

0.9760 

Error 48 1309.20 27.275   

Total 63 4721.18    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 6. Analysis of variance (ANOVA) of the data for fresh weight of above 

ground parts per hill of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 94180 31393.4 14.72 
**

 0.0000 

K. humate levels 3 21474 7158.1 3.36 
*
 0.0264 

NPK × K. humate levels 9 23550 2616.7 1.23ns 0.3015 

Error 48 102393 2133.2 

  Total 63 241598 

   **
= significant at p = 0.01, 

*
=significant at p = 0.05, 

ns 
= non-significant 

 

 

Appendix 7. Analysis of variance (ANOVA) of the data for dry weight of above 

ground parts per hill of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 601.50 200.501 175.65
** 

0.0000 

K. humate levels 3 332.10 110.700 96.98
** 

0.0000 

NPK × K. humate levels 9 70.99 7.888 6.91
** 

0.0000 

Error 48 54.79 1.141   

Total 63 1059.39    
**

= significant at p = 0.01 

 

 

 

Appendix 8. Analysis of variance (ANOVA) of the data for fresh weight of below 

ground parts, except tubers, per hill of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 754.55 251.515 7.29 
** 

0.0004 

K. humate levels 3 144.91 48.304 1.40 
ns 

0.2542 

NPK × K. humate levels 9 175.34 19.482 0.56 
ns 

0.8188 

Error 48 1655.78 34.495   

Total 63 2730.58    
**

= significant at p = 0.01, 
ns 

= non-significant 
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Appendix 9. Analysis of variance (ANOVA) of the data for dry weight of below 

ground parts, except tubers, per hill of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 46.566 15.522 8.08 
** 

0.0002 

K. humate levels 3 11.712 3.904 2.03 
ns 

0.1218 

NPK × K. humate levels 9 15.269 1.696 0.88 
ns 

0.5466 

Error 48 92.184 1.920   

Total 63 165.731    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 10. Analysis of variance (ANOVA) of the data for rate of photosynthesis of 

S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 462.82 154.274 198.53 
**

 0.0000 

K. humate levels 3 49.44 16.480 21.21 
**

 0.0000 

NPK × K. humate levels 9 17.32 1.924 2.48 
*
 0.0207 

Error 48 37.30 0.777 

  Total 63 566.88 

   **
= significant at p = 0.01,

 *
= significant at p = 0.05,  

 

 

 

Appendix 11. Analysis of variance (ANOVA) of the data for rate of transpiration of 

S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 3.46460 1.15487 279.93 
**

 0.0000 

K. humate levels 3 0.56160 0.18720 45.38 
**

 0.0000 

NPK × K. humate levels 9 0.18038 0.02004 4.86 
**

 0.0001 

Error 48 0.19803 0.00413 

  Total 63 4.40461 

   **
= significant at p = 0.01, 

 

 

Appendix 12. Analysis of variance (ANOVA) of the data for stomatal conductance of 

S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.01641 0.00547 140.30 
**

 0.0000 

K. humate levels 3 0.00187 0.00062 16.00 
**

 0.0000 

NPK × K. humate levels 9 0.00081 0.00009 2.30 
*
 0.0310 

Error 48 0.00187 0.00004 

  Total 63 0.02095 

   **
= significant at p = 0.01,

 *
= significant at p = 0.05 
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Appendix 13. Analysis of variance (ANOVA) of the data for water use efficiency of 

S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 6.70850 2.23617 62.32 
**

 0.0000 

K. humate levels 3 0.50383 0.16794 4.68 
**

 0.0060 

NPK × K. humate levels 9 0.54676 0.06075 1.69 
 ns

 0.1168 

Error 48 1.72244 0.03588 

  Total 63 9.48154 

   **
= significant at p = 0.01,

 ns 
= non-significant 

 

 

Appendix 14. Analysis of variance (ANOVA) of the data for number of tubers per 

hill of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 78.297 26.0990 2.95 
*
 0.0418 

K. humate levels 3 6.172 2.0573 0.23
 ns

 0.8731 

NPK × K. humate levels 9 5.891 0.6545 0.07
 ns

 0.9999 

Error 48 424.250 8.8385 

  Total 63 514.609 

   *
= significant at p = 0.05, 

ns 
= non-significant 

 

 

Appendix 15. Analysis of variance (ANOVA) of the data for tuber yield (fresh 

weight) per hill of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 183553 61184.5 28.65 
**

 0.0000 

K. humate levels 3 66274 22091.3 10.34 
**

 0.0000 

NPK × K. humate levels 9 41621 4624.6 2.17 
*
 0.0415 

Error 48 102508 2135.6 

  Total 63 393957 

   **
= significant at p = 0.01, 

*
= significant at p = 0.05 

 

 

Appendix 16. Analysis of variance (ANOVA) of the data fordry weight of tubers per 

hill of S. tuberosum L. 

Source of variation DF SS MS F P 

NPK levels 3 13686.1 4562.02 8.40 
** 

0.0001 

K. humate levels 3 2755.2 918.42 1.69 
ns 

0.1815 

NPK × K. humate levels 9 5313.3 590.37 1.09 
ns 

0.3899 

Error 48 26076.8 543.27   

Total 63 47831.5    
**

= significant at p = 0.01, 
ns 

= non-significant 
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Appendix 17. Analysis of variance (ANOVA) of the data for biological yield per hill 

of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 576783 192261 28.88 
**

 0.0000 

K. humate levels 3 168482 56161 8.44 
**

 0.0001 

NPK × K. humate levels 9 126189 14021 2.11 
*
 0.0474 

Error 48 319556 6657 

  Total 63 1191010 

   **
= significant at p = 0.01,

 *
= significant at p = 0.05 

 

 

Appendix 18. Analysis of variance (ANOVA) of the data for harvest index of S. 

tuberosum L. 

Source of variation DF SS MS F P 

NPK levels 3 0.00979 0.00326 4.26 
**

 0.0095 

K. humate levels 3 0.00817 0.00272 3.56 
*
 0.0209 

NPK × K. humate levels 9 0.00660 0.00073 0.96
 ns

 0.4861 

Error 48 0.03675 0.00077 

  Total 63 0.06131 

   **
= significant at p = 0.01,

 *
= significant at p = 0.05, 

ns 
= non-significant 

 

 

Appendix 19. Analysis of variance (ANOVA) of the data for starch content of S. 

tuberosum L. tubers 

Source of variation DF SS MS F P 

NPK levels 3 0.11834 0.03945 38.29 
**

 0.0000 

K. humate levels 3 0.00101 0.00034 0.33
 ns

 0.8054 

NPK × K. humate levels 9 0.00498 0.00055 0.54
 ns

 0.8405 

Error 47 0.04945 0.00103 

  Total 62 0.17378 

   **
= significant at p = 0.01, 

ns 
= non-significant 

 

 

Appendix 20a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.01344 0.00448 2.68
 ns

 0.0573 

K. humate levels 3 0.00014 0.00005 0.03
 ns

 0.9938 

NPK × K. humate levels 9 0.00263 0.00029 0.17
 ns

 0.9958 

Error 48 0.08020 0.00167 

  Total 63 0.09640 

   ns
= non-significant 
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Appendix 3.20b. Leaf nitrogen (N) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.850 2.840 2.840 2.832 2.841  

50 2.850 2.845 2.840 2.850 2.846 

75 2.867 2.865 2.870 2.867 2.867  

100 2.860 2.875 2.877 2.890 2.876  

Mean 2.857 2.856 2.857 2.860 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 21. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 5.25635 1.75212 50.70 
** 

0.000 

K. humate levels 3 0.71763 0.23921 6.92 
** 

0.000 

NPK × K. humate levels 9 0.17429 0.01937 0.56
 ns

 0.822 

Error 48 1.65888 0.03456   

Total 63 7.80715    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 22. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 4.46270 1.48757 556.86 
** 

0.000 

K. humate levels 3 0.58717 0.19572 73.27 
**

 0.000 

NPK × K. humate levels 9 0.08344 0.00927 3.47 
**

 0.002 

Error 48 0.12823 0.00267   

Total 63 5.26154    
**

= significant at p = 0.01 

 

Appendix 23. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.00066 0.00022 3.60 
*
 0.0200 

K. humate levels 3 0.00033 0.00011 1.79
 ns

 0.1619 

NPK × K. humate levels 9 0.00008 0.00001 0.14
 ns

 0.9982 

Error 48 0.00294 0.00006 

  Total 63 0.00400 

   *
= significant at p = 0.05, 

ns 
= non-significant 
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Appendix 24. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content ofS. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.15206 0.05069 267.46 
** 

0.0000 

K. humate levels 3 0.02036 0.00679 35.82 
** 

0.0000 

NPK × K. humate levels 9 0.00127 0.00014 0.74
 ns

 0.6670 

Error 48 0.00910 0.00019   

Total 63 0.18279    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 25. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 0.05347 0.01782 137.63 
** 

0.0000 

K. humate levels 3 0.00831 0.00277 21.39 
** 

0.0000 

NPK × K. humate levels 9 0.00164 0.00018 1.40
 ns

 0.2130 

Error 48 0.00622 0.00013   

Total 63 0.06963    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

Appendix 26a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.01626 0.00542 2.71
 ns

 0.0556 

K. humate levels 3 0.00290 0.00097 0.48
 ns

 0.6958 

NPK × K. humate levels 9 0.00211 0.00023 0.12
 ns

 0.9991 

Error 48 0.09613 0.00200 

  Total 63 0.11740 

   ns
= non-significant 

 

 

Appendix 26b. Leaf potassium (K) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.283 3.277 3.283 3.285 3.282  

50 3.280 3.284 3.294 3.315 3.293 

75 3.315 3.311 3.324 3.323 3.319  

100 3.321 3.303 3.329 3.322 3.319  

Mean 3.300 3.294 3.308 3.311 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 27. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 10.8987 3.63290 1030.13 
**

 0.0000 

K. humate levels 3 1.8300 0.61002 172.97 
**

 0.0000 

NPK × K. humate levels 9 0.6231 0.06923 19.63 
**

 0.0000 

Error 48 0.1693 0.00353   

Total 63 13.5211    
**

= significant at p = 0.01 

 

 

Appendix 28. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 1.33971 0.44657 311.58 
**

 0.000 

K. humate levels 3 0.27286 0.09095 63.46 
**

 0.000 

NPK × K. humate levels 9 0.02100 0.00233 1.63 
ns 

0.134 

Error 48 0.06880 0.00143   

Total 63 1.70237    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 29a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.00214 0.000713 1.49
 ns

 0.2291 

K. humate levels 3 0.00079 0.000263 0.55
 ns

 0.6512 

NPK × K. humate levels 9 0.00382 0.000425 0.89
 ns

 0.5420 

Error 48 0.02295 0.000478   

Total 63 0.02970    
ns

= non-significant 

 

 

Appendix 29b. Leaf magnesium (Mg) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.950 0.965 0.962 0.940 0.956 

50 0.940 0.935 0.950 0.952 0.944 

75 0.945 0.965 0.970 0.957 0.960 

100 0.957 0.955 0.947 0.965 0.956 

Mean 0.948 0.955 0.957 0.953 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 30. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.0060 0.0020 2.85 
*
 0.0470 

K. humate levels 3 0.0037 0.0012 1.76
 ns

 0.1675 

NPK × K. humate levels 9 0.0028 0.0003 0.45
 ns

 0.9014 

Error 48 0.0337 0.0007 

  Total 63 0.0462 

   *
= significant at p = 0.01, 

ns 
= non-significant 

 

 

Appendix 31. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 0.22023 0.07341 31.05 
**

 0.0000 

K. humate levels 3 0.00050 0.00017 0.07
 ns

 0.9751 

NPK × K. humate levels 9 0.02533 0.00281 1.19
 ns

 0.3228 

Error 48 0.11347 0.00236 

  Total 63 0.35954 

   **
= significant at p = 0.01, 

ns 
= non-significant 

 

 

Appendix 32a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.00927 0.00309 2.05
 ns

 0.1193 

K. humate levels 3 0.00008 0.00003 0.02
 ns

 0.9968 

NPK × K. humate levels 9 0.00926 0.00103 0.68
 ns

 0.7202 

Error 48 0.07232 0.00151 

  Total 63 0.09094 

   ns
= non-significant 

 

Appendix 32b. Leaf calcium (Ca) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

 (% of recommended dose)               

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.815 0.830 0.805 0.795 0.811  

50 0.832 0.812 0.812 0.832 0.822  

75 0.827 0.810 0.842 0.840 0.830  

100 0.830 0.860 0.852 0.835 0.844 

Mean 0.826 0.828 0.828 0.828 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 



244 

 

Appendix 33. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.01008 0.00336 3.80 
* 

0.0160 

K. humate levels 3 0.00093 0.00031 0.35
 ns

 0.7889 

NPK × K. humate levels 9 0.00413 0.00046 0.52
 ns

 0.8539 

Error 48 0.04250 0.00089   

Total 63 0.05764    
*
= significant at p = 0.05, 

ns 
= non-significant 

 

 

Appendix 34. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 0.01337 0.00446 5.05 
**

 0.0040 

K. humate levels 3 0.00208 0.00069 0.79
 ns

 0.5080 

NPK × K. humate levels  9 0.00480 0.00053 0.60
 ns

 0.7870 

Error 48 0.04238 0.00088   

Total 63 0.06262    
**

= significant at p = 0.01, 
ns 

= non-significant 

 

 

Appendix 35a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. after 30 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.0000103 0.00000343 1.22
 ns

 0.3117 

K. humate levels 3 0.0000027 0.00000089 0.32
 ns

 0.8128 

NPK × K. humate levels 9 0.0000159 0.00000177 0.63
 ns

 0.7666 

Error 48 0.0001350 0.00000281   

Total 63 0.0001640    
ns

 = non-significant 

 

 

Appendix 35b. Leaf sodium (Na) content (%) of S. tuberosum L. after 30 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.036 0.036 0.036 0.036 0.036 

50 0.035 0.036 0.036 0.353 0.036 

75 0.036 0.350 0.034 0.034 0.035 

100 0.035 0.035 0.034 0.036 0.035 

Mean 0.036 0.035 0.035 0.035 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 36a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. after 75 days of planting 

Source of variation DF SS MS F P 

NPK levels 3 0.0000508 0.0000169 1.40 
ns 

0.2544 

K. humate levels 3 0.0000152 0.0000506 0.42
 ns

 0.7409 

NPK × K. humate levels 9 0.0001850 0.0000205 1.70
 ns

 0.1161 

Error 48 0.0005810 0.0000121   

Total 63 0.0008310    
ns

= non-significant 

 

Appendix 36b. Leaf sodium (Na) content (%) of S. tuberosum L. after 75 days of 

planting as affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.076 0.081 0.082 0.084 0.081 

50 0.081 0.080 0.079 0.082 0.080 

75 0.079 0.079 0.079 0.080 0.079 

100 0.081 0.079 0.078 0.077 0.079 

Mean 0.079 0.080 0.080 0.081 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

Appendix 37a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. at harvest 

Source of variation DF SS MS F P 

NPK levels 3 0.00029 0.0000974 0.62 
ns 

0.6082 

K. humate levels 3 0.00017 0.0000562 0.35
 ns

 0.7857 

NPK × K. humate levels 9 0.00087 0.0000969 0.61
 ns

 0.7804 

Error 48 0.00760 0.0001580   

Total 63 0.00893    
ns

= non-significant 

 

Appendix 37b. Leaf sodium (Na) content (%) of S. tuberosum L. at harvest as 

affected by various levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.424 0.433 0.427 0.431 0.428 

50 0.422 0.430 0.422 0.429 0.426 

75 0.436 0.429 0.432 0.427 0.431 

100 0.439 0.433 0.427 0.426 0.431 

Mean 0.430 0.431 0.427 0.428 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 38a. Analysis of variance (ANOVA) of the data for post-harvest soil pH  

Source of variation DF SS MS F P 

NPK levels 3 0.03125 0.01042 2.44
 ns

 0.0758 

K. humate levels 3 0.02375 0.00792 1.85
 ns

 0.1501 

NPK × K. humate levels 9 0.03750 0.00417 0.98
 ns

 0.4718 

Error 48 0.20500 0.00427 

  Total 63 0.29750 

   ns
= non-significant 

 

Appendix 38b. Soil pH after crop harvest as affected by various levels of NPK and 

K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 8.00 7.95 7.92 7.97 7.96 

50 7.97 7.97 8.02 8.00 7.99 

75 7.97 7.92 8.02 8.05 7.99 

100 8.02 8.02 8.05 8.02 8.02 

Mean 7.99 7.96 8.00 8.01 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 39a. Analysis of variance (ANOVA) of the data for post-harvest soil E.C. 

Source of variation DF SS MS F P 

NPK levels 3 0.00032 0.00011 0.12
 ns

 0.9450 

K. humate levels 3 0.00058 0.00019 0.23
 ns

 0.8767 

NPK × K. humate levels 9 0.00404 0.00045 0.53
 ns

 0.8470 

Error 48 0.04085 0.00085 

  Total 63 0.04579 

   ns
= non-significant 

 

 

Appendix 39b. Soil E.C. (dSm
-1

) after crop harvest as affected by various levels of 

NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.007 2.007 2.017 2.015 2.012 

50 2.005 2.015 2.007 2.015 2.013 

75 2.030 1.997 2.007 1.997 2.008 

100 2.005 2.002 2.007 2.017 2.008 

Mean 2.012 2.006 2.010 2.014 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 40a. Analysis of variance (ANOVA) of the data for post-harvest soil 

organic matter  

Source of variation DF SS MS F P 

NPK levels 3 0.00051 0.000017 2.38
 ns

 0.0810 

K. humate levels 3 0.00017 0.000056 0.79
 ns 

 0.5032 

NPK × K. humate levels 9 0.00017 0.000019 0.26
 ns

 0.9811 

Error 48 0.00340 0.000071 

  Total 63 0.00424 

   **
= significant at p = 0.01,

 *
= significant at p = 0.0, 

ns 
= non-significant 

 

 

Appendix 40b. Soil organic matter (%) after crop harvest as affected by various 

levels of NPK and K. humate 

NPK level 

(% of recommended dose)                

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.837 0.837 0.840 0.842 0.839 

50 0.837 0.840 0.847 0.845 0.842 

75 0.845 0.845 0.845 0.845 0.845 

100 0.845 0.847 0.847 0.847 0.847 

Mean 0.841 0.842 0.845 0.845 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 41a. Analysis of variance (ANOVA) of the data for sprouting percentage 

of S. tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.3333 0.16667   

Years 1 0.3750 0.37500 0.55 ns
 0.4614 

NPK levels 3 1.5833 0.52778 0.77 ns
 0.5135 

K. humate levels 3 1.2500 0.41667 0.61 ns
 0.6109 

Years × NPK levels  3 0.8750 0.29167 0.43 ns
 0.7342 

Years × K. humate levels 3 0.7083 0.23611 0.35 ns
 0.7923 

 NPK × K. humate levels 9 4.8333 0.53704 0.79 ns
 0.6296 

Years × NPK × K. humate levels 9 3.0417 0.33796 0.49 ns
 0.8724 

Error 62 42.3333 0.68280   

Total 95 55.3333    

 
ns

 = non-significant 

 

Appendix 41b. Sprouting percentage of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 99.42 99.50 99.33 99.33 99.40 

2011 99.00 99.58 99.33 99.17 99.27 

Mean 99.21 99.54 99.33 99.25 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 41c. Sprouting percentage of S. tuberosum L. autumn crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

 

2010 99.25 99.67 99.33 99.33 99.40 

2011 99.25 99.33 99.42 99.08 99.27 

Mean 99.25 99.50 99.37 99.21 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 41d. Sprouting percentage of S. tuberosum L. autumn crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 98.83 99.50 99.33 99.17 99.21 

50 99.50 99.33 99.67 99.67 99.54 

75 99.33 99.67 99.00 99.33 99.33 

100 99.33 99.50 99.50 98.67 99.25 

Mean 99.25 99.50 99.37 99.21 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 41e. Sprouting percentage of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK and K. humate 

Year NPK level                                                                                        

(% of recommended dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 99.33 99.67 99.33 99.33 99.42 

2010 50 99.33 99.33 99.67 99.67 99.50 

2010 75 99.33 100.00 98.67 99.33 99.33 

2010 100 99.00 99.67 99.67 99.00 99.33 

2011 0 98.33 99.33 99.33 99.00 99.00 

2011 50 99.67 99.33 99.67 99.67 99.58 

2011 75 99.33 9933 99.33 99.33 99.33 

2011 100 99.67 99.33 99.33 98.33 99.17 

Mean - 99.25 99.50 99.37 99.21 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 42. Analysis of variance (ANOVA) of the data for number of aerial stems 

per hill of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.29813 0.14906   

Years 1 0.00046 0.00046 0.03
 ns

 0.8708 

NPK levels 3 0.10740 0.03580 2.08 ns
 0.1122 

K. humate levels 3 1.80145 0.60048 34.85 
**

 0.0000 

Years × NPK levels  3 0.02755 0.00918 0.53 ns
 0.6613 

Years × K. humate levels 3 0.00292 0.00097 0.06 ns
 0.9822 

 NPK × K. humate levels 9 0.26287 0.02921 1.70 ns
 0.1093 

Years × NPK × K. humate levels 9 0.07318 0.00813 0.47 ns
 0.8879 

Error 62 1.06821 0.01723   

Total 95 3.64217    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

 

Appendix 42b. Number of aerial stems per hill of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.516 3.496 3.451 3.413 3.469 

2011 3.522 3.445 3.49 3.435 3.473 

Mean 3.519 3.470 3.470 3.425 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 

Appendix 42c. Number of aerial stems per hill of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.243 3.448 3.603 3.782 3.519 

50 3.363 3.405 3.443 3.670 3.470 

75 3.365 3.412 3.508 3.597 3.470 

100 3.268 3.373 3.370 3.687 3.425 

Mean 3.310 c 3.410 b 3.481 b 3.684 a - 

Means with different letter (s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 42d. Number of aerial stems per hill of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended) 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.277 3.450 3.593 3.743 3.516 

2010 50 3.367 3.407 3.433 3.777 3.496 

2010 75 3.350 3.397 3.507 3.550 3.451 

2010 100 3.260 3.363 3.353 3.677 3.413 

2011 0 3.210 3.447 3.613 3.820 3.522 

2011 50 3.360 3.403 3.453 3.563 3.445 

2011 75 3.380 3.427 3.510 3.643 3.490 

2011 100 3.277 3.383 3.387 3.697 3.435 

Mean - 3.310 c 3.410 b 3.481 b 3.684 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 43a. Analysis of variance (ANOVA) of the data for number of leaves per 

hill of S. tuberosum L. autumn crop after 75 days of planting under varying levels of 

NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 9.69 4.843   

Years 1 0.32 0.324 0.07 ns
 0.7989 

NPK levels 3 1390.88 463.628 93.60 
**

 0.0000 

K. humate levels 3 137.95 45.983 9.28 
**

 0.0000 

Years × NPK levels  3 13.63 4.543 0.92 ns
 0.4379 

Years × K. humate levels 3 1.61 0.537 0.11 ns
 0.9549 

 NPK × K. humate levels 9 54.91 6.101 1.23 ns
 0.2927 

Years × NPK × K. humate levels 9 43.14 4.793 0.97 ns
 0.4752 

Error 62 307.11 4.953   

Total 95 1959.24    
**

 = significant at p = 0.01,
ns

 = non-significant 

 

 

 

Appendix 43b. Number of leaves per hill of S. tuberosum L. autumn crop after 75 

days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 26.36 26.08 26.46 30.32 27.30 d 

50 28.87 30.22 31.18 35.05 30.69 c 

75 32.36 32.88 35.05 35.92 34.05 b 

100 35.88 38.65 37.61 37.98 37.53 a 

Mean 30.87 c 31.96 bc 32.58 b 34.18 a - 

Means with different letter (s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 43c. Number of leaves per hill of S. tuberosum L. autumn crop after 75 

days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK levels 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 25.55 25.66 25.79 31.43 27.11 

2010 50 30.20 30.70 31.27 32.18 31.09 

2010 75 32.15 34.03 34.83 35.86 34.22 

2010 100 35.53 36.77 37.67 38.20 36.93 

2011 0 27.67 26.50 27.13 29.20 27.50 

2011 50 27.53 29.73 31.10 32.83 30.30 

2011 75 32.57 31.73 35.27 35.97 33.88 

2011 100 36.23 40.53 37.57 38.20 38.13 

Mean - 30.87 c 31.96 bc 32.58 b 34.18 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 44a. Analysis of variance (ANOVA) of the data for leaf chlorophyll 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 10.930 5.465   

Years 1 4.686 4.686 2.19 ns
 0.1441 

NPK levels 3 503.996 167.999 78.45 
**

 0.0000 

K. humate levels 3 19.402 6.467 3.02 
*
 0.0364 

Years × NPK levels  3 4.388 1.463 0.68 ns
 0.5659 

Years × K. humate levels 3 0.307 0.102 0.05 ns
 0.9860 

 NPK × K. humate levels 9 32.150 3.572 1.67 ns
 0.1161 

Years × NPK × K. humate levels 9 6.867 0.763 0.36 ns
 0.9512 

Error 62 132.780 2.142   

Total 95 715.506    
**

 = significant at p = 0.01,
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 44b. Leaf chlorophyll content (SPAD value) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 37.62 37.54 38.05 40.02 38.31 c 

50 40.45 41.68 42.76 42.65 41.89 b 

75 43.85 43.47 42.78 43.74 43.46 a 

100 44.38 44.44 43.75 44.57 44.28 a 

Mean 41.58 b 41.78 b 41.83 b 42.75 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 44c. Leaf chlorophyll content (SPAD value) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 37.97 38.23 37.80 39.87 38.47 

2010 50 40.70 41.70 42.43 42.43 41.82 

2010 75 44.00 43.63 43.10 44.20 43.73 

2010 100 44.57 44.80 44.73 45.13 44.81 

2011 0 37.27 36.85 38.30 40.17 38.15 

2011 50 40.20 41.67 43.08 42.88 41.96 

2011 75 43.71 43.30 42.46 43.29 43.20 

2011 100 44.20 44.07 42.77 44.00 43.76 

Mean - 41.58 b 41.78 b 41.83 b 42.75 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 45a. Analysis of variance (ANOVA) of the data for leaf area per hill of S. 

tuberosum L. autumn crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 1351677 675839   

Years 1 132443 132443 1.84 ns
 0.1799 

NPK levels 3 31400000 10466667 145.43 
**

 0.0000 

K. humate levels 3 604770 201590 2.80 
*
 0.0472 

Years × NPK levels  3 41900 14000 0.19 ns
 0.9002 

Years × K. humate levels 3 31017.6 10339 0.14
 ns

 0.9334 

 NPK × K. humate levels 9 1013749 112639 1.56 ns
 0.1460 

Years × NPK × K. humate levels 9 90078.5 10008 0.14 ns
 0.9983 

Error 62 4463221 71987   

Total 95 39100000    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 45b. Leaf area (cm
2
) per hill of S. tuberosum L. autumn crop after 75 days 

of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

ddddose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2383.2 2376.2 2410.0 2549.1 2429.6 d 

50 2665.3 2729.8 2985.2 3086.4 2866.7 c 

75 3356.4 3422.5 3549.2 3636.9 3491.2 b 

100 3829.4 4079.1 4040.8 3738.7 3922.0 a 

Mean 3058.6 b 3151.9 ab 3246.3 a 3252.8 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 45c. Leaf area (cm
2
) per hill of S. tuberosum L. autumn crop after 75 days 

of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 2407.1 2353.0 2399.4 2527.1 2421.6 

2010 50 2606.2 2790.1 2903.6 2983.9 2820.9 

2010 75 3253.1 3371.0 3494.3 3587.0 3426.4 

2010 100 3781.2 4069.0 4003.6 3714.4 3892.0 

2011 0 2359.4 2399.4 2420.7 2571.1 2437.6 

2011 50 2724.4 2669.4 3066.7 3189.0 2912.4 

2011 75 3459.7 3474.0 3604.1 3686.8 3556.1 

2011 100 3877.6 4089.2 4078.1 3763.0 3952.0 

Mean - 3058.6 b 3151.9 ab 3246.3 a 3252.8 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 46a. Analysis of variance (ANOVA) of the data for final plant height of S. 

tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 433.23 216.62   

Years 1 79.39 79.39 2.63 ns
 0.1099 

NPK levels 3 3230.22 1076.74 35.68 
**

 0.0000 

K. humate levels 3 294.67 98.22 3.25 
*
 0.0275 

Years × NPK levels  3 41.78 13.93 0.46 ns
 0.7102 

Years × K. humate levels 3 45.82 15.27 0.51 ns
 0.6795 

 NPK × K. humate levels 9 109.59 12.18 0.40 ns
 0.9286 

Years × NPK × K. humate levels 9 116.93 12.99 0.43 ns
 0.9136 

Error 62 1870.99 30.18   

Total 95 6222.62    
**

 = significant at p = 0.01,
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 46b. Final plant height (cm) of S. tuberosum L. autumn crop as affected by 

varying levels of NPK and K. humate 
NPK level 

(% of recommended dose) 
K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 48.28 51.62 52.55 54.15 51.65 d 

50 57.15 58.53 59.10 60.78 58.89 c 

75 61.08 64.80 60.42 66.40 63.17 b 

100 63.77 68.83 68.50 68.25 67.34 a 

Mean 57.57 b 60.14 ab 60.95 a 62.40 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 46c. Final plant height (cm) of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 46.33 49.67 50.67 56.37 49.65 

2010 50 55.53 56.53 57.27 59.97 58.65 

2010 75 60.07 64.60 60.93 64.67 62.57 

2010 100 64.67 68.53 68.67 64.33 66.55 

2011 0 50.23 53.57 54.43 56.37 53.65 

2011 50 58.77 60.53 57.27 59.97 59.13 

2011 75 62.10 65.00 59.90 68.13 63.78 

2011 100 62.87 69.13 68.33 72.17 68.12 

Mean - 57.57 b 60.14 ab 60.95 a 62.40 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 47a. Analysis of variance (ANOVA) of the data for fresh weight of above 

ground parts per hill of S. tuberosum L. autumn crop after 75 days of planting under 

varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 1911 955.7   

Years 1 554 553.9 1.24 ns
 0.2700 

NPK levels 3 191387 63795.8 142.69 
**

 0.0000 

K. humate levels 3 33397 11132.4 24.90 ** 0.0000 

Years × NPK levels  3 3254 1084.7 2.43 ns
 0.0740 

Years × K. humate levels 3 650 216.7 0.48 ns
 0.6942 

 NPK × K. humate levels 9 10336 1148.5 2.57 
**

 0.0140 

Years × NPK × K. humate levels 9 2230 247.8 0.55 ns
 0.8288 

Error 62 27720 447.1   

Total 95 271441    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

Appendix 47b. Fresh weight (g) of above ground parts per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of 

NPK and K. humate 

Year NPK level 

(% of 

recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 460.80 472.33 522.17 516.63 492.98 

2010 50 533.30 539.47 551.57 584.83 552.29 

2010 75 520.27 542.83 580.87 609.13 563..28 

2010 100 609.93 610.30 616.90 624.93 615.52 

2011 0 474.63 486.90 514.83 501.73 494.53 

2011 50 511.30 540.33 535.57 584.83 543.84 

2011 75 565.47 567.13 594.20 620.47 586.82 

2011 100 608.03 614.97 624.80 624.60 618.10 

Mean - 535.47 c 546.78 c 567.81 b 583.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 48a. Analysis of variance (ANOVA) of the data for dry weight of above 

ground parts per hill of S. tuberosum L. autumn crop after 75 days of planting under 

varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 26.9 13.43   

Years 1 57.6 57.59 0.72
 ns

 0.3986 

NPK levels 3 14159.1 4719.69 59.22 
**

 0.0000 

K. humate levels 3 1710.7 570.23 7.15 
**

 0.0003 

Years × NPK levels  3 7.8 2.61 0.03
 ns

 0.9920 

Years × K. humate levels 3 14.8 4.92 0.06
 ns

 0.9797 

 NPK × K. humate levels 9 1004.5 111.61 1.40
 ns

 0.2076 

Years × NPK × K. humate levels 9 44.4 4.93 0.06
 ns

 0.9999 

Error 62 4941.2 79.7   

Total 95 21967.0    
**

 = significant at p = 0.01,
ns

 = non-significant 

 

 

Appendix 48b. Dry weight (g) of above ground parts per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by varying levels of NPK and K. 

humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 33.646 46.719 51.313 59.494 47.793 c 

50 63.719 65.764 67.586 70.043 66.778 b 

75 70.995 70.470 79.039 78.943 74.862 a 

100 77.507 78.528 80.527 81.951 79.628 a 

Mean 61.467 c 65.370 bc 69.616 ab 72.607 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 48c. Dry weight (g) of above ground parts per hill of S. tuberosum L. 

autumn crop after 75 days of planting as affected by years and varying levels of 

NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 31.629 46.538 49.796 59.144 46.777 

2010 50 65.073 65.414 65.571 69.359 65.678 

2010 75 71.477 69.660 77.838 78.424 74.350 

2010 100 77.157 76.486 80.177 82.814 79.159 

2011 0 35.663 46.900 52.839 59.844 48.809 

2011 50 65.063 66.114 69.600 70.726 67.879 

2011 75 70.512 71.280 80.241 79.461 75.373 

2011 100 77.857 80.571 80.877 81.087 80.098 

Mean - 61.467 c 65.370 bc 69.616 ab 72.607 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 49a. Analysis of variance (ANOVA) of the data for fresh weight of below 

ground parts, except tubers, per hill of S. tuberosum L. autumn crop after 75 days of 

planting under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 55.788 27.8939   

Years 1 10.935 10.9350 3.03 ns
 0.0869 

NPK levels 3 55.585 18.5282 5.13 
**

 0.0031 

K. humate levels 3 5.334 1.7779 0.49 ns
 0.6891 

Years × NPK levels  3 3.098 1.0328 0.29 ns
 0.8355 

Years × K. humate levels 3 3.053 1.0175 0.28 ns
 0.8385 

 NPK × K. humate levels 9 55.135 6.1261 1.70 ns
 0.1093 

Years × NPK × K. humate levels 9 12.997 1.4442 0.40 ns
 0.9306 

Error 62 224.046 3.6136   

Total 95 425.97    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 49b. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. autumn crop after 75 days of planting as affected by years and varying 

levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 45.56 45.80 46.28 46.55 46.05 

2011 45.17 45.45 45.57 45.31 45.37 

Mean 45.36 45.62 45.92 45.93 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 49c. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. autumn crop after 75 days of planting as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 42.07 45.42 45.90 45.08 44.87 b 

50 45.15 45.20 44.63 46.15 45.28 b 

75 45.63 44.60 47.00 45.93 45.92 b 

100 47.60 47.28 46.17 46.55 46.90 a 

Mean 45.36 45.62 45.92 45.93 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 49d. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. autumn crop after 75 days of planting as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 43.10 45.93 45.87 45.50 45.10 

2010 50 46.10 45.43 44.63 46.83 45.75 

2010 75 45.60 44.53 47.03 46.40 45.89 

2010 100 47.43 47.30 47.60 47.47 47.45 

2011 0 43.03 44.90 45.93 44.67 44.63 

2011 50 44.20 44.97 44.63 45.47 44.8 

2011 75 45.67 44.67 46.97 45.47 45.69 

2011 100 47.77 47.27 44.73 45.63     46.35 

Mean - 45.36 45.62 45.92 45.93 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 50a. Analysis of variance (ANOVA) of the data for dry weight of below 

ground parts, except tubers, per hill of S. tuberosum L. autumn crop after 75 days of 

planting under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 11.514 5.7572   

Years 1 0.143 0.1431 0.12 ns
 0.7336 

NPK levels 3 43.283 14.4276 11.79 
**

 0.0000 

K. humate levels 3 25.490 8.4968 6.94 
**

 0.0004 

Years × NPK levels  3 1.484 0.4945 0.40 ns
 0.7506 

Years × K. humate levels 3 1.490 0.4967 0.41 ns
 0.7494 

 NPK × K. humate levels 9 21.727 2.4141 1.97 ns
 0.0579 

Years × NPK × K. humate levels 9 10.018 1.1131 0.91 ns
 0.5230 

Error 62 75.892 1.2241   

Total 95 191.041    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 50b. Dry weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. autumn crop after 75 days of planting as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 13.397 13.857 13.448 13.623 13.602 c 

50 13.321 14.454 16.303 15.312 14.848 ab 

75 13.739 13.875 14.758 15.663 14.509 b 

100 15.116 15.107 15.935 15.680 15.469 a 

Mean 13.893 b 14.334 b 15.170 a 15.121 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 50c. Dry weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. autumn crop after 75 days of planting as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 13.325 13.903 13.771 14.095 13.774 

2010 50 13.069 14.403 16.277 15.345 14.773 

2010 75 13.439 14.189 14.625 15.384 14.409 

2010 100 15.544 15.305 15.840 14.541 15.308 

2011 0 13.469 13.898 13.206 13.152 13.431 

2011 50 13.573 14.505 16.330 15.278 14.773 

2011 75 14.039 13.561 14.891 15.942 14.609 

2011 100 14.688 14.908 16.029 16.820 15.611 

Mean - 13.893 b 14.334 b 15.170 a 15.121 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 51a. Analysis of variance (ANOVA) of the data for rate of photosynthesis 

of S. tuberosum L. autumn crop after 75 days of planting under varying levels of 

NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 5.289 2.645   

Years 1 0.135 0.135 0.11 ns
 0.7416 

NPK levels 3 592.712 197.571 160.6 
**

 0.0000 

K. humate levels 3 48.545 16.182 13.15 
**

 0.0000 

Years × NPK levels  3 2.073 0.691 0.56 ns
 0.6424 

Years × K. humate levels 3 0.411 0.137 0.11 ns
 0.9532 

 NPK × K. humate levels 9 12.965 1.441 1.17 ns
 0.3292 

Years × NPK × K. humate levels 9 6.935 0.771 0.63 ns
 0.7701 

Error 62 76.271 1.230   

Total 95 745.336    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 51b. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 21.73 22.13 22.35 22.47 22.17 d 

50 23.18 23.00 24.73 25.58 24.00 c 

75 25.33 26.60 27.38 27.95 26.82 b 

100 27.82 28.45 28.95 29.43 28.58 a 

Mean 24.52 b 25.05 b 25.85 a 26.36 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 51c. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 22.07 22.47 22.77 22.43 22.43 

2010 50 23.17 22.63 24.60 25.63 24.01 

2010 75 24.93 26.40 27.47 28.20 26.75 

2010 100 27.83  29.23 28.80 29.07 28.73 

2011 0 21.40 21.80 21.93 22.50 21.91 

2011 50 23.20 23.37 24.87 25.53 24.24 

2011 75 25.73 26.80 27.30 27.70 26.88 

2011 100 27.80 27.67 29.10 29.80 28.59 

Mean - 24.52 b 25.05 b 25.85 a 26.36 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 52a. Analysis of variance (ANOVA) of the data for rate of transpiration of 

S. tuberosum L. autumn crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.04003 0.02001   

Years 1 0.00033 0.00033 0.04 ns
 0.8360 

NPK levels 3 4.19015 1.39672 184.89 
**

 0.0000 

K. humate levels 3 0.54414 0.18138 24.01 
**

 0.0000 

Years × NPK levels  3 0.02200 0.00733 0.97 ns
 0.4123 

Years × K. humate levels 3 0.01220 0.00407 0.54 ns
 0.6577 

 NPK × K. humate levels 9 0.12017 0.01335 1.77 ns
 0.0928 

Years × NPK × K. humate levels 9 0.10547 0.01172 1.55 ns
 0.1503 

Error 62 0.46838 0.00755   

Total 95 5.50286    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 52b. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.63 4.65 4.69 4.72 4.67 d 

50 4.70 4.71 4.83 4.90 4.78 c 

75 4.91 4.88 5.01 5.13 4.98 b 

100 5.07 5.22 5.27 5.31 5.22 a 

Mean 4.82 c 4.87 c 4.95 b 5.01 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 52c. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 4.61 4.64 4.66 4.69 4.65 

2010 50 4.66 4.67 4.91 4.95 4.80 

2010 75 4.93 4.85 5.00 5.18 4.99 

2010 100 5.03 5.29 5.27 5.30 5.22 

2011 0 4.66 4.65 4.72 4.75 4.69 

2011 50 4.68 4.76 4.76 4.85 4.76 

2011 75 4.88 4.91 5.01 5.08 4.97 

2011 100 5.11 5.16 5.28 5.31 5.22 

Mean - 4.82 c 4.87 c 4.95 b 5.01 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 53a. Analysis of variance (ANOVA) of the data for stomatal conductance 

of S. tuberosum L. autumn crop after 75 days of planting under varying levels of 

NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00040 0.00020   

Years 1 0.00001 0.00001 0.12 ns
 0.7280 

NPK levels 3 0.02058 0.00686 110.26 
**

 0.0000 

K. humate levels 3 0.00231 0.00077 12.35 
**

 0.0000 

Years × NPK levels  3 0.00003 0.00001 0.17 ns
 0.9140 

Years × K. humate levels 3 0.00002 0.00001 0.09 ns
 0.9675 

 NPK × K. humate levels 9 0.00098 0.00011 1.74 ns
 0.0984 

Years × NPK × K. humate levels 9 0.00006 0.00001 0.11 ns
 0.9994 

Error 62 0.00386 0.00006   

Total 95 0.02824    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 53b. Stomatal conductance (cm s
-1

) of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.232 0.235 0.235 0.235 0.234 d 

50 0.237 0.239 0.247 0.256 0.245 c 

75 0.251 0.262 0.270 0.270 0.263 b 

100 0.265 0.271 0.274 0.275 0.271 a 

Mean 0.246 c 0.252 b 0.257 a 0.259 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 53c. Stomatal conductance (cm s
-1

) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.233 0.234 0.235 0.235 0.234 

2010 50 0.237 0.237 0.247 0.257 0.245 

2010 75 0.252 0.263 0.270 0.273 0.264 

2010 100 0.264 0.273 0.275 0.275 0.272 

2011 0 0.232 0.236 0.236 0.235 0.235 

2011 50 0.237 0.241 0.246 0.256 0.245 

2011 75 0.250 0.261 0.269 0.268 0.262 

2011 100 0.267 0.270 0.274 0.275 0.271 

Mean - 0.246 c 0.252 b 0.257 a 0.259 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 54a. Analysis of variance (ANOVA) of the data for water use efficiency of 

S. tuberosum L. autumn crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.4108 0.20538   

Years 1 0.0009 0.00087 0.02 ns
 0.8866 

NPK levels 3 8.1403 2.71344 63.60 
**

 0.0000 

K. humate levels 3 0.4786 0.15952 3.74 
*
 0.0155 

Years × NPK levels  3 0.3101 0.10336 2.42 ns
 0.0743 

Years × K. humate levels 3 0.0290 0.00968 0.23 ns
 0.8773 

 NPK × K. humate levels 9 0.5068 0.05632 1.32
 ns

 0.2452 

Years × NPK × K. humate levels 9 0.1261 0.01401 0.33 ns
 0.9624 

Error 62 2.6451 0.04266   

Total 95 12.6477    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 54b. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. 

autumn crop after 75 days of planting as affected by varying levels of NPK and K. 

humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.69 4.77 4.77 4.76 4.75 c 

50 4.86 4.88 5.12 5.22 5.02 b 

75 5.16 5.45 5.47 5.44 5.38 a 

100 5.48 5.44 5.49 5.48 5.48 a 

Mean 5.05 b 5.14 ab 5.21 a 5.23 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 54c. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. autumn 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 4.79 4.85 4.89 4.79 4.83 

2010 50 4.76 4.85 5.01 5.18 4.95 

2010 75 5.05 5.44 5.49 5.44 5.36 

2010 100 5.53 5.53 5.47 5.48 5.50 

2011 0 4.59 4.69 4.65 4.74 4.67 

2011 50 4.96 4.92 5.23 5.27 5.09 

2011 75 5.28 5.46 5.45 5.45 5.41 

2011 100 5.44 5.37 5.51 5.48 5.45 

Mean - 5.05 b 5.14 ab 5.21 a 5.23 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 55a. Analysis of variance (ANOVA) of the data for number of tubers per 

hill of S. tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.41296 0.20648   

Years 1 0.01283 0.01283 0.23 ns
 0.6333 

NPK levels 3 1.20369 0.40123 7.19 
**

 0.0003 

K. humate levels 3 0.52436 0.17479 3.13 
*
 0.0319 

Years × NPK levels  3 0.04474 0.01491 0.27 ns
 0.8489 

Years × K. humate levels 3 0.03339 0.01113 0.20 ns
 0.8965 

 NPK × K. humate levels 9 0.97881 0.10876 1.95 ns
 0.0613 

Years × NPK × K. humate levels 9 0.28585 0.03176 0.57 ns
 0.8174 

Error 62 3.46211 0.05584   

Total 95 6.95874    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 55b. Number of tubers per hill of S. tuberosum L. autumn crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.39 4.59 4.59 4.61 4.54 c 

50 4.60 4.73 4.59 4.94 4.72 b 

75 4.65 4.80 4.89 5.09 4.86 a 

100 4.86 4.84 4.64 4.66 4. 75 ab 

Mean 4.63 b 4.74 ab 4.68 b 4.82 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 55C. Number of tubers per hill of S. tuberosum L. autumn crop as affected 

by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 4.28 4.50 4.59 4.76 4.53 

2010 50 4.56 4.73 4.56 4.94 4.70 

2010 75 4.70 4.87 4.89 5.06 4.88 

2010 100 4.87 4.80 4.57 4.62 4.71 

2011 0 4.51 4.68 4.59 4.46 4.56 

2011 50 4.64 4.73 4.61 4.95 4.73 

2011 75 4.60 4.73 4.89 5.11 4.83 

2011 100 4.85 4.87 4.72 4.70 4.79 

Mean - 4.63 b 4.74 ab 4.68 b 4.82 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 56a. Analysis of variance (ANOVA) of the data for tuber yield per hill 

(fresh weight) of S. tuberosum L. autumn crop under varying levels of NPK and K. 

humate 

Source of variation DF SS MS F P 

Replications 2 191 95.5   

Years 1 99 99.5 0.37 ns
 0.5439 

NPK levels 3 193599 64533.1 241.63 
**

 0.0000 

K. humate levels 3 20959 6986.3 26.16 
**

 0.0000 

Years × NPK levels  3 966 322.1 1.21 ns
 0.3150 

Years × K. humate levels 3 69 23.0 0.09 ns
 0.9673 

 NPK × K. humate levels 9 6346 705.1 2.64 
*
 0.0118 

Years × NPK × K. humate levels 9 711 79.0 0.30 ns
 0.9734 

Error 62 16558 267.1   

Total 95 239500    
**

 = significant at p = 0.01,
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 56B. Tuber yield per hill (g, fresh weight) of S. tuberosum L. autumn crop 

as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 307.71 329.57 323.03 335.33 323.91 

2010 50 350.13 354.44 362.96 390.61 364.53 

2010 75 366.72 392.95 417.61 435.04 403.08 

2010 100 431.42 428.74 442.62 448.13 437.73 

2011 0 310.45 315.11 327.28 335.41 322.06 

2011 50 341.38 346.04 354.24 391.41 358.27 

2011 75 371.86 408.83 426.48 442.40 412.39 

2011 100 432.71 444.50 442.85 458.62 444.67 

Mean - 364.05 d 377.52 c 387.14 b 404.62 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 57a. Analysis of variance (ANOVA) of the data for dry weight of tubers 

per hill of S. tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 5.8 2.88   

Years 1 11.1 11.12 0.51
 ns

 0.4774 

NPK levels 3 14084.7 4694.90 215.77 
**

 0.0000 

K. humate levels 3 753.7 251.24 11.55 
**

 0.0000 

Years × NPK levels  3 11.3 3.75 0.17
 ns

 0.9146 

Years × K. humate levels 3 21.4 7.13 0.33
 ns

 0.8052 

 NPK × K. humate levels 9 1039.0 115.44 5.31 
**

 0.0000 

Years × NPK × K. humate levels 9 68.7 7.64 0.35
 ns

 0.9535 

Error 62 1349.0 21.76   

Total 95 17344.7    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

Appendix 57b. Dry weight (g) of tubers per hill of S. tuberosum L. autumn crop as 

affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 48.697 53.758 54.757 55.343 53.139 

2010 50 63.241 63.811 65.153 72.867 66.268 

2010 75 68.658 73.336 80.606 86.265 77.216 

2010 100 84.329 87.774 88.470 77.513 84.522 

2011 0 48.091 53.992 55.093 56.246 53.355 

2011 50 62.975 64.190 65.582 72.897 66.411 

2011 75 69.491 73.925 80.866 86.669 77.738 

2011 100 88.066 84.772 88.109 84.504 86.363 

Mean - 66.693 c 69.445 b 72.330 a 74.038 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 58a. Analysis of variance (ANOVA) of the data for tuber yield per hectare 

of S. tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.362 0.181   

Years 1 0.189 0.189 0.37 ns
 0.5439 

NPK levels 3 367.350 122.450 241.63 
**

 0.0000 

K. humate levels 3 39.769 13.256 26.16 
**

 0.0000 

Years × NPK levels  3 1.834 0.611 1.21 ns
 0.3150 

Years × K. humate levels 3 0.131 0.044 0.09 ns
 0.9673 

 NPK × K. humate levels 9 12.042 1.338 2.64 
*
 0.0118 

Years × NPK × K. humate levels 9 1.348 0.150 0.30 ns
 0.9734 

Error 62 31.419 0.507   

Total 95 454.444    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 
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Appendix 58b. Tuber yield per hectare (tons) of S. tuberosum L. autumn crop as 

affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 13.404 14.356 14.071 14.607 14.110 

2010 50 15.252 15.439 15.811 17.015 15.879 

2010 75 15.974 17.117 18.191 18.950 17.558 

2010 100 18.793 18.676 19.281 19.521 19.067 

2011 0 13.523 13.726 14.256 14.610 14.029 

2011 50 14.871 15.074 15.431 17.050 15.606 

2011 75 16.198 17.809 18.577 19.271 17.964 

2011 100 18.849 19.362 19.291 19.977 19.370 

Mean - 15.858 d 16.445 c 16.864 b 17.625 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 59a. Analysis of variance (ANOVA) of the data for biological yield of S. 

tuberosum L. autumn crop at harvest under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 5777 2888   

Years 1 620 620 0.49 ns
 0.4867 

NPK levels 3 764199 254733 201.14 
**

 0.0000 

K. humate levels 3 102847 34282 27.07 
**

 0.0000 

Years × NPK levels  3 8572 2857 2.26 ns
 0.0906 

Years × K. humate levels 3 666 222 0.18 ns
 0.9127 

 NPK × K. humate levels 9 31999 3555 2.81 
**

 0.0079 

Years × NPK × K. humate levels 9 2508 279 0.22 ns
 0.9905 

Error 62 78518 1266   

Total 95 995707    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 59b. Biological yield (g, fresh weight) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 826.7 847.8 891.1 897.5 865.8 

2010 50 929.5 930.7 959.2 1022.3 962.6 

2010 75 932.6 980.3 1045.5 1090.6 1012.2 

2010 100 1088.8 1086.3 1107.1 1102.6 1096.2 

2011 0 813.7 846.9 887.7 881.5 857.5 

2011 50 896.5 939.3 933.4 1024.7 946.3 

2011 75 982.7 1020.0 1067.3 1108.0 1044.5 

2011 100 1087.8 1106.4 1112.4 1128.9 1108.9 

Mean - 944.7 d 969.7 c 1000.5 b 1032.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 60a. Analysis of variance (ANOVA) of the data for harvest index of S. 

tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00059 0.00029   

Years 1 0.00004 0.00004 0.24 ns
 0.6239 

NPK levels 3 0.01204 0.00401 26.94 
**

 0.0000 

K. humate levels 3 0.00136 0.00045 3.05 
*
 0.0353 

Years × NPK levels  3 0.00007 0.00002 0.15 ns
 0.9321 

Years × K. humate levels 3 0.00035 0.00012 0.78
 ns

 0.5091 

 NPK × K. humate levels 9 0.00157 0.00017 1.17 ns
 0.3308 

Years × NPK × K. humate levels 9 0.00083 0.00009 0.62 ns
 0.7793 

Error 62 0.00924 0.00015   

Total 95 0.02608    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05

ns
 = non-significant 

 

 

Appendix 60b. Harvest index (%) of S. tuberosum L. autumn crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 37.1 38.1 36.6 37.7 37.5b 

50 37.9 37.4 37.9 38.2 37.9 b 

75 38.6 40.1 39.9 39.9 39.6 a 

100 39.1 39.8 39.9 41.0 39.9 a 

Mean 38.2 b 38.8 ab 38.6 ab 39.2 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 60c. Harvest index (%) of S. tuberosum L. autumn crop as affected by 

years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 37.2 38.9 36.2 37.3 37.4 

2010 50 37.6 37.7 37.8 38.2 37.8 

2010 75 39.3 40.1 39.9 39.9 39.8 

2010 100 39.6 39.4 40.0 40.7 39.9 

2011 0 36.8 37.2 36.9 38.0 37.2 

2011 50 38.1 37.2 37.9 38.2 37.9 

2011 75 37.9 40.1 40.0 39.9 39.5 

2011 100 38.6 40.1 39.8 41.3 40.0 

Mean - 38.2 b 38.8 ab 38.6 ab 39.2 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 61a. Analysis of variance (ANOVA) of the data for tuber starch content of 

S. tuberosum L. autumn crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00373 0.00187   

Years 1 0.00440 0.00440 1.99 ns
 0.1638 

NPK levels 3 1.29530 0.43177 194.83 
**

 0.0000 

K. humate levels 3 0.02663 0.00888 4.01 
*
 0.0114 

Years × NPK levels  3 0.00189 0.00063 0.29 ns
 0.8360 

Years × K. humate levels 3 0.00269 0.00090 0.40 ns
 0.7506 

 NPK × K. humate levels 9 0.03226 0.00358 1.62 ns
 0.1300 

Years × NPK × K. humate levels 9 0.01177 0.00131 0.59 ns
 0.8003 

Error 62 0.13740 0.00222   

Total 95 1.51607    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant  

 

 

 

Appendix 61b. Tuber starch content (%) of S. tuberosum L. autumn crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 14.823 14.870 14.860 14.915 14.867 c 

50 15.005 15.040 14.997 14.987 15.007 b 

75 15.042 15.090 15.062 15.123 15.079 a 

100 14.780 14.790 14.773 14.785 14.782 d 

Mean 14.912 c 14.947 ab 14.923 bc 14.952 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 61c. Tuber starch content (%) of S. tuberosum L. autumn crop as affected 

by years and varying levels of NPK and K. humate 

Year NPK level 

(% of 

recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 14.847 14.880 14.857 14.920 14.876 

2010 50 15.003 15.033 15.000 14.993 15.007 

2010 75 15.050 15.110 15.083 15.123 15.092 

2010 100 14.783 14.823 14.750 14.793 14.788 

2011 0 14.800 14.860 14.863 14.910 14.858 

2011 50 15.007 15.047 14.993 14.980 15.007 

2011 75 15.033 15.070 15.040 15.123 15.067 

2011 100 14.777 14.823 14.757 14.777 14.777 

Mean - 14.912 c 14.947 ab 14.923 bc 14.952 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 62a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00701 0.00351   

Years 1 0.00004 0.00004 0.03
 ns

 0.8546 

NPK levels 3 0.00637 0.00212 1.92
 ns

 0.1357 

K. humate levels 3 0.00076 0.00025 0.23
 ns

 0.8764 

Years × NPK levels  3 0.00782 0.00261 2.35
 ns

 0.0806 

Years × K. humate levels 3 0.00714 0.00238 2.15
 ns

 0.1031 

 NPK × K. humate levels 9 0.00385 0.00043 0.39
 ns

 0.9374 

Years × NPK × K. humate levels 9 0.00534 0.00059 0.54
 ns

 0.8430 

Error 62 0.06865 0.00111   

Total 95 0.10698    
ns

 = non-significant 

 

 

Appendix 62b. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.239 3.242 3.264 3.278 3.256 

2011 3.262 3.252 3.246 3.259 3.255 

Mean 3.250 3.247 3.255 3.269 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 62c. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                          

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.243 3.256 3.251 3.274 3.256 

2011 3.262 3.255 3.256 3.246 3.255 

Mean 3.253 3.255 3.253 3.260 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 62d. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.255 3.247 3.245 3.255 3.250 

50 3.242 3.253 3.247 3.248 3.247 

75 3.255 3.253 3.242 3.270 3.255 

100 3.260 3.268 3.280 3.267 3.269 

Mean 3.253 3.255 3.253 3.260 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 62e. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.240 3.240 3.237 3.240 3.239 

2010 50 3.220 3.240 3.243 3.267 3.242 

2010 75 3.253 3.257 3.247 3.300 3.264 

2010 100 3.260 3.287 3.277 3.290 3.278 

2011 0 3.270 3.253 3.253 3.270 3.262 

2011 50 3.263 3.267 3.250 3.230 3.252 

2011 75 3.257 3.250 3.237 3.240 3.246 

2011 100 3.260 3.250 3.283 3.243 3.259 

Mean - 3.253 3.255 3.253 3.260 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 

 

Appendix 63a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.0147 0.00735   

Years 1 0.0222 0.02220 2.96
 ns

 0.0906 

NPK levels 3 9.0260 3.00866 400.50 
**

 0.0000 

K. humate levels 3 1.2174 0.40579 54.02 
**

 0.0000 

Years × NPK levels  3 0.0018 0.00061 0.08
 ns

 0.9702 

Years × K. humate levels 3 0.0021 0.00069 0.09
 ns

 0.9640 

 NPK × K. humate levels 9 0.1147 0.01275 1.70
 ns

 0.1089 

Years × NPK × K. humate levels 9 0.0165 0.00184 0.24
 ns

 0.9862 

Error 62 0.4658 0.00751   

Total 95 10.8812    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 63b. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.583 3.630 3.725 3.765 3.676 d 

50 3.710 3.905 4.075 4.123 3.953 c 

75 4.088 4.243 4.343 4.403 4.270 b 

100 4.333 4.453 4.562 4.580 4.482 a 

Mean 3.929 c 4.058 b 4.176 a 4.218 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 63c. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.540 3.633 3.743 3.753 3.667 

2010 50 3.700 3.890 4.040 4.107 3.934 

2010 75 4.070 4.217 4.340 4.377 4.251 

2010 100 4.313 4.437 4.540 4.580 4.467 

2011 0 3.626 3.626 3.706 3.777 3.684 

2011 50 3.720 3.920 4.110 4.140 3.972 

2011 75 4.107 4.270 4.347 4.430 4.288 

2011 100 4.353 4.470 4.583 4.580 4.497 

Mean - 3.929 c 4.058 b 4.176 a 4.218 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 64a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00026 0.00013   

Years 1 0.00034 0.00034 0.03
 ns

 0.8590 

NPK levels 3 5.31246 1.77082 166.87 
**

 0.0000 

K. humate levels 3 0.71416 0.23805 22.43 
**

 0.0000 

Years × NPK levels  3 0.01434 0.00478 0.45
 ns

 0.7179 

Years × K. humate levels 3 0.00952 0.00317 0.30
 ns

 0.8259 

 NPK × K. humate levels 9 0.15012 0.01668 1.57
 ns

 0.1437 

Years × NPK × K. humate levels 9 0.04940 0.00549 0.52
 ns

 0.8566 

Error 62 0.65794 0.01061   

Total 95 6.90853    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 64b. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.402 2.483 2.515 2.527 2.482 d 

50 2.503 2.642 2.705 2.715 2.641 c 

75 2.652 2.762 2.762 2.837 2.753 b 

100 2.877 3.130 3.213 3.263 3.121 a 

Mean 2.608 c 2.754 b 2.799 ab 2.835 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 64c. Leaf nitrogen (N) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 2.377 2.487 2.503 2.523 2.472 

2010 50 2.513 2.610 2.670 2.700 2.623 

2010 75 2.650 2.740 2.807 2.843 2.760 

2010 100 2.950 3.140 3.210 3.233 3.133 

2011 0 2.427 2.480 2.527 2.530 2.491 

2011 50 2.653 2.673 2.740 2.730 2.659 

2011 75 2.653 2.783 2.717 2.830 2.746 

2011 100 2.803 3.120 3.217 3.293 3.108 

Mean - 2.608 c 2.754 b 2.799 ab 2.835 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 65a. Analysis of variance (ANOVA) of the data for leaf Phosphorus (P) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00289 0.00144   

Years 1 0.00012 0.00120 1.17 ns
 0.2839 

NPK levels 3 0.00082 0.00027 2.57 ns
 0.0622 

K. humate levels 3 0.00080 0.00030 0.24 ns
 0.8679 

Years × NPK levels  3 0.00069 0.00023 2.18 ns
 0.0993 

Years × K. humate levels 3 0.00050 0.00020 0.15 ns
 0.9311 

 NPK × K. humate levels 9 0.00069 0.00008 0.72 ns
 0.6865 

Years × NPK × K. humate levels 9 0.00059 0.00066 0.62 ns
 0.7774 

Error 62 0.00657 0.00011   

Total 95 0.01249    
ns

 = non-significant 

 

 

 

Appendix 65b. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.269 0.270 0.267 0.272 0.270 

2011 0.272 0.263 0.274 0.278 0.272 

Mean 0.271 0.267 0.271 0.275 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 65c. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.269 0.270 0.269 0.270 0.270 

2011 0.273 0.272 0.269 0.272 0.272 

Mean 0.271 0.271 0.269 0.271 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 65d. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.271 0.269 0.272 0.271 0.271 

50 0.270 0.272 0.263 0.262 0.267 

75 0.272 0.263 0.266 0.275 0.271 

100 0.271 0.276 0.275 0.277 0.275 

Mean 0.271 0.271 0.269 0.271 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 65e. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.269 0.269 0.272 0.268 0.269 

2010 50 0.270 0.271 0.274 0.265 0.270 

2010 75 0.268 0.269 0.258 0.273 0.267 

2010 100 0.269 0.273 0.273 0.274 0.272 

2011 0 0.273 0.270 0.272 0.273 0.272 

2011 50 0.270 0.272 0.253 0.258 0.263 

2011 75 0.276 0.271 0.274 0.276 0.274 

2011 100 0.275 0.278 0.278 0.280 0.278 

Mean - 0.271 0.271 0.269 0.271 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 66a. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00038 0.00019   

Years 1 0.00294 0.00294 2.27
 ns

 0.1366 

NPK levels 3 0.39398 0.13133 101.71 
**

 0.0000 

K. humate levels 3 0.01776 0.00592 4.58
 **

 0.0058 

Years × NPK levels  3 0.00604 0.00201 1.56
 ns

 0.2084 

Years × K. humate levels 3 0.00023 0.00008 0.06
 ns

 0.9812 

 NPK × K. humate levels 9 0.00893 0.00099 0.77
 ns

 0.6455 

Years × NPK × K. humate levels 9 0.00125 0.00014 0.11
 ns

 0.9994 

Error 62 0.08005 0.00129   

Total 95 0.51156    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 66b. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.487 0.485 0.502 0.512 0.497 d 

50 0.537 0.560 0.581 0.599 0.569 c 

75 0.596 0.617 0.652 0.625 0.623 b 

100 0.664 0.663 0.680 0.667 0.669 a 

Mean 0.571 c 0.581 bc 0.604 a 0.600 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test)   

 

 

 

Appendix 66c. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.490 0.496 0.513 0.519 0.505 

2010 50 0.527 0.552 0.574 0.590 0.561 

2010 75 0.588 0.608 0.643 0.616 0.614 

2010 100 0.655 0.655 0.656 0.659 0.656 

2011 0 0.485 0.474 0.492 0.504 0.489 

2011 50 0.547 0.569 0.589 0.607 0.578 

2011 75 0.605 0.627 0.662 0.633 0.632 

2011 100 0.673 0.671 0.705 0.675 0.681 

Mean - 0.571 c 0.581 bc 0.604 a 0.600 ab - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 67a. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00013 0.00007   

Years 1 0.00001 0.00001 0.08 ns
 0.7796 

NPK levels 3 0.02530 0.00845 49.44 
**

 0.0000 

K. humate levels 3 0.00136 0.00045 2.66 ns
 0.0558 

Years × NPK levels  3 0.00030 0.00010 0.59 ns
 0.6256 

Years × K. humate levels 3 0.00007 0.00002 0.14 ns
 0.9347 

 NPK × K. humate levels 9 0.00225 0.00025 1.46
 ns

 0.1826 

Years × NPK × K. humate levels 9 0.00016 0.00002 0.10 ns
 0.9995 

Error 62 0.01060 0.00017   

Total 95 0.04022    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 67b. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.230 0.234 0.238 0.239 0.235 

2011 0.232 0.233 0.237 0.243 0.236 

Mean 0.231 0.234 0.237 0.241 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 67c. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.212 0.214 0.215 0.212 0.213 d 

50 02.17 0.221 0.238 0.239 0.229 c 

75 0.240 0.239 0.245 0.251 0.244 b 

100 0.256 0.260 0.254 0.259 0.256 a 

Mean 0.231 0.234 0.237 0.241 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 67d. Leaf phosphorus (P) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.214 0.219 0.217 0.211 0.215 

2010 50 0.215 0.221 0.239 0.241 0.229 

2010 75 0.237 0.237 0.242 0.249 0.241 

2010 100 0.255 0.260 0.252 0.258 0.256 

2011 0 0.211 0.209 0.214 0.213 0.212 

2011 50 0.218    0.221 0.237 0.237 0.228 

2011 75 0.242 0.242 0.247 0.259 0.248 

2011 100 0.256 0.261 0.259 0.261 0.257 

Mean - 0.231 0.234 0.237 0.241 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 

 

Appendix 68a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.01121 0.00560   

Years 1 0.00015 0.00015 0.18
 ns

 0.6736 

NPK levels 3 0.30219 0.10073 122.30 
**

 0.0000 

K. humate levels 3 0.00621 0.00207 2.51
 ns

 0.0666 

Years × NPK levels  3 0.00280 0.00093 1.13
 ns

 0.3431 

Years × K. humate levels 3 0.00053 0.00018 0.21
 ns

 0.8864 

 NPK × K. humate levels 9 0.00390 0.00043 0.53
 ns

 0.8496 

Years × NPK × K. humate levels 9 0.00092 0.00010 0.12
 ns

 0.9989 

Error 62 0.05107 0.00082   

Total 95 0.37897    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 68b. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.286 3.306 3.307 3.308 3.304 

2011 3.294 3.300 3.310 3.312 3.302 

Mean 3.290 3.303 3.308 3.310 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 68c. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.217 3.220 3.232 3.243 3.228 d 

50 3.266 3.268 3.279 3.274 3.272 c 

75 3.321 3.346      3.344 3.359 3.342 b 

100 3.356 3.378 3.380 3.365 3.370 a 

Mean 3.290 3.303 3.308 3.310 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 

 

Appendix 68d. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.220 3.229 3.231 3.252 3.233 

2010 50 3.267 3.269 3.278 3.276 3.273 

2010 75 3.316 3.349 3.345 3.355 3.341 

2010 100 3.342 3.375 3.374 3.349 3.360 

2011 0 3.213 3.211 3.232 3.233 3.223 

2011 50 3.266 3.267 3.281 3.272 3.272 

2011 75 3.325 3.343 3.343 3.363 3.344 

2011 100 3.370 3.381 3.385 3.381 3.379 

Mean - 3.290 3.303 3.308 3.310 - 

Means with no letter in a group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 69a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.25972 0.12986   

Years 1 0.0495 0.04952 2.42
 ns

 0.1249 

NPK levels 3 8.0686 2.68954 131.45 
**

 0.0000 

K. humate levels 3 0.7228 0.24093 11.78 
**

 0.0000 

Years × NPK levels  3 0.0594 0.01978 0.97 ns
 0.4141 

Years × K. humate levels 3 0.0499 0.01664 0.81 ns
 0.4914 

 NPK × K. humate levels 9 0.2595 0.02884 1.41 ns
 0.2037 

Years × NPK × K. humate levels 9 0.0779 0.00866 0.42 ns
 0.9179 

Error 62 1.2685 0.02046   

Total 95 10.8159    
**

 = significant at p = 0.01, 
ns

 = non-significant 
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Appendix 69b. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.541 3.612 3.636 3.622 3.603 d 

50 3.679 3.737 3.972 4.044 3.858c 

75 3.946 4.050 4.202 4.218 4.104 b 

100 4.296 4.391 4.395 4.457 4.385 a 

Mean 3.866 b 3.947 b 4.051 a 4.085 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 69c. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.521 3.529 3.578 3.581 3.552 

2010 50 3.580 3.679 3.978 4.094 3.833 

2010 75 3.878 3.978 4.222 4.209 4.072 

2010 100 4.308 4.417 4.405 4.478 4.402 

2011 0 3.562 3.694 3.695 3.663 3.653 

2011 50 3.778 3.795 3.966 3.995 3.883 

2011 75 4.013 4.122 4.183 4.227 4.136 

2011 100 4.284 4.366 4.385 4.435 4.367 

Mean - 3.866 b 3.947 b 4.051 a 4.085 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 70a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.05912 0.02956   

Years 1 0.06121 0.06121 2.67
 ns

 0.1070 

NPK levels 3 2.79659 0.93220 40.74 
**

 0.0000 

K. humate levels 3 0.30855 0.10285 4.49 
**

 0.0064 

Years × NPK levels  3 0.06095 0.02032 0.89
 ns

 0.4524 

Years × K. humate levels 3 0.05451 0.01817 0.79
 ns

 0.5018 

 NPK × K. humate levels 9 0.25976 0.02886 1.26
 ns

 0.2759 

Years × NPK × K. humate levels 9 0.06005 0.00667 0.29
 ns

 0.9746 

Error 62 1.41862 0.02288   

Total 95 5.07936    
**

 = significant at p = 0.01, 
ns

 = non-significant 
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Appendix 70b. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.464 1.692 1.738 1.744 1.660 d 

50 1.771 1.850 1.913 2.016 1.888 c 

75 1.975 2.002 2.029 1.935 1.985 b 

100 2.075 2.140 2.123 2.177 2.129 a 

Mean 1.821 b 1.921 a 1.951 a 1.968 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 70c. Leaf potassium (K) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.463 1.671 1.718 1.775 1.657 

2010 50 1.768 1.865 1.927 2.064 1.906 

2010 75 2.022 2.027 2.050 2.106 2.051 

2010 100 2.119 2.155 2.132 2.188 2.148 

2011 0 1.466 1.714 1.758 1.714 1.663 

2011 50 1.775 1.834 1.900 1.968 1.869 

2011 75 1.928 1.978 2.008 1.674 1.919 

2011 100 3.032 2.125 2.114 2.166 2.109 

Mean - 1.821 b 1.921 a 1.951 a 1.968 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 71a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00092 0.000459   

Years 1 0.00023 0.000234 0.44 ns
 0.5078 

NPK levels 3 0.00278 0.000926 1.75 ns
 0.1654 

K. humate levels 3 0.00270 0.000901 1.71 ns
 0.1750 

Years × NPK levels  3 0.00004 0.000014 0.03 ns
 0.9935 

Years × K. humate levels 3 0.00110 0.000368 0.70
 ns

 0.5579 

 NPK × K. humate levels 9 0.00813 0.000904 1.71 ns
 0.1054 

Years × NPK × K. humate levels 9 0.00080 0.000089 0.17 ns
 0.9965 

Error 62 0.03275 0.000528   

Total 95 0.04947    
ns

 = non-significant 
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Appendix 71b. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.953 0.943 0.957 0.958 0.953 

2011 0.949 0.942 0.953 0.955 0.950 

Mean 0.951 0.942 0.955 0.957 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

Appendix 71c. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.941 0.959 0.952 0.961 0.953 

2011 0.944 0.952 0.955 0.948 0.950 

Mean 0.942 0.956 0.953 0.955 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 71d. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.942 0.963 0.958 0.942 0.951 

50 0.933 0.935 0.948 0.955 0.942 

75 0.933 0.968 0.965 0.955 0.955 

100 0.962 0.957 0.942 0.967 0.957 

Mean 0.942 0.956 0.953 0.955 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 71e. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 30 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.937 0.970 0.957 0.950 0.953 

2010 50 0.927 0.937 0.947 0.963 0.943 

2010 75 0.937 0.970 0.967 0.957 0.957 

2010 100 0.963 0.960 0.937 0.973 0.958 

2011 0 0.947 0.957 0.960 0.933 0.949 

2011 50 0.940 0.933 0.950 0.947 0.942 

2011 75 0.930 0.967 0.963 0.953 0.953 

2011 100 0.960 0.953 0.947 0.960 0.955 

Mean - 0.942 0.956 0.953 0.955 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 72a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.02711 0.01355   

Years 1 0.00076 0.00076 0.83 ns
 0.3659 

NPK levels 3 0.02264 0.00755 8.25 
**

 0.0001 

K. humate levels 3 0.00771 0.00257 2.81 
*
 0.0468 

Years × NPK levels  3 0.00199 0.00066 0.73 ns
 0.5401 

Years × K. humate levels 3 0.00011 0.00004 0.04 ns
 0.9890 

 NPK × K. humate levels 9 0.00415 0.00046 0.50 ns
 0.8662 

Years × NPK × K. humate levels 9 0.00188 0.00021 0.23 ns
 0.9891 

Error 62 0.05676 0.00092   

Total 95 0.12312    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 72b. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.862 0.872 0.887 0.890 0.878 a 

50 0.838 0.838 0.853 0.863 0.848 b 

75 0.875 0.877 0.885 0.872 0.877 a 

100 0.827 0.840 0.845 0.868 0.845 b 

Mean 0.850 b 0.857 ab 0.867 ab 0.873 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 72c. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop 

after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.860 0.877 0.880 0.887 0.876 

2010 50 0.840 0.840 0.860 0.870 0.853 

2010 75 0.870 0.860 0.880 0.870 0.870 

2010 100 0.827 0.837 0.833 0.857 0.838 

2011 0 0.863 0.867 0.893 0.893 0.879 

2011 50 0.837 0.837 0.847 0.857 0.844 

2011 75 0.880 0.893 0.890 0.873 0.884 

2011 100 0.827 0.843 0.857 0.880 0.853 

Mean - 0.850 b 0.857 ab 0.867 ab 0.873 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 73a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.01358 0.00679   

Years 1 0.00230 0.00230 0.83 ns
 0.3662 

NPK levels 3 0.10761 0.03587 12.92 
**

 0.0000 

K. humate levels 3 0.00154 0.00051 0.18
 ns

 0.9066 

Years × NPK levels  3 0.00584 0.00195 0.70 ns
 0.5552 

Years × K. humate levels 3 0.00119 0.00040 0.14 ns
 0.9335 

 NPK × K. humate levels 9 0.00636 0.00071 0.25 ns
 0.9841 

Years × NPK × K. humate levels 9 0.00405 0.00045 0.16 ns
 0.9970 

Error 62 0.17216 0.00278   

Total 95 0.31462    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 73b. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.747 0.744 0.759 0.757 0.752 

2011 0.760 0.762 0.757 0.768 0.762 

Mean 0.754 0.753 0.758 0.763 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 73c. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.700 0.725 0.702 0.707 0.708 c 

50 0.747 0.732 0.747 0.750 0.744 b 

75 0.792 0.785 0.798 0.792 0.792 a 

100 0.777 0.770 0.798 0.803 0.784 a 

Mean 0.754 0.753 0.758 0.763 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 73d. Leaf magnesium (Mg) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.687 0.703 0.690 0.680 0.690 

2010 50 0.743 0.737 0.750 0.747 0.744 

2010 75 0.783 0.767 0.813 0.797 0.790 

2010 100 0.777 0.770 0.783 0.807 0.784 

2011 0 0.713 0.747 0.713 0.733 0.727 

2011 50 0.750 0.727 0.743 0.753 0.743 

2011 75 0.800 0.803 0.783 0.787 0.793 

2011 100 0.777 0.770 0.790 0.800 0.784 

Mean - 0.754 0.753 0.758 0.763 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 74a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00106 0.00053   

Years 1 0.00002 0.00002 0.01 ns
 0.9140 

NPK levels 3 0.01125 0.00375 2.65 ns
 0.0568 

K. humate levels 3 0.00022 0.00007 0.05 ns
 0.9842 

Years × NPK levels  3 0.00269 0.00090 0.63 ns
 0.5965 

Years × K. humate levels 3 0.00353 0.00118 0.83 ns
 0.4829 

 NPK × K. humate levels 9 0.02175 0.00242 1.71 ns
 0.1068 

Years × NPK × K. humate levels 9 0.00140 0.00016 0.11 ns
 0.9994 

Error 62 0.08787 0.00142   

Total 95 0.12980    
ns

 = non-significant 

 

 

 

Appendix 74b. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.818 0.817 0.828 0.832 0.824 

2011 0.804 0.818 0.823 0.847 0.823 

Mean 0.811 0.817 0.826 0.840 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 74c. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.819 0.827 0.817 0.832 0.824 

2011 0.830 0.816 0.828 0.818 0.823 

Mean 0.825 0.822 0.823 0.825 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 74d. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.817 0.833 0.798 0.797 0.811 

50 0.827 0.803 0.800 0.838 0.817 

75 0.820 0.798 0.845 0.840 0.826 

100 0.835 0.852 0.840 0.827 0.840 

Mean 0.825 0.822 0.823 0.825 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 74e. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.817 0.853 0.797 0.807 0.818 

2010 50 0.823 0.803 0.797 0.843 0.817 

2010 75 0.810 0.807 0.843 0.853 0.828 

2010 100 0.827 0.847 0.830 0.827 0.832 

2011 0 0.817 0.813 0.800 0.787 0.804 

2011 50 0.830 0.803 0.803 0.833 0.818 

2011 75 0.830 0.790 0.847 0.827 0.823 

2011 100 0.843 0.857 0.863 0.827 0.847 

Mean - 0.825 0.822 0.823 0.825 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 75a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00083 0.00042   

Years 1 0.00027 0.00027 0.31 ns
 0.5800 

NPK levels 3 0.01061 0.00354 4.10 
*
 0.0101 

K. humate levels 3 0.00141 0.00047 0.55 ns
 0.6525 

Years × NPK levels  3 0.00050 0.00017 0.19 ns
 0.9005 

Years × K. humate levels 3 0.00028 0.00009 0.11 ns
 0.9542 

 NPK × K. humate levels 9 0.00264 0.00029 0.34 ns
 0.9579 

Years × NPK × K. humate levels 9 0.00048 0.00005 0.06 ns
 0.9999 

Error 62 0.05344 0.00086   

Total 95 0.07046    
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 75b. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.048 1.052 1.049 1.057 1.055 

2011 1.056 1.051 1.050 1.062 1.051 

Mean 1.052 1.051 1.050 1.060 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 75c. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.035 1.043 1.037 1.038 1.038 b 

50 1.048 1.033 1.048 1.063 1.048 ab 

75 1.060 1.062 1.058 1.063 1.061 a 

100 1.065 1.067 1.055 1.073 1.065 a 

Mean 1.052 1.051 1.050 1.060 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 75d. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.037 1.043 1.040 1.037 1.039 

2010 50 1.043 1.033 1.047 1.060 1.046 

2010 75 1.053 1.060 1.050 1.060 1.056 

2010 100 1.060 1.070 1.060 1.070 1.065 

2011 0 1.033 1.043 1.033 1.040 1.037 

2011 50 1.053 1.033 1.050 1.067 1.051 

2011 75 1.067 1.063 1.067 1.067 1.066 

2011 100 1.070 1.063 1.050 1.077 1.065 

Mean - 1.052 1.051 1.050 1.060 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 76a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00093 0.00047   

Years 1 0.00088 0.00088 1.17 ns
 0.2838 

NPK levels 3 0.00495 0.00165 2.20 ns
 0.0966 

K. humate levels 3 0.00576 0.00192 2.56 ns
 0.0628 

Years × NPK levels  3 0.00330 0.00110 1.47 ns
 0.2316 

Years × K. humate levels 3 0.00154 0.00051 0.69 ns
 0.5634 

 NPK × K. humate levels 9 0.00851 0.00095 1.26 ns
 0.2758 

Years × NPK × K. humate levels 9 0.00133 0.00015 0.20 ns
 0.9937 

Error 62 0.04647 0.00075   

Total 95 0.07367    
ns

 = non-significant 

 

 

 

Appendix 76b. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 1.035 1.014 1.045 1.038 1.033 

2011 1.031 1.040 1.048 1.037 1.039 

Mean 1.033 1.027 1.047 1.038 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 76c. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.020 1.029 1.032 1.052 1.033 

2011 1.035 1.035 1.042 1.045 1.039 

Mean 1.027 1.032 1.037 1.038 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 76d. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.023 1.038 1.042 1.028 1.033 

50 1.032 1.015 1.022 1.040 1.027 

75 1.037 1.045 1.052 1.053 1.047 

100 1.018 1.030 1.032 1.072 1.038 

Mean 1.027 1.032 1.037 1.038 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 76e. Leaf calcium (Ca) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.027 1.037 1.040 1.037 1.035 

2010 50 1.010 1.003 1.007 1.037 1.014 

2010 75 1.027 1.040 1.053 1.060 1.045 

2010 100 1.020 1.037 1.027 1.073 1.038 

2011 0 1.020 1.040 1.043 1.020 1.031 

2011 50 1.053 1.027 1.037 1.043 1.040 

2011 75 1.047 1.050 1.050 1.047 1.048 

2011 100 1.020 1.023 1.037 1.070 1.037 

Mean - 1.027 1.032 1.037 1.038 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 77a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. autumn crop after 30 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.0000004 0.0000002   

Years 1 0.0000002 0.0000002 0.05 ns
 0.8186 

NPK levels 3 0.0000165 0.0000055 1.75 ns
 0.1670 

K. humate levels 3 0.0000069 0.0000023 0.73 ns
 0.5386 

Years × NPK levels  3 0.0000043 0.0000014 0.46 ns
 0.7116 

Years × K. humate levels 3 0.0000002 0.0000001 0.03
 ns

 0.9941 

 NPK × K. humate levels 9 0.0000296 0.0000033 1.05 ns
 0.4140 

Years × NPK × K. humate levels 9 0.0000066 0.0000007 0.23 ns
 0.9884 

Error 62 0.0001950 0.0000031   

Total 95 0.0002600    
ns

 = non-significant 

 

 

Appendix 77b. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.036 0.035 0.035 0.035 0.035 

2011 0.036 0.036 0.035 0.035 0.035 

Mean 0.036 0.036 0.035 0.035 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 77c. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.035 0.035 0.035 0.036 0.035 

2011 0.036 0.035 0.035 0.036 0.035 

Mean 0.036 0.035 0.035 0.036 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 77d. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.035 0.036 0.036 0.036 0.036 

50 0.036 0.036 0.036 0.036 0.036 

75 0.036 0.034 0.034 0.035 0.035 

100 0.035 0.035 0.034 0.036 0.035 

Mean 0.036 0.035 0.035 0.036 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 77e. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.035 0.036 0.036 0.036 0.036 

2010 50 0.035 0.036 0.035 0.035 0.035 

2010 75 0.036 0.035 0.034 0.035 0.035 

2010 100 0.035 0.035 0.034 0.037 0.035 

2011 0 0.035 0.036 0.036 0.036 0.036 

2011 50 0.035   0.037 0.036 0.036 0.036 

2011 75 0.036 0.035 0.034 0.034 0.035 

2011 100 0.036 0.035 0.035 0.036 0.035 

Mean - 0.036 0.035 0.035 0.036 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 78a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. autumn crop after 75 days of planting under varying 

levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.0000076 0.0000038   

Years 1 0.0000005 0.0000005 0.04 ns
 0.8423 

NPK levels 3 0.0000782 0.0000261 2.04
 ns

 0.1175 

K. humate levels 3 0.0000109 0.0000036 0.28
 ns

 0.8372 

Years × NPK levels  3 0.0000234 0.0000078 0.61
 ns

 0.6115 

Years × K. humate levels 3 0.0000025 0.0000008 0.07 ns
 0.9777 

 NPK × K. humate levels 9 0.0002270 0.0000252 1.97 ns
 0.0582 

Years × NPK × K. humate levels 9 0.0000490 0.0000055 0.43 ns
 0.9158 

Error 62 0.0007920 0.0000128   

Total 95 0.0011900    
ns

 = non-significant 

 

 

 

Appendix 78b. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.081 0.081 0.080 0.079 0.080 

2011 0.082 0.080 0.080 0.080 0.080 

Mean 0.082 0.080 0.080 0.079 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 78c. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.080 0.080 0.080 0.081 0.080 

2011 0.081 0.080 0.080 0.081 0.080 

Mean 0.080 0.080 0.080 0.081 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 78d. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.078 0.082 0.082 0.084 0.082 

50 0.081 0.079 0.080 0.081 0.080 

75 0.080 0.079 0.080 0.081 0.080 

100 0.082 0.080 0.078 0.077 0.079 

Mean 0.080 0.080 0.080 0.081 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 78e. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.078 0.081    0.083 0.084 0.081 

2010 50 0.082 0.079 0.080 0.080 0.081 

2010 75 0.081 0.080 0.080 0.080 0.080 

2010 100 0.080 0.080 0.078 0.077 0.079 

2011 0 0.079 0.082 0.083 0.085 0.082 

2011 50 0.081 0.080 0.080 0.080 0.080 

2011 75 0.079 0.079 0.079 0.081 0.080 

2011 100 0.085 0.079 0.079 0.078 0.080 

Mean - 0.080 0.080 0.080 0.081 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 79a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. autumn crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00004 0.00002   

Years 1 0.00001 0.00001 0.06 ns
 0.8047 

NPK levels 3 0.00073 0.00024 1.51 ns
 0.2214 

K. humate levels 3 0.00061 0.00020 1.25 ns
 0.2983 

Years × NPK levels  3 0.00010 0.00003 0.21 ns
 0.8897 

Years × K. humate levels 3 0.00031 0.00010 0.64 ns
 0.5895 

 NPK × K. humate levels 9 0.00119 0.00013 0.82 ns
 0.6040 

Years × NPK × K. humate levels 9 0.00042 0.00005 0.29 ns
 0.9763 

Error 62 0.01007 0.00016   

Total 95 0.01349    
ns

 = non-significant 

 

 

Appendix 79b. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.429 0.423 0.429 0.433 0.429 

2011 0.431 0.425 0.431 0.430 0.429 

Mean 0.430 0.424 0.430 0.432 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 79c. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.431 0.431 0.422 0.431 0.429 

2011 0.432 0.431 0.428 0.426 0.429 

Mean 0.432 0.431 0.425 0.428 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 79d. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.427 0.436 0.425 0.433 0.430 

50 0.424 0.428 0.418 0.426 0.424 

75 0.436 0.427 0.431 0.426 0.430 

100 0.440 0.432 0.426 0.429 0.432 

Mean 0.432 0.431 0.425 0.428 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 79e. Leaf sodium (Na) content (%) of S. tuberosum L. autumn crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.426 0.433 0.424 0.434 0.429 

2010 50 0.422 0.429 0.416 0.427 0.423 

2010 75 0.432 0.427 0.428 0.431 0.429 

2010 100 0.444 0.435 0.421 0.431 0.433 

2011 0 0.427 0.439 0.425 0.432 0.431 

2011 50 0.427   0.428 0.421 0.426 0.425 

2011 75 0.440 0.428 0.435 0.422 0.431 

2011 100 0.435 0.428 0.431 0.426 0.430 

Mean - 0.432 0.431 0.425 0.428 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

Appendix 80a. Analysis of variance (ANOVA) of the data for post-harvest soil pH 

under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.02312 0.01156   

Years 1 0.00375 0.00375 0.78 ns
 0.3796 

NPK levels 3 0.02708 0.00903 1.89 ns
 0.1413 

K. humate levels 3 0.03208 0.01069 2.23 ns
 0.0932 

Years × NPK levels  3 0.00708 0.00236 0.49 ns
 0.6884 

Years × K. humate levels 3 0.00208 0.00069 0.15 ns
 0.9325 

 NPK × K. humate levels 9 0.05708 0.00634 1.32 ns
 0.2429 

Years × NPK × K. humate levels 9 0.00708 0.00079 0.16 ns
 0.9968 

Error 62 0.29687 0.00479   

Total 95 0.45625    
ns

 = non-significant 

 

Appendix 80b. Soil pH after crop harvest as affected by years and varying levels of 

NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 7.96 7.97 7.99 8.02 7.99 

2011 7.97 8.00 7.99 8.02 8.00 

Mean 7.97 7.99 7.99 8.02 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

Appendix 80c. Soil pH after crop harvest as affected by years and varying levels of 

K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 7.97 7.97 8.00 8.01 7.99 

2011 8.00 7.97 8.02 8.02 8.00 

Mean 7.99 7.97 8.01 8.01 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test 



292 

 

Appendix 80d. Soil pH after crop harvest as affected by varying levels of NPK and 

K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 7.98 7.97 7.95 8.00 7.97 

50 7.98 7.98 8.02 7.97 7.99 

75 7.95 7.93 8.03 8.05 7.99 

100 8.03 7.98 8.03 8.03 8.02 

Mean 7.99 7.97 8.01 8.01 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 80e. Soil pH after crop harvest as affected by years and varying levels of 

NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 7.97 7.97 7.93 7.97 7.96 

2010 50 7.97 7.97 8.00 7.97 7.97 

2010 75 7.93 7.93 8.03 8.07 7.99 

2010 100 8.03 8.00 8.03 8.03 8.02 

2011 0 8.00 7.97 7.97 8.03 7.97 

2011 50 8.00 8.00 8.03 7.97 8.00 

2011 75 7.97 7.93 8.03 8.03 7.99 

2011 100 8.03 7.97 8.03 8.03 8.02 

Mean - 7.99 7.97 8.01 8.01 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 81a. Analysis of variance (ANOVA) of the data for post-harvest soil E.C. 

under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00281 0.00140   

Years 1 0.00088 0.00088 2.48 ns
 0.1206 

NPK levels 3 0.00066 0.00022 0.62
 ns

 0.6025 

K. humate levels 3 0.00016 0.00005 0.15 ns
 0.9279 

Years × NPK levels  3 0.00078 0.00026 0.73 ns
 0.5360 

Years × K. humate levels 3 0.00026 0.00009 0.25 ns
 0.8636 

 NPK × K. humate levels 9 0.00095 0.00011 0.30 ns
 0.9724 

Years × NPK × K. humate levels 9 0.00100 0.00011 0.31 ns
 0.9673 

Error 62 0.02192 0.00035   

Total 95 0.02942    
ns

 = non-significant 
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Appendix 81b. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 2.012 2.012 2.006 2.008 2.010 

2011 2.011 2.022 2.020 2.012 2.016 

Mean 2.012 2.017 2.013 2.010 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 81c. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2.009 2.007 2.013 2.010 2.010 

2011 2.019 2.014 2.014 2.017 2.016 

Mean 2.014 2.010 2.014 2.013 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 81d. Soil E.C. (dSm
-1

) after crop harvest as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.010 2.012 2.015 2.010 2.012 

50 2.012 2.015 2.020 2.022 2.017 

75 2.018 2.012 2.012 2.012 2.013 

100 2.012 2.008 2.005 2.010 2.010 

Mean 2.014 2.010 2.014 2.013 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 81e. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 2.010 2.010 2.023 2.007 2.012 

2010 50 2.003 2.017 2.013 2.017 2.012 

2010 75 2.010 2.000 2.007 2.010 2.006 

2010 100 2.013 2.003 2.010 2.007 2.008 

2011 0 2.010 2.013 2.007 2.013 2.011 

2011 50 2.020 2.013 2.027 2.027 2.022 

2011 75 2.027 2.023 2.017 2.013 2.020 

2011 100 2.013 2.007 2.007 2.013 2.012 

Mean - 2.014 2.010 2.014 2.013 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 82a. Analysis of variance (ANOVA) of the data for post-harvest soil 

organic matter under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00051 0.00026   

Years 1 0.00005 0.00005 0.51 ns
 0.4783 

NPK levels 3 0.00064 0.00021 2.12 
ns

 0.1073 

K. humate levels 3 0.00021 0.00007 0.70 
ns 

 0.5540 

Years × NPK levels  3 0.00049 0.00016 1.64
 ns

 0.1883 

Years × K. humate levels 3 0.00064 0.00021 2.12 ns
 0.1073 

 NPK × K. humate levels 9 0.00054 0.00006 0.60 ns
 0.7912 

Years × NPK × K. humate levels 9 0.00077 0.00009 0.85 ns
 0.5734 

Error 62 0.00622 0.00010   

Total 95 0.01007    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 82b. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.836 0.839 0.847 0.843 0.841 

2011 0.838 0.839 0.837 0.844 0.840 

Mean 0.837 0.839 0.842 0.844 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 82c. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.835 0.842 0.842 0.845 0.841 

2011 0.842 0.842 0.837 0.838 0.840 

Mean 0.838 0.842 0.840 0.842 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 82d. Soil organic matter (%) after crop harvest as affected by varying 

levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.830 0.837 0.838 0.843 0.837 

50 0.838 0.843 0.838 0.837 0.839 

75 0.842 0.843 0.842 0.842 0.842 

100 0.843 0.845 0.842 0.845 0.844 

Mean 0.838 0.842 0.840 0.842 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 82e. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.827 0.837 0.837 0.843 0.836 

2010 50 0.833 0.837 0.847 0.840 0.839 

2010 75 0.840 0.850 0.847 0.850 0.847 

2010 100 0.840 0.847 0.840 0.847 0.843 

2011 0 0.833 0.837 0.840 0.843 0.838 

2011 50 0.843 0.850 0.830 0.833 0.839 

2011 75 0.843 0.837 0.837 0.833 0.837 

2011 100 0.847 0.843 0.843 0.847 0.844 

Mean - 0.838 0.842 0.840 0.842 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 83a. Analysis of variance (ANOVA) of the data for sprouting percentage 

of S. tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 2.7708 1.38542   

Years 1 0.0104 0.01042 0.02 ns
 0.8983 

NPK levels 3 4.5313 1.51042 2.39 ns
 0.0775 

K. humate levels 3 1.5313 0.51042 0.81 ns
 0.4949 

Years × NPK levels  3 1.5312 0.51042 0.81 ns
 0.4949 

Years × K. humate levels 3 0.5312 0.17708 0.28 ns
 0.8397 

 NPK × K. humate levels 9 5.7604 0.64005 1.01 ns
 0.4408 

Years × NPK × K. humate levels 9 1.0937 0.12153 0.19 ns
 0.9943 

Error 62 39.2292 0.63273   

Total 95 56.9896    

 
ns

 = non-significant 

 

 

 

Appendix 83b. Sprouting percentage of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 96.42 96.83 96.83 96.66 96.69 

2011 96.50 96.67 97.17 96.33 96.67 

Mean 96.46 96.75 97.00 96.50 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 83c. Sprouting percentage of S. tuberosum L. spring crop as affected by 

years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 96.42 96.83 96.75 96.75 96.69 

2011 96.58 96.83 96.75 96.50 96.67 

Mean 96.50 96.83 96.75 96.62 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 83d. Sprouting percentage of S. tuberosum L. spring crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 95.83 96.67 96.67 96.67 96.46 

50 96.50 96.83 97.00 96.67 96.75 

75 96.83 97.00 97.00 97.17 97.00 

100 96.83 96.83 96.33 96.00 96.50 

Mean 96.50 96.83 96.75 96.62 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 83e. Sprouting percentage of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK and K. humate  

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 95.67 96.67 96.67 96.67 96.42 

 2010 50 96.33 97.00 97.00 97.00 96.83 

2010 75 96.67 96.67 97.00 97.00 96.83 

2010 100 97.00 97.00 96.33 96.33 96.66 

2011 0 96.00 96.67 96.67 96.67 96.50 

2011 50 96.67 96.67 97.00 96.33 96.67 

2011 75 97.00 97.33 97.00 97.33 97.17 

2011 100 96.67 96.67 96.33 95.67 96.33 

Mean - 96.50 96.83 96.75 96.62 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 84a. Analysis of variance (ANOVA) of the data for number of aerial stems 

per hill of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.02323 0.01161   

Years 1 0.00282 0.00282 0.33 ns
 0.5686 

NPK levels 3 0.01544 0.00515 0.60 ns
 0.6173 

K. humate levels 3 2.16357 0.72119 84.11 
**

 0.0000 

Years × NPK levels  3 0.00123 0.00041 0.05 ns
 0.9861 

Years × K. humate levels 3 0.02648 0.00883 1.03 ns
 0.3859 

 NPK × K. humate levels 9 0.10213 0.01135 1.32 ns
 0.2435 

Years × NPK × K. humate levels 9 0.11265 0.01252 1.46 ns
 0.1832 

Error 62 0.53164 0.00857   

Total 95 2.97918    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 84b. Number of aerial stems per hill of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK  

Year NPK level                                                             

(% of recommended dose) 

Mean 

0 50 75 100  

2010 2.541 2.555 2.526 2.548 2.542 

2011 2.524 2.556 2.515 2.532 2.531 

Mean 2.532 2.555 2.520 2.540 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 84c. Number of aerial stems per hill of S. tuberosum L. spring crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.277 2.473 2.595 2.785 2.532 

50 2.347 2.523 2.570 2.782 2.555 

75 2.377 2.467 2.538 2.700 2.520 

100 2.337 2.463 2.645 2.715 2.540 

Mean 2.334 d 2.482 c 2.587 b 2.745 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 84d. Number of aerial stems per hill of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 2.357 2.450 2.563 2.793 2.541 

2010 50 2.363 2.597 2.500 2.760 2.555 

2010 75 2.390 2.467 2.513 2.733 2.526 

2010 100 2.333 2.463 2.697 2.700 2.548 

2011 0 2.197 2.497 2.626 2.777 2.524 

2011 50 2.330 2.450 2.640 2.803 2.556 

2011 75 2.363 2.467 2.563 2.667 2.515 

2011 100 2.340 2.463 2.593 2.730 2.532 

Mean - 2.334 d 2.482 c 2.587 b 2.745 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 85a. Analysis of variance (ANOVA) of the data for number of leaves per 

hill of S. tuberosum L. spring crop after 75 days of planting under varying levels of 

NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 4.76 2.379   

Years 1 1.33 1.335 0.15 ns
 0.6970 

NPK levels 3 2216.16 738.719 84.67 
**

 0.0000 

K. humate levels 3 164.46 54.820 6.28 
**

 0.0009 

Years × NPK levels  3 16.39 5.463 0.63 ns
 0.6008 

Years × K. humate levels 3 24.63 8.209 0.94 ns
 0.4264 

 NPK × K. humate levels 9 45.39 5.043 0.58 ns
 0.8100 

Years × NPK × K. humate levels 9 42.54 4.726 0.54 ns
 0.8384 

Error 62 540.92 8.725   

Total 95 3056.57    
**

 = significant at p = 0.01, 
ns

 = non-significant  

 

 

 

Appendix 85b. Number of leaves per hill of S. tuberosum L. spring crop after 75 

days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 24.31 24.62 26.81 28.98 26.18 d 

50 30.05 32.17 31.18 33.29 31.67 c 

75 32.28 35.75 35.02 37.18 35.06 b 

100 38.22 39.80 39.03 40.20 39.31 a 

Mean 31.21 c 33.08 b 33.01 b 34.91 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 85c. Number of leaves per hill of S. tuberosum L. spring crop after 75 days 

of planting as affected by years and varying levels of NPK and K. humate 

Year NPK levels 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 24.22 24.67 26.79 29.10 26.19 

2010 50 30.20 33.70 30.60 33.51 32.00 

2010 75 29.39 36.37 35.30 37.20 34.56 

2010 100 38.20 40.10 40.00 41.43 39.93 

2011 0 24.40 24.57 26.83 28.87 26.17 

2011 50 29.90 30.63 31.77 33.07 31.34 

2011 75 35.17 35.13 34.73 37.17 35.55 

2011 100 38.23 39.50 38.07 38.97 38.69 

Mean - 31.21 c 33.08 b 33.01 b 34.91 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 86a. Analysis of variance (ANOVA) of the data for leaf chlorophyll 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 2.822 1.411   

Years 1 0.253 0.253 0.11 ns
 0.7429 

NPK levels 3 416.702 138.901 59.55 
**

 0.0000 

K. humate levels 3 19.558 6.519 2.80 
*
 0.0475 

Years × NPK levels  3 13.353 4.451 1.91 ns
 0.1375 

Years × K. humate levels 3 10.143 3.381 1.45 ns
 0.2370 

 NPK × K. humate levels 9 36.115 4.013 1.72 ns
 0.1032 

Years × NPK × K. humate levels 9 8.245 0.916 0.39 ns
 0.9341 

Error 62 144.607 2.332   

Total 95 651.799    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 86b. Leaf chlorophyll content (SPAD value) of S. tuberosum L. spring 

crop after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended 

dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 36.43 36.91 37.99 38.75 37.52 c 

50 39.10 41.04 41.97 41.41 40.88 b 

75 42.14 42.15 41.68 42.61 42.14 a 

100 43.18 43.44 42.61 43.17 43.00 a 

Mean 40.21 b 40.88 ab 40.96 ab 41.49 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 86c. Leaf chlorophyll content (SPAD value) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0   36.92 37.72 38.63 38.57 37.96 

2010 50 39.08 41.69 42.60 40.89 41.06 

2010 75 42.11 41.30 40.99 41.92 41.58 

2010 100 43.00 43.91 43.02 42.64 43.14 

2011 0 35.95 36.09 37.34 38.93 37.08 

2011 50 39.13 40.40 41.33 41.93 40.70 

2011 75 42.17 43.00 42.37 43.30 42.71 

2011 100 43.37 42.97 41.37 43.70 42.85 

Mean - 40.21 b 40.88 ab 40.96 ab 41.49 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 87a. Analysis of variance (ANOVA) of the data for leaf area per hill of S. 

tuberosum L. spring crop after 75 days of planting under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 432216 216108   

Years 1 66901.3 66901 0.58 ns
 0.4502 

NPK levels 3 3700000 1230000 106.57 
**

 0.0000 

K. humate levels 3 98500 328000 2.84 
*
 0.0453 

Years × NPK levels  3 432949 144316 1.25 ns
 0.3008 

Years × K. humate levels 3 467890 155963 1.35 ns
 0.2675 

 NPK × K. humate levels 9 1991772 221308 1.91 ns
 0.0668 

Years × NPK × K. humate levels 9 731216 81246 0.70 ns
 0.7051 

Error 62 718000 115838   

Total 95 4930000    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 87b. Leaf area (cm
2
) per hill of S. tuberosum L. spring crop after 75 days 

of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1516.3 1521.7 1757.2 1863.6 1664.7 d 

50 2045.8 2361.7 2634.5 2724.4 2441.6 c 

75 3094.7 3110.6 2876.7 2892.1 2993.5 b 

100 3080.7 3463.5 3299.0 3352.0 3298.8 a 

Mean 2434.4 b 2614.4 ab 2641.8 a 2708.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 87c. Leaf area (cm
2
) per hill of S. tuberosum L. spring crop after 75 days 

of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1277.2 1480.4 1653.5 1800.1 1552.8 

2010 50 2001.8 2433.4 2566.1 2478.2 2369.9 

2010 75 3036.8 3071.1 3064.1 2926.7 3024.7 

2010 100 2871.9 3591.8 3429.6 3489.6 3345.6 

2011 0 1755.4 1563.0 1860.8 1927.1 1776.6 

2011 50 2089.8 2290.1 2702.8 2970.5 2513.3 

2011 75 3152.6 3150.0 2689.3 2857.4 2962.3 

2011 100 3289.5 3335.6 3168.3 3214.4 3251.9 

Mean - 2434.4 b 2614.4 ab 2641.8 a 2708.0 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 88a. Analysis of variance (ANOVA) of the data for final plant height of S. 

tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 6.09 3.047   

Years 1 5.51 5.510 0.87 ns
 0.3552 

NPK levels 3 1278.69 426.232 67.11 
**

 0.0000 

K. humate levels 3 136.49 45.495 7.16 
**

 0.0003 

Years × NPK levels  3 17.61 5.872 0.92 ns
 0.4344 

Years × K. humate levels 3 10.28 3.427 0.54 ns
 0.6570 

 NPK × K. humate levels 9 48.25 5.361 0.84 ns
 0.5790 

Years × NPK × K. humate levels 9 24.43 2.714 0.43 ns
 0.9154 

Error 62 393.79 6.351   

Total 95 1921.14    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 88b. Final plant height (cm) of S. tuberosum L. spring crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

0 35.53 36.23 36.43 37.40 36.40 d 

50 38.57 39.13 41.93 41.67 40.32 c 

75 40.53 41.47 44.57 45.03 42.90 b 

100 44.60 47.00 47.63 44.60 46.39 a 

Mean 39.81 b 40.96 b 42.64 a 42.61 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 88c. Final plant height (cm) of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 35.53 36.07 35.60 37.73 36.23 

2010 50 39.07 39.13 42.93 43.00 41.03 

2010 75 41.87 42.63 44.73 44.87 43.52 

2010 100 45.60 46.67 46.47 46.00 46.18 

2011 0 35.53 36.40 37.27 37.07 36.57 

2011 50 38.07 39.13 40.93 40.33 39.62 

2011 75 39.20 40.30 44.40 45.20 42.27 

2011 100 43.60 47.33 48.80 46.67 46.60 

Mean - 39.81 b 40.96 b 42.64 a 42.61 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 89a. Analysis of variance (ANOVA) of the data for fresh weight of above 

ground parts per hill of S. tuberosum L. spring crop after 75 days of planting under 

varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 2872 1435.9   

Years 1 104 103.9 0.28 ns
 0.5960 

NPK levels 3 119553 39851.1 108.94 
**

 0.0000 

K. humate levels 3 18773 6257.7 17.11 
**

 0.0000 

Years × NPK levels  3 31 10.4 0.03 ns
 0.9935 

Years × K. humate levels 3 60 20.0 0.05 ns
 0.9831 

 NPK × K. humate levels 9 5224 580.5 1.59 ns
 0.1390 

Years × NPK × K. humate levels 9 452 50.2 0.14 ns
 0.9984 

Error 62 22679 365.8   

Total 95 169749    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 89b. Fresh weight (g) of above ground parts per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by varying levels of NPK and K. 

humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 257.68 288.83 311.99 320.29 294.70 d 

50 328.16 340.81 352.63 363.55 346.29 c 

75 349.87 362.97 378.45 387.20 369.62 b 

100 386.01 381.53 393.44 395.20 389.04 a 

Mean 330.43 c 343.53 b 359.13 a 366.56 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 89c. Fresh weight (g) of above ground parts per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by years and varying levels of NPK 

and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 258.57 286.17 317.35 322.65 293.66 

2010 50 331.50 339.95 355.15 359.73 345.99 

2010 75 349.11 350.11 379.94 383.92 368.77 

2010 100 383.76 378.77 391.19 394.87 387.15 

2011 0 256.80 286.17 317.35 322.65 295.74 

2011 50 331.50 339.95 355.15 359.73 346.58 

2011 75 350.63 364.13 376.95 390.49 370.55 

2011 100 388.27 384.28 395.69 395.52 390.94 

Mean - 330.43 c 343.53 b 359.13 a 366.56 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 90a. Analysis of variance (ANOVA) of the data for dry weight of above 

ground parts per hill of S. tuberosum L. spring crop after 75 days of planting under 

varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 60.28 30.140   

Years 1 25.75 25.747 1.81
 ns

 0.1830 

NPK levels 3 2132.71 710.903 50.07 
**

 0.0000 

K. humate levels 3 373.87 124.622 8.78 
**

 0.0001 

Years × NPK levels  3 56.07 18.690 1.32 
ns

 0.2771 

Years × K. humate levels 3 9.65 3.218 0.23 
ns

 0.8775 

 NPK × K. humate levels 9 253.39 28.154 1.98 
ns

 0.0565 

Years × NPK × K. humate levels 9 75.33 8.370 0.59 
ns

 0.8008 

Error 62 880.37 14.200   

Total 95 3867.42    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 90b. Dry weight (g) of above ground parts per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by varying levels of NPK and K. 

humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 22.155 28.178 33.325 33.001 29.165 c 

50 33.192 34.896 36.542 35.745 35.094 b 

75 73.268 39.091 39.138 42.469 39.742 a 

100 40.022 40.226 42.956 41.856 41.265 a 

Mean 33.409 c 35.598 b 37.990 a 38.268 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 90c. Dry weight (g) of above ground parts per hill of S. tuberosum L. 

spring crop after 75 days of planting as affected by years and varying levels of NPK 

and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 25.743 26.490 34.863 33.201 30.918 

2010 50 31.891 35.751 37.052 35.945 35.160 

2010 75 39.196 39.291 39.858 42.669 40.254 

2010 100 40.222 40.713 40.729 42.355 41.005 

2011 0 18.567 26.490 31.786 32.801 27.411 

2011 50 34.493 34.041 36.032 35.545 35.028 

2011 75 37.339 38.891 38.419 42.269 39.230 

2011 100 39.822 39.738 45.183 41.356 41.525 

Mean - 33.409 c 35.598 b 37.990 a 38.268 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 91a. Analysis of variance (ANOVA) of the data for fresh weight of below 

ground parts, except tubers, per hill of S. tuberosum L. spring crop after 75 days of 

planting under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 11.061 5.5304   

Years 1 1.021 1.0209 0.52 ns
 0.4742 

NPK levels 3 74.551 24.8504 12.62 
**

 0.0000 

K. humate levels 3 23.351 7.7837 3.95 
*
 0.0121 

Years × NPK levels  3 3.633 1.2109 0.62 ns
 0.6078 

Years × K. humate levels 3 0.241 0.0804 0.04 ns
 0.9889 

 NPK × K. humate levels 9 24.487 2.7208 1.38 ns
 0.2158 

Years × NPK × K. humate levels 9 17.100 1.9000 0.97 ns
 0.4773 

Error 62 122.072 1.9689   

Total 95 277.517    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 91b. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. spring crop after 75 days of planting as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 34.98 34.45 35.83 36.25 35.38 b 

50 36.12 36.68 37.32 38.15 37.07 a 

75 35.98 37.12 38.25 37.38 37.18 a 

100 36.08 34.62 35.30 35.40 35.35 b 

Mean 35.79 b 35.72 b 36.67 a 36.80 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 91c. Fresh weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. spring crop after 75 days of planting as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 34.90 34.97 35.80 35.53 35.30 

2010 50 35.87 37.03 36.87 38.53 37.07 

2010 75 35.73 36.50 39.20 37.63 37.27 

2010 100 35.97 34.20 34.53 35.00 34.92 

2011 0 35.07 33.93 35.87 36.97 35.46 

2011 50 36.37 36.33 37.77 37.77 37.06 

2011 75 36.23 37.73 37.30 37.13 37.10 

2011 100 36.20 35.03 36.07 35.80 35.78 

Mean - 35.79 b 35.72 b 36.67 a 36.80 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 92a. Analysis of variance (ANOVA) of the data for dry weight of below 

ground parts, except tubers, per hill of S. tuberosum L. spring crop after 75 days of 

planting under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.749 0.3744   

Years 1 0.030 0.0299 0.05 ns
 0.8239 

NPK levels 3 105.555 35.1850 58.84 
**

 0.0000 

K. humate levels 3 41.985 13.9951 23.40 
**

 0.0000 

Years × NPK levels  3 1.906 0.6355 1.06 ns
 0.3715 

Years × K. humate levels 3 0.310 0.1035 0.17 ns
 0.9142 

 NPK × K. humate levels 9 9.210 1.0233 1.71 ns
 0.1054 

Years × NPK × K. humate levels 9 3.296 0.3662 0.61 ns
 0.7818 

Error 62 37.076 0.5980   

Total 95 200.119    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 92b. Dry weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. spring crop after 75 days of planting as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 11.369 11.019 12.023 11.604 11.503 d 

50 12.152 12.653 14.190 13.739 13.183 b 

75 11.676 12.257 12.999 13.803 12.684 c 

100 13.695 13.499 15.335 15.176 14.426 a 

Mean 12.223 b 12.357 b 13.637 a 13.580 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 92c. Dry weight (g) of below ground parts, except tubers, per hill of S. 

tuberosum L. spring crop after 75 days of planting as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 11.734 11.471 12.208 11.425 11.710 

2010 50 12.604 12.503 13.996 13.733 13.209 

2010 75 11.549 12.324 12.997 13.986 12.714 

2010 100 13.345 13.351 15.101 15.143 14.235 

2011 0 11.003 10.566 11.837 11.782 11.297 

2011 50 11.700 12.803 14.385 13.745 13.158 

2011 75 11.804 12.190 13.000 13.619 12.653 

2011 100 14.044 13.647 15.570 15.210 14.618 

Mean - 12.223 b 12.357 b 13.637 a 13.580 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 93a. Analysis of variance (ANOVA) of the data for rate of photosynthesis 

of S. tuberosum L. spring crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.136 0.068   

Years 1 0.293 0.293 0.43 
ns

 0.5148 

NPK levels 3 682.261 227.420 333.62 
**

 0.0000 

K. humate levels 3 80.391 26.797 39.31 
**

 0.0000 

Years × NPK levels  3 4.009 1.336 1.96 
ns

 0.1292 

Years × K. humate levels 3 0.130 0.043 0.06 
ns

 0.9788 

 NPK × K. humate levels 9 13.956 1.551 2.27 
*
 0.0283 

Years × NPK × K. humate levels 9 3.687 0.410 0.60 
ns

 0.7914 

Error 62 42.264 0.682   

Total 95 827.127    
**

= significant at p = 0.01, 
*
= significant at p = 0.05, 

ns
 = non-significant 

 

Appendix 93b. Rate of photosynthesis (µmol CO2 m
-2

s
-1

) of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 21.53 21.43 21.97 22.13 21.77 

 2010 50 22.47 22.77 24.20 25.07 23.62 

2010 75 24.50 25.27 26.53 27.40 25.92 

2010 100 26.33 28.57 29.00 29.60 28.40 

2011 0 20.77 21.27 21.57 22.03 21.41 

2011 50 21.93 22.53 24.00 25.13 23.40 

2011 75 24.40 26.40 27.47 27.80 26.52 

2011 100 27.67 28.57 29.30 29.80 28.83 

Mean - 23.70 d 24.61 c 25.50 b 26.12 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 94a. Analysis of variance (ANOVA) of the data for rate of transpiration of 

S. tuberosum L. spring crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.25328 0.12664   

Years 1 0.00096 0.00096 0.08 
ns

 0.7790 

NPK levels 3 5.00490 1.66830 137.73 
**

 0.0000 

K. humate levels 3 0.79765 0.26588 21.95 
**

 0.0000 

Years × NPK levels  3 0.00144 0.00048 0.04 
ns

 0.9894 

Years × K. humate levels 3 0.00854 0.00285 0.24 
ns

 0.8715 

 NPK × K. humate levels 9 0.29359 0.03262 2.69 
*
 0.0104 

Years × NPK × K. humate levels 9 0.05713 0.00635 0.52 
ns

 0.8516 

Error 62 0.75101 0.01211   

Total 95 7.16850    
**

= significant at p = 0.01, 
*
= significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 94b. Rate of transpiration (mmol H2O m
-2

s
-1

) of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 4.32 4.35 4.37 4.43 4.37 

 2010 50 4.43 4.49 4.71 4.75 4.59 

2010 75 4.70 4.63 4.80 5.00 4.78 

2010 100 4.79 5.11 5.01 5.04 4.98 

2011 0 4.32 4.35 4.39 4.46 4.38 

2011 50 4.47 4.51 4.71 4.75 4.60 

2011 75 4.72 4.65 4.79 4.96 4.78 

2011 100 4.83 4.96 5.10 5.11 5.00 

Mean - 4.57 d 4.63 c 4.73 b 4.81 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

Appendix 95a. Analysis of variance (ANOVA) of the data for stomatal conductance 

of S. tuberosum L. spring crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00051 0.00025   

Years 1 0.00005 0.00005 1.13 
ns

 0.2928 

NPK levels 3 0.02289 0.00763 163.60 
**

 0.0000 

K. humate levels 3 0.00217 0.00072 15.51 
**

 0.0000 

Years × NPK levels  3 0.00035 0.00012 2.54 
ns

 0.0648 

Years × K. humate levels 3 0.00015 0.00005 1.08 
ns

 0.3653 

 NPK × K. humate levels 9 0.00056 0.00006 1.33 
ns

 0.2406 

Years × NPK × K. humate levels 9 0.00022 0.00002 0.52 
ns

 0.8557 

Error 62 0.00289 0.00005   

Total 95 0.02980    
**

= significant at p = 0.01, 
ns

 = non-significant 
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Appendix 95b. Stomatal conductance (cm s
-1

) of S. tuberosum L. spring crop after 75 

days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.223 0.224 0.225 0.224 0.224 

 2010 50 0.227 0.233 0.239 0.249 0.237 

2010 75 0.242 0.255 0.266 0.265 0.257 

2010 100 0.259 0.267 0.272 0.276 0.268 

2011 0 0.224 0.229 0.231 0.232 0.229 

2011 50 0.237 0.239 0.243 0.250 0.242 

2011 75 0.251 0.255 0.260 0.260 0.256 

2011 100 0.260 0.264 0.267 0.267 0.265 

Mean - 0.240 c 0.246 b 0.250 a 0.253 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 95c. Stomatal conductance (cm s
-1

) of S. tuberosum L. spring crop after 75 

days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.223 0.227 0.228 0.228 0.226 d 

50 0.232 0.236 0.241 0.250 0.240 c 

75 0.246 0.255 0.263 0.263 0.257 b  

100 0.260 0.265 0.269 0.272 0.266 a 

Mean 0.240 c 0.246 b 0.250 a 0.253 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 96a. Analysis of variance (ANOVA) of the data for water use efficiency of 

S. tuberosum L. spring crop after 75 days of planting under varying levels of NPK 

and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.2854 0.14268   

Years 1 0.0002 0.00015 0.01 
ns

 0.9505 

NPK levels 3 8.9715 2.99050 77.38 
**

 0.0000 

K. humate levels 3 0.8066 0.26887 6.96 
**

 0.0004 

Years × NPK levels  3 0.2545 0.08482 2.19 
ns

 0.0976 

Years × K. humate levels 3 0.0153 0.00511 0.13 
ns

 0.9405 

 NPK × K. humate levels 9 0.3871 0.04301 1.11 
ns

 0.3673 

Years × NPK × K. humate levels 9 0.2287 0.02542 0.66 
ns

 0.7434 

Error 62 2.3960 0.03865   

Total 95 13.3453    
**

= significant at p = 0.01, 
ns

 = non-significant 
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Appendix 96b. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. spring 

crop after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 4.89 4.91 4.97 4.97 4.94 d 

50 4.99 5.14 5.14 5.29 5.14 c 

75 5.19 5.57 5.63 5.54 5.49 b 

100 5.61 5.69 5.77 5.84 5.73 a 

Mean 5.17 b 5.33 a 5.38 a 5.41 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 96c. Water use efficiency (mmol CO2/mol H2O) of S. tuberosum L. spring 

crop after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 4.98 4.93 5.02 5.00 4.98 

 2010 50 5.07 5.27 5.13 5.28 5.19 

2010 75 5.21 5.46 5.53 5.61 5.42 

2010 100 5.50 5.61 5.79 5.84 5.69 

2011 0 4.80 4.89 4.92 4.94 4.89 

2011 50 4.91 5.00 5.15 5.29 5.09 

2011 75 5.17 5.68 5.74 5.61 5.55 

2011 100 5.73 5.76 5.74 5.84 5.77 

Mean - 5.17 b 5.33 a 5.38 a 5.41 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 97a. Analysis of variance (ANOVA) of the data for number of tubers per 

hill of S. tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 3.479 1.7396   

Years 1 7.233 7.2325 2.53 ns
 0.1166 

NPK levels 3 91.492 30.4974 10.68 
**

 0.0000 

K. humate levels 3 18.093 6.0311 2.11 ns
 0.1078 

Years × NPK levels  3 2.497 0.8325 0.29 ns
 0.8314 

Years × K. humate levels 3 0.614 0.2046 0.07 ns
 0.9749 

 NPK × K. humate levels 9 9.219 1.0243 0.36 ns
 0.9502 

Years × NPK × K. humate levels 9 3.354 0.3727 0.13 ns
 0.9987 

Error 62 177.080 2.8561   

Total 95 313.061    
**

 = significant at p = 0.01, 
ns

 = non-significant 
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Appendix 97b. Number of tubers per hill of S. tuberosum L. spring crop as affected 

by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 6.34 6.91 7.16 7.51 6.98 

2011 7.00 7.18 7.82 8.12 7.53 

Mean 6.67 7.05 7.49 7.81 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 97c. Number of tubers per hill of S. tuberosum L. spring crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 5.15 5.51 5.49 6.58 5.68 c 

50 6.71 7.41 7.55 7.31 7.24 b 

75 7.23 8.22 8.84 8.77 8.26 a 

100 7.58 7.04 8.08 8.59 7.82 ab 

Mean 6.67 7.05 7.49 7.81 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 97d. Number of tubers per hill of S. tuberosum L. spring crop as affected 

by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 5.44 5.62 5.12 6.49 5.67 

2010 50 5.75 7.22 7.30 6.88 6.79 

2010 75 6.99 7.98 8.41 8.34 7.93 

2010 100 7.17 6.81 7.83 8.32 7.53 

2011 0 4.87 5.40 5.87 6.67 5.70 

2011 50 7.68 7.60 7.80 7.73 7.70 

2011 75 7.47 8.47 9.27 9.20 8.60 

2011 100 8.00 7.27 8.33 8.67 8.12 

Mean - 6.67 7.05 7.49 7.81 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 98a. Analysis of variance (ANOVA) of the data for tuber yield per hill 

(fresh weight) of S. tuberosum L. spring crop under varying levels of NPK and K. 

humate 

Source of variation DF SS MS F P 

Replications 2 944 472.1   

Years 1 18 17.9 0.05 ns
 0.8158 

NPK levels 3 237738 79245.9 242.64 
**

 0.0000 

K. humate levels 3 17460 5819.9 17.82 
**

 0.0000 

Years × NPK levels  3 206 68.8 0.21 ns
 0.8886 

Years × K. humate levels 3 519 173.0 0.53 ns
 0.6635 

 NPK × K. humate levels 9 6468 718.6 2.20  * 0.0338 

Years × NPK × K. humate levels 9 221 24.5 0.08 ns
 0.9999 

Error 62 20250 326.6   

Total 95 283823    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 98b. Tuber yield per hill (g, fresh weight) of S. tuberosum L. spring crop 

as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 222.08 237.26 247.18 268.07 243.65 

2010 50 285.69 280.08 289.51 317.98 293.31 

2010 75 302.79 336.93 346.12 372.81 399.66 

2010 100 368.77 361.15 374.36 383.79 372.02 

2011 0 217.00 241.85 242.57 249.71 237.78 

2011 50 288.71 282.57 292.42 309.42 293.28 

2011 75 305.14 336.28 353.85 368.37 340.91 

2011 100 369.85 362.14 380.71 380.17 373.22 

Mean - 295.00 c 304.78 c 315.84 b 331.29 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 99a. Analysis of variance (ANOVA) of the data for dry weight of tubers 

per hill of S. tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 13.5 6.76   

Years 1 0.3 0.27 0.02 ns
 0.9004 

NPK levels 3 14381.3 4793.76 283.36 
**

 0.0000 

K. humate levels 3 1234.3 411.43 24.32 
**

 0.0000 

Years × NPK levels  3 7.2 2.41 0.14 ns
 0.9341 

Years × K. humate levels 3 1.0 0.34 0.02 ns
 0.9961 

 NPK × K. humate levels 9 403.9 44.88 2.65 
*
 0.0114 

Years × NPK × K. humate levels 9 21.5 2.39 0.14 ns
 0.9982 

Error 62 1048.9 16.92   

Total 95 17111.9    
**

 = significant at p = 0.01,
 *
 = significant at p = 0.01, 

ns
 = non-significant 
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Appendix 99b. Dry weight (g) of tubers per hill of S. tuberosum L. spring crop as 

affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 39.516 49.270 47.100 49.371 46.314 

2010 50 65.454 55.553 58.268 62.126 58.100 

2010 75 61.264 67.833 72.768 79.202 70.267 

2010 100 75.587 76.922 80.704 82.118 78.833 

2011 0 39.776 46.556 47.373 49.642 45.837 

2011 50 56.454 55.836 58.542 64.375 58.871 

2011 75 61.564 68.100 73.034 78.128 70.202 

2011 100 75.511 77.526 79.673 80.055 78.182 

Mean - 58.298 d 62.199 c 64.678 b 68.127 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 100a. Analysis of variance (ANOVA) of the data for tuber yield per 

hectare of S. tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 1.792 0.896   

Years 1 0.034 0.034 0.05 ns
 0.8158 

NPK levels 3 451.101 150.367 242.64 
**

 0.0000 

K. humate levels 3 33.129 11.043 17.82 
**

 0.0000 

Years × NPK levels  3 0.392 0.131 0.21 ns
 0.8886 

Years × K. humate levels 3 0.985 0.328 0.53 ns
 0.6635 

 NPK × K. humate levels 9 12.272 1.364 2.20 
*
 0.0338 

Years × NPK × K. humate levels 9 0.419 0.047 0.08 ns
 0.9999 

Error 62 38.423 0.620   

Total 95 538.547    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

Appendix 100b. Tuber yield per hectare (tons) of S. tuberosum L. spring crop as 

affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 9.647 10.335 10.767 11.667 10.613 

2010 50 12.445 12.200 12.611 13.851 12.777 

2010 75 13.190 14.677 15.077 16.239 14.796 

2010 100 16.064 15.732 16.307 16.718 16.205 

2011 0 9.453 10.535 10.566 10.877 10.358 

2011 50 12.576 12.309 12.738 13.478 12.775 

2011 75 13.292 14.648 15.414 16.046 14.850 

2011 100 16.111 15.775 16.584 16.560 16.257 

Mean - 12.850 c 13.276 c 13.758 b 14.431 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 101a. Analysis of variance (ANOVA) of the data for biological yield per 

hill of S. tuberosum L. spring crop at harvest under varying levels of NPK and K. 

humate 

Source of variation DF SS MS F P 

Replications 2 4 2   

Years 1 93 93 0.08 ns
 0.7769 

NPK levels 3 801701 267234 232.05 
**

 0.0000 

K. humate levels 3 47079 15693 13.63 
**

 0.0000 

Years × NPK levels  3 272 91 0.08 ns
 0.9713 

Years × K. humate levels 3 3042 1014 0.88 ns
 0.4562 

 NPK × K. humate levels 9 26078 2898 2.52 
*
 0.0159 

Years × NPK × K. humate levels 9 2118 235 0.20 ns
 0.9928 

Error 62 71400 1152   

Total 95 951787    
**

 = significant at p = 0.01,
 *
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 101b. Biological yield (g, fresh weight) per hill of S. tuberosum L. spring 

crop at harvest as affected by years and varying levels of NPK and K. humate  

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 525.79 539.54 554.56 613.73 558.40 

 2010 50 698.34 639.44 677.12 724.55 684.86 

2010 75 688.67 735.97 765.27 795.56 746.37 

2010 100 815.34 788.09 801.52 818.32 805.82 

2011 0 509.87 564.33 564.86 585.96 556.25 

2011 50 677.70 660.85 685.07 707.25 682.72 

2011 75 692.54 737.88 770.43 796.46 749.33 

2011 100 794.68 780.79 811.43 810.16 799.27 

Mean - 675.37 c 680.86 c 703.78 b 731.50 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 102a. Analysis of variance (ANOVA) of the data for harvest index of S. 

tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00217 0.00109   

Years 1 0.00006 0.00006 0.20 ns
 0.6545 

NPK levels 3 0.02018 0.00673 21.95 
**

 0.0000 

K. humate levels 3 0.00266 0.00089 2.90 
*
 0.0422 

Years × NPK levels  3 0.00059 0.00020 0.64 ns
 0.5908 

Years × K. humate levels 3 0.00029 0.00010 0.32 ns
 0.8116 

 NPK × K. humate levels 9 0.00117 0.00013 0.42 ns
 0.9173 

Years × NPK × K. humate levels 9 0.00038 0.00004 0.14 ns
 0.9983 

Error 62 0.01901 0.00031   

Total 95 0.04653    
**

= significant at p = 0.01, 
*
= significant at p = 0.05, 

ns
 = non-significant 
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Appendix 102b. Harvest index (%) of S. tuberosum L. spring crop as affected by 

varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 42.3 43.5 43.7 43.1 43.2 b 

50 42.5 43.3 42.7 43.8 43.1 b 

75 44.0 45.7 45.6 46.6 45.4 a 

100 45.9 46.1 46.8 76.9 46.4 a 

Mean 43.7 b 44.6 ab 44.7 a 45.1 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 102c. Harvest index (%) of S. tuberosum L. spring crop as affected by 

years and varying levels of NPK and K. humate  

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 42.2 44.0 44.6 43.6 43.6 

 2010 50 42.4 43.8 42.7 43.9 43.2 

2010 75 44.0 45.8 45.2 46.9 45.5 

2010 100 45.3     45.8 46.7 46.9 46.2 

2011 0 42.4 43.0 42.9 42.7 42.8 

2011 50 42.5 42.7 42.7 43.7 42.9 

2011 75 44.0 45.6 45.9 46.2 45.4 

2011 100 46.5 46.4 46.9 46.9 46.9 

Mean - 43.7 b 44.6 ab 44.7 a 45.1 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 103a. Analysis of variance (ANOVA) of the data for tuber starch content 

of S. tuberosum L. spring crop under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.01894 0.00947   

Years 1 0.00667 0.00667 1.52 ns
 0.2220 

NPK levels 3 0.90363 0.30121 68.76 
**

 0.0000 

K. humate levels 3 0.16746 0.05582 12.74 
**

 0.0000 

Years × NPK levels  3 0.02750 0.00917 2.09 ns
 0.1103 

Years × K. humate levels 3 0.00501 0.00167 0.38 ns
 0.7670 

 NPK × K. humate levels 9 0.07148 0.00794 1.81 ns
 0.0836 

Years × NPK × K. humate levels 9 0.00752 0.00084 0.19 ns
 0.9944 

Error 62 0.27159 0.00438   

Total 95 1.47980    
**

 = significant at p = 0.01, 
ns

 = non-significant  
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Appendix 103b. Tuber starch content (%) of S. tuberosum L. spring crop as affected 

by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 14.357 14.306 14.363 14.390 14.377 c 

50 14.360 14.490 14.420 14.580 14.463 b 

75 14.560 14.610 14.530 14.650 14.587 a 

100 14.305 14.333 14.315 14.380 14.333 d 

Mean 14.395 c 14.457 b 14.407 c 14.500 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 103c. Tuber starch content (%) of S. tuberosum L. spring crop as affected 

by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 14.407 14.447 14.413 14.390 14.414 

2010 50 14.360 14.490 14.420 14.580 14.462 

2010 75 14.560 14.610 14.530 14.633 14.583 

2010 100 14.307 14.333 14.313 14.380 14.333 

2011 0 14.307 14.347 14.313 14.390 14.339 

2011 50 14.360 14.490 14.420 14.580 14.462 

2011 75 14.560 14.610 14.530 14.633 14.592 

2011 100 14.303 14.333 14.317 14.380 14.333 

Mean - 14.395 c 14.457 b 14.407 c 14.500 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 104a. Analysis of  variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00966 0.00483   

Years 1 0.00202 0.00202 1.95 ns
 0.1678 

NPK levels 3 0.00812 0.00271 2.61 ns
 0.0590 

K. humate levels 3 0.00045 0.00015 0.15 ns
 0.9317 

Years × NPK levels  3 0.00294 0.00098 0.95 ns
 0.4235 

Years × K. humate levels 3 0.00051 0.00017 0.16 ns
 0.9205 

 NPK × K. humate levels 9 0.00675 0.00075 0.72 ns
 0.6845 

Years × NPK × K. humate levels 9 0.00403 0.00045 0.43 ns
 0.9123 

Error 62 0.06420 0.00104   

Total 95 0.09870    
ns

 = non-significant 
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Appendix 104b. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK  

Year NPK level                                                                                       

(% of recommended dose) 

Mean 

0 50 75 100 

2010 3.208 3.222 3.238 3.242 3.228 

2011 3.234 3.232 3.233 3.248 3.237  

Mean 3.221 3.227 3.236 3.245 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 104c. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                          

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.227 3.228 3.231 3.225 3.228 

2011 3.243 3.233 3.237 3.234 3.237  

Mean 3.235 3.231 3.234 3.230 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 104d. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                            

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.223 3.232 3.223 3.207 3.221 

50 3.215 3.232 3.238 3.222 3.227 

75 3.250 3.223 3.230 3.240 3.236 

100 3.252 3.237 3.243 3.250 3.245 

Mean 3.235 3.231 3.234 3.230 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 104e. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.217 3.217 3.200 3.200 3.208 

2010 50 3.193 3.230 3.243 3.220 3.222 

2010 75 3.253 3.227 3.233 3.240 3.238 

2010 100 3.243 3.240 3.247 2.240 3.242 

2011 0 3.230 3.247 3.247 3.213 3.234 

2011 50 3.237 3.233 3.233 3.233 3.232 

2011 75 3.247 3.220 3.227 3.240 3.233 

2011 100 3.260 3.233 3.240 3.260 3.248 

Mean - 3.235 3.231 3.234 3.230 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 105a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00723 0.00362   

Years 1 0.00882 0.00882 1.78
 ns

 0.1868 

NPK levels 3 6.74207 2.24736 454.11
**

 0.0000 

K. humate levels 3 0.79748 0.26583 53.71
**

 0.0000 

Years × NPK levels  3 0.00286 0.00095 0.19
 ns

 0.9011 

Years × K. humate levels 3 0.00576 0.00192 0.39
 ns

 0.7621 

 NPK × K. humate levels 9 0.01623 0.00180 0.36
 ns

 0.9476 

Years × NPK × K. humate levels 9 0.00730 0.00081 0.16
 ns

 0.9968 

Error 62 0.30683 0.00495   

Total 95 7.89458    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 105b. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by varying levels of NPK and K. humate  

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.323 3.420 3.480 3.560 3.446 d 

50 3.560 3.688 3.758 3.832 3.710 c 

75 3.785 3.923 4.00 4.038 3.937 b 

100 4.023 4.158 4.222 4.235  4.160 a 

Mean 3.679 d 3.797 c 3.865 b 3.916 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 105c. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.367 3.443  3.483 3.560 3.463 

2010 50 3.580 3.707 3.767 3.823 3.719 

2010 75 3.800 3.937 4.010 4.037 3.946 

2010 100 4.027 4.157 4.213 4.250 4.162 

2011 0 3.280 3.397 3.477 3.560 3.428 

2011 50 3.540 3.670 3.750 3.840 3.700 

2011 75 3.770 3.910 3.990 4.040 3.927 

2011 100 4.020 4.160 4.230 4.220 4.157 

Mean - 3.679 d 3.797 c 3.865 b 3.916 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Table 3.106a. Analysis of variance (ANOVA) of the data for leaf nitrogen (N) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.02891 0.01446   

Years 1 0.01760 0.01760 3.05 ns
 0.0858 

NPK levels 3 5.88985 1.96328 339.93 
**

 0.0000 

K. humate levels 3 0.66255 0.22085 38.24 
**

 0.0000 

Years × NPK levels  3 0.04312 0.01437 2.49 ns
 0.0686 

Years × K. humate levels 3 0.04205 0.01402 2.43 ns
 0.0739 

 NPK × K. humate levels 9 0.06920 0.00769 1.33 ns
 0.2396 

Years × NPK × K. humate levels 9 0.05863 0.00651 1.13 ns
 0.3572 

Error 62 0.35809 0.00578   

Total 95 7.17000    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Table 3.106b. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.198 2.228 2.333 2.307 2.267 d 

50 2.370 2.470 2.585 2.590 2.504 c 

75 2.568 2.652 2.733 2.798 2.688 b 

100 2.813 2.877 2.982 3.098 2.942 a 

Mean 2.487 c 2.557 b 2.658 a 2.698 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Table 3.106c. Leaf nitrogen (N) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0  2.277 2.270 2.353 2.350 2.312 

2010 50 2.363 2.473 2.573 2.660 2.517 

2010 75 2.573 2.660 2.733 2.817 2.696 

2010 100 2.873 2.863 2.897 3.083 2.929 

2011 0 2.120 2.187 2.313 2.263 2.221 

2011 50 2.363 2.473 2.573 2.660 2.490 

2011 75 2.563 2.643 2.733 2.780 2.680 

2011 100 2.753 2.890 3.067 3.113 2.956 

Mean - 2.487 c 2.557 b 2.658 a 2.698 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 107a. Analysis of variance (ANOVA) of the data for leaf Phosphorus (P) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00033 0.000163   

Years 1 0.00002 0.000023 0.19 ns
 0.6684 

NPK levels 3 0.00101 0.000337 2.72 ns
 0.0523 

K. humate levels 3 0.00003 0.000011 0.09 ns
 0.9644 

Years × NPK levels  3 0.00027 0.000090 0.72 ns
 0.5424 

Years × K. humate levels 3 0.00003 0.000011 0.09 ns
 0.9667 

 NPK × K. humate levels 9 0.0007 0.000078 0.63 ns
 0.7690 

Years × NPK × K. humate levels 9 0.00043 0.000047 0.38 ns
 0.9401 

Error 62 0.0077 0.000124   

Total 95 0.01052    

 
ns

 = non-significant 

 

 

Appendix 107b. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.252 0.249 0.253 0.257 0.253 

2011 0.245 0.251 0.254 0.257 0.252 

Mean 0.249 0.250 0.254 0.257 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 107c. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of K. humate  

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.252 0.253 0.253 0.253 0.253 

2011 0.251 0.252 0.251 0.253 0.252 

Mean 0.251 0.253 0.252 0.253 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 107d. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.247 0.254 0.246 0.247 0.249 

50 0.251 0.251 0.248 0.249 0.250 

75 0.253 0.248 0.256 0.259 0.254 

100 0.254 0.258 0.258 0.256 0.257 

Mean 0.251 0.253 0.252 0.253 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 107e. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 
(% of 

recommen

ded 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0   0.249 0.262 0.248 0.249 0.252 

2010 50 0.250 0.251 0.247 0.248 0.249 

2010 75 0.255 0.242 0.258 0.259 0.253 

2010 100 0.255 0.259 0.259 0.253 0.257 

2011 0 0.245 0.246 0.245 0.245 0.245 

2011 50 0.252 0.251 0.249 0.251 0.251 

2011 75 0.252 0.253 0.253 0.259 0.254 

2011 100 0.254 0.257 0.257 0.259 0.257 

Mean - 0.251 0.253 0.252 0.253 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 108a. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00052 0.00026   

Years 1 0.00085 0.00085 3.50 ns
 0.0662 

NPK levels 3 0.13347 0.04449 182.54 
**

 0.0000 

K. humate levels 3 0.00225 0.00075 3.08 
*
 0.0337 

Years × NPK levels  3 0.00098 0.00033 1.34 ns
 0.2697 

Years × K. humate levels 3 0.00031 0.00010 0.43 ns
 0.7353 

 NPK × K. humate levels 9 0.00358 0.00040 1.63 ns
 0.1257 

Years × NPK × K. humate levels 9 0.00087 0.00010 0.40 ns
 0.9325 

Error 62 0.01511 0.00024   

Total 95 0.15794    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 
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Appendix 108b. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.473 0.484 0.490 0.496 0.486 d 

50 0.525 0.541 0.551 0.555 0.543 c 

75 0.571 0.551 0.567 0.573 0.572 b 

100 0.587 0.573 0.580 0.585 0.581 a 

Mean 0.539 b 0.543 ab 0.547 ab 0.552 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 108c. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of NPK and K. 

humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.477 0.490 0.494 0.501 0.490 

2010 50 0.532 0.546 0.551 0.561 0.547 

2010 75 0.577 0.581 0.574 0.578 0.578 

2010 100 0.593 0.571 0.579 0.572 0.579 

2011 0 0.469 0.478 0.486 0.491 0.481 

2011 50 0.519 0.536 0.551 0.549 0.539 

2011 75 0.565 0.572 0.561 0.568 0.567 

2011 100 0.581 0.575 0.582 0.597 0.584 

Mean - 0.539 b 0.543 ab 0.547 ab 0.552 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 109a. Analysis of variance (ANOVA) of the data for leaf phosphorus (P) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00026 0.00013   

Years 1 0.00004 0.00004 0.10 
ns

 0.7554 

NPK levels 3 0.00382 0.00127 2.84 
*
 0.0453 

K. humate levels 3 0.00214 0.00071 1.59 
ns

 0.2019 

Years × NPK levels  3 0.00318 0.00106 2.36 
ns

 0.0801 

Years × K. humate levels 3 0.00024 0.00080 0.18 
ns

 0.9119 

 NPK × K. humate levels 9 0.00043 0.00005 0.11
 ns

 0.9994 

Years × NPK × K. humate levels 9 0.00085 0.00009 0.21 
ns

 0.9919 

Error 62 0.02790 0.00045   

Total 95 0.03884    
*
 = significant at p = 0.05, 

ns
 = non-significant 
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Appendix 109b. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.230 0.233 0.243 0.242 0.237 

2011 0.232 0.232 0.236 0.243 0.236 

Mean 0.231 0.233 0.239 0.243 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 109c. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.227 0.226 0.230 0.235 0.229 b 

50 0.234 0.239 0.250 0.252 0.244 a 

75 0.225 0.227 0.233 0.238     0.231 b 

100 0.238 0.240 0.243 0.244 0.241 ab 

Mean 0.231 0.233 0.239 0.243 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 109d. Leaf phosphorus (P) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.223 0.226 0.224 0.228 0.225 

 2010 50 0.230 0.233 0.246 0.243 0.238 

2010 75 0.228 0.228 0.242 0.247 0.236 

2010 100 0.240 0.245 0.259 0.252 0.249 

2011 0 0.230 0.226 0.236 0.242 0.233 

2011 50 0.238 0.244 0.255 0.262 0.250 

2011 75 0.223 0.225 0.225 0.230 0.226 

2011 100 0.236 0.235 0.228 0.237 0.234 

Mean - 0.231 0.233 0.239 0.243 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 110a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.01036 0.00518   

Years 1 0.00960 0.00960 2.46 ns
 0.1218 

NPK levels 3 0.04734 0.01578 4.05 
*
 0.0108 

K. humate levels 3 0.00305 0.00102 0.26 ns
 0.8532 

Years × NPK levels  3 0.00568 0.00189 0.48 ns
 0.6939 

Years × K. humate levels 3 0.00223 0.00074 0.19 ns
 0.9027 

 NPK × K. humate levels 9 0.01367 0.00152 0.39 ns
 0.9358 

Years × NPK × K. humate levels 9 0.00343 0.00038 0.10 ns
 0.9996 

Error 62 0.24184 0.00390   

Total 95 0.33720    
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 120b. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 

30 days of pla1ting as affected by years and varying levels of K. humate 

Year K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 3.181 3.187 3.182 3.175 3.181 

2011 3.149 3.173 3.156 3.167 3.161 

Mean 3.165 3.180 3.169 3.171 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 110c. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.152 3.143 3.152 3.163 3.152 b 

50 3.160 3.170 3.125 3.160 3.154 b 

75 3.158 3.190 3.175 3.165 3.172 ab 

100 3.190 3.218 3.225 3.197 3.207 a 

Mean 3.165 3.180 3.169 3.171 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 110d. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.163 3.147 3.163 3.153 3.157 

2010 50 3.200 3.177 3.150 3.170 3.177 

2010 75 3.167 3.200 3.187 3.170 3.181 

2010 100 3.193 3.227 3.230 3.197 3.212 

2011 0 3.140 3.140 3.141 3.173 3.148 

2011 50 3.120 3.163 3.100 3.140 3.131 

2011 75 3.150 3.180 3.163 3.160 3.163 

2011 100 3.187 3.210 3.220 3.197 3.203 

Mean - 3.165 3.180 3.169 3.171 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 111a. Analysis of  variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.2308 0.11540   

Years 1 0.0122 0.01217 1.20 ns
 0.2777 

NPK levels 3 9.7586 3.25287 320.47 
**

 0.0000 

K. humate levels 3 0.6000 0.19999 19.70 
**

 0.0000 

Years × NPK levels  3 0.0522 0.01741 1.71 ns
 0.1731 

Years × K. humate levels 3 0.0120 0.00400 0.39 ns
 0.7575 

 NPK × K. humate levels 9 0.0673 0.00748 0.74 ns
 0.6738 

Years × NPK × K. humate levels 9 0.1391 0.01545 1.52 ns
 0.1600 

Error 62 0.6293 0.01015   

Total 95 11.5015    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 111b. Leaf potassium (K) content (%)of S. tuberosum L. spring crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 3.317 3.354 3.416 3.514 3.400 d 

50 3.638 3.714 3.832 3.881 3.767 c 

75 3.847 3.938 4.079 4.101 3.991 b 

100 4.203 4.263 4.290 4.331 4.272 a 

Mean 3.751 c 3.817 b 3.904 a 3.957 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 111c. Leaf potassium (K) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 3.359 3.373 3.371 3.391 3.373 

2010 50 3.599 3.748 3.836 3.878 3.768 

2010 75 3.760 3.878 4.085 4.088 3.935 

2010 100 4.213 4.275 4.317 4.369 4.293 

2011 0 3.276 3.335 3.461 3.638 3.427 

2011 50 3.678 3.680 3.828 3.886 3.768 

2011 75 3.934 3.998 4.074 4.113 4.029 

2011 100 4.192 4.251 4.263 4.294 4.250 

Mean - 3.751 c 3.817 b 3.904 a 3.957 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 112a. Analysis of variance (ANOVA) of the data for leaf potassium (K) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00924 0.00462   

Years 1 0.00071 0.00071 0.07 ns
 0.7995 

NPK levels 3 2.10641 0.70214 64.41 
**

 0.0000 

K. humate levels 3 0.37112 0.12371 11.35 
**

 0.0000 

Years × NPK levels  3 0.07275 0.02425 2.22 ns
 0.0942 

Years × K. humate levels 3 0.02970 0.00990 0.91 ns
 0.4423 

 NPK × K. humate levels 9 0.13145 0.01461 1.34 ns
 0.2354 

Years × NPK × K. humate levels 9 0.15437 0.01715 1.57 ns
 0.1432 

Error 62 0.67585 0.01090   

Total 95 3.55160    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

Appendix 112b. Leaf potassium (K) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.542 1.692 1.745 1.767 1.687 d 

50 1.707 1.788 1.872 1.924 1.823 c 

75 1.876 1.942 2.022 1.884 1.931 b 

100 2.009 2.089 2.110 2.157 2.091 a 

Mean 1.738 b 1.878 a 1.937 a 1.933 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 112c. Leaf potassium (K) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                              

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.639 1.690 1.733 1.750 1.703 

2010 50 1.686 1.750 1.856 1.907 1.800 

2010 75 1.868 1.953 2.020 2.049 1.972 

2010 100 1.973 2.048 2.106 2.143 2.067 

2011 0 1.444 1.694 1.758 1.787 1.671 

2011 50 1.727 1.825 1.888 1.941 1.845 

2011 75 1.884 1.931 2.024 1.719 1.890 

2011 100 2.045 2.130 2.114 2.172 2.115 

Mean - 1.738 b 1.878 a 1.937 a 1.933 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 113a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00048 0.00024   

Years 1 0.00027 0.00027 0.69 ns
 0.4093 

NPK levels 3 0.00231 0.00077 1.99 ns
 0.1242 

K. humate levels 3 0.0015 0.00050 1.29 ns
 0.2841 

Years × NPK levels  3 0.00021 0.00007 0.18 ns
 0.9101 

Years × K. humate levels 3 0.00062 0.00021 0.54 ns
 0.6588 

 NPK × K. humate levels 9 0.00763 0.00085 2.19 ns
 0.0343 

Years × NPK × K. humate levels 9 0.00042 0.00005 0.12 ns
 0.9991 

Error 62 0.02396 0.00039   

Total 95 0.03739    

 
ns

 = non-significant 

 

 

 

Appendix 113b. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.959 0.946 0.960 0.961 0.957 

2011 0.953 0.948 0.955 0.958 0.953 

Mean 0.956 0.947 0.958 0.960 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 113c. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.947 0.961 0.957 0.961 0.957 

2011 0.949 0.955 0.958 0.951 0.953 

Mean 0.948 0.958 0.957 0.956 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 113d. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.951 0.964 0.966 0.943 0.956 

50 0.940 0.938 0.951 0.958 0.947 

75 0.938 0.970 0.967 0.956 0.958 

100 0.964 0.960 0.946 0.968 0.960 

Mean 0.948 0.958 0.957 0.956 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 113e. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 30 days of planting as affected by years and varying levels of NPK and K. 

humate  

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.950 0.971 0.968 0.948 0.959 

 2010 50 0.932 0.939 0.949 0.964 0.946 

2010 75 0.941 0.972 0.968 0.960 0.960 

2010 100 0.966 0.963 0.943 0.973 0.961 

2011 0 0.952 0.958 0.963 0.939 0.953 

2011 50 0.947 0.937 0.953 0.953 0.948 

2011 75 0.935 0.968 0.965 0.952 0.955 

2011 100 0.963 0.957 0.949 0.962 0.958 

Mean - 0.948 0.958 0.957 0.956 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 114a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00524 0.00262   

Years 1 0.00107 0.00107 0.62 ns
 0.4339 

NPK levels 3 0.03536 0.01179 6.86 
**

 0.0005 

K. humate levels 3 0.01435 0.00478 2.78 
*
 0.0483 

Years × NPK levels  3 0.00082 0.00027 0.16 ns
 0.9238 

Years × K. humate levels 3 0.00045 0.00015 0.09 ns
 0.9666 

 NPK × K. humate levels 9 0.00392 0.00044 0.25 ns
 0.9843 

Years × NPK × K. humate levels 9 0.00155 0.00017 0.10 ns
 0.9996 

Error 62 0.10660 0.00172   

Total 95 0.16936    
**

 = significant at p = 0.01, 
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

Appendix 114b. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.834 0.837 0.850 0.857 0.844 b 

50 0.836 0.848 0.850 0.870 0.851 b 

75 0.860 0.888 0.902 0.912 0.890 a 

100 0.873 0.863 0.892 0.890 0.880 a 

Mean 0.851 b 0.859 ab 0.874 ab 0.882 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 114c. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop 

after 75 days of planting as affected by years and varying levels of NPK and K. 

humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.844 0.828 0.840 0.858 0.842 

 2010 50 0.833 0.844 0.847 0.863 0.847 

2010 75 0.861 0.886 0.904 0.913 0.891 

2010 100 0.867 0.861 0.884 0.878 0.872 

2011 0 0.824 0.846 0.860 0.856 0.847 

2011 50 0.838 0.853 0.852 0.877 0.855 

2011 75 0.859 0.890 0.900 0.911 0.890 

2011 100 0.880 0.866 0.901 0.902 0.887 

Mean - 0.851 b 0.859 ab 0.874 ab 0.882 a - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 115a. Analysis of variance (ANOVA) of the data for leaf magnesium (Mg) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00261 0.00131   

Years 1 0.00030 0.00030 0.13 ns
 0.7179 

NPK levels 3 0.36137 0.12046 52.69 
**

 0.0000 

K. humate levels 3 0.01259 0.00420 1.84 ns
 0.1499 

Years × NPK levels  3 0.00657 0.00219 0.96 ns
 0.4180 

Years × K. humate levels 3 0.00477 0.00159 0.69 ns
 0.5586 

 NPK × K. humate levels 9 0.01419 0.00158 0.69 ns
 0.7156 

Years × NPK × K. humate levels 9 0.01278 0.00142 0.62 ns
 0.7746 

Error 62 0.14174 0.00229   

Total 95 0.55692    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 115b. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.729 0.737 0.754 0.761 0.745 

2011 0.739 0.741 0.773 0.742 0.749 

Mean 0.734  0.739  0.763  0.751  - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 115c. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.632 0.645 0.690 0.657 0.656 d 

50 0.727 0.730 0.751 0.704 0.728 c 

75 0.804 0.805 0.822 0.835 0.817 a 

100 0.772 0.776 0.790 0.808 0.787 b 

Mean 0.734  0.739  0.763  0.751  - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 115d. Leaf magnesium (Mg) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.624 0.642 0.652 0.648 0.641 

 2010 50 0716 0.725 0.755 0.752 0.737 

2010 75 0.803 0.804 0.821 0.834 0.816 

2010 100 0.773 0.776 0.788 0.809 0.786 

2011 0 0.640 0.647 0.729 0.665 0.670 

2011 50 0.739 0.736 0.747 0.657 0.720 

2011 75 0.805 0.806 0.823 0.837 0.818 

2011 100 0.771 0.777 0.793 0.807 0.787 

Mean - 0.734  0.739  0.763  0.751  - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 116a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00204 0.00102   

Years 1 0.00002 0.00002 0.01 ns
 0.9057 

NPK levels 3 0.00998 0.00333 2.69 ns
 0.0540 

K. humate levels 3 0.00136 0.00045 0.37 ns
 0.7769 

Years × NPK levels  3 0.00060 0.00020 0.16 ns
 0.9210 

Years × K. humate levels 3 0.00108 0.00036 0.29 ns
 0.8311 

 NPK × K. humate levels 9 0.01280 0.00142 1.15 ns
 0.3432 

Years × NPK × K. humate levels 9 0.00109 0.00012 0.10 ns
 0.9996 

Error 62 0.07674 0.00124   

Total 95 0.10572    
ns

 = non-significant 

 

 

 

Appendix 116b. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0821 0.820 0.831 0.842 0.829 

2011 0.814 0.823 0.827 0.846 0.828 

Mean 0.817 0.821 0.829 0.844 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 116c. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.828 0.827 0.822 0.837 0.829 

2011 0.833 0.821 0.828 0.828 0.828 

Mean 0.830 0.824 0.825 0.833 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 116d. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.825 0.828 0.805 0.810 0.817 

50 0.830 0.808 0.806 0.841 0.821 

75 0.824 0.806 0.849 0.837 0.829 

100 0.842 0.852 0.839 0.843 0.844 

Mean 0.830 0.824 0.825 0.833 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 

 

 

 

Appendix 116e. Leaf calcium (Ca) content (%) of S. tuberosum L. spring after 30 

days of planting as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.826 0.839 0.802 0.817 0821 

 2010 50 0.826 0.808 0.801 0.845 0.820 

2010 75 0.816 0.810 0.854 0.845 0.831 

2010 100 0.843 0.850 0.831 0.842 0.842 

2011 0 0.824 0.818 0.809 0.804 0.814 

2011 50 0.835 0.809 0.811 0.837 0.823 

2011 75 0.832 0.802 0.845 0.830 0.827 

2011 100 0.841 0.853 0.845 0.844 0.846 

Mean - 0.830 0.824 0.825 0.833 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 117a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00084 0.00042   

Years 1 0.00001 0.00001 0.01 ns
 0.9335 

NPK levels 3 0.00606 0.00202 2.81 
*
 0.0468 

K. humate levels 3 0.00071 0.00024 0.33 ns
 0.8032 

Years × NPK levels  3 0.00151 0.00050 0.70 ns
 0.5566 

Years × K. humate levels 3 0.00048 0.00016 0.22 ns
 0.8800 

 NPK × K. humate levels 9 0.00100 0.00011 0.15 ns
 0.9975 

Years × NPK × K. humate levels 9 0.00079 0.00009 0.12 ns
 0.9990 

Error 62 0.04457 0.00072   

Total 95 0.05596    
*
 = significant at p = 0.05, 

ns
 = non-significant 

 

 

 

Appendix 117b. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.053 1.063 1.061 1.065 1.061 

2011 1.061 1.061 1.057 1.063 1.060 

Mean 1.057 1.062 1.059 1.064 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 117c. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.044 1.047 1.056 1.052 1.050 b 

50 1.055 1.058 1.051 1.065 1.057 ab 

75 1.061 1.066 1.064 1.066 1.064 ab 

100 1.067 1.077 1.066 1.073 1.071 a 

Mean 1.057 1.062 1.059 1.064 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 
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Appendix 117d. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.042 1.047 1.055 1.054 1.050 

 2010 50 1.054 1.054 1.048 1.060 1.054 

2010 75 1.053 1.061 1.064 1.064 1.060 

2010 100 1.063 1.088 1.077 1.081 1.077 

2011 0 1.046 1.047 1.057 1.050 1.050 

2011 50 1.056 1.062 1.053 1.069 1.060 

2011 75 1.070 1.071 1.065 1.069 1.068 

2011 100 1.072 1.066 1.055 1.066 1.065 

Mean - 1.057 1.062 1.059 1.064 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 118a. Analysis of variance (ANOVA) of the data for leaf calcium (Ca) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00773 0.00386   

Years 1 0.00009 0.00009 0.09 ns
 0.7606 

NPK levels 3 0.01549 0.00516 5.25 
**

 0.0027 

K. humate levels 3 0.00202 0.00067 0.68 ns
 0.5647 

Years × NPK levels  3 0.00035 0.00012 0.12 ns
 0.9498 

Years × K. humate levels 3 0.00002 0.00001 0.01 ns
 0.9994 

 NPK × K. humate levels 9 0.00530 0.00059 0.60 ns
 0.7932 

Years × NPK × K. humate levels 9 0.00103 0.00011 0.12 ns
 0.9992 

Error 62 0.06094 0.00098   

Total 95 0.09296    
**

 = significant at p = 0.01, 
ns

 = non-significant 

 

 

 

Appendix 118b. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 1.044 1.048 1.047 1.056 1.049 

2011 1.042 1.045 1.046 1.054 1.047 

Mean 1.043 1.046 1.047 1.055 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 118c. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 1.031 10.40 1.044 1.033 1.037 b 

50 1.039 1.031 1.034 1.046 1.038 b 

75 1.067 1.071 1.068 1.067 1.068 a 

100 1.035 1.042 1.040 1.075 1.048 b 

Mean 1.043 1.046 1.047 1.055 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 118d. Leaf calcium (Ca) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 1.039 1.040 1.043 1.041 1.040 

 2010 50 1.040 1.028 1.036 1.042 1.037 

2010 75 1.061 1.075 1.070 1.065 1.068 

2010 100 1.037 1.048 1.040 1.077 1.050 

2011 0 1.023 1.040 1.045 1.026 1.033 

2011 50 1.037 1.035 1.033 1.050 1.038 

2011 75 1.073 1.068 1.066 1.070 1.069 

2011 100 1.033 1.037 1.041 1.072 1.050 

Mean - 1.043 1.046 1.047 1.055 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 119a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. spring crop after 30 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.0000004 0.0000002   

Years 1 0.0000020 0.0000020 0.90 ns
 0.3458 

NPK levels 3 0.0000100 0.0000040 1.89 ns
 0.1413 

K. humate levels 3 0.0000050 0.0000020 0.82 ns
 0.4893 

Years × NPK levels  3 0.0000060 0.0000020 1.04 ns
 0.3791 

Years × K. humate levels 3 0.0000009 0.0000003 0.15 ns
 0.9308 

 NPK × K. humate levels 9 0.0000070 0.0000008 0.43 ns
 0.9152 

Years × NPK × K. humate levels 9 0.0000100 0.0000020 0.80 ns
 0.6151 

Error 62 0.0001000 0.0000020   

Total 95 0.0002000    

 
ns

 = non-significant 
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Appendix 119b. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.035 0.036 0.035 0.036 0.036 

2011 0.035 0.035 0.035 0.036 0.035 

Mean 0.035 0.035 0.035 0.036 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 119c. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.036 0.035 0.035 0.036 0.036 

2011 0.037 0.035 0.035 0.035 0.035 

Mean 0.036 0.035 0.035 0.035 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 119d. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.035 0.035 0.035 0.035 0.035 

50 0.036 0.036 0.035 0.035 0.035 

75 0.036 0.035 0.035 0.036 0.035 

100 0.036 0.036 0.036 0.035 0.036 

Mean 0.036 0.035 0.035 0.035 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 119e. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

30 days of planting as affected by years and varying levels of NPK and K. humate  

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.035 0.035 0.034 0.036 0.035 

 2010 50 0.036 0.035 0.036 0.035 0.036 

2010 75 0.036 0.035 0.035 0.036 0.035 

2010 100 0.036 0.037 0.036 0.035 0.036 

2011 0 0.036 0.035 0.036 0.035 0.035 

2011 50 0.035 0.036 0.034 0.036 0.035 

2011 75 0.035 0.035 0.035 0.035 0.035 

2011 100 0.037 0.035 0.036 0.036 0.036 

Mean - 0.036 0.035 0.035 0.035 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 120a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. spring crop after 75 days of planting under varying levels 

of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.000009 0.000004   

Years 1 0.000005 0.000005 0.36 ns
 0.5527 

NPK levels 3 0.000081 0.000027 2.10 ns
 0.1091 

K. humate levels 3 0.000010 0.000003 0.25 ns
 0.8605 

Years × NPK levels  3 0.000017 0.000006 0.44 ns
 0.7280 

Years × K. humate levels 3 0.000041 0.000014 1.07 ns
 0.3677 

 NPK × K. humate levels 9 0.000154 0.000017 1.32 ns
 0.2437 

Years × NPK × K. humate levels 9 0.000084 0.000009 0.73 ns
 0.6832 

Error 62 0.000799 0.000013   

Total 95 0.001200    

 
ns

 = non-significant 

 

 

Appendix 120b. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.081 0.079 0.082 0.081 0.081 

2011 0.081 0.079 0.080 0.081 0.080 

Mean 0.081 0.079 0.081 0.081 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 120c. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.081 0.080 0.081 0.080 0.081 

2011 0.080 0.082 0.080 0.080 0.080 

Mean 0.081 0.081 0.081 0.080 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 120d. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.081 0.083 0.082 0.079 0.081 

50 0.080 0.078 0.077 0.082 0.079 

75 0.081 0.082 0.082 0.081 0.081 

100 0.080 0.082 0.081 0.079 0.081 

Mean 0.081 0.081 0.081 0.080 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 120e. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop after 

75 days of planting as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.082 0.081 0.083 0.080 0.081 

 2010 50 0.080 0.078 0.077 0.080 0.079 

2010 75 0.082 0.083 0.083 0.081 0.082 

2010 100 0.080 0.080 0.083 0.081 0.081 

2011 0 0.080 0.081 0.081 0.078 0.081 

2011 50 0.081 0.079 0.077 0.083 0.079 

2011 75 0.080 0.080 0.081 0.081 0.080 

2011 100 0.081 0.084 0.080 0.078 0.081 

Mean - 0.081 0.081 0.081 0.080 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 121a. Analysis of variance (ANOVA) of the data for leaf sodium (Na) 

content of S. tuberosum L. spring crop at harvest under varying levels of NPK and 

K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00032 0.00016   

Years 1 0.00008 0.00075 0.58 ns
 0.4510 

NPK levels 3 0.00023 0.00008 0.60 ns
 0.6206 

K. humate levels 3 0.00004 0.00001 0.10 ns
 0.9593 

Years × NPK levels  3 0.00100 0.00033 2.54 ns
 0.0642 

Years × K. humate levels 3 0.00055 0.00018 1.41 ns
 0.2472 

 NPK × K. humate levels 9 0.00095 0.00011 0.81 ns
 0.6108 

Years × NPK × K. humate levels 9 0.00112 0.00012 0.95 ns
 0.4891 

Error 62 0.00811 0.00013   

Total 95 0.01240    

 
ns

 = non-significant 

 

 

 

Appendix 121b. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.359 0.362 0.364 0.371 0.364 

2011 0.368 0.369 0.364 0.364 0.366 

Mean 0.363 0.366 0.364 0.368 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 121c. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.361 0.366 0.367 0.362 0.364 

2011 0.368 0.367 0.362 0.368 0.366 

Mean 0.365 0.366 0.365 0.365 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 121d. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop at 

harvest as affected by varying levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.363 0.362 0.366 0.363 0.363 

50 0.362 0.365 0.371 0.365 0.366 

75 0.367 0.368 0.355 0.366 0.364 

100 0.367 0.369 0.367 0.367 0.368 

Mean 0.365 0.366 0.365 0.365 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 121e. Leaf sodium (Na) content (%) of S. tuberosum L. spring crop at 

harvest as affected by years and varying levels of NPK and K. humate s 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.354 0.354 0.373 0.356 0.359 

 2010 50 0.360 0.366 0.369 0.355 0.362 

2010 75 0.366 0.370 0.354 0.367 0.364 

2010 100 0.367 0.373 0.373 0.372 0.371 

2011 0 0.372 0.370 0.359 0.370 0.368 

2011 50 0.364 0.365 0.372 0.376 0.369 

2011 75 0.368 0.367 0.356 0.364 0.364 

2011 100 0.367 0.365 0.360 0.362 0.364 

Mean - 0.365 0.366 0.365 0.365 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 122a. Analysis of variance (ANOVA) of the data for post-harvest soil pH 

under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.0700 0.03500   

Years 1 0.0126 0.01260 2.69 ns
 0.1057 

NPK levels 3 0.0211 0.00705 1.51 ns
 0.2215 

K. humate levels 3 0.0245 0.00816 1.74 ns
 0.1672 

Years × NPK levels  3 0.0069 0.00233 0.50 ns
 0.6855 

Years × K. humate levels 3 0.0036 0.00122 0.26 ns
 0.8541 

 NPK × K. humate levels 9 0.0176 0.00196 0.42 ns
 0.9206 

Years × NPK × K. humate levels 9 0.0151 0.00168 0.36 ns
 0.9501 

Error 62 0.2900 0.00468   

Total 95 0.4616    
ns

 = non-significant 

 

 

Appendix 122b. Soil pH after crop harvest as affected by years and varying levels of 

NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 7.97 8.01 7.97 7.97 7.98 

2011 7.97 8.02 8.02 8.00 8.00 

Mean 7.97 8.01 7.99 7.99 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

Appendix 122c. Soil pH after crop harvest as affected by years and varying levels of 

K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 8.00 7.99 7.96 7.97 7.98 

2011 8.02 8.02 8.00 7.97 8.00 

Mean 8.01 8.00 7.98 7.97 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 122d. Soil pH after crop harvest as affected by varying levels of NPK and 

K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 8.02 7.97 7.95 7.95 7.97 

50 8.02 8.03 8.02 7.98 8.01 

75 8.02 8.02 7.97 7.97 7.99 

100 7.98 8.00 7.98 7.98 7.99 

Mean 8.01 8.00 7.98 7.97 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 122e. Soil pH after crop harvest as affected by years and varying levels of 

NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 8.00 7.97 7.93 7.97 7.97 

2010 50 8.00 8.03 8.00 8.00 8.01 

2010 75 8.00 8.00 7.96 7.93 7.97 

2010 100 8.00 7.97 7.97 7.97 7.97 

2011 0 8.03 7.97 7.97 7.93 7.97 

2011 50 8.03 8.03 8.03 7.97 8.02 

2011 75 8.03 8.03 8.00 8.00 8.02 

2011 100 7.97 8.03 8.00 8.00 8.00 

Mean - 8.01 8.00 7.98 7.97 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 123a. Analysis of variance (ANOVA) of the data for post-harvest soil E.C. 

under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00151 0.00075   

Years 1 0.00065 0.00065 2.08 ns
 0.1538 

NPK levels 3 0.00024 0.00008 0.26 ns
 0.8530 

K. humate levels 3 0.00010 0.00003 0.11 ns
 0.9539 

Years × NPK levels  3 0.00066 0.00022 0.71 ns
 0.5520 

Years × K. humate levels 3 0.00007 0.00002 0.07 ns
 0.9735 

 NPK × K. humate levels 9 0.00045 0.00005 0.16 ns
 0.9971 

Years × NPK × K. humate levels 9 0.00067 0.00007 0.24 ns
 0.9875 

Error 62 0.01936 0.00031   

Total 95 0.02372    
ns

 = non-significant 

 

 

 

Appendix 123b. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 2.014 2.010 2.012 2.009 2.017 

2011 2.017 2.016 2.012 2.022 2.011 

Mean 2.015 2.013 2.012 2.016 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 123c. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 2.010 2.014 2.009 2.012 2.017 

2011 2.017 2.017 2.016 2.017 2.011 

Mean 2.014 2.015 2.012 2.014 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

Appendix 123d. Soil E.C. (dSm
-1

) after crop harvest as affected by varying levels of 

NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 2.015 2.015 2.015 2.017 2.015 

50 2.010 2.018 2.012 2.012 2.013 

75 2.017 2.013 2.008 2.010 2.012 

100 2.015 2.015 2.015 2.018 2.016 

Mean 2.014 2.015 2.012 2.014 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 

 

 

 

 

 

 

 

 

 

 

 

Appendix 123e. Soil E.C. (dSm
-1

) after crop harvest as affected by years and varying 

levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 2.010 2.017 2.023 2.077 2.014 

2010 50 2.003 2.017 2.013 2.017 2.010 

2010 75 2.013 2.020 2.010 2.007 2.012 

2010 100 2.010 2.007 2.007 2.013 2.009 

2011 0 2.020 2.013 2.017 2.017 2.017 

2011 50 2.010 2.023 2.017 2.013 2.016 

2011 75 2.013 2.007 2.007 2.013 2.012 

2011 100 2.020 2.023 2.023 2.023 2.022 

Mean - 2.014 2.015 2.012 2.014 - 

Means with no letter in each group are statistically non-significant at p < 0.05 (LSD test) 
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Appendix 124a. Analysis of variance (ANOVA) of the data for post-harvest soil 

organic matter under varying levels of NPK and K. humate 

Source of variation DF SS MS F P 

Replications 2 0.00008 0.00004   

Years 1 0.00002 0.00002 0.18 ns
 0.6706 

NPK levels 3 0.00047 0.00016 1.72 
ns

 0.1722 

K. humate levels 3 0.00027 0.00009 0.99 
ns

 0.4038 

Years × NPK levels  3 0.00016 0.00005 0.58 ns
 0.6314 

Years × K. humate levels 3 0.00006 0.00002 0.21 ns
 0.8870 

 NPK × K. humate levels 9 0.00025 0.00003 0.31 ns
 0.9690 

Years × NPK × K. humate levels 9 0.00090 0.00010 1.10 ns
 0.3792 

Error 62 0.00566 0.00009   

Total 95 0.00786    

 
ns

 = non-significant 

 

 

Appendix 124b. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of NPK 

Year NPK level                                                                                        

(% of recommended dose) 

Mean 

0 50 75 100 

2010 0.838 0.836 0.842 0.838 0.839 

2011 0.833 0.837 0.841 0.840 0.838 

Mean 0.836 0.836 0.839 0.841 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

Appendix 124c. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of K. humate 

Year K. humate level                                                                             

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0.838 0.840 0.836 0.840 0.839 

2011 0.835 0.840 0.837 0.839 0.838 

Mean 0.837 0.840 0.836 0.840 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

Appendix 124d. Soil organic matter (%) after crop harvest as affected by varying 

levels of NPK and K. humate 

NPK level 

(% of recommended dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

0 0.835 0.835 0.835 0.838 0.836 

50 0.837 0.838 0.835 0.835 0.836 

75 0.837 0.845 0.840 0.843 0.839 

100 0.838 0.842 0.835 0.842 0.841 

Mean 0.837 0.840 0.836 0.840 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test 
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Appendix 124e. Soil organic matter (%) after crop harvest as affected by years and 

varying levels of NPK and K. humate 

Year NPK level 

(% of recommended 

dose) 

K. humate level                                                                               

(mg/kg of soil) 

Mean 

0 4 6 8 

2010 0 0.843 0.840 0.833 0.837 0.838 

2010 50 0.833 0.837 0.833 0.840 0.836 

2010 75 0.837 0.843 0.840 0.847 0.842 

2010 100 0.840 0.840 0.837 0.837 0.838 

2011 0 0.827 0.830 0.837 0.840 0.833 

2011 50 0.840 0.840 0.837 0.830 0.837 

2011 75 0.837 0.847 0.840 0.840 0.841 

2011 100 0.837 0.843 0.833 0.847 0.840 

Mean - 0.837 0.840 0.836 0.840 - 

Means with different letter(s) in a group are statistically significant at p < 0.05 (LSD test) 

 

 

 

 


